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This $§190,000 Space Industrialization Study was performed under NASA Contract MAS8-32168
for Marshall Space Flight Cénter from September 1976 through April 1978, The study was in two
party: Part | identified the potential goals for space industrialization and developed and assessed
evolutionary program options for realization of those goals; Part 2 defined program support
demands, evaluated and defined the leading program options, and developed recommendations for
program implementation. The study results are documented in four volumes:

I.

Executive Summary

2, Space Industrialization Background, Needs, and Opportunities

3. Space Industrialization Implementation Concepts

4. Appendixes
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INTRODUCTION

This volume of the Space Industrialization study deals mostly with the
preliminary background material that was gathered to lay the foundation for
the subsequent hardware studies. Thus, in general, the material deals with
three separate topics:

1, The Background Scenario
2, The Needs of Man

3. Space Opportunities

The Background Scenario is essentlally a summary of the status of the
famlly of man at this point in time. It also includes reasonable extrapolations
to indicate the probable status of the world in Ffuture years. Population level,
minerals, food, fuels, public safety and education are all given careful
consideration. So are the various projections devised by computer simulations
and other means. The fundamental conclusion is that the status of man is not
as bleak as many have supposed, but that grossly inereased personal prosperity
and societal stability can be attained via the systematic industrialization of
the space frontier,

The needs of man were derived from careful readings of the Background
Scenario and other published materials. These needs were, at first, compliled
in an unstrxuctured manner, but later they were grouped into five relatively
broad categories. The primary aim of this grouping was to stimulate further
ideas and more rational evaluations,

The Needs Lists were used to trigpger ideas on any attractive new space
opportunities. At this point in the study an opportunity was defined as any
technologically viable enterprise thst promised te Fulfill an identifiable need.
Later in Part 2, the various opportunities were to be subjected to a series of
filtexs. The purpose of this filtering process was to eliminate any apparent
opportunity that was not ackually viable [or a number of reasons. These included
excessive cost, societal impackts that were too small ko be worthy of the required
effort, and the existence of terrestrinl alternatives that were more practical
and attractive than other proposed solutions in space,

P
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BACKGROUND SCENARIO

Planning is menagement of the future. Unfortunately, the real future is
a functior of innumerzble ratioral and irrational faetors — too many to be
considered in any practical forecasting method. Any practical projection that
is made, therefore, must be derived from a selection of key factors. These
factors are referred to as determinanits, and their effect on key manifestations —
or state variables serve as descriptors of future conditions. Different state
variables are of particular importance to different regions of the world, but
many are of comparable importance., It is possible to identify a network of state
variables of reasonably general validiiy. Such a network is presented in Figure 1.

FUNDAMENTAL CONSIDERATIONS

The four primary state variables that were taken into account in this
study are population, energy, production and living standard. Everything,
including military strength, can be traced back to one or more of these four
state parameters. These primary state parameters are interconnected by a set
of communicating tubes through which dedicated resources are transferred.
Directly or indirectly, resources are dedicated to meeting investment
requirements, Since the sum of all desirable investments almost always
exceeds the store of available resources, not enough resources can be dediecated.
Therefore, priorities must be set.

Ideally, the individuals who set these priorities should balance near-term
needs against long-term objectives. Unfortunately, this is rarely achieved in
practice because it requires an astute sense of proportion, of balance and
perspective. Planning is as much an art as a science.

Population

Birth and death rates obviously have a crucial influence on a country's
population trends. But births and deaths do not occur in a vacuum. They are
influenced by life styles based on traditions, on scientific developments, on
socio—economic conditions, on wars, revolutions and on socio-political
conditions. In highly industrialized countries, low birth rates have been
induced by the particular socio—economic climate of the industrial life style.
In the non-communist developing world, population elimbs rapidly because of
perticular improvements transplanted from western achievements, but not inte-
grated into the developing socio-economic framework, such as reduced maternal
and infant mortality and increased average life span. In communist countries,
birth rates are low by state fiat or resignation of the population.

Production and Energy

Determinants influencing production levels and energy parameters are
social discipline, a degree o” work ethic human development, and, of course,
available capital. If these favorable factors are present, resources can be

3
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developed or acquired, except in cases where the paucity of resources offers no
starting base at all. This, however, is practically never the case. For
example, the Fourith World Countries of the sub-Sahara region may seem to lack a
resource base but, in fact, they own vast resources of solar energy; similarly,
many of the poorly fed countries on the African continent have millions of
acres of unused farmland.

For global development, steps need to be taken to improve the marketability
of these resources. However, the envisioned improvements may conflict with the
other goals of the western world. For example, developing the solar energy in
the Bahara may conflict with America's stared goals for energy independence.

Living Standard

The living standard of a particular country is strongly impacted by popula—
tion, production, and energy, but it transcends these and has an essence of iis
own. A large population, per se, cannot be construed as being unequivocally
detrimental to a high living standard. Determinants (often subjective) associ-
ated with the quality of life often exert a far more important impact on the
living standard.

The physical location of the people in a particular country has an important
impact on the quality of their Ilives. One way they express this is through the
continuing migration from rural areas into metropolitan areas which is largely
driven by desires for the higher standard-of-living found in metropolitan areas.
In these urban areas a diversity of sporting, cultural and service opportunities
esist that require a relatively large and dense population for their economic
£y asibility.

THREE BASIC SCENARIOS

In the past 10 years, three basic scenarios for the future have been
devised. Two of these remain within the conventional framework of earth as
the only available world to man. The third was based on the assumption of an
expanding world beyond the limits of earth, beginning in the last quarter of
this century. The terrestrial scenarios entail many variants. But the two
boundary cases are represented by the pessimistic assessment provided by the
Club of Rome (Forrester-Meadows), and the Hudson Institute (Kahn, et al.)

The Club Of Rome Scenario

The Club of Rome approach examined five basic factors: population increase,
agricultural production, non—renewable resources depletion, industrial output,

and pollution generation. The authors asserted that these five factors alome
determine and, in their aggregate eventually limit, growth on this planet.
These variables were fed into a computer model under different sets of assump-
tions; all resulting in gloomy predictions offering a choice of disasters from
which to perish. Even the so-called message of hope in the Limits To Growth
study consisted of a classic violation of human nature — the recommendation
that world leaders should distribute future scarcities, to live in happy
docility on the reservation earth, to submit to carefully regulated statism
and to surrender the human birthright of exercising new options and surpress
mankind's innate growth potential.
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It is interesting that the first two of the above five factors (population
increase and agrilcultural production) were the basis of Malthuse'’s concern.
Moreoever, his conclusions were roughly as gloomy as those envisioned by the
Club Of Rome and his solutions for avoiding the ultimate catastrophe similarly
unrealistic, even bizarre.

In the Limits To Growth study, no substantiation is offered for the
assertion that the five selected factors are indeed the basic déterminants.
In particular, the pover of human ingenuity and resolve is omitted from the
list. Thus, the five non-human factors fed into the computer developed a life
of their own, unrelated to human reactions. The eventual result was that man
wag locked into a vise between destruction and submission.

The Hudson Institute {The Next 200 Years) Scenarilo

In the Hudson Institute approach, two perspectives of the future were
developed. The first assumed that over the next 200 years the major activities
would be earth—centered, and that extraterrestrial activity will be limited to
modest levels of space exploitation. The second perspective was space—oriented.
It assumed a high level of extraterrestrial activity, including the establish-
ment of large space colonies inveolved in manufacturing and energy productiom.
The book repeatedly challenges the Club of Rome hypothesis that mankind has no
alternatives to either liwmits to growth or eventual catastrophe.

The Hudson Institute authors are convinced that the terrestrial rasources

zre sufficient to meet the requirements of hoth a growing world population up

to stationary level and the associated expected economic growth. They countered
those who warn of the consequences of population explosion with the propositioa
that the rapid growth is in its final stage. They reject, in effect, the notion
that mankind’s present situatiom on the globe equals that of a large rat popula-
tion crowded into a small cage. TFrom this they draw an optimistic outlook
concerning rationality — by and large — in Man's future social behavior.

Ehricke-Miller (The Extraterrestrial Imperative Scenario)

The third scenario, The Extraterrestrial Imperative, transcends the con-
ventional terrestrial environment to include a progressively wider range of
extraterrestrial enviromments. Mankind's future for the next hundred years is
carefully analyzed and it iz asserted that, for reasons associated with basic
physical principles, life on a small (terrestrial) planet must resort to an
extraterrestrial energy source in order to survive.

A book entitled The Extratervesitrial Imperative by K. A. Ehricke and
E. A, Miller presents new insights in evolutionary processes of life and extra-
polates these insights to space developments. The time span selected for the
scenario was 1970 to 2070. Three fundamental anchor points were selected:
Man, Earth and Space.

Man

Man represents a life form with new metabolic capability — dinformation
metabolism — enabling him to interact more strongly with the environment than
photosynthesis, and as directly as photosynthesis with primordial matter and
energy (in contrast to oxygen metabolism).

e
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~ In the view of the authors, new metabolic capabilities always foster a new
technological capability plateau. Since living matter evolves negentropically.*
A new metabolism means greater concentration of information and energy, greater
complexity and superior material-processing capabilities. Through the new and
different abilities and methods of interacting with the environment, the rise
of a new metabolism disturbs the previously established equilibrium between
environment and preceding metabolic activities. The elasticity of the old
system is capable of tollerating an incubation period; but thereafter the impact
of the expanding disturbance provokes a confrontation which can be overcome
only by environmental expansion and the establishment of a new equilibrium.

Earth

Relative to earth; man today plays the evolutionary role occupied some
three billion years ago by the early plictochemical autotrophs and their successor,
the chlorophyll molecule. At that time, chemlcal energy was replaced by solar
energy as primary energy source for living beings. The result was more complex
biological processes which produced the incrganic waste products that destroyed
the early 1life-penerating atmosphere and replaced it with the oxygen atomsphere
known and cherished by Man. Confinement of the bio-population to earth made
material recycling an absolute necessity. This contributed to the destruction
of the earlier enviromment and necessitated the development of a secondary
technology based on waste (oxygen metabolism), which furthermore stimulated the
expansion of life into new terrestrial Pealms.

Thus, an infinite energy environment and a quasi~infinite material environ-
ment were generated. These two iInfinities constitute an Open World. Both are
indispensible for a work-performing system (such as 1ife), because such system
must be an open system to function and be stable within the requirements of the
Second Law of Thermodynamics.

The authors of The Exiratervestrial Inpervative have analyzed the funda-—
mental chiaracteristies and metabolic correlations of the Open World. The pre-
photosynthetic world of carth was not open and, therefore, could not last if
life was to endure. The biosphere is an Open World, in equilibrium with the
greater primordial environment. Once Open World equilibrium Is reached by a
metabolism capable of interacting directly with primordial matter, the popula-
tion of the particular open system must -— and, indeed, does — ceave to grow.

