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Executive Summary

The U.S.-government-designed uncrewed Surveyor moon lander program first flew in
1966 and cost $658 million per lander in 2024 dollars.! The government-designed
Apollo missions cost $23 billion per launch when adjusted to 2020 dollars. Since then,
NASA has taken a different approach: in February 2024, the company Intuitive
Machines successfully delivered a lander to the surface of the moon, fulfilling an
agency contract costing just $118 million.2

Today, U.S. companies find themselves fulfilling roles that were historically the domain
of the government—and taking on missions that even the government has yet to
embrace. From exploration systems to in-space manufacturing to satellite refueling,
companies are deploying new systems for novel applications at a rapid pace and lower
price. We call these companies part of the “advanced space technology” market and
include in this category businesses that provide positioning, navigation, and timing;
space situational awareness (SSA); exploration; in-space satellite services; and in-
space manufacturing.”

Our analysis of 91 U.S. advanced space technology companies shows that—unlike
established commercial markets such as satellite communications, remote sensing, and
space launch, where company formation peaked around 2015—the number of newly
founded advanced space technology companies grew fastest in 2021 after years of
steady expansion. More than half of these companies work in areas where the
government has limited services: 40 percent work on in-space servicing and related
technologies, and 16 percent work on in-space manufacturing. A further 40 percent
are focused on space exploration and science, embracing government funding but also
leveraging other capital and business models to make exploration more affordable to
government customers. Less than 10 percent of these companies exist to surveil space
from the ground or to provide navigation and timing services, areas where the U.S.
government currently invests billions.

Corporate growth in this market appears to follow two interrelated factors. The first is
the march of technology, harnessing the increasing performance and reliability of

“ While advanced space technology could include multiple additional areas—such as space nuclear
power and propulsion or deep space communications—this paper limits itself based on available data
and the near-term realizability of these technologies. Furthermore, while in-space assembly and
manufacturing are often grouped together, data shows more near-term commercial ventures pursuing
manufacturing without assembly.
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smaller electronics and embracing cheaper experimentation to field capabilities at
scale.

The second factor is the shift from the government as a developer and provider of
technology to the government as a consumer of space products and services. This
includes NASA'’s purchases of commercial resupply, crew, and lunar payload services,
as well as the U.S. Department of Defense’s purchases of SSA data. Technology
transfers from government to industry have also helped lower barriers to entry for
innovative companies, using tools such as technology transfer agreements to support
in-space manufacturers or new technology feasibility demonstrations.

The United States has long relied on advanced technologies for security in space and
terrestrially. From navigation-enabled warfare to precision strike capabilities, there has
often been overlap between Earth and space. The next generation of advanced space
technologies will be no different. Given the national security importance of advanced
space technologies and the breadth of what falls under this banner, this paper
identifies several challenges and opportunities facing companies as they deliver
capabilities to the U.S. government.

e Challenges: Even for established markets such as launch and remote sensing,
profitability can be a struggle for new space companies. In emerging mission
areas with unproven technology, the profitability challenge is even greater.
This—coupled with loosened but still restrictive limits on exporting U.S.
technology abroad and the government provision of free-to-the-public services
such as GPS and SSA—means that new firms may face an uphill struggle for
survival even with valuable products.

e Opportunities: The advanced space technology market in the United States is
small enough to enable policymakers and government agencies to have an
outsize impact with relatively modest investments. Government money and
attention could support American space companies in seizing a first-mover
advantage for the nation compared to unfriendly states. Encouraging technology
and knowledge transfer across multiple advanced technology areas may also
accelerate commercial technological and economic developments. Whether that
leads to a new era of cheaper science missions, provides strategic advantages
against unfriendly nations in space, or both is a matter of planning and policy—
and an opportunity to be seized.
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For the U.S. government to advance its national security interests in conjunction with
partners and allies, this paper makes the following recommendations:

1. Federal agencies—especially the DOD, the Intelligence Community, and
NASA—should invest in hedge portfolios for advanced technology missions
with national security applications and outsize risks if the United States
cedes leadership.

2. The U.S. government should act as an anchor tenant by purchasing and
investing in research for commercial services in selected advanced
technologies, especially in-space satellite servicing, for which the U.S.
government does not currently field a solution at scale.

3. The U.S. government should continue to purchase services and make
targeted investments (including infrastructure upgrades) in advanced
technology areas where it is the dominant service provider to build resilience
in government systems.

4. The State Department, in consultation with the DOD and Department of
Commerce, should harmonize export controls with allied nations actively
building similar technology.
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Authors’ Note

Much of the research, analysis, and writing for this paper was accomplished by
Summer 2024. Since then, many of the trends have continued, with new vehicles being
approved for reentry. While there is still work to be done, some of the
recommendations that this paper makes are already being implemented, even before
publication (such as easing of export controls). Prediction of the pace of advanced
technology development and implementation remains difficult. Nevertheless, we are
heartened by the work done by government and market participants in this advanced
technology arena.

Introduction

The United States has long viewed itself as a technology leader, taking pride in
inventing sustained powered flight, creating the transistor, landing a man on the moon,
and building the internet. While much of space technology is taken for granted today,
there are still new emerging and advanced technologies that push the boundaries of
the possible and stand to open up new economic opportunities.

These types of technology are important not just for their own sake but for that of U.S.
national security. From navigation and timing for the financial industry to
telecommunications and weather monitoring, the United States relies on space for
safety, security, and the economy. Similarly, just as the United States bets on terrestrial
technological superiority for security on Earth, technological progress is mandatory for
security in space.3

Previous CSET papers evaluated space technologies within established markets:
remote sensing and launch. This paper’s analysis turns to advanced technologies, the
companies trying to commercialize them, and the national security consequences of
those developments.

Our study examines five commercial “advanced space technologies” in particular:
1. Positioning, navigation, and timing (PNT)
2. Ground-based space situational awareness (SSA)
3. Exploration

4. In-space satellite services
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5. In-space manufacturing

Each area includes companies vying to augment or replace costly government services
or deliver technologies that even governments cannot yet field at scale or speed.

The analysis leverages the authors’ annotation of information about companies from
PitchBook Data, Inc. (PitchBook). PitchBook provides a commercially available dataset
to identify companies and trends in business formation and operating status.” This
paper reviews the national security importance, history, and current trends within each
of these five areas and identifies macro trends across the entire advanced technology
area and some related factors driving those trends. The paper also identifies
challenges and opportunities to market and national security success. Finally, it
concludes with recommendations for policymakers to build, grow, and extend U.S.
national security interests alongside allies and partners.

