SuhohbitaljiRensahie

LeumEn \Yanidl=as and
ApplicableiVianivets

Udimoar 2002

Prepared by

THE AEROSPACE CORPORATION
J.C. MARTIN and G.W. LAW

Space Launch Support Division

Space Launch Operations

Space Systems Group

Prepared for
U.S. DEPARTMENT of COMMERCE
OFFICE of SPACE COMMERCIALIZATION



SUBORBITAL REUSABLE LAUNCH VEHICLES AND
APPLICABLE MARKETS

Prepared by

J. C. MARTIN and G. W. LAW
Space Launch Support Division
Space Launch Operations

October 2002

Space Systems Group
THE AEROSPACE CORPORATION
El Segundo, CA 90245-4691

Prepared for

U. S. DEPARTMENT OF COMMERCE
OFFICE OF SPACE COMMERCIALIZATION
Herbert C. Hoover Building
14™ and Constitution Ave., NW
Washington, DC 20230
(202) 482-6125, 482-5913

Contract No. SB1359-01-Z-0020

PUBLIC RELEASE IS AUTHORIZED






Preface

This report has been prepared by The Aerospace Corporation for the Department of Commerce, Office of
Space Commercialization, under contract #SB1359-01-Z-0020. The objective of this report is to
characterize suborbital reusable launch vehicle (RLV) concepts currently in development, and define the
military, civil, and commercial missions and markets that could capitalize on their capabilities. The
structure of the report includes a brief background on orbital vs. suborbital trajectories, as well as an
overview of expendable and reusable launch vehicles. Current and emerging market opportunities for
suborbital RLVs are identified and discussed. Finally, the report presents the technical aspects and
program characteristics of selected U.S. and international suborbital RLVsin development. The appendix
a the end of this report provides further detail on each of the suborbital vehicles, as well as the
management biographies for each of the companies.

The integration of suborbital RLV's with existing airports and/or spaceports, though an important factor
that needs to be evaluated, was not the focus of this effort. However, it should be noted that the RLV
concepts discussed in this report are being designed to minimize unique facility requirements. The
characterization of planned U.S. spaceports, combined with the contents of this report, would help
promote cooperative development between spaceports and RLVs.

The Aerospace Corporation is a private, non-profit, California Corporation that manages a federally
funded research and development center. Aerospace provides systems engineering and devel opment
support for U.S. civil, military, and commercia space systems. Though Aerospace’'s primary customer is
the Department of Defense, Aerospace does commit a significant portion of its resources to civil and
commercial clients.
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Executive Summary

The purpose of this report is to survey and characterize suborbital reusable launch vehicles (RLVS) ' in
development, as well as to identify current and emerging suborbital market opportunities that these
systems may enable.

Over the past 30 years, NASA has accepted the burden of developing technologies that will enable
cheaper access to orbital space, as evidenced by its past X-programs and the current Space Launch
Initiative. Various private companies have also attempted, and are till attempting, to develop new RLV
systems for orbital space applications. However, the large development costs of such systems, coupled
with the downturn of the low Earth orbit market (e.g., Iridium, GlobalStar), have made private sector
development of orbital RLV systems increasingly difficult at this time. Given these hurdles, many
commercial space transportation companies have begun shifting focus toward suborbital market
opportunities, for which the technical challenge is much lower and the cost of market entry less
expensive.

There are a number of current and emerging suborbital market opportunities upon which suborbital RLV's
can capitalize. Current suborbital markets are served mostly by expendable sounding rockets, and include
national missile defense tests, as well as high-altitude, astronomical, and micro-gravity research missions.
Each of these areas presents a viable opportunity for suborbital RLVs. Further, there are anumber of new
markets that could emerge with the advent of an operational suborbital RLV. These emerging suborbital
markets include military surveillance, commercial/civil earth imagery, fast package delivery, high speed
passenger transportation, media, advertising, sponsorship, space tourism, and even “ space diving.”

For suborbital RLV concepts being designed for dual-use capability (i.e., the same vehicle type used by
both U.S. Government and commercia customers), the development of multiple markets (i.e., military,
intelligence, civil, commercial) might significantly lower customer costs. With the expansion of such
markets, and a consequent increase in flight rate for dual-use-design RLV s, fixed operating costs could be
amortized over more flights. This would tranglate into lower costs to the government customer (since
commercial products and services supplied to the government are regulated by profit caps), and
potentially the commercial customer as well. Additionally, if the growth of government and commercial
markets contributes to a significant increase in vehicle production, manufacturing economies of scale
would contribute to lowering the cost per vehicle—an advantage to both government and commercial
customers. Significant cost reduction would allow greater national security and civil benefits to be
achieved with limited budgetary resources.

Suborbital RLV development is being pursued by a number of entrepreneurial organizations. Whereas
orbital space transportation development has traditionally taken a “one big step” approach, these
organizations have elected to take an incremental approach, beginning with a suborbital system and
gradually transitioning to an orbital capability. This step-by-step approach is similar to the way aircraft
have developed since the Wright brothers flight of 1903. Since suborbital RLV's are much less complex
than orbital systems, the goal of these entrepreneurial organizationsis more attainable.

" The use of the term “reusable launch vehicle (RLV)” is at present a subject of discussion. Use of this label in the
report does not represent any attempt to take a position regarding whether or not another term should be adopted.
Because no other label has yet gained wide endorsement, it appeared appropriate to continue using the traditional
term in order to avoid possible misunderstandings that might be engendered by use of an alternative.
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INTRODUCTION






1 Introduction

1.1 Overview

Space has long provided opportunities for the civil, military, and commercial sectors. NASA has
launched satellites to orbit for such applications as atmospheric research and terrestrial monitoring, and
has launched payloads on suborbital trajectories for astronomical and micro-gravity research. The
military has placed satellites in orbit for such missions as communications, surveillance, and navigation.
Over the last two decades, commercial industry has had an increasing presence in space. The benefits of
gpace for mobile satellite communications, TV broadcasting, high-speed data transfer, and commercial
navigation, just to name a few, are being realized today by commercial businesses. Furthermore, the
potential opportunities offered by space for manufacturing, mining, and space-based solar power are
becoming more and more appreciated by the private sector. The term “space commercialization” refersto
the use of space for such profit-motivated, commercial purposes.

