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___ ___ ___ ___ __PREFACE _ _ _ _ _ _ _ _ _

During a September 1984 meeting at Air University,
discussions 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 provide small preludes to the year-long Space
Strategy Option Study scheduled to begin in 1985. This
study presents research data, analysis, conclusions, and
recommendations intended to provide answers, ideas, and
questions useful t- the Space Strategy Option 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 wherevur possible. Beyond providing research
information, this study projects space commercialization
into the future, and presents the author's conclusions and
recommendations on defense needs for space
commercialization. Thus, the author gives the reader thr-e
options for using thiq study. First, the reader may use '`.,e
entire document. Second, by stripping off the author's
conclusions and recommendations, the reader can' draw his
(her) own conclusions based on the research data and
analysis prebented. Third, the reader can choose to use
only the historical research data without the projections to
the future, or use different projwction rules to git an
alternative view of the ;uture. Tie author structured this
study modularly to allow maximum ilexibility for use cf its
contents.
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EXECUTIVE SUMMARY A
Part of our College mission is distribution of the A
students' problem solving products to DoD

, sponsors and other interested agencies to
enhance insight into contemporary, defense
related issues. While the College has accepted this
product as meeting academic requirements for

SZ graduation, the views and opinions expressed or
implied are solely those of the authot and should
not be construed as carrying official sanction.

"insight8 into tomorrow"

REPORT NUMBER t'5-2675

AUTHOR(S) MAJOR JOSEPH J. TAYLOR, USAF

TITLE COMMERCIALIZAYION OF SPACE: NATIONAL POLICY AND
DEFENSE NEEDS

I. Purgose/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 Coi 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 critical
juncture where they must determine the goals and means for
future space defense. Commercialization of space may add
another dimension to the space defense problem. Is space
commercialization an important factor to consider when
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 next century.

vi i
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CONTINUED___

III. Findinq.g First, this study historically reviews
space commercialization. It -Finds satellite communications
to be the on!y mature commercial space industry. However,
trends show continued strong growth in communications and
much interest and activit- in other commercial space areas.
Spare industry growth trends and corporate planning figures
indicate that space commercialization is moving strongly
forward and will be an important U.S. economic factor by the
year 2025.

A review of U.S. Governm'rnt space policy and international
space law smows two distinct trends. First, the J.S.
Government is aggressively working to stimulate space
commercialization throuah legislative actions, through
research and development funding, and through NASA. On 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 zc~nmercial interests in space.

V. Recommendations: This study recommends that defense
needs of U.S. commerc'al space assets ba integrated into
Department of Defense planning for space dtiense.

It also recommends development of the Space Strategy Options
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.

vi.
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Chapter One

.- V

INTRODUCTION

OVERVIEW

Chapter 1 perfor~ms four major functions. First, it
introduces this study to the reader by bridging it ,iith a
Much larger effort being ,.repared by a team of Department of
Defense and defense contractor field excoerts. Second, this
chapter provides, background to aicquaint 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.

MOTIVAiTION FOR THIS STUDY

This section describes the Space Strategy Option Study
and "he S--taff Problem Solving Project. It discusses the
requirements of, each, and explains the link between them.

S~ae Sratg~Otion Study

7Q

Backgrounjd.. 'Colonel T. Schroeder conceived the idea of
buildinc4 a Space Str-ategy Option Model. The. Space Strategy
Option Study provides "-he method to develop it., The mnodel,
when completed4 'will be a tool u.sed to ccensider issues
relating to space pc"icy, space strategy, and space weapon
system selection. It will accept a wide"range o-- objective

and subject~ive inputs, project the myriad of potenti~al 0
Outcomes from their combination, evaluate alternatives to
affect the outcomes or to react to the outcomes. and finally
recommtznd decisions on the course(s) of action that provides .-

the highest probabilif y for favorable returns to the United
States. Recommendations will cover national policy

objectives, rational strategy, and weapons optionrs, if -

*.°-

weapons are seen a-, an appropriate response. A prime ".4
advantage ofnthe model is its ability to handle comples ity
an ry fluidity of the "real" world while still pres.nting
timely decision options. Thr second major contrphution is
the model's projected improvement of U.S. long term decision

requremets o eah, ad exlain th lin beteen hem



making. S&pac-e systems nave lonig leaq-timen ard long
life-times; trereFore, accura~te decisions on space sys3tems
needs- are esential for producing us~eful space systems~ and
for avoiding waite o-f procurement tLtnds. (57:--).

Working under an Air ForcB ccntract, Mr. A. E. Engel
from TRW conduICtsd prel.iminary re'suarch on the Space
Strategy Option Model concept duringy 1982 and 1983. His
Study identified deficiencies in current strategic plannir~,
identified a need for improved nodals anid methocology, and
pointed out the potent~ al long- aige value of the Space
Strateg'y Opti'-jn Model plan 157:.6) Study methodolor~y
included development of a small-scale -space option mnddpl and
data base. A final recommendationi of the study was
formation of the Space *Strategv\ O~ption Study group. The TR:W
*Study produced t1.e guidance and irstra-ctions for that group.

