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FOREWORD

The world is being transformed by shifts in regional power balances, more
assertive states, the rise of transnational groups, and proliferating technology.
The United States Air Force (USAF), as the vanguard of global vigilance, reach and
power for America, must therefore constantly question whether its capabilities,
posture, and ability to project are aligned and balanced to contend with these
realities.

Growing threats to forward bases, today’s space architecture, and our
capabilities to hold targets at risk, present the Air Force with stark choices. We
can double down on a forward based model of power projection or develop a
different way to project power that offsets these threats and uplifts the capability
of today’s force.

Recent private sector developments in access to space could open the door for
a new concept for airpower. If realized these capabilities could fundamentally
change the USAF’s power projection paradigm, while building new strategic
options for the nation.

This study, conducted by a team of leaders in industry, research and
development, finance, policy and strategy, explores whether and how the USAF
can form private sector partnerships to create a virtuous cycle of launch cost
reductions of between 3 and 10 times lower than today’s costs. Doing so could
enable completely new approaches for the Air Force to defend American values,
protect American interests, and enhance opportunities to exploit the unique
global advantages of the ultimate high ground.

This study looked at the next steps beyond where industry is today and
DARPA’s XS-1 program. The team was challenged to keep an open mind and
explore all approaches that could dramatically reduce the cost of access to space.
While we heard about many game changing technologies that have the potential
to provide ultra-low-cost access, including scramjets, tethers, beamed propulsion,
and gas guns, we found that US industry is making the most significant private
investments in fully-reusable launch vehicles using chemical propulsion. A
fundamental element of a commercial partnership strategy is to require private
industry to co-invest significant private capital, and then let industry lead the
system design and choose the technologies they think are ready.

Simply having technology first does not ensure an enduring lead. While the
United States was first to develop the airplane, only a year after the Wright
Brothers demonstrated flight in Paris, the French ran away with the military
application to such a degree that American Airmen went to war in British and
French aircraft. America had to spend great blood and treasure to achieve the
high ground and kick off the aviation revolution of the 20t century. In a world of
fast moving technological innovation, Airmen would be wise to remember this
historical footnote.

STEVEN L. KWAST, Lt Gen, USAF
Commander, Air University
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EXECUTIVE SUMMARY

Introduction: A Window of Opportunity in the Space Competition

This white paper describes how the US Air Force (USAF) can leverage new concepts
and technologies to build compelling strategic advantage through the innovative
exploitation of space. A confluence of government research and private sector innovation
has opened a window of opportunity for the United States to shift its approach to space—
how it is both viewed and used. Capitalizing on this window requires addressing
opportunities across an ecosystem of launch vehicles, payloads, spacecraft, industrial
base, and the policy-driven regulatory environment.

The Problem: Competition in Space Undercuts Strategic Stability

The United States (US) is dependent on space for power projection, yet our current
space architecture grows increasingly vulnerable. Other nations are developing methods
to use space in ways that increase this vulnerability. In a 2016 speech to the Air Force
Association, Deputy Secretary of Defense Robert Work noted that enduring strategic
stability rests on three pillars: strategic deterrence, conventional deterrence, and
managing the strategic environment. For the United States, all three of these pillars rely
on a robust space architecture—and all are under threat. Additionally, conventional
deterrence is becoming more unaffordable and more vulnerable to an adversary who has
been studying us and these approaches to power projection since World War II.

Bolstering Strategic Stability via a Fast Space Strategy

If the three pillars of strategic stability are at risk, where can the United States regain
advantage? A new way of thinking about space could shift the competition into a new
dimension. This study recommends a new approach called Fast Space. This concept is
an answer to the demand signal of combatant commanders for solutions to intractable
global multi-domain problems such as C2, ISR, ballistic missile defense, and many
others.

A Fast Space architecture envisions an ecosystem of concepts, capabilities, and
industrial partnerships that make speed the defining attribute of advantage in space. In
this approach, speed describes both the supply and demand sides of the space market. On
the supply side, Fast Space envisions sortie-on-demand launch capability, made possible
through economically viable business cases, high launch rates, sustainably lower costs,
rapid turn-around, and higher reliability from emerging approaches that industry is
experimenting with. On the demand side, Fast Space enables users at all levels of
conflict, from tactical to strategic, to harvest new advantages in and through space. These
advantages include persistent command and control (C2), ubiquitous communications,
on-demand Intelligence, Surveillance, and Reconnaissance (ISR), and new axes for
kinetic effects.

A Fast Space architecture, marked by rapid reconstitution of proliferated
constellations and on-demand user-defined engagement, could leap past the conditions of
conventional stalemate built by our competitors. Imagine the following:

e Aviation-like sortie access to space that would allow a President to defend the
United States and coalition interests, signal commitment, and establish assured
overwatch in hours.
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e Affordable payloads and a flexible mindset toward space that is less risk-averse.
e Joint payloads tailored to maximize immediate effect instead of mission duration.

e A robust and resilient communications system that capitalizes on standardized
system architectures and data formats, connecting the ISR and effects grids to
deliver a multi-domain and multi-purpose C2 system for US joint force and allies.

e A disaggregated network of interoperable ISR systems that augment national
capabilities to provide near real-time global effects to joint and coalition force
commanders at the strategic, operational and tactical levels. This network will
support intelligence preparation of the battlefield, tactical operations, and battle
damage assessment.

e The ability to immediately deliver additional effects worldwide such as precision
navigation and timing, electronic warfare, cyber effects, directed energy, kinetic
attack, and rapid global transport of cargo and personnel.

e An ability to empower allies and partners via a set of tailored applications.

e A rapidly deployable launch-on-demand system that requires little ground support
equipment.

Why Fast Space is Different than Similar Historical Promises

Why is a Fast Space architecture an attractive possibility today, when attempts to
build it in the past have been considered too costly or too cavalier? Several fundamental
conditions are changing simultaneously: (1) significant private sector investment; (2)
maturing capability of emerging technological approaches, such as reusable launch
vehicles (RLVs); (3) the US government’s expanding use of Other Transaction
Authorities (OTAs) to break cost equations; and (4) advances in modern manufacturing
and engineering collaboration systems.
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Predicate for Success: Reduce Costs through Reusability and
Increased Flight Rates

The rich benefits of a Fast Space architecture will only be realized if the cost of
space launch can be substantially reduced. Our analysis has scanned the horizon of
innovators across the globe who are experimenting with this concept. The research
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reveals that reusability is where the big investors are placing their bets. Our RLV
analysis finds that launch costs reduce dramatically as launch rates increase. As Figure 1
indicates, as launch rates increase, costs drop quickly and significantly. The robust
analysis that substantiates the figure can be found in the full report. The benefits of Fast
Space become real as ultra low-cost access to space (ULCATS) systems mature. Even
though RLVs are the current trend, this study recommends that the Air Force ride the
leading edge of innovation, no matter where it goes. We cannot predict future winners in
this journey, so other technologies such as space elevators, air launch space access, or
other techniques may become more affordable.

