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DISCLAIMER

The views and conclusions expressed in this
document are those of the author. Th:uy are
not intended ard should not be thought to
represent official ideas, attitudes, or
policies of any agency of the United States
Government. The author has not had special
access to cfficial information or ideas and
has emploved only open-source materia:
available to any 'writer on this subject.

This document is the property of the United
States Government., It is available for .
distribution to the general public. A loan
copy of the document may be obtained from the
Air University Interlibrary Loan Service
(AUL/LDEX, Maxwell AFB, Alabama, 36112) or the
Defense Technical Information Center. Request
must include the author's name and complere
title of the study.

. This document may be rebroduced for use in
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contingent upon the following stipulacions:

-- Reproduction rights do not extend to
any copyrighted material that may be contained
in the research report.

_ ~- All reproduced, copies must contain the
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-~ All.reproduced copies must contain the
name(s) of the report's author(s).

-- If format,modification is necessary to
better serve the user's needs, adjustments may
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does not extend to copyrighted information or
materlal The following statement must
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PREFACE

During a September 1984 meeting at Air University,
discussicns with Mr. Albert Engel of TRW Corporation sparked
the idea that led to this study. Working under Air Force
contract, Mr. Engel visited Air University to enlist student
help for preliminary studies on topics related to Space
Strategy. The result of his visit is this study and several
others that providé small preludes to the year-long Space
Strategy Option Study scheduled ta begin in 1983. This
study presents research data, analysis, conclusions, and
recommendations intended to provide answers, ideas, and:
questions useful tn. the Space Strategy Dptzon Study panel
members.

It is important to emphasize the principal purpose of this
study to help guide its use. Primarily, it provides
research information on the commercialization of space.
Therefore, the author incorporated research data explicitly
into the text wherever possible. Beyond providing research
information, this study projects =space commercialization
into the future, and presents the author’s conciusions and

. recommendations on defense needs for space
commercialization. Thus, the author gives the reader thr e
options for using this study. First, the reader may use ~e
entire document. Second, by stripping off the author’s
conclusions and recommendations, the‘redder can draw his
(her) own conclusions based on the research data and
analysis presented. Third, the reader can choose to use
only the historical research data without the pro;ections to
the future, or use different projection rules to get an
alternative view of the future. The author structured this
study modularly to allow,maxzmum rlex1b1lity for use c¢f its
contents.
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space while assigned to the Advanced Rediation Technology
Office of the Air Force Weapons Laboratory at Kirtland Air
Force Base, New Mexico. He served as a LASER Weapon System

Analyst from 1976 to 1981. While studying LASER aperating

characteristics in the earth’s atmosphere and in space,
Major Taylor developed an interest in the space
enviranment’®s hostile uniqueness.

Formal Educaticn., Major Taylor studied Physics at the
Stevens Institute of Tecnnology, Hoboker.,, New Jersey He
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to the University of Michigan. where he received a Master of
Science degree, Fhysics, in 1972. During undergraduate and
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sub jects: Astrophysics, Orbital Mechanics, Relativity Theory
Impacts on Space Bodies, and Space Thermodynamics.
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EXECUTIVE SUMMARY )

Part of our College mission is distribution of the ‘ ‘
students’ problem solving products to DoD |
gponsors and other interested agencies to :
enhance insight into contemporary, defense |
related issues. While the College has accepted this |

* product as meeting academic requiremants for |
- graduation, the views and opinions expressed or f
implied are solely those of the authotr and sheuld f
not be construed as carrying official sanction. |
“insights into tomorrow” |
| |
REPORT NUMBER «5-2675 ‘

AUTHOR(S) MASOR JOSEPH J. TAYLOR, USAF

g TITLE COMMERCIALIZATION OF SPACE: NATIONAL POLICY AND
" , DEFENSE NEEDS ; ‘

I. Purpose/Background: This study examines
commercialization. of space in view of its impact on U.S.
national policy and defense needs. The idea for the study
was sparked by Mr. Albert Engel of the TRW Corporation and
Lt Cot Ted Schroeder of the Air Staff. This study and
several others from Air University address specific topics
from a much broader area that will be investigated later

this' year during the Space Strategy Option Study.

II. Problem: Responding to President Reagan’s Strategic
Defense Initiative, U.S. defense planners are at a crxtxcal
juncture where they must determine the goals and means for-
‘future space defense. Cocmmercialization of space may add
another dimension to the space defense praoblem. Is space
commercialization an important factor to consider when o
"planning U.S. space defense? This study reviews the history
of space commercialization and extrapolates its trends to
determine its defense needs, if any, for the nsxt century.
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CONTINUED ™

IIl. Findings: First, this study historically reviews
space commercialization. It finds satellite communications
to be the only mature commercial space industry. However,
trends show continued strong growth in communications and
much interest and activity in other commercial space areas.
Space 1ndustry growth trends and corporate planning figures
indicate that space commercialization is moving strongly
forward and will be an 1mportant U.S. economic factor by the

year 2023,

A review of U.S. Government space policy and international
space law =.ows two distinct trends. First, the J.S.
Government is aggrassively working to stimulate space
commercialization through legislative actions, thirough
research and development funding, and through NASA. 0On the
other hand, the international policy forums show no evidence
of increasing interest in space commercialization issues.

IV. Conclusions: This study concludes that U.S. policy
must includa an approach and a plan to protect U.S.
commercial assets and scamercial interests in space.

V. Recommendations: This study recommends that defense

needs of U.S. commercial space assets ba integrated intio
Department of Defense planning for space defense.

It alsv recommznds development of the Space Stfategy Dptidns
Model as a tool %o help the U.8. arrive at reasaonable

decision opticns for devising and 1mp1ement1ng an integrated

space defense stratagy that suits both military and civilian
needs.

viii -

PR AN

L O A

SIS e

ST

PRI

v

.
_r

v .
L)

o

LI

,....< ,

W, % e e Tea e

r AP I R
AR U N O

(]

SRS

']

[ Tl i N

v
]




Chapter One

INTRODUCT ION

OVERVIEW

Chapter 1 perforns four major functions. First, it
introduces this study to the reader by bridging it with a
much larger effort being prepared by a team of Department of
Defense and defense contractor field experts. Secend, this
chapter provides. background to acquaint the reader with
previous work on the study subject. Third, it describes the
study scope and limitations. Finally, Chapter 1 lists the
primary study objectives. '

This section describes the Space Strategy Option Study
and the Staff Froblem Solving Froject. I% discusses the
requirements of each, and explains the link between them.

PR N P~ —m e e e e 2

Spacz_Strategy Option_Study

Background. Colonel T. Schroeder conceived the idea of
building a Space Strategy Option Model. The Space Strategy
Option Study provides .he method to develop it. The model,
when‘completed,'will be a tonl used to consider issues
relating to space pcicy, srace strategy, and space weapmn
cystem sgiection. It will accept a wide range of objective
and cubjective inputs, project the myriad of potential
outcomes from their combination, evaluate alternatives to
affect the outcomes or to react to .the cutcomes, and finally
recomme@nd decisions on the course(s) of action that provides
the highest probabili*y for favorable returns to the United
States. Recommendations will cover national policy
objectives, rational strateqgy, and weapons optiors, if
weapons are seen as an appropriate response. A prime
advantage of. the model is its ability to handle complexity
and fluidity of the "real" world while still presenting
timely decision options. The second major contripution is
the model’s projected improvement of U.S5. long term decision
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making. Spacre systems nave lang lear~times ard lang
life—times: +trierefore, accu.cate dec:isicns cn space systems
needs are essential for producing useful sgace systems and
for avoiding waste of procurement tunds. (S7:--).

Working urnder an Air Forcz cortract, Me. A. E. Engel
from TRW conduct=zd preliminary research on the Space
Strategy UOption Model ~oncept during 1982 and 1983. His
study identified deficiencies in current strategic plannirg,
identified a need for improved nod=2ls and methoaclogy. and
pointed out the potent:al long--aige value of the Space

trateoy Option Model plan (S7u184) . . Study methodslagy

included development of a small-scale space option maodel and.

~cata bace. A final recommendatinn of the study was :
formatior of the Space Strategv Lption Study group. The TRW

" study produced the guidance and irstructions for that group.