The Space Strategy Option Martel attempts to'grapple
mathematically with very subjecti oq concepts--riaticnal
policy and &ýrategic planning. P1thDLugh this'approach is
difficult fc- the objective mind to understand, the approach
has been del onstrated successfully hi' physicist Alvin M.
Saperst-in aom Wayne State University ',74:13). Sapersteir.
uses data cf scribing arms races in' nonlinear differential
equations to. predict the transitton from order (peace! to
chaos (war). Joseph Ford,. a chaos theory guru and physicist
from the Ge~rgia Institute of Technology; agrees with the
feasiýbility of the approach. Speaking of Saperstein's work.,
he states, "It's a legitonate, honest ard quite useful

*effort" '3- 3). Baseeon his r-acults to date Saperstein
says, "Give~i a lot of people worl.zing on it and a lct a+
time, it's conceivable that the models could begin to
approxima~te national behavior'' (Z4: 13).

goalsý. The Space Strategy Option Stud-/ group will
perform two major functions., First, it will 'construct a
comprehensive data base using inputs from panels of experts
covering a broad spectrum of topi~s. Second, it will

..develop coherent, integrated goals, policy, strategy
options and recommended approach, [for space)" (57:6)

Or~n~atin. The study organization consists of an
ex<ecutive rdyisory board and eight analysis panels of
experts. The adv.isory board itself consists of four
development panely. 7-e development panels cover
g~oals/policy, optionsis-trategies, recommendationhs/
.apprnaches, and pub1 ic/media interacticn. ~Analysis panel s
address threat/classification, doctrine, economics,
politics, mil'itary interests, social impacts, mi~ssiqns, and
system arthitectures. P.onel membersh~p-wi~ll ra~nge from
technical specialists to nationally recognized senior



senior executives. (57:3).

Schedule. 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.
*I 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 effo-t to cover residual
issues. Eleven mohths into the schedule th2 Second Space
Strategy Option Conference meets. The study concludes with

* a meeting o-5 the executive advisory board during the twelfth
month. (57:4).

SStudy_Linkge

The preceding subsection was a summary of the Space
* Strategy Option Study. The following 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 privides an input to'
*• the Space Strategy Option Study. A letter from Headquarters
,* Space Division to Air University asked for help with a topic

entitlea, "The Space Strategy Option Model" (45:1). The
model will be one output from the Space Strategy Option
Study., Guidance and, instructions for the Space Strategy
Option Study were provided in an ut.published paper of the

* same name (57:--). Mr. A. Engel •.omr TRW briefed a group 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.

Staff ProblemSolving-Pro19c%

2#GhgEPU0§. Staff problem solving represents a key
skill taught at the Air Command and Staff College of Air

* University. Each year' the Air Command and Staff College
. class 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. (44:1).

•'Q L!s Staff problem solving has two primary goals.

First, it aims at sharpening tt~e student's decision making

skills by exercising his abilities of "....defining the

-'' problem, collecting quality information atwout the problem,.

°.'.



formulating a logical approach to its solution, performing
tre critical analysis required to support a recommended
course of action, and communicating the process..." (44: 1).
Second, it provides a means to conduct useful investigation
"of a current issue. Staff problem solving outputs must

"...create products of practicality and immediate benefit"
(44:1).

gOganization. The staff problem solving organization
"consists of one or more students, an advisor, and a sponsor.
The student(s) chooses the topic, conduct. 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 critiques on the study
report. The sponsor defines the initial problem and

receives a copy of the final study report. (44:4-6).

Schedule. Staff 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).

SCOPE AND LIMITATIONS

!Space S tratecly_gOpt ion Study

""gS g.e The Space Strategy Option Study scope is broad.
"It covers the range indicated by the names of its twelve
panels: (1) goals/policy, (2) options/strategies, (3)
recommendations/approaches, (4) puolic/media interaction,
(5) threat/classification, (6) doctrine, (7) economics, (8)
"political, (9) military, (10) social, (11) mission
requiremr.nts, 'and (12) systems architecture (57" ). Me bers
of panels !=.-12 will investigate their topics in suffici nt
depth to identify which factors exert primary influence
within their subject area and among the other panel are s.
Further, they must establish the relationships among the
entire suite of' panel topics.

Limitations. The chief limitation on study depth s
time allotted--twelve months. Other limitations wi.ll b
defined during two months of panel guidance development
(57:4).