What the USAF Should Do To Seize This Opportunity

Based on our analysis, we recommend the Air Force should use Other Transaction
Authorities (OTAs) to fund commercial partnerships with private space industry leaders.
A compelling partnership marries the comparative advantages of both the US government
and private industry. The government supplies capital, deep technical expertise and fixed
infrastructure beyond the ability of any company to sustain, and the possibility of future
purchases if they succeed. Industry capitalizes on their entrepreneurial business models,
profit motives, innovative cultures, and extensive research and development to build the
technical systems of a Fast Space architecture. A partnership funded through OTAs could
put a virtuous cycle of cost reduction into motion to make Fast Space a reality for the
joint force.
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Key Recommendations

1. Partner with US commercial firms pursuing Ultra-Low-Cost Access To Space
(ULCATS) using the DOD’s Other Transaction Authority (OTA): The USAF
should assemble a team to pursue the authority to proceed with a competition for
jointly-funded (cost-shared) prototype OTAs. The full and open competition will seek
multiple US commercial partners to develop and demonstrate their proposed space
systems in collaboration with USAF financial assistance and broader USG technical
resources.

2. Create a purpose-built organization to manage partnerships with commercial
ULCATS efforts: To succeed, the USAF needs to create a purpose-built organization,
notionally called the “NewSpace Development Office” (NSDO), which utilizes
innovative acquisition processes and methods. This organization requires a “Fail-Fast,
Fail-Forward” culture as opposed to operationally focused cultures where “failure is
not an option.”

3. Shape the interagency environment to ease regulatory burdens and lower barriers
to entry. As the Principal DOD Space Advisor (PDSA), the SECAF has a broad view
of how the alignment of civil, commercial, and national security can benefit
comprehensive national power. We recommend the SECAF as PDSA take an active
stance in maturing the policy and regulatory environment outside the DOD that can
maximize the benefit of high launch rate, rapid-turnaround RLVs and associated on-
orbit capabilities.

4. Integrate consideration of high launch rate rapid-turnaround approaches into the
Joint requirements and acquisition process. The current process of requirements and
acquisition does not incentivize building ground-breaking capabilities. We
recommend that relevant DOD organizations create initial capability documents
(ICDs) that capture the full suite of opportunities provided associated on-orbit
capabilities and champion these to the Joint Requirements Oversight Council (JROC).
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INTRODUCTION

On December 17, 1903, Orville Wright piloted the first powered aircraft 20 feet
above a wind-swept beach in North Carolina. With little notice or fanfare, the world
changed. Nearly 112 years later, on November 23, 2015, Blue Origin’s New Shepard
launch vehicle made history once again. For the first time a rocket passed the boundary
into space and made a successful vertical landing to be reused again. Over the next
several months, pioneering space companies traded jabs with a series of dramatic
successes. These included the launch and recovery of the reused New Shepard booster
and spacecraft and a successful launch and recovery of Space-X’s Falcon-9 first stage.
Like the early history of aviation, the coming transformation in affordability of space
access has the potential for major breakthroughs in national security and industry that
will affect all of humanity.

This white paper describes how the US Air Force can leverage new concepts and
technologies to build enduring strategic advantage through the innovative exploitation of
space. A confluence of government research and private sector innovation has opened a
window of opportunity for the United States to shift its approach to space.

Capitalizing on this window requires addressing opportunities across an ecosystem of
launch vehicles, payloads, spacecraft, industrial base, and the policy-driven regulatory
environment. It provides an opening to uplift American industry, expand the capabilities
of coalition partners, revolutionize power projection capabilities of the Joint Force, and
enhance our national security. However, the window to seize the initiative is limited.
Other space-faring competitors are moving quickly to duplicate this technology.

This study, conducted by a team of leaders in industry, science, finance, policy, and
strategy, proposes a “Fast Space” concept that envisions a new architecture of
asymmetric capabilities, fueled by sortie-on-demand reusable launch, enabling rapid
user-defined applications for the Joint Force and coalition partners. The paper defines a
series of steps the USAF can take today to make these concepts reality and details a list
of associated recommendations. These recommendations include a decision to partner
with industry, employing a purpose-built organization, seeking to proactively shape the
interagency policy environment, and actively addressing the requirements-driven
acquisition process.

A Changing Geo-Strategic Landscape

The post-Cold War geo-strategic environment is changing. A world order that was
once remarkable for its degree of global cooperation and adherence to norms now sees
growing competition and mistrust. New forms of competition and conflict involving both
states and groups blur the distinction between peace and war.

While globalization remains the engine of economic prosperity worldwide, a growing
number of actors seek to carve spheres of influence within the globalized system by
gaining positional, legal, and informational advantage.' Meanwhile, these actors seek to

! For more information on China’s regional strategy see Michael Pillsbury, The One Hundred Year
Marathon: China’s Secret Strategy to Replace America as a Global Superpower (New York: St Martin’s,
2015). For information on Russia’s hybrid war strategy in its near abroad, see John R. Haines, “How,
Why, and When Russia Will Deploy Little Green Men — and Why the US Cannot” Foreign Policy
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check the US military’s ability to project power into their sphere. They employ
asymmetric counter-intervention strategies designed to increase US force requirements
while denying forward basing and use of space capabilities. This threatens to undercut
United States assurance to partners and allies.

Groups have become powerfully disruptive actors as well. Leveraging the enmity of
the disaffected and the speed of modern information, radical Islamists use religion as a
motivation and mayhem as a weapon. The result is globalized, open-ended, information-
based conflict that spreads so rapidly and unpredictably that governments have difficulty
reacting in time.’

Risks to International Stability Due to Increased Competition in Space

Given this new reality, today’s leaders face high-stakes decisions on how to enable
US power projection and coalition partnership. Today, the United States (US) is
dependent on space for power projection, yet our current space architecture grows
increasingly vulnerable. In a 2016 speech to the Air Force Association, Deputy Secretary
of Defense Robert Work noted that enduring strategic stability rests on three pillars:
strategic deterrence, conventional deterrence, and managing the strategic environment.
For the United States, all three of these pillars rely on a robust space architecture—and all
are under threat.

Insufficient Leverage from Nuclear Deterrent. First, the logic of nuclear deterrence
applies unevenly across the international system. Many states or groups feel few if any
constraining effects from the US nuclear deterrent. Further, US satellites that provide
strategic warning of nuclear launch are increasingly at risk of attack, undermining the
awareness that nuclear stability requires.

Conventional Advantage Checked by Adversary Investments. Second, our military
operations over the past 25 years have been closely studied by powerful states. China and
Russia, for example, have invested heavily in a portfolio of military capabilities that blunt
the razor edge of US military power. Our infrastructure of forward bases and exquisite
satellites is increasingly at risk of devastating attack, and our ability to hold targets at risk
is limited in key regions of the world. Even in permissive environments, the US
military’s operational approach relies heavily on space for command and control,
communications, and intelligence. Our current approach to conventional power
projection is vulnerable, economically unsustainable, and rendered ineffective in regions
of great interest.

