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There’s no shortage of hype surrounding the commercial space industry.

But while tech leaders promise us moon bases and settlements on Mars,

the space economy has thus far remained distinctly local — at least in a

cosmic sense. Last year, however, we crossed an important threshold: For

the first time in human history, humans accessed space via a vehicle built

and owned not by any government, but by a private corporation with its

sights set on affordable space settlement. It was the first significant step

towards building an economy both in space and for space. The implications

— for business, policy, and society at large — are hard to overstate.
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In 2019, 95% of the estimated $366 billion in revenue earned in the space

sector was from the space-for-earth economy: that is, goods or services

produced in space for use on earth. The space-for-earth economy includes

telecommunications and internet infrastructure, earth observation

capabilities, national security satellites, and more. This economy is

booming, and though research shows that it faces the challenges of

overcrowding and monopolization that tend to arise whenever companies

compete for a scarce natural resource, projections for its future are

optimistic. Decreasing costs for launch and space hardware in general have

enticed new entrants into this market, and companies in a variety of

industries have already begun leveraging satellite technology and access to

space to drive innovation and efficiency in their earthbound products and

services.

In contrast, the space-for-space economy — that is, goods and services

produced in space for use in space, such as mining the Moon or asteroids

for material with which to construct in-space habitats or supply refueling

depots — has struggled to get off the ground. As far back as the 1970s,

research commissioned by NASA predicted the rise of a space-based

economy that would supply the demands of hundreds, thousands, even

millions of humans living in space, dwarfing the space-for-earth economy

(and, eventually, the entire terrestrial economy as well). The realization of

such a vision would change how all of us do business, live our lives, and

govern our societies — but to date, we’ve never even had more than 13

people in space at one time, leaving that dream as little more than science

fiction.

Today, however, there is reason to think that we may finally be reaching

the first stages of a true space-for-space economy. SpaceX’s recent

achievements (in cooperation with NASA), as well as upcoming efforts by

Boeing, Blue Origin, and Virgin Galactic to put people in space sustainably

and at scale, mark the opening of a new chapter of spaceflight led by

private firms. These firms have both the intention and capability to bring

private citizens to space as passengers, tourists, and — eventually —
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settlers, opening the door for businesses to start meeting the demand

those people create over the next several decades with an array of space-

for-space goods and services.

Welcome to the (Commercial) Space Age

In our recent research, we examined how the model of centralized,

government-directed human space activity born in the 1960s has, over the

last two decades, made way for a new model, in which public initiatives in

space increasingly share the stage with private priorities. Centralized,

government-led space programs will inevitably focus on space-for-earth

activities that are in the public interest, such as national security, basic

science, and national pride. This is only natural, as expenditures for these

programs must be justified by demonstrating benefits for citizens — and

the citizens these governments represent are (nearly) all on earth.

In contrast to governments, the private sector is eager to put people in

space to pursue their own personal interests, not the state’s — and then

supply the demand they create. This is the vision driving SpaceX, which in

its first twenty years has entirely upended the rocket launch industry,

securing 60% of the global commercial launch market and building ever-

larger spacecraft designed to ferry passengers not just to the International

Space Station (ISS), but also to its own promised settlement on Mars.

Today, the space-for-space market is limited to supplying the people who

are already in space: that is, the handful of astronauts employed by NASA

and other government programs. While SpaceX has grand visions of

supporting large numbers of private space travelers, their current space-

for-space activities have all been in response to demand from government

customers (i.e., NASA). But as decreasing launch costs enable companies

like SpaceX to leverage economies of scale and put more people into space,

growing private sector demand (that is, tourists and settlers, rather than

government employees) could turn these proof-of-concept initiatives into

a sustainable, large-scale industry.
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This model — of selling to NASA with the hopes of eventually creating and

expanding into a larger private market — is exemplified by SpaceX, but the

company is by no means the only player taking this approach. For

instance, while SpaceX is focused on space-for-space transportation,

another key component of this burgeoning industry will be manufacturing.

Made In Space, Inc. has been at the forefront of manufacturing “in space,

for space” since 2014, when it 3D-printed a wrench onboard the ISS.

Today, the company is exploring other products, such as high-quality

fiber-optic cable, that terrestrial customers may be willing to pay to have

manufactured in zero-gravity. But the company also recently received a

$74 million contract to 3D-print large metal beams in space for use on

NASA spacecraft, and future private sector spacecraft will certainly have

similar manufacturing needs which Made In Space hopes to be well-

positioned to fulfill. Just as SpaceX has begun by supplying NASA but

hopes to eventually serve a much larger, private-sector market, Made In

Space’s current work with NASA could be the first step along a path

towards supporting a variety of private-sector manufacturing applications

for which the costs of manufacturing on earth and transporting into space

would be prohibitive.

Another major area of space-for-space investment is in building and

operating space infrastructure such as habitats, laboratories, and factories.

Axiom Space, a current leader in this field, recently announced that it

would be flying the “first fully private commercial mission to space” in

2022 onboard SpaceX’s Crew Dragon Capsule. Axiom was also awarded a

contract for exclusive access to a module of the ISS, facilitating its plans to

develop modules for commercial activity on the station (and eventually,

beyond it).

This infrastructure is likely to spur investment in a wide array of

complementary services to supply the demand of the people living and

working within it. For example, in February 2020, Maxar Technologies

was awarded a $142 million contract from NASA to develop a robotic
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construction tool that would be assembled in space for use on low-Earth

orbit spacecraft. Private sector spacecraft or settlements will no doubt

have need for a variety of similar construction and repair tools.