Space

The Open World of Man, called 4Androsphere by the authors, meets the above-
mentioned requirements. TIn contrast to hiotechnology, information metabolic
technology is capable of expanding into space environments. Thereby, one of the
most important prerequisites for Open World development can be met. Moreover,
by following the extraterrestrial imperative, a fundamental threat to the
biosphere can be removed. The bipspheric environment need mot share the fate
of the first environment. To the contrary, the Androsphere will surround the
biosphere and not only protect it, but distribute its seeds throughout space.

#*Tn the direction of negative or decreasing enthophy — greater order and -
increasing contrast to inanimate matter whose entrophy increases — increasing
disorder and energy distribution.
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Information metabolism is capable of interacting directly with primordial ;
resources (matter and energy) om & much wider basis than photosynthesis. Man's 3
information processing capability far exceeds that of earlier metabolic ;
technologies. Primarily for these two reasons, extraterrestrial environments
can be made productively useful. This is the truly novel aspect of the infor-
mation metabolic revolution. The need teo interact with primordial matter and
energy — both indispensible for establishing Open World equilibrium -— can be
met without affecting the biosphere at z2ll.

Years before the Club OFf Rome publications, the authors recognized the
threat posed by different possible forms of disaster. All of these are merely
different forms of entropy death.* But in the evolutionary context of the
extraterrestrial imperative and its underlying physical laws, the logic of,
and confidence in disaster makes their avoidance become quite apparent.

To aveid disaster it is not neecessary to stop everything on earth and
gxit into space en masse. The process of turning space Iinto a productive asset
will he a gradual one, but the authors postulate that it will have reached
giant proportions by 2070, progressively accelerating on the basis of its

preceding s'.ccesses. |

The authors Jdevoted considerable attention to demonstrating that not only
mankind, but aiso the biosplieric environment would suffer grievously 1f techno-
scientific progress and its translation into industrial productivity would
cease to be pursued vigorously, since mankind has grown too large to feed on
the biosphere in pre-industrial fashion. In such fashion, the bilosphere could
sustain not much more than about one billion people, roughly the world popula-
tion at the dawn of the industrial revolution.

Information metabolism is ecapable of technologiles whose applications and

continued advances can vastly improve human productivity, but which can be P

applied safely on a large scale only outside the confines of the biosphere and
of a heavily populated earth.

The key technologies are: fusion and the application of processed fusion

energy to mobility, to the processing of primordial materials for industrial ;

purpoeses, and to the creation and sustanance of exoblospheres.

Space conditions facilitate the attainment of steady-state fusion in

several respects. Specifically, space provides capabilities for very large ;,

volume high-vacuum enclosures which would be virtually unattainable on earth.
It also provides favorable conditions for superconductor technology; and the
application of very strong magnetic fields using special space-manufactured
alloys for maintaining superconductivity at high current densities.

*For example, 1f we take the low-entropy product of biological industries, oil
and coal, and turn them inte a maximum entropy mixture of atmospheric gases
and heat in which we perish, then this is a form of entropy death. If, on
the other hand, we sustain low-entropy conditions in the atmosphers after
combustion or aveid burning by nuclear, solar, etc., powar or by spending
energy outside the biosphere then we are compatible with the Entropy Law.
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Fusion is a cheaper and more versatile energy scurce than solar energy for
a number reasons. It 1is more compact; it %s independent of eclipses and solar
distancey it can be installed above or below a surface; it is a more sffective
means of propulsion; it offers a greater variety of energy forms; it ds the
only energy source that can provide economically the strong magnetic fields
required to shield exposed human settlements against most particle radiatilon.

The book assumes that fusion will replace solar energy as principal energy
source between 1995 and 2010. Thereafter, the value of goods produced in space
will elimb rapidly because of greater possibilities and superior economy.

As a second key factor, the authors considered the proximity of the Moon
as a material resource base. Goods and materials can and will be transported
into space from earth. But the prospect for benign advancements (as distinct
from technological advancements such as increased Isp) are very limitad for
launch vehicles. Hydrogen powered or even gaseous core reactor powered alr-—
breathers generate polluting nitrous oxides., O0p/Hp drives inject water into
the presently dry outer atmosphere. And all conventional space drives release
large amounts of thermal energy, especially into the lower atmosphere with
doubtful ecological consequences. The Saturn V was a highly efficient ecarrier
(because it was large and expendable which permitted a very low mass fraction).
However, it injected about 41,000 thermal kwh (kwht) into the troposphere pex
ton of payload inte low orbit.® Tor the space Shuttle, this value is over
100,000 kwht/ten payload. Even for large aerospace freighters of 1,000 to
2,000 tons payload, the demand for reusability is likely to preclude figures
below 40,000 kwhi/ton. Transportation of lunar products to earth involves no
significant burden in terms of material injection or ecologically relevant
thermal burden. The bulk of the energy is dissipated between 200,000 and
100,000 feet.

Thus, metals and metal products can be delivered to earth orhit from the
lunar domain with virtually no detrimental effects. Space structures and
facilities can be supplied from the Moon with no effect on the biosphere.
Lunar oxygen also can be made available to aerdspace freighter stages return-
ing to low orbit from geosynchronous or circumlunar orbits at great savings in
propellant and energy released into the atmosphere because the oxygen does not
have to be lifted from earth.

For these reasons, the Moon is expected to become a major materials
supplier both to earth and space installations. Growing amounts of energy
will be dissipated cutside the biosphere on the Moon. The small amounts of
fuel for fusion (about five tons per Gwe-year) can readily be supplied from
earth, until delivery from Mars becomes practical.

Comparisen of the Three Scenarios

In its terrestrial optimism, The Futraterrestrial Imperative far exceeds
the: conclusions of the Club Of Rome's original sScenario (which, meanwhile, has

*Ehricke, K. A., Philosophy and Outline Of Long-Range Space Planning For The
Needs Of This Nation and Mankind., Presentation before the NASA Deputy
Associate Administrator (Planning), Dr. W. von Braun. WNorth American

Rockwell (now Rockwell Internatilonal) Report PO 71-16 (July 1971); pp. 122-123,
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been revised considerably in a more optimistic direction). The terrestrial
outlook is not as optimistic, however, as that offered later in The Next 200
Years, for several compelling reasons

Moreover, a terrestrial solution does not alleviate the need for Man to
establish an Open World. Restoration of compatibility with the Seecond Law Of
Thermodynamics cannot be avoided. Because of size and conditions of the
terrestrial environment, the open energy flux (which determines the ultimate
living standaxd) is necessarilly restricted to a lower level than in a larger
Androsphere that includes extraterrestrial environments. A terrestrial
solution leaves no alternative to the expleitation of ever-poorer mineral
grades at a rising energy burden compounded by further rising emergy burdens
to avold Inereases in envirenmental pollution. The explodtation of poorer
minerals is unavoidable hecause reeyeling alone cannot meet the demands of a
growing population.

Obviously, the gap between rich and poor will not narrow if only terrestrial
resources are used. Decline of living standards in developed countries and
frustration in the developing world over the seemingly unaltexable confinement
to steerage both can grow ilntolerable because of loss of hope that things will
change for the better. Grace periods, meanwhile, have been squandered away
and the neglect to invest in new options — a neglect that cannot be remedied
overnight ~— can be very costly., An option-poor polluted future suddenly can
become a bitter presence.

Consequently, there is little reason to assume that the second phase will
be peaceful and cooperative. If confinement to steerage is not to be a pexr-
manent condition, the need to coordinate its particular weapons will bring
developing world nations closer together., The weapons against the first class
passengers on space ship earth will be combinations of expropriations and trade
block trade formations witl a strong dose of defensive poliecles, greater shares
in the processing, transportation, and marketing of raw materials, enlarged
territorial seas with attendent neutrallization of strategic straits and gulfs
and similar measures not conductive to a free world trade that the industrialized
nations need.

With the exception of some extreme scenarios of little significance, an
optimistic technological and benign industrial implementation strategy can be
applied (with terrvestrial limits); indeed, many problems can be reduced or
eliminated., However, the optimistic line necessarily presumes certain ideall-
zations, especially in the soclo-behavioral sector which, in turn, introduces
a disquieting sensitivity of the scenavio to whether certain critlcal assump-
tions actually will be realized.

On the other hand, the prospects for attaining the key goals can be improved
by introducing the potential of the extraterrestrial imperative. In additiom,
they can be desensitized (i.e., made more forgiving) in the case of fallure of
an optimistic terrestrial expectation to materialize.

The final argument, then, for the extraterrestrial imperative is a very
practical one: Extraterrestrial environments are productively accessible
environments. They do offer significant improvements to every terrestrial
scenario, many needed improvements for optimistic forecasts in the terrestrial
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sector possible in the first place., Thils being so, why should one not utdlize
them? Why should one substitute all-out tervestwial optimism for more solid
ground of less optimism, but more options in the Open World of eaxth and space?

Why Industrialize Space!?

The authors found the question "Why Not Space?’ far more difficult to
answer than the question "Why Space?" Of course, not any space activity will
do. The need for a ratlonal strategy of space industrialization is discussed
beginning with early, appealing achievements in the 1980's focusing on projects
of wvalue to both industrialized and developing countries, and emphasizing

intensive research in space fusion as the key to truly large-scale industrializa-
tion in space.

The soclo-political conditions for the next 100 years are projected on the
basis that, on earth, nation.states and governments will remain a principal fact
of international life. However, it Is considered pessible that major projects
(s would be undertaken in utilization of oceanic resources, in eartn oxbit, and
on the Moon) are abt least based on international agreements, if not international
participation,

The Results Of Space Industrialization

Figure 2 depicts some key statz parameters of a 2070 global scenario con-
sidered attainable, by the authors, as a result of Open World development with
extraterrestrial, fusion power being introduced in various capacitlies on a large
scale. Comparative data are presented for 1900 and 1970,

The industrially utilized Androcphere comprises the Moon, Mars, and the
asteroids, except some in the uppexr regime of orbital energies. The world
population numbers between ll- and 12-blllion. The population doubling tilme
has risen from the 1970 values of about 25 years (2.8 percent annual growth
rate) for the then developing countries and 45 years (1.5 percent) for the then
industrialized countries to a fairly narzow range avound 160 years (0,43 percent)
corresponding to the estimated value in 1750, shortly before the industrial
revolution.