Changing Dynamics in Space Environment. Third, the strategic environment in
space is changing rapidly. Space is no longer dominated by the US government, as both
private industry and other strong states accelerate their efforts to explore and exploit the
domain. Billionaire philanthrocapitalists like Elon Musk, Jeff Bezos, Paul Allen, and
Richard Branson are venturing personal fortunes in private space enterprises. Men who
have earned billions of dollars seizing timely opportunities have all turned their attention

Research Institute, March 9, 2016, http://www.fpri.org/article/2016/03/how-why-and-when-russia-will-
deploy-little-green-men-and-why-the-us-cannot/.

? For more on the rapid rise and proliferation of radical Islamist thought and its challenge to western
governments, see William McCants, The ISIS Apocalypse: The History, Strategy and Doomsday Vision
of the Islamist State (New York: St. Martin’s, 2015).
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to space—the alignment of their collective vision suggests profound opportunity. Their
collective efforts will soon launch US citizens into space as tourists and entrepreneurs.
When they do, will US military protection extend to our citizens in space? When other
states build an enduring presence in space—which they are actively pursuing—will the
US be content with the standards and norms others establish?

In short, competition in space has returned. Space is congested and contested and our
advantages in space can no longer be assured. The US military depends on space assets
that are increasingly at risk of attack. Further, America’s ability to project power globally
to defeat and deny aggression is now in question. Our entire long-term defense strategy is
being challenged. It is imperative that the US establish first-presence to shape the global
policy and establish international precedent that will bring security, predictability and the
rule of law to this domain.

Fast Space as a Strategy: A New Axis of US Advantage?

If the three pillars of strategic stability are at risk, where can the United States regain
advantage? A new way of thinking about space could shift the competition into a new
dimension.

This study proposes a Fast Space approach—an ecosystem of concepts, capabilities,
and industrial partnerships that make speed the defining attribute of advantage in space.
In this approach, speed describes both the supply and demand sides of the space market.
On the supply side, Fast Space envisions sortie-on-demand launch capability, made
possible through economically viable business cases, high launch rates, sustainably lower
costs, rapid turn-around, and higher reliability from RLVs and other emerging
approaches. On the demand side, Fast Space enables users at all levels of conflict, from
tactical to strategic, to harvest new advantages in and through space. These advantages
include persistent command and control (C2), ubiquitous communications, on-demand
ISR, and new axes for kinetic effects.

A Fast Space architecture, marked by rapid reconstitution of proliferated
constellations and on-demand user-defined engagement, could leap past the conditions of
conventional stalemate built by our competitors. Imagine the following:

e Aviation-like sortie access to space that would allow a President to defend the
United States and coalition interests, signal commitment, and establish assured
overwatch in hours rather than days.

e Affordable payloads and a flexible mindset toward space that is far less risk-
averse than today’s expensive exquisite approach.

e Commercial development launched to maximize immediate effect rather than
mission duration or platform longevity.

e A robust and resilient communications system that capitalizes on standardized
system architectures and data formats, connecting the ISR and effects grids to
deliver a multi-domain and multi-purpose C2 system for US joint force and allies.

e A disaggregated network of interoperable ISR systems that augment national
capabilities to provide near real-time global effects to joint and coalition force
commanders at the strategic, operational and tactical levels. This network will
support intelligence preparation of the battlefield, tactical operations, and battle
damage assessment.
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e The ability to immediately deliver additional effects worldwide such as precision
navigation and timing, electronic warfare, cyber effects, directed energy, kinetic
attack, and rapid global transport of cargo and personnel.

e The ability to deliver worldwide applications like command and control, data
relay, precision navigation and timing, electronic warfare, cyber, directed energy,
or kinetic effects against area-denial capabilities threatening US forces.

e An ability to empower allies and partners by providing access to a set of tailored
applications.

e A rapidly deployable launch-on-demand system that requires little ground support
equipment and allows for launch from any airfield into any inclination,
complicating space situational awareness for others.

e Resilient communications to preserve battle networks, command and control, and
national transactions.

Strengthening the Pillars of Strategic Stability with Fast Space

A Fast Space architecture specifically addresses the challenges to the three pillars of
strategic stability noted by Secretary Work.

Nuclear Deterrence. To strengthen our nation’s nuclear deterrent, Fast Space
facilitates the disaggregation of strategic warning assets from tactical and operational
capabilities. The space architecture could be bifurcated into high-end assets for strategic
warning, complemented by a resilient rapidly reconstituted constellation of tactical and
operational capabilities. This move to disaggregate enables the establishment of clear red
lines for our strategic assets. It makes one asset class operationally vulnerable, in policy
and in fact, while making strategic satellites the policy equivalent of sovereign territory—
attacks on which trigger overwhelming and devastating responses. Furthermore, Fast
Space assets could create conventional coercive leverage over groups or states who
consider themselves immune to nuclear threats.

Conventional Capability and Deterrent. A Fast Space approach significantly
improves our conventional capability, thereby strengthening the deterrent value of our
conventional military power. Currently, adversaries have checked our conventional
advantage by building anti-access and area-denial (A2/AD) capabilities that make fixed
targets like forward bases vulnerable to attack. These A2/AD capabilities severely
weaken the persistence, tempo, and lethality that underwrite our current approach to
power projection. Current conditions will not permit the US military to maintain a
sufficient density of sensors and effects over the required distances and lengths of time.

How could the Fast Space architecture change the game? Fast Space capabilities,
integrated with cyber, undersea platforms, and stealthy airborne capabilities, provide a
new paradigm for power projection with far less reliance on forward bases. The
integration of presence with speed, multi-axis approaches, and multi-domain operations,
all synchronized and directed by a retooled command and control construct, could offer
an opportunity for continuing advantage.

Fast Space accepts vulnerability as the new global condition and builds resiliency in
response. The vulnerability of our current high-end expensive satellites compels the need
to spread our risk over a broader portfolio of assets. Vulnerability calls for proliferation
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of smaller, cheaper satellites that can be replenished almost on demand. Fast Space
pursues the ecosystem of partnerships, concepts, and capabilities to make that possible.

Shaping the Strategic Environment. Advanced space-based capabilities will provide
America with new, affordable methods to deter global conflicts, defend the US
homeland, enable our international partners, build and develop global relationships, and
when necessary decisively defeat our enemies. A Fast Space architecture ensures the US
can shape the strategic space environment to our enduring advantage. A space launch
paradigm with high sortie rates, high reliability, and low costs encourages industry
participation, entrepreneurial ventures, and new sources of commerce and economic
growth. The US government is well positioned to reduce transaction costs, set common
standards, and facilitate integration of related technologies. Furthermore, government
investment can strengthen the industrial base, which underwrites national prosperity and
our enduring ability to defend our interests. Lastly, a sortie-on-demand capability equips
the USAF to protect US citizens anywhere on the globe—and eventually, beyond it. As
tourists and industrialists spend more and more time in space, a call for military
protection will increase—the Air Force must be ready.