And of course, the private sector isn’t just about industrial products.

Creature comforts also promise to be an area of rapid growth, as

companies endeavor to support the human side of life in the harsh

environment of space. In 2015, for example, Argotec and Lavazza

collaborated to build an espresso machine that could function in the zero-

gravity environment of the ISS, delivering a bit of everyday luxury to the

crew.

To be sure, people have dreamt of using the vacuum and weightlessness of

space to source or make things that cannot be made on earth for half a

century, and time and again the business case has failed to pan out.

Skepticism is natural. Those failures, however, have been in space-for-

earth applications. For example, two startups of the 2010s, Planetary

Resources, Inc. and Deep Space Industries, recognized the potential of

space mining early on. For both companies, however, the lack of a space-

for-space economy meant that their near-term survival depended on

selling mined material — precious metals or rare elements — to

earthbound customers. When it became clear that demand was insufficient

to justify the high costs, funding dried up, and both companies pivoted to

other ventures.

These were failures of space-for-earth business models — but the demand

for in-space mining of raw building material, metals, and water will be

enormous once humans are living in space (and are therefore far cheaper

to supply). In other words, when people are living and working in space,

we are likely to look back on these early asteroid mining companies less as

failures and more as simply ahead of their time.
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Seizing the Space-for-Space Opportunity

The opportunity presented by the space-for-space economy is huge — but

it could easily be missed. To seize this moment, policymakers must provide

regulatory and institutional frameworks that will enable the risk-taking

and innovation necessary for a decentralized, private-sector-driven space

economy. There are three specific policy areas we believe will be especially

important:

1. Enabling private individuals to take on greater risk than would be
tolerable for government-employed astronauts.
First, as part of a general shift to that more decentralized, market-oriented

space sector, policymakers should consider allowing private space tourists

and settlers to voluntarily take on more risk than states would tolerate for

government-employed astronauts. In the long run, ensuring high safety

levels will be essential to convince larger numbers of people to travel or

live in space, but in the early years of exploration, too great an aversion to

risk will stop progress before it starts.

An instructive analogy can be found in how NASA works with its

contractors: In the mid-2000s, NASA shifted from using cost-plus

contracts (in which NASA shouldered all the economic risk of investing in

space) to fixed-price contracts (in which risk was distributed between

NASA and their contractors). Because of private companies’ greater

tolerance for risk, this shift catalyzed a burst of activity in the sector —

sometimes referred to as “New Space.” A similar shift in how we approach

voluntary risk-taking by private-sector astronauts may be necessary in

order to launch the space-for-space economy.

2. Judiciously implementing government regulation and support.
Second, as with most markets, developing a stable space economy will

depend on judicious government regulation and support. NASA and the

U.S. Commerce and State Departments’ recent recommitment to “create a

regulatory environment in [low-Earth orbit] that enables American

commercial activities to thrive” is a good sign that the government is on a
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path of continued collaboration with industry, but there’s still a long way

to go.

Governments should start by clarifying how property rights over limited

resources such as water on Mars, ice on the Moon, or orbital slots (i.e.,

“parking spots” in space) will be governed. Recent steps — including

NASA’s offer to purchase lunar soil and rocks, last April’s Executive Order

on the governance of space resources, and the 2015 Commercial Space

Launch Competitiveness Act — indicate that the U.S. government is

interested in establishing some form of regulatory framework to support

the economic development of space.

In 2017, Luxembourg became the first European country to establish a

legal framework securing private rights over resources mined in space,

and similar steps have been taken at the domestic level in Japan and the

United Arab Emirates. Moreover, nine countries (though Russia and China

are notably missing) have signed the Artemis Accords, which lay out a

vision for the sustainable, international development of the Moon, Mars,

and asteroids. These are important first steps, but they have yet to be

clearly translated into comprehensive treaties that govern the fair use and

allocation of scarce space resources among all major spacefaring nations.

In addition, governments should continue to fill the financial gaps in the

still-maturing space-for-space economic ecosystem by funding basic

scientific research in support of sending humans to space, and by

providing contracts to space startups. Similarly, while excessive regulation

will stifle the industry, some government incentives, such as policies to

reduce space debris, can help reduce the costs of operating in space for

everyone in ways that would be difficult to coordinate independently.

3. Moving beyond geopolitical rivalries.
Finally, the development of the space-for-space economy must not be

undermined by earthly geopolitical rivalries, such as that between the

United States and China. These conflicts will unavoidably extend into
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space at least to some extent, and military demand has long been an

important source of funding for aerospace companies. But if not kept in

check, such rivalries will not only distract attention and resources from

borderless commercial pursuits but also create barriers and risks that

hamper private investment.

On earth, private economic activity has long tied together people whose

states are at odds. The growing space-for-space economy offers

exceptional potential to be such a force for unity — but it’s the job of the

world’s governments not to get in the way. A collaborative, international

approach to establishing — and enforcing — the rule of law in space will be

essential to encouraging a healthy space-for-space economy.

• • •

Visions of a space-for-space economy have been around since the dawn of

the Space Age in the 1960s. Thus far, those hopes have gone largely unmet

— but this moment is different. For the first time in history, the private

sector’s capital, risk tolerance, and profit motive are being channeled into

putting people in space. If we seize this opportunity, we will look back on

2020 as the year when we started the truly transformational project of

building an economy and a society in space, for space.
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