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Abstract
Space transportation has come a long way in thé figas years, fostering tangible
technological achievements for the benefit of madkand gradually changing our way
of life. Commercial space transportation on theeothand, which formally started in
2004 (NASA, 2012), has much ground to gain in terofs development and
sustainability. Investment in spacecraft desigestifeccation of spaceports and vehicles,
regulatory and legal hurdles, and funding from gigvsources are just some of those
factors which will be examined by using primary alah the form of interviews
conducted with industry experts, and through amslgé secondary data such as key
NASA and FAA publication, and employees of aerospaconsulting companies. The
project will also analyze socio-political and hunfantors involved in the application of
new technology, and the sub-problems the industiiyewcounter, which will be detailed
under thébarriers section of this project.

The researcher will utilize a quantitative methody by investigating the
relationship between the results obtained usingramitial statistics, such as correlations
effect, as well as descriptive analysis of botlmamny and secondary aerospace industry
sources. The specialization is addressed in thligidual project with meeting Program
Outcome 11.

Keywords:barriers for sustained growth, space transportatidustry, spacecraft

designs, certification of spaceports, private itwvet, regulatory and legal hurdles
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Proposal
Inherent Barriers for the Growth of the Space Trangortation Industry
Barriers for Growth

The project may identify current socio-politicaldaiinancial conditions that
might prevent a sustained growth for the commesgpake transportation industry in the
next thirty years. New technological concepts saglsomposite materials and hybrid
rocket motors will also be identified in order cartain if the logical barriers might be
offset by the availability of these technologicedékthroughs. The reader should gain a
better understanding of all the different financtathnological and regulatory factors
that might affect a sustained growth for this indysand other sub industries, such as
space tourism.

First, a brief definition of the commercial spandustry will be rendered, as well
as basic activities which depend from it. Nextlaéure of the problems to be considered
as samples will be discussed, via interviews oligtiy experts, results which will
influence the researcher’s conclusions. Finallpremendations about the future of the
industry for the next thirty years will be givendea on the aforementioned primary and
secondary industry data.

Through the analysis of the following sub-problethg, researcher will first
identify the logical barriers via accepted eviderared through the project outcome,
make an effort to demonstrate how these barrieghinfie overcome:

1. The first subproblem is safety. This has alwagesn the predominant factor
when sending humans into space. If civilians wereet considered, a more

comprehensive and detailed approach would need prdsented to the public due to
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legal issues and third party risks to innocentdoyders. As well as risks linked to direct
participation in the space program, such as thelsg¢ed to launch, re-entry and other
elemental risks, such as radiation. More so ifrttmber of civilians to go into space
gradually increases over time.

2. The second subproblem is security. This has beamiable since the start of
the space program, considering that initial missiere developed during the Cold Warr,
and security played a central role, providing atsgic military advantage over other
nations. Today, the motivation is different and iegitimate concern for countries like
the United States, due to malicious acts that nbghplanned by terrorists on a growing
space transportation industry (ITAR, 2012).

3. The third subproblem is financial. The costwénry space mission has
traditionally been extremely high. From the mantddaag of the crafts, cost of fuel and
training, to the ground personnel required to supie missions. According to NASA
(2012), the average cost to launch a space shwageabout $450 million dollars per
mission, and according to Sellars (2008), the lawan sometimes account for nearly
30% of a mission’s cost. Therefore, if we takedbeve estimate given by NASA of
$450 million, then 30% of the general cost wouldder a launch cost of $135 million
dollars per mission. This is just for the launcht pé the mission; without considering
manufacturing and testing, or communications arssion operations.

4. The fourth subproblem is physical & mental fgaeDue to the characteristics

of the space environment, from the effects of zgavity to the mental aptitude for

! current configuration of the International Traffic Arms Regulations ("ITAR") creates a significanpediment to private
industry's ability to reach international markeés there can be major delays in getting approvaksports. This policy is
"disconnected from program requirements and thditseaf international space activity”. The obsta@éectively bars smaller
entrepreneurial companies from participating insthiarket at all, which adversely affects the amaefidtiversity in innovation.
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launch and re-entry procedures, rigorous trainiag dlways been enforced by the space
agencies to guarantee the success of the missitermént, 2008). The same approach
should also be considered for ordinary civilianshesindustry grows, since the latter
might represent basic physiological and psychokdgicoblems for the selection of
would-be civilian tourists. Therefore, an assesgrteerach candidate must be made by
the respective space transportation companiesdid dgbilities and other legal
consequences that might arise.

5. The fifth subproblem is the available technolagy the willingness to share
the knowledge. Technology has taken giant leapsedime start of the space program and
this variable is turning in our favor with each piag generation. The true setback has
been the limitation of governments and nationdhtrs breakthrough technologies with
the private sector. The process is stagnant aoalysavailable years later (Handberg,
1995).

6. The sixth subproblem is legal. All operationetivadties of this industry is
subject, and will continue to be subject, to legadgulatory, liability, insurance and

environmental factors.

2 A committee from the American Bar Association rsantly drafting the legal framework for their meerb on the space
transportation industry, to be presented in Au@@k2 at the ABA Conference in Chicago (ABA, 2012).
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Program Outcomes

Program Outcome No. 1:

Students will be able to apply the fundamentaksrairansportation as part of a

global, multimodal transportation system, includihg technological, social,

environmental, and political aspects of the sydieexamine, compare, analyze and

recommend conclusion.

How the above Outcomes will be addressed:

The researcher proposes to implement the Poliicalironmental, Social,

Technological (PEST) analysis, to be addressed|ms\k:

Political. Rendering a summary of political achievementsland passed over
the last decade which favors the commercial spaesiry. Including Laws such
as the “National Spadeolicy” (FAA, 2010), and thePrivate Space Companies
Act” (NASA, 2011). The latter, according to The $p&ettlement Institute
(2012), was passed to promote space exploratiosettidment by private space
companies by promoting incentives for entrepremumvestment in space and
by assuring appropriate property rights for those week to develop space
resources and infrastructure.

Social Analyzing the perception of the public, of thiedgpast generations, and
their overall evolution in thinking in space reldiactivities. As well as their
desire and willingness in acquiring deeper knowéedfspace, and its overall
benefits. For this, a series of interviews willdmnducted under the “Proportional
Stratified Sampling” method (Leedy & Ormrod, 201@hereby sampling will be

taken from: 1. Ordinary civilians, 2. Industry peskionals, and 3. Political
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figures to different age range and educational gamknd. The location of the

first set of interviews would tentatively be at@ffice building, and the second at

a local mall.

One age target will be a younger population withimages of 21-33, represented
by Y1; and the older target population within tife@b age range, represented by O*. For
a more objective result of the sampling, a ratlygraélevel of education will be
contemplated for the above age targets. Furtheilgeire available under Program
Outcome 2 of this project.

» EnvironmentalDescribing how a gradual transition into a “hontal” launch

method, the implementation of new propulsion systamd transportation
concepts will affect the usage of fossil fuels esiugs, and how they will
minimize the impact on the environment.
» TechnologicalFocusing on the development component, criticéims of the
long range development of space, and how the NA8Wsnishing budget will
affect space related companies through purchagbeiofgyoods and services.
Program Outcome No. 2:

The student will be able to identify and apply agprate statistical analysis, to
include techniques in data collection, review,iguk, interpretation and inference in the
aviation and aerospace industry

How the above Outcomes will be addressed:

This program outcome will be addressed by condgdiseries of interviews,

targeted to two independent audiences, as follows:
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1. Interviews will be conducted to ordinary cigitis to analyze the perception of
the public, of this and future generations, andr thxeerall evolution in thinking in space
related activities, using the “Proportional Stiatf Sampling” method (Leedy & Ormrod,
2010), whereby sampling will be taken from US nadils belonging to two different age
range. The location of the first set of interviemsuld tentatively be at an office
building, and the second at a local mall.

One age target will be a younger population withimages of 21-33, represented
by Y1; and the older target population within tife@b age range, represented by O*. For
a more objective result of the sampling, a ratlygragélevel of education will be
contemplated for the above age targets.

2. Interview will be conducted to: 1. Ordinatiyitans, 2. Industry
professionals, and 3. Government/Public Officimisyrder to ascertain elements such as
new design concepts being considered or manufachy¢he private sector, and analyze
the tangible benefits scaled composite materiglsifyi for future development of
spacecrafts. Additional questions will also be dslseich as what atmosphere re-entry
benefits are obtained from new operational appresshich as the “feathering” technique
(Virgin Galactic, 2012).

Data tables for accuracy and reaction time willported from an Excel
spreadsheet for review and input into the statikioalysis, accompanied by descriptive
stats to visually represent the results obtainethcforial Analysis of Variance
(ANOVA) will also be conducted to evaluate if maininteraction effects exist from the

interviews conducted to both groups.
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For this purpose, a target of 20% of the seleatedtlon’s population should be
sampled for accurate results, respective of eamhpgfordinary civilians and spacecraft
designers) represented by P+., subsequently theliseys which obtain an end result of
60% or greater of the population will be represeériy Nx. Furthermore, results which
render unknown variables or neutral opinions wéllrbpresented by U° (Formula i.e.: Y
P+ - U°> Nx). The results will then be tabulated and delgresented by a line graph,
under the Ordinal data concept (Leedy & Ormrod,(301
Program Outcome No. 3:

The student will be able across all subjects tothedfundamentals of human
factors in all aspects of the aviation and aerospamustry, including unsafe acts,
attitudes, errors, human behavior, and human litrotas as they relate to the aviators
adaptation to the aviation environment to reachaosions.

How above Outcomes will be addressed:

* Human FactarSupported by previous expert research on hunwarfeopics in
aerospace, such as the publication “Human FactAviation/Aerospace” (Salas
& Maurino, 2008), the researcher will address tifiects of a zero gravity
environment and fatigue on the performance of welkted operations, as well as
other health related variables to the human baayh sis Space Motion Sickness
(SMS), cardio-vascular, musculo-skeletal, and pshadical effects, respectively
(Clement, 2008).

* Human Limitations & ErrorsThe researcher will analyze the “Correspondence

Error” theory, as they relate to the cockpit ennireent for would be pilots and

operators. A comparison will then be rendered dsto the change from a
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naturalistic environment to a deterministic (ingdrrelectronic) has influenced,
and will continue to influence cockpit displays.

» Aviators’ Adaptation Determine that if the widely accepted “horizorigalnch”,

from designs such as Burt Rutan, and other eqeé#fibgtive concepts, are to be
considered by the private companies for space leshow this new method
will represent an intrinsic and unknown human faetement that must be
addressed, as it might relate to spatial disoriemtar other yet unknown
variables.

Program Outcome No. 4:

The student will be able to develop and/or applyent aviation and industry
related research methods, including problem ideratifon, hypothesis formulation, and
interpretation of findings to present as solutiamshe investigation of an aviation /
aerospace related topic.

How above Outcomes will be addressed

* Problem Identification & Investigation of an Aviati Topic

Through a quantitative method, the researcherigelhtify weather as a major
problem for the sustainable growth of the commérpace transportation industry. This
will apply for weather within the earth’s atmospdess well as space weather, pertaining
to elements such as plasma, magnetic fields, radiahd other matters. The former is
applicable since this project will contemplate korital launch as the main method of
launch for reaching space for the next thirty yeassit represents a much safer and

financially feasible alternative (FAA, 2011).
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Since the ignition of rocket boosters to reach spachorizontal launches, might
be performed during regular cruising altitude; titeéa safe to assume that before
reaching this step the spacecraft would follow sib#light pattern like any other flight.
Therefore, it is the researchers’ opinion thatuate flight accident statistics from the
National Transportation Safety Board and the FASpectively, will also add significant
tangible data on weather related accidents tha begurred during: 1. taxing, 2. takeoff,
3. initial climb, 4. cruise, 5. descent, 6. appfgand 7. landing phases of flight. On the
other hand, secondary data in the form of desugptatistics from NASA will also be
obtained, those relating to space weather incidepirted on manned STS missions
which negatively affected astronauts or their instents on board, such as plasma and
solar radiation, which will also add valuable detaupport the desired outcome.

The representation and interpretation of this da&specially important in this
program outcome since most of the spacecraft degigssess liquid fuel propellant for
their rockets, which is undoubtedly a very impottaariable that must be fully assessed
due to the inherent danger it poses when combindoxidizers; more so if we consider
the presence of unstable weather while having lalyignitable propellant during a
flight. If civilians are considered for future sgaftights, then space weather and its
negative effects are also legitimate concerns anthar crucial barrier for the sustained
growth of this industry.

Relevant publications in aviation human factorghsas “Human Factor in
Aviation/Aerospace” (Salas & Maurino, 2008) will beferenced to try to obtain
sufficiently specific or accurate information téoav pilots to distinguish hazardous-

looking but benign weather from truly hazardous thea(Salas & Maurino, 2010), as
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well as publications relating to the effects of@pan the human body, from a
physiological and psychological standpoint (Clem&008).