Obstacles to a Fast Space Approach

Fast Space is not a panacea, but it holds tremendous promise. Furthermore, this
line of thinking is not new—we have been down this road before. If the strategic case is
so compelling, why has this vision not been achieved in the past?

From the Dyna-Soar/X-20 program in the 1960s, to the National Aerospace Plane
(NASP) program in the 1980s, to the Military Spaceplane (MSP) program in the 1990s,
the Air Force has pursued responsive, ultra-low-cost access to space on several occasions
in its history. Despite glimpses of strategic and technical promise, these proposals
ultimately failed to achieve the feasibility, momentum, and approval to test the capability.

Several key hurdles have prevented past proposals from achieving fruition: (1) the
perceived lack of a compelling military need; (2) high costs of development and
acquisition; (3) technical infeasibility of RLVs; and (4) a requirements-driven acquisition
process that was not structured for paradigm-breaking capabilities.

When these earlier proposals were considered, the US had sufficient nuclear and
conventional superiority; the need for highly-responsive low-cost space access appeared
limited. Moreover, even if decision-makers wanted to get to space quickly and reliably,
the cost curve did not support the desire. The technology to build RLVs was not
sufficiently mature to increase flight rates and drive down the astronomical costs of space
launch. Finally, the acquisitions process—from requirements through contracting through
systems integration—did not encourage the development of entirely new paradigms.

In sum, getting to space is exceptionally difficult and thus exceedingly expensive.
Gravity’s burdensome tax—expensive, infrequent, unresponsive and relatively unreliable
access to orbit—has created a paradigm through which all applications that use the space
environment have been viewed to date.

Changing Conditions Yield New Opportunities

Why is a Fast Space architecture an attractive possibility today, when attempts to
build it in the past have been considered too costly or too cavalier? Several fundamental
conditions are changing simultaneously: (1) Significant private sector investment; (2)
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maturing technologies and subsystems used in RLVs and other emerging approaches; (3)
the USG’s expanding use of Other Transaction Authorities (OTAs) to break cost
equations; and (4) advances in modern manufacturing and engineering collaboration
systems.

First, titans of industry are now fully involved in exploring space and pursuing
entrepreneurial ventures. Space is no longer the exclusive province of wealthy
governments. Blue Origin, SpaceX, Vulcan Aerospace, and Virgin Galactic headline a
growing number of private-sector ventures that see space as the next big thing. Along
with traditional aerospace firms like Boeing, Northrop Grumman, and Orbital-ATK,
companies are competing to see who can build the business model that integrates cost-
effective launch, compelling payloads, and value-added customer experiences. As private
investment expands, new markets emerge, technologies mature, and costs come down.

A significant cost-flip is already underway in the commercial satellite market.
Traditionally, satellite programs were so expensive that launch costs comprised a
relatively small fraction of the total program cost. Now, the cost of building small
satellites for Low Earth Orbit (LEO) is plummeting. Launch costs now represent a much
higher percentage of the business expense, incentivizing efforts to reduce the cost of
launch in any way possible.

The second changing condition relates closely to the first. With such widespread
private investment, game-changing technologies are beginning to mature. RLVs with
rapid turn-around and affordable launch-on-demand are a core requirement of an
affordable Fast Space ecosystem, and both Blue Origin and SpaceX have successfully
demonstrated early capability in this area. Maturation is still needed, of course, but
successful demonstrations are stimulating interest, investment, and new excitement in the
once-moribund world of space exploration.

The third promising development is the increased familiarity within the DOD in using
OTAs. The OTA vehicle has proven effective to build partnerships with industry that
break traditional cost curves. It allows the government to structure partnerships with
private industry that look more like traditional commercial methods. Successful private
companies who dread the burdensome requirements of the traditional Federal Acquisition
Regulation (FAR) directly expressed strong interest in doing business with government
through OTAs. Similarly, government agencies have used OTAs to align incentives and
share risk with industry partners; doing so has enabled major acquisitions at much lower
price points. In short, we now have more compelling proof that OTAs with commercial
partnerships can break traditional cost equations.

An alignment of enabling factors suggests the time to act is here. Industry is more
involved than ever. They have demonstrated game-changing reusable launch
technologies. OTAs have proven effective as a vehicle for public-private partnership
(PPP) to bring down cost. How then could a partnership built through OTAs succeed in
breaking the cost equation, making the Fast Space vision a reality?

Reducing Launch Costs

The rich benefits of a Fast Space architecture will only be realized if the cost of space
launch can be substantially reduced. Our RLV analysis (as illustrated in Figure 1 of the
Executive Summary) finds that launch costs reduce dramatically as launch rates increase.
The analysis that substantiates the figure can be found in the study full report.
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If costs plummet as a function of flight rates, why has the market not moved in this
direction already? In the space industry this has been referred to as a “chicken and egg
problem”. What comes first, ULCATS that enables very large space markets, or the large
markets that need ULCATS? This problem has not been solved yet because the required
investment to develop commercial RLVs is large and risky. Future inventions and
approaches will inevitably change the game and provide new pathways for us to follow.
The only way we can capitalize on these developments is by being a close part of the
journey.

While private capital markets do fund comparably-sized investments, they will not do
so when the existing markets are not large enough and the new markets are not proven.
When traditional investors invest billions in drilling for oil, in developing new drugs or a
next generation airplane, in constructing a semi-conductor facility or a large skyscraper,
they have a high-degree of certainty about customer demand. Investor perception of
market risk is informed by lessons of many large space projects that have failed or gone
through bankruptcy (X-33/VentureStar, Rocketplane Kistler, Globalstar, Iridium,
Skybridge, Teledesic, ICO, Orbcomm, NewSat, etc.)

Analysis indicates latent market demand exists and the cycle can be reversed. An
infusion of government investment and commitment could jump start a commercial
innovation cycle that leads to higher flight rates, decreasing costs, reducing entry barriers
for more companies, further increasing demand and higher flight rates, thus reducing
costs further. To make Fast Space a reality by breaking the cost equation, the US
government will need to jump-start this virtuous cycle.