The Space Strategy Option Mpdel attempts to grapple
matihemnatically with very subjectiv2 concepts—--naticnal
policy and s rategic planning. #Although this approach is
difficult fou- the objective mind to understand. the apgroach
has been def nstrated successfully hy physicist Alvin M.
Saperst=in -om Wayne State University {(J4:13). Saperstein
uses data ¢ scribing arms races ‘n nonlinear differential
equations to predict the transiticn from order (peacer O
chaos (ward). Joseph Ford, a chaos theory guru and phvysicist
from the Ge.:rgia Institute of Technology., agrees with the
feasibility of the approach. Zpeaking cof Saperstein’s work,
he states, "It's a legit’mate, honest ard guite useful
effort" ‘3°.12). Basgec . on his results to date Saperstein
says. "BGiven a lot of people working on it and a lcot of
time, it’s conceivable that the models could begin to
approximate national behavior" (J4:13).

Goalg. The Space Strategy Opticn Studv group will
perform twoe major functions. First, it will ‘canstruct a
comprehens.ive data base using inputs from panels of experts
covering a broad spectrum of topizs. Second, it will
"...develor coherent, integrated gnals, policy, strategy
options and recommended approach [(for spacel® (57:6)

Crganization. The study organization consists of an
executive ~dvisory board and eight analysis panels of
experts. The adviscry board itself consists of four
developmeni panels. The develcpment panels cover
goals/policy, options/strategies, recommendations/
approaches, and public/media interaction. .Analysis panels
address threat/classification, dectrine, economics, -
politics, military interests, social impacts, missigns, and
system architectures. Fonel membership will renge from
technical specialists to nationally recognized senior
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senior executives. (57:3).

Schacdule. Study length spans one year. It begins with
analysis panel chairmen and member selection. Four months
later the advisory bcard panels begin to enter the study.
The First Space Strategy Option Conference will convene at
the end of six months. Following the first conference, the
advisory panels continue working full-time while the
analysis panels reduce their effc~t to cover residual
issues. Eleven monhths into the schedule th>» Second Space
Strategy Option Conference meets. The study concludes with
a meeting of the e<ecutive advisory board during the twelfth
month. (S7:4). '

Study_Linkage

The preceding subsection was a summary of the Space
Strategy Option Study. The fallowing subsection summarizes
the background, goals, organization, and schedule of the
Staff Problem Solving Project. However, before. continuing,
it is important to understand the ~inkage between the two
efforts.

This Staff Problem Solving Project provides an input to
‘the Space Strategy Option Study. A letter from Headquarters
Space Divisior to Air University asked for help with a topic
entitlea, "The Space Strateqgy Option Model”" (45:1). The
model will be one output from the Space Strateqy Option
Study. Guidance and instructions for the Space Strategy
Option Study were provided in an u:published paper of the
same name (57:--). Mr. A. Engel ‘. om TRW briefed a grnup of
Air Command and Staff College students on details of the
unpublished papar. Those discussions produced the title and
general study direction for this Staff Problem Solving
Project.

Tt o e s s o o i e i o e e S et 2 o o —

. Background., Staf+f ﬁroblem‘solving represents a kesy
skill taught at the Air Command and Staff College cf Air
University. Each year the Air Command. and Staff College
clasg members choose a topic to investigate as part of the
‘college’s curriculum requirements. To make this exercise as
realistic and as useful as possible, the students are
encouraged to choose topics that help solve current,
relevant Air Force problems. (4431). '

Goals. Staff probl am solving has two primary goals.
First, it aims at sharpening tre student’s decision making
skills by exercising his abilities of "...defining the
problem, collecting quality information about the problem,




" time allotted--twelve months. Other limitations will be

formulating a logical approach to i1ts sealution, performing
tre critical analysis reqguired to suppart a2 recommended
course of action, and communicating the process..." (44:1).
Secnond, it provides a means to conduct useful investigation
of a current i1ssue. Staff problem solving outputs must

", ..Ccreate products of practicality and immediate benefit"
{(44: 1), : '

Organizatipon. The staff problem sclving organization
consists of one or more students, an advisar, and a sponsor.
The student (s) chooses the topic, conducts the research, and
prepares the study report. The advisor aids the student(s)
by providing technical expertise on the study topic.
Advisors also provide guidance and critiquas on the study
report. The sponsor defines the iritial protilem and

receives a copy of the final study report. (44:4-5),

Schedule. 5Staff problem solving (44:2), "...begins the

. last week of August and ends the last week in February."

Major milestones are a completed first draft in the third
week of January and final turn-in for evaluation on the
first Monday in March (44:2).

SCUPE_AND_LIMITATIONS

Scope. The Space Strategy Option Study scope is broac.

It covers the range indicated by the names of its twelve
parels: (1) goals/policy, (2) options/strategies, (3)

. recommendations/apprnaches, (4) puolic/media interaction,

(S) threat/classification, (&) dactrine, (7)) economics, (8)
political, (9) military, (10) social, .(11) mission ’ b
requirements, and (12) systems architecture (S57:3). Members
of ‘panels S—12 will investigate their tcpics in sufficient
depth to identify which factors exert primary i1nfluence
within their susject area and among the other panel areas.
Further, they must establish the relatiaonships among th
entire suite of panel topics. . -

Limitations. The chief limitation an study depth is

d2fined during two months of panel guidance development.
(S57:4). .




' Scope. In contrast to the Space Strategy Option Study,
this study on commercialization of space has much narrower
scope. It focuses on space commercialization by U.S.
private enterprise and on the need for space defense
measurese to protect commercial space assets. This study
will relate to the Space Strategy Option Study through the
economics, policy, and mission requirements panels. 1t
begins with an historical survey of space commercialization
~and related policy. It ends by prajecting commercialization
trends through the year 2025 and by assessing defense needs
of commercial assets in space. This study will offer
findings, conclusions, and recommendations.

Limitations.  The principal limitation to this study is
the time available to conduct it. Air Command and Staff
Colliege guidance recommends each student target 1350 hours
" for staff problem solving (44:1). That time is spread over
developing a prnject plan, gathering data, analyzing data,
and producing a final report (44:2). Other limits reflect
the student’s experience in resesarch techniques, staff
problem solving, and the subject area chosen. The author, a
student of 'science, has had experience in experimental
research and experience in scientific (objective) problem
solving. However, the author provides an unbiased (no
experience) opinion with respect to the commercialization of
space-

STUDY_OBJECTIVES

Primary objectives of this study are listed below:

1. Determine numbers, types, lifetimes, values,

and return-on—-investment ' (ROI) of current U.S.

satellites. , '

2, List current international space laws and U.S.

space laws and policies that affect space

commercialization. _ :

3. Compute the value of business ventures planned
" by U.S. industry,

4. Pradict the lifetimes of future satellites.

S.. Predict the total value of commercial

squipment in space versus time over the next forty

years. - .

6. Compare the value of commercial equipment

investments in space againat a standard U.S.

economic measure over the next forty years.

7. Evaluate the need for U.S. space policies and

space defense to match space commercialization
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Chépter Two
SPACE COMMERCIALIZATION HISTORY

OVERVIEW

Chapter 2 presents a collection of historical data on
the commercialization of space. The chapter begins by
selecting v*ich data to consider for conducting an
historical survey. Selected data cover the following range,
of topics: launch rates, launch ‘costs, satellite 1i fetimes,
capital investment in satellites, satellite-produced income,
and return—on-investmenit- (ROI) from commercial satellites.
These data cover the period from the first U.S. satellite
launch through 1982, Data of Chapter 2 provide the
foundation used in Chapter 4 to project space
comnmercialization trends into the next century.

SELECTION _OF TREND DATA

—— e s o s e et S e e

Background. A mecaningful trend analysis demands
identification and use of the key factors that influence the
commercial space market. One identifies the space market
key factors by looking at the factors affecting all
commercial markets. Investigation produces the following
generalized list: consumer behavior, pricing, purchasing,
sales management, product management, marketing
communications, packagine, channels of distribution,
marketing research, social issues in marketing, retailing,

' wholesaling, international marketing, and physical
distribution (2:10). Although general marketing theory
includes the entire preceding list, all market decision
making can be organized and condensed into four strategy
elements: product planning, marketing chann7~l organization,
promotion, and pricing (2:23). This paper concentrates on
historical trends of the product planning and pricing
elements as predictors of future space commercialization.
These two elements were chosen because they contain
quantitative factors suited to historical and predi:tive
analysis, .