" See Appendix 1 for more details and caveats.
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Five Advanced Space Technologies

This paper focuses on five advanced technology subsectors, described in Table 1. In
many cases, these technologies have only recently begun in-orbit tests and evaluation.
Importantly, this paper focuses only on commercial technologies and does not address
any capabilities that may be in development for strictly military purposes or that are
funded completely by the U.S. government. In-space manufacturing is a prototypical
example: companies are testing today but have not yet fielded or commercialized
operational systems.*

The companies analyzed were identified using the PitchBook dataset. PitchBook
provides industry assignments, which were used to select companies relevant to the
space economy. The authors then assigned each of the 543 companies in the “space
technology” vertical to appropriate subsectors.® The company assignments were based
on the authors’ professional knowledge and a detailed review of the company
description, website, and news reports from PitchBook.”

This paper defines advanced space technologies as those just starting to be tested in
orbit, as well as one more group: services that have long been the sole domain of
governments. This is especially relevant in the areas of PNT and SSA." In these areas
of “high government involvement,” the government used to be the sole provider of
services; likewise, parts of the market with “low government involvement” may have
benefited from research funding, but there is no existing federal service to compete
with (though of course, treaties and regulations still apply).

“ Additional criteria were used to assign companies to other subsectors. For further detail, please contact
the authors.

"The differences between space domain awareness and SSA are nuanced and not highly relevant to this
analysis, so we simplify by labeling SDA a government activity supported by commercial and
government SSA sensors and capabilities.
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Table 1. Advanced Space Technology Subsectors

High Government Involvement

PNT

PNT provides positioning, navigation, and timing services
to users. The U.S. Space Force—operated Global
Positioning System (GPS) is the most well-known
example of such a system and service.

Ground-Based
SSA

SSA, or space situational awareness, detects and tracks
objects in space. The U.S. Space Force operates a large
network of sensors called the Space Surveillance Network
(SSN) to support this mission. This category is limited to
commercial operators using ground-based sensors that
are most similar to the Space Force’s SSN sensors.

Exploration

Exploration includes technologies destined to orbit,
measure, or land on other celestial bodies, or to support
other spacecraft that will.

Low Government Involvement

In-Space Satellite

This broad category includes the following technologies:
e Space-based technologies to perform and support SSA

Services e Debris remediation, or those technologies that can
manipulate space debris to remove it from orbit
e In-space servicing, repair, and refueling of satellites
e In-space transport, which helps satellites make large
maneuvers after an initial rocket launch
In-space manufacturing allows chemicals,
In-Space pharmaceuticals, and other sensitive items to be

Manufacturing

fabricated in space, where disturbances from gravity can
be minimized to enable new products. It includes
manufacture of products for use in space or on Earth.

Having defined the five subsectors, we will examine each in turn for their potential
impact on national security and the U.S. economy.
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Positioning, Navigation, and Timing

The most visible space service to the general public is GPS. Today, the positioning
signal generates billions to trillions of dollars in total economic value, depending on
the assessment, benefiting both individuals and companies as varied as Google and
John Deere.® GPS’s timing signal benefits everything from network communications to
financial transfers worldwide. Despite its overwhelming economic value, GPS was
originally developed to address military PNT needs, such as navigation at sea and
precision military strikes.”

GPS transmits precise timing signals that let receivers determine their location. Free
worldwide for peaceful civil uses, GPS relies on signal-broadcasting satellites with
precise clocks and a complex ground network to tightly coordinate timing.

Despite the military and civil economic benefits, however, the enterprise is not cheap:
the U.S.-government-provided service costs taxpayers more than $1.5 billion per year.®
Nor was its creation quick. Development began following the Soviet Union’s launch of
Sputnik in 1957, and GPS as it exists today was not fully fielded until the early 1990s.°

Importantly, GPS originally included a “selective availability” that degraded the public
GPS signal by a factor of 10 so that adversaries could not use it against U.S. forces.'° In
2000, along with congressional direction, the president ordered that selective
availability be turned off, and since 2007, itis no longer included in any new
satellites.!!

Threats to military use of GPS have grown alongside its expanding civilian use.'? With
satellites orbiting 20,000 kilometers away (about 12,500 miles), their signals are weak
and easily disrupted once they reach the ground.!® Equally important, other countries
have recognized the importance of GPS to weapons, targeting, and military
movements. Knowing this, the U.S. military, with congressional support, has sought
alternative PNT solutions that could be relied upon when GPS is unavailable.'*

In response to the need for alternative PNT, some companies have proposed the use of
cheaper clocks and the creation of low earth orbit (LEO) constellations with hundreds
of satellites.” Such a solution may offer higher-power, militarily relevant jam resistance
and improved precision for new commercial applications.® At least a small number of
investors agree, as one company, Xona Space Systems, raised more than $25 million

“ Commonly known as “proliferated” constellations.
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and successfully flew an on-orbit test vehicle.® Still, fewer than 1 percent of all space
companies in our dataset are pursuing PNT missions.’

Ground-Based Space Situational Awareness

While most people have heard of GPS, SSA occurs mostly in the background of
American life. The military uses a network of mostly ground-based sensors and
computers called the SSN to detect and track space objects. In a service called “space
traffic management,” the DOD regularly notifies military and commercial users alike
about potential collision risks.'®

Beyond civil uses, SSA also forms the foundation of military space domain
awareness.'® By combining the finding, tracking, and identifying functions of SSA with
intelligence and other data sources, SDA gives military commanders a fuller picture of
the space environment and can quickly detect, alert, and identify threats to systems
and infrastructure in space—and the consequences for forces below.?°

Like PNT, SSA was spurred by Sputnik and the recognition of a military need to track
satellites.?! In particular, tracking would warn of satellite overflight for sensitive
operations, support missile warning systems by disambiguating overflying satellites
from incoming missiles, and monitor potential space-based weapons delivery
systems.??

Throughout the late 1960s, requirements drove enhancements: improved computation,
data calibration, and the fielding of the first dedicated surveillance radar. In the 1970s,
new types of radars improved throughput, and new missile warning satellites
identified new space launches.?® From the 1980s until today, changes have been
progressive: new optical sensors, some mathematical advances, and space-based
sensors have been fielded.?* Many of these are operationally important but not
revolutionary.”

Despite incremental upgrades, the challenges to the current SSN architecture have
outpaced the improvements. Senior leaders have identified the need for systems to
“operate [on] timelines that are shrinking” and be prepared against “new challenges.”?®
One of those challenges is the sheer congestion of space: there are physically more
satellites, rocket parts, and pieces of debris to track. For instance, 2023 saw over 200
orbital launch attempts globally, more than double that seen in 1979 when the
tracking process was computerized.?® Collisions, explosions, and weapons tests have

" Space-based sensors have intelligence and tracking benefits, but they are few in number.
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generated debris, while the average launch today carries far more payloads, and many
of those payloads are far smaller and harder to track.?” All of this space “stuff” has to
be monitored. Adding the burden of contested space, where space assets may be
targeted by adversaries, only raises the importance of the tracking mission.