Most of these space missions focus on the orbital environment, but the cost of getting to orbit is very
high. NASA has accepted the burden of developing technologies that will enable cheaper access to
orbital space, as evidenced by its past X-programs, and the current Space Launch Initiative. Various
private companies have also attempted, and are till attempting, to develop new reusable launch vehicle
(RLV) systems. However, the large development costs of such systems, coupled with the downturn of the
Low Earth Orbit market (e.g., Iridium, GlobalStar), have made private sector development of orbital
RLV systemsincreasingly difficult at thistime.

Given these hurdles, entrepreneurs within the commercial space transportation industry have begun
shifting their focus towards suborbital market opportunities, for which the technical challenge is much
lower and the cost of market entry less expensive. The $10 million X-Prize for the first passenger-
carrying (or passenger-ballast-equivalent-carrying) suborbital vehicle is, like aviation prizes of the past,
serving as a potent catalyst for these entrepreneurial efforts. Beyond this, state-sponsored spaceport
development initiatives are seeking both to encourage vehicle development and provide staging facilities
specially designed to accommodate suborbitally-oriented activities.

The purpose of this report isto survey and characterize the suborbital RLV s in development, and identify
the current and emerging suborbital market opportunities that these systems can capitalize upon.

1.2 Background

1.2.1 TheSuborbital Space Environment

In theory, an object can be in orbit around the Earth at any altitude, aslong as it is imparted with enough
velocity. The term “suborbital” refers to an object that is not imparted with enough energy (and hence
enough velocity) to reach orbit. For various reasons beyond the scope of this discussion, 115 miles
(approximately) is the minimal altitude at which objects are placed in orbit. At this altitude, the velocity
required to achieve orhit is roughly 30,100 feet per second, or 20,500 mph. Suborbital launch vehicles
are not designed to achieve these speeds, and are generally much smaller than orbital vehicles since they
carry less propellant.



The altitude at which “space” beginsis still the topic of much debate, but many consider space to begin at
an dtitude of 50-miles, since the U.S. Air Force grants astronaut “wings’ for any altitude achieved
beyond 50 miles. Just beyond the edge of space, at 62 miles (100 km), is where the X-prize competition
has set its goal for sending civilian passengers to space. As a comparison, civilian aircraft operate at
atitudes below 18 miles. Even high performance military aircraft and high-altitude weather balloons do
not travel past the upper stratosphere (approximately 34 miles). Figure 1 displays the operational

atitudes of various aircraft and spacecraft, and illustrates that there is a significant portion of the space
environment served only by sounding rockets.

Shuttle

X-prize Vehicles w

_

~50 miles Edge of Space

Figure 1. Operational Altitudes of Various Aircraft and Spacecraft

1.2.2 Suborbital vs. Orbital Expendable Launch Vehicles

A launch vehicle is the device used to transfer humans or cargo along suborbital and orbital tragjectories.
With the exception of the Space Shuttle, al launch vehicles in use today are disposed of after each
launch, and are referred to as expendable launch vehicles (ELVS).

ELVs represent an evolution of long-range ballistic missiles first developed by the Germans in WWII.
This missile was known as the V-2 rocket (also the A-4 rocket), and was pioneered by German scientist
Wernher Von Braun. Following the War, Von Braun and his team of German scientists came to the
United States and worked for the Army Ballistic Missile Agency at Redstone Arsenal in Huntsville,
Alabama. The team led the U.S. development of the Jupiter and Redstone intermediate range ballistic
missiles, which had their heritage with the V-2 rocket. The Jupiter C was used to launch Americas first



satellite, Explorer 1, into space on January 31, 1958. When the Space Race began in 1960, the U.S.
Government determined that the fastest way to get to space, and the moon, was by leveraging experience
with the Army Ballistic Missile Agency’ s missiles. In 1961, a modified Redstone rocket was used to send
Alan Shepard on a sub-orbital flight. Eight years later in 1969, the Saturn V, an evolution of the rockets
developed at Redstone Arsenal, was used to carry Neil Armstrong, Buzz Aldrin, and Michael Collins to
the moon. Today’s U.S. medium and heavy-lift ELVs (e.g., Delta, Atlas) can aso trace their origins to
the rockets developed at Redstone arsenal, and ultimately to the V-2 rocket.

The ELVs in use today that achieve suborbital velocities are known as sounding rockets. Sounding
rockets derive their name from the nautical term "to sound,” which means “to take measurements.” This
is because sounding rockets do not place payloads in orbit, but rather provide the only means of making
in-situ measurements at atitudes between the maximum altitudes for balloons (about 30 miles) and the
minimum altitude for satellites (100 miles, athough sounding rockets are also launched to altitudes as
high as 870 miles). Figure 2 displays the configuration of a typical sounding rocket [ref 1].
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Figure 2. Sounding Rocket Configuration (Image provided courtesty of NASA.)

The profile for a sounding rocket mission, as displayed in Figure 3, is much different than an orbital
launch vehicle mission. The sounding rocket payload follows a parabolic trajectory and is retrieved less
than 30 minutes after launch, whereas the orbital payload maintains motion around the Earth for an
extended period of time (usually years). Though the flight time on a sounding rocket is short, a
significant amount of datais collected. Figure 4 displays the difference between these two trajectories.
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Figure 3. Sounding Rocket Mission Profile (Image provided courtesy of NASA.)
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Figure 4. Suborbital and Orbital Mission Profiles

Sounding rocket missions are much less expensive than orbital launch vehicle missions, partly because
the launch system itself is much simpler and requires much less ideal velocity, but also because the

payload can often be retrieved, allowing the payload or parts of the payload to be refurbished and flown
again [ref 1].