In contrast, the other two market strategy 2lements
(marketing channel organization and promcztion) have more
qualitative influences on market develoagment. Two other
facts also reduce the importance of market channels and
promotion to space commercialization. First, the country’s
sophisticated product distribution netwaork has praven its
ability to rapidly disperse a wide range of products from
the technical simplicity o+ the hula hoop ta the electronic
" complexity of video cassette recorders and cable television
service. Therefore, estaklished distribution channels
should easily absorb proaucts of the commercial space
market. Second, promotion is most critical when introducing
new products. However, past space commercial ventures and
products-in-planning concentrate exclusively on improving
existing products and services. For example, past space
efforts have concentrated on worldwide communications,
weather prediction, and aerial imagery., Future products
concentrate on further expansion of past efforts plus
materials processing such as pharmaceuticals and metals.
Vast markets already exist fcr these products; space
industry aj.s mainly to improve product quality and to
reduce product price. Therefore, product planning and
aricing were chosen as the two market strategy elements that
apply to this study of space commercialization.

Product Planning_Factcrs. When considering product
rlanning, a question often asked is, "Why should a company
bother to pursue a high risk venture in space when many
established marketing opportunities are available in
earthbound product lines?" Dr. Rom Markim (2:226), Dean of
the College of Business and Economics at Washington State
University, explains as follows: '

Creating, testing, and developing new—product
ideas are esnormously risky and absorhb a great
deal of management time and ccmpany resources.
Yet a successful new product can bring the firm
tremendous cirufits as well as other benefits. It
is the possibility of such large gains that
entices business people into high-risk ventures.
An examination of the successful firm shows that

© their achievement can be largely attributed to
the size and intensity of their research and
development efforts. For example, Dr. Edwin
‘Land, founder of the Polaroid Corporation. spent
$3500 million developing the SX-70 camera.

~ In the product development process, the scroening and
business analysis phases consider raw materials supply,
effect on other products, sales forecasts, profit analysis,




and patent positior when evaluating market potential
(2:236). Markim also emphasizes the rvle of new technology
in the product'development prar.ess by retferencing the U.S.
space program. He says, “[{Technolojyl...has given rise not
only to new products, but to vast new industries as well.
[The space programl...has spawned among otrers, Teflon,
weather and communication satellites, hanc—-held computers,
and electronic wristwatches” (2: F6,237).

Having identified important produc:c nlanning factors,
‘the study moves on to consider product pr.cing factors.

Product Pricing_ Factorsz, Fricing also strongly
infiuences market growth. It is the second, and last, of
the four elements of market strategy used in this study to
measure the growth “rends of space commercialization.
Product pricing depends upon product demand and product cost
(2:4%56). Thus, this study considers gdemand and cast as the
key product pricing factors.

g;gtoriégl and_Analysis_Data-Type Sélegtiun

As a summary of the above market theory discussions,
Table 1 lists the general market factors that influence the
space arena. Data-types chosen for space commercialization
trend analysis appear opposite cach factor. ‘' Data-types were
selected based on their relevance *o the Table 1 market
factors and to their availability n the research
literature. '

- e et o} S s s e e s e atre e o ey v S e o et iy v s 3

Product_Planning_Facturs

raw materials supply
effect on other products "
sales forecasts satellite income

profit analysis ' return on investment
.patent position o , i
technology : satel}ite lifetimes

Product Pricing Factors

product cost C léunch cost

capital investment
product demand’ iatollitollaunchvrates

Table 1. Trend Data-Type Selection
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Thus, having establisned which data-types were chosen
for annlysis, and why, the next section looks ut historical
data to establish trends for sach of them.

This section contains tables that present research
resuits of the data-types from Table 1. General trends are
noted where they appear to be developing.

Definitions

Before continuing, several system categories must be
detined for this study. The following terms appear
throughout the remainder of this report.

Mil.tary. A space svstem owned by the U.S. Air Force,
Army, or Navy is a military system. '

Civilian. A gspace system carrying a primary payioad

for other tnan military or international customersg is a
civiliar, system. , '

. Commercial. A civilian space system that carries =

D e e A e o e B

payload intended for profit-making is a commercial system.

Total. The sin of all military and civilian systems,

including international customers, is the number of total

systems.

T¢vle 2 shows launch data. Data aggregates listed include
launch rates of total payloaqs (includes payloads jointly
funded by the U.S. and other countries, and launched on U.S.
vehicles), civilian payloads, commercial payloads, total
launches, and civilian launches. The table shows several
trends. First, and most obvious, is the frenzied pace of
U.S. space activity in response to the perceived Soviet lead
in space due to their launch of Sputnik in 1957. A U.S.
Congressional report describes the phenomenon (S54:44), "The
no-priority [U.S8. spacel] project which had been Vanguard
shifted quite suddenly into the national spotlight. It
became the great hope of the entire Nation." In the early
years the U.S. space program was paced by the rate that
money couuld be spent, not by th?2 amount of maney available.
(54:68). However., U.S. activity peaked in 1966 followed by
a sharp décline during the remainder of the 19240s. From

10
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1970 to 1980 a general trend of

continued.

declining launch rate

Second, U.S.'launchbrate appears to have turned around since

1980.

a trend reversal,
trend reversal gathers firmer support (see Chapters 3 and

Although four years of data aren’t strong support for
when underlying factors are examined the

4.

Total Civilian Total Civilian Commercial

Year Launches Launches Payloads Payloads Payloads
1958 5 5) - 5 o (s
1959 13 8 13 8 0
1960 21 10 21 9 0
1961 35 16 40 15 (o}
1962 57 21 58 18 1
1963 42 14 62 13 1
1964 62 25 74 24 o}
1965 b6 25 92 24 1
1966 77 34 93 23 (o}
1967 58 24 84 23 3
1968 45 15 &0 17 1
1969 X9 16 54 14 2
1970 30 11 30 8 2
1971 33 10 41 10 2
1972 31 13 30 13 2
1973 23 12 23 11 1
‘1974 23 7 15 L7 3
1975 28 16 27 is 2
1976 27 12 - 30 12 7
1977 23 6 20 'y 1
1978 33 13 27 13 z
1979 16 8 16 7 1
1980 12 6 . 15 & 2
1981 i8 13 19" 14 s
1982 18 10 17 11 7
1983 22 13 2% 14 b6
1984 23 17 31 24 10

Sources: (43:B~-4,B-5; 28:1201; 16:13)

Table 2. U.S. Satellite Launch Rates

As the third trend of Table 2, civilian satellite.
launches have shown an increase in their parcentage of total

‘U.S. satellite launches.

Table 3 shows this more clearly by

TS
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listing civilian satellite launches as,a'per:ent of total
gsatellite launches. Although the total number of U.S.
payload launches has declined, of those that remain,

emphasis has gradually shifted from military use taward
civilian use.

Also listed in Table 3 are the commercial satellite
launches shown as a percent of the total U.S. satellite
launches. The table clearly shows that commercial payloads
are increasing as a percent of total payloads. It also
shows commercial launch percentages recently increased
sharply, while the percentage of all civilian launches
showed less growth. This indicates that commercial launches
are becoming an increasing share of all civilian launches,
as well as becoming a sharply increasing share of total.
launches. It must also be pointed out that all commercial
launches through 1983 were for placing communications
satellites in orbit. So far, all commercial space ventures
have been communication satellites or the space launch
yehicles themsel ves. '

Civilian Commercial , Civilian Commercial
Satellites Satellites Satellites Satellites
Year (%2 _tot.) (% _tot,) Year (4 _tot.) (% _tot.)
1958 0 ‘ 0 1972 43 ' 7
1939 &2 .0 1973 48 4
19460 43 o] 1974 47 20
1961 38 0 1973 59 11
1962 . 31 2 1976 40 23
1963 21 2 1977 30 S5
1964 32 0 1978 - 48 11
1965 26 1 1979 " 44 &
1966 25 o] 1980 40 13
1967 , 27 4 1981 74 26
1968 28 2 1982 ' 63 41
1969 26 49 1983 36 24
1970 27 7 1984 77 .32
1971 24 o] ‘ :
Source: Table 2

Table 3. Civilian and Commercial Satellite Percentages
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Launch costs are a key factor in determining the
commercial viability of all space ventures. The true cost
of a satellite system equals the cost to build it, plus th=
cost to boost it to an altitude where it can be useful, plus
the cost to operate it. The sum of a satellite’s production
cost and its launch cost equals the value of the system as a
capital asset. Operating cost must be included to caiculate
a total system cost for determining profitability.