Lastly, the researcher will concentrate on therpregation of findings, which
shall be a correlation rendering data tables fouery and reaction time imported from
an Excel spreadsheet for review and input intadisriptive and inferential statistical
analysis, following the “Proportional Stratifiedi8pling” method (Leedy & Ormrod,
2010). These samplings will be taken from the tfoveanentioned agencies,
accompanied by descriptive stats to visually regrethe results obtained.

* Program Outcome — MAS Specialization #11

The student will investigate, compare, contrasglyre and form conclusions to
current aviation, aerospace, and industry relatedits in space studies, including earth
observation and remote sensing, mission and laopehnations, habitation and life
support systems, and applications in space commeéetense, and exploration.

How above Outcomes will be addressed:

Attending the future use of new spacecraft desigrtdémmercial space activities,
the researcher proposes to investigate:

» Regulatory Aspects of Spaceports for Spacecraft&lipas.By researching

previous dissertations and publications, such@shS. Commercial Space
Transportation Developments and Concepts: VehiGleshnologies, and Spaceports”
(FAA, 2011), and the “Commercial Spaceport LicegdReview and Recommendations”
(FAA, 2012), as well as private research from cdtiregicompanies, such as

InterFlightGlobal, involved in Spaceport licensittige researcher will put forth data as to

the hurdles that potential airport operators mustame to allow sustained spacecraft
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operations. Analyze the current regulatory framéwomlace by the FAA and other
country’s aviation authorities, to determine itagdicality and/or required modifications
for commercial Spacecraft in the event of: 1. ptétcollision with other objects during
taxing, 2. contingency plans in the event it's fpedpellant ignites, or 3. any other
incidents which might arise during the course glutar operations within the airport
environment.

» Launch Operation8By investigating official NASA descriptive staiist and

scholarly articles, available through the Embryd®édLibrary, the researcher proposes to
identify the intrinsic dangers that come with veatilaunch operations and the negative
effects this method poses on the atmosphere. Elsprerch as heavy structural loads
required to sustain the fuel for this type of ldunas well as financial and logistical
implications. Hence, highlighting the opportuniteesorizontal launch represents for the
future growth of the industry.

Intertwined with Program Outcome 2, new horizosfacecraft concepts will be
analyzed, such as those utilized by Virgin Galaascwell as other equally effective
design concepts and combinations. Taking the latiecepts into consideration, the
outcomes will be addressed as follows:

1. Spacecraft Developmerescription of how those particular models aradpe

manufactured by the private sector, and analyzésatigible benefits scaled
composite materials signify for future developmeihspacecrafts. As well as
what atmosphere re-entry benefits are obtained frew operational approaches

such as the “feathering” technique (Virgin Galac#g12).
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2. Research and Developmehitertwined with political factors of Program

Outcome 1, a descriptive analysis will be rende®tb the effects of the US
governments’ decision to extend the space activibehe private sector, and how
this decision will expand the funding opportunitiesm non-governmental
sources for research in years to come. This wikdsessed by various interviews
to management figures of private aerospace andittorgscompanies, as well as
government defense contractors, to have theirquéati points of view on the

matter.

3. Production The researcher will take into account the denwdrgpace activities
to LEO and Sub-Orbit for the next 30 years, froiteliée usage for remote
sensing and telecommunications, to research arelamswent for military
applications. Attending the latter results, a bsi@inmary will be rendered to
account for the physical necessity of productiod sxanufacturing plants to

attend this niche, as well as the technical labquired.
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Abstract
Technological advances in today’s aerospace inglasire placed us in a very unique
and interesting time in human history, for we htheopportunity to expand our overall
involvement in space. Nonetheless, we are alsadaeingible challenges which must be
seriously contemplated if we are to move forward sustainable growth of the
commercial space transportation industry. Investrimespacecraft designs, certification
of spaceports and vehicles, regulatory and legallés, and funding from private sources
are just some of those factors that have been eeahtiy using primary data in the form
of interviews conducted with industry experts, #mdugh analysis of secondary data
such as key NASA and FAA publications, and emplsy&feaerospace consulting
companies. The project also analyzed socio-padliind human factors involved in the
application of new technology.
Keywords: barriers for sustained growth, space transportaimaustry,
spacecraft designs, certification of spaceporisafe investment, regulatory and

legal hurdles, Challenges
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Inherent Barriers for the Growth of the Space Trangortation Industry
Project Introduction
Statement of the Problem

Since Konstantin Tsiolkovsky, father of Russiannsosautics, first calculated in
1880 the escape velocity required for journey beyearth’s atmosphere, and suggested
that burning a combination of liquid hydrogen aigghid oxygen could improve rocket
efficiency, humans have long desired to achieveytied of spaceflight. In the 1960’s
humans started to venture into space through vanassions, and since then the process
has been conducted through the use of rocketegwiticiple mean of transport.

Today, placing a spacecraft into orbit requires raag amount of logistics,
facilities, and of course, personnel. Through ti@gort, the author will put forth new
technological breakthroughs, such as compositerialtend hybrid rocket motors and
how they represent important steps in the rightdlion to achieve a long term
sustainable growth for the commercial space tramaon industry. Nonetheless, as the
researcher will prove in this report, the commedrside of this industry is still in its
infancy; thus, multiple barriers will become evitiém the reader, barriers which must be
fully assessed and overcome in order for this itrgius become sustainable.

First and foremost, the researcher will renderfdflewing definitions of key
terms being utilized by the industry.

Space Transportation Industiccording to the FAA’s Office of Commercial

Space Transportation (2011), the latter is defaed competitive industrial base that

consists of space products and services with tfeetive of sustaining key partnerships,
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enabling commercial spaceflight capabilities far transportation of crew and cargo to
and from space.

Spaceportls defined as a site dedicated to launching drbitauborbital vehicles
into space. These sites often provide the capabiliintegrate launch vehicle
components, to integrate vehicle with payloads,tarfdel and maintain vehicles (FAA,
2011).

RLV’s: Acronym meaning Retrievable Launch Vehicle, paitay to orbital or
suborbital vehicles that can be re-used for lawmahspaceflight (AIAA, 2011).

ELV’s: Acronym meaning Expendable Launch Vehicle, peig to orbital or
suborbital vehicles that are used only once afteddunch and performance of its
mission (AIAA, 2011).

Concept “X™ Are launch vehicles in an all-in-one RLV. Theake off similar to
an airplane from a runway using jet power and fieea safe location before igniting its
rocket engines horizontally to complete its laupblase. After its flight it lands
horizontally as a regular airplane (AIAA, 2011).

Concept “Y™ Are launch vehicles which ignite its rocket eregrwhile on the
ground and takes off horizontally from a runwaythin returns gliding unpowered for a
horizontal landing (AIAA, 2011).

Concept “Z" Are launch vehicles with a two part launch, cetisg of a reusable
carrier aircraft and a reusable/expendable lauetiicie. The carrier aircraft is powered
by jet engines and designed/modified to carry #uath vehicle to a high altitude where
the two components detach and the rocket engitteedaunch vehicle is ignited (AIAA,

2011).
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Orbital Flight Is defined as a spaceflight in which a vehiclplesed on a
trajectory where it could remain in space for asteone orbit. To do this around the
Earth, it must be on a free trajectory which hasléitude at perigee (altitude at closest
approach) above 100 kilometers. These can be Laoth Eabit (LEO), Medium Earth
Orbit (MEO), or Geostationary Orbit (GEO) (Anders@008).

Sub-Orbital Flight Is defined as a spaceflight in which the vehreleaches space,

but its trajectory intersects the atmosphere daserof the gravitating body from which
it was launched, so that it does not complete obigab revolution (Anderson, 2008).

Composite Materialds defined as a structural material being utdiby the

aerospace industry for spacecraft designs, anéctesized by being relatively light,
high strength, low thermal coefficient, and higmdoctivity (Peters, 2004).

Hybrid Motor. Is a rocket with a motor which uses propellantsao different
states of matter, one solid and the other eithegdiquid (Figure 1). Hybrid rockets
exhibit advantages over both liquid rockets andisolckets especially in terms of

simplicity, safety, and cost (Space Propulsion @rd@012).

Valve guiter Wik
\N " Fuel Grain | g
- - i

Injestor

Figure 1 Hybrid Rocket Motor. Retrieved from Space ProjuisGroup (2012).

The following sub-problems are to be consideredtbst basic barriers the
commercial space industry currently faces, and whiil be discussed throughout the

course of this project:
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1. The first subproblem is safety. This has alwagesn the predominant factor
when sending humans into space. If civilians wered considered, a more
comprehensive and detailed approach would need prdsented to the public due to
legal issues and third party risks to innocentdoygers. As well as risks linked to direct
participation in the space program, such as thels¢ed to launch, re-entry and other
elemental risks, such as radiation. More so ifrthmnber of civilians to go into space
gradually increases over time.

2. The second subproblem is security. This has beamiable since the start of
the space program, considering that initial missiere developed during the Cold Warr,
and security played a central role, providing atsgic military advantage over other
nations. Today, the motivation is different and iegitimate concern for countries like
the United States, due to malicious acts that nbghplanned by terrorists on a growing
space transportation industry (ITAR, 20%2).

3. The third subproblem is financial. The costwénry space mission has
traditionally been extremely high. From the mantddaag of the crafts, cost of fuel and
training, to the ground personnel required to supie missions. According to NASA
(2012), the average cost to launch a space shwageabout $450 million dollars per
mission, and according to Sellars (2008), the lawan sometimes account for nearly
30% of a mission’s cost. Therefore, if we takedbeve estimate given by NASA of

$450 million, then 30% of the general cost wouldder a launch cost of $135 million

3 current configuration of the International TrafficArms Regulations ("ITAR") creates a significant
impediment to private industry's ability to reankernational markets, as there can be major datays
getting approval for exports. This policy is "disoected from program requirements and the redlity o
international space activity”.The obstacle effegtivbars smaller entrepreneurial companies from
participating in this market at all, which adveysaffects the amount of diversity in innovation.
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dollars per mission. This is just for the launcht ph the mission; without considering
manufacturing and testing, or communications arssion operations.

4. The fourth subproblem is physical & mental fgseDue to the characteristics
of the space environment, from the effects of zgavity to the mental aptitude for
launch and re-entry procedures, rigorous trainagdways been enforced by the space
agencies to guarantee the success of the missitermént, 2008). The same approach
should also be considered for ordinary civilianshesindustry grows, since the latter
might represent basic physiological and psychokdgicoblems for the selection of
would-be civilian tourists. Therefore, an assesgrteerach candidate must be made by
the respective space transportation companiesoid &gbilities and other legal
consequences that might arise.

5. The fifth subproblem is the available technolagg the willingness to share
the knowledge. Technology has taken giant leapegime start of the space program and
this variable is turning in our favor with each piag generation. The true setback has
been the limitation of governments and nationdhtrs breakthrough technologies with
the private sector. The process is stagnant aoalysavailable years later (Handberg,
1995).

6. The sixth subproblem is legal. All operationetivdties of this industry is
subject, and will continue to be subject, to legadjulatory, liability, insurance and

environmental factors.
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Review of Relevant Literature

After briefly reviewing the basic aforementionedrisxs, as follows, the
researcher will proceed to discuss industry spebdiriers, intertwined with the review
of relevant literature; and the use of the PESTyaigdescribed in thBrogram
Outcome 1 and 8ection of this project.

1. Political:

In the early 90’s the space industry faced a neall@hge with the termination of
the Cold War, pertaining to the process of sepagatiilitary and civilian space
activities. Military space activities were the anigl focus justifying public sector
involvement in space. The military simply saw spase& high ground and a tool by
which to prevent strategic surprises (Handbergb5)19Bhere was no economy of scale
because of the compartmentalization imposed byrggcand up until recently, the
involvement of private enterprises in space ad#igitvas simply limited to that of vendor
and contractor, whereby private companies woulg sell equipment and materials
employed by the military and NASA for its purposes.

Today however, the industry has shifted considgrabdt the challenges are a bit
different, since we are now faced with the resgalhsi of gradually separating not the
military, but the government, from the activitiebish will be performed by new private
aerospace companies. This gradual transition imthestry has been undoubtedly fueled
by various factors, such as the global financieéssion faced by almost all space-faring
country’s within the past 4-6 years, reducing gawsent budget and spending, mainly

the United States; and of course the advent ofteetnnology and concepts which has
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allowed the private industry to consider venturag into this arena, more so with sub-
orbital flights.