With 9.5 billion, the "Haves"” amount to some 80 percent of the woxld
population. Extraterrestrial operatlons have greatly broadened the global
middle class through need for scientists, engineexs, technicians, and much
skilled labox, as well as new businesses and the stimulation of trade through
the influx of extraterrestrial products and services. This compares favorably
with about 30 percent "Haves" in 1970 and represents a reversal of the trend in
our time (i975: western industrial counuries [750M] and socialist states without
China [250M] amount to 25 percent).

Correspendingly, the minimum average wealth of 2070 lies close to the maxi-~
mum in 1970 — an average per capita GNP of about $2,000.00% for the then poor
countries. The average per capita GNP of then wealthiest countries would be
about $3,500,00.% Thus, the gap is significantly reduced compared to the 1970

1411 values in 1970 dollars. At an average annual inflation rate of 2 percent,
the 2070 value would be roughly seven times higher.

¥
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situation ($50.00 to $2,900.00). The per capita values for 2070 represent an
enormous inerease in glaobal wealth, a rise in anhual world productiviiy (from
about 51.5 trillion in 1970 to $37 trillion in 2070) will oceur. The value of
world production due to space industries could conservatively be $4.5 trillion.
While this is only 12 percent of the overall Androspheric world productivity,

it should be noted that at most only 1/1000 to 1/5000 of the world population

(5 to 10 million people) are expected to actually be involved in space industrial
productivity of goods and services. This implies that the individual productivity
in the extraterrestrial sector of the Androsphere in between 160 and 600 times as
high as the per capita productivity of terrestrials.

From the annual energy consumptlon, it follows that the world average per
capita value has increased by a factor of about 770 (from 0.13 kw-year to
100 kw-year). Over 90 percent of this energy is spent in the form of fusion and
solar energy in the extraterrestrial sector: production, heavy load transportatiocn,
and high-speed interplanetary mobility. Terrestrial energy consumption is up by
a factor of 200, much of it solar energy.

Parhaps the most hopeful corrollary to the above picture is that the world
armament budget of 2070 might be reduced to 25 percent of the 1970 value. Since
the world population has grown by a factor of about four, this reduction means
that the per capita defense burden is lowered to about 6 percent of the 1970
value. This is consistent with the assumed emergence and expansion of a prospex-
ous and enlightened middle class From many nations on all continents of the globe,
coaperating in operating the productive and distcibutive infrastructure of man-
kind (the human chlorophyll molecules of that time). Then, at thelr productlve
commercial efforts, underwrite a three-dimensional civilization inner world
where there is no practical limit to energy, resources and space Lo Progress;
in a world where the lnner sclar system is interlinked by weeks of travel time
and by near instant holographic communication planet-to-planet, and in which
the outer solar system awaits incorporation into the Androsphere.

In conclusion, the third scenario has two distinct components — the
terrestrial and the extraterrestrial. The transition from one basic environment
to several environments in the early stages of space industriallzation is one
of the more critilcal determinants affecting the real scenario later in the
21lst Century.

SCENARIO ASSESSMENT

On the foundations of Figure 1 , a set of inputs can be defined and, for
the future scenarios, a number of time derivatives of these inputs. Later they
are trested (according to requirsments) as dependent, independent, and as dis-
cretionary parametric variables.

Methodology

Table 1 lists the relevant input paraneters that represent cr affect the
statle parameters shown in Figure 2. They are organized into ten groups. Each
group represents one of the majer concentrations of power and influence —
demographic, social, socio~economic, technologlcal, ete., and each group is
powerful enough to act as an independent determirant. Yet, anyone viewing the
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present state and future developments needs to keep in mind the interplay between
various groups. Mankind's evolution has reached a point where few events on this
globe occur completely without human involvement.

Another reason for the grouping, as presented, ig that it serves to make
the consequences of introducing discretionary parameters more visible. Any major
new decision or new development creates a consequence woxrld that is basically
different, at least in some respects, from the preceding world. This applies
equally well to political development, to economic decisions, or technological
developments.

Each power and influence group is divided into statie and dynamic state
parameters. For the sake of simpliecity, only the partials with respect to time
are listed. Of course, there are other partials and their overall total is very
large., It would require a computer program for simultaneous consideration of
all transfer functions (partials and even second derivatives), since almost
everything depends on almost everything else. BSuch computer analysis would
result in somewhat more deeply understood (and perhaps somewhat more realistic)
background scenario projections than the conventional story—teller method.

Since a complete treatment exceeds the framework of the present contract, only
the Interactions considered most relevant are taken into account.

The demographic, social, socio-economic, and communication/mobility groups
are self-explanatory., The same is true of the productive infrastructure. The
national inputs are based on the assumption that sovereign states are a fact of
life that will not change sipnificantly in the relevant projection period.

While all the befcre-mentioned groups contain intrinsic uncertainties as
far as future scenarios are concerned, there are some major potential distur-
bance factors that can be isolated. They are listed in the international and
global input groups.

International Interactions

The intevnational group contains elements that represent major agglomera-
tions of power. The actions and interests of the United States are a continuing
major determinant in the geopolitical and geo—economic arena. The future
expectations of the other Organization for Economic Cooperation and Development
(OECD) countries, in general, run parallel to those of the United States forx
obvious reasons. But, at the end of World War II, few leaders in the United
States recognized their future importance as America's allies.

Their need to export, to assure reliable long-term access to foreign raw
materials, forces them to pursue an aggressively competitive economic policy.
This situation has repeatedly had a divisive effect on their relations to the
United States. There is some daiger that this trend is magnified as economic
and rav material needs inexorably push the United States into a competitive
posture on the world market. There are many justifications for the assumption
that joint technological ventures can provide the necessary cohesiveness to
lessen the danger of deterioration of relations of which the U.5.5.R. would be
the main beneficiary, TFrom this follow needs for joint energy development

projects, seabed mining development, and joint ventures in space industrialization.
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These joint ventures would require great skill and coordination since they
must take the competitive free enterprise characteristics of thelr national
economic systems Inte account.

The surprise potential of the U.S.S.R. and China is rooted primarily in
their different, hostile ideologies and the primate of these ideologies in
their domestic and international policies. But there are important differences
between the two countries, affecting their surprise potential.

The developing world does not act in unisoni but collectively its countries
are so much worse off than the industrialized and most communist countries that
they constitute a cohesive factor. It is in the interaests of the United States
and the other OECD countries, which provide about 80 percent of the world's
forelgn aid for developing countries, to maximize the effectiveness of their
aid in terms of economic growth and demographic slowdown, while also developing
new markets for their products by enhancing trade relationships. Most of the
world trade presently takes place between the industrialized nations. The
incentives provided by space industrialization and their terrestrial spin-offs
are important for many developing nations.

As long as the specter of secular resource declines dominate the minds of
political and economic leaders, the evolving trading system may be seen as
characterized by dealings between large concentrations of economic power.

The arena of dynamic sociological and economic change is shifting rapidly

to the Pagific Ocean area. There is a heightened sense of regional conscilousness.
The Pacific Ocean area trade center may span the Pacific from Canada to Australia

and from New Zealand to Japan; or it may also involve smaller areas independent
of the grand Pacifie design, such as Association of Southeast Asian Nations
(ASEAN)., There is also growing self-awareness among South American countries

In each case, the trade areas are vast. They command many resources in
large quantities and vast stretches of oecean (if the 200 mile management limit
is accepted). They can benefit from a large array of space industrial tools

(information transmission, resources satellites, Lunetta, reverse telaopearation
from GSO space station — to name conly a few).

Finally, the international group contains international and space law and
the corresponding institutions. Some of the as yet unresolved legal areas
(e.g., remecte sensing of earth resources by satellites and international treaty

relating to the Moon) are bound to affect space industrialization one way or
another.

The Factors That Affect Population Growth

The inerease in world population is slowing down to some extent, but too
many factors still favor high birth rates. Excessive population growth is

almost exciusively a problem in the developing nations. The most important
determinants are:
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e Standard of Living
¢ Level of Industrialization

» Health Standards and Mortality

» Urbanization

s Population Density and Religious Beliefs

Standard of Living

Poor and little-educated people all over the world want more children than
those that are more highly educated and prosperous. Since poor, uneducated
people predominate in many developing countries, birth rates in these regions
are high. Moreover, children provide old-age security in developing countries
where social security, pensions, and other forms of aid to the elderly are
lacking. Thus, it can be concluded that education without economic growth to
raise prosperity and provide other forms of old-age security, can have only
limited success in curbing birth rates in the underdeveloped world. This means
that educational satellites alone can have only limited success, unless
supporied by other measures designed to raise consumption and living standards.

Level of Industrialization

In the industrializing soecietiesg, a growing number of women join the work
force. In the United States, a highly industrialized country, 75 percemt of
couples under 35 years of age consist of earnisg husban. and wife. Naturally

with increasing numbers of job-holding wives, the number of births tend to
decrease.

Health Standards and Mortality

In developing countries, infant mortality is particularly high. This
drives up the birth rates because the poor people of the world breed enough
offspring to be assured of male heirs and offspring that will support them in
their old age. As improved health standards cut down infant mortality, the
birth rate does not automatically follow suit unless accompanied by other

developments that depress the birth rate. As a result, the population growth
rate shoois up.

Urbanization

Most of the world's poor live in rural areas. DMore children mean more
workers for the land. But the cities lure. Today and in the decades ahead,
a large number of people in developing countries will be born in a rural area
and then migrate to a city, swelling the ranks of the unemployad and the un—
employable. But in the city, even in city slums, the birth rate tends to
decline. In this context, large cities have some effect in curbing populatien
grawth,

.
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Population Density and Religiocus Beliefs

Factors affecting both developed and developing countries include popula-
tion density and the religious beliefs of the local inhabitants. The high
population density of Western European nations and Japan influences public
attitudes toward smaller families. By contrast, the high population density
in India and Indonesia, for example, has not been a birth rate reducing factor
so far (Indonesia plans to reduce the growth rate of 25 percent before 2000).
On the other hand, undercrowded developed nations {Canada, Australia) and
Brazil (on a lower level of economic development) favor an increase in .
populaticn., Religious persuasions play some role in determining the desaired
family size, but it is not often a decisive factor.

Population Grewth Rates fn Various Regions

Among the industrialized nations and those of the communist economic
(COMECON) bloec, population growth is slower or even negative in some cases.
The process of population slow-down became accelerated in all countries of
Europe, MNorth Ameriea, and the Soviet Union and its satellites around 1965.
The growth rate of the United States population is expected to be 0.8 percent
between 1975 and 1995 (corresponding to an increase from 213.6M to 252H), down
0.2 percent from the average growth rate in the decade 1965 to 1975, and even
more from earlier periods. In France and the Federal Republic of Germany the
birth rates are no longer sufficient to guarantee the continuation of present
population size. The Federal Republic of Germany has the lewest birth rate
among tha major western nations. Based on extensive public opinion pells,
the desire for children amounts to an average of 1.8 per family. This is
distinetly below the level of 2.2 to 2.5 children per family needed to sustain
present population size under German conditions of infant mortality and mean
1ife span, which are similar to those in other highly industrialized countries.

