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Innovative technologies are reshaping every industry,
presenting new business cases and changing our daily
lives. These technologies are hyper-connecting the world
and offering new ways to interact. Particularly in the
Randy Se‘ga| " . ; Space and Satellite arena, technology is ever-evolving,
expanding, and combining in ways never
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before contemplated.
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that need to be kept in mind to support the successful

launch of a new business. Along with new business
models and technologies (some fully or partially still on
the drawing board), often come new hurdles, paradigms,
and new approaches to partnering and capital raising.

Among the new innovations that are changing the face
of space—"NewSpace”—are those that improve satellite

Steve Kaufman . 6 : and spacecraft functionality and better utilize their
PartHer |Wa Shingtén e : capabilities: e.g., big data analytics, radar and optical
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and remote sensing, intersatellite links, and other laser/
light technologies. But there are other innovations that
can improve where those same vehicles can go and what
they can carry, such as nuclear and electric propulsion,
in-orbit repair and fueling of space missions, and other
life extension technologies. Combined, these latter

_ _ : innovations can enable a whole new set of opportunities

b - E g that will change how humanity understands and interacts

: : - with space, including commercial space travel; more
ambitious and human-led deep space exploration;
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S : : ' of development that is enjoying increased focus and
attention is the use of nuclear and fusion.

New technologies bring with them many new
considerations, many of them quite fundamental.
Innovative and disruptive technologies change and
improve how we see and interface with the world. They
bring great benefits and often a paradigm shift in how
the industry develops and the benefits it can deliver.
But these new innovations also often raise new issues as
to space sustainability, the setting not only of national
standards but also global expectations, coordination
and cooperation, and the recognition of new risks and
safeguards to put into place when technologies are
deployed in space.
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Innovations in Space: Nuclear and fusion power for deep space exploration

Nuclear and fusion power —
Powering a new deep space race

Nuclear power has always been essential to
American (and worldwide) ambitions in space.
From the Mars rover Perseverance, to the New
Horizons and Cassini programs, and the early
Voyager probes (which are the furthest man-made
objects from Earth) nuclear power has been the
primary power and heat source for many of the
most complex and critical space missions. This
technology has been essential for any activity that
is distant from the Sun or requires significant,
long-term power or heat on a planet itself.

Looking forward, nuclear and fusion technologies
are well-positioned to deliver the performance—
including sustained power levels, longevity, and
reliability—required to compete in the new space
race. This includes taking humans and cargo
astronomically long distances and supporting the
power requirements for long-term colonies far
removed from the safety net of Earth. To this end,
China is reportedly making investments in the
advanced propulsion sector, including in fission
and fusion contexts, that dwarfs current U.S.
efforts. For the U.S. to remain competitive and
win what some are calling the new “Deep Space
Race,” it must double down on investment in
nuclear fission and fusion technologies.

The new proposal to support
fusion propulsion innovation

In a paper! (Fusion Propulsion Report) the

Fusion Industry Association—an association of

24 member companies working to commercialize
fusion power—has recommended a US$40 million
fusion propulsion funding program using an
Advanced Research Projects Agency (ARPA)-style
structure to accelerate the use of fusion for space
travel. This is examined herein the context of
recent efforts by the Department of Energy (DOE),

National Aeronautics and Space Administration
(NASA), and Defense Advanced Research Projects
Agency (DARPA) to work together to accelerate
the use of nuclear and fusion power in space.

The Fusion Propulsion Report explains that there
is a Deep Space Race developing as the U.S. and
other world powers have set their sights beyond
just on returning humans to orbit and stepping
foot on the Moon. Many are seeking to establish
permanent colonies on the Moon and Mars, mine
asteroids for their wealth of resources, secure
planetary defense against asteroid and comet
impacts, promote space transport for passengers
and cargo to and from space stations or the Moon,
and send astronauts to search for life in the outer
solar system.

There are compelling reasons to believe that
taking the lead in exploration of deep space
(beyond the near-Earth orbit) can bring
tremendous returns. This is not just in the form
of national pride and scientific progress, but also
financial benefits. Some, including Goldman
Sachs, have predicted that the world’s first
trillionaire will be the person that successfully
mines asteroids and their tremendous amounts of
mineral wealth.

As outlined in the Fusion Propulsion Report,
chemical-propelled rockets do not have the fuel
efficiency to support this far-reaching agenda.
Fusion propulsion can be up to 100 times more
fuel-efficient than chemical propulsion, while
still maintaining large thrusts—making it a prime
option for transporting large payloads to distant
destinations or ferrying cargo to and from the
Moon. Many designs could potentially compress
travel times to the Moon and Mars to hours and
months respectively, and even get the U.S. to
Saturn in as little as two years. In particular,

the Fusion Propulsion Report posits that fusion
carries the following advantages for Deep Space
Race missions over incumbent technologies:

1. See Fusion Industry Association “Fusion Energy for Space Propulsion: Making Fusion Space Propulsion A Reality by 2030” (15 June 2021) with

Sachin Desai contributing.


https://www.fusionindustryassociation.org/post/fia-proposes-funding-for-fusion-for-space-propulsion