There are benefits to using commercial data to meet the challenges posed by
contested and congested space. Companies can access locations where political or
security sensitivities prevent or slow DOD access, their data is natively shareable, and,
finally, some commercial sensors (like those shown in Figure 1) may outperform the
DOD'’s systems, tracking objects one-fifth the size of the SSN’s typical stated limits.?® A
Government Accountability Office study found that since at least 2014 there have

been companies providing SSA services, with a current market of over 50 companies.?®
While the PitchBook dataset finds fewer companies, this is clearly an area of active
commercial work, despite the existing government architecture.

Business challenges do exist, however. Because the DOD provides basic SSA services
free of charge, companies must provide additional or differentiated value, such as
faster data updates or support for automation.3° Further, many companies expect (and
currently need) the government to be an “anchor” customer, making the marketplace
particularly sensitive to ebbs and flows in government funding and unable to persist
without government contracts.

Figure 1. Commercial Space Surveillance Radar (LeolLabs Azores Phased Array)

Source: Leolabs, “Phased Array Radars,” 2024, https://leolabs.space/radars/.
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Exploration

Compared to PNT and SSA, exploration may seem less important, but a failure to
maintain leadership in it has strategic risks. Exploration inspires the domestic
workforce and encourages high-skilled immigration to the United States.?! Technology
spin-offs also provide second-order benefits. Early U.S. dominance in semiconductor
manufacturing was driven by the space program, and many of the earliest uses were
directly related to exploration programs.32

Generally defined as the use of technologies destined to orbit, measure, or land on
other celestial bodies or support other spacecraft that will, exploration has historically
been backed almost entirely by government funding and technical direction. From the
Mercury, Gemini, and Apollo missions of the 1960s and 1970s to the Space Shuttle of
the 1980s through its retirement in 2011, crewed missions were government missions.
Robotic exploration was the same: the U.S. federal budget and international
government partners paid for telescopes like Hubble and planetary missions like the
Mars Exploration Rovers.33

Federal funding has continued to dominate the exploration mission area, but there are
two primary differences from the previous era. First, agency engineers now mostly set
top-level requirements for companies and oversee implementation of those
requirements rather than the older approach of retaining full ownership and full
decision authority over the design. Second, today’s operations are mostly handled by
the company under a (mostly) fixed-price or service construct rather than a cost-plus
arrangement.3* Cargo and crew missions to the International Space Station (ISS) are
good examples of this change.

Following the loss of two Space Shuttles and their crews in 1986 and 2003, NASA
saw a need for new, safer, and more cost-effective vehicles to support human
spaceflight in LEO. Beginning with the Commercial Resupply Services program (Figure
2, top), commercial vehicles began ferrying cargo to the ISS in 2012.2° The agency
would entrust its astronauts to commercial vehicles next, starting crewed launches in
2020 (Figure 2, bottom).3®
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Figure 2. Commercial Resupply (Top) and Commercial Crew Vehicles (Bottom)

Sources: (top left) Cargo Dragon, NASA, www.nasa.gov/wp-
content/uploads/2015/06/iss043e122264.jpg;

(top right) Cygnus, Northrop Grumman, www.northropgrumman.com/space/nasa-commercial-resupply-
mission-update;

(bottom) SpaceX Dragon Freedom and Boeing CST-100 Spacecraft 2 docked at the ISS, “Commercial
Crew Program Vehicles,” May 24, 2022, Wikimedia Commons,
https://upload.wikimedia.org/wikipedia/commons/0/0b/Commercial_Crew_Program_vehicles.jpg.

NASA continues to purchase services, including the commercially flown 2022 Cislunar
Autonomous Positioning System Technology Operations and Navigation Experiment
(CAPSTONE) pathfinder mission to test the orbit for a planned lunar-orbiting space
station.®” Even more audacious are the Commercial Lunar Payload Services (CLPS)
contracts, with at least eight lunar landings planned. CLPS notched the first success in
February 2024 with the landing of Intuitive Machines’ IM-1 lander.2® Since then, there
have been hints of commercial missions to Mars and Venus, though no launches yet.3°
NASA'’s interest in commercial Mars missions is growing, especially with fiscal
challenges to the top-priority Mars sample-return mission.°
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As NASA has become increasingly willing to engage with commercial entities outside
of legacy prime contractors, the industry has responded. Well over half of exploration
companies were founded since 2013 (and 24 percent since the start of 2020 alone),
compared to 11 percent before 2000. Three-quarters of these companies are major
defense contractors.** While our dataset may not capture all such companies, the
trends are clear: most exploration companies were only recently founded (see Table 2)."

Table 2. Most Exploration Companies Were Founded Recently

Commercial Exploration Companies

Companies in dataset 37
Companies founded................... before 2000 11% 4
....................................................... 2000 to 2012 30% 11
....................................................... 2013 to 2019 35% 13
......................................................... 2020 or later 24% 9

Source: PitchBook Data, Inc.; author analysis.

In-Space Satellite Services

In-space satellite services encompass space-based SSA; debris remediation; satellite
life extension; servicing, repair, and refueling; and in-space (postlaunch) transport of
satellites.*? Each is different, but they all have two common factors:

1. Detecting and tracking other satellites and often maneuvering around them
2. Technical progress in one in-space service area helps advance other areas

These factors make the technology fundamentally dual use: in-space services enable
novel, sustainable uses of space as well as militarization. For example, a system that
removes defunct satellites can be used to remove foreign satellites, so observers took
note when China demonstrated an orbital debris remediation capability in 2022.4% The
dual-use nature of the technology is also not a new one: the technology basis of in-

“The trend is more pronounced when compared to other space businesses, like those in the space
subcomponent business. See Appendix 1 for additional context.
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space services—rendezvous and proximity operations (RPO)—grew out of the Cold
War.44

More dual-use cases exist too. Refueling extends satellite lifetimes and enables
maneuvers to evade tracking. Even planning provides a strategic advantage: a country
that helps set international refueling standards advantages its domestic industry and
may benefit military planners.*® In each area, the United States and its allies should
lead rather than cede advantage to others.