In terms of government support, and directly in@red with the aforementioned
financial recession, it is worthwhile pointing dbat the United States has passed key
legislation that addresses the need for increasegsiment from private sources for the
benefit of the industry. A survey conducted to Qgwand State political figures will be
assessed on thesultssection of this report, which provides an insigho their
respective perception on the topic. As followsriaftrendition of key Laws passed by
the United States with the objective of incentingziand promoting private venture into
the industry:

* The Private Space Companies Aeassed in 2010 and resolved by the Senate

and House of Representatives of the United Stdtaserica in Congress to:

promote space exploration and settlement by prispdee companies, by promoting
incentives for entrepreneurial investment in spawe by assuring appropriate property
rights for those who seek to develop space ressumee infrastructure (Space Settlement
Institute, 2012).

» National Space Policy AcPassed in 2010 to: i. Energize competitive

domestic industries to participate in global maskatd advance the development of
satellite manufacturing; satellite-based servispgce launch; terrestrial applications; and
increased entrepreneurship, ii. Expand internatioo@peration on mutually beneficial
space activities to broaden and extend the berwgfgpace; further the peaceful use of
space; and enhance collection and partnershipairnghof space-derived information,

iii. Strengthen stability in space through domeatid international measures to promote
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safe and responsible operations in space; imprimfednation collection and sharing for
space object collision avoidance; protection di@l space systems and supporting
infrastructures, with special attention to theicaitinterdependence of space and
information systems; and strengthening measurestigate orbital debris, iv. Increase
assurance and resilience of mission essentialibmgenabled by commercial, civil,
scientific, and national security spacecraft angpsuting infrastructure against
disruption, degradation, and destruction, wheth@nfenvironmental, mechanical,
electronic, or hostile causes, v. Pursue humarr@matic initiatives to develop
innovative technologies, foster new industriegrggthen international partnerships,
inspire our Nation and the world, increase huméasiiypderstanding of the Earth,
enhance scientific discovery, and explore our sefyatem and the universe beyond, and
vi. Improve space-based Earth and solar observatipabilities needed to conduct
science, forecast terrestrial and near-Earth spaegher, monitor climate and global
change, manage natural resources, and suppontatisasponse and recovery (FAA,
2010).

Today, just two years since the abovementioned lvagve passed, we have seen
a sustainable increase in the participation andtione of private aerospace companies.
As follows, a brief rendition of significant everdarried out by private companies, or
government agencies in favor of private compariet)e past two years:

* FAAJ/AST issued its first safety approval for a coemgial Spaceflight

Training System (STS)

* FAA/AST issued a Spaceport license for New Mexi&@gmceport America

* FAA/AST issued a Spaceport license for Florida’siCEield Spaceport

* NASA selected the first round of winners for then@oercial Crew

Development initiative.

» Scaled Composites started test flights of its SphgE ' wo suborbital crewed
vehicle
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» Space X inaugural Falcon 9 Launch was a succeds;@arsequently now
ponsidered as a top provider by the US Governneesgid crew and cargo
into space.

* NASA announced its intentions to procure commerntiahned launches to
carry its astronauts to the ISS beginning in 2b17.

2. Environmental:

Of all the factors in this PEST analysis, the Eonimental variable is
perhaps one of the most important that might impgkdeccelerated growth of the
industry, especially from the spaceport developraeuitcertification perspective. This
factor will always be one in which the governmeiit aave a more direct intervention
and non-flexible role if Federal or State enviromha¢ Laws are not met.

According to Anderson (2008), the existing rocketulsion system consumes a
great amount of fuel “propellant” in the form aofjliid oxygen and liquid nitrogen. Clark
(1972), also found that a three stage solid robkester has a launch mass of 23,130 kg,
low earth orbit payload is 443 kg, for a payloaattron of 1.9%., compared to a Delta IV
Medium, 249,500 kg, payload 8600 kg, payload foac8.4%. At liftoff an orbiter and
external tank carries 835,958 gallons of the ppleciiquid propellants: hydrogen,
oxygen, hydrazine, monomethylhydrazine, and nitnogéroxide. The total weight is
1,607,185 pounds (Anderson, 2008).

Despite the above chemicals currently in use, perate was an ingredient
heavily used in rocket fuel and some fireworks tartllizers; and still has been regularly

detected in public drinking water supplies. Accagiio the EPA (2000), exposure to

perchlorate has been shown to inhibit thyroid fiord, subsequently causing

* According to the Government Accountability Offig2012), since NASA retired its Space Shuttle
program in July 2011, it lacks a domestic capabibtsend crew and cargo to the ISS. Thus, to maint
the ISS through 2020, as required by the NASA Arigladion Act of 2010, NASA is relying on
international partners and commercial vehiclesandport cargo.



INDIVIDUAL PROJECT 29

developmental problems. It would therefore alsa begitimate question to ask the long
term effects of the chemicals currently replaciegchlorate, and the side effects that
might surface in coming years.

For a more succinct material, this topic has beeided into two: 1.
Environmental impacts on a global scale, and 2ifBnmental impacts on a
local/regional level.

According to McDonald & Bennett (1995), three indegdent studies were
conducted for assessing the impact of rocket laemolm the earth's environment. These
studies addressed issues of acid rain in the tpbywe, ozone depletion in the
stratosphere, toxicity of chemical rocket exhawetipcts, and the potential impact on
global warming from carbon dioxide emissions frayoket launches. Local, regional,
and global impact assessments were examined angbcedwith both natural sources
and anthropogenic sources of known atmospherictaoits with the following
conclusions:

* Neither solid nor liquid rocket launches have asigant impact on the earth's
global environment, and there is no real signifidifference between the two.

* Regional and local atmospheric impacts are morm@fgignt than global impacts,
but quickly return to normal background conditievithin a few hours after
launch.

» Vastly increased space launch activities equivdtesd U.S. Space Shuttles or

50 Russian Energia launches per year would notfgigntly impact these

conclusions.
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Table 1

Major Exhaust Products During and After Rocket Laun

Propellant System Major Exhaust Products

Ammonium Perchlorate HCI, Alz03, CQe, CO, N, Hz*, H20
Aluminum

NaCl, AlO3, CQOp, CO*, N2, H2*, H20
Ammonium Perchlorate Sodium
Nitrate Aluminum

MgO, MgCk, CQz, CO*, N2, H2*, H20
Ammonium Perchlorate
Magnesium

Al203, ORM@O, N, CQ2, CO*, H2, H20
Ammonium Nitrate
Magnesium or aluminum

H20, H*
Liquid Oxygen
Liquid hydrogen
CO*, CO2, HYDROCARBONS, HO
Liquid oxygen
Hydrocarbon
N2, NOx, CO*, CQ, H20

N2 04
Dimethylhydrazine

Note: Mostly consumed during afterburning. Adagtedn “Environmental impacts of
rocket launches” byvicDonald & Bennett, 1995, pp 2-4.

Nonetheless, according to Toohey (2011), just ahéof NASA space shuttle
launches release more ozone depleting substantes stratosphere than the entire
annual use of CFC based medical inhalers useedbdsthma and other diseases in the
United States.

Highly reactive trace gas molecules known as rdgldeminate stratospheric
ozone destruction, and a single radical in theagphere can destroy up to 10,000 ozone
molecules before being deactivated and removed fhenstratosphere. Microscopic

particles, including soot and aluminum oxide p#&semitted by rocket engines, provide
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chemically active surface areas that increaseateesuch radicals "leak" from their
reservoirs and contribute to ozone destruction (egp2011).

In addition, Toohey (2011) also found that evepetyf rocket engine causes
some ozone loss, and rocket combustion productharenly human sources of ozone
destroying compounds injected directly into the afédand upper stratosphere where the
ozone layer resides.

In the study conducted by McDonald & Bennett (1995¢ results obtained
indicate no global environmental impact on the afsgropellants during and after
launch. Current global rocket launches depletet#tmme layer by no more than a few
hundredths of 1 percent annually (Toohey, 2011)c&il987 CFCs have been banned
from use in aerosol cans, freezer refrigerantsaandonditioners, and many scientists
expect the stratospheric ozone layer, which absodre than 90 percent of harmful
ultraviolet radiation that can harm humans and stesns, will return to levels that
existed prior to the use of ozone-depleting chelwiog the year 2040 (Toohey, 2011).

On the local and regional level, however, the intpace more tangible. Acid rain
is one of such variables, and according to McDo&akknnett (1995), since SRB’s
produce hydrochloric acid in the exhaust plumeghmas been considerable concern
over the impact that this acid rain may have onglbbal environment, but more
specifically on local launch sites. All rockets guze some acid rain as a result of the
formation of NOx in the near field of the plumerfr@fterburning that forms nitric acid
in the presence of water.

As follows, Figure 2 depicts the annual U.S. cdmnttion to the global acid rain

problem from various anthropogenic sources, inclgdiolid rockets. As can be seen
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from the figure, other energy conversion processiel as heating and power production
(33,000 kilotons), transportation (9,100 kilotoremd industrial processes (6,100
kilotons) clearly overshadow the acid productiorki{8tons) from solid rocket launches.
Most of the acid produced from these industriaivéas is in the form of sulfuric
acid, with significant quantities of nitric and hgdhloric acid also produced. Without
considering other countries in the world, rocketsrasponsible for less than 0.006

percent of acid rain produced by U.S. industriesal
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Acid-Producing Chemicals (kton)

Figure 2 Acid-Producing Chemicals. Adapted frofarivironmental impacts of rockets”
by McDonald & Bennett, 1995, pp-8-9.

On a local scale, acid rain from SRB’s is more gigant and does have near
field acidification effects in the vicinity of tHaunch site. These effects are limited to a
very localized area within less than one-half rfiéen the launch pad directly in line
with the SRB flame trenches, as shown in Figui®dne plant and small fish (minnows)
mortalities occur in the lagoon area just norttthef launch pad, less than 0.1 square mile
of area (which is much smaller than the launchitsadf). Catch basin for the sound

suppression water is neutralized after each laandthe pre- and post-launch
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environmental conditions are documented on eacheSphuttle launch (McDonald &

Bennett, 1995).

Broadaxe Banana
Creek River

Figure 3 Flora & Fauna Study around Launch Site. Retridvech “Environmental
impacts of rockets” bicDonald & Bennett, 1995, pp.8-9.

Considerable concern has been raised relativeettotticity and corrosiveness of
the SRB ground cloud as it drifts away from thenlgtusite. Bionetics Corporation has
periodically monitored HCI concentrations for NA®Ad routinely conducts model
calculations on HC1 concentration in the far fiefdhe Space Shuttle plume (McDonald
& Bennett, 1995).

It should also be noted that according to McDordaBennett (2011), the
maximum HC1 concentration in the ground cloud &fgiarts per million is well below
the American Conference of Governmental IndusHigdienists' recommended
threshold limit value (TLV) of 5 parts per millidor long-term continuous exposure (8
hours per day 40 hours per week). HC1 concentratimeasured in the path of the Titan

Il SRB ground cloud as it drifted several kilomstérom the launch site at Vandenberg
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AFB have also been well below the 5 ppm threshatit alues, i.e., 0.005 ppm to 0.5
ppm.

Hydrochloric acid is the most toxic substance assed with cured solid
propellants and it is only produced by combust®torable liquid bipropellants
consisting of nitrogen tetroxide (NY2and hydrazine compounds are far more toxic, but
have been safely and routinely handled at variausdh sites for decades. Even in very
minute concentrations, these liquid bipropella@s be a significant health hazard while
HCI in minute quantities is only considered a csive or irritant (McDonald & Bennett,
2011).

On the other side of the spectrum, according tch€gq2011), on a global scale
and as the rocket launch market grows, so will ezdestroying rocket emissions, and if
left unregulated, rocket launches by the year 2€h0d result in more ozone destruction
than was ever realized by CFC’s.

Nonetheless, it is the researcher’s opinion thattfe short-term to mid-term
growth of the commercial space industry a moreitdedparrier will be on the local
scale, as more and more communities will becomeeradamant in overseeing the
overall impacts of rocket launches within their coomities. The latter will undoubtedly
require multiple studies on the subject to guamtheir overall health and impacts to the
surrounding flora and fauna. This will become mevilent as the commercial space
industry grows and the need for spaceport certiioagrows alongside it.

In some instances, it will be safe to assume thiaescommunities will not even
consider the positive local economic effects thgpaceport might have in their area,

perhaps not even with the scientific support oftipld environmental impact studies
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which might indicate minimal negative effects. A\sy conducted to ordinary civilians
and political figures will be assessed onasultssection of this report which will
provide an insight into their respective perceptiorthe topic.

Another important part of the environmental bagisrthe noise element, directly
attributable to vertical launches. According tor@aiMargasahayam & Nayfeh (2001), at
lift off the thrust of the rocket motors and resutacceleration of the launch vehicle
impose a large steady state load. Significant ieats due to engine ignition produce
vibration over a wide range of frequencies. Howgeagrarticularly serious source of
vibration is very high amplitude acoustic noise gated by the propulsion system of the
first stage main engines at lift off. The noisdeetfs upward from the ground and
envelopes the spacecraft and launch pad equipmdrgtauctures. This lasts about 10
seconds until the rocket clears the pad.