44
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Staff Problem SolvingProIect

og2e,. 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
measures to protect commercial space assets. This study
will relate to the Space Strategy Option Study through the
economics, policy, and mission requirements panels. It
begins with an historical survey of space commercialization
and related policy. It ends b%, projecting 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
College guidance recommends each student target 150 hours
for staff problem solving (44:1). That time is spread over
developing a prajcct plan, gathering data, analyzing data,
and producing a final report (44:2). Other limits reflect
the student's experience in research 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
experiencp) opinion with respect to the commercialization of
space.

Primary objectives of this study are listed below:

1. Determine numbers, types, lifetimes, valuos,
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. Predict the lifetimes of future satellites.
5., Predict the total value of commercial
equipment in space versus time over the next forty
years.
6. Compare the value of commercial equipment
investments in space against 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

5



prediction results.
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Chapter Two

SPACE COMMERCIALIZATION HISTORY

OVERVIEW

Chapter 2 presents a collection of historical data on
thL- commercialization of space. The chapter begins by
selecting v'tich data to consider for conducting an
historical survey. Selected data cover the following range,
of topics: launch rates, launch costs, satellite lifetimes,
capital investment in satellites, satellite-produced income,
and return-on-investment- (ROI) from commercial satellites.
These data cover the period from the first U.S. satellite
launch through 1984. Data, of Chapter 2 provide the
foundation used in Chapter 4 to project space
commercialization trends itito the next century.

SELECTION OF TREND DATA

Marketing__IThoy

Bagkground. A meaningful 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, packaging, channels of distribution,
marketing research, social issue. 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 channel organization,
promotion, and pricing (2:23). This paper concentrates an
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 pridi:tive
analysis.

' ' 7



In ':ontrast, the other two market strategy elements
(marketing channel organization and promation) have more

qualitative influences on market development. Two other
facts also reduce the importance of market channels and
promotion to space commercialization. First, the country's
sophisticated product distribution network has proven its
ability to rapidly disperse a wide range of products from
the technical simplicity ot the hula hoop to the electronic
complexity of video cassette recorders and cable television
service. Therefore, established 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 e4forts plus
materials processing such as pharmaceuticals and metals.
Vast markets already exist for these products; space
industry ajs mainly to improve product quality and to
reduce product price. T;ierefore, product planning and
pricing were chosen as the two market strategy elements that
apply to this study of space commercialization.

Pl5Qro t PlanniQg Factcrs. When considering product
planning, 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 ne"-product
ideas are enormously risky and absorb a great
deal of management time and company resources.
Yet a successful new product can bring the firm
tremendous pzrufits 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
$500 million developing the SX-70 camera.

In the product development process, the screening and
business analysis phases consider raw' materials supply,
effect on other products, sal* s forecasts, profit analysis,

8



and patent positior when evaluating market potential
(2:276). Markim also &,mphasizes the role of new technoiogy
in the product development propiess by re-erencing the U.S.
space program. He says, "ETechnology]...has given rise not
only to new products, but to vast new inrdust'ies as well.
[The space program... .has spawned among otKers, Teflon,
weather and communication satellites, hand-held computers,
and electronic wristwatches' (2:236,237).

Having identified important produicz planning factors,
the study moves on to consider product pr~..i.ig factors.

Product Pricing Factor.. Pricing also strongly
influences market growth. It is the second, and last, of
the four elements o4: market strategy used in this study to
measure the growth trends of space commercialization.
Product pricing depends upon product demand and Product cost
(2:456). Thus, this study considers aemand and cost as the
key product pricing factors.

Historical and A alsj_ _ legtian

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 each factor. ' Data-types were
selected based on their relevance to the Table 1 market
factors and to their availability n the research
lilterature.

M6RKgj FACTORS gNR_QATA-TYPE

raw materials supply
effect on other products
sales forecasts satellite income
profit analysis return on investment
patent position
technology satellite lifetimes

product cost launch cost
capital investment

product demand, satellite launch rates

Table 1'. Trend Data-Type Selection

9



Thus, having establisned which data-types 4ere chosen
for an,ýlysis, and why, the next section loof<s at historical
data to establish trends for each of them.

TREND DATA

This section contains tables that present research
results 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
delined *ar this study. The following terms appear
throughout the remainder of this report.

Mi1.tary. A space system owned by the U.S. Air Force,
Army, or Navy is a military system.

Civilian. A space system carrying a primary payload
for other tiian military or international customers is rt
civilian system.

Commercial. A civilian space system that carries a
payload intended for profit-making is a commercial system.

Total. The sum of all military and civilian systems,
including international customers, is the number of total
systems.

Launch Rates

Tr'le 2 shows launch data. Data aggregates listed include
launch rates of total payloads (includes payloads jointly
funded by the U.S., and other countries, 'and launched on U.S.
vehicl..s), 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 (54:44), "The
no-priority [U.S. space] 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 could be spent, not by the amount of money available
(54:68). However. U.S. activity peaked in 1966 followed by
a sharp decline during the remainder of the 1960s. From
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1970 to 1980 a general trend of declining launch rate
continued.