Investors fund Next Generation of O————

RLVs to Increase Reusability,
Operability, and Reliability

/———0 Reusable Launch Vehicles
or ULCATS systems
become Operational
—O Lower Launch Prices and
Increased Availability

VIRTUOUS
CYCLE

Demonstrated Innovations g Space Systems are in a Reinforcing

increase Utility and Value of Cycle of Continuously Lower Costs
Space Services

Lowering Launch O———
Costs further

Diffusion of New O )
Innovations further

Increases Flight Rates

—O More Business Cases
(Large LEO Constellations
and Personal Human
Spaceflight) close in New
Markets

More Launches create
Higher Flight Rates

More Investment Capital accelerates O——
Development of New Innovative Space
Capabilities (On-Orbit Assembly, Orbital
Propellent Storage/Transfer, Space Solar
Power, and Space Mining) l

—O  Ammortized Fixed
Costs enables even
Lower Launch Costs

Increases Demand for Lowering End User Costs for
Space-Based Assets and Space Products and Services
Solutions

Figure 2 — Virtuous Cycle of Reinforcing Growth in Markets, Innovation and Investments
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Figure 2 illustrates the components of the virtuous cycle that government investment
could stimulate. As the rest of this white paper substantiates, our analysis argues the Air
Force should use OTAs to fund commercial partnerships with private space industry
leaders. A compelling partnership marries the comparative advantages of both the US
government and private industry. The government supplies capital, deep technical
expertise and unique infrastructure beyond the ability of any company to sustain, and the
possibility of future purchases if they succeed. Industry capitalizes on their
entrepreneurial business models, profit motives, innovative cultures, and extensive
research and development to build the technical systems of a Fast Space architecture. A
partnership funded through OTAs could put the virtuous cycle into motion.

Making the Case for ULCATS to Support a Fast Space Strategy

The strategic context of the United States requires new thinking and game-changing
action. Our strategic dilemmas are legion. Our strategic deterrent does not produce
leverage in areas where we need it. In regions of key concern, our conventional
superiority has been countered or blunted. Our infrastructure is vulnerable and brittle; we
lack agility and resilience in our approach to power projection. A Fast Space architecture
does not solve every problem, but it compellingly addresses many areas of existential
concern. A sortie-on-demand launch capability, matched with user-defined real-time
engagement, could offset adversary investments and provide new options to the Joint
Force and national command authorities.

The balance of this paper substantiates and expands this argument further. It
highlights the enduring benefits of a Fast Space architecture for our coalition partners and
the Joint Force, enabled by ultra-low-cost access to space (ULCATS). The study results
are expanded in a full report under the same title as this paper.

Air University Page 12



OVERALL FINDINGS

Benefits to the Warfighter

Studies associated with earlier programs (e.g., Dyna-Soar and MSP) have repeatedly
shown substantial benefit to the warfighter if the US achieves a capability like the Fast
Space architecture. Over the course of this study, the team uncovered similar benefits in
the significant overlap between developments in the commercial space sector and
national security needs.

Strategic Common Ground

The most significant investments underway in the commercial sector are squarely
focused on three areas; space-based remote sensing, communications, and private human
space flight. Notably, the most immediate needs in the national security sector envision
new multi-domain and multi-functional C2 and ISR capabilities to enhance current
capacity with disaggregated systems that provide resilient and responsive global
operational effects. The study team identified a strategic common ground with significant
overlaps as illustrated in Table 1.

Commercial Application Military Application
Large LEO constellations for Communications Global Dynamic C2, Strategic Integration
Large LEO constellations for Remote Sensing ISR, SSA

Human Spaceflight (Reusable space access systems | Rapid Reconstitution, Rapid Global Mobility, Air &
that provide very low-cost, much higher reliability, | Space Superiority, Global Strike
higher flight rates, and rapid turn-around)

Table 1 — Strategic Common Ground between Commercial and National Security Space

While the national security requirement to support human spaceflight is less urgent,
the inherent obligation of the US government to guard and protect American citizens and
resources is clear. As a growing number of private companies lead a transformation in
space access, a shift is underway to a new world where American commercial industry,
and American citizens, will establish permanent presence in the domain of space. The
technologies and systems currently under development to support human space-flight will
create new opportunities for the DOD and enable compelling new, cost-effective methods
of power projection for the US Joint Force, and global partners. For these reasons, it is
imperative that the US government and DOD partner with commercial industry to fully
realize the benefits available to the warfighter.

Capabilities

The private sector is moving towards significant reductions in the cost of launch and
is on the path toward a proliferated constellation of small satellites for sensing,
communications, and command and control (C2) in space. This creates significant
potential for contributions to all five core Air Force missions, as well as to the missions
of the entire Joint and Combined force in the near, mid and long term.

In the near term (1 to 3 years), industry will lay critical groundwork for the first
tranche of LEO constellations with data and sensor services, such as OneWeb, the ~4000
satellite SpaceX internet architecture, and the 1400-3000 satellite Boeing constellation.
These purely commercial "LEO" constellations could create the earliest opportunities for
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the warfighter in the C2/ISR mission area. But, the business cases of these constellations
are unlikely to close with current launch prices and market conditions. By working with
industry during this period, the Air Force could leverage billions in private sector
investments and help industry close their business case. In addition to buying services
from commercial constellations, opportunities also to procure cost-effective government
satellites, or government payloads, that can be integrated with commercial systems. The
result would be affordably networking the effects and ISR grids with a series of global,
multi-domain and multi-purpose C2 and ISR constellations.

Potential benefits for DOD during this initial partnership are two-fold: 1) the early
USAF role would ensure the common architectures, mission systems, and standardized
data formats would be compatible with future DOD systems, and 2) the DOD could
harvest initial operational capabilities from the first spacecraft launched in these new
constellations. This approach would provide a framework for the USAF to transform
global C2 capabilities, enabling decisions to be made more rapidly at the strategic,
operational and tactical levels.

With this capability, the USAF could lead in providing every soldier or marine, every
tank, ship, and cockpit access to communications pathways, enhancing situational
awareness and creating a combat C2/ISR "cloud". This would enable decisive effects for
the joint team and nation. The flexibility of global broadband enhanced with software-
defined radios creates the potential to create ad hoc command and control structures to
better integrate allies and partners.

Near term opportunities also exist for applications of the Mach 3 New Shepard and
Mach 10 Falcon 9 Reusable (FOR) first stage. These Vertical Takeoff, Vertical Landing
(VTVL) suborbital RLVs from Blue Origin and SpaceX have flown multiple
demonstration flights to date and could be quickly modified to carry military ISR and
other payloads.

In the mid-term (3 to 10 years), the emergence of "Fast Space" in the private sector
could provide other significant benefits to USAF and Joint missions. This is the period
where the large LEO constellations that leverage commercial RLVs that are at least 3X
lower in cost are likely to emerge. In addition to the C2 and ISR benefits, with relatively
minor modifications, a "Big LEO" constellation could become the basis for a much more
resilient global positioning, navigation and timing (PNT) system. Such a system would
both augment and backstop GPS in a contested space environment. With Fast Space, a
proliferated PNT constellation would be much more resilient and quickly reconstituted
than existing GPS—reducing our vulnerability to jamming and increasing the
effectiveness of the entire joint force. It would also reduce an adversary’s incentive to
attack the existing GPS system preemptively.