Caimi, Margasahayam & Nayfeh (2001) also found thatairborne sound acting
on the structural elements abdte ground excites a typical building or structur¢he
vicinity of the launch pad. A part of this sounceagy is transmitted into the building
interior via any opening in the walls and re-radiatrom the vibrating walls. Unless the
building structure is acoustically isolated, a gigant portion of acoustic energy may
propagate into the building interior.

Furthermore, ground vibrations generated by theest stream of the rocket
engine that impinges off the deflector can alstréesmitted structurally from the launch
pad to the parts of the building below ground, ¢bgrexciting the rest of the building
into vibrations. Airborne and structure borne naise vibration will affect equipment

and machinery located inside the structure (Cdifargasahayam & Nayfeh, 2001).
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Reviewing the findings from the study above, sade to conclude that the
recurring exposure to vibration andignition overpressure environment may cause
serious structural and equipment failures resuiting direct impact to would be
communities which might have a spaceport in itxpndty, and specifically conducting
launches vertically. Therefore, knowledge of thedamental factors governing the
vibratory source characteristics and their subssig@sponses is imperative to the
designer of launch pad facilities, equipment, anactures.

For a better edification to the reader, Figure @vwshthe characteristics of ignition
overpressure peaks as a result of using solid teckther than liquid rockets. It
represents a shock loading to the structures anigpgnt located on the launch pad.
Solid fuels are superior to liquid fuels in ternigteeir high-thrust capability during the
early phase of launch. However, their main drawhadke inability to throttle the engine

once ignited.
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Figure 4 Rocket noise and vibration affected areas. Retddérom ‘Rocket launch-
induced vibration and ignition overpressure respngy Caimi, Margasahayam, &
Nayfeh, 2001, pp. 1-8.
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To further substantiate the impacts of verticahtzhes on a local fauna, the
researcher will put forth the study conducted bgrBiStewart (1998) on the impacts of
launch on fauna, conducted from the Kodiak Launom@ex. The study in question
utilized sound measuring and recording instrumplased at three sites within several
miles of the launch pad

Most of the sound energy that impacted the Azinsitéhoccurred within 20
seconds after launch, though some noise was aualble background levels for a total
of about 59 seconds. The frequency content ofrtbise was mostly below 4 kHz with a
substantial amount of energy at frequencies oftd@D0 Hz. The sound exposure level
for the noise event was 110 dBA and the maximunmdquessure level was
approximately 104 dBA, both slightly higher thamgicted for the aft rocket motor at
that distance from the launch pad (Stewart, 1998).

The study concluded that data for hearing threshisléared pinnipeds (family
Otariidae) and birds indicate that the launch naieald have been detected by local bird
and pinniped fauna and that those species likelylavbave responded behaviorally to
the launch noise event impacting the three momigpsites (Stewart, 1998).

According to Stewart (1998), in the case of seladja@ata available indicate that
their in-air hearing thresholds are about 18 talBbetween 1 and 4 kHz, respectively.
Data for one California sea lion suggest an iaaring threshold of around 77 dB (re:
20 mPa) at 100 Hz. If we consider the latter dé@n most of the launch noise that was
recorded would have been audible to sea lionstlagtseasonally reside at Ugak Island

around Kodiak, Alaska.

® Study conducted by Brent S. Stewart, PhD., SeRésearch Biologist of Hubbs-Sea World Research
Institute, titled: “Evaluation of the Potential limgts of Launches of the USAF atmospheric interaepto
technology from the Kodiak Launch Complex”. Perfedron 04 November 1998.
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Thus, hearing impairment of sea lions exposeditostiort duration noise event
would not be likely; nonetheless, sea lions woikdly be alert to and perhaps be
stimulated to move towards or into the surf by ¢hesique noises. The same conclusions
would apply to bald eagles in the near vicinitye{@art, 1998).

3. Social:

The social element of this project's PEST analysis focused on the overall
perception of the public, specifically through thee of surveys conducted to three
respective audiences, divided into three parts. Aaras targeted to ordinary civilians to
show their perception and overall evolution in Kiirg of space related activities; Part B
was targeted to industry professionals to show therisonal and professional opinions in
spacecraft design, industry trends, and spacepdification, and Part C was targeted to
government/public officials and representative€otinty, State and Federal agencies to
ascertain their perception in the future of the nwrcial space transportation industry
and of spaceport certification in their respecteenmunities.

Data tables for accuracy and reaction time weremegd from an Excel
spreadsheet for review and input into the statifioalysis, accompanied by descriptive
stats which visually represented the results obthiA factorial Analysis of Variance
(ANOVA) was also conducted to evaluate if mainrderaction effects existed from the
interviews conducted to the three respective groups

The data obtained will be thoroughly discussederespectivenethodologyand
resultssection of this report. Nevertheless, it's wortlle/fpointing out that said results

did in fact indicate important statistical trendsta the perception of all the audiences
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involved, which undoubtedly served the main purpafsthe survey as to successfully
meet thgorogram outcomes 8escribed for this project.
4. Technological:

For the commercial space industry, the more ctipaélic activity has been the
development component; more critical that is im®of the long range development of
space. Although in the short term, the comparatilaige budget of NASA has kept
alive some space related companies through pursloéseeir goods and services. All
this, however, is now gradually changing as redgmarnment spending and financial
constraints are decreasing NASA'’s budget and engliowards funding from private
sources, as has been discussed ipdtigcal section of this project.

Handberg (1995) found that the tendency in spaegktechnological
development which was once explicit to the govemmmell still be fostered by them but
proactively incentivizing private companies in teotogical innovation, such as
supporting new physical processes like crystal ¢gmaw microgravity, developing
alternative launch technologies, or new technobtpesolve space-related problems that

have usefulness in the private sector.
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Commercial Development of Space
Orbital and Sub-Orbital Trends

Following the definition of orbital flights in thgroject introductionsection of
this report, the researcher will now present anistiy snapshot pertaining to commercial
activities on orbital spaceflights.

As we have gradually seen throughout this repgportunities for the economic
exploitation of space do exist and are expandirgnificant players are considering the
field, including individuals and institutions noswally interested in space. According to
Handberg (2008), the expressed interest comesbaalyuse of possible profits. The
trend for orbital activities will be dramaticallgdilitated by sustained investment in new,
more cost efficient launch technologies. Such adeamnd economic development of
space will likely lag behind expectations and gtowotential. Commercially, the
technology will become a means to an end, thatvelde achieving a profit.

With the end of the Space Shuttle missions in 28hdl with the goal of
streamlining their operation with a reduced budi&tSA has actively searched for new
launch alternatives for their future orbital missoFor manned missions, NASA is
temporarily utilizing Russia’s SOYUZ capsules tagke space; nonetheless, it has also
signed a Space Act Agreement with the company Spaarethe development of human
spaceflight hardware. This agreement is a flexiaienership that allows NASA to work
cooperatively with industry to develop and transéshnology in support of national
priorities and NASA's missions (NASA, 2012).

Interesting news is that at the moment of writinig project NASA has

announced the arrival to Kennedy Space CentereoOtiion Capsule, designed to fly up
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to four astronauts to near-Earth asteroids, thenmllars and other destinations beyond
the space station's orbit (NASA, 2012). The Oriapsule is scheduled to launch in 2014,
and is made up of an aluminum alloy hull, and iitgval is just the beginning of what
eventually will be put on top of a Delta 4 Heavgket and shot some 3,450 miles into
space.

Also worthwhile discussing herein is the privatedstment in innovative space-
related ventures for non-traditional orbital pumgsreferring of course to deep space
missions for mining asteroids. Here we see a peefeample of how the attainment of
technology from investment in space is a clear méamn end, being profit the ultimate
goal. In April of 2012 a new private venture was@mced, the creation of the company
“Planetary Resources”, which plans to survey anmkerprecious metals and minerals
from asteroids (DiscoveryNews, 2012).

The venture has drawn a list of high-profile ineest including Google
executives Larry Page and Eric Schmidt, filmmalkends Cameron and former
Microsoft software chief Charles Simonyi, who flémice to the International Space
Station as a private space traveler.

According to DiscoveryNews (2012), the first stepthe company will be to
design fleets of small low-cost probes that canerbeyond low-Earth orbit. There are
thousands of asteroids that come close enoughrtb &ad that are easier to get to than
the moon. Planetary Resources also expects tccextedier and other raw materials from
some of the thousands of asteroids that passweiatilose to Earth.

Water, for example, could be processed into fuebimaking apart the oxygen

and hydrogen molecules. It then could be sold comiadéy from fuel depots in orbit to
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NASA and other entities conducting robotic and harspace missions. An asteroid
about one-third as long as a football field coudddras much as $25 billion to $50 billion
worth of platinum at today's prices (DiscoveryNe®2312).

As we move forward in the development of commerSédce, we still hold true
to the fact of six major national players in thea&parena: United States, Russia, Japan,
France, Germany, and China, latter which shoulddmsidered as an important
competitor to the United States. Nevertheless, raatg to Handberg (2008), the United
States remains overall the dominant single Spacer@yce player, although that position
remains fragile.

Of these major players, it's safe to assume thdterdevelopment and growth of
private space companies for commercial purposedJtiited States also has the lead.
This has been fueled in part by the prizes and etitigns, such as: 1. the NASA
Centennial Challenge, 2. Google Lunar X Prize, &nthe Ansari X Prize; as well as the
strategic Laws passed by the U.S. government ipalse2-3 years to incentivize the
private industry fee political section This has undoubtedly contributed for space-
related private ventures to take off, literally digpiratively.

Now if we look in the global arena, in the casédnce and Germany, their
activities range from independent to cooperativihiwithe framework of the ESA.
Europe at some level is an entity, but in othertexin each country also does it alone
(France much more than Germany). As follows, af lsm@pshot of each of the major
players besides the Unites States:

* RussiaiRepresents an enigma when one evaluates its éongspace
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commerce potential. The Russian space programs@piea strong competitor across
the spectrum of space activities. They possesgéroal launch capability, commercial
application and remote sensing.

» JapanGreat potential, but modest accomplishments, dueliberate choice
and historic circumstances. Their space programneafueled by large military motives
as the U.S. or Russia, for obvious reasons retatdukir defeat in World War Il. It is an
explicitly commercially oriented space programo8ty areas are in robotics and remote
sensing.

» Francels a striving commercial player. They are a domindayer within
ESA through Arianespace and remote sensing thr&R§DT images. They are more
committed to space programs than any other Europeaamtry. They are currently
seeking partnerships with Russia and China, nolesthetheir physical location limits
certain activities.

» Germany:Should be considered as a major player due gcdsomic growth
and demonstrated technological capability. TheyehHzaen scientific and commercial in
their aspirations; however, space efforts are ddtéject to extreme pressure because of
other domestic political priorities. Their spacegnam is characterized by international
projects to which they are vital contributors bat dominant players. Their potential like
the Japanese is tremendous, but still lies inuhaé.

» China:Has made a determined bid for prominence in thiddWauncher
market. Its rocket family covers the spectrum fremmall to heavy payloads. According to
Handberg (2008), fears concerning their abilitytaler price and totally capture the

launch market has led to agreements restrictinig éiceess to the marketplace. Their
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next major area of concentration is remote sensvhgyre applications have immediate
social utility (e.g., soil studies, floods).

On the sub-orbital side of the industry, there ddae been significant
development from the private sector in recent ydarparticular, six companies made
significant progress in the development of subtatlveusable launch vehicles (RLV).
According to the FAA (2012), a number of these cames are conducting or planning
operational flights in the next few years.

For the purpose of discussing this sub-topic wetrtake note of the definitions
given in theproject introductionof this report, pertaining to spacecraft desigocakding
to the FAA (2012), vehicles that access outer spaerate within the space
environment, return safely to Earth, and can be aggin are referred to as RLV'’s.
Those that do not attain enough velocity to enttr & sustainable orbit around the Earth
and re-enter are SRLV’s.

Of the six sub-orbital space companies, thereharget which are concentrating in
operating under a horizontal launch method, andrettvill maintain a vertical launch.

» Virgin Galactic’'s SpaceShipTwo vehicle and XCORjigk vehicle are
Horizontal takeoff and Horizontal Launch (HTHL).

* Armadillo, Blue Origin, and Masten design are Mtitakeoff and
vertical landing vehicles (VTVL).

As of now there are no crew capable sub-orbitalrbital RLV’s in operation.
However, several companies have completed significelestones in crewed SRLV
development. According to the FAA (2012), six Us8b-orbital launch service providers

have made the most progress in the design, develup@ind testing of their respective
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vehicles: Armadillo Aerospace, Blue Origin, Mastpace Systems, UP Aerospace,
Virgin Galactic, and XCOR Aerospace.

Some are flight testing hardware and conductingergental launches, while
others will enter the flight test phases in therrieture. Five companies plan to conduct
scheduled commercial suborbital launches by theoé2012 to 2014 timeframe (FAA,
2012). Finally, the researcher would like to renal@yramid of what the aerospace

industry will look like in the next 20-30 years, @&r current industry trends.