Second, U.S. launch rate appears to have turned around since
1980. Although four years of data aren't strong support for
a trend reversal, when underlying factors are examined the
trend reversal gathers firmer support (see Chapters 3 and
4).

Total Civilian Total Civilian Commercial
Year Launches Launches Ploads Payloads Edy1oads
1958 .5 0 5 0 0
1959 13 8 13 8 0
1960 21 10 21 9 0
1961 35 16 40 15 0
1962 57 21 58 16 1
1,963 42 14 62 13 1
1964 62 25 74 24 0
1965 66 25 92 24 1
1966 77 34 93 23 0
1967 58 24 84 23 3
1968 45 16 60 17 1
1969 39 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 7 3
1975 28, 16 27 i6 3
1976 27 12 30 12, 7
1977 23 6 20 6 1
1978 33 13 27 13 3
1979 16 8 16 7 1
1980 12 6' 15 6 2
1981 18 13 19' 14 5
1982 18 10 17 11 7
1983 22 13 25 14 6
1984 23 17 31 24 10'

SourceS: (43:B-4,B-5; 28:,201; 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 percentage of total

'U.S. satellite launches. Table 3 shows this more clearly by
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listing civilian satellite launches as, a percent of total
satellite launches. Although the total number of U.S.
payload launches has declined, of those that remain,
emphasis has gradually shifted from military use toward
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
vehicles themselves.

Civilian Commercial Civilian Commercial
Satellites Satellites Satellites Satellites

Year (% tot.) (_tot&I YeaC (_tot. (% tot.)
1958 0 0 1972 43 7
1959 62 0 1973 48 4
1960 43 0 1974 47 20
1961 38 0 1975 59 11
1962 31 2 1976 40 23
1963 21 2 1977 30 5
1964 32 0 1978 48 11
1965 26 1 1979 44' 6
1966 25 0 1980 40 13
1967 27 4 1981 74 26
1968 28 2 1982 65 41
1969 26 4 1983 56 24
1970 27 7 1984 77 32
1971 24 5

Surcqi Table 2

Table 3. Civilian and Commercial Satellite Percentages

12
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Launch Ccsts

Launch costs are a key factor in r'etermining 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 calculate
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, earth
orbit (100-600 nautical miles altitude) (54:457). However,
many satellites depend on orbits higher than low earth
orbit. Intheir 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.

S~->

Use Type Payload Launch Cost
Dates Vehicle _cIt~lLs2) ($/Lb) Source

1956-58 Jupiter C 18 7 mill (3:3-7; 15:
186; 1.27)

1960-61. Atlas Agana A 5,000 2,900 (54:202,250;
1127)

1960-63 Atlas Mercury 3,000 19,400 (54.200; 3:3-
4,3-6; 1:27)

1967-73 Saturn V 200,000 2,400 (54:214-217,
260; 1:27)

1965-84 Titan III' C 29,000 2,700 (54:207,260)
1975-85 Delta 3,900 6,400 (54:195,420)
1981-85', Space Shuttle 65,000 2,600 (15:14,16)

LgW_ ERTH TO GEOSYNCHRONOUS ORBIT

Use Type Payload Boost Cost
Dgtes Vehicle Cap L•62 jj Sce

1978-85 PAM-D 1,000 8,000 (23.169,170;
4:158)

Note: All costs are in 1984 dollars.

Table 4. Satellite Launch Costs
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Table 4 s~iows that launch costs to low earth orbit have
dropped over three orders of magnitude since launch of the
first U.S. satollite, Explorer i (the first table entry).
Although launch'costs have shown a remarkable decline since
1958, the trend 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 low earth to
geosynchronous transfer orbit.

Satellite Lifetime

Table 5 shows satellite lifetime versus launch year for
several ser.es of communication satellites and for the
earth-imaging sate)lite, Landsat. The data show lifetime is
a slow'ly 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 two factors
produce ultimate satellite design lifetime. Boyond a point
extended lifetimes lose importance,. because satellites
eventually become obsolete due to changing technology and
changing user demands. INTELSAT Series 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
Lauoch Year Names Lifetime (vears) Source

1958 SCORE 0.03 (55:121)
1960 Courier 0.05 (55:122)
1962 Telstar 1 0.3 (55:122)
1965 INTELSAT I .1.2 (55:133)
1967 INTELSAT II 2.4 (55:133)
1971 INTELSAT IV 6ý2 (55:133)
1972 Landsat I (.5 (55:219)
1.974 ATS-6 5.0. (55:95)
1975 Landsat 2 5.0 (55:223)
1976 CTS 3.5 (55:102)
1976 Marisat I,II,III 5.0 (55:84)
1976 INTELSAT IV-A 7.0 (55:133)
1977 GOES 5.0 (30:264)
1981 INTELSAT V 7.0 (55:133)
1983 SARSAT 6.5 (55:109)
1984 GSTAR 10.0 (55:138)
1984 Galaxy 9.0 (17; 123)

Table 5. Commercial-Class Satellite Lifetimes
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Capital Investment in Satellites

This subsection presents statistics on the capital
investment in several satellite pr-ograms. It considers only "7.
the cost of on-orbit systems, no•u 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 oi satellite. Table 6
lists launch date, satellite name, weight, cost, and data'
source.