Orbital ELVs, on the other hand, are much larger, more complex, and consequently more expensive than
sounding rockets. Because of the high velocities needed to obtain orbit, the mass and volume of orbital
expendable launch vehicles consists mostly of propellant. Further, orbital ELV's transport much heavier
payloads than sounding rockets (10-100 times), thus requiring the launch vehicle to have even more
energy. (In fact, orbital systems incorporate liquid propulsion, as opposed to the solid propulsion systems



of sounding rockets, therefore requiring additional hardware; e.g., fuel and oxidizer lines, tanks.) This
tranglates to more complex systems, more support structures, and ultimately much larger vehicles. Figure
5 displays Boeing's Delta |1l launch vehicle and how it compares in size to the suborbital Nike-Orion
sounding rocket. As Figure 5 illustrates, the difference in size is dramatic. The associated increase in
size and complexity further translates to higher costs. As a comparison, the launch cost for Bristol
Aerospace’'s Black Brant V is approximately $200,000, and for the larger Black Brant XI1 approximately
$600,000; while the launch costs for orbital expendable launch vehiclesis between $12 M (for a Pegasus)

and $450 M (for aTitan IV) [ref 2].

Figures 6 displays a table of the current fleet of sounding rockets used by NASA, and Figure 7 displays a
table of U.S. orbital ELVs currently in service.
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Figure 5. Size Comparison of Orbital and Suborbital ELV

Nike-Orion image provided courtesy of NASA
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1.2.3 Suborbital vs. Orbital Reusable L aunch Vehicles

The term “RLV” refers to a launch system that can be re-used for multiple launches, instead of being
disposed of after each launch like an ELV. Operationaly, orbital RLVs could offer a number of
advantages over ELVs. These could include greater reliability and safety, quick turnaround time, more
versatile performance, high flight rate capability, and lower operating cost. Since ELV hardware is
disposed of after each launch, ELVs have a very high operating cost (i.e., a new system is manufactured
for each launch). By contrast, RLVs, for sufficiently high flight rates, should be less expensive to
operate. Given the potentially significant operational advantages of RLVs, a number of effective
applications become evident. For example, NASA could carry out its research missions at lower cost.
The military could be provided with rapid space access for surveillance, high-altitude reconnaissance, or
ordnance delivery. And, new commercial markets such as space tourism, fast package delivery, or micro-
gravity processing could be devel oped.

However, for a number of reasons, orbital RLV's have proven challenging to develop. For example, the
evolution of ELV's has benefited from direct transfer of technical experience from military missile system
programs, whereas orbital RLV design has required substantial reconfiguration of existing technologies,
and in some cases has called for research to create new technologies altogether. In addition, RLV design
efforts have had to take into account the increased durability required for reusability of components,
whereas ELV s need only function effectively for a single launch. Such technical challenges trandate into
considerable costs generally associated with orbital RLV development projects. Just as a reusable camera
is more expensive to produce than a disposable one, it has proven more costly to attempt orbital RLV
development than to refine ELV approaches. In sum, although the major reduction possible in operating
costs makes orbital RLV s attractive, the difficulty and cost of development have continued to constrain
progress toward orbital RLV implementation.

Clear testimony to the difficulty involved in orbital vehicle development is the fact that, of the many
NASA and Air Force RLV programs that have been pursued, only the Space Shuttle has been produced.
Further, the Space Shuttle is an example of a partially reusable launch vehicle (i.e., the external tank is
expendable). Although an impressive achievement, the Shuttle does not meet all the
operational goals of the Air Force or the private sector. NASA’s Space Launch
Initiative represents a major Government research effort to pioneer new technologies
enabling development of more advanced, fully reusable vehicles, but fully operational
vehicles based on these new technologies are not expected to appear until 2012 at the
earliest. Commercial RLV development projects financed purely by the private sector
represent other possible avenues for arriving at operational vehicles. Such commercial
efforts generally attempt to reduce cost and technical difficulty by relying wherever  mage provided
possible on existing technologies rather than attempting to develop new technical  courtesy of NASA
capabilities. However, development costs have remained sufficiently high—and market opportunities
have appeared sufficiently uncertain—to make it difficult for entrepreneurs to obtain the financing
necessary to produce operational vehicles.

The same governing dynamics that cause orbital ELVs to be larger than suborbital ELV's also apply to
orbital and suborbital RLVs. In contrast to orbital RLV's, suborbital RLV's would be much cheaper both
to develop and operate. Figure 8 displays sample orbital RLV and suborbital RLV concepts, graphically
illustrating the considerable difference in size generally evident between the two approaches.
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KST Astroliner KST LB-X

Figure 8. Size Comparison of Orbital and Suborbital RLVs
Images provided courtesy of Kelly Space and Technology (KST)

Furthermore, suborbital RLV's can have greater design margins (i.e., the amount of allowable increase in
mass, volume, etc.) than orbital systems. This means, for example, that weight growth during the
development period has much less of an impact on payload performance. In addition, these higher design
margins allow off-the-shelf hardware (which is usually heavier) to be used, as well as allowing
component redundancy to mitigate failures.

Historical evidence for the feasibility of suborbital RLV development is
- readily available. Whereas afully reusable RLV has yet to be devel oped,
| an operational suborbital RLV was developed over 40 years ago. In
« 1959, NASA conducted the first powered flight of its piloted, suborbital
RLV, the X-15. The X-15 rocket program was a joint program
conducted by NASA, the Air Force, the Navy, and North American
Aviation for the purpose of researching hypersonic flight. By the
conclusion of the program in 1969, the X-15 had achieved an unofficial
world altitude record of 67 miles and aworld speed record of Mach 6.7.