In addition, potential benefits such as space-based electronic attack and electronic
protection have the potential to enhance the effectiveness and survivability of Joint and
Combined forces. This is well aligned with the CSAF-chartered Air Superiority 2030
Flight Plan, which notes that by 2030, increasing lethality and reach of adversary
weapons will significantly increase the risk to large battle-management platforms such as
Airborne Warning and Control Systems (AWACS). These threats will limit current
platforms' ability to see and manage activities in contested environments. To overcome
these shortfalls, the 2030 Flight Plan directs the Air Force to develop concepts that
disaggregate this capability using multiple sensor platforms, including teamed manned
and unmanned systems, a robust battlespace information architecture, and dispersed
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command and control. It also seeks increased contributions from space-based assets so
the Air Force and the Joint Force can increasingly rely on advantages provided by on-
orbit assets for air superiority. C2 and ISR provided by Fast Space can be a significant
part of executing the Air Superiority 2030 Flight Plan.

An early investment in Fast Space also places the Air Force on a clear path toward the
capabilities described by the Air Force Future Operating Concept (AFFOC). The
AFFOC establishes the following vision for the force of 2035:

e High-end AF vehicles can transit through the space domain to deliver effects at
hypersonic speed across global distances

e AF spacelift capabilities provide timely launch to support mission needs for agile
space capabilities

e Execute both surface-launched and air-launched space lift missions to transport
materials, assets, and personnel to space

e Mobility operations in space expanded to include transport of personnel and
servicing of space assets, be it fuel replenishment or repair/mission enhancement
through replacement of mission modules and the movement of space assets within
or between orbits.

The AFFOC also seeks space launch capabilities that enable flexible employment of
short-term space capabilities, including space control and reconstitution of lost or
degraded space capabilities. It foresees a strong relationship with commercial partners
through a "Civil Reserve Space Fleet" to supplement steady-state needs, providing
scalable capacity for rapid and responsive space lift to support crisis operations in air,
space, and cyberspace. It looks to space to provide revolutionized battle management
command, control and communication (BMC3) of air, space, and cyberspace operations
to enable prompt, effective multi-domain coordination of effects. Fast Space brings all of
these AFFOC capabilities within reach, leveraging private sector investment and
innovation to help us get there sooner than 2035.

In the far term (10+ years), new entrants in the launch industry are focused on
putting large numbers of humans into space and creating an in-space economy. New
supporting space services such as propellant resupply, extraterrestrial resource extraction,
on-orbit construction and assembly, and satellite servicing are now attracting significant
private investment. This could lead to new national security capabilities including very
large apertures with large amounts of available power, the ability to rapidly maneuver in
orbit without regret, and the ability to rapidly upgrade and repair satellites in orbit. We
should shape our planning and investments to prepare for these coming innovations, and
for the eventuality of large numbers of American private citizens living and working in
space.

As the Fast Space architecture matures over time, it has the ability to directly support
each of the AFFOC 2035 core missions:

e Multi-Domain Command and Control — A distributed, resilient capability
provided by rapidly reconstituted small satellites could create a persistent
communications and data infrastructure over the joint force. Fast Space minimizes
the vulnerability of current space and land-based C2 assets by ensuring rapid
reconstitution at a time and place advantageous to the United States.
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e Adaptive Domain Control — Fast Space will provide the Air Force with the
“the ability to operate in and across air, space, and cyberspace to achieve varying
levels of domain superiority over adversaries seeking to exploit all means to
disrupt friendly operations” within 45 minutes anywhere on Earth. By
manipulating distance and time through Fast Space, the Air Force will be in an
advantageous position to deliver its core mission effects across each domain.

e Global Integrated Intelligence, Surveillance and Reconnaissance (GIISR) —
Fast Space will aid the Air Force in accelerating the decision-making cycle in a
challenging hider/finder world environment. The ability to rapidly deploy ISR
assets with the capability to integrate through multiple domains will provide
operational agility to the GIISR mission.

e Rapid Global Mobility — Global reach advantages of the space domain can
leverage existing investments by the private sector in orbital and suborbital
capabilities to deliver Air Force core mission effects. Fast Space will allow for an
autonomous drone package of ISR, C2, and strike capability to rapidly support a
threatened embassy in the USAFRICOM AOR, for example. Currently, response
plans in USAFRICOM and USEUCOM involve responding to a threat in Africa
with C-130’s on alert at Ramstein Air Base, Germany. ULCATS minimizes the
intelligence needed to identify a threat while also eliminating long logistics lines
and insufficient crisis response times. This will give personnel and assets back to
the Combatant Commanders while posturing additional capabilities.

e Global Precision Strike — As with rapid global mobility, Fast Space will allow
low-cost sortie-based repeatable delivery of strategic effects anywhere in the
world on a prompt and sustained basis through waves of repeatable, affordable
sorties. Forward operating bases can be minimized to the most advantageous level
of posture versus presence to ensure the appropriate amount of deterrence is
achieved. Fast Space will enable human-machine combat teaming in order to
maximize conventional capabilities with emerging global precision strike
technologies.

FINDING [F.1.1a]: The capabilities provided by ULCATS/Fast Space could enable
the Air Force to leverage emerging commercial technologies and investments, and
thereby impose significant asymmetric costs on our adversaries across all five of its
core missions through operational agility.

Without a government program or a set of government requirements dedicated to the
development of RLVs, US private industry has built and flown two reusable first stages,
the Mach 3 Blue Origin New Shepard and the Mach 10 SpaceX Falcon 9FT Upgrade first
stage. It is technically feasible and affordable to use these vehicles today, and they are on
a path to even lower costs.

Because these vehicles have not been designed with national security needs in mind,
it would require some investment to adapt them to military missions. It will cost far less
in both time and money to modify existing RLVs than to develop new reusable first
stages from scratch.

FINDING [F.1.1b]: Whole new architectures and concepts that will transform
USAF dynamic C2 and ISR could become economically affordable and technically
feasible with ULCATS. Because of the revolution in electronics driven by Moore’s Law
combined with the revolution in commercial small satellites, transformational concepts
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that were previously unaffordable are becoming obvious applications. For example, it
will be economically possible to provide global dynamic C2 and ISR, and jam-resistant
in-theater communications by purchasing services from commercial LEO satellite
constellations. These systems will be “good enough” for many military applications.

FINDING [F.1.1c]: Commercial RLVs with rapid turn-around could provide the
United States a prompt global strike capability. National security studies conducted
since the Dyna-Soar effort repeatedly demonstrate the value of being able to strike
anywhere in the world from the continental United States with conventional weapons.
DOD has also studied time-critical suborbital conventional strike — most recently in the
2008 Defense Science Board Report on Time Critical Conventional Strike from Strategic
Standoff’.