Launch Satellite Weight C.st
Dat2 Name (Pounds) (Dollars) Source
1965 INTELSAT I 86 41.0 mill (55:33; 43:B-56)
1968 INTELSAT III 640 38.4 mill (55:33; 43:B-65)
1974 ATS-6 2,590 432.0 mi1ll, (55:99'; 43:B-77)
1976 Marisat 720 26.6 mill (55:76,77)
1976 CTS 780 121.0 mill (55:102; 43:8-82)
1976 INTELSAT IV-A 3,330 92.4 mill (55:33; 43:B-82)
1978 Landsat 3 2,100 73.7 mill (55:222,223,227')
1979 SATCOM II1 1,010 45.3 mill. (55:133; 43:B-92)
1981 INTELSAT V 4,240 85.7 mill (55:33; 43:B9.)
1984 Westar 6 1,000 37.5 mill (13:66)

Notes: Costs are in 1984 dollars I.
Dollar-year conversions source (1:27)

Table 6. Satellite Capital Investment

Table 6 shows that the cost per pound c+ 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-6 and CTS. These two communication satellites were
experimental direct broadcast models. They operated 'a' much
higher power than conventional communication satellitt
thus their signals could be received by small (2-foct
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.

15
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Satellite-Produced Income

As mcntioned previously, communication satellites are
the only true commercial space systems. The Communication
Satellite Corporation (Comsat), being in business the
longest, serves as a good example of a commercial space
company. Their INTELSAT series satellite revenue for 1982
was $300 rPillion (55:39).

The U.S. Government also produces some income from
Landsat eqrth-imaging satellites and from its giobal weather
satellites. However, those income figures were not used,
because they are influenced by government subsidy. Also,
there is not yet any private U.S. industry competition in
either of those two potential business areas. However,
Landsat 4s currently being transitioned from U.S. Government
ownership and operation to U.S. private business.

Also, numerouls companies derive income from
reprocessing and reselling remote sensing 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 ROI 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 general historical
relatiunships of factors selccgeij to measure trends of space
commercialization. The followrng is a list of significant
finding .

- Co mercial satellite launch rates are increasing.,
- Sa ellite launch costs show a slowly decreasing

tr nd.
- Satellite lifetimes show a slowly increasing

cr nd.
C- a ital investment in satellites (excluding launch
co ts) is stable at approximately $40,000 per
PoL nd.
IN ELSAT ROI is stable at approximately 16%.

Ha ing completed a review of hardware progress, this
paper n w shifts toward U.S. and international policy
develop ents relating'to space commercialization.
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Chapter Three

SPACE POLICY AND LAWS

OVERVIEW

The purpose of this chapter is to review space policy
and laws, and to assess their impact on the
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 includes 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.

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'launch 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 response from the U.S. that resulted

*• in passing of the National Aeronautics and Space Act. This
Act became the first U.S. space policy. (54t44-50).

Ibi.t~tinal ergnja ~Congress
passed the National Aeronautics and Space (NAS) Act in 195B.
Thus, it legislated a highly centralized approach 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
rusearch into problems of flight within and outside 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 o+
phenomena in the atmosphere and space;"
(2) "The establishment of long-range studies
of the potential benefits to be gained from,

. the opportunities for, and the problems
"-. involved in the utilization of aeronautical

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

N results, thus providing information needed for
commercialization feasibility studies.

Although the Act has been amended numeroas times (1959,
1963, 1964, 1968, 1973, 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 Yolkmer (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 1958
is a remark'ably sound piece of legislation
that has reliably served' the Nation as a basis
for U.S. policy-making for space matters for
twenty-five years. At the same time, the Act
continues to retain a vision for future U.S.
activity in space.

"•" President
Eisenhower iaade the first explicit push for space
commercialization in a space policy statement issued in
December, 1960:

° To achieve the early establishment of a
communication satellite system which can be
used on a commercial basis is a national
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objective which will require the concerted
capaoilities 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
earliest practical utilization of space
technology for commercial civil communications
requirements (49:349).

Next, President Kennedy 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...[and]...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
cpmpanies. Weather satellites, while government owned,
produce forecasting data used by private and public
television and radio networks. President Ketnnedy recognized,
the commercial use concept and potential in his statement,
"...Cspace] will be of inestimable commercial and scientific
value" (51:4).