A Gallup Poll found that in the United States and Canada, 57 percent of
those questioned believe the ideal number of childrem to be 0, 1, or 2 (i.e.,
at most barely enough to sustain the present population size). In Western
Europe, the figure is 63 percent, suggesting an even slower population growth,
if any, in the future. In contrast, while in the United States and Canada
18 percent prefer four or more children (9 percent in Western Europe),

33 percent expressed this preference in Scuth America, 31 percent in the Far
East (except Japan: 14 percent} sid 79 percent in Africa.

Reading the Trends

It appears the following realistic conclusions can be drawn from the demo-
graphic scenario assegsment:

1. The population willl continue to grow, albeit at a slowing growth
rate. But the slowing process is too gradual to prevent at least
a tripling of the world population in the next century. The
factors supporting growth are lack of higher living standard,
lack of industrialization, and lack of education.
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2. In pre-industrial times, mortality peaks skimming off excess S
" population at fairly regular intervzls were the rule. These '
mortality peaks were caused by starvation, disease. or both. o

The longer the interval between mortality peaks, the highexr '1

the peaks. This cycle was interrupted by the advent of the i
industrial revolution. Even the worst wars have never heen !

a sufficient substitute for nature’s corrective methods.

Today, a natural mortality peak is suppressed by aid in foed
and medicine. Thus, during the past 150 years the historical
interplay between growth and growth correction has ceased to
be operative. A period of 150 years is a very long movatoriun.
sdut the old rule that the longer the moratorium the higher

the peak still applies. Thus, with every decade of further
population growth, it becomes progressively more important to
assure that the moratorium never ends; because even now a
natural mortality peak would assume fantastic proportioms,

even by the standards of a nuclear exchange.® H

S TRT R R )

3. Assuming that this moratorium can be sustained, mankind already
now is committed to a level-off size of about 7.5B; even
assuming that family sizes for zero growth rate in all countries
could be achieved immediately. This level—off state would occur
around 2030 to 2040. If a worldwide net reproduction rate of
1.0 is reached by 2025, a stable population of 138 would be
achieved about a century later. The maximum annual increase
in world population occurs in this case in the 1985/95 time
period and exceeds 100M annually. Thereafter, the annual
increase will deeline slowly to a level around 30M annually
by 2100 — a value that should be readily absorbed, assuming
the moratorium will have continued and the industrial civiliza-
tion advanced to its higher techno—scientific potentials
(see TFigure 3 ). '

pied N st ad

The most critical demographic influence is in the period aghead —
to about 2020 when the amnual population growth should have
fallen below 100M and new terrestrial and extraterrestrial
industrial developments will have reached maturity. If the
moratorium can be made to hold through this period, the
probability that it can be perpetunated appears to be extremely
good.,

4., The disparity in population growth will produce a shift in
global population composition, aggravating the minority status
of the North American-European-Russian—Japanese populations.
As the rest of the world industrializes, the combination of J
manpower, resources, and industrial productivity is bound to :
produce new economic power centers. The pressure will be
especially great on the Japanese-Western European-North American 1

XTreated in more detail in The Extraterrestrial Imperative by K. A, Ehricke
and E. A. Miller.
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populations (in the order of decreasing pressure), since the
Soviet Union is fairly self-sufficient, except in food, and
since the wealth, technological know-how, historical guilty
conselence and softness appear particularly prevalent in the
latter two population groups. But the long biological time
constants of demographic changes, which permit somewhat
greater freedom of extrapolation than in other areas, suggest
that all three population groups will be pushed toward the
position of islands thatr cannot afford to make the sea their
enemy. Neo-emvironmental technologies, fusion energy, and
scientific breakthroughs are srrong elements of assurance in
the future. They must remain — and this is meant in
historical context — or regain their position as mankind's
leaders in rational conceptualization as well as in science
and technology. This requires the revival of comsciousness
of the grand concepts of Western Civilization which created
world history and global civilization and national thought.
It furthermore requires to erect on these massive founda-
tions new rational concepts of progress in science and
technology, in solving the socio~psychological problems of

a new, much larger mankind, and in opening new horizons of
creative productivity to meet the requirements of a much more
consumption-oriented humanity within the constraints of
keeping this the planet of life in this solar system.

The fact tnat the most active parts of mankind are a2 minority
that apparently continues to shrink may alsoc have another
consequence, If the present shrinkage of the Federal Republic
of Germany continues, the population will be reduced from
some 60 million to 20 million in 2076. The French and other
Western European populations will have declined also. All

of Western Europe may be redueced to some 100 million peaople
by 2100 and, like North America, become underpopulated.

While this is not very likely, it has clear consegqguences,
should it occur. Western Europe would lose its position

as an economic superpower. Its financial basis would shrink.
its capacity to remain a lender in many increasingly capital-
intensive areas of regearch and development would be reduced
seriously. A Western North America would become more isolated.

It follows, from the timing of the most critical period for
holding the morastorium, that no significant break can be
expected from any attempts, however successful, to reduce the
net birth rate (the birth rate after correction for infant
mortality). Reduction in birth rate, therefore, cannot be
the first line crisis prevention objective. It has to be

food production and trade in difierent mixes for different
countries.
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Meanwhile, it is important to gradually reduce the birth rate.
There is an optimum couxse; but this course does not coincide
with the fastest possible reduct:ion. Thls becomes clear when
analyzing three different types of population reduction ~~ birth
rate reduction, nafuval catastrophes and nuclear war.

A change in population has different socio—economlc consequences,
depending on the type of change, because it affects differently
the three main determinants of population composition: birth
rate, life expectancy, and infant mortality. Figure 4 .shows
three distinet examples. Slowing down population growth by
industrial life-style evolution involves a decline in birth rate
whose effect on population stabilization is delayed by a
simultaneous decline in infant mortality and inerease in life
expectaney, due to improving living standards.

Case (B) illustrates the classical way of reducing excessive
populations. It was a regular occurrence in pre-industrial
ages. Birth rate and life expectancy decline and infant
mortality rises. Following the disaster, the processes are
reversed, except that the rise in life expactancy tends to be
slow because the disaster leaves behind a erop of weak and
disabled. The rate of growth after the disaster is lower than
pefore for some time.

Case (C) illustrates the far more devastating effect of a
demographically incisive man-made catastrophe — nuclear war.

Figure 5 depicts the change in demographic profile resulting
from the changes shown in Figure 4 . In Cast (A), birth rate
decline first leads to a percentage reduction in the 0 to 20
year age group. Subsequently, the econcmically active age
group of 21 to 64 years declines. The percentage of the
generally retired age group above 64 years rises. Thus, a
too rapid drive toward zero population growth has undesirable
socio—economic consequences. The natural disaster, Case (B),
at least leaves behind a healthier and more stable demographic
profile, whereas Case (C) creates a heavy economic burden
because of a disproportunately high percentage of severely
and permantly disabled.

Ameliorating the effects of the moritorium is best accomplished
by contributing to world food production and trade rather than
by direct contributions from space in which commuication
satellites attempt to educate the public in family planning
methods., This is true because effective family planning is
seldom successful in the developing world unless the population
is ko first experience living standard gains,
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Specific Demographic Projections

Figure 6 depicts four population change rates and their effects during
the 1975 to 2010 time period. One extreme case occurred in.the Federal Republic
of Germany. In 1971, this country began to fall below a net reproduction rate
of 1.0 and, hence, its population actually began to decline. The negative
growth rate was mimis 0,65 percent per year. Other Western European (and
Eastern European) nations have change rates around minus 0.4 percent to 0 percent
(stationary population).

Indonesia has the highest population growth rate among the largest develop-
ing nations (Sudan, Bolivia, Iran, Dominican Republic have higher rates).
Indonesia makes a conscientious effort to reduce its growth rate, which, in
the 1960's was still about 2.5 percent. The average value between 1975 and 2010
should be in the order of 1.96 percent, higher in 1275 and lower in 2010,

The population growth rate of the United States assumes an intermediate
. position, Having been 1 percent between 1965 and 1975, the projected growth
rate for 1975 to 1995 is 0.83 pexrcent. For the period 1975 to 2010, the growth
can bhé expected to be in the oxdexr of 0.63 percent.

In the Soviet Union, the population growth rate declined significantly
after 1973 (from 0.92 percent between 1967 and 1973, to 0.55 percent between
1973 and 1976). Apparent causes include high wrbanization rates, housing
shortage, spcial strains, and easy no fault divorce. If present conditions
presist, the average growth rate between 1975 and 2010 will be 0.42 percentage.
It is possible that the growth rate will decline furthey. However, in view of
its low population density, the Soviet Union can reascnably be expected to at
least maintain present rates of growth.

Burepe's population already is close to being stationary. It appears
likely that the peopulation of the United States will follow suit in the first
half of the next century, or practically so. An average growth rate of
(.63 percent corresponds to a population doubling time of 110 years. A growth
rate reduced to,.at most, 0.35 percent can be expected around 2025. The
ensuing doubling time of 200 years no longer represents a problem.

The Soviet population growth rate may not reach 200 years' doubling time
before the end of the 21st Century; and even then, the country will not be
densely populated, nor will it suffer from a shortage of important resources.

In the developing world, Afriea and South America still are not densely
populated, on the average. The problem, e5pecially in Africa, is one of food
and resources, particularly energy. Africa's solar energy resources need to
be developed. On both continents, average population growth rates are high.
Near-stationary demographic conditions on these continents may not be reached
until some time in the 22nd Centuxy. .

China's population seems to be leveling off., India, Indonesia, the
Phillippines, and the Middle EFast countries also are not likely to reach near-
stationary®* conditions prioxr to early in the 22nd Century.

#Meaning < 0.5 percent (140 years' doubling time).
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Trends Toward Urbanlzation

In the highly industrialized countries of Western Europe and in the United
States, a move away from city cores to suburbs and to smaller cities and towns
is underwvay, altering a century-old pattern of nuclear urbanization thst saw
the rise of the great cities of Europe and North America.