Beyond technology, challenges remain in delivering military or economic value. Despite
numerous experiments and attempts, companies are still testing new servicing
techniques and new business models for in-space services.*® Consider debris
remediation. The 2020 U.S. Space Policy directs the government to “evaluate and
pursue... active debris removal,” while the 2022 National Orbital Debris
Implementation Plan directs studies and research and development on debris
“remediation.”¥” Studies have provided plausible technical paths forward, and there are
early hints of cost-efficient, effective technical solutions.*® NASA has even recently
funded a consortium to make in-space servicing, assembly, and manufacturing
capabilities a routine part of space architectures and mission life cycles.*® Funding large
enough to jump-start a market, however, has not yet materialized. Since debris
regulation remains relatively permissive, there are few current financial incentives for
commercial remediation.®°

Instead, debris remediation is being used as a stepping stone to other markets. The UK,
Japan, and the United States have contracted with Tokyo-headquartered Astroscale for
technology demonstrations, and the company has had early success with its ELSA-d
mission.>! Astroscale had continued with its ADRAS-J mission, which approached and
safely navigated around actual debris, delivering the first commercial image of space
debris using RPO from just a few hundred meters away (Figure 3).52 The company’s
demonstrations of rendezvous, docking, and eventual debris removal are directly linked
to corporate goals as “an orbital servicing company, not a debris removal company.”®?
Other missions are also serving as stepping stones. SpaceX, for example, has tested
in-space propellant transfer during a developmental test of its Starship rocket ahead of
crewed Artemis moon landings.>*
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Figure 3. Space Debris Seen by Astroscale’s ADRAS-J Spacecraft in 2024 (Top) and
the U.S. Air Force's XS5-11 in 2005 (Bottom)

©Astroscale

Sources: (top) Astroscale, 2023; (bottom) U.S. Air Force, 2005.

Note: U.S. Air Force-led XSS-11 imaged its own rocket. ADRAS-J imaged separate debris.
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Despite the many challenges, companies are forming to address in-space servicing.
Founding data shows progress, with about half of all identified servicing companies
forming in the last five years, and five out of every six in the past 12 years (Figure 4).5°

Figure 4 also shows the accelerated trend. Interestingly, compared to other markets
like remote sensing and launch, where corporate founding activity peaked around
2015, in-space services peaked in 2021.5 Causation is difficult to determine with
certainty, but launch cost reductions, successful technology demonstrations,” initial
hints of market viability from those early demonstrations, greater government
attention and funding, and continued progress in electronics—especially the sensing
and computation required for RPO—are likely contributors.>”

Figure 4. In-Space Satellite Services Companies: Founding Years and Operating Status

M Closed Acquired [l Active

2 ]

1980 1985 1990 1995 2000 2005 2010 2015 2020

Source: PitchBook Data, Inc.; author analysis.

Note: Closed refers to companies no longer in business; acquired refers to companies still active but
have been purchased by another company and may or may not be operating under another name; active
refers to companies still operating as of publication.

" Including the successful deployment of commercial life-extension services.
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In-Space Manufacturing

In-space manufacturing is the fabrication of items in space for use in orbit or on Earth.8
Much of the technology derives from in-space servicing and, to a lesser extent,
exploration. Indeed, manufacturing for use in orbit can enable exploration. While not
dismissing this use case, we focus here on manufacturing goods for use on Earth.

NASA has led much of this work, and the ISS has been a long-term test bed for the
research.®® Orbit is difficult to reach but offers unique manufacturing benefits: the
vacuum of space is far cleaner than the best clean rooms on Earth, and microgravity
allows for more uniform mixing and crystal growth.®° Since over 60 percent of
pharmaceuticals are crystalline, research or production of medically relevant
compounds in orbit can benefit people on Earth.®! Other applications such as
semiconductor and materials fabrication and fiber optics production present
opportunities—nascent, to be sure, but promising ones.®?

While the economic benefits of in-orbit manufacturing are direct, the national security
benefits are less obvious. There are at least two primary challenges to in-space
manufacturing: creating automated processes that can work unattended in the space
environment and safely returning the products to Earth. The second requires guidance
and control to enable precise landings as well as sufficient thermal protection material
to survive reentry.®® These same technologies are needed for long-range missiles, and
so are understandably carefully managed under export control rules.”

Technologies meeting these challenges, however, have become more widely available
as electronics and materials science have developed. In 2024, the first commercial
capsule landing occurred with Varda Space Industries’ W-1 capsule (Figure 5)," which
processed medical compounds and returned them safely to Earth.®*

“ Capsule and missile speed and entry angle vary, needing different thermal shielding.

"Not counting human-rated vehicles that return people and experiments from the ISS.
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Figure 5. Varda Reentry Capsule Safely Lands after In-Space Manufacturing Test

Source: Varda Space Industries (@VardaSpace), “Some Photos from Our Team’s Recovery of W-1...,”
Twitter, February 22, 2024, https://twitter.com/VardaSpace/status/1760726397889466792.

Despite the small number of competitors in this business area (see Table A3 in
Appendix 2), this successful proof-of-concept return is likely to encourage continued
development.
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Industry and Technology Trends

The five advanced technology areas are at different points along their development
timelines but have significant similarities that can be broken down into two categories:
trends and factors. Trends describe what is happening in the industry, while factors
note the activities, technology, and organizational elements that may contribute to the
trends.

Trends

In 2010, the New Space movement was still nascent, while large aerospace and
defense contractors focused on meeting government-directed requirements and
building government-directed designs rather than commercialization.®® Since then, the
growth in these advanced technology areas has been small in total company numbers
but notable nonetheless.

Consider the set of “space technology” companies within the publicly available
PitchBook database: while not an exhaustive list of all space companies, trends within
this dataset generally match those of the larger industry.®® We identified 91 companies
in PitchBook that are working on advanced space technologies, which is just shy of 17
percent of all companies within the “space technology” vertical (Table 3). More than a
third of the advanced-technology-identified companies are pursuing in-space services,
with one-sixth planning for in-space manufacturing.®’
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Table 3. Share of Advanced Technology Companies by Subsector

Government Within Advanced Within
Subsector Space
Involvement Technology Sector )
Vertical
PNT 4 (4.4%) 0.7%
High Ground-Based SSA 4 (4.4%) 0.7%
Exploration 37 (40.7%) 6.8%
In-Space Satellite Services®® 37 (40.7%) 6.8%
Limited
In-Space Manufacturing 15 (16.5%) 2.8%
All Advanced Technology 91" 16.8%

Source: PitchBook Data, Inc.; subsectors determined through author analysis. See methodology for more
details.

Ground-based commercial SSA providers are also a relatively small group. While this
is likely an undercount based on similar datasets, the small number of companies in
markets already served by government services is notable when compared to the other
subgroups.®®

As noted earlier, the majority of companies within the advanced technology category
were founded after 2010 (Figure 6). Trends in two other periods are notable: 2013
began a spike in company founding activity that persisted for nearly a decade, while
the 2020-2021 timeline marked a brief burst of further accelerated growth.