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 (49:268).

The Nixon Administration accounts for the next
significant impact on commercialization of space. Nixon did
not directly support commercialization, but his decision to
start the Space Shuttle Program (51:6) led to our current
capability to launch, repair in orbit, and return spaceborne
expbrimenta and satellites to earth.

__ President Carter
issued two space directivas. Both made progress beyond the
NAS Act by recognizing and promoting the commercial
potential of space. The first directive, issued 19 3une
1978, resulted from a presidentially directed National
Security 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 <space and protection of national
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assets in space:

1. The-United 3tates will pursue space
activities to increase scientific knowledge,
develop useful commercial and governmental
applications of space.
2. The United states rejects any claims to
sovereignty over outer space or over celestial
bodies, or any portion thereof, and rejects
any limitations on the fundamental right to
acquire data from space.
3. The United States holds that the space
systems of any iation 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.
95. The United States will develop, manage,
and operate a fully operational Space
Transportation System (STS), through NASA, in
cooperation with the Department 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.
(54:1117-1119).

The second Carter directive, issued 11 October 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. Emphasize space applications that will
bring important benefits to our understanding
of earth resources, climate, weather,
pollution and provide for the private sector
ts take an increasing responsibility in remote
sensing and other applications.
2. Confirm our support of the continued
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development of a legal regime for space that
will assure its safe and peaceful use for the
benefit 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 potential 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 'n civil remote
sensing systems. (54:1120-1121).

Regan Administration S2ace Policy. President Reagan's
initial national space policy resulted from a ten 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 operational 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 utility 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 national security. (53:312,313).-

The nnxt important Presidential policy decision,
announced on 8 March 1983, proposed to offer the Landsat
system for sale to the private commercial sector (533320).

President Reagan announced support for commercial
operation of expendable launch vehicles (ELV's) in a policy
statement issued on 16 May 1983. As one basic goal of U.S.
space launch policy the directive stated, ".,..encourage the
U.S. private sector development of commercial launch
operations" (42:103).

21



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 irder designated the Department of
Transport-tioi 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 statement, but
he offered the prospect of sharing room on the proposed
manned space station as a commercialization inducement for
private industry.

President Reagan issued new space policy on 20 July
1984, the 15th 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 provisions in the cax codes and
regulations that discriminate against
commercial space ventures.
2. Update laws and regulations predating
space operations to accommodate the commercial
use of space, including streamlining
regulatory decisions affecting future space
projects.
3. Expand industry's role in setting the
nation's research agenda, to expand research
and development in areas that have commercial
application and will result in development of
marketable commercial space products and
services.
4. Take-steps to assure companies and
potential investors of policy consistency to
encourage the long-term commitment required
for most spac2 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 attention on commercial space
issues. New policy elments pertaining to commercialization
of space are the following (15.4-16; 40:34,35):

1. ... make the Space Transportation System
CSTS] fully operational and cost effective in
providing routine access to space.
2. On 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 (50:1). The Act supports
President Reagan's Executive Order of 24 February 1984 (see
above). Primary purposes of the legislation a&a the
following:

1. Promote economic growth by encouraging the
private sector to provide launch services and
utili±ze 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 u1ilization of
qoviernment-devel ped ELV technology.
36 Designate a single agency (DOT)
ZDepartment of Transportation] to oversee
commercial launch operations and issue
licenses authori ing such activities. (17:7;
50:7M.

This Act immense y simplifies the approval process for
commercial space launches by private industry. It reduces
the number of Government approval agencies from 17 to one
(50:21,22).

This section presents a listing of international space
guidelines and highli hts the provisions that have potential
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impact on space commercialization. The United States has
signed the following space-related international agreements:
(1) Treaty Banning Nuclear Weapon Tests in the Atmosphere,
in Outer Space and Under Water(October 10, 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 (October 10, 1967), (3) Agreement on
the Rescue of Astronauts, the Return of Astronauts and the
Return of Objects Launched into Outer Space (December 3,
1968), (4) Convention on International Liability for Damage
Caused by Space Objects (October 9,1971), (5) Convention on
Regulation of Objects Launched Into Outer Space (September
15, 1976), and (6) Convention on the Prohibition of Military
or Any Other Hostile Use of Environmental Molification
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 Eare]
not subject to...claim(s) of sovereignty, by
means of use or occupation, or by any other
means.
3. ... carry on...exploration and use of outer
space,...and other celestial bodies, in
accordance with international 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.
5. State...from whose territory...an object
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
contamination 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
object on the surface of the earth or to aircraft in flight"
(54o1107). This treaty will become very important as
crowding occurs in certain preferred orbits. Treaty five
requires each launching state, "...register the space object
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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.

Summary

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

E-U.S. activity

10

No.