Deep Spac
Government
99% -
Commercial 1%

Sub-Orbital Flights:
80% Commercial — 20% Government

Figure 5 Pyramid with expected traffic of Aviation/Aerosgsaflights for the next 30
years. Courtesy of InterFlightGlobal, 2012.
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Spacecraft Designs

Current Spacecraft designs for manned Orbital epdpace flights are limited to
capsules, which basically require rockets to complat their functions of reaching
space. A manned space capsule must have everytbaggsary for everyday life,
including air, water, food, as well as the cap&pidif protecting the astronauts from the
radiation of space and the cold. Other elements alss be present in the design of the
capsules, such as the requirement of being wellatesd, and the presence of a system
that controls the inside temperature and envirotifi¢ASA, 2012).

Over the years, various capsules have been dedmynéifferent countries, such
as the Soyuz by the Russians, the Gemini and Apglithe U.S., and the Shenzhou by
the Chinese. A new capsule developed for orbitghgses and deep space exploration is

the U.S. Orion capsule.

Figure & Orion Capsule for Orbital and Deep Space missiBetrieved from NASA
“Researcher News”, 2012.
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According to NASA (2012), the capsule is basedhendesign requirements for
traveling beyond low Earth orbit (LEO), and willrge as the exploration vehicle that
will carry the crew to space, for future Mars migs, provide emergency abort
capability, sustain the crew during the space trarel provide safe re-entry from deep
space return velocities, and it is scheduled ferlns2014.

On the other hand, the design and developmentiebsaital vehicles is also
experiencing positive growth, which is largely daghe $10 million Ansari Prize in
2004, won by Mojave Aerospace Ventures using ackeloperated by Scaled
Composites called SpaceShipOne. This prize motivaéeteams to invest over $100
million to win the prize, consequently showing twestors and consumers the possibility
of sub-orbital flights (FAA, 2012).

Current spacecraft design concepts for sub-orbéhicles either launch vertically
like a traditional launch vehicle, at a high altiéufrom a carrier craft, or horizontally take
off under rocket power from a runway. The vehi¢le=n either use rockets or parachutes
to assist landing vertically, or they use wingsatad like a glider or conventional aircraft
(FAA, 2012).

It's worthwhile pointing out that various privaterapanies, such as RocketPlane,
are also considering not the construction fromgiftwaind up of a newly designed
spacecraft, but looking into the possibility ofitalkan already FAA-certified aircraft,
such as a Citation X, and simply modifying someea$pof its fuselage to accommodate
an ignition tank for sub-orbital spaceflights, unde’X” concept vehicle

(InterFlightGlobal, 2012).
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One of the main advantages which will become imatetly evident with sub-
orbital flights will be the duration of the flighfsom a determined point A to point B,
which will be initially offered to businessman thatjuire short flight times, as well as to
tourist which will want to be part of the experienés shown in Figure 7 below, we can
appreciate a proposed sub-orbital flight, elabar&de RocketPlane by Embry-Riddle

engineering student, and InterFlightGlobal intdwse David Edid:

Figure 7. Preliminary trajectory of a sub-orbital flighteRieved from IFG Sub-Orbital
Flight Trajectory”, by Jose David Edid on behalf of InterFlightGlql012, p. 3.
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According to InterFlightGlobal (2012), an alreaddA=certified aircraft would
only require a Part 23 certification to approve plaeticular area which has been modified
or added to the aircraft. The latter scenario prissgreater financially-feasible
alternatives for sub-orbital flights, since comgnwill not be inclined, at least during
the first years of industry growth, to invest laggaounts of capital in the design from the
ground up of new spacecrafts.

The downside to this, of course, is that no newbkng technological or design
breakthroughs will be attained as a byproduct. H@ngt just might be the gradual, yet
flexible, transition small private sub-orbital coampes might need to get off the ground,
at least until the industry grows and develops suthslly; bringing forth public demand
in its services to significantly produce a steddwfof investments.

As follows, we can appreciate some illustrationspdcecraft designs from

various of the new private sub-orbital companies:

o 3
o RN . i

Figure 8 Lynx Concept “X” Vehicle for Horizontal takeoffdtflizontal Land (HTHL).
Retrieved from “XCOR Aerospate2012.



INDIVIDUAL PROJECT

A
A
A
4
-
=3

R

P BaLacTic

Figure 9 SpaceShipTwo Concept “X” for Horizontal takeofbtizontal Landing
(HTHL). Retrieved from “VirginGalactit, 2012.

} Crew Capsule
"~ Tinterstage

_ Propulsion
Module

Figure 10 New Sheppard Vehicle Concept “Z” for Vertical ¢akf VVertical Landing
(VTVL). Retrieved from “BlueOrigifi, 2012.
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Enabling Technologies

Enabling technologies should be considered attie directly enable launch
vehicles, solve system challenges, support govemhprejects, and provide a
competitive edge. Successful new technologies®®icommercial space industry are
often designed for a specific system, but theyeogrand in use for a range of future
systems (FAA, 2012).

For the benefit of the reader, the researcher ivaded this sub-topic into the
following three basic areas:

1. Guidance, Navigation, and Control:

The use of hardware pertaining to navigation césitaad avionics are an
essential requirement for all activities of condlflight, and this is no exemption for
the orbital and sub-orbital flights. Both RLV and\Erequire such use and the
development of new systems will undoubtedly repreaggreat technological leap for
future spacecraft. As follows are some of the tetbgfies which have been developed for

these purposes:

» Emergency Detection System (ED&3s designed to supports converting
the Atlas V and Delta IV launch vehicles into creansportation systems. This system is
a sensor and software package designed to detectaehicle failure (FAA, 2011).

» Autonomous Flight Safety System (AFS&3s designed to reduce costs

associated with range safety by incorporating flighmination decisions within the

vehicle’s onboard processors (FAA, 2011).
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» The Commercial Orbital Transportation Services (SPias designed to

provide a data link between the International Sigtedion (I1SS), SpaceX’s Dragon
capsule, and ground control. The system also esalsteonauts on the ISS to monitor
and control Dragon during unscrewed cargo misstéw\( 2011).

2. Life Support:

For habitat within the capsules, new life-suppgsgtems are required.
Fortunately, various companies are developing enumiental controls and life support
systems (ECLSS). It's important to first distingjuito two different systems, 1. Air
revitalization systems are designed to supporttshoation missions, such as orbital
transport vehicles, and 2. The ECLSS designedgpati space stations and other long-
duration habitats (FAA, 2011). As follows some teé tife-support technologies being
developed:

» Environmental Control and Life Support Systddmder development by

Bigelow Aerospace for its next generation exparelapbhce habitats. The first system
will support the needs of Bigelow’s Sundance mogdwitgich will provide about 180
cubic meters of usable volume and can sustainvaaf¢hree. Eight hour long tests were
conducted with volunteers at Madison, WisconsifoiRBITEC on behalf of Bigelow
(FAA, 2011).

« Commercial Crew Transport — Air Revitalization st Under

development by Paragon Development Corporatioa foodular air revitalization
system for commercial crew transport. It will prd@iatmospheric control during short

flight to LEO. It is being designed as a drop-isteyn for any commercial crew vehicle.
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It is also being designed to eliminate contaminasdgbon dioxide, and it also cools the
air and provides humidity control (FAA, 2011).
3. Propulsion:
These include: 1. Liquid rocket engines, 2. Salicket motors, 3. Propellants,

and 4. Associated subsystems.

» Propulsion — Engines and Componemtsiltiple investments are being
made by rocket and spacecraft developers to meebghected demand of orbital and
sub-orbital flights. According to FAA (2011), undarrrent development are cryogenic
liquid engines, hydrocarbon liquid engines, sotidket motors, and non-toxic
liquid/solid hybrids.

» The Draco Thrustereveloped by SpaceX for orbital maneuvering and

attitude control for their Dragon spacecraft. Thad» thrusters can generate up to 400
newtons (90 pounds) of force, and they can fireursts as short as a few milliseconds
for precision maneuvering, or up to several mintbe®rbital maneuvering. Depending
on their mission, each spacecraft can use up @rago thrusters that receive propellants
from eight spherical titanium propellant tanks.

» Cryogenic Piston PumpBeveloped by XCOR to pump liquid hydrogen

pneumatically. Unlike traditional turbopumps, whiehy on traditional rotating
machinery, these pumps use one or more pistoncesate propellants into the
combustion chamber and failure of a piston punipdgs destructive to adjacent
hardware.

» Liquid/Solid Hybrid Rocket MotarDeveloped for Dream Chaser
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spacecraft by the Sierra Nevada Corporation, Kiges a simple solid motor with restart
and throttle ability. It uses non-toxic materialgrous oxide (NOx) as an oxidizer and
synthetic rubber as a solid fuel.

» Liquid Oxygen/Liguid Hydrogen Cryogenic Engin&eveloped by Pratt

& Whitney, it can support commercial spaceflightidis an upgrade from the RS-68
engine and will provide 178 kilonewtons (40,000 pas) of thrust more than its
predecessor and will increase fuel efficiency fer Delta IV.

» Vertical Take-off and Landing EngineBhis concept has been developed

by Masten Space Systems, it was the first vertadad-off and landing vehicle to
demonstrate in-flight re-light capability, demorsiing the capability for controlled flight
and stability.

4. Space Suits:

A space suit is defined as a full-pressure protegarment with a, n integrated
environmental support system designed for extrawddui activity, which can also be
used in the event of loss of cabin integrity (F2811). As follows, a list of new
spacesuits under development for commercial use:

» Contingency Hypobaric Astronaut Protective Suit &R$) Designed by The

David Clark Company for Intravehicular Activity (Aj only. It weighs less than 20
pounds and fits in a volume of about 0.2 cubic msget@nd protects the user from loss of
cabin pressure and hypothermia. Consists of cdweithl a pressure-sealing rear entry
and soft, flexible joints, as well as helmet anolvgks.

» |-C2 Commercial Launch SuiDesigned by ILC Dover, original designer of suits
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for the Apollo missions, it consists of a pressgmement with waist entry and a moisture
vapor permeable bladder. It also has a cooling gatmnder the suit for temperature
control. According to FAA (2011), the outer cottiager is fire resistant, and it features

safety reflectors and hand holds for emergencyueesc

» Industrial Sub-Orbital Spacesuidesigned by Orbital Outfitters for the emerging
sub-orbital tourism market. Its primary purpos&iprotect the user from loss of vehicle
cabin pressure.

Also appropriate to point out under this sectiothis Technology Readiness
Level (TRL) methodology utilized by NASA for thesessment, evaluation and
application of new and upcoming technologies. Adoag to NASA (2012), this
methodology is divided into the following nine ldse

* TRL 1 Basic principles observed and reported: Transitiom scientific research
to applied research. Essential characteristicdhahdviors of systems and architectures.
Descriptive tools are mathematical formulationsigorithms.

» TRL 2 Technology concept and/or application formula#gplied research.
Theory and scientific principles are focused orcgpeapplication area to define the
concept. Characteristics of the application aremasd. Analytical tools are developed
for simulation or analysis of the application.

* TRL 3 Analytical and experimental critical function aodtharacteristic proof-of
concept: Proof of concept validation. Active Reshand Development (R&D) is
initiated with analytical and laboratory studiegronstration of technical feasibility
using breadboard or brassboard implementationsateatxercised with representative

data.
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* TRL 4 Component/subsystem validation in laboratory emnment: Standalone
prototyping implementation and test. Integrationemhnology elements. Experiments
with full-scale problems or data sets.

* TRL 5 System/subsystem/component validation in relegamironment:
Thorough testing of prototyping in representatimgieenment. Basic technology
elements integrated with reasonably realistic stipppelements. Prototyping
implementations conform to target environment anterfaces.

* TRL 6 System/subsystem model or prototyping demonstrati@ relevant end-
to-end environment (ground or space): Prototypmpglémentations on full-scale realistic
problems. Partially integrated with existing sysseimited documentation available.
Engineering feasibility fully demonstrated in adtsgstem application.

* TRL 7 System prototyping demonstration in an operatienaironment
(ground or space): System prototyping demonstrati@perational environment. System
is at or near scale of the operational system, mitist functions available for
demonstration and test. Well integrated with cellaltand ancillary systems. Limited
documentation available.

* TRL 8 Actual system completed and "mission qualifiedbtigh test and
demonstration in an operational environment (groomspace): End of system
development. Fully integrated with operational meacke and software systems. Most
user documentation, training documentation, anchteaance documentation completed.
All functionality tested in simulated and operatbscenarios. Verification and
Validation (V&V) completed.