“ Actual sum is 97, however companies can be tagged in more than one subsector. Ninety-one reflects
the number of unique advanced technology companies we identified. The PitchBook dataset is
extensive, but even so may not capture all companies in the advanced space technology sector.
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Figure 6. Advanced Space Technology Companies: Recent Spike in Founding Activity

B Closed Acquired [JJ Active

10

1980 1985 1990 1995 2000 2005 2010 2015 2020

Source: PitchBook Data, Inc.; author analysis.

(Note): Companies formed before 1980 are included in the 1980 column. Closed refers to companies no
longer in business; acquired refers to companies still active but have been purchased by another
company and may or may not be operating under another name; active refers to companies still

operating.
Related Market Factors

There should be few companies selling and developing advanced technologies that
were founded before 2010. Indeed, technologies are not usually considered advanced
if they have been on the market for decades. Before 2010, each of the technologies in
this category was either the domain of government with government-sized budgets
(SSA, PNT) or considered so difficult that the Defense Advanced Research Projects
Agency (DARPA)—known for tackling “transformational change rather than
incremental advances”™—was working on demonstrations.’® Nevertheless, the trends in
this area provide insights into the market.

As noted earlier, 2013 marks the start of a run of company formation activity. While
causation is hard to attribute, this was the start of dropping launch costs and the rise of
small, cheap satellite viability. The following year, in 2014, SpaceX began to gain
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significant market share from then leader United Launch Alliance.”! Similar growth
trends were seen in the remote sensing market.”? Notably, another New Space
company, Planet Labs, launched its first 65 operational satellites in 2014, making the
first start toward a proliferated satellite constellation in decades.”?

The 2021 announcement of NASA’s Commercial LEO Destinations project added fuel
to the advanced space tech marketplace.”* This ISS divestment strategy did two things:
it offered a new market to companies in LEO and refocused NASA resources toward
exploration beyond LEO.”® In doing so, NASA could save operational costs by reducing
spending on the ISS, which amounted to about $1.3 billion annually, plus $1.8 billion
for cargo and crew replenishment in the 2021 fiscal year.”®

Also notable is the difference between the PNT and SSA subgroups and exploration.
All three fall into mission areas with high government involvement, but exploration
has nearly ten times the number of companies as the other two categories (see
Appendix 1 for a list of companies). While acknowledging that human curiosity might
disproportionately draw founders to exploration-focused missions, NASA'’s early
embrace of commercial involvement in exploration, compared with the DOD’s slower
strides, may be a contributor.

Engineering Factors

Cheaper launches, smaller satellites, and government contract opportunities are
helpful, but it's hard to make a profit if the technology is not technically ready. That's
why two additional factors may also come into play: improved engineering, especially
in electronics and materials science, and government technology transfer. Both of
these factors decrease the cost of progress. The tight interplay between the two
appears to drive much of the recent development in advanced space technology.

Some of these engineering advancements are the result of government support. The
Varda Space Industries reentry capsule seen in Figure 5 is a great testament to
commercial creativity, but the capsule uses heat shield material manufactured by
NASA’s Ames Research Center. A planned technology transfer will allow Varda to
produce the material, but early government partnership has been fundamental to
project success.

Similar government support and technology transfers may factor into commercial PNT
alternatives. In 2004, the National Institute of Standards and Technology and DARPA
developed atomic clocks the size of a computer chip (appropriately called chip-scale
atomic clocks) and flew them to the ISS in 2011.”” The new clocks are cheap, light, and
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low power, while GPS satellites fly multiple heavy clocks, costing millions of dollars
each. While chip-scale clocks’ timing drifts approximately 100 times faster than their
high-performance cousins, researchers estimate that LEO satellites with positioning
updates approximately once per orbit rather than once per day can deliver
performance close to that of GPS.”® Some of the same researchers now work for one of
the PNT companies in the PitchBook dataset.”®

Continued progress in electronics and the downward cost trends provide openings in
other areas. Commercial SSA providers are a great example.®® Widely dispersed
networks are a major advantage in the mission area, and geographically diffuse
networks are now easier to develop and manage. Costs for high-performance cameras
and optics have also fallen. Here, commercial vendors offer advantages that
government providers cannot match: a company can quickly build capability
worldwide, while the U.S. government must work through long negotiations to build
facilities abroad, making commercial options technically competitive against taxpayer-
funded services.

The same advancing technology applies to space-based SSA as well. Today, relatively
few systems do this mission: for example, the U.S. Geosynchronous Space Situational
Awareness Program, U.S. Space Based Space Surveillance, and Canada’s Sapphire
satellite.®! This leaves room for other companies to conduct non-Earth imaging as
satellites get cheaper and cameras and pointing equipment improve.8?
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Challenges and Opportunities

Advanced space technology companies hold promise for national security missions and
economic gains. Their success or failure is still uncertain, however, and policymakers
interested in supporting an American advantage in these emerging technology areas
should consider the challenges and opportunities unique to the marketplace.

Challenge 1: Profitability

Advanced space technology is by definition less established than remote sensing,
launch services, and communications technologies, with fewer proven profitable
niches. This poses risks to three groups: First, investors have fewer examples of
companies that have successfully navigated the challenges of the mission area, though
with added risk comes greater potential upside. Second, the companies themselves do
not have proven templates to follow for profitability or legacy business models ripe for
disruption, but likewise benefit from the ability to shape their market. Third, the
national security organizations that work with advanced technology companies must
also plan for uncertain profitability. Regardless of the national security benefits, if a
company is not profitable, its services will not persist for long.®® Agencies must plan
for the potential struggle or disappearance of important service providers.

Challenge 2: Export Controls

There are areas of advanced technology where the United States either does not
possess a clear lead or where the country benefits from working with others. U.S.
export controls can be a barrier to leveraging the resources of allies and partners.

For instance, while early missions relevant to active debris removal were flown by the
United States, today Japan and the UK are leading with commercial missions.®* One of
the primary contenders, Astroscale, is headquartered in Japan with U.S.-based and
other foreign subsidiaries.®®> Though export control reforms in 2013 and 2018 helped
reduce the burden, there are still areas where participation by Americans is limited. For
instance, under current International Traffic in Arms Regulations limitations, satellites
that “autonomously perform collision avoidance” are restricted, even though that
capability is inherently important to servicing and debris-mitigation satellites.8¢
Participation by American nationals in these endeavors is therefore limited, reducing
the ability of American companies to learn from some of our closest allies.