But the process of urbanization as such is not reversed. Rural development
has made it possible to find even in smaller towns convenlences and luxuries not
available in big cities half a century ago. Thus, the trend toward urbanization
appears to continue in different form — sprawling metropolitan areas with local
small town atmospheres. In the small countries of Western Europe, the gap
between rural and urban living conditions most likely will continue to be
reduced, giving way to an emulsion of closely intertwined rural, industrial,
and bedroom zones. These will be interrelated by urban-type services in communica-
tion, power, conveniences, and interconnected by high-speed mass transportation, N
the way suburbs are connected with urban core today in cities such as New York,

London, Paris, Berlin, ete. Private residential transportation will be relatively
short range, opening.a growing market for electric automobiles. |
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Such a trend means new services, demands cleaner industries, high levels of
industrial and agrisuplcural production and an all—-around efficient management
of environmental resources as well as of waste. Clean and abundant energy is of
fundamental importance. . !

In large western countries and in the U.5,5.R., cities in climatically and
industwially favorable regions are likely to grow and merge into large megalpp-
litan areas (although there are opposite trends where particularly attractive
surroundings may be blocked from free urban expansion, such as around San Diego
and certain other Pacific coastal communities). The megalopolitan areas will be
separated by large agricultural zones or by quasi-wilderness territories.

In the developing countries of South Ameriea, Africa, and much of Asia, the
trek into cities, as it took place earlier in the new industrialized natioms,
continues at a growing rate. Conditions in rural areas are so poor that even
city slums become attraective by comparison.

According to a recent United Nations' estimate, 819 million, or 30 percent
of the people in developing countries, lived in urban areas of 20,000 inhabitants
or more. By the year 2000, the number of urban dwellers is expected to rise to
2200 million. This constitutes an average growth rate of 4 percent per year for
1975 to 2000, and it corresponds to a growth eduivalent to 138 metropolises of
10 million people eack, In tlis era, the Indoneslan Government expects all of
Java to be an island. eity with 146 million being domiciled. in Java and Madura.
The corresponding population density in density in these islands would be some
1100 per square kilometer, exceeding the most dénsely populated and urbanized
centers of Western Europe,
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Extraterrestrial Population Projections

Today tite number of personnel living in space for 0.5 percent of their
normal life span (70 years) is zero. In the 1980's, the number will begin to
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climb and longer space habitation intervals will gradually be added (for reasons

of economy) comnsistent with an-advancing technology of protection and fitness
to return to earth,

The rise of space population will be determined by the space industrial
projects pursued and by the average duration of the extraterrestrial four of

" duty. Measuring this duration in percent of a normal life span,.the true

factors result in a chart of which Figure 7 is an illustrated example, not a
specific extraterrestriul demographic projection. It shows the type of chart
which would be associzced with space industrial program evolutionary alternatives.

Initially, short periods (on the order of four or five months) will dominate
the scene. Because of the cost of frequent personnel turnover, this group will
have disappeared before 2000. The 1990's may be dominated by the one percenters
(about three—quarters year tour of duty). But they too will be short-lived and,
in the first decade of the 21st Century, a period of about 3.5 years may be the
oYM,

The relatively rapid extension of in-space time (from some four months to
almost four years in a span of some 20 years) reprasents an intrinsie Inefease
in per capita pronduetivity for several reasons. Therefore, the number of space
personnel need not rise as fast as would be the case in shorter—stay times din
space, unless the workload is rising rapidly. However, to be Industrially
efficient, the supporting equipment designed to epnharce the per capita product-—
ivity should advance faster than the need for more people.

This situation changes somewhat with the advent of the l0-percenters to
50-percenters. Here, major investments are required. For economic reasons,
they should be used by larger numbers of people and it is presumed that this
goes hand-in-hand with more tasks in space to provide jobs for these people.®
Thus, as the stay time beyond earth rises above ten percent, and eventually
reaches 100 percent (complete extraterrestrialization), the extraterrestrial
demographic growth rate is likely to increase faster. But that pertalns almost
certainly to the period following the period of space industrialization proper.¥

The Quality of Life

The social scenario deals primarily with basie requirements -— food, habita-
tion, health, education, and public safety aspects. Life styles and cultural
factors cannot be expressed in quantitative terms, but they -can be expressed in
terms of attitudes which, in turn, affect the demand elasticity (hence, the price
elasticity) thereby representing a method of tying non-economic, non-quantisable
factors into the needs pieture.

Total Food Supply

As was emphasized earlier, the most effective means of encouraging birth
rate reductions is to increase the standard of living and to modify traditional

%Astropolis and Androcell — The Psychology and Technology of Space Utllization
and Extraterrestrialization by K. A. Ehricke. Paper presented at the Intex-
national Space Hall of Fame Dedication Conference, Alamagordo, New Mexico
(October 1976).
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SPACE POPULATION (POWERS OF 10)

PERCENT FIGURES REFER TO PERCENT OF NOMINAL LIFE SPAN (70 YEARS)
SPENT IN SPACE (INCL. MOON, PLANETS). TOURISTS ARE NOT COUNTED.
100% = PERSON BORN IN SPACE, SPENDING HIS LIFE BEYOND EARTH
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Figure 7. Illustrative Example of an Extraterrestrial Demographic Projection
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life-styles in the direction of an industrial life-style. In mest developing
countries, the population is predominantly engaged in agriculture, yet hunger
rules.

Therefore, in most developing countries the increase in living standard
begins with adequate food supply; logically, the jumping board for takeoff
into a more industrial life-style is associated with modernization of agricul—
ture and its infrastructure. The modern farmer of Western Europe, North
America, Japan, and Australia is an industrialist by comparison to the tradi-
tional farmer in Southeast Asia, India, the Middle East, Africa, and many parts
of Central and South America.

The dally per capita food energy requirements throughout the world range
from 1700 to 3300 kcal, depending on age, sex, work performed, and climate
(with 2500 kcal being a representative medium value). This corresponds to
0.7 kg of wheat or riece, i.e., 0.117 hectare (ha) at United States Midwest
yields, or 0.45 ha at the yield factor in many developing countries.

Population growth exerts considerable pressure on the present food supplies.
The United States Department of Agriculture estimates the presert import needs
of wheat and rice by the developing countries to be 55 to 60 million: tons (of
which about 30 million tons are supplied by the United States). The Inter-
national Food Poliey Research Institute in Washington projects a wheat and rice
deficiency in 1985 of about 100 million tons.

The Uunited Nations has identified 43 food priority countries, most of
which are located in a central African belt extending from the seuth-Saharan
countries in the north to Zaire, Malawi, and Madagascar in the south. The
second largest group stretches from Afghanistan, Pakistan, and Indla through
Southeast Asia to Indonesia amd the Philippines. The third and smallest group
comprises three small countries in Central Amerlca and the Caribbean, and one
in northern South America.

More abundant food production would not only take care of a very basie
need in many developing countries; its social and economic benefits would &lse
be likely to reach a predominently agricultural population. With abundant food
supplies, these people would have far more persuasive incentives for the adoption
of birth control on a wider scaie.

This tendency is strengthened by the advent of an industrial life-style.
Increased food production above all rests on modernization of agriculture.
Modernization requires an agricultural industry that encompasses power genera-
tion, irrigation and other water construction projects, farm machinery and its
maintenance, roads and transportation, manufacturing plants for fertilizer and
pesticides, a communication and information transmission network, banks and
other eredit institutes, and efficient farm management. But in many developing
countries, education of many peasants would have to begin with the 3-R's.

As the standard of living rises, food habits change rapldly toward more
meat and corn consumption associated with switching from wheat, cereals, and
rice to meat and animal products. ILf this happens too quickly, progress in
grain and food production can quickly be wiped out. The only advantage <f this
cycle is that it keeps the pressure and inceantives for continuing increase in

food production. -
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According to United Nations Food and Agrieulture Organization statisties,
pigs (with 42.5M tons) provided most of the meat in 1974; followed by beef and
veal (42H tons) and poultry (20.7M tons). Unfortunately, beef and pork are
among the most inefficient converters of crude protein to edible protein (4
percent and 14 percent conversion efficiency, respectively), whereas poultry
yields 23 percent, milk 25 percent, and eggs 25.5 percent. On this ground,
chromosome separation in orbkit would be desirable to maximize the number of
milk cows wherever milk and milk products are compatible with established
dietary preferences (which are surprisingly difficult to change).

Protein Supply

Protein needs are strongly dependent on age. Babies and children have the
greatest need for protein, not only for body building and disease resistence,
but for the brain development as well. Here lies an important crossing between
today's nutritional scenario and tomorrow's social and political scenario.
Babies need about 3.5 grams of protein per kilogram of body weight, children
1.5 grams, young adults about 1 gram, and elderly persons 0.5 grams. This
results in 7 to 14 grams/day for babies, up to about 45 grams for children,

60 to 80 grams for young adults, and 25 to 45 grams for elderly persons.

Fish, or seafood in general, is the principal source of high—grade protein
whose production does not interfere with the productivity of land food, such
as cereals and rice. This has made seafood the traditional source of protein
for poor countries and the desirable protein supplement for industrialized
nations with an inadequate domestic agricultural base. The largest seafood
consumers are-the Asian countries.

The world fish catch has more than doubled since 1953. In that year the
cateh (live weight) was 27M tomns, in 1964: 51H tons, in 1966: 57H tons, in
1967: 60.5¥ tons, and in 1970: 70 tons. Since then, the catch has remained
essentially constant (with some reduction im 1972 aud 1973). The quoted figures
include inland catches (approximately 11 percent to 13 percent). TFrowm thr:
remainder, about 30 percent must be deducted to account for the difference
between live weight and edible weight. This 30 percent is not lost; most of it
is used, after processing, as animal fodder and reappears ag meat, milk, and
eggs. But the protein losses that ocecur in this. conversionivary from 75 percent
(milk, eggs) to 77 percent (poultry) to 86 percent (pork) to 96 percent. (beef).

The primary reason for the growth of fish protein in the past decades have
been technological — modernized ships with on—board processing and refrigera-
tion facilities enabling them te engage in longer trips and fish even in poor
weather, more efficieat nets and catch methods, etc.

These technological innovations were capital intensive and lead ko far-
reaching infrastructural changes from fishery to transportation and processing
industry. Only wealthy and technologically advanced nations could make use of
these options. Now, these possibilities have largely rum their course. The new
fishing areas {hat were brought within reach by the new methods) are also fished
to the maximum degree. Unfortunately, enviroanmental considerations and rising
fuel costs threaten even some reduction in future catches. The hope has been
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expressed that information gained from ocean-monitoring satellites will help
to further ralse the economically realizable catech. Moreover, the attention
now turns to small sea animals such as the krill {a small shrimp).

Habitaticn

In a previous subsection, the number of households was discussed, but not
the quality of the associated habitats. The quality is judged by the sturdiness
of construction, the availability of light, the availability of energy for
heating and cooling, and the availability of fresh water. In the developing
countries, the quality of constyuction is mostly poor. Most of these countries
are located between the Tropics of Cancer and Capricorn, in basically warm
climates, with little seasonal wariations. However, the structures offer
inadequate protection against heavy rainfall.