Image provided courtesy of NASA

The X-15 program was extremely successful, reaching—and in some cases surpassing—its intended
objectives. The reasons for not continuing this line of suborbital vehicle development did not involve any
deficiencies in the program itself but rather concerned the larger context of U.S. government and
commercial priorities. At the end of the 1960s, military efforts were for the most part focused on the
refinement of the intercontinental ballistic missile (ICBM) fleet. NASA was increasingly concentrated on
development of a manned orbital RLV—the Space Shuttle. In the commercia sector, suborbital market
opportunities (e.g., microgravity research) were not yet sufficiently understood to stimulate much private
sector interest.

However, private sector interest in suborbital market opportunities has changed significantly. As this
report will proceed to demonstrate, potentially important national security, civil, and commercial uses of
suborbital space are becoming increasingly evident. And, just as the perceived need for suborbital
capabilities has increased, the technological tools available to vehicle developers have become
increasingly sophisticated. If a piloted, suborbital RLV could successfully be developed and flown in
1959, it stands to reason that 40-plus years of technology evolution would render an expanded effort
eminently feasible.

Beyond lower cost and simpler technology, another key factor working in favor of successful suborbital
RLV development is entrepreneurial initiative. History has demonstrated that technology breakthroughs
are often borne from the efforts of a few innovative individuals. In 1898, Samuel Pierpont Langley,
secretary of the Smithsonian Institution, received a $50,000 grant ($1.042 million in FY 02 dollars) from
the U.S. War Department, as well as the personal backing of President McKinley, to develop a “flying
machine” for passengers [ref 3]. The first piloted “Aerodrome” attempted a publicly advertised flight on
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October 7, 1903, crashing into the Potomac River shortly afterwards. On December 8, 1903, a second
attempt was made but was again unsuccessful.

In marked contrast to this well-financed initiative carried out by an acknowledged leader in the field,
more humble efforts were afoot elsewhere. On December 17, 1903, just nine days after the second failed
Aerodrome flight, Wilbur and Orville Wright successfully achieved a piloted, powered flight. Though the
Wright Flyer | flew only 10 ft off the ground for 12 seconds, traveling a mere 120 ft, the aeronautical
technology it demonstrated paved the way for passenger air transportation.

The success of the Wright brothers, armed with limited resources but drawing on creativity and hard
work, has much in common with the proverbia “two guys in a garage” who helped spark the personal
computer revolution. As such, stories like that of the Wright brothers serve as the battle cry for today’s
suborbital entrepreneurs.

The X-prize, initiated in 1996, is spurring private sector development of suborbital RLV systems. The X-
prize is a $10 Million award for the first private sector team to build a piloted RLV, launch it to an
atitude of 62 miles, carry the mass equivalent of 2 passengers, and repeat the event in less than 2 weeks.
Additionally, the X-prize guidelines require development to be purely privately financed. The X-prizeis
fashioned after similar monetary prizes of the early days of aviation, such as the Orteig prize, which
prompted Charles Lindbergh to cross the Atlantic in 1927. Much as the Orteig prize sparked rapid
development in aviation, the goal of the X-prize is to spark rapid development in space transportation [ref
4].

Understanding the full significance of suborbital RLV development requires recognition not only of what
suborbital RLV's may accomplish in their own right, but also of their significance as a transitional step
towards orbital RLV development. In much the same way as the Wright Flyer | of 1903 led to
incremental follow-on aircraft such as the WWII Spitfire, DC-3, F-86, and F-15, the vehicle that wins the
X-prize will provide a technology “stepping stone” towards orbital RLV development. Additionaly,
development of operational RLV s could have a number of important benefits, such as:

e legitimization of space transportation as a private sector investment option, along with creation of
long-term relationships between entrepreneurs and investors;

e growth of a profitable industry that could serve as a tax base, even after allowing for initial tax credits
and/or tax holidays, to support later space research and exploration efforts;

e development of a more effective Federal and state space regulatory and policy framework, working
out such issues as informed customer consent for assumption of greater risk and financial incentive
structures; and

e development of the infrastructure linking vehicles to spaceports and the overall economy, such as
through establishment of intermodal transport links (e.g., bringing people and cargo to and from a
spaceport; connecting plane, rail, and highway routes to the spaceport).
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2 Current Addressable Suborbital Markets

This section addresses current suborbital missions that could potentially be served by a suborbital RLV.
The current suborbital market consists mainly of DoD and NASA missions, and can be divided into three
main categories:

e Missile Verification (DoD)
o National Missile Defense Tests (DoD)
e Sounding Rocket Research (NASA)
o high-altitude and astronomical research

o micro-gravity research and processing

The DoD’s Missile Verification program performs roughly seven launches per year to confirm the
systems operability of inventory missiles. Representative samples of missiles from various batches (e.g.,
Peacekeeper, Minuteman |l and 111) are removed from silos and shipped to Vandenberg Air Force Base
for launch and verification. This is a periodic “check-up” of specific systems, and is not a market that
could be penetrated by suborbital RLV systems. However, the remaining two suborbital market
categories do provide opportunities, and are discussed below.

2.1 National Missile Defense Tests

The National Missile Defense program is the U.S. Government's effort to build a layered missile defense
shield against “several tens’ of incoming missiles potentially launched from a Third World or rogue state.
This program has been conducted by the Missile Defense Agency (MDA) and its predecessor, the
Ballistic Missile Defense Organization (BMDO). The National Missile Defense tests that have been
carried out in the past few yearsinclude:

e Eleven Theater High Altitude Area Defense (THAAD) flight tests in the late 1990s from White
Sands

e Four missile intercept tests from Vandenberg AFB and Kwajalein (2 launches per test) from 1999
through 2002

e Two tests of a new vehicle (Quick Reaction Launch Vehicle) in 2001 and 2002 from a new
launch sitein Kodiak, Alaska

Since the terrorist attacks of September 11, 2001, the National Missile Defense program has drawn
increased funding and support. The program has been authorized for up to $8.2 billion for the 2002 fiscal
year and projected program costs range from $60 billion for a limited defense involving land (radar,
interceptors) and space (radar) components to $240 billion for a more extensive system incorporating,
among other elements, sea based interceptors and high-powered air and space based lasers [ref 4,5].