To leverage the talents of allies and partners or even adopt so-called friend-shoring
strategies, the U.S. government will need to address export control regulations—akin
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to its joint synchronization efforts under AUKUS and existing close ties with Canada’s
defense industrial base.®” Similarly powerful would be the ability for international
partners to jointly fund technology development efforts rather than paying for separate
missions.

Challenge 3: Space-Based PNT

Given congressional interest in resilient PNT and multiple concurrent DOD programs to
find GPS alternatives, it is surprising that our data only identified a single company
providing a space-based solution. This is especially so considering the expanding
commercial use of navigation services, such as self-driving vehicles and precision
agriculture, that would benefit from new PNT sources.®®

Alternative explanations—such as poor coverage within our data, or satellite
communications companies intending to meet the needs of both the satellite
communications and PNT markets—could clarify the dearth of companies, as could a
focus on Earth-bound solutions or the current provision of good-enough GPS by the
U.S. government. Nevertheless, to meet military needs for high-precision, high-
accuracy positioning and timing signals across vast regions of land and ocean, actively
broadcasting satellite services would seem effective and relatively survivable. The
path to profitability may require leveraging government interest in alternative PNT
solutions, alongside commercial needs for improved precision.

Opportunity 1: Commercial Interplanetary and Science Missions

NASA is charged with advancing many objectives: aeronautics; Earth, atmospheric, and
planetary science; heliophysics; astronomy; and human exploration. Depending on
inflation accounting, the agency’s budget is the same as it was 30 to 50 years ago, but
with a far wider purview.8 NASA has smartly turned to commercial vendors for
greater portions of its activities to mitigate these budget challenges: first cargo
transport to the ISS, then crew transport to the ISS, and now an ISS replacement itself.
With the CLPS program, multiple lunar landers are now being cheaply built by
multiple American companies, while other countries’ space agencies build one-off
devices. The return of humans to the moon is using a commercial-government hybrid,
with SpaceX and Blue Origin winning contracts for lunar landers.*° In the face of
massive costs, NASA is even considering commercial approaches to returning samples
from the surface of Mars.! This all frees talent and funding within the agency to focus
on new, harder problems and responsibilities expected of the organization.
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With hints of commercial involvement in the interplanetary exploration of Mars and
Venus to come, NASA has the opportunity to commit to a commercial “hedge” portfolio
for many of its science missions, accepting more technical risk to save cost. Some
requirements, such as planetary protection measures, are less flexible. Nevertheless, a
commercial hedge—where the agency dedicates a moderate portion of its budget to a
set of technically risky, high-payoff approaches—could encourage competition
throughout project life cycles and inspire creative solutions to scientific problems, all
while allowing government budgets to go farther and unleashing existing agency
talent to focus on novel problems.

Such an opportunity is not risk free, of course. The flight times for deep space missions
are years to decades long, meaning mission failure may also mean decades of lost
science. Furthermore, there will be a fine balancing act in allocating funding between
the notionally low-risk “primary” path and the higher-risk hedge portfolio. Commercial
profitability for these missions is far off, and in the near term, government funding is
necessary. The spin-off technologies that may result and the ability to stretch research
dollars to more programs will be the major payoff from industry involvement. While
government-funded science must take the lead for years to come, there is a place for
experimentation with commercial platforms. NASA has taken great strides in this area
and can continue to accept more risks."

Opportunity 2: Combining Multiple Advanced Technologies

To meet the profitability challenge, the combination of multiple advanced technologies
may be a solution. Refueling and debris remediation is one such promising match. If a
vehicle for debris removal can itself be refueled, and the equation for removal no
longer becomes one spacecraft per piece of debris, then the activity may be more
financially viable. In this way, a business challenge is transformed into a technical one.
Any company that can solve the (admittedly large) technical challenge of refueling has
a major advantage in both the satellite servicing and debris remediation markets. At
least one company, Astroscale, sees value in this combination and is pursuing both
technologies.®?

Other combined-technology approaches are also promising: commercial space stations
can help scale in-space manufacturing, in-space servicing technology can increase the
payload capacity of exploration missions, and ground-based SSA can maintain safety

" Technical and programmatic risk, not risk to human participants and the public.
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when in-space servicing capabilities approach other spacecraft. Progress in one area
will support progress in others.

Opportunity 3: First-Mover Advantage

Being the first company (or country) to field an advanced technology will provide major
advantages. We have seen such advantages elsewhere in the space industry, as
SpaceX'’s development of reusable rockets has brought cost, reliability, and scaling
benefits, along with major market share. Within satellite servicing and refueling, this
advantage may be even more important than usual. Whoever shows a viable technical
solution and business case may define the standard refueling interface for all future
satellites.

Such a standard will take an investment of time and resources. However, the ability to
define that standard will provide three primary benefits. First, having a national
standard to work toward can eliminate duplication of effort across industries, avoiding
each company defining a design that changes for each mission.” Second, by establishing
servicing and refueling standards that match existing U.S. and allied engineering
standards and design principles, there are fewer changes required for the design of the
rest of a satellite equipped with a servicing and refueling system. Third, if a standard is
set among domestic, allied, and partner industries, satellites are more likely to be
interoperable. From a market perspective, this is desirable; from a national security
perspective, this may be invaluable.

Opportunity 4: Commercial SSA Shareability

There have long been laments that military space activities are overclassified. Though
progress has been made, more work remains.®? Just as steadily improving commercial
satellite imagery has challenged defense planners to think differently about security,
so, too, will commercial SSA drive similar changes in the national security space
community. Commercial capabilities will probably make it easier to track U.S. national
assets alongside foreign systems. Doing so may motivate finding new solutions to the
security overclassification problem often associated with space programs. Commercial
SSA also provides additional opportunities to enhance sharing with allies and partners,
since data is generated on unclassified systems, uses unclassified algorithms, and
transits unclassified networks.

* Or, at worst, a small number of acceptable standards across satellite providers.
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Commercial SSA can prove advantageous as a policy tool because the information
generated by commercial sensors is publicly releasable. Just as commercial space
imagery was used to great effect in Ukraine, so, too, can SSA data highlight unfriendly
activities without revealing American military capabilities.®*

American and allied leadership in the commercial SSA market is also militarily
beneficial. In the exceptional cases where there is no good solution but to mask, delay,
or limit dissemination of militarily relevant SSA data, negotiations with companies from
friendly nations are far easier than those with poorer relations.
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Recommendations

In the advanced technology arena, the U.S. government has a history of conducting
bold demonstrations. Today, commercial vendors are pursuing some of those same
capabilities with an eye toward solving major security, sustainability, or exploration
problems. Each company must eye profitability too. Based on the challenges and
especially the opportunities above, the following are recommendations for how the
United States can press its advantage in commercial space and provide a foundation
for national security advantages well into the future.