The first half of Table 4 shows an historical sampling
of launch costs per pound of payload launched into low eartn
orbit (100-600 nautical miles altitude) (54:437). However,
many, satellites depend on orbits higher than low earth
orbit. In their case an additional thrust (cost) is
necessary to boost them into geosynchronous earth orbit
(22,300 nautical miles altitude) (54:144). The second half
of Table 4 shows per pound costs for boosting payloads from
low earth orbit to geosynchronous orbit. ‘

Use - Type ‘Payload Launch Cost
Dates Vehicle Capacity(Lbs)  ($/Lb) Source
1956-58 Jupiter C i8 7 mill (3:3-73 15:
: . ‘ 1865 1:27)
1960-61. Atlas Agena A 3, 000 2,900 (54:202,250;
1127)
1960-63 Atlas Mercury 3,000 19,400 (5432003 3313~
R ‘ 4,3-6; 1127)
1967-73 Saturn V 200,000 2,300 (54:1214-217,
: B - 2603 1127)
1965-84 Titan III'C 29,000 2,700 (54:207,260)
1975~-85 Delta 3,900 6,400 (54:195,620)

1981-85 Space Shuttle 635, 000 2, 600 (15:14;16)

. LOW_EARTH_TO_GEOSYNCHRONOUS ORBIT

Use Type : Payload - Boost Cost
Dates Vehicle  Capacity(iLbs)  (#/Lb) Source
1978-85  PAM-D 1,000 8,000 (231169, 1703
. 43158)

Note: All costs are in 1984 dollars.

Table 4. Satellite Launch Costs
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Table 4 shows that launch costs to low earth orbit have
dropped aver three arders of magnitude since launch of the
first U.S. satellite, Explorer I (the first table entry).

Al though launch costs have shown a remarkable decline since
19958, the tra2nd is only expected to continue possibly
another one or two orders of magnitude (54:268). Low earth
to geosynchronous orbit cost is shown using PAM-D; however,
PAM-D’s normal role is to boost payloads from laow earth to
geosynfhrnnous transfer orbit.

 satellite Lifetim

Table 5 shows satell1te lifetime versus launch year for
several ser:es of communication satellites and for the
earth-imaging satellite, Landsat. The data show lifetime is
a slowly increasing function of launch year. Two factors
that dictate satellite lifetime are fuel supply (used for
station-keeping/pointing accuracy) and component design
lifetime (55:34). Tradeoffs between these twc factors
produce ultimate satellite design lifetime. Baeyond a poxnt
extended lifetimes lose importance,. because satellites
eventually become obsolete due to changing technology and
changing user demands. INTELSAT Seriee VI, due to be
launched. in 1986, still has a design lifetime of seven
years, which is unchanged from INTELSAT IV-A (35:177).

Satellite

Launch_Year Names Lifetime_(years) Source
19358 SCORE . , 0.03 (55: 121)
1960 Courier 0.03 (35:122)
1962 ‘Telstar 1 0.3 (55:122)
1965  INTELSAT 1I 1.2 (55:133)
1967 INTELSAT I1 2.4 (552133
1971 INTELSAT IV 6.2 (55:133)
1972 Landsat 1 5.5 (55:219)
1974 ATS=6 5.0 . (55: 95)
197% = - Landsat 2 5.0 (55:223)
1976 CTS 3.5 (55:102)
1976 Marisat I,II,II1 3.0 (53:84)
1976 INTELSAT IV-A- 7.0 (SS5:133)
1977 GOES 5.0 (30:264)
1981 INTELSAT V 7.0 (55:133)
1983 SARSAT 5.5 (55:109)
1984 GSTAR 10.0 (55:138)
1984 Galaxy 9.0 (17:123)

Table S. - Commercial-Class Satellite Lifetimes
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This subsection prwesents statistics on the capital
investment in several satellite proyrams. It considers oniy
the cost of on-orbit systems, no. their ground stations.
Launch costs are not considered here either. They have been
broken out separately and were shown in Table 4 above. Note
that satellite weights are also presented. Hopefully a
relationship between satellite weight and cost will become
apparent, i.e. dollars per pound o’/ satellite. Table 6
lists launch date, satellite name, weight, cost, and data’

source.

Launch Satellite Weight Cost
Datz Name {Pounds) (Dollars) Source
1965 INTELSAT I 846 41.0 @mill (55:33; 43:B-56)
1968 INTELSAT I11 &40 8.4 mill (55:33; 43:B-63)
1974 ATS-6 2,590 432.0 nill (55:99; 43:B-77)
1976 Marisat 720 26.6 mill (5%:76,77)
1976 CTS 780 121.0 mill (S55:102; 43:B-82)
1976 INTELSAT 1V-A 3,330 92.4 mill (355:33; 43:B-82)
1978 Landsat 3 2,100 73.7 mill (S5:222,223,227)
1979 SATCOM 11l 1,010 45.3 mill (55:133; 43:B-82)
1981 INTELBAT V 4,240 85.7 mill (55:33; 43:B9.)
1984 Westar 6 1,000 37.5 mll (13:66)
Notes: Costs are in 1984 dollars
Dollar-year conversions source (1:27)

Table &. Satellite Capital Investment

Table 6 shows that the cost per pound cof INTELSAT I,
the first commercial communication satellite, was very high.
Since then the cost has decreased and become fairly stable
at approximately $40,000 per pound. The exceptions are
ATS-46 and CTS. These two communication satellites were
experimental direct broadcast models. They operated 8+ much
higher power than convertional communication satellit:
thus their signals could be received by small (2-foc*
diameter) antennas installed by homeowners. In contrast,
the standard communication satellite signals must be.
received by a ground station with large (20-foot diameter)
antennas. Direct broadcast communication satellites may
become an important future market. '
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Satellite-Produced Income

As mcntioned previously, communication satellites are
the only true commarcial space systems. The Communication
Satellite Corporaticn (Comsat), being in business the
longes*:, serves as a good example of a commercial space
company. Their INTELSAT series satellite revenue for 1982
was %300 wrillion (535:39).

The J.S. Government also produces socme income from
Landsat earth-imaging satellites and from its g.obal weather
satellites. However, those income figures were not used,
because they are influenced by government subsidy. Alsa,
there is not yet any private U.S. industry competition in
either of those two potential business areas. However,
Landsat s currently being transitioned from U.S. Government
ownershin and operation to U.S. private business.

Also, numerous companies derive inccocme from
reprocessing and reselling remote sersing data from the
Government-operated Landsats. . However, this study treats
only income produced directly from on—-orbit systems.

Return_on_Investment

Comsat also provides a sample of space
commercialization ROI. Comsat RCI has been steady at 16.1%
per year since 1973. Comsat uses 14% per year as its target
(55:39).

RESEARCH_SUMMARY

Th preceding data show the genaral historical

relatiunships of factors selzcted to measure trends of space
commercialigation. The follow'rg Es a ?ist of significagt

findingg:

— Commercial satellite launch rates are increasing..

— Satellite launch costs show a slowly decreasing
trand. v o

— Satfellite lifetimes show a slowly .ncreasing
crend. :

— Capital investment in satellites (excluding launch
costs) is stable at approximately $40,000 per
pound. ' ,

— INTELSAT RCI is stable at approximately 1&%.