1950 60 70 80 90 2000 10
Year

Figure 1. Space Commercialization Policy and Treaties

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.

Governmetal PoE21¥

2M•INT!EVTb_.g4PAT. 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 1962, 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
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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).

Lg ange~_National Sp2ace Goals. President Reagan
directird the Office of Science and Technology for Policy to
send long-range space policy recommendations to the White
House Senior Interagency Group for Space. He directed that
action occur within 60 days of receiving results of a
congressionally mandated National Space Commission study
that begin in September, 1984 (15:14).

Leg. l ation

Vo significant space commercialization legislation was
pending as of December 1984, except for the 1986 NASA

,budget.

OPEN POLICY ISSUES

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

1. Taxes
2. Patents
3. Competition
4. Government subsidy
5. Government regulations and red tape
6. Security,
7. Pr oprietary rights

SUMMARY

In summary, this chapter accomplished three tasks.
First, it presented segments of U.S. policy and
international treaties thzt affect commercial activities in
space. Second, it identified policies and laws currently
under consideration. Finally, it listed some 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 I above supports this finding. The second finding is
ti,:t the government is strongly encouraging private
commercialization of space through space policy updates. In
recent policy changes space commercialization receives more
explicit attention, while in earlier policy statements
commercialization guidance was more often implicit. The
thirn 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 Four.

SPACE COMMERCIALIZATION FUTURE

OVERVIEW

Chapter 4 investigates the future of space
commercialization. The extent of future space 4-
commercialization will determine its impact on national
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 o+
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 subjective corporate planning, and concludes by
extrapolating a mixture of corporate projections and
historical data from Chapter 2.

The government cannot dictate the 'rate of private r
innovation; however, it canlindirectl.y influence the
innovative performance oa the private sector through its
policies and its legislation (47:xiii). This section looks
at space commercialization incentives •ffered by the r
government through NASA, through tax legislation, patent
legislation, and government spending.

Incentives Offered bM_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. Fortunately, NASA has <
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demonstrated a positive attitude toward encouraging private j

industry involvement in space. As a recent example, NASA
established a new Administrative Office for Comm~ercial L_-
Programs to focus NASA efforts for expanding private.
investment in space activities (27:18e 3:62). Fcilowing are
several other NASA mechanisms aimed at promoting private
investment in space.

NASA/IndustryAgr eements,,

,gint Ende:.avor Agreements. The Joint Endeavor
Agreement (JEAW enables formalized cooperation between NASA
and privata industry for materials processing in space.
NASA and the private company tailor their JEA to provide a
mutually beneficial mix of objectives, responsibilities, and C
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

phases. (41:229).

JEAs supply an important incentive that encourages I
companies to enter space businesses. Their popularity
demonstrates their success. As of 31 January 1982 only two.

JEAi were in force (49:232).' By June of 1984 the number of
JEAs doubled and applications for four more were pending
approval (20t99; 7s62,63).

Othe Agr:ements. Two other levels of NASA and
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 unrvstricted information flow
throughout industry (41:A4-5). At the end of June 1984 five
TE". were in force (20.99; 7:62,63).

Second, Industrial Guest Investigators (IGI)
enable industry scientists to team with NASA-supported .'L

principal investigators. The IGI agreement documents
proposed indust-y and NASA investigator contributions to
furthering space commercialization knowledge through study
and experimentation (41&A4-5. '•

S28aeShuy lfggeawaSegCia!_ !ogCam The getaway
special program was begun in 1976 (18.139). It gives

shuttle users reduced rates for flying small, self-contained
payloads. 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
costs $100 per pound of payload, while a seven-day and over
flight costs $125 per pound (1984 dollars) (54:626; 18:139;
1:27). Even before the first shuttle mission flew, over 300
users had reserved getaway special cargo space (54:626). As . -

of June 1984 the number had increased to 525 customers
(18:141).

Hitchhiker. Hitchhiker is a new progrirn approved by
NASA in April 7984. Hitchhiker can carry up to 1,000 pounds
per .-xperiment, thus it supports more ambitious projects
than can be accommodated by getaway specials. Hitchhiker
flights will begin in 1985. (25:102-104).

NASAs Recent Commerc,1% S2ace 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 commercialization incentives
(11:18,19):

1. The stimulation of private sector research
with agency CNASA] seed funding.
2. NASA agreements to purchase selected space
venture products and services, if the agency
has a .•eed 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
cor'mercial venttres during the research and
development phase.
4. NASA assurances that it will not undertake
development o+ the same technology that is
being developed by U.S. industry for'
commercial markets under a Joint Endeavor
Agreement.
5. The agency will m• e cargo bay space
available for commercial ventures every six
months and a partial or entire Spacelab
pressurized module flight available for r
commercial use once a year beginning in 1986.