FINDING [F.1.1d]: An early success may be theater pop-up missions for suborbital
RLVs: Recent demonstrations of commercial reusable first-stages hold out the possibility
of affordable systems that can deliver useful effects for the theater commander. The Air
Force might overcome existing threats and challenges by leveraging commercial reusable
vehicles that are already in flight test, as companies develop mature orbital systems.

FINDING |[F.1.2]: There is a strategic common ground between rapid
developments in private space industry and USAF needs. Private industry is making
rapid progress in the development of more affordable satellites that leverage Moore’s
Law and rapid progress in consumer electronics. Private firms are attempting to develop
large LEO constellations for high-bandwidth communications and remote sensing, which
have much in common with national security needs.

FINDING [F.1.3]: ULCATS could provide a Stabilizing Deterrent to War: Low-
cost responsive space access systems will have the capability to rapidly reconstitute pre-
manufactured and stored satellites in Earth orbit. The sheer existence of these ULCATS
systems and the ability to rapidly reconstitute our satellites could eliminate an adversary’s
incentive for preemptive attack. This effect could mitigate the risk of a “Pearl Harbor in
space” and create a stabilizing deterrent to war.

Weakness invites aggression. America’s dependence on space is well known by our
potential adversaries. General John Hyten has commented® “right now we have a very
small number of satellites on orbit and our adversaries know exactly where they are. If
you know exactly where they are, then it's fairly easy to figure out how to deny the
capabilities that come off those satellites.”

FINDING [F.1.4]: While Air Force needs for space operations that are “aviation
like” are aligned with commercial interests, they are not identical. By co-investing with
industry through OTA mechanisms we can influence industrial plans to mutual benefit. In
the near term, we can adapt current commercial platforms.

Sitting on the sidelines entails significant risks. These risks include: 1) the possibility
that industry, without an active USG partner will develop systems that have moderate or

3 Kerber, Ronald and Robert Stein, Time Critical Conventional Strike from Strategic Standoff, Report of
the Defense Science Board Task Force, March 2009.

4 http://www afspc.af.mil/About-Us/Leadership-Speeches/Speeches/Display/Article/731711/afspc-
defending-our-edge
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minimal value to the warfighter, 2) that industry will take longer to develop these
revolutionary systems, and 3) that other countries will play a more active role in their
industry and leap-frog the United States. In the early days of aviation, Europe captured
world leadership in flight because they partnered with their industry, while the United
States provided relatively minor support to accelerate the work of the Wright brothers
and Glen Curtis.

In the longer term, we will need to acquire purpose-built vehicles that more closely
meet USAF needs in the same way the Boeing 707 was equivalent to the KC-135.
Although this report is not the right place to define specific requirements, our analysis
suggests the maximum benefit to the warfighter would come from launch vehicles with
the following characteristics.

e Fully reusable, Two-Stage-To-Orbit
e Aircraft-like operability with rapid turn-around between flights

e Vertical Takeoff and Vertical Landing (VTVL) supporting small footprint
operations to minimize dependence on fixed and vulnerable runways

e Standardized first and second stage interfaces
e Standardized interfaces for strike, C2, ISR, mobility and spacelift payloads

e Operationally significant payload capacity to orbit (e.g., from DARPA XS-1 up to
Evolved Expendable Launch Vehicle (EELV) class)

This full capability can potentially be demonstrated in as little as 5 years, and made
operational in 7 years. Suborbital capabilities leveraging existing commercial platforms,
and perhaps the DARPA XS-1, can be used to demonstrate future capabilities and gain
important practical operational experience in the near-term.

FINDING [F.2]: Current Joint Requirements Oversight Council (JROC)
requirements are not enabling to Fast Space: While technology exists to greatly
enhance Joint Force freedom of action in the space domain and associated C2/ISR for
terrestrial domains, our requirements have placed us in a strategic cul-de-sac. Despite
over a decade for calls for re-usable launch and responsive launch on demand including
by Congress and USSTRATCOM, a perception persists that the legacy Mission Needs
Statement (MNS) remains valid. This problem—a lack of JROC-validated and
documented requirements—was reported’ by the DOD to the US Congress in June 2015
in response to the 2014 National Defense Authorization Act.’

This DOD study “determined the DOD has no formal requirements for operationally
responsive launch. Two Joint Requirements Oversight Council (JROC)-validated
documents—the Space Support Mission Area (SSMA) Initial Capabilities Document
(ICD) and the Rapidly Deployable Space (RDS) ICD—identify the warfighter's
operational needs and capability gaps for spacelift or space launch, in addition to the
original Evolved Expendable Launch Vehicle (EELV) Operations Requirements
Document (ORD). These are the only validated combatant command requirements
documents. Unfortunately, none define "responsive launch,” and thus, the term can be

> Operationally Responsive, Low-Cost Launch (ORLCL) Congressional Report, June 2015
SPL 113-66, § 915 (2013)
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widely interpreted. Also, launch needs identified in the ICDs associated with
responsiveness are limited to small launch capability. Finally, these documents suggest a
distinction between two launch categories as "launch on schedule" or "launch-on-
demand," but lack specificity. In other words, there are no clearly articulated and
validated requirements for operationally responsive launch today."

The US Government Accountability Office reviewed’ the DOD report and asked the
DOD about the reason for the lack of requirements for responsive launch “DOD officials
told us that such requirements are premature without a validated need for responsive
launch. Officials from the United States Strategic Command (USSTRATCOM) added that
responsive launch needs cannot be well defined at this time due to uncertainties in the
threat environment, and stated that DOD will validate future responsive launch
requirements once it acquires new information from intelligence and defense studies
presently underway. In lieu of a consolidated plan, the DOD report calls for
reassessments of responsive launch needs and national security space program
architectures, to help clarify requirements, and to take advantage of emerging responsive
launch options.”

Meanwhile, the USAF FY2017 budget request for the Operationally Responsive
Space Office states: “United States Strategic Command has identified three needs as a

result of dramatically increased demand and dependence on space capabilities as
follows:

a. To rapidly augment existing space capabilities when needed to expand
operational capability.

b. To rapidly reconstitute/replenish critical space capabilities to preserve
‘continuity of operations’ capability.

c. To rapidly exploit and infuse space technological or operational
innovations to increase US advantage.

If the Joint Force wishes to leverage the emerging capabilities of launch on demand,
development of large constellations of small, low-cost satellites, and rapid-reconstitution
of the same, the USAF must provide leadership to help the Combatant Commands
(COCOMs) articulate their emerging requirements, and provide stewardship and
advocacy of these requirements through the JROC process.

Finding F.2 directly supports Recommendation R.2 located on page 34.