The current concept has land, sea, air, and space based components. In the run-up to initial deployment,
there will be an extensive test program carried out that will feature simulations, ground tests, risk
reduction flights, and full-scale flight tests. A suborbital RLV would primarily address the risk reduction
flight segment [ref 3]. Two key areas are the most promising and should be investigated further:
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1. Testing of system components such as sensors
2. Release of simulated warheads for system tests

2.2 Sounding Rocket Resear ch Activities

The DoD’s Missile Verification and National Missile Defense programs represent a minor portion of U.S.
suborbital missions. The majority of U.S. suborbital launches are conducted by the NASA Sounding
Rockets Program Office out of their Wallops Flight Facility in Virginia. Figure 9 displays the 32-year
launch history of sounding rocket missions conducted by NASA. These missions are for a variety of
research objectives for NASA, universities, industry, international customers, the Department of Defense,
and other investigators. Roughly 12% of these missions are conducted out of Wallops, while the
remaining missions are performed at launch sites throughout the world (e.g., Greenland, Sweden,
Canada). Figure 10 displays a breakdown of sounding rocket missions over the last 12 years, by launch
site and by mission client. Figure 11 illustrates a breakdown of sounding rocket missions conducted by
the NASA Sounding Rockets Program Office since FY 96 by mission category.
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Figure 9. NASA Sounding Rocket Launch History

Data Source: Interview with NASA Sounding Rocket Program Office

2.2.1 High Altitude and Astronomical Research

As Figure 11 illustrates, the high altitude research missions (such as those for plasma physics, solar
physics, and geo-space science), as well as the astronomy/astrophysics missions, represent a majority of
the 106 sounding rocket launches conducted by the NASA Sounding Rocket Program Office since FY 96.
Sounding rockets (or any suborbital launch system) are able to reach a portion of the Earth’s atmosphere
(30-115 miles altitude) that is too high for research balloons and too low for orbiting satellites [ref 2].
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Additionally, due to their high mission atitude, suborbital launch systems are able to observe
astronomical, solar, and planetary radiation sources at wavelengths that are normally absorbed by the
Earth's lower atmosphere. Suborbital launch systems provide a flexible, low-cost alternative to
observation by orbiting tel escopes.

2.2.2 Microgravity Research

While Figure 11 indicates that micro-gravity missions account for only 4% of the 106 missions, the
micro-gravity market has high potential for future growth. The micro-gravity market has a wide variety
of promising applications in pharmaceuticals, biology, materials processing, fluid physics, combustion,
and component testing. The NASA Microgravity Program Office has indicated a number of research and
development applications, many of which are currently served by sounding rockets, discussed below [ref
8,9].
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Protein Crystal Growth (Pharmaceuticals)

Proteins carry out a variety of functionsin the human body: transport of oxygen and other chemicals,
cell and tissue growth, and immune system response. By better understanding a protein’s structure
and function in the human body, it is easier to develop new drugs and treatments that will interact
with them. Crystals tend to grow larger and more uniform in micro-gravity, thus facilitating their
analysis by X-ray diffraction. Even though crystal growth is benefited by a long micro-gravity
exposure time (~ 1 week or more), crystals have been grown in the 5-20 minutes of micro-gravity
available during a suborbital flight.

Cell Function and Electrophoresis (Biology)

Research aimed at understanding biological processes on a cellular level can be adapted to shorter
duration testing times. A related area, electrophoresis, is the separation of biological components
using a strong electrical field. There have been several successful sounding rocket flights carrying
experiments in both of these areas.

Development of New Materials (Materials Science)

The micro-gravity environment allows the production of materials that are impossible to form on
Earth. Two prominent examples are ZBLAN and Aerogel.

o ZBLAN is a heavy metal fluoride glass that holds the theoretical prospect of producing
fiber optic cables with 100 times greater capacity than today’s silica-based ones.
However, Earth-based processing has been unsuccessful due to the effect of gravity.

o Aerogel isahighly porous silica based material that has an exceptional strength to weight
ratio and insulating properties. It is foreseen for a wide variety of applications, one of
which iswindows. Unfortunately, non-uniform pore sizes in the material gives Aerogel a
hazy blue color. It is suspected that production in micro-gravity could lead to a truly
transparent substance.

Semiconductor Production (Materials Processing)

Crystalline materials such as silicon, germanium, and gallium arsenide can be produced in higher
purity in the space environment due to the uniformity of the mixture (due to lack of buoyancy-
induced convection) during formation. These have been produced on sounding rocket flights.

Fluid Physics

Experiments conducted in micro-gravity offer an environment free of gravity-induced phenomena
such as sedimentation, buoyancy-induced convection, and hydrostatic pressure. The virtual absence
of these forces, which drive most fluid behavior on earth, alows a better understanding of other fluid
forces and mechanisms which, in turn, can lead to improvements in semiconductor crystal growth,
design of structures to withstand disturbances such as earthquakes or floods, and power plant design.
Research in these areas has been successfully conducted on suborbital sounding rocket flights.
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e Combustion Science
The absence of buoyancy-induced flow in micro-gravity leads to very different combustion behavior
than on Earth. The absence of gravity allows scientists to better observe and understand other
mechanisms of combustion such as fuel and heat transport and soot formation. This increased
understanding can then be used to improve combustion processes on Earth, potentially leading to
cleaner, more efficient, and more profitable operations.

e  Component Research and Testing

Ever since the beginning of the space program, micro-gravity testing facilities have been used to test
the operation of new concepts for space systems. In the U.S,, this activity began in drop towers in
order to test components for the ballistic missile and civil exploration efforts. The current sounding
rocket program provides a low-cost testbed for scientific techniques, instrumentation, and spacecraft
technology that will eventually be applied and flown on satellite missions. For example, NASA
satellite missions such as COBE, CGRO, ASTRO-2, UARS, SOHO, and TRACE have been enabled
by technology and techniques devel oped through NASA’ s suborbital program.