Tax Incentives

Some benefits of tax incentives intended primaril,, ar
the research and development community have also aided space
commercialization., Several tax incentives were introduced
as part of the Economic Recovery Tax Act (ERTA) of 19•1.
ERTA enhances investment by encouraging capital-goods
innovation through the accelerated capital recovery system
(ACRS) (46sxvi). Another tax incentive is the incremental
tax credit for increases in research and development F
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spending. When combined with a 1954 tax law that allows
"labor and materials for research and development to be
treated as expenses, the pair provide strong incentives for
spending money on research and development (46:xvii).
Orbital S .ences Corporation (OSC) used these tools to raise
$60 millio.n 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. OSC investors received personal tax shelter
advantages of nearly •0% (36:80).

Patents

Up to this point, terrestrial U.S. and international
patent laws are used tc govern %pace 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 represent* a critical incentive to
space commercialization. However, the validity of U.S.
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.

Government §pending

Another indicator of the national view toward space is
reflected in the national budget. Proposed spending
*ncreases for space research And development indicate an
uptrend versus declining real spending for other civilian
"research and development. In 1984 dollars,'space gets $2.7
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 104% increase shows sincere federal commitment to
space research and'development. The ?04% increase includes
support for the proposed manned U.S. space station.

This section presents areas of corporate interest and
"growth in space commercialization. As above, both
qualitative and quantitative data are used to describe
trends.
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Space Station Interest

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
13 of the initial 412 contracts NASA will iZsue to build a
space technology base for the space station program (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, "I believe
certainly sometime within the next 25 years we will return
to the Moon." Several key points won 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 agreed 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
(6:314,315; 10:73-83; 33:323,324).

This subsection looks at two companies who have
published plans and projections 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.

_ 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 following 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-1990s, and up to 10 new drugs by the year 200o0.
(24:52).

El ectrohoresis

Projected market 1 Billion/yr 3 Billion/yr 10 Bil/yr
Time frame 1990-1995 1995-1998 2000

Project started 1977
First sale of product 1987
Projected profit 15%
Break even point 1995

Source: (24:--)

Table 7. Case Study - Pharmaceuticals

Orbital Sciences Corgoratjon. Table 8 shows business
planning figures for an Orbital Sciences Corporation (OSC)
project. This is an example of an indirect capital
investment in space. OSC proposes to build a family of
upper stage space vehicles that will move satellites from
low earth orbit to geosynchronous orbit. Although an OSC
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.

Transf erC/_•~;

Projected market 38 mission% 30 Mil/mission - 1.14 Bil
Time frame 1987-1992

Projected market 30 missions 8 Mil/mission - 240 Mil
Time frame 1986-1992

Project started 1982
First sale of product 1986

Source: (32:--)

Table 8. Case Study - Upper Stage Vehicles
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TREND 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 chosen by the
a.ithor 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 informaticn from various future
business planning sources.

DESCRIPTION SOURCE

Comm sat launches/yr - 16; growth 15-20%/yr (5:15)
Comm sat launches(0986-1995) - 245 (38:161)
Leasecraft: cost = $200 mill; launch-1987 (42:19)
Space pharmaceuticals: profit = 15% (24:53)
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 (14:40)
Crystals: revenue - $3.1 bill/yr by 2000 (14:41)
Glasses: revenue = $11.5 bill/yr by 2000 (14241)
Other: revenue = $5 bill/yr by 2000 (14:41)
Pharm,crys,glass: revenue - $30 bill yr by 1995 (14:41)

Table 9. Miscellaneous Data

This analysis uses the space communication business as
the projection foundation and then adds on the various
estimates of contributions from other fields 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

1000

100 Assets - "

($) 10 - "
(Bil) -. -

1 Revenue

0.1 (1984 $)

1970 80 90 2000 10 20
Year

Figure 2. Space- Commercial Assets and Revenues

SUMMARY

Chapter 4 has looked 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 of 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 E1:19,203 in 1984 dollars). The projected
revenue from space climbs to several hundred billion (1984
dollars) by the year 2025. 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

OVERVIEW

Chapter 5 concludes this study by summarizing potential
impacts of space commercialization 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 findings. Finally it provides
the author's recommendations.

Beginning with Chapter 2, this study uncovered several

trends. In the last five years, U.S. commercial satellitei
launches have sharply increased their %hare of the total
U.S. satellite launches. Satellite launch costs have
decreased dramatically since the late 1950s, and they are
predicted to decrease by another factor of 100 over the' next
two decades. Satellite lifetimes have leveled off at. around
seven to ten years. To date, communication satellites
account for most U.S. space commercial ization. Chapter 3
pointed out tha~t U.S. Presidential and Congressional
interevts in space commercial ization hav'e 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.

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 af
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 U1.S. commercial assets and commercial
interests in space.

RECOMMENDAT IONS

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. ,ce.

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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