Sample Mission

Estimates - Chemical Propulsion
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Estimates - Fusion Propulsion

¢ 7-9 months
Colonizing Mars
* Small payloads

Mining the Asteroid Belt ® 10+ years

Planetary Defense

Exploring the Moons
of Jupiter & Saturn

® 35-7years
e Small probes only

e Very limited flight windows

e Visits and sample extraction only

* Not usable for deflecting comets
or reaching distant objects

* 3months
Fly nearly anytime, there and back
Colony-level payloads

~4 years
Return trip with commercial payloads

e Able to deflect asteroids and comets,
even within limited time windows

* Able to reach unknown passing objects

* 0.5-2vyears
* Round trips, bringing back samples
* Human trips eventually possible

Figure 1: Potential advantages of fusion propulsion in sample Deep Space Race missions

However, fusion and other technologies can

and should be used together. Fusion propulsion
systems need the thrust and power of chemical
rockets to get into space in the first place, and
many such systems rely on the power provided by
other systems, such as nuclear fission or solar, to
provide input power.

This report comes at a turning point for

fusion propulsion, which is far closer to
commercialization than people realize. Perhaps
the best demonstration of this is Helion Energy’s
recent milestone—reaching fusion-relevant
temperatures of 100 million degrees in its 6
generation device?. Several other companies

are planning to demonstrate fusion energy
technologies around 2025. Alongside, a host of
private funding-backed entities are deploying
novel new propulsion designs—many of which
they argue are easier to commercialize than
terrestrial fusion energy systems. Several such
ventures also spoke at the ASCENDx Summit3
held 15 June 2021, discussing how they are ready
for incremental investment to further develop

2. See Businesswire “Helion Energy Achieves 100 Million Degrees Celsius
Fusion Fuel Temperature and Confirms 16-Month Continuous
Operation of Its Fusion Generator Prototype” (22 June 2021).

their prototypes with the long-term goal of
performing ground and space demonstrations.

To bring fusion propulsion technologies to

the next level, the Fusion Propulsion Report
advocates for an ARPA-style, milestone-based
funding program to accelerate the development
of critical fusion propulsion technologies and
enable designs to start being testing. ARPA
programs have a demonstrated track record of
moving promising technologies on a track towards
commercial deployment by the private sector.
The Fusion Propulsion Report recommends a
fusion propulsion program that would synthesize
best practices from the DARPA and Advanced
Research Projects Agency-Energy (ARPA-E)
programs and apply it to deep space.

The Fusion Propulsion Report concludes that

the US$40 million program “has the potential to
transform the way we look at the universe and
ourselves, unlock potentially trillions of dollars
in scientific and economic innovation, and secure
American interests for this century and the next.”

3. See ASCENDx Summit 2021 (Accessed 20 July 2021).
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U.S agencies aligning on use of
advanced nuclear systems

The DOE and NASA have a long history of
collaboration on the use of nuclear power in
space. Over the past 50 years, the DOE enabled
space exploration on over twenty NASA missions
in deep space and on Mars by providing safe

and reliable radioisotope power systems and
radioisotope heater units.

This relationship has now accelerated in scope,
with a goal to enable much larger uses of nuclear
power in space. In 2018, NASA and the DOE
launched an effort to develop the Kilopower
Reactor, with a hope to demonstrate a fission
surface power system on the moon by the end of the
decade. Toward the end of the last administration,
former Secretary of Energy Dan Brouillette and
former NASA Administrator Jim Bridenstine also
signed a memorandum of understanding (MOU)

to expand the DOE-NASA partnership on space
exploration4. Nuclear power and propulsion were
among the key areas of interest listed in the MOU.
This was followed up with Space Policy Directive 6,
which sought to implement a “National Strategy for
Space Nuclear Power and Propulsion.”

Currently NASA is examining the possibility of
utilizing two nuclear systems in space exploration.
The first is a nuclear electric propulsion system,
which is highly efficient and allows a spacecraft

to travel for longer periods than currently used
technologies although at lower thrust. The second
type of system is a nuclear thermal propulsion
(NTP) system, which is a higher thrust system

but still far more efficient than a traditional
rocket. (There are fusion analogs of both these
systems as well). Battelle Energy Alliance, which
operates the DOE Idaho National Laboratory, has
awarded three contracts® to a number of nuclear
companies, including BWXT, General Atomics,
X-energy, Ultra Safe Nuclear Corporation, and GE

4. See NASA “Memorandum of Understanding Between National
Aeronautics and Space Administration and U.S. Department of Energy
Regarding Energy-Related Civil Space Activities” (19 October 2021).

5. See Federal Register “Presidential Policy Directive 6 (Space Policy),
“National Strategy for Space Nuclear Power and Propulsion” (23
December 2021).

Hitachi, to produce conceptual reactor designs
for nuclear thermal propulsion systems for deep
space missions.