It is worth noting that during the development phases of the Space Shuttle and the International Space
Station (ISS), numerous studies were conducted concerning the potential commercial applications,
including those areas listed above, of the micro-gravity space environment. However, though numerous
commercial micro-gravity missions have flown on-board the Shuttle, the number of applications has
fallen short of projections. Hindsight indicates that the findings on the benefits of the micro-gravity
environment spurred efforts to produce the same or similar substances in earth-bound research facilities.
Further, the lack of a streamlined process and protocol for flying commercial missions has deterred
potential customers and limited repeat clients. Though the research areas listed above have been
examined over the past 20 years on the Shuttle and are planned research activities for the ISS, suborbital
RLV operators could position themselves to capture a significant share of the short-duration micro-
gravity market. To do this, suborbital RLV operators will need to learn from the Shuttle experience (e.g.,
by maintaining competitiveness with earth-bound facility development, by streamlining the experiment
integration process, by reaching satisfactory accommodations to proprietary data rights issues).
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3 Emerging Suborbital Markets

There are several national security, civil government, and commercial markets that are not currently being
served by today’s sounding rockets, but could rapidly grow with the emergence of operational suborbital
RLVs. Although additional market research would do much to augment understanding of the character
and potential of these markets, sufficient information is available to describe them in general terms.

For suborbital RLV concepts being designed for dual-use capability (i.e., the same vehicle type used by
both U.S. Government and commercia customers), the development of multiple markets (i.e., military,
intelligence, civil, commercial) might significantly lower customer costs. With the expansion of such
markets, and a consequent increase in flight rate for dual-use-design RLV s, fixed operating costs could be
amortized over more flights. This would translate into lower costs to the government customer (since
commercial products and services supplied to the government are regulated by profit caps), and
potentially the commercia customer as well. Additionally, if the growth of government and commercial
markets contributes to a significant increase in vehicle production, manufacturing economies of scale
would contribute to lowering the cost per vehicle—an advantage to both government and commercia
customers. Significant cost reduction would allow greater national security and civil benefits to be
achieved with limited budgetary resources.

3.1 Military Surveillance and Commercial/Civil Earth Imagery

The ability to fly a high-resolution camera at extremely high atitudes along border regions creates a
valuable military reconnaissance asset. Whereas surveillance satellites' orbits are fixed, suborbital RLVs
could provide “pop up” reconnaissance capability, a fleet of suborbital RLVs could provide hourly
surveillance of areas of interest. Furthermore, since the imagery could be provided to the Commander in
Charge with the landing of the RLV instead of through data relay connections, this type of surveillance
method would not impose any bandwidth requirements on an already saturated battlefield communication
network. This market has been strongly promoted by TGV Rockets. Figure 12 below presents a sample
region that could be examined on a suborbital trajectory from launch at the indicated site.

Launch site

Figure 12. Region of Observation for Suborbital Surveillance

Image provided courtesy of TGV Rockets,
www.internationalspace.com, and www.fourmilab.ch.
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In much the same way that suborbital RLV's could be surveillance gap-fillers for the military, they could
aso be gap-fillers for commercial and civil government earth imagery (i.e., “remote sensing”) needs.
There are many areas of the world not over-flown by commercial or civil remote sensing satellites, but for
which suborbital RLVS, given their high atitude surveillance capability over specific targets, could
provide imagery. Customers might include international banks, insurance companies, oil companies, and
multinational corporations.

3.2 Fast Package Delivery

Fast Package Delivery (FPD) refers to the transportation of freight over transoceanic distances in a period
of hours and provides a potential market opportunity for RLVs. Suborbital RLVs can potentially enter
this market. However, in order to be economically viable, the range capability of suborbtial vehicles
needs to approach at least transatlantic distances (e.g., New York to Frankfurt), and preferably
trangpacific distances (e.g., Los Angeles to Singapore) [ref 9, 12]. An assessment of the range capability
of the suborbital RLV's discussed in this report was beyond the scope of this project. Therefore, this
report presents Fast Package Delivery as a potential market opportunity. Further analysis is required to
determine if the vehicles can achieve the range required to enter this market.

Examining key issues associated with Fast Package Delivery can assist those who might wish to explore
in more detail the potential for suborbital vehicles to enter this market. Business worldwide has
acknowledged the emergence of a global economy, and the need has arisen for the delivery of urgent
packages over transoceanic distances in a short period of time. Federal Express, which owns the majority
of the international express delivery market, has indicated that a substantial portion of their international
revenue comes from priority cargo [ref 9, 10]. Rapid transport of packages is advantageous for severa
reasons. Time to market can often mean the difference between success and failure. For some products,
because of high value and short shelf life, added transportation cost for decreased delivery time may be
more beneficial than extensive warehousing costs. Further, items of a perishable nature, such as organs
and biological specimens, demand rapid delivery. Yet, even with current technology, express delivery to
Asia, for example, still takes 72 hours. Because of greater speed and consequently reduced flight
duration, a suborbital (or orbital) RLV might potentially provide the capability to capture a large section
of the rapidly growing international express delivery market. However, as noted earlier, this depends on
the vehicle s achievable range.

Further examination of current Fast Package Delivery market structure reveals two modes of service:
scheduled and on-demand service [ref 9]. With scheduled service, the vehicle takes off at set departure
times, servicing various hubs in the network. Though market volume for this type of service may be
stable, service timeis offset by elements of the delivery process that restrict benefits of faster flight times,
such as time between flights. For example, a high priority item that needs to be at its destination in 2
hours may have to wait 3 hours for the next scheduled flight. Therefore, RLV's are not well suited for
scheduled Fast Package Delivery service, since the minimization of flight time impacts a small portion of
the total delivery time.