Having completed a review of hardware progress, this

paper naw shifts toward U.S. and international policy
developments relating to space commercialization.
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Chapter Three
SPACE POLICY AND LAWS

CVERVIEW

— v o G s

The purpose of this chapter is to review space policy
and laws, and to assess their impact on the v
commercialization of space.’' Chapter 3 fulfills this purpose
by first tracing the history of space policy and space laws
that relate to the commercialization of space by U.S.
private enterprise. Second, it looks at issues resulting
from recent studies and Congressional hearings. . Third, it
presents pending legislation of significance to space
commercialization. This chapter promotes understanding and
appreciation of the origins of space policies and laws
governing commercialization of space. Although emphasis is
on U.S. space policy, the discussion iincludes international
laws to illustrate the interdependence of U.S. thinking with
that of its global partners. The following chapter uses
this chapter and Chapter 2 as foundations for projecting
future developments. ' '

U.S. Space_Policy_and_Laws

The following is a collection of the major U.S.
policies and laws that affected space commercialization over
the history of the space program. The launcn of Sputnik by
the Soviets in October 1957 awakened the U.S. to the fact
that it was number two in the race for space. That event
produced a determined resnsonse from the U.S. that resulted
in passing of the National Aerunautics and Space Act. ' This
Act became the first U.S. space policy. (54:44-50), ‘

. The_National_Aeronautics_and Space Agt., Congress
passed the National Aeronautics and Space (NAS) Act in 1958.
Thus, it legislated a highly centralized apgroach to space
following the Manhattan Project philosophy that had served
the country so well during World War II. The Act

17
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established NASA as the lead agency “...to provide for
ruesearch into problems af flight within and cutside the
earth’s atmosphere, and for other purposes" (49:372).

The Act, although broad, did not address
commercialization of space explicitly. However, two of its
eight objectives bear indirectly on space commercialization:

(1) "The expansion of human knowledge of
phenomena in the atmosphere and spacej;*

(2) “The establishment of long-range studies
of the potential benefits to be yained from,
the opportunities for, and the problems
invalved in the utilization of aeranautical
and space activities for peaceful and
scientific purposes;" (49:372,373).

These two objectives relate to commercialization when
considered with NASA’s responsibility to "Provide for the
widest practical and appropriate dissemination of
information concerning its activities and the results
thereof" (49:374). Basically, NASA was charged with
responsibility to investigate outer space and to report its
resulta, thus providing information needed for
commercialization feasibility studies.

Although the Act has been amended numerous times (1939,
1963, 1964, 19468, 197%, 1974, etc.), its important
guidelines remain unchanged. The NAS Act still forms the
basis of this country’s space policy. In recent review
hearings of the Act, Harold Volkmer (52:iii), chairman of
the House of Representatives Subcommittee on Space Science
and Applications, said: .

The consensus view at these hearings was that
the National Aeronautics and Space Act of 19958
is a remarkably sound piece of legislation
that has reliably served the Nation as a basis '
for U.5. policy—-making for space matters for
twenty-five vears., At the same time, the Act
continues to retain a vision for future U.S.
activity in space.

Early Presidential Policy Statements, President
Eisenhower made the first explicit push for space :
commercialization in a space policy statement issued in
Decamber, 19603 '

To achieve the eacrly establishment of a

communication satellite system which can be
used on a comnercial basis is a national

18




objective which will require the concerted
capabilities and funds of both Government and
private enterprise.... With regard to
communication satellites, I have directed the
National Aeronautics and Space Administration
to take the lead within the Executive Branch
both to advance the needed research and
development, and to encourage private
enterprise to apply its resources toward the
earliegt practical utilization of space
technology for commercial civil cbmmunicétions
requirements (49:349).

Next, President Kennady expanded commercialization of
space by policy statements he made during his 1961 State of

the Union message. He encouraged, "...accelerating the use '

of satellites for worldwide communications...landl...a
satellite system for worldwide weather observation" (%51:4).

. Today communications and weather observation have become two

of the most commercialized aspects of space. Communications
satellites are directly owned by private and public '
companies. Weather satellites, while government owned,
produce forecasting data used by private and public
television and radio networks. President Kennedy recognized.
the commercial use concept and potential in his statement,
"esolspacel will be of inestimable commercial and scientific
value"” (351:4), '

Also during the Kennedy Administration, Congress
approved the Communications Satellite Act of 1962. This Act
formed the Communications Satellite Corporation (Comsat),
the first space commercialization project (49:1248).

The Nixon Administration accounts for the next
significant impact on conmercialization of space. Nixon did
not directly support commercialization, but his decision to
start the Space Shuttle Program (51:14) led to our current
capability to launch, repair in orbit, and return spaceborne
experiments and satellites to earth. :

. Carter Administration Soace Policy., President Carter
issued two space directives. Both made progress beyond the
NAS Act by recognizing and promoting the commercial
-potential of space. The firwt directive, issued 19 June ‘
1978, resulted from a presidentially directed National
'Socurity Council review of existing space policy (ie., the
NAS Act of 1958). Results contain the following five
principles that apply to space commercialization.
Principles one, four, and five explicitly support space
commercialization. Principles two and three promote the
unhindered exploitation of pace and protection of national
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assets in space:

1. The United J3tates will pursue space
activities to increase scientific knowledge,
develop useful commercial and governmental
applications of space.

2. The United atates rejects any claims teo
sovereignty over outer space or gver celestial
bodies, or any portion thereof, and rejects
any limitations on the fundamental right to
acquzre data from space.

3. The United States holds that the space
systems of any 1.aticn are national property
and have the right of passage through and
operations in space without interference.
Purposeful interference with space systems
shall be viewed as an infringement upon
sovereign rights.

4, The United states will encourage domestic
commercial exploitation of space capabilities
and systems for economic benefit and to
promote the technological position of the
United States.

S. The United States will develop, manage,
and operate a fully operational Space
Transportation System (STS), through NASA, in
cooparation with the Dcpartment of Defense.
The STS will service all authorized
users——domestic and foreign, commercial and
governmental—-—-and will provide launch priority
and necessary security to national security
missions while recognizing the essentially
open character of the civil space program.
(54351117-1119).

The second Carter directive, issued 11 Gctober 1978,

contains four additional points pertaining to space

commercialization. This directive, titled, U.S. Civil Space

Policy, recognizes the need for government involvement to:

encourage private investment in space applications with

particular emphasis on remote sensing. The second point

¢

again shows government concern of making space a safe place

for operating and investing:

i. Emphasizn space applications that will"
bring important benefits to our understanding
of earth resources, climate, weather,
poliution and provide for the private sector
to take an increasing responsibility in remote
sensing and other applications.

2. Confirm our support of the :ontinued

20




development of a legal regime for space that
will assure its safe and peaceful use for the
ben=2fit of mankind.

3. Specific details and configurations of the
LANDSAT system and its management and
organizational factors will evolve over the
next several years to arrive at the
appropriate mix, test organizational
arrangements and develop the potent1al to
involve the private sector.

4. Along with other appropriate agencies,
NASA and Commerce will prepare .a plan of
action on how to encourage private investment
and direct participation in civil remote
sensing systems. (54:1120-1121).

Reagan Adm1n15tratzon Space Polxcy. President Reagan’s
initial national space policy resulted from a cen month
interagency review of the previous administration’s space
policy guidance. It was released on 4 July 1982. The policy
retains the commercialization encouragement of President
Carter’s policy statements. However, it addresses the space
shuttle as an operatipnal space transportation system (STS).
STS specific guidance for commercial exploitation follows:

1. STS capabilities and capacities shall be
developed to meet appropriate national needs
and shall be available to authorized
users--domestic and foreign, commercial and
governmental.

2. NASA will assure the shuttle’s utxlxty to
the civil users,

3. The United States Government will provide
a climate conducive to expanded private sector
investment and involvement in space
activities, with due regard to public safety
and national security. THese space activities
will be authorized and supervised or regulated
by the government to the extent required by
treaty and naticnal security. (53:1312,313).

The next important Presidential policy decision, .

" announced on 8 March 1983, proposed to offer the Landsat
- system for gale to the private commercial sector (Z3:1320).