1. Federal agencies—especially the DOD, the Intelligence Community, and
NASA—should invest in hedge portfolios for advanced technology missions
with national security applications and outsize risks if the United States
cedes leadership.

Many military acquisition programs, space or otherwise, enter their engineering
and manufacturing development phase with a single large defense contractor.
This is risky technically and financially because failures require government
acquirers either to invest more time or budget to meet requirements or to start
their development process over again. Even in a fixed-price contracting
arrangement, schedules can regularly slip.

Establishing a small hedge portfolio within a program may mitigate these risks.
A hedge portfolio is a small investment that hedges or compensates against the
risk that the single large contractor fails to deliver. This can be funding for either
a high-risk, high-reward alternative solution from a different vendor or another
contractor able to continue a program should the prime falter and do so without
starting over from scratch.

There are multiple benefits to setting aside a reasonable (small but non-
negligible) amount of funding for a commercial competitor to attempt the same
task: competition continues into the later stages of an acquisition, and
commercial innovation can develop alongside government needs.%®
Nontraditional suppliers as a hedge to traditional contractors and cost-plus
contracts may also improve the time-to-capability for a given mission.

Turning to nontraditional suppliers does come with risks to programs. Beyond
the technical risk inherent in novel solutions, there are other disincentives for
program management: failure may be public, with heavy congressional interest,
while success may be private, with little benefit to project members.°® Because

Center for Security and Emerging Technology | 30



of this, a diversified approach, combining traditional contractors with a
nontraditional hedge, should be used to manage both technical and
programmatic risk.

NASA's multiple experiences with commercial resupply, commercial crew,
CLPS, and similar programs show that the commercial space industry can
deliver solutions to challenging problems. The federal government should
provide opportunities and support so industry can do so.

. The U.S. government should act as an anchor tenant by purchasing and
investing in research for commercial services in selected advanced
technologies, especially in-space satellite servicing, for which the U.S.
government does not currently field a solution at scale.

The outsize impact of advanced technologies, like in-space satellite services,
means that the United States should prioritize viable solutions. To encourage
companies to field such solutions, the government can reduce the risk by acting
as an anchor tenant when a company deploys a new security-relevant
technology.

Service purchases can take the form of grants, contracts, technology transfer
agreements, advanced purchase agreements, and the like. Such support can
inform future government architecture while providing a broad vision to
industry. Further, by acting as an advanced purchaser of services, the U.S.
government encourages a rapid scaling of capability once it is reliably
demonstrated. While the public noticed this approach in pandemic-era vaccine
purchases, intelligence agencies have leveraged similar approaches for remote
sensing.®’

A similar advanced purchase approach to emerging space technology, where
the government commits to buying a certain quantity of a service once fielded, is
reasonable. Rather than the U.S. government managing and designing a
government-purpose system, this approach encourages industry to deliver
broadly useful products and services. Then, the government serves as an anchor
customer once a capability is fielded. This balances risk between the
government and investors: investors gain confidence that an early market will
exist, while the government commitment is relatively low if products fail.

Early government commitment to act as an anchor, however, is crucial. Without
commitment and attendant funding, the companies that are ready and willing to

Center for Security and Emerging Technology | 31



provide services may run out of start-up capital and fail, leaving the United
States reliant on legacy solutions and paying legacy costs. Such a commitment
is necessary soon after a need is identified. Recent examples include the
Commercial LEO Destinations program once the ISS deorbit date was set and
in-space servicing agreements once lunar exploration plans demanded the
technology.

Balancing the use of service agreements with more formal development
contracts will need to be done on a case-by-case basis. For those areas, such as
in-space servicing and refueling, where there is a major national security interest
in a first-mover advantage, development contracts in addition to service
agreements are most appropriate.

. The U.S. government should continue to purchase services and make
targeted investments (including infrastructure upgrades) in advanced
technology areas where it is the dominant service provider to build resilience
in government systems.

These purchases will generally look like commercial services contracts, research
and development contracts, or, in some cases, an advanced purchase
agreement—should a technology show operational suitability for military
applications. In areas such as global PNT services, a wholesale withdrawal of
GPS from the market in favor of commercial alternatives would be chaotic and
undesirable. Instead, focusing on alternative services—such as those resilient to
GPS jamming or able to provide better positioning—and ensuring a viable
market for them is critical. GPS alternatives are needed for national security, but
they must work alongside GPS. Likewise, SSA services are largely provided by
major government installations. Smaller, distributed systems not yoked to aging
infrastructure and computing architecture can provide a viable path to an
improved government system or to a more heavily commercial future. In the
latter case, government systems could be used primarily for military purposes
rather than all space traffic management services.

. The State Department, in consultation with the DOD and Department of
Commerce (DOC), should harmonize export controls with allied nations
actively building similar technology.

While export control revisions have eased the burden on space system
development, minor tweaks are still appropriate. However, rather than having
the regulations constantly chasing changes in technology, generalizing the
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strategic approach taken in the AUKUS partnership—where export controls are
harmonized across countries, enabling freer trade in dual-use and military-
purpose goods between member states—is a better way forward.®®

Many of the countries embracing advanced space technologies are also U.S.
treaty allies. They possess talented technical workforces. Whereas the United
States has expertise across multiple areas by virtue of its large population and
advanced economy, these allied nations often have deep capabilities in fewer
areas: Japan in debris remediation, New Zealand in rocketry, and Australia in
ground networks and space surveillance, to name a few.*® A common space and
defense market within existing bilateral (e.g., U.S.-Japan) and multilateral
arrangements (e.g., AUKUS, Five Eyes) would enable knowledge sharing and
more efficient use of government and commercial funding.

At the same time that export controls are being harmonized, government
agencies, led by DOC, can update and streamline the regulatory framework for
commercial space activities to continue balancing innovation promotion with
ensuring safety and security. This includes setting clear timelines for approvals,
simplifying the certification process, and providing support for treaty
compliance. DOC has demonstrated clear leadership in this area and, given
sufficient resources, can continue to do so.

Alongside domestic regulatory streamlining, reducing export barriers and
harmonizing controls on advanced space technologies among close allies can
help the United States better compete with national security threats, especially
those posed by China.
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Conclusion

The forward march of advanced space technologies tends to be unpredictable by its
very nature. The United States, however, has long relied on such technology for the
security of its deployed forces and the homeland. Increasingly, technology is
developed and fielded by the private sector, versus solely through government
development contracts.!% This reliance requires a strong industrial base with an
innovative and talented workforce. But the private sector also benefits greatly from
focused investment and government support.