The other mode of Fast Package Delivery service is on-demand service [ref 9]. Thisis similar to the way
in which charter aircraft operate, and the vehicle departs at customer request, or “on-demand.” The
market volume is less than that for scheduled service (since it only serves one customer at atime), but the
urgency of the cargo attracts a much higher service charge. RLV's are much better suited for on-demand
Fast Package Delivery service, since the minimization of flight time impacts a significant portion of the
total delivery time.

Commodities whose transport would benefit from an on-demand Fast Package Delivery system are
numerous. As noted previoudly, perishables such as biological specimens and organs gain much more
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serviceability with faster transport. The heart, for example, can only survive outside the body for 4 hours
[ref 12]. A long range, quick transport vehicle would significantly increase the service radius.
Additionally, time sensitive items such as critical parts for overseas assembly lines would be well served
by a Fast Package Delivery system. Intel, for instance, loses approximately $200,000 (FY 97) for every
hour the production line is non-operational [ref 9,10]. According to the 1994 Commercial Space
Transportation Study (CSTS), the cargo industry generally considers it acceptable to spend 3% to 6% of
the total aggregate value of a product on transportation cost [ref 12]. Thus, a significant amount of
money could be afforded for transportation for items such as precious stones and electronic circuitry,
which range between $100,000 and $10,000,000 in collective quantities. Further, for items of high
aggregate cost value and short shelf life, the added cost for significantly decreased delivery time would be
advantageous over the alternative warehousing costs [ref 9,10].

3.3 High Speed Passenger Transportation

High-speed passenger transportation, otherwise known as point-to-point passenger transportation, refers
to the ferrying of passengers between two locations (or two points on the Earth) at speeds greater than
those offered by current transportation systems. High-speed passenger transportation is very similar to
Fast Package Delivery, except that the cargo is human. Suborbital RLV's may be capable of providing
such a service. However, further analysis is required to determine if suborbital vehicles can achieve the
range required to enter this market. For sufficient market capture, suborbital RLVs would need to service
those routes for which flight time constitutes a significant portion of the total transportation time.

Similar to Fast Package Delivery, high-speed passenger transportation has two modes of service,
scheduled and charter. However, scheduled passenger transportation service involves less pre-flight
processing than Fast Package Delivery scheduled service. For example, there is no package drop-off or
package pick-up. (A package can sit for six hours at a drop-point, then travel four hours to the airport
while all the drop-points are visited.) Thus, while suborbital RLV's are not well suited for scheduled Fast
Package Delivery service, there is a potential market opportunity for scheduled high-speed passenger
transportation.

Suborbital RLV's could also provide high-speed charter service. Such flights would be less frequent than
scheduled service flights, but the revenue per seat would be much higher. To be economically viable,
chartered high-speed passenger transportation service would need to resolve the issue of deadhead return
(i.e., thereturn of the vehicle to the launch site without any revenue-producing cargo).

There are a number of issues that must be addressed for a suborbital RLV to be able to serve a scheduled
or chartered high-speed passenger transportation market. Those issues include, but are not limited to,
integration with conventional airports, integration with the current air traffic control system, passenger
safety, and land overflight (e.g., noise).

3.4 Media, Advertising and Sponsor ship

Media is one of the largest industries in the world, and space-related entertainment, advertising, and
sponsorship have been looked to as an integral component of any private or public-private partnership
space business model. The size of this market is critical in the closure of many space business plans.

3.4.1 Filmand Television

The recent success of true story space-themed films such as Apollo 13 suggests that a feature on a
successful private suborbital space vehicle may have a market. For example, in September 2000, NBC
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paid between $35 and $40 million to broadcast Mark Burnett’s (creator of “Survivor”) next reality series
“Destination Mir.” Burnett had teamed with MirCorp, who would provide a 10-day trip aboard the
Russian Space Station Mir. The reality series was not intended to show actual space footage but rather to
follow contestants through Space Camp until one was selected for the 10-day excursion to space.

Reality television has been a tremendous success story over the last 5 years, and ideas such as
“Destination Mir” could easily be adapted to the suborbital space environment. Further, a trip to
suborbital space could be a platform for educational films such as the popular IMAX series.

3.4.2 Product Endorsement

In 1962, John Glenn picked up a Minolta Hi-Matic self-winding camera to use on his history-making
orbital flight. Glenn's purchase, although unintentional, was one of the first acts of space product
endorsement. This was to be followed by NASA'’s adoption of the Omega Speedster watch in 1965 and
the Fisher Space Pen in 1968. Aboard the Space Shuttle, M&M candies and IBM Thinkpad computers
have had their image bolstered by usein orbit.

All product endorsement does not have to be unintentional, however. In 1985, Coca-Cola and Pepsi spent
hundreds of thousands of dollars on developing specia pressurized cans to allow their product to be
consumed in space. More recently, the Final Frontier beef jerky company and an Israeli milk company
have paid or donated their products to be consumed in space.

Another niche segment of this market is the sale of “flown-in-space” items. Over the years, thousands of
items have flown in space, including postcards, flags, mission patches, and even Lego toys to be given
away in a contest. Carrying these items onboard suborbital flights could provide a small additional
revenue stream.

Although significant precedents have aready been set through product endorsements and direct
advertising since the 1960’s, a true quantifiable market has yet to be established in this area. Even
considering that the time in flight will be less than that for a space shuttle or space station mission,
product endorsement represents a market segment for the developers of suborbital RLVs.

3.4.3 Advertising, Branding, and Sponsor ship

Similar to the situation seen today in the space tourism segment, the Russian space program, driven
largely out of financial need, has opened the door to a wide array of ideas for space-based advertising.
Logos for companies such as Pizza Hut and Kodak have been painted on the sides of Proton rockets and
the Mir Space Station. Television commercials have been filmed on board the Mir and ISS for Pepsi,
Radio Shack, and an Israeli milk company. Although NASA has yet to adopt a favorable position
towards space-based advertising, a privately funded vehicle would be able to consider a wider range of
options.