Preasident Reagan announced support for commercial
operation of expendable launch vehicles (ELV’s) in a policy
statement issued on 146 May 1983. As one basic goal of U.S.
space launch policy the directive stated, “...encourage the
U.S. private sector development of commerciai launch
operations" (42 103).
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On 24 February 1984 President Reagan issued an
Executive Order to: "...encourage, facilitate and coordinate
the development of commercial expendable launch vehicle
(ELV) operatio—s by private United States enterprises..."
(50:22). The .urder designated the Department of
Transportatior as the lead government agency for carrying
out the policy.

The Reagan Administration produced a subsequent space
policy statement on 23 March 1984. The commercialization
support remained unchanged from the previous statemernt, but
he offered the prospect of sharing room on the propaosed
manned space station as a commercialization inducement for
private industry.

President Reagan issued rew space policy on 20 July
1984, the 13th anniversary of the lunar landing of Apollo
11. Much stronger than previous statements, this policy
statement dealt exclusively with space commercialization
_incentives. It contained the following provisions

(37:16,17) ¢

1. Eliminate provisione in the tax codes and
regulationg that discriminate against
commercial space ventures.

2. Update laws and regulations predating
space operations to accommodate the commercial
use of space, including streamlining
regqulatory decisions affecting future space
projects.

3. Expand industry’s role in setting the
natiun’s research agenda, to expand research
and development in areas that have commercial.
application and will result in development of
marketable commercial spacn products and
services. ‘

4, Take steps to assure companies and
potential investors of policy consistency to
'encouraga the long-term commitment rnquxrcd
for most spac? projects.

In August 1984, President Reagan approved an updated
National Space Strategy. The President’s directive
addressed long-range national goals beginning in the 1995
period. It showed interest in a U.S. manned lunar base and
U.S manned missions to Mars. In the nearer term, it
affirmed commitment to a U.S manned space station, to
routine access to space by a fully operational (not later
than 1988) space shuttle, and to the July initiatives to
stimulate space commercialization. The directive also
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established the Cabinet Council on Commerce and Trade
Working Group on the Commercial Use of Space as a means for
focusing high level national attentian on commercial space
issues. New policy elements pertaining to commercialization
of space are the following (13:.4-16; 40:34,35):

1. ...make the Space Transportation System
tSTS] fully operational and cost effective in
providing routine access to space.

2. 0On October 1, 1988, prices for STS
services and capabilities provided to .
commercial and foreign users will reflect the
full cost of such services and capabilities.
3. A high level focus for commercial space
issues will be created through the
establishment of the Cabinet Council on
Commerce and Trade Working Group on the
Commercial Use of Space.

On 9 October 1984, Congress enacted the Commercial
Space Launch Act (9:212). This Act sets the rules for
licensing commercial launches of expendable launch vehicles
(ELV) by private enterprise (50311). The Act supports
President Reagan’s Executive Order of 24 February 1984 (see
above). Primary purposes of the legislation a « the
following: ‘

i. Promote economic growth by encouraging the
private sector to pravide launch services and
- utiiize space for peaceful purposes.
2. Encourage a U.S. ELV industry by
simplifying and expediting the issuance of
commercial launch licenses and by facilitating
the commercial utilization of '
. ¢ovarnment-develaoped ELV technology.
3. Designate a single agency (DOT)
cDepartment of Tranqurtation]'tq oversee
commercial launch operations and issue
licenses authorizing such activities. (17:7;

S50:7).

‘ This Act immensaly simplifies the approval process for
commercial space launihcs by private industry. It reduces
the number of Government approval agenciws from 17 to one
(30:21,22).,

IEIEBEQIITEQL-SEQEE_LQE_QNQ_IBE&II§§

This section presents a listing of international space
guidelines and highlights the prqviltons that have potential
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impact on space commercialization. The United States has
~signed the following space-related interrational agreements:
(1) Treaty Banning Nuclear Weapon Tests in the Atmosphere,
in Outer Space and Under Water (October 1G, 1963), (2) Treaty
on Principles Governing the Activities of States in the
Exploration and Use of Outer Space, Including the Moon and
Other Celestial Bodies (Octaber 10, 19467), (3) Agreement on
the Rescue of Astronauts, the Return of Astronauts and the
Return of Objectes Launched into Outer Space (December 3,
1968), (4) Convention on International Liability for Damage
Caused by Space 0Objects (October 9,1971), (3) Convention on
Regulation of Objects Launched Into Outer Space (September
‘15, 1976), and (&) Convention on the Prohibition of Military
or Any Other Hostile Use of Environmental M011f1cat10n
Techniques (January 17, 1980) .

The first treaty does not impact the commercialization
of space. The second treaty contains the following points
. of relevance (54:1100~-1103):

1. Exploration and use of outer
Space,...and...celestial bodies, shall’
be...for. the benefit and in the interests of
all countries....

2. Outer space...and...celestial bodies Larel
not subject to...claim(s) of sovereignty, by
means of use or occupation, or by any other
means.

3. ...carry on...exploratxon and use of outer
space,...and other celestial bodies, in
accordance with internatiocnal law.... '

4, ...non-governmental entities in outer
space,...and other celestial bodies, shall
require authorization and continuing
supervision by the appropriate State Party to
the treaty.

"%. State...from whose territory...an obJe:t
is launched, is internationally liable for
damage to another State Party to the treaty.
6. ...pursue studies...and conduct .
exploration...so as to avoid...harmful
cantamination and also adverse changes in the
environment of the Earth... :

Treaty three has no direct bearing on space
commercialization. Tre-ty four states, "...absolutely
liable to pay compensation for damage caused by its space
otject on the surface of the earth or to aircraft in flight"
(5411107). This treaty will become very important as
crowding occurs in certain preferred orbits. Treaty five
requires each launching state, "...register the space ob,ect
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by means of an entry in an appropriate registry which it
shall maintain" (54:1115). Treaty six does not apply to
space commercialization.

Figure 1 summarizes domestic and international space
policy and treaty activity. The figure presents output
frequency of guidance by the U.S. and international
organizations. - :

' International
activity

[Ju.s. activity -

10
No.
5 .
—1 ‘ .
1930 60 70 80 0 2000 10

Year

Figure 1. Space Commercialization Policyhand Treaties

PENDING POLICY AND LEGIS{ATION

This section looks at government regulation currently
in the review process. These measures have a good
probability of becoming future guidance. Policy and .

‘legislation beyond this section are left to the mind of the
reader. '

. Competition_with_ INTELSAY. President Reagan has '
decided that private competition with the International
Telecommunications Satellite Organization (INTELSAT) (Comsat
is part owner of INTELSAT) is in the national interest
(21:24)., From its origin in 19462, INTELSAT has been
protected as a monopoly under the Communications Satellite
Act of 1962. Although INTELSAT has been a highly successful

commercial venture, it is widely believed that its monopoly

status has impeded private investment in space. This is

PPN il A2

"
.

RS g

AR ML P

D il AABDTN

o
e i, 0

.

1.

-:!A-l 2 5 8 A

MO

R




"~

T NS WL B IS JEE W S Wt DTSRIt At e p At

-

supported by the fact that five companies have private
satellite applications on file with the Federal
Communication Commission awaiting the outcome of this
p nding policy (21:24),

Long-Range_National Space_Goals. President Reagan

e o D s e i . P o e s e S S . e re S e S R e S T e e s S e o

directed the Office of Science and Technology for Policy to

send long-range space policy recommendations ta the White
House Senior Interagency Group for Space. He directed that
action occur within &40 days of receiving results aof a
congressionally mandated National Space Commission study
that beqin in September, 1984 (15:14).

Mo significant space commercialization lggislation was
pending as of December 1984, except for the 1986 NASA

. budget.

OFEN_POLICY_ 1SSUES

This section presents a sampling of space commercialization
issues. Sources of the issues are government studies and
corqgressional testimony of private industry and NASA
spokesmen. Below is a listing of issue topics. They are
addressed separately throughout other sections aof this
report:

1. Taxes

2. Patents

3. Competition

4, Government subsidy

5. Government regulations and red tape
&. Security

7. Proprietary rights

SUMMARY -

- In summary, this chapter accomplished three tasks.
First, it presented segments of U.S. policy and
international treaties that affect commercial activities in
spece. Second, it identified policies and laws currently
under consiceration. Finally, it listed eome contemporary
space commercialization issues.