» TRL 9 Actual system "mission proven" through successfiskion operations
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(ground or space): Fully integrated with operatldreadware/software systems. Actual
system has been thoroughly demonstrated and tiesitscoperational environment. All
documentation completed. Successful operationargce. Sustaining engineering
support in place.
Spaceports

As defined in theroject introductionsection of this report, Spaceports are sites
dedicated to launching orbital or sub-orbital vé#sdnto space. These sites also provide
the capability to integrate launch vehicles witlylpads and to fuel them. The FAA
licenses the operations of commercial spacepottseitunited States, and by 2010 the

FAA issued eight licenses, as shown in Figure 11.
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Figure 11 Licensed Spaceports in the United States. Retiéom“U.S. Commercial
Space Transportation Development and ConcepysFAA, 2011, p. 47.
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According to the FAA (2012), these licenses caneveewed every five years.
NASA operated Kennedy Space Center and the Aird®®KCape Canaveral Station are
examples of launch facilities that do not requind=AA license, because they are
operated by the federal government.

The two aforementioned federal facilities in Flarigre available to commercial
launch providers using FAA-licensed vehicles, amhikedy Space Center is planning to
host commercial reusable launch vehicles (RLV'shmnear future.

One interesting concept, which in the reader’s iopinvill represent a tangible
progress in the commercial space transportatiomeara the short to mid-term, will be
the use spaceports combined with “X” and “Y” cortceghicles into sub-orbit. In this
sense, four FAA-licensed Spaceports: 1. Cecil Fsgdceport, 2. Mojave Air and Space
Port, 3. Oklahoman Spaceport, and 4. Spaceport iBanalso feature runways for launch
vehicles that take off or land horizontally, simita airplanes, following the “X” and “Y”
concepts mentioned above. The following Table reitider a list of current available

Spaceports in the United States:
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Table 2

Licensed Spaceports in the United States

59

Spaceport Operator State License Expires
First Issued

California Spaceport Systems CA 1996 09/2011

Spaceport International

Cape Canaveral Space Florida FL 1999 06/2015

Spaceport

Cecil Field Jacksonville Aviation FL 2010 01/2015

Spaceport Authority

Kodiak Launch Alaska Aerospace AK 1998 09/2013

Complex Development Corporation

Mid-Atlantic Virginia Commercial VA 1997 12/2012

Regional Spaceport Space Flight Authority

Mojave Air and East Kern Airport District ~ CA 2004 06/2014

Spaceport

Oklahoma Oklahoma Space Industry Ok 2006 06/2011

Spaceport Development Authority

Spaceport America  New Mexico Spaceport NM 2008 12/2013

Authority

Note: Adapted from “U.S. Commercial Space Trangmn Development and

Concepts,” by FAA, 2011, p. 48.
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Space Tourism

Space Tourism can be considered as a sub-industng commercial space
transportation industry, and in terms of sustailitgtbis perhaps the most difficult as we
move forward, simply because it will not be imméeelia available to the masses due to
inherent financial limitations.

Nevertheless, a wide array of activities can besiw@ared as space tourism. For
instance, the orbital flights which few civilianave undertaken in the past with the
Russian Soyuz capsules can be considered as todmstay, however, the industry is
gradually expanding and the definition is as wplplecable towards sub-orbital flights;
which according to InterFlightGlobal (2012), islte considered the cash cow of space
tourism for the next thirty years.

A tourist in space sounds far-fetched, but thatdesally happened in non-
astronauts which have flown to space for purpo$egisonal leisure. According to
Handberg (2008), we are not that far from the peospf space tourism as one might
expect. Obviously, flying to orbit or sub-orbit Wiegin as an activity of the wealthy, but
will soon catch up to the masses as the priceogmd

At the time of writing this project, Virgin Galacts Sir Richard Branson has
announced that the company will make its maidengbflight into space by next year
2013. He also unveiled plans to use WhiteKnightTavoarry a vehicle called
“LauncherOne” that will deliver commercial satedhtinto orbit (Virgin Galactic, 2012).

The vehicle is already in development and is exquktd be ready for operation
by 2016. According to Virgin Galactic (2012), itllffer “frequent and dedicated

launches at the world's lowest prices”, and fourgie companies have already put down
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deposits for several dozen launches. Furthermloesgdmpany has received deposits for
suborbital tourist flights from 529 people, whichjust above the total of 528 people who
have flown in space to date. “LauncherOne” willeb®evo-stage vehicle able to carry up
to 500 pounds to orbit for prices below $10 millidfirgin Galactic, 2012).

On the other hand, one interesting concept thabbas considered, both by the
researcher and independent investors, is thahofel-like spacecraft in space. As
farfetched as this idea might seem, the compangl8igAerospace is designing such
scenario.

They developed Genesis |, an expandable spacetaaéid in low earth orbit in
2006, followed by Genesis Il in 2007. The two sgaaf remain in orbit and are
operational today, continuing to produce invaluafiages, videos and data for the
company (Bigelow Aerospace, 2012). Thus, the explledspacecraft are demonstrating
the long-term viability of expandable habitat teglogy in an actual orbital environment.

Bigelow Aerospace is currently developing the BA3&hich can function as an
independent space station, or several BA 330 halita be connected together in a
modular fashion to create an even larger and mapalde orbital space complex
(Bigelow Aerospace, 2012). The BA 330 will be ftional in the 2014-2015 timeframe
and represents an important project for the futdisgpace tourism, since it is designed to
hold up to six humans on a long-term basis. EacBIAwill contain its own
independent habitation system, including lavatary hygiene facilities, as well as four
large windows coated with a film for Ultra Violdtl{/) protection, providing an
unparalleled opportunity for both celestial andéstrial viewing (Bigelow Aerospace,

2012).
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This particular project from Bigelow Aerospace esgEnts the closest hotel-like
spacecraft currently being developed by the ingustthen completed, it will not only
provide accommodation for astronauts from differ@intries which require it, but will
also be a space destination for regular touristsemext thirty years as the industry
grows.

Similar projects are being incentivized by NASArfra school to a college level,
fostering the creativeness and willingness of Rigenerations to open their minds to this
possibility. For instance, NASA sponsors a yeaBpdace Settlement Contest” for all
students up to 12th grade (18 years old) from aeye/in the world, with adult advisors.
Individuals, small teams of two to six, and largarhs of seven or more are judged
separately to select the winning project. Past eiginclude students from schools in
India, Romania, and the United States (NASA, 2012).

Another valuable program, sponsored by NASA, is‘#d 2 X-Hab Academic
Innovation Challenge” for students on the collegesl, which includes past winners
from Oklahoma State University and University ofsabnsin (NASA, 2012).

In the author’s opinion, all of these activitiepmesent invaluable steps in the
right direction, by planting the seeds of techngleg that future generations become
involved and interested in these types of projehtss bringing us closer and closer to

seriously considering space as a tangible tourisstirgation.
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Other Challenges Facing the Commercial Industry
Legal

From beginning to end, there are many variablesddua occur throughout the
process of a spaceflight which will represent ieimétegal actions and measures, from
awareness to prevention to subsequent correctiasumes.

A wide array of foreseeable and unforeseeable bi@samight and most likely
will occur as the commercial space transportatmustry grows. Variables such as
debris that might fall upon a person, house orrathgects, or contamination which
might occur from any given chemicals directly adinectly derived from spacecraft
launches are just some of these scenarios.

From a legal standpoint, it is therefore safe sua®e that government agencies,
such as the FAA and other service providers lilsaiiance companies, will have to be
prepared to face these issues as they arise, awebild-be users will most likely have
to be aware that the signing of waivers for thediparticipation of these activities will
become normal. Nonetheless, since we are discuagiogjc regarding an industry that is
very much in its infancy, not all the legal framewgrocedures and precedence are in
place; therefore, it will be something that botl #pace transportation companies and the
legal teams will have to work on as the industrisgéoser and closer to a reality for
ordinary people.

As was discussed in th&roject Introductionsection of this report, the American
Bar Association is conducting a conference in Gjucan august of this year, in order to
create a legal framework on how lawyers will nezdttend the aforementioned issues as

they arise (ABA, 2012).
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Regulatory

In 2006 the Government Accountability Office (GA@ported that the
commercial space launch industry had evolved angechfurther toward space tourism
than ever before, meaning that human space travekdinary civilians is now closer
than ever (GAO, 2006).

In this regard, the Federal Aviation Administrati®A) oversees the safety of
commercial space launches, licensing and monitahagafety of such launches and of
spaceports; and according to InterFlightGlobal @Ghe FAA is leaps ahead of any
other world agency, so much so that others arevatig their lead. The FAA is also
responsible for overseeing the safety of spacesimibut it may not regulate crew and
passenger safety before 2015, except in resporsgheaisk incidents, serious injuries,
or fatalities (InterFlightGlobal, 2012).

This consists of overseeing: 1. Recent trendsercommercial space launch
industry, 2. Challenges that FAA faces in oversgéhe industry, and 3. Emerging issues
that will affect the federal role (GAO, 2006). Tlagter statement is based on GAO's
October 2006 report on commercial space launchpeigtad with information GAO
gathered from FAA, the Department of Commerce,inddstry experts in November
2009 on industry trends and recent FAA actions.

Furthermore, GAO also recommended that the FAA sakeral actions to
improve its oversight of commercial space launcheduding assessing its future

resource needs (GAO, 2012).
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Safety

Hereunder, the researcher divided the safety Masahat can occur to humans
during spaceflight into two: 1. Those which migltor indirectly while on the ground as
innocent bystanders, and 2. Those which might oasw direct result of being a
spaceflight user.

As was presented in theegalsection, the reader was presented with foreseeable
negative variables, such as debris that mighufadin a person, house or other objects, or
contamination which might occur from any given cliats directly or indirectly derived
from spacecraft launches. These are just someeafddinarios which might occur and
that most likely will occur as the industry grows.

Therefore, it's safe to assume that government@ggensuch as the FAA and
other service providers like insurance companié$have to be prepared to face these
issues as they arise, and the would-be users wal tikely have to be aware that the
signing of waivers for the direct participationtb&ése activities will become normal. As
was discussed in theegal section of this report, the American Bar Assooiatis also
conducting a conference in Chicago on august efyiear, in order to create a legal
framework on how lawyers will need to attend ther@fmentioned issues as they arise
(ABA, 2012).

For the second aspect of this sub-topic, the reBeaconsidered adequate to also
divide it into two crucial variables, which haveligect link to the overall safety of
commercial space transportation; especially attenthie new tendency of horizontal
launches, applicable towards sub-orbital flightsistwill successfully meet thHerogram

Outcome 4f this project. These are:
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1. Human Factor. The researcher has investigatedféesof a zero gravity
environment and fatigue on the performance of welited operations, as well as other
health related variables to the human body, su@pase Motion Sickness (SMS),
cardio-vascular, musculo-skeletal, and psycholdgffacts, respectively (Clement,
2008).

The researcher found that for manned sub-orbitdit8, the latter variables do
not reflect a direct impact on the pilot’s abilitysuccessfully perform his designated
tasks. This is due, in part, to the short duratiore of the trajectory of a sub-orbital
flight, since it does not complete an entire odbdund earth, thus the effects are less than
astronauts which are accustomed to multiple odssind the earth. And the second
factor is due to the minimized G forces which Ww# encountered on sub-orbital flights.

According to InterFlightGlobal (2012), one of th@shimportant factors to
commercially offer sub-orbital flights is that corarnial space transportation companies
will need to design Spacecraft to focus on the miration of the G forces of the flights,
both at ignition as well as re-entry. This willrattt a greater number of potential civilian
customers, either for business or tourism flightsforces greater than 4 G’s will not be

suitable for civilians (InterFlightGlobal, 2012).

2. Aviators’ Adaptation The researcher also determined that if the widebepted

“horizontal launch” for sub-orbital flights will&othe commercially accepted tendency
for years to come, then it is also pertinent tanpout the would be human factor
challenges that pilots might encounter during tagggmance of the basic rocket ignition
procedure at cruising altitude, applicable towaroiscept “X” and “Y” sub-orbital

vehicles, as shown in Figure 12.
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In the case of sub-orbital flights, and specificélie operational mode utilized by
“X” and “Y” concept vehicles to reach space, theitign of rocket boosters in horizontal
launches are performed from a cruising altitudekmiut 50,000 feet. If we take the latter
into account then it is safe to assume that befmaehing this step the spacecraft would
follow a basic flight pattern like any other flighthus, it is the researchers’ opinion that
data pertaining to the accidents and fatalitiextviiave occurred during each one of the
phases involved signify crucial information, addsignificant tangible data on weather
related accidents that have occurred during: Inga®. takeoff, 3. initial climb, 4.

cruise, 5. descent, 6. approach, and 7. landinggshef flight, as shown in Figure 5

below.
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Figure 12 Percentage of accidents/fatalities during phaséght. Retrieved from
“Statistical summary of commercial jet airplaneideats - 1959-2008” by Boeing, 2009.
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Licensing
This section will discuss the licensing requirensantthe space transportation
industry of: 1. Licensing of new Spacecraft by B#A, and 2. Licensing of Spaceports.