From sporting events to classical music to volunteer housing construction, corporate sponsorship is part
of a $25 hillion annual industry. Sponsorship is used to achieve a variety of different objectives.
Sponsoring a sporting event with a high audience share alows a company to have alonger exposure time
for their brand at alower cost than with traditional commercial spots. Other companies choose to sponsor
events that associate the brand with a particular lifestyle or demographic group, whether it is through
beach volleyball or professional golf.
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Sponsorship of the suborbital vehicle concepts under development could achieve some of these benefits
through association (e.g., young, adventure-oriented demographic) or by leveraging media coverage of
the flight or any television coverage of the race between the various teams attempting to win the X-prize.

3.5 SpaceTourism

Space Tourism is a concept that has long fascinated the world. Following the success of the 1968 Stanley
Kubrick film “2001: A Space Odyssey,” Pan Am began taking reservations for the first commercial
voyage to the moon without specifying either date or cost or asking for a reservation fee. Mostly a
publicity stunt, the list nevertheless grew to thousands of names before Pan Am stopped taking
reservations.

It is now 2002, and space tourism has become areality. In April of 2001, California businessman Dennis
Tito paid a sum approaching $20 million for aride to the International Space Station and a stay that lasted
2 weeks. The following year, South African Internet millionaire Mark Shuttleworth made the same trip,
reportedly for a similar price. A number of other candidates have also been actively pursuing this
opportunity, including teen pop-music star Lance Bass as well as space enthusiast and former NASA
official Lori Garver.

In May of 2002, the public opinion research firm Zogby International released the results of a Space
Tourism poll commissioned by Futron Corporation [ref 1]. The commission was part of Futron’s NASA-
funded study known as ASCENT (Analysis of Space Concepts Enabled by New Transportation). The
Zoghy survey polled 450 people throughout the United States over a 3-week period beginning January 6,
2002. Each participant was required to have a minimum annua income of at least $250,000, and a net
worth of about $1 million. This discriminator was a key aspect of the poll, since past public opinion polls
on space tourism have not accounted for whether or not the respondent could afford the trip. Nineteen
percent of the 450 interviewed indicated they would be willing to pay the $100,000 per seat price for a
15-minute ride to suborbital space. The margin of sampling error was +/- 4.7%. This represents an
encouraging market for suborbital space tourism, considering that in 2000 there were 7 million people
globally with a net worth of $1 million or more [ref 2].

Two adventure tourism companies, Incredible Adventures and Space Adventures, have already responded
to public demand. Formed in 1993, Incredible Adventures offers a wide range of adventure travel, from
high-speed racing boat trips, to shark diving adventures, to cosmonaut training, to flights aboard the
Russian MiG. Incredible Adventures has now expanded these adventure opportunities to include rides
aboard a suborbital RLV. They have formed joint marketing agreements with candidates such as Vela
Technology and Pioneer Rocketplane.

Their competitor, Space Adventures, has begun accepting reservations for a $98,000 trip to suborbital
space. About 100 reservations have been received thus far. In March of 2002, US Airways and Space
Adventures announced an exclusive business agreement whereby US Airways Dividend Miles members
will have the opportunity to redeem frequent flyer miles for a suborbital space trip. Founded in 1997,
Space Adventures offers a wide range of experiences, including cosmonaut training, Russian MiG flights,
and trips to major launch sites. Space Adventures assisted with and facilitated the flights of space tourists
Dennis Tito and Mark Shuttleworth.

3.6 SpaceDiving

Another adventure market that might be served by a suborbital RLV is a concept being proposed by
Canadian Arrow called “Space Diving.” Space diving is essentially sky diving at extremely high
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altitudes. During the Space Race of the 1960's, NASA conceived of severa “space parachutes’ as orbital
escape systems for its astronauts. These space parachutes included personal retro-rockets and conical
drag skirts or inflatable cones to protect the astronaut during reentry. With such types of space suits, thrill
seekers could jump from extremely high altitudes. Today, this quest for high altitude jumps is readily
apparent. An organization know as Stratoquest is currently involved in sending pilot Cheryl Stearns on a
jump at an atitude of 130,000 ft to break the record of 102,800 ft set by Colonel Joseph W. Kittinger in
1960 [ref 4]. Stratoquest is using a high-atitude balloon to carry Stearns to 130,000 ft, which is the

maximum altitude for balloons. A “space dive’ from a suborbital RLV would more than double the
130,000 ft target of the Stratoquest organization.
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4 Suborbital RLVs in Development

4.1 Overview and Approach

There are a number of suborbital RLVs currently under development, both within the U.S. and abroad.
The intent of each of these developers is to provide enhanced capabilities for the 30-100 mile altitude
space environment. This study examined 14 concepts, 10 U.S. and 4 international. Data were obtained
from extensive telephone and email interviews and are presented as reported. The information was not
atered, and each company signed a letter of agreement testifying to the accuracy of the information
presented for its particular suborbital RLV concept.

Additional information on each of the concepts can be found in the Appendix, which also includes the
management biographies for each of the companies. A significant portion of this project was devoted to
collecting and organizing the data in the Appendix, and the reader is encouraged to visit that section of
the report. This section has been prepared to highlight the information found in the appendix.

Since this study was for the U.S. Department of Commerce, the emphasis was on domestic suborbital
RLVs, but a few international development programs were examined to provide benchmarks. Of the
international companies interviewed, most would consider re-locating to the U.S. for operations if a re-
location would benefit their business case.

The list of 10 U.S. concepts is not comprehensive, and severa suborbital RLV concepts were not
included in the study. This was because either 1) the concept did not appear sufficiently mature, or 2)
company representatives were not available for comment. These companies should be recognized for
their efforts however, and are presented in Table 1.

The 14 suborbital RLV concepts