Five key findings result from this chapter. The first

finding is that rapidly increasing national attention is
being directed toward the commercialization of space.
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Figure 1 above supports this finding. The second finding is
tr.at the government is strongly encouraging private
commercialization of space through space policy updates. 1In
recent policy changes space cammercialization receives more
@x<plicit attention, while in earlier policy statements
commercialization guidance was mare oftan implicit. The
thira finding is that an increasing number of issues '
develops as the commercialization of space proceeds.

Fourth, international space law is vague (probably
purposely) on the commercial use of space. Finally,
international space law shows no sigr of near—term reaction
to the rapidly increasing U.S. interest in space
commercialization. This finding, also, is illustrated by

Figure 1. ) .
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Chapter Fcur.

SPACE COMMERCIALIZATION FUTURE

Chapter 4 investigates the future of space
commercialization. The extent of future space
commercialization will determine its impact on nationat
space policy and defense needs. This chapter begins with a
qualitative discussion of the future, and ends by attempting
to quantify future space commercialization. Chapter 4
results are intended to give the "big picture" view that is
needed to assess the interrelationship between future space

commercialization and. future national space policy and space
defense needs.

This chapter continues the discussion of
commercialization of space beyond the historical perspective
of Chapter 2. It projects the trends of commercialization
40 years into the future through the year 2025. This trend
analysis begins by discussing commercialization incentives,
the most subjective influencing factors. It then moves on
to less squectiVe corporate planning, and concludes by
extrapolating a mixture of coroorate projections and
historical data from Chapter 2.

The government cannot dictate the ?ate of private
_innovation; however, it can indirectly influence the
innavative performance of the private sector through its
policies and its legislation (47:xiii). This section looks
at space commercialization incentives sffered by the
government through NASA, through tax legislation, patent
legislation, and government spending.

Incentives Offered by NASA

NASA, as the foundation of the U.S. space program,
possesses key knowledge and influence that can aid members
of. the commercial space market. Fprtunately, NASA has
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demonstrated a positive attitude toward encouraging private
industry involvement in space. As a recent example, NASA
established a new Administrative Office for Commercial
Programs to focus NASA efforts for expanding private
investment in space activities (27:18; 3:62). Fazilowing are
several other NASA mechanisms aimed at promciing private
investment in space.

NASA/Industry Agreements.

- doint Endzavor_ Agreements. The Joint Endeavor
Agreement (JEA: enables formalized cooperation bhetween NASA
and privatz industry for materials processing in space.

NASA and the private company tailor their JEA to provide a
mutually beneficial mix of objectives, responsibilities, and
financial risk. Generally, NASA provides free shuttle
flights and the private company provides flight hardware for
test. In return, NASA receives experimental data on the
project®s commercial potential, and the private company
retains patent rights and the right to a fair return on
investment from products sold during experimental project
phases. (41:229). :

JEAS subply,an important incentive that encourages
companies to enter space businesses. Their popularity

. demonstrates their success. As of 31 January 1982 only two:

JEAL were in force (49:232). ' By June of 1984 the number of
JEAs doubled and applications for four more were pending
approval (20:99; 7:62,63).

industry agreements are possible. First, Technical Exchange
Agreements (TEA) allow collaboration on projects where
commercializaticn potential is not as mature as with
materials. processing in space.  Microgravi*y technology
serves as an example. TEAs involve much less expensive
projects than JEAs and allow unrestricted information flow
throughout industry (41:A4-3). At the end of June 1984 five
TEAs were in forza (20:99; 7:62,463).

S=2cond, Industrial Guest Investigators (IGI)

enable industry scientists to team with NASA-supported

principal investigators. ' The IGI agreement documents
proposed indust-y and NASA investigator contributions to
furthering space commercialization knowledge through study
and experimentation (41:A4-%,., C '

Space_ghuttle Getaway Special Program. The getaway
special program was bagun in 1976 (181139). It gives
shuttle users reduced rates for flying small, self-contained

paylaads, Cargo can weigh up to 200 pounds with a maximum
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volume of five cubic feet. A one—day to six—-day flight
cests $100 per pound of payload, while a saven—day and aver
flight costs $1295 per pound (1984 dollars) (54:6263 18:139;
1:27).  Even before the +irst shuttle mission flew, aver 300
users had reserved getaway special cargo space (54:626). As
of June 1984 the number had increased to 524 customers
(18:141).

Hitchhiker. Hitchhiker is a new progrim approved by
NASA in April !'984., Hitchhiker can carry up to 1,000 pounds
per 2xperiment, thus it supports more ambitious pro,ects
than can be accommodated by getaway speciais. Hitchhiker

flights will begin in 1985. (25:102-104).

NASAs_Recent_Commerc!al Space Policy. In November 1984,
NASA issued a 150-page policy document containing results of
its Commercialization Task Force’s 18-month study. It
offers the following commer—ialization incent1ves

(11:18,19)

1. The stimulation of private sector research
with agency [NASA]l seed funding. )

2. NASA agreements to purchase selected space
venture products and services, if the agency
has a .need for such products, and the private
venture places significant capital at risk
above that covered by the NASA purchase.

3. Reduced shuttle flight charges to
cocmercial ventures during the research and
developme~t phase. . '

4, NASA assuranc2s that it will not undertake .
development of the same technology that is
being developed by U.S. industry for
commercial markets under a Joint Endeavor
Agreement. ‘

S. The agency w111 mit e cargo bay space
available for commercial ventures every six
months and a partial or entire Spacelab
pressurized module flight available for
.commercial use once a year beginning in 198é&.

Some benefits of tax incentives intended pfimarily L or

the research and development community have also aided space

commercialization. Several tax incentives were introduced
as part of the Economic Recovery Tax Act (ERTA) cf 1981,
ERTA enhances investment by encouraging capital ~goods
innovation through the accelerated capital recovery system
(ACRS) - (361xvi).  Another tax incentive is tha incremental
tax credit for increases in raesearch and development
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spending. When combined with a 1954 tax law that allows

A58 labor and materials for research and development to be

; ‘ treated as expenses, the pair provide strong incentives for
spending money on research and development (4b6:xvii).
Orbital S .ences Corporation (08SC) used these tools to raise
$60 millicn to fund their transfer—-orbit-stage program.
They were able to write off 86 cents of every dollar
invested, because the money was targeted for research and

> development. 0SC investors received personal tax shelter

advantages of nearly 50% (36:80).

Patents

Up to this peoint, terrestrial U.S. and international
~ R patent laws are used to govern space commercialization
- : projects. . NASA agreements with private industry include
' .references to U.S. patent procedures. NASA gives companies
rights, title, and interest to inventions conceived in space
(20:97).. Allowing private industry to retain patent rights
on their discoveries represents a critical incentive to
space commercialization. However, the validity of U.S.
g ' patent laws extending into space may someday be challenged
: internationally (20:97). The eventual outcome of that
challenge, if it happens, will be very important to the
future of space commercialization. Meanwhile, private
. : 'industry currently enjoys favorable patent laws through.
”~ their agreements with NASA.

& ' Another indicator of the national view toward space is
o reflected in the national budget. Proposed spending

' *ncreases for space research and development indicate an
uptrend versus declining real spending for othar civilian
. research and development. In 1924 dollars, space gets $2.7
S billion in 1985 then increases to $5.5 billion by 1989

- . (48:12). Viewed against the historical 7% (real) annual

= ' increase in total NASA funding from 1977 to 1985, a

= four—-year 1047, increase shows sincere federal commitment to
"~ space research.and development. The !'04% increase includes
: support for the proposed manned U.S. space station.

| CORPORATE_PLANNING_DATA

oo ¢ j This seétton presents areas of cokporat. interest and

:j growth in aspace commercialization. As above, both
"y qualitative and quantitative data are used to describe

trends.
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~ In September 1984, responding to President Reagan’s
call for a permanently manned U.S. space station, NASA
released requests for industry proposals describing the
station’s preliminary definition and design (28:76).
Industry response was incredibly enthusiastic. Over 100
companies and research organizations responded to the first
1Z of the initial 412 contracts NASA will issue to build a
space technclogy base for the space station praogram (12:16;

26:25).