The efforts by NASA and DOE complement

a program by DARPA, called Demonstration
Rocket for Agile Cislunar Operations (DRACO),

to demonstrate a NTP system in orbit. Although
the program is just getting started, Blue Origin,
Lockheed Martin, and General Atomics have
received initial awards. As DARPA explains, “[t]he
space domain is essential to modern commerce,
scientific discovery, and national defense.
Maintaining space domain awareness in cislunar
space—the volume of space between the Earth and
the Moon—will require a leap-ahead in propulsion
technology.” These efforts complement private
sector efforts, such as an exciting proposal by
Zeno Power Systems to launch radioisotope power
systems made from recycled nuclear waste. And to
the same end, all three federal agencies have taken
interest in the use of fusion to achieve similar
goals.

6. See World Nuclear News “NASA selects reactor concepts for deep
space exploration” (14 July 2021).

7. See Defense Advanced Research Projects Agency “Demonstration
Rocket for Agile Cislunar Operations (DRACO)” (Accessed 20 July 2021).
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Resolving the challenges ahead

As the technology develops, regulatory and other
issues are starting to rise to the fore.

First on the list is who will regulate, and how will
they regulate, the launch of commercial nuclear
systems. A key Presidential memorandum,
NSPM-20: Launch of Spacecraft Containing
Space Nuclear Systems?®, has started to move the
ball forward by setting forth a framework for how
the U.S. government can approve launches of

radioactive material and nuclear systems in space.

Additional guidance is needed to expand on this
new framework, but a start has been made.

Second is the question of regulation of these
systems on the ground and after launch in

space. Licenses by the NRC may be required to
manufacture, test, export, and otherwise possess
these systems on Earth. The NRC is currently
debating the regulatory framework for both
advanced nuclear systems and fusion energy,
which could have implications on how fusion
systems and their fuels are regulated on their way
to the launchpad or after launch.

Third, the commercial development of space,

and the role of nuclear power in space, are both
potentially subject to international treaties and
norms. This will require conversations between
the commercial sector, regulatory experts, and
world leaders (and perhaps new treaties) to adapt
expected norms to growing commercial interests
and capabilities.
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What's next?

To successfully compete with China and Russia
in the new Deep Space Race, the U.S. needs to
accelerate investment in these mission-critical
areas and form public-private partnerships to
accelerate technology development. There are
numerous private companies, including the
ventures listed in the Fusion Propulsion Report,
pursuing innovative and advanced nuclear space
propulsion concepts. And as evidenced in recent
events and programs hosted by the DOE, NASA,
and DARPA, a number of companies stand ready
to support the development of nuclear and fusion
space propulsion technologies.

However, beyond possibly the DARPA DRACO
effort, these initiatives generally lack a significant
and long-term dedicated funding program to
support their commercialization. Continued
investment in nuclear and fusion propulsion
concepts, through the establishment of long-term
programs with the clear end goal of demonstrating
multiple advanced propulsion technologies in
space (including but not limited to an ARPA-like
program recommended in the Fusion Propulsion
Report), can have a tremendous impact on
whether the U.S. will “win” the next space race,
compared to countries like Russia and China who
are making these programs national priorities.

As the technology and funding issues start

to be resolved, aligning the regulatory

and legal frameworks to enable these new
innovative technologies to come to market
will be increasingly important. Resolving the
manufacturing and testing challenges, and use
of these systems on Earth and in space, will be
necessary for paving the way for what is effectively
a new industry—one which has the potential
to change our understanding of space and
humanity’s role in it.

8. See NASA “Presidential Memorandum on Launch of Spacecraft Containing Space Nuclear Systems” (4 September 2019).


https://rps.nasa.gov/news/36/presidential-memorandum-on-launch-of-spacecraft-containing-space-nuclear-systems/




Alicante
Amsterdam
Baltimore
Beijing
Birmingham
Boston
Brussels
Budapest*
Colorado Springs
Denver

Dubai

Dublin
Dusseldorf
Frankfurt
Hamburg
Hanoi

Ho Chi Minh City
Hong Kong
Houston
Jakarta*
Johannesburg
London

Los Angeles
Louisville
Luxembourg
Madrid
Mexico City
Miami

Milan
Minneapolis
Monterrey
Moscow
Munich

New York
Northern Virginia
Paris

Perth
Philadelphia
Riyadh*

Rome

San Francisco
Sao Paulo
Shanghai
Shanghai FTZ*
Silicon Valley
Singapore
Sydney

Tokyo
Ulaanbaatar*
Warsaw
Washington, D.C.

*Qur associated offices

Legal Services Centre: Berlin

www.hoganlovells.com

“Hogan Lovells” or the “firm” is an international legal practice that includes Hogan Lovells
International LLP, Hogan Lovells US LLP and their affiliated businesses.

The word “partner” is used to describe a partner or member of Hogan Lovells
International LLP, Hogan Lovells US LLP or any of their affiliated entities or any employee
or consultant with equivalent standing. Certain individuals, who are designated as
partners, but who are not members of Hogan Lovells International LLP, do not hold
qualifications equivalent to members.

For more information about Hogan Lovells, the partners and their qualifications,

see www.hoganlovells.com.

Where case studies are included, results achieved do not guarantee similar outcomes
for other clients. Attorney advertising. Images of people may feature current or former
lawyers and employees at Hogan Lovells or models not connected with the firm.

© Hogan Lovells 2021. All rights reserved. CT-REQ-243