1. Licensing of Spacecraft:

In the United States, the FAA has divided the Igieg of Spacecraft into expandable,
and reusable. An FAA-licensed reusable or experdaphcecraft license authorizes the
holder to conduct launches or reentries from ooedh or reentry site within a range of
operational parameters of launch or reentry vesiftlem the same family of vehicles
transporting specified classes of payloads or peiifty specified activities. An operator
license remains in effect for two to five yearsnfrthe date it's issued (FAA, 2012).
Beforehand, the FAA requires the solicitor to megh FAA/AST prior to
submitting the license application. Pre-applicatonsultation consists of any and all
meetings, communications, and draft applicatiomsttbls that a potential applicant may
undertake with FAA prior to submitting a formal dipption. Application Procedures are
described in 14 CFR Part 413 (FAA, 2012). The folltg basic steps outline the FAA

licensing process:

« Pre-Application Consultation

+ Policy Review and Approval

« Safety Review and Approval

« Payload Review and Determination

« Financial Responsibility Determination
« Environmental Review

« Compliance Monitoring (post-issuance of license)
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2. Licensing of Spaceport®©n November 15, 1995 the Secretary of Transportati

delegated commercial space licensing authoritheédRederal Aviation Administration;
the largest effort being the completion of 14 CFRtR20 in October, 2000

(COMSTAC, 2012). New commercial launch sites aradpeeveloped in both coastal
and inland areas and are capable of supportingle reinge of potential launch vehicles,
both expendable and reusable. Most importantly esofithe new launch vehicle systems
are being developed to require only aviation tygmlities, as they utilize existing airport
infrastructure, such as runways and hangars, andatd aviation departure and arrival
procedures (COMSTAC, 2012).

According to AIAA (2012), the possibility existsrfmany airports around the
United States and the world to become Spacepodtp@vide the necessary
infrastructure and capabilities to support subaftl&unch activities. For an airport or
aviation authority that are considering the optdlecoming a spaceport the best place
to begin is with the creation of a Spaceport Degelent Plan.

For a spaceport to be granted a license it wilidadly need to support Suborbital
RLVs that takeoff from the runway in a horizontahfiguration. While the capability
may eventually be added to some Spaceports to gugtically launched rockets.

Licensing may be granted so that flights and rorssiare operated to start and
end at the same spaceport or point-to-point misdioat start at one Spaceport and end at
another. Spaceports will need to seek to opeil@ealrports, accommodating a wide
variety of existing and planned flight vehicles amkrators, and providing quick
turnaround times between flights (AIAA, 2012). Asalissed in theub-orbitalsection

of this report, presently there are three broasgemaunch vehicle concepts that are
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compatible with use at an Spaceport, these areerefed as Concept X, Concept Y, and
Concept Z launch vehicles.

According to AIAA (2012), the licensing requiremsiibr Spaceports currently
follow the same regulatory requirements as tydeahch sites and are described in the
United States Code of Federal Regulations (CFRg Tt Part 420, also known as 14
CFR Part 420. The latter includes four subpartsranltiple appendices. Some of the
licensing requirements identified in Part 420, @@ing to Spaceports, include the
following:

* General information about the Spaceport

* Environmental Assessment

» |dentification of proposed launch vehicle type afabs considered for use at
Spaceport

* Launch site location information and review

» Explosive site plan

* Launch site operations

* Risk Analysis & Safety Requirements — must sati&/public risk criteria by not

exceeding the expected casualty value of 30x10-6 &ample mission.
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Methodology
Participants

To meet the Program Outcome 2 of this projectyéisearcher conducted three
separate surveys. The sample size of survey paatits was based on a moderate number
of the selected location’s population. Thirty aduitere selected belonging to two
different age range, as well as different educatibackgrounds.

One age target was a younger population withirathess of 21-33, represented by
Y1, and the older target population within the IBege range, represented by O*. For a
more objective result of the sampling, a ratheraétpvel of education was contemplated
for the above age targets.

The interview was conducted to: 1. Ordinary civiBa2. Industry professionals,
and 3. Government Officials. Data tables for accyi@nd reaction time were imported
from an Excel spreadsheet for review and input théostatistical analysis, accompanied
by descriptive stats which visually representedréseilts obtained. A factorial Analysis
of Variance (ANOVA) was also conducted to evalufateain or interaction effects
existed from the interviews conducted to the tlgeerips.

Subsequently the samplings which obtained an esudtref 60% or greater of the
population was represented by Nx. Results whicbeesd unknown variables or neutral
opinions were represented by U° (Formula i.e.:Pé- U°> Nx). The results were then
tabulated and duly represented by a line grapheuting Ordinal data concept (Leedy &

Ormrod, 2010).
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Assessment Instruments

The first questions of the surveys were usedti@béish basic age eligibility
requirements and participant educational backgrd&ee Appendix A and B,
respectively). All participants were required todtdeast 21 years old. Additional
strategic questions were also included to seeeiptrticipant had inclinations towards
space exploration and science.
Test Reliability and Validity

Instrument reliability was assessed by conduditgest for independent means
to evaluate the mean reaction times and error fatdbe three respective surveys. Since
every member of the population cannot be sampthedstandard deviationwas
estimated by examining a random sample taken fhenpopulation following the

formula shown below.

1 N
= | = . )2
SN N ;(;1:t T)2
The mean reaction time for survey “A” was: 3.240(S1.914)t test/ P
probability = 0.34. There were no significant differences betwaean reaction time for

the survey conducted. The hypothesis one was aatspice the above result of 0.34 is

greater the 0.05, as shown in Figure 13.

1

G | I-:ll 1

Figure 13 Mean One Tail/Two Tail Hypothesis Test for CongdlcSurvey. Adapted
from “Practical Research” by Leedy & Ormrod, 2010.
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Procedure

For the survey conducted to ordinary civiliang, tesearcher travelled to a local
mall, which was determined to be an adequate locat obtain the required samplings.
The survey link was also provided to civiliansifig the selected profile. For the other
two surveys, it should be pointed out that theass®er performed a graduate internship
at the aerospace consulting company InterFlight&|diased in Miami, Florida; and to
this end conducted the surveys to industry probesds and government officials with
the assistance and collaboration of the aforemeaticompany.

The latter was performed by means of reachingmthé company’s professional
contacts database through emails and personal platiegfollowed by the remittance of
the survey links. Subsequently, the researchizadithe website surveymonkey.com
and fluidsurveys.com to tabulate and export thelgsavith the results obtained.

Results
Survey Analysis and Discussion

Survey A targeted to Ordinary Civiliank practical terms, the results obtained

from the survey conducted to ordinary civiliansdered the following results:
Age:
* 40% of the responses were in the 21-33 age range (Y
* 60% of the responses were in the 33-50 age range (O

Level of Education:

» 30% of the responses had at least 2 years of eolleg
* 50% of the responses had 4 years of college

* 20% of the responses had graduate studies
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Level of Education of Interviewees

Graduate Highschool
studies 0%

20%
4 years of 2 years of
college college
50% 30%

Figure 14 Results from survey conducted, by author, 2010.

Predispositions:

* 50% of the responses selected science fiction gesdren asked what type of
movies the interviewees preferred in order to dagetheir inclination
* 50% distributed between romance, horror, and actespectively

Perception of public on humans going into space:

* 40% of the responses selected “Adventurous”
* 60% of the responses selected “Beneficial”

* 0% selected “Unnecessary” or “Dangerous”

Dangerous
Unnecessary 0%
0%
Adventurous
40%
Beneficial
60%

Figure 15 Results from survey conducted, by author, 2010.

* 100% of the responses concluded that humans wilanone day go into space
for commercial or tourism purposes.
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Perception of public when asked in how many vestmary civilians will go into space:

30% of the responses selected “Less than 10 years”

40% of the responses “10-25 years”

20% of the responses “30-40 years”

10% of the responses “40+ years”

40+ years
10% Less than
10
30-40 years years
30%

20%

10-25 years
40%

Figure 16 Results from survey conducted, by author, 2010.

From the above results, we can clearly evidendettieageneral public is very
much aware of where the space transportation indisstand the trends pertaining to the
timeframe of humans going into space. The majgri@pb6) believe we are less than 25
years from obtaining this goal.

When asked if ordinary civilians do not go into @in the next thirty years:

* 80% of the responses selected due to “Financiabiress”
* 10% of the responses selected due to “Lack of Taolgy”
* 10% of the responses selected due to “Regulatenets

* 0% of the responses selected due to “Disinterest”

* 0% of the responses selected due to “Safety Cositern
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When asked on going to space, if space tourismnbesaffordable in the next thirty
years:

» 80% of the responses selected “Yes”
* 0% of the responses selected “No”
* 20% of the responses selected “Maybe”

When asked if they would consider going into sipaica second time:

* 70% of the responses selected “If the Price is Righ
* 20% of the responses selected “No. One time isghiou
* 10% of the responses selected “If accompanied myyfAriends”

When asked if space becomes affordable, and tlmmsemot to go:

*  90% of the responses selected due to “Financiabiress”

* 10% of the responses selected “Safety Concerns”
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Survey B targeted to Industry ProfessionBiofessionals from companies such

as Virgin Galactic, Generation Orbit, InterFlight®al Corporation and Boeing were
surveyed, and in practical terms, the followingutesswere rendered:

The Role of the interviewee within their comparduitry:

» 33% of the responses were “Engineering”
* 33% of the responses were “Managerial”
* 17% of the responses were “Consulting”
* 17% of the responses were “Other”

Other

17% Engineering
33%

Consulting
17%

Managerial
33%

Figure 17 Results from survey conducted, by author, 2010.

When asked type of spaceflight company/spacepoonisidering:

* 34% of the responses were “Sub-Orbit”
* 33%of the responses were “None at the Time”

» 33% of the responses were “Both”

Sub-Orbit

None at this time
34%

33%

Both
33%

Figure 18 Results from survey conducted, by author, 2010.
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Thus, we can see a clear preference for sub-ofbghts for the industry
professionals interviewed, resulting in 0 respsniedavor of orbital spaceflights.

When asked the type of launches being considered:

» 80% of the responses selected Concept “X”

* 20% of the responses selected Concept “Z”

Concept "Z" VTVL
20% 0%

Concept "Y"
0%
Concept "X"
80%

_Figure 19 Results from survey conducted, by author, 2010.

When asked on expendable/reusable vehicles:

* 70% if the responses selected “Reusable Vehicles”
* 20% of the responses selected “Both”
* 10% of the responses selected “Expendable Vehicles”

Designs Being Considered:

On the open comment field of the surveys, intemgstibpic brought up by some
of the interviewees were concentrating on the “@aricher 1” and “Go Launcher 2”, as
well as other elements like Composite Materials ldgdrid Motors. Other, such as

airport authority, were open to any concept chdsethe transporter.
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On the topic of the future is spacecraft launches:

*  50% of the responses selected “Horizontal”
* 40% of the responses selected “Both”
* 10% of the responses selected “Vertical”

When asked if privately owned/new spaceport woelddmsidered:

* 100% of the responses were “Yes”

Reason for launching from private spaceport:

» 20% of the responses selected “Cost”
* 10% of the responses selected “Location”

* 70% of the responses selected “Other”
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Survey C targeted to Government/Public Offici@®vernment and Public

Officials were surveyed from agencies such as tI$ Air Force, New York-New Jersey
Port Authority, and airport authorities from Newrjashire, Louisiana, Texas, and
Miami-Dade, respectively; and rendered the follgywiasult:

Role within their Agency:

* 67% of the responses were “Managerial”
* 22% of the responses were “Legal”

* 11% of the responses were “Technical”

Legal
22%
Technical
11% Managerial
67%

Figure 20 Results from survey conducted, by author, 2010.

Perception of Space Transportation:

* 100% of the responses considered space transpartatbe “Beneficial”

Humans into Space:

* 100% of the responses considered that ordinariasigi will go into space for
commercial or tourism purposes in the next thiggng”

Reasons ordinary civilians might not go into spaxaext thirty years:

*  62% of the responses selected “Financial”
* 25% of the responses selected “Regulatory”

* 13% of the responses selected “Disinterest”
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Lack of

Regulatory Technology

25%

Legal Financial
13% 62%

Figure 21 Results from survey conducted, by author, 2010.

Consider Space Transportation to be:

* 100% of the responses selected “Beneficial”

Timeframe Space Transportation will be accessilm@fdinary civilians in:

* 67% of the responses selected “10-25 years”
* 33% of the responses selected “Less than 10 years”

* 0% of the responses selected “Beyond 25 years”

25-40 years
40+ years 0% Less than 10

0% years
33%

10-25 years
67%

Figure 22 Results from survey conducted, by author, 2010.