Manned U.S._ Lunar_ Station_and_Mars

President Reagan initially announced interest for .a
manned U.S. lunar station, followed by a manned U.S. mission
to Mars, in his national space strategy statement of August
1984 (see Chapter 3). In October 1984, NASA sponsored a
symposium hosted by the National Academy of Sciences to
consider planning factors for such a goal. Three hundred
scientists, engineers, and astronauts attended the meeting.
NASA Administrator James M. Beggs (10:73) said, "l believe
certainly sometime within the next 25 years we will return
to the Moon." Several key points wan consensus at the
meeting. - First, members agreed that lack of long—-range .
planning led to the U.S. space program decline after Apollo.
Second, they agresad that a manned U.S. orbiting space '
station, a manned U.S. lunar station, and a manned U.S.
flight to Mars supply a complementary long-range suite of
U.S. space objectives. Finally, they believe a lunar base
will spur the commercial use of space. (10:—-).

Two study groups independently estimated the lunar base
cost in the 50 to 90 billion dollar (1984 dollars) range
(61314,313;3 10:73~-833 33:1323,324).

ngegcesg_ceaé_ssgﬂiln

This subsection looks at two companies who have
published plans and projectiongs for their entries into the
commercial space business. Where possible, the numbers
presented here will also be used in the next section to help
establish the magnitude of future space commercialization.

McPonnell Douglas/Johnsgn_and_Johnsgn, Table 7 shows
space business financial planning for the McDonnell Douglas
and Johnson and Johnson team. This team plans to market
pharmaceutical products they will refine in space using a
space materials processing technique called electrophoresis.
The team hastens to mention that the follawing numbers
include planning only for their initial drug candidate.
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They expect to be processing three different orugs in space
by the mid-19%90s, and up tao 10 new drugs by the year 2000.
(24:32).

Projected market 1 Billion/yr I Rillion/yr 10 Bil/yr

Time frame 1990-199S 1995-1998 2000
Pfoject started _ 1977
First sale of product 1987
Projected profit 15%
Break even point 1995

Source: (24: —-)

Table 7. Case Study - Pharmaceuticals

Orbital Sciences_ Corporation. Table 8 shows business
planning figures for an Orbital Sciences Corporation (0SC)
project. This is an example of an 1ndirect capital
investment in space. 0SC proposes to bLuild a family of
upper stage space vehicles that will move satellites from
low earth orbit to geosynchronous orbit. Although an 0SC
vehicle becomes worthless space junk after use, it still
increases the cumulative capital investment in space by
transferring its value to the satellite that it boosted to
geosynchronous altitude. It will cease to be a space
capital asset when its satellite companion expires as a

useful asset. '

Transfer Orbit Vehicles

Projected mafktt I8 missions 30 ﬂil/mission = 1,14 Bil
Time frame 1987-1992 .

Projected market IO missions 8 Hil(ﬁis:ion = 240 Mil
Time frame 1986-1992 ' B

Project started 1982
First sale of product 1986 ,
: , Source: (321--)

Table 8, Case Study ~ Upper Sfag. Vehicles
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TIEND_ANALYSIS

Given the data presented in Chapter 2 and here, many
approaches are possible to arrive at the financial impact of
space business in the year 2025. The approach chosan by the
aithor looks at space revenue produced and space capital
asset value. The reader may prefer other measures to judge
the economic impact of space commercialization. The variety
of data in Chapter 2 should allow the reader flexibility to
perform his (her) alternative analysis. Before beginning
the analysis, results of one final data survey will be
presented.

Addition Data

Table 9 lists results of a final data survey. It
contains bits and pieces of information from various future
business planning sources. '

DESCRIPTION - SOURCE
Comm sat launches/yr = 16; growth 135-20%/yr (5:15)
Comm sat launches(1986-1995) = 245 (338:161)
Leasecraft: cost = $200 mill; launch-1987 (42:19)
Space pharmaceuticals: profit = 13% (24:33)
Space station: cost = $8 bill; launch-1992 {(12:17)
Crystals: revenue = $200 bill/yr by 2005 (19:100)
Pharmaceuticals: revenue = $27 bill/yr by 2000 (14:140)
Crystals: revenue = $3.1 bill/yr by 2000 (14:41)
Glasses: revenue = $11.5 bill/yr by 2000 (14:41)
Other: revenue = $5 bill/yr by 2000 - (14:41)
Pharm,crys,glass: revenue = $30 bill 'yr by 1995 (14:41)

. Table 9. Miscellaneous Data '

Analysisg

This analysis uses the space communication business as
the projection foundation and then adds on the various

'~ estimates of contributions from other fieids listed in Table

9. Figure 2 shows the result. The historical portion of
the plot is purely communication satellite data.
Communication satellite results come from using satellite
launch rate, satellite lifetime and dollar-per-pound
contributions from the satellites themselves, plus
dollar-per—pound launch costs to position them in space.
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Revenue is based on total number of operating satellites

combined with the INTELSAT revenue'figures.

The far-term is

computed the same way, but with Table 9 data superimposed.

10000 GNP N
j000 }
'(
100 Assets S
"'" I/
(%) 10 . .- -
(Bil) e
o 11} . - Revenue
0.1 } ,///”/’//’ (1984 %)
1970 80 90 2000 10 20
Year
Figure 2. Space: Commercial Assets and Revenues

SUMMARY
Chapter 4 has lookad at several NASA and government
incentives for space commercialization. It appears that
private industry is eagerly accepting the space
commercialization incentives being offered. Chapter 4 also
presented some quantitative industry projections aof the
future business potential of several space industries.

- An analysis of data trends found that commercialization
of space appears to be an important economic force in this
country’s future. Figure 2 shows that capital investment in
space is increasing rapidly. By the year 2025 commercial
space assets may equal the U.S. gross national product
(#8500 billion £13119,20] in 1984 dollars). The projected
revenue from space climbs to several hundred billion (1984
dollars) by the year 2023. These numbers appear quite
significant; however, their true significance will depend on
the views of the President and Congress. '
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Chapter Five
IMPLICATIONS TO U.S. POLICY AND DEFENSE NEEDS

QVERVIEW

Chapter S concludes this study by summarizing potential
impacts of space commerciaiization on U.S. space policy and
U.S. space defense needs. It does this in three steps.
First it collects and summarizes the important findings of
the previous chapters. Next it presents the author’s
conclusions derived from the ‘1nd1ngs. Finally it provides
the author’s recommendations.

Beginning with Chapter 2, this study uncovered several
trends., In the last five years, U.S. commercial satellite
launches have sharply increased their share of the total
U.S. satellite launches. Satellite launch caosts have ,
decreased dramatically since the late 1950:, and they are
predicted to decrease by another factor of 100 aver the next
two decades. Satellite lifetimes have leveled off at around
seven to ten years. To date, communication satellites
account for most U.8. space commercialization. Chapter 3
pointed out that U.S. Presidential and Congressional
interests in space commercialization have intensified with
each successive administration, However, international

" organizations have made no response to the accelerating

domestic interest in space. . Chapter 4 displayed the keen
corporate interest in space industry. It found that more

‘than a hundred companies are actively seeking involvement in
‘space ventures., Finally, Chapter 4 projected space

commercialization into the future and found it has the
potential to be a significant economic force.

CONCLUSIONS

The U.S. Government must fully recognize the commercial
industry it is fostering in space, and plan for a means to
defend it. Before the year 2025, the value of commercial
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capital assets in space will probably surpass the value of
the U.S. gross national product. Revenue from commercial
space operations will also comprise a significant share of
‘the national economy. U.S. policy must include an approach
and plan to protect (l.S. commercial assets and commercial
interests in space. ' '

'

RECOMMENDATIONS

Recommend that control and protection of commercial
space assets be included as an important element. of our
national policy objectives, ’

'Recommend the U.S. devise a long-range strategy to
develop a space defense system based partly on the need for
protecting U.S. commercial assets in s, .ice.

~ Recommend that defense needs of U.S. commercial space
assets be integrated into Department of Defense planning for
space defense.

Recommend development of the Space Strategy Option
Model as a tool to help the U.S. arrive at reasonable
decision options for devising and implementing an integrated
space defense strategy that suits both military and civilian
needs. -
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