OBSERVATION [0.1]: The capabilities provided by RLVs do not neatly align in
any one Core Function Lead Integrator (CFLI)

The capabilities provided by RLVs do not neatly align in any one Core Function Lead
Integrator (CFLI). Private firms are developing game-changing technology that could
alter the way in which the Air Force achieves global vigilance, power, and reach. Fast
Space and ULCATS enables compelling military benefits across a spectrum that includes
C2, ISR, CPGS, Ballistic Missile Defense, PNT augmentation, and SSA. However, no
part of the USAF is responsible for all those capabilities. However, there is no single
champion to bring these capabilities together in the strategy, planning, and programming

7 GAO Assessment of DOD Responsive Launch Report, GAO-16-156R, October 29, 2015
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process. Each Core Function Lead may pursue elements of this concept individually but
there is no single organization responsible for pursuing the concept. C2 and Global
Integrated ISR are the responsibilities of Air Combat Command (ACC), Conventional
Prompt Global Strike (CPGS) is the responsibility of Global Strike Command, while
PNT and SSA are the responsibility of Space Command. The fractionation of utility and
benefits for Fast Space and ULCATS is a barrier to accelerating development of this
strategic capability.

Industry Views

SUMMARY: US commercial industry generally agrees, but not without exception, that
the path to ULCATS is development of two-stage-to-orbit (TSTO) RLV. Multiple
credible US firms are planning and investing in the development of TSTO RLVs, using
existing and near-term technologies. While there are at least a half-dozen serious US
companies investing significant private risk capital in RLVs, the survey team did not
identify any US companies investing significant private capital in an expendable launch
capability that had the potential of achieving ULCATS.

FINDING [F.1.5]: Industry believes TSTO RLVs are technically achievable based
on today’s technology: Of those companies surveyed and interviewed, which included
both traditional and new space firms, there was strong agreement that TSTO RLV
demonstrations are technically achievable today.

FINDING [F.1.6]: Commercial methods are more economically affordable for
developing RLVs: Industry generally reported, and our analysis supports, that the cost of
developing and testing a TSTO midsized RLV ranges from ~$2 Billion with a clean sheet
design to ~$500 Million for those companies who have already developed, or are
developing, the required rocket engines and a reusable first stage.

FINDING [F.1.7]: The primary barrier to RLV development is the commercial
business case: The primary barrier to 100% private development of an RLV is sufficient
proven market-based demand to justify the large high-risk private investment.

FINDING [F.1.8]: Industry supports use of risk-sharing OTAs for commercial
partnerships: There is broad agreement, interest, and support from US firms of all sizes
in partnerships that use the DOD’s Other Transaction Authority (OTA) to accelerate
commercial development of RLVs. For example, NASA’s use of OTAs to develop
Commercial Orbital Transportation Services (COTS) has been particularly effective.

Technical Feasibility Assessment

SUMMARY: Multiple US companies, from traditional aerospace firms to billionaire-
funded companies, are pursuing a broad range of technical strategies to achieve
ULCATS. All systems to date are only partially reusable. However, several credible
companies have plans to achieve full reusability. Our technical team has concluded their
RLV development plans are technically feasible.

FINDING [F.1.9]: 1" Generation commercial fully reusable LVs are technically
feasible: The first generation of fully reusable LV systems being planned by commercial
industry are technically feasible. They have a solid foundation for meeting orbital
performance requirements with advanced structures (aluminum lithium alloys and
advanced composites) for low mass and rocket engines (e.g. Merlin 1D, BE-3 and BE-4,
AR-1, etc.) having high performance, reliability, and low costs. Both SpaceX and Blue
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Origin are actively developing orbital launch vehicles that have reusable first stages as
the step prior to developing their fully reusable systems. In addition, DARPA’s XS-1
Program has received proposals to fly a partially-reusable LV 10 times in 10 days that
will lead to operational systems having significant cost reductions over present
expendable systems.

FINDING [F.1.10]: I' Generation full reusability is still a difficult technical
challenge: While the benefits of full reusability are likely to be transformational and
worth the risk, development of a fully reusable LV is not without significant technical
challenges. Full reusability is significantly more challenging than the development of a
Ist generation partially reusable LV. While the key technologies required are available
today, the integrated capability of fully reusing a propulsive stage that goes all the way to
orbit has not yet been demonstrated or attempted. In other words, the Technology
Readiness Levels (TRL) are sufficient for 1** Generation fully-reusable LVs, but the
Integration Readiness Level (IRL) is lower and where the true challenge lies. An
extensive design, development, test and evaluation (DDT&E) effort will be required.
Leadership needs to understand there will almost certainly be high-profile failures during
the development process, just as there have been spectacular failures in developing
reusable first stages. Future commercial development partnerships need to be designed
with a robust mindset, culture, budget, and schedule that enable the companies to rapidly
recover and learn from these likely failures on the path to success.

FINDING [F.1.11]: New technology will support the virtuous cycle to achieve
improvements in aircraft-like operations: Consistent with a strategy for jump-starting a
virtuous cycle (Figure 2) of continuous improvement, new advanced technologies will be
required. New technologies beyond 1% generation fully-reusable LVs are required to
achieve higher levels of reusability, reliability, operability and quicker turn-around in
future generations of RL'Vs.

FINDING [F.1.12]: The systems integrators are in the best position to lead the
technology prioritization process: There are numerous proposals for advanced RLV
technologies that could be developed, but choosing the technologies with the highest
value depends on the particular RLV system design they support. For this reason, the
system integrators designing and developing the current commercial RLV systems will
have the best insight on which technologies would have the most significant impact on
improving next generation RLV systems to greater levels of reusability, reliability,
operability and cost reduction.

Findings F.1.11 and F.1.12 directly support Recommendation R.5.1 and R.5.2
located on page 35.

Lowering Launch Costs

SUMMARY: Lowering launch costs by 10X to achieve ULCATS requires jump-starting
a virtuous cycle (see Figure 2) of industry competition with commercial RLVs that open
up new markets. Initially, costs can be reduced by 3X. As new markets and applications
develop based on the availability of 3X lower launch costs, this will increase flight rates,
and the availability and reliability of launch services. This will increase investor
confidence, driving investments in the next generation of RLVs, with increased
reliability, robustness, and operability, lowering costs and increasing flight rates even
further. This cycle could achieve a 10X reduction in launch costs. See Figure 1 in
Executive Summary.
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FINDING [F.1.13]: The development of multiple competing fully-reusable launch
vehicles could lower prices by a factor of 3X in the near-term: Assuming competition
among fully-reusable LVs and new market development, our analysis shows that launch
prices could be reduced by a factor of 3X.

OBSERVATION [0.2]: An initiative to develop much lower cost launch vehicles
may not be sufficient, on its own, to deliver a 10X reduction in launch costs: The
development of fully-reusable LVs, on its own, will only achieve an estimated 3X
reduction in launch costs. An effective ULCATS strategy will address cost drivers from
all of the following:

e Barriers to driving up flight rate in new markets and in financing new systems
e Insuring sufficient levels of industry competition
e Policy, legal, and regulatory barriers

e Barriers to integrating current technology (partnership tools and methods), and
developing 