Benefits of Spaceport in their communities:

* 45% selected “Jobs”
» 45% selected “Economy”

e 10% selected “None”
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In next thirty years, Space transportation willdexessible for:

* 60% selected “Both”
* 40% selected “Ordinary Civilians”

Perception of a Spaceport in their community:

*  60% selected “Maybe”
*  40% selected “Yes”
* 0% selected “No”

Factor which might impede Spaceport in their comityun

As shown in the Figure 23 below, the overwhelmiragarity selected
“Environmental” as the main factor which might indleethe development of a Spaceport

in their respective community.

Financial
10%

Regulatory
20%

Environmental

50% Location

20%

Figure 23 Results from survey conducted, by author, 2010.

When asked if the benefits of a Spaceport might ex@gh negative risks of public:

 60% selected “Yes”
*  40% selected “No”

*  40% selected “Maybe”
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The above results indicates that although the ntgjof government/public
officials (60%) consider that the benefits migheoweigh the negative perception of the
public, there is still a good amount (40%) whidh stight swing their opinion either in
one direction or the other. For these 40% thahatelecided, a substantial public
relations effort might be a beneficial action inlerto gain their favor. Nevertheless, if
negative factors, such as environmental, tend tface after studies conducted to their
respective communities are performed, then itfis ®aassume the latter percentage

should be expected to swing towards a negativeéapinstead of neutral.
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Conclusion

In the researcher’s opinion the first major are&ctvhve will see a sustainable
commercial growth will be with the launch capalelt and technology. Initial
government monopolies over the actual launch tdolgypbut not over the requisite
knowledge base to build such technology, has nteahtaunch services have long been
a strong candidate for commercialization, but ihigradually changing.

In fact, the loss of assured military markets haslensome newer launchers
available that were developed specifically for dekeprojects. Moving forward, the key
will be to develop rapid launch methodologies whietiuce the time the launch vehicle
spends on the pad prior to actual flight.

The project at hand also rendered important insigtitb how the space
transportation is expected to grow as we move faiwsub-orbital flights will be the one
to experience the most growth within the privatet@eon a ratio 80% private-20%
government.

The surveys conducted also presented valuablemafiton as to the overall
perception of the public as far space-related riets/is concerned, as well as their
evolution in thinking (Seeesultssection). Furthermore, the industry professioaals
government officials’ surveys included valuableighss into how they view the space
transportation industry, their specific concermg] ather opinions regarding the
development of spaceports in their respective conities; comments such as:

* “The demographics and political environment migbit Ile conductive to a
spaceport in this state, thus public opinion wat support such a venture”.

» “A Spaceport would be favorable and represent Ijdzd and GDP growth”.
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» “Spaceport might be beneficial only if minimal ingtaresult in the venture (e.g.
legal, environmental) and the end result considgraer weighs potential
negative drawbacks”.
*  “Yes, it would foster positive growth for the loaadonomy, from businesses
indirectly dependent on the spaceport to jobs tiredtributable to the spaceport
itself”
* “A highly populated region or State might be mausceptible to a spaceport in
its surroundings”.
» “Substantial studies on environmental impacts, aagchoise, and potential health
hazards should be fully assessed”.
* “A number of sub industries might be benefited Ispaceport in our community,
from direct jobs to indirect such as restauranfssgops, hotels, etc”.
*  “Would create a cluster of businesses in the redependent of this activity, and
favoring the overall economy”.
Hypotheses

From the survey conducted to ordinary civiliansléermine their overall
perception in space-related activities and theaf@ion in thinking, the researcher
divided the targeted audiences into two differegg eange. In this sense, the following
two hypotheses were contemplated to ascertaindligity of the tests:

Hypothesis OneThe perception in thinking in space-related atiégibetween

one younger age range and the older age groupasiderably different, thus have

evolved over time.
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Hypothesis TwoThe perception in thinking in space-related atéis between

one younger age range and an older age group aat #gus have not evolved.
As was demonstrated through the two-tailed tesivahin Figure 13, Hypothesis

One was proven to be valid.
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Recommendation

The surveys conducted was an important part ofgfugect, and provided
us a direct feed into what the overall public tisimf the space transportation
industry, and how they are willing to become inwawvith its growth in the next
thirty years. The researcher also concludes tleatibist important obstacle,
which we as future professionals must focus othassignificant reduction in the
cost of getting into space.

The only way that commercial space transportateonreach a sustainable
growth in the next thirty years is if the massesdmee involved in the equation,
and the only way this will happen is by offeringmeto-point sub-orbital
spaceflights at affordable prices.

As we have also seen throughout this project, athportant barriers,
such as technological, political and environmealsb play a crucial role in their
own right. Nonetheless, without reduced costs, Wwhban only be present through
the availability of affordable prices, then theéatbarriers inherently come in a
second plane.

There is also a significant part of the populatidrich are neither in favor
nor against the direct participation in spaceflightl of the development of
spaceports in their respective communities. Thisg@fahe population, as was
discussed in theesultssection of this report, reported a “maybe” resgomghich
basically means that they are a swing part of thufation and might be inclined

one way or the other.
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Therefore, the sub-orbital transportation compaaresagencies involved
in the development of spaceflight must be awaredl@ntinuous public relations
effort must always be present, in order to gainféverable opinion of this part of
the population; as well as science and technolbgicgrams from the basic
elementary and high school levels so that futureegeions of professionals are
inclined to be involved and make a difference i dverall development of the

commercial space transportation industry.
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Appendix A
Interview Questionnaire I: To Ordinary Civilians

1. How old are you?
E 5133
£ 3350

£ 50.65
2. What is the highest level of education you hawapleted?

C High school
C 2 years of college
C 4 years of college

£ Graduate studies
3. When going to the movies, would you prefer wetgla movie concerning:

C Romance
C Science Fiction Adventure/Exploration
C Action

L Horror
4. You consider that humans going into Space is:

e Adventurous
C Dangerous
e Beneficial

C Unnecessary
5. Do you believe ordinary civilians will one dag mto space? (If no skip to question 7)

C Yes

E No

6. In how many years do you think ordinary civikanill be able to go into space?
C Less than 10 years

C 10-25 years

C 30-40 years

C 40+ years
7. If ordinary civilians do not go into space irthext 30 years, do you think it will be
because:

C Lack of technology

e Disinterest
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e Financial Resources
C Safety Concerns

C Regulatory Issues
8. If space tourism becomes affordable in the taxty years, would you consider going
(If no skip to question 10)?

C Yes

E No

C Maybe

9. You would consider returning into space for eosel time if:
C The price is right

E Are accompanied by family/friends

C No. One time is enough
10. If going into space becomes common for ordiraryians, and you choose not to go,
it will be because:

C Lack of interest
C Safety concerns

e Financial resources
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Interview Questionnaire Il: To Industry Professilsna

1. What Aerospace Company do you work for/are wedlwith?

F s

i
J_1 i

2. What is your role in the Aerospace industry?

Engineering
Managerial

Consulting

ononn

Supplier/Provider
C Other

3. Is your company/spaceport considering launobes t
£ orbit

£ sub-orbit

E Both

4. If your company is considering Sub-Orbital flighwhich concept will they adopt?
C Concept "X" (Horizontal Launch, Jet Powered Takig-8tiborbital)

C Concept "Y" (Horizontal Launch, Rocket Powered TFakie Suborbital)

C Concept "Z" (Horizontal Launch, Jet Powered TakieHither)

5. Is your company/spaceport considering:
C Expendable Launch Vehicles (ELV)

C Reusable Launch Vehicles (RLV)

C Both

6. Do you think future spacecraft launches should:
C Continue with Vertical Launches

C Adopt Horizontal Launch

C Both
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7. What method of launch is your company curreasiyng, or considering?
E Vertical

C Horizontal

C Both

8. What spacecraft Designs is your company cuyeathsidering or promoting?

F s

i
K1 I

9. Do you think your company would consider laurscliem a private/newly certified
spaceport?

C Yes
e No
C Maybe

10. If in the future, aerospace companies prefardhing from private spaceports, it will
be because:

e Costs
Logistics
Location

Other

Oon0n
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Interview Questionnaire lll: To Political Figuregpesentatives

1. What County, State or Federal agency/departa@gbu work for?

F s

i
| i
2. What is your role in the department you workh®it
E Managerial
£ Technical
C Legal
£ other

3. Do you consider that commercial space transpont#o be:

C Adventurous

C Dangerous

C Beneficial

E Unnecessary

4. Do you believe ordinary civilians will one dag mto space for tourism or commercial
purposes? (if no skip to question 7)

& Yes

& No

5. Do you consider commercial space transportatiirbecome accessible for ordinary
civilians in:

C Less than 10 years

= 10-25 years

C 30-40 years

C 40+ years

6. If ordinary civilians do not go into space irthext 30 years, do you think it will be
because: (5 most likely, 1 least likely)

C Lack of technology
Disinterest

Financial resources

Oon0on

Safety concerns
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7. Do you think Commercial Space Transportationhhize beneficial to the
communities they are involved with? (if no, skipouestion 10)

C Yes

C No

C Maybe

8. What type of community benefits do you think hiige attained from Commercial
space transportation?

& Jobs

Economy

None

Other

a0

9. In the next 30 years, do you consider commesgate transportation will be
accessible for:

C
e Rich & Famous
e Both

e Others

Ordinary Civilians

10. Would you be in favor of a spaceport in youmaaunity?
C Yes
C No

C Maybe

11. Do you think a spaceport in your community wejpresent economic development?
(explain)

X1 I

12. Select the most important factors you thinkhmigipede a spaceport in your
community? (1 being the most likely, 4 the least)

C Financial
Regulatory

Environmental

Oon0on

Lack of adequate locations
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13. Do you think the benefits of a spaceport inrnj@ammunity would over weigh the
negative risks/perception of the public and off&ta(explain)

C Yes

C No

C Explain:

14. Open Comments/Questions:
=
i

K1 I
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Appendix B
Solicitation Script

Hello and thank you for volunteering some of yanret today. My name is Joseph Jourdain
and | am working on a research project as pati@féquirements for a Master’s degree from
Embry-Riddle Aeronautical University.

My research has to do with the “Inherent Barriersthe Growth of Space Transportation
Industry”; and to this end, part of my study wilintain three respective interviews to be
conducted to: A. Ordinary civilians, B. Industryofessionals, and C. Government/Public
Officials in order to ascertain the public’'s evadutin thinking of space related activities, as
well as their perception of the industry for thetrthirty years.

Before we get started, | would like to go over limi@rmed Consent form. The Informed
Consent form summarizes the experiment and alsessles eligibility requirements; any
potential discomforts caused by the research (pliGable); and estimated time
involvement to complete the experiment. In additea volunteer, you understand and
agree that no compensation will be provided fotipgating. Please take a moment and
review the form. If you agree with the contents amaild like to proceed with the
experiment, please go ahead and print and signname. | would be happy to provide you a
copy of the form for your records.

All participants need to be 18 years of age ormlaeaddition, I'll use a digital link provided
by Surveymonkey.com to collect the information bis form to sort the data for my
analysis. I'll be using a number code as your Bigdint ID on the survey Questionnaire.
That code will also be used as your ID for the.tésur name and all other personal
information will remain confidential and will noelincluded in the report. Please let me
know if you would like to receive a copy of thedirreport findings.

The interview has three parts. Part A will be taededo ordinary civilians to show their
perception in thinking of space related activitieart B will be targeted to Industry
Professionals to show their personal and profeasimpinions in spacecraft design and
spaceport certification, and Part C will be tardetePolitical figures and representatives of
County, State or Federal agencies to ascertaingbheteption in the future of the commercial
space transportation industry and of spaceporification in their community.

Do you have any questions before we begin?

No, | am not interested in receiving a cofpe final report findings.
Yes, | would like to receive a copy of final report findings.

Contact information:
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Appendix C

CONSENT FORM
Embry-Riddle Aeronautical University

| consent to participating in the research progatitled:
Inherent Barriers for the Space Transportation $trigu
The principle investigator of the study is: Joséptrdain and InterFlightGlobal Corporation.

The survey will require each participant to ansaérief questionnaire to obtain their
personal opinion on the space transportation imgushe participant will open a direct link
to answer each question through the websites fioidy.com and surveymonkey.com

All participants will volunteer their time and reee no compensation for the study. All
personal information collected during the studyl vémain confidential and will not be
included in the final report.

The individual above, or their research assistdrage explained the purpose of the survey,
and the procedures to be followed. Possible benefithe study have been described, and
the results will be available if requested.

I acknowledge that | have had the opportunity tmwbadditional information regarding the
survey and that any questions | have raised hase &eswered to my full satisfaction.
Furthermore, | understand that | am free to witth\dcansent at any time and to discontinue
participation in the study without prejudice to me.

Finally, | acknowledge that | have read and fulhgdarstand the consent form. | sign it freely
and voluntarily. A copy has been given to me.

Date:

Name(please print)
(Participant)

Signed:
(Participant)

Signed:
(Researcher/Assistant)