Improved quality of construction would use either wood or wood and plaster
material. The wood would have to be provided by the country's forest resources,
and may require modernization of forestry as well as monitoring by satellite.
The material must be transported to the construction sites, which requirass fuel.

Lighting is not available in many habitats, because electricity is not
available. However, night illumination by Lunetta can previde sufficiently
bright outdoor lighting directly before the habitats to allow families to sit
in front of their houses, reading and studying, in the same way in which today
the luminaires on the median of a modern highway are used in developing coun—
tries by peoples living in habitats without electricity beside the highway.

The principal energy sources are wood, inedible crop residues, or animal
dung. The required amounts of electriec power for electrification can be esti-
mated as part of a country's residential power requirements. Tbe use of low-cost
solar cells for daytime power in many areas should be investigated as part of a
potential future market.

With a growing population and expanding industries in the larger metro—
politan areas, the demand for land will increase over the next 20 to 40 years.
This requires zoning and spatial planning. The housing needs are most acute
for the lower-income groups in the urban areas. Public policy must set aside
low-cost land for construction of the dwellings and other amenities for these
groups. These dwellings should meet minimum adequate standards 6f habitation
in terms of sanitation facilities, water supply, and low—-cost transportation.
Low~cost land is usunally found at the fringes of metropelitan areas. Transporta—
tion to the city and to places of work, therefore, require low-cost means of
public transportation.

With land becoming scarce and increasingly expensive, construction of
high-rise units will become necessary in many urban areas. This may entail a
major change in cultural patterns and individual preferences. Location close
to new industrial parks (as they evolve as part of zoning and spatial plauning
efforts) would reduce the transportation problem and the associated traffic
problems in certain times of the day. The high-rise dwelling units should be
made viable by associated shopping centers, schools, and other community
facilities.
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As to the average 11v1ng space per household, a minimum standard of living
would dictate about 60 w2 of roofed space on a 100 m? plot per household of sik
members. In high-rise dwellings, the same floor space would be required, asso-
ciated with adequate grounds and facilitiles surrounding the high-rise.

‘The need for water supply calls for building a ratwork of water reservoirs
all over the country in urban and rural areas. For a minimum adequate standard
of living, the available water supply should be 85 to 90 liters per capita per
day (i.e., about 21 to 23 gallons) ia urban areas. Present worldwide average
urban household consumption ranges from 100 to 250 liters per capita per day.

But even a target of 85 to 90 liters requires a large investment program
in reservoirs and purification and distribution systems. During the next 30 to
40 years, many existing cities and all the new cities in the developing world
will have to construct elaborate water conservation systems capable of control-
ling underground as well as surface flows of water. The metropolitan water
demands might compete with needed irrigation for agriculture.

In areas where increasing demand for water will cause the water to become
progressively more expensive, other measures must be taken. Water may have
to be economized, but this is the least desirable alternative, unless obvious
waste is taking place. Another option is the recycling of water. Water re—
cyeling systems are expensive, but with rising water prices, the investment will
eventually become economical. Finally, there is the option of salt water
conversion ~— at least in the many developing countries with coastlines. This
too may involve expensive investments which must be judged against tomorrow's
water costs. Moreover, much depends on the cost and availability of energy.
Indonesia, for example, has considerable geothermal energy sources on Java,
geographically close to the coast. India, Africa, and the Arab countries have
lengthy shorelines. Iran plans to use the excess heat from atomic power plants,
in addition to solar energy, for fresh water production from the sea.

Public Health Service

Taking the number of physicians per 10,000 people as the indicator for
availability of health personnel (doctors, pharmacists, nurses), the average
ratio in developing countries lies far below that in industrialized countries,
namely, 0.3 to 0.6 per 10,000. Moreover, this average does not reveal the
wide gap between regions, the highest ratios being at urban areas, the lowest
ratios in remote rural areas. A minimal acceptable standard for health services
should provide a larger number of physicians.

The situation is similar with hospital beds and associated medical faeilities.
Average values in developing countries are 5 to 10 hospital beds per 10,000 peocple.
The ratio should be closer to 50 to 100 beds per 10,000 people.

The need to raise the standards of health services to these more adequate
levels requires substantial investment in the training of physicianms, dentists,
pharmacists, nurses, and paramedics, as well as in the expansion of training
institutes for these people. The cost of training a physician ranges from
$50,000 to $100,000; that of a paramedic (a fraction of this amount) $15,000 to

- $30,000. If seven physicians are to be provided for 10,000 people, which would
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be a minimum standard of health service, then, for a population of 200 miilion,
140,000 physicians will have to be trained, at a total cost of about $7F (at
850,000 per physician). If seven paramedics per 10,000 people are provided at
$15,00 per paramedic, the cost is $2.1B. By raising the number of paramedics
(for example by 50 percent to 10.5 per 10,000, and reducing the number of
physicians to five per 10,000), more medical persomnel would be available to
the population sooner at lower cost. The impact of reducing the number of
doctors can be minimized if the parawedics can serve as a closely—connected
extension of the physicians. This requires a communication system which, for
large area and archipelago, can be provided only by domestic information trans-
mission satellites. The capacity of these medical satellites should be large
enough to permlt person—-to-person voice communication, or at least require a
network of only small transmitters and receilvers between remote villages and
the doectors in towns, or the specialists in cities and urban centers.

Hospital beds are also very expensive. At 75 beds per 10,000, a-popula-
tion of 200 million requires 1.5 million beds, at an effective cost of $10,000
per bed, the required investment outlay is $50B. The use of lower—cost remote
hospitals connected by a satellite to a fully—equipped central hospital could
reduce this cost.

A steady improvement in the provisilon of health services is an Important
inpredient of a rise in living standard of the people in developing countries.
If the heavy unemployment that characterizes the present economy of these
countries can be overcome, batter health services will also become economically
beneficial. Improved health. conditions improve productivity. The investment
outlays are high, but it appears that they can definitely be reduced for large
countries, such as many African, South Asian, and Southeast Asian nations, by
using sultable, or perhaps even specialized, domestic medical information
transmission satellites.

Education

Requirements for advances in educational facilities exist in both the
large—area industrial countries, ineluding the United States and the Soviet
Union, and in developing countries.

In the socizlist countries, education is centrally planned, centrally
financed, and proceeds within ideological guidelines. In the United States,
education is largely kept under local control and is- also financed locally.
The use of direct broadeasting educational satellites is potentially more
effective in countries with a centralized educational program. Nevertheless,
educational satellites could play an important role in two areas: Supplementary
programs for the enrichment and broadening of local school curricula (parti-
cularly in poorer states or in remote areas such as in many parts of Alaska);
and specialized courses for adult education. In view of the high rate of
technical, scientific, managerial, ete., progress, the knowledge base of the
young adult at termination of formal education is soon obsolete. This holds
for physician, the businessman, the stockbroker, the automobile mechanic, as
well as for the engineer and the farmer. At this time, the person attempts to
keep on top of the changes by experience, by continuing on~the-~job learning,
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by exchange of information in professional group meetings, by reading books,
special professional periocdicals or trade journals, or in some cases, by
attending refresher courses at suitable institutions.

An educational direct broadcasting satellite network could provide several
specific courses in parallel on different wavelengths to keep members of large
and important skill groups up-to-date more thorouphly and consistently.

These programs must be pragmatie and to the point, but not shallow. To
entice a faithful audience they must convey to the viewer the conviction, sub-
sequently borne out by experience, that participation in this form of continuing
adult education is economically advantageous. To enable the viewer to watch
the programs, there must be plans for suitable time periods. Many detailed
problems in organizing such a system must be overcome. To assess the worth of
large investment outlays, experience should be collected in carefully-selected
test areas; for instance, one involving a large urbanized region; another, a
number of agricultural communities; and a third, a combination of large city
(such as Houston or Los Angeles) with a surrounding region of smaller towns and
agricultural communities.

The educational demands of a growing and developing society call for
educational opportunities on both ends of the spectrum — the child and the
adult. In the 7 to 13 year age group, school attendance in many developing
countries is still far below 100 percent; perhaps 60 percent (boys ~ much less
for girls) and falls off progressively faster in the 14 to 16 and 17 to 20 age
groups (which are ready to enter the labor force in wural areas or migrate to
the cities in search of jobs).

The first goal in educational services for these young people is, logically,
to strive for 100 percemt enrollment in the 7 to 13 age group; subsequently

escalate attendance in the 14 to 16 age group, perhaps to 70 percent to 80 percent,
and by the 17 to 20 age group: 50 percent to 60 percent or better. Not only would

this prepare more people for productive jobs — and the best people for medical,

engineering, legal and scientific professions -— it would also reduce the pressure

of unemployment im the 17 to 20 age group and associated antisocial phenomena
such as crime and radicalization.

Raising the school attendance to such a large extent over a period of 20
to 30 years also calls for expediting the ocutput of teachers and associated
teachers' colleges rapidly. Schooling for the 7 to 13 age group will most
suitably occur on a local basis, with a student/teacher ratio of typically 30/1
for the primary school phase. At the junior and senior high school levels, the
ratio increases to typically 20/1 and 15/1. At these levels, at which also
vocational training takes place, educational satellites can play a cost-reducing
and educational quality increasing role.

Investment outlays for the expansion of educational facilities, including
educational satellites, are on the multi-billion dollar level. The young people
reaching working age will double in many Asian countries im the next 15 years.
With 44 percent of the populatien in Southeast Asia under 15 years, the problems

of education are reaching staggering proportions. In the Philippines, 73 percent

of the 7 to 13 age group were enrolled in 1957. To reach 100 percent attendance

35




‘l Rockwell International

Space Divisios:

by 1980 involves a threefold increase in enrollment. In Indonesia, the factor
would be 2.2, in Pakistan a sevenfold increase would have to be absorbed for

100 percent attendance and increase in schooling to five to eight years by
1981.

Studies on the sources of economic growth in industrialized as well as
developing countries have shown that the payoff of investment in developing
human resources is well worth the investment. However, this is true only if
the opening of the job market by labor-~intensive developments is being coordi-
nated and keeps In step with the release of better-educated young people into
the work force.

If, on the other hand, both growth processes go hand-in-hand. Spreading
educational opportunities evenly among the broad layers of the population is
essential for spreading economic opportunities more evenly. This improves
equity in the participation of growth in general and in the distribution of
wealth and income in under present conditions (which show a wide gap between
the wealthy and the poor in most developing countries).