Just as the advent of GPS could only have been brought about through government
support, so, too, will its supplements need to be shepherded. Just as the moon
landings drove the development of computing, so, too, is the next generation of moon
exploration driving innovation in lunar landers and orbital servicing and refueling. The
U.S. government and the policymakers who lead it should take heed of the examples
from the past: early investment and contracts such as advanced purchase agreements
smoothed the scaling up of vaccine production in a pandemic. In space, they offer
steady opportunities once uncertain technologies are proven.!°! Taking these actions to
enhance the commercial advanced space technology market will put the United States
and its allies and partners in a better position to compete against adversaries, leaving
the nation and world safer.
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Appendix 1: Methodology Details

The goal of this publication is to capture the history and current status of advanced (or
“emerging”) technology subsectors of the broader space economy, given its relevance
to policymakers and the national security community.

This analysis leverages a dataset from PitchBook Data, Inc. (PitchBook), which
provides rich information about corporate financial information and investment fund
activity for public and private companies. This insight into corporate finance allows
fine-grained analysis of various industries and companies, along with how those
industries change through investments and mergers and acquisitions. PitchBook
provides industry assignments for companies within their dataset, which we use to
select companies relevant to the space economy. We then assign each of the 543
companies in the “space technology” vertical to appropriate subsectors.'%? The
company assignments were based on our professional knowledge and a detailed
review of the company description, websites, and news reports from PitchBook.” For
example, the following criteria (Table Al) were used to assign companies to one of the
five subsectors.

“ Additional criteria were used to assign companies to other subsectors. For further detail, please contact
the authors.
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Table Al. Criteria for Assigning Company Subsectors

Primary Question Secondary Question / Note Subsector
“Tag"
Does the company produce | Does the company provide PNT
satellites or leverage data space-based positioning,
produced by satellites? navigation, and timing services
(Like GPS)?
Is the company planning to In-Space

conduct SSA from space, conduct | Satellite
space debris remediation, or offer | Services
refueling and related services
(like movement of spacecraft in
orbit postlaunch)?

Does the company provide SSA
awareness of satellite
location and behavior (SSA)
using ground-based
sensors?

Does the company provide Exploration
exploration technologies
(especially lunar
exploration)?

Does the company provide In-Space
technologies for in-space Manufacturing
manufacturing?

Company subsector assignments were determined by the authors’ expertise and
analysis using the criteria noted in Table Al. These companies were individually
identified through manual analysis by the authors of all companies in Pitchbook’s
space vertical. Companies can belong to multiple subsectors or none at all. Once
companies are assigned, data related to each company’s founding date, operating
status, and merger activity are acquired from PitchBook. In this publication, there are
four companies assigned to PNT and four to ground-based SSA, along with 37
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assigned to in-space satellite services and 37 to exploration, with 15 assigned to in-
space manufacturing.

Due to a few companies that belonged to multiple subsectors, the total number of
advanced space technology companies is 91.

There are limits to the data. While a data aggregator like PitchBook is unlikely to
identify every space company, our ultimate goal is to provide analysis and trends for
key corporate metadata, including foundation year, business status, acquisition status,
and investment health (though this paper does not address investment health). Using
manual annotation of companies provides a human check on the relevance of a
company to the analysis. Further boosting confidence in the data and analysis, we
found that other research, commercial datasets, and internal sampling showed similar
trends.103

Additionally, given the developing nature of the space economy, companies may grow
or shrink their product portfolios. The data represents a current snapshot of the space
economy to maximize usefulness to policymakers and the national security community
today. Future work should continue or expand the annotation process to ensure
continued accuracy.
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Appendix 2: Additional Data Tables

Table A2. Most In-Space Satellite Servicing Companies Founded

Recently

Commercial In-Space Satellite Servicing Company Founding Trends

Companies in dataset 37

Companies founded........ccccceuruenueee. before 2000 5% 2
................................................................... 2000 to 2012 11% 4
................................................................... 2013 to 2019 35% 13
..................................................................... 2020 or later 49% 18

Source: PitchBook Data, Inc.; author analysis.

Table A3. Most In-Space Manufacturing Companies Founded Recently

Commercial In-Space Manufacturing Company Founding Trends

Companies in dataset 15

Companies founded..........ccceueuenee. before 2000 0% 0
................................................................. 2000 to 2012 7% 1
................................................................. 2013 to0 2019 40% 6
................................................................... 2020 or later 53% 8

Source: PitchBook Data, Inc.; author analysis.
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Table A4. Companies from PitchBook

In-Space In-Space
PNT SSA Satellite Services Manufacturing Exploration
KOfinder L3 Applied Ad Astra Rocket |Above Space |Aquarian Space
Defense
Solutions
Satelles LeolLabs Altius Space Axiom Space |Argo Space
Machines
Xairos Numerica Apex (Culver CisLunar Astrobotic
(Information (Space Domain |[City) Industries
Services (B2C)) |Awareness
Division)
Xona Space Privateer Argo Space In Orbit AstroForge
Systems
Arkisys LatticeX Blue Origin
(Acquirer)
Atomos Made in Space |Boeing
(Aerospace and
Defense)
CisLunar MaxSpace Cislune
Industries
Exclosure Odyssey Constanellis
SpaceWorks Aerospace
Free Space Outpost Deep Space
Industries
Galactiv Redwire Dynetics
(Jacksonville)
GeoJump reOrbital Firefly
Aerospace
Guardian Space |Sierra Space Gravitics
Technology
Solutions
iMetalx Space Tango Interlune
Impulse Space |Uplift Interorbital
Aerospace Systems
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Intelligent Space

Varda Space

Interplanetary

Industries Space Sciences

Kall Morris Intuitive
Machines

Katalyst Space Lunar Outpost
Technologies
L3 Applied Masten Space
Defense Systems
Solutions
Launchspace Moon Express

Technologies

Modularity Motiv Space
Space Systems
Momentus Next Giant Leap
New Frontier Northrop
Aerospace Grumman
Orbit Fab Off Planet
Research
Outpost OffWorld
plasmOS Orbital
Outfitters
Quantum Space Orion Span
SCOUT Space Planetary
Resources
Sierra Space PowerlLight

Technologies

Skycorp Ragnarok
Industries
Space Cowboy Rhea Space
Activity
SpaceBilt Rocket City
Space Pioneers
Spacedev Sierra Space

Starfish Space

SpaceX
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ThinkOrbital Starpath

True Anomaly Golden Spike
Company

Turion Space TransAstra

Vissidus Vaya Space

Technologies

Source: PitchBook Data, Inc.; subsectors for each company determined by author analysis.
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