Public Safety

Public safety involves the control of crime, f£ires, storms, £loods, droughts,
earthquakes, and terrorism — especizlly terrorism in which nuclear weapons are
used,

Weather satellites, earth- and sun-monitoring satellite-supported climato-
logical research will provide improved early warning against storms, floods,
and droughts. Crop inventory satellites will contribute to early warning
against ecrop failures and incipient food shortages, or worse, in the following
years. The rash of severe earthquakes in 1976 has once again emphasized the need
for earthquake prediction in critical areas of the American west coast, Far East,
and Near East.

The police in different countries employ widely varying methods of fighting
crime. In the principal western countries, different judicial practices hold than
in socialist or in many developing countries. The police in large countries
(with unimpeded freedom of movement such as the United States and Canada) and
the police of many nations (working together in Interpol) can utilize information
transmission satellites for rapid data exchange. The developing countries, which
face enormous investment outlays and important soclo-economic projects, are not
litely to see a need in the immediate future for satellites to ald In crime
control,

Terrorism is essentially an urban or quasi-urban phenomenen. Most terrorism,
so far, has occurred in the free countries of the west. None could be identified
as such in the socialist countries and little in the developing countries, with
the exception of the Middle East and the activities of Cuban terrorists in
several parts of South America. ' :

Whether in western cities or in the cities of the developing world, the
danger is that the flash point of violence seems to be getting lowex . (with
growing readiness for revolutionary challenge to authority) especially by the
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potentially volatile 15 to 29 year age group — the potential urban puerrilla.
He needs leadership and weapons technology. Both may readily be provided by
frustrated and jobless members of the intelligentsia.

) Short of theft from a nuelear arsenal, the terrorint or guerrilla can come
into possession of crude nuclear weapons only by gainipg access to Pu-239.
Several options are available tec protect against this possibility:

1. Perfect control of the plutonium stock. Ivan Bekey and his
co-workers at the Aerospace Corporation have suggested a
possible approach for achieving this through the use of
monitoring from satellites.

2.  Development of converter and breeder reactors based on the
thoriwn cycle (in which Pu-239 or any other bomb-ready
material is not generated). This option is largely negated
by the choice made so far and the investments associated with
ity but it should not be written—eoff by the United States,
sinee other countries are likely to develop it.

3. Combination of electric power transmission in lieu of
exporting nuclear power plants using the power-relay satellite
for transmission (from the United States to Egypt or Iran,
from France to Pakistan, and from Germany to Brazil), and of
solar or nuclear power generation satellites in geosynchronous
orbit. While removing the possibility of P-239 theft, this
option has several disadvantages. One is timing} the second is
cost compared to direct nuclear power; the third — and relatively
least serious — is space for transmitter areas and nuclear power
stations in small countries such as France and Germany. All
reactor building nations (including the Soviet Union)} would have
to agree to energy export by these methods, rather than by
exporting nuclear power plants.

Thus, the control of plutonium stocks or the development of the thorium
cycle appear to be the most promising methods for preventing the specter of
plutonium theft without prejudicing the needed buildup of nuclear electric
power generating capacity, The possibility of steoring the plutonium in orbit
until needed in reactors on earth does not appear to be economically viable.
Roughly, one ton of Pu-239 is needed per gigawatt-year. The transport to and
from orbit and orbital storage will cost in the order of $30H in 1976 dollars,
resulting in an extra charge of 8.22¢/kwhe for space storage.

Life~Style and Cultural Factors

A life-style is a pattern of emphasis of certain existential aspects of
living and of neglect of others. Life-styles are shaped by cultural, idec—
logical and socio-economic factors. In most ecountries of the developing world,
old cultural patterns are integrated into modern ways of life rather than
allowved to impede progress toward modernization. This was apparent in Japan
and, later, in South Viet Nam, In Bali, Indonesia, one can see in the front of
houses or in gardens fresh fruits and vegetables placed on the alters of pro-
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tective local deities, while an Indonesian boy and his givlfriend emerge, mount
a motorcycle, and take off wirh a roar that would Impress the Hell's Angels.
With the exception of India and some African mations, most countries in the
world Yealize that their future 1s inexorably tied to economic growth and to
technical and scientific progress. They eagerly pariake of the advances of the
west whenever they can. '

The strongest and most profound changes in life-style In our time have been
created by the communist countries, where the iron hand of government, intensive
inculeation of ideologiesl catechisms, and a soclo~economic order subject to the
dictates of the ruling party determine the life-style.

In the United States and Western Europe, many changes of life-style have
resulted from the availability of contraceptives and the intense pressures of
the environmental movement. The basic facts of economic and socio-political
life — the need for growth, for enlarging the job market, for consumption, and
for massive defense outlays ~— and the many manifestations of love of the good
life — could not be altered significantly by the environmental movement, The
enormous economic strength of the United States has made it highly resilient.
In the past few years, this economy has been able to absorb the cost of the
Viet Nam war, a 400 percent increase in oil prices, a f£lood of environmental
regulations, and a recession.

But these events have left their mark. The space program, like other new
scientific, technological efforts, will have to justify itself as never before.
The days of grandiose projects proposed under a more or less thin vell of justi-
fieation are a thing of the past.

Agricultural Production

Perhaps nowhere is the fashionable term Spaceship Earth more profoundly
meaningful than in the area of food production. Spaceship Earth, on which
mankind can sustain itself in large numbers, does not exist, Man has to build
ity but there is plenty of potential around to make neo-Malthusianism leook quite
silly. Industries can be built on earth, in space, or on the lunar surface,
but food production on a large scale requires this planet. This planet is the
only one in the solar system whose business is life; the only one on which the
necessary requisites -— water, €03, nitrogen, and soil (with its living Infra-
structure) — abound., The growth potential of food production can meet the
challenge of supporting 15 billion earthlings. Realizing the growth potential,
however, is not so easy.

Two major food sources are available to mankind — land and sea. Of these
two, land constiltutes the prinecipal food source.

In a nutshell, the issue of land food production is to achieve as high a
utilization of solar emergy by means of agricultural plants as possible. The
most important parameters of this equation are known: The photosynthetic
activity of the leaves, the rapidity with which the leaf surface grows for
maximum intercept of sunlight, the position and arrangement of the leaves .on
the plant (short or dwatrf plants are better than tell plants for reasons of
spacing, as well as others such as producing too much cellulose}, replacement
of nitrogen and other nutrients (phosphoxus) taken from the soil, proper
irrigation, and pest control.
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Expanded Cultivation and Intensified Farming

Iwo major options are available for increasing land food productions:
Expansion of cultivated area and intensification of farming. ZExpanded cultiva~
tion is obviously limited by the earth's size, climatic zones, topography, soil
conditions, and local availability of water. Of the earthfs surface of 13 billion
hectare, 2.9 to 3.2 billion hectare can be cultivated, and about 1.2 billion
hectare, or about 40 percent, are cultivated at this time. The largest growth
potential is found in areas in which, ironically, people are presently under-
nourdshed, suffer from malnutrition and oceasichal starvation (especially in
Africa, South America, and parts of Southeast Asia).

Major food production centers include the southern half of the Sudan (about
820,000 hactare)}, considered to equal present world food production, if and when
fully developed; the south-Saharan savanahs, some African tropical forest
regions, and some desert regions in North Africa and on the Arab peninsula and
the grass plains in Argentina and in southern and northern Brazil.

In all cases, major obstacles lie in the path of realizing their food
potential. In the southern Sudan, vast swamps cxeated by the White Nile need to
be drained — a process requiring perhaps 40 to 60 years. In the semi-humid
savanahs south of the Sahara and in the desert regions, irrigation is a chief
prerequisite. In all cases, research must be conducted to develop the locally
most suitable plants and farming methods. An apri-industrial and rural infra-
struecture needs to be built, and the predominently farming population in these
countries needs to be educated and trained in medern farming methods.

Even greater is the potential for increasing food productivity through
intensification of agriculture. The Green Revolution 1s far from over. In faet,
i1t appears that It has hardly begun, and that the next 100 years will see more
yield improvements and related advancements of the biotechnology of cultivated
plants than all the millennia since the first agricultural evolution.

There are three lines of intensification: Better off Ffarm services (water
management, fertilizer and pesticide produetion, low-waste storage); multiple
croppings and crop interplanting (the interplanting of synergistic crops in the

rotations between one main erop and the next); and improved plant and animal
breeding.

Food production in virtually all developing countries can still profit
from better off farm services. Even in India, which has made great strides in
doubling its food production in the past 15 years, a 40 million hectare area
is known to be extremely underutilized. The Indus-Ganges~Brahmaputra plane of
Ind.a, Pakistan; and Bangladesh could yield three-quarters of the world's present
cerzal output if its vainfalls and glacier waters could be harnassed by f£lood

control systems and irrigation canals, and if a more efficient agri-industrial
infrastructure would be established.

In the tropiecs, up to three crops are feasible per year since seasonal
variations are small. 7This would triple and annual yield per hectars. Of course,
multiple ecropping requires a correspondingly sophisticated irrigation and drain-
age system to provide proper conditions throughout the year, more intensive
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fertilizing, and highly effective pest and disease control measures. Moreover,
the time for planting and harvesting and the time between harvesting one crop
and cultivating the land for the next must be reduced below present levels
(especlally in the case of triple-cropping. The first and second lines of
intensification (i.e., intensive multiple eropping) are estimated to offer the
potential for raising the output of cereal pgrains in the tropics by a factor of
five or six. Interplanting could raise this value by another 50 to 60 percent.

¥

Impreved Plant Breeding

The prospects for the third line of intensification, improved plant and
animal breeding, show that the Green Revolution is far from over. The ascent of
man has altered the slow environmental changes over geological epochs with thedir
attendent selective effects on inherited characteristics and mutations which
characterized the evolution of the species over the past twe billion years. In
the laboratories and test stations, selective effects of eross-breeding and of
artificially introduced though not yet controlled mutations at higher-than-natural
rates have accelerated the previous tempo a million-fold to a billion-fold.

The prineipal strategy of planned cultivation is the acceleration of natural
evolution by isolation, i.e., differentiation of the genetic population and isola-
tion of the desired genetic strain. In the past, this required at least one
growing season. Several more seasons were needed for pruviding the seed stock.
In a new technique, somatic—cell genetics, millions of cells are kept in test
tubes. Selected cells can be cloned to provide large numbers of equal cells in
a matter of weeks., Desired strains of carrots, corn, tobacco, and several other
species can already be reproduced from selected cells and tissue clumps. It is
expected that in the next decade it will be possible to introduce specific
genetic material into cereal cells controlling the protein content and the com-
position, the ability to fix nitrogen, photosynthetic efficiency, and other
characteristies.

Genetiec Manipulation

It may even be possible, through genetic manipulation, te achieve somatic
hybridization, for example, plants that grow tomatoes above ground and potatoes
underground.

A new species can be generated only be mutation. By means of heat, chemicals,
and radiation, the number of mutations can be raised well above the level in tha
natural environment. When a desirable new species is formed, then follews the
last step, recombination, i.e., the combinacion of whele groups of genes for
improved characteristics. This technique of recombinant genetics, thus,
hybridizes the genes of mutations and existing species. It is a variant of
somatic hybridization, in which also the genes of different species are hybridized.

The promise, then, is that within the next few decades, it will be possible
to supply the different regions of Spaceship EBarth with tailor-made cultivated
plants that best meet loeal requirements in terms of cold climate resistance,
pest resistance, reduced water consumption (through less evapotranspilration by
taking up €03 at night) and photosynthetic efficiency (within limits).
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The resulting world grain production potential could rise, in time, from
present values of 1.2 to 1.3 billion tons to some 13 billion tons. The under—
lying assumption is based on multiple cropping in the subtropics and tropics,
interplanting, the developing of locally-optimized high-yield strains, intensive
agriculture, and efficient agri-industrial and rural infrastructure, and the
extension of arable land by 50 percent of the maxim'm possible extension, i.e.,
by approximately 0.7 billion hectare.

Prognosis for the Future

Because of the lead times involved (up to three generations) and the large
investments required, this condition is not likely to be reached faster than
about 100 years from now. Even then human imperfections and the loss of initi-~
ative may mean that the indicated values may not be reached in the indicated
time frame. The production curves are shown in Figure 8 . The dash-dot curve
shows the required grain production level as a function of population size, if
grain is to supply a daily food energy of 2,500 kecal. This is fiectitious, of
course, since other food sources are available. WMNevertheless, it may be possible
to achieve this production level between 2020 and 2040.

The solid production line is slow in taking off in the 1970's and 1980°'s
because much research still needs to be done, more money is needed than is
presently available in and to the developing countries, and mostly because of
the political and social implications involved. Therefore, it is likely that
the world deficit will increase in the next 15 years. Indeed, the present
deficits of wheat and rice in the Third World of 55 to 60 million tons are
expected to rise to about 100 million tons in 1985. 1In the 1990's, the up-—
swing in world grain production should begin and reach its highest rate in the
2000 to 2020 period. It may be expected that the resulting economic upswing
will provide the economic as well as socio-political basis for accelerating the

more difficult and costly task of extending the arable land areas primarily in
Africa and South America.

As the food production capacity is increased, crop monitoring, weather
forecasting, the developing of regional climate forecasting, water management,
disease and pest control, and refined harvest projections become increasingly
important. These tasks will, to a lsrge extent, be accomplished by earth-
monitoring satellites. Information transmission satellites will also be needed
to educate farmers and provide training in related agri-industrial professions,
as well as for keeping the farmer informed about agricultural, biological, and
economic aspects and changes in his business, Night illumination can reduce
the time needed for harvesting one crop to prevent damage if inclement weather
is predicted and for reducing the time needed for cultivating the land for the
next crop in the case of multiple cropping. Fipure 9 illustrates the fisecal
aspect of the production increase depicted in Figure B8 . The investment per
hectare for intensification, off-farm services, agricultural infrastructure,
and extension of the arable land area vary greatly from virtually nil in
Western Europe and the United States to $1,000 per hectare (for cases with an
already reasonably well developed agricultural infrastructure — as in the Indus-
Ganges-Brahmaputra area) to values as high as $25,000 to $30,000 per hectare for
the southern Sudan and South Sahara territories (all values in 1976 dollars).
Assuming somewhat perfunctorily a world-average investment in all arable land of
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$400 per hectare over the 1970 to 2070 time period, an investment approaching
38008 in 1976 dollars is indieated.

The Required Investments

While the imvestments are staggering, they are relatively small compared
with the potential returns. The second imsert in Figure suggests a potential

increase in output value by (1976) $3,800B. This is based on a somewhat PR

pessimistic world average of $500 per hectare of grain in 1970, and a somewhat
optimistic $2,000 per hectare in 2070.

While highly simplistic, these calculations and the curves in Figures
and nevertheless ballpark production potential, investment and value genera-~
tion potential ip return. It is a gigantic endeavor, extending over two to
three generations, but with the promise of measurable successes already in the
1990's and 2010's.

Satellite and space station functions (related to the many aspects of earth
observation and information transmission) and spacelight (Lunetta) are indispen-—
sible parts of the overall effort. They will save billions of dollars — many
times their own cost.

Food From the Sea

The possibilities for the increased production of seafood appear more limited
than the production of land food, for a number of reasons. Ichthyculture has not
passed through the equiwvalent of the first agriecultural revolution and, therefore,
is still largely on the prehistoric level of hunting wild animals and reliance
for replenishment of resources on processes which take place outside the realm
of human control.

Biologically, therefore, the analagous rules apply, to which already the
primitive hunter was subjected: Phase 1l: Livestock — low-intensity fishing,
small overall catech, but catch by individual ships is reasonably large. Phase 2:
Reduced stock — high~intensity fishing; overall ecatch is large, but the catch
per ship begins to drop. Phase 3: Minimal stock — very high intensity fishing;
overall catch is reduced; catch per ship is small. Beyond that limit of intensity
of fishing the stock is threatened with extinction and the effort becomes un-
economical.

Only certain ocean areas show high productivity and provide an adequate
payoff for commercial fishing. The stock in these areas tolerates only a limited
cateh rate. Short-term and medium-term environmental variations (in salt content
and temperature due to small changes in currents) can cause significant shifts
in breeding or feeding areas of commercial species. This introduces an important
uncertainty factor for commercial fisheries. This uncertainty factor, however,
may well be eliminated with the advent of satellite-based detailed monitoring
and prediction of changes, and observation of shifts of schools of commercial
fish.

These two factors are the main reason for the limitations on seafood produc-
tion. Nevertheless, there are several ways to raise the productica to twice or
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three times the present value of about 65 million tons live-weight ocean catches.
Very briefly these are:

1. Extension of the catch activity to new species. One such species
are sharks; another, and far more promising one, is small shrimp !
(krill) in the antarctic waters. Recently, this potential was
explored by the Federal Republic oir Germany, whose short shore-
lines threatened to limit its fishery activities in many fertile
regions of the North Atlantic. An eight-month expedition by two
German fishery research vessels was very successful. Estimates,
based on extensive sonar measurements, place the annual krill
production at around 200 million tons. Special sonar leocation
devices and specially designed nets performed well, yielding
catches of up to more than 60 tons per day. HNew processing
methods are being developed, and krill pasta is said to be !
tasty. More problems remain to be solved; but inclusion of ; E
these small shrimp in the list of commercial catches may be E
one of the most promising steps at this time for an increase
in seafood production.

2. Improvements in processing methods to reduce losses.

3. Increase of primary production by extending the circulatory
system that carries nutrients from deep waters to surface
waters, as it oceurs naturally in the fertile and productive
upwell areas. However, no effective (on a large scale} and ;
economically attractive schemes for extending vertical o
cirenlation have so far been developed. :

4., Raising young fish through their growth periocd of greatest %
vulnerability to natural predators and subsequent release.
This method was successfully piloneered in Denmark on selected '
species, and subsequently adopted also in Great Britain and =
Germany. But the economically worthwhile possibilities are :
limited, because food supply for large numbers of small fish
is costly.

5. Cultivation of salt water lagoons in the manner of fresh—water
fish ponds. UWhile quite succaessful in Japan and elsewhere in
the Far East, this approscn is not suitable for quantity preductiom.

6. Intensification of controlled cultivation in lakes and ponds as
it is applied in the Far East to scallops and oysters. Again,
this method is effective, but only on a relatively small scale.
Specifically, it is not applicable to the open sea, where the
selection and breeding of closed communities of selected types
is not currently possible.

One may add one other method which, understandably, does not occur to the
fishery researcher and biologist:
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7. Projection of solar energy (Soletta I) into natural global
areas whose fertilizing effects of vertical circulation cannot
be fully utilized because the other indispensible ingredient
for growth, solar energy, is not available in adequate amounts.
This is especially true for the Antarctic waters and the fertile
areas in the Northern Atlantic and Pacifie. During the respec—
tive winter months, thermal effects add to vertical circulation
stimulated by currents. Heavy cold surface water sinks to the
bottom causing lighter, deep water to rise and carry with it
more nutrients to the surface. Without solar energy to
stimulate carbon assimilation, however, the .ertile waters
cool off, unused, and gink back to greater depths. A Soletta I
in geosynchronous orbit could photon-fertilize about 80,000 sq
km. Ia spite of the magnitude of such a project, it appears
comparatively much easier to photon-feriilize a chemically
fartilized ocean area of thils magnitude, rather than te chemically
Fertilize a comparable area by artificially inducing vertiecal
cizeulation.

However, just on the basis of limited satellite aid to commercial fishery
(to reduce fuel expenditure, but not to enable them to over £ish) and extension
of fishery to new species (such as the krill), the contril.tion to the world's
protein supply could be raided to between 20 percent and 30 percent from the
present 10 percent to 12 percent.

This is an important improvement for two reasons: It adds substantially
to the protein diet of many developing countries, as well as industrialized
countries with an insufficient land food base;j It reduces the burdenm on the
production of wheat and corn in having to sustain growing amounts of meat pro-
duction as the standard-of-living in developing countries is raised.

On the other hand, modern fishery methods are capital-intensive, without
being as labor-intensive as the modernization of agricultiure. Industrialization
associated with increases in seafood production 1s morz specialized than the

broader aspects of agricultural industrialization. Fewer people find jobs than
in farming and off-farm services.
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NEEDS SUMMARY

The purpose of Space Industrialization is to exploit the special environ-
mental properties of outer space for the benefit of all mankind. It focuses
on human needs and it promises to fulfill these needs often in ways that would
be impractical or impossible using only terrestrial technologies. But what are
the needs of mankind? There is no clear—cut way to develop an answer to such
a mind-boggling question. The background scenarios discussed in the previous
section were helpful in many respects, but the question does nok, in any mean-
ingful sense, lend itself to a defimitive answer. The tables presented in
Appendix B represent an attempt to list some of the more obvious needs of man.
"he needs listed are divided into five separate categories:

1. Population

.2, Industrial Production

3. Food

4. Energy

5. Political/Economic/Environmental
These categories overlap to some extent and they are not all inclusive. Never-
theless, the items listed in the Appendix were crutial in reaching the goals
of this analysis. In particular, these lists have stimulated numerous ideas
for new methods to exploit the space frontier in economically viable ways.
The items listed in the tables of Appendix B have also helped in structuring

the various initiatives so that they can, in some cases, be fulfilled with
common missions aul with common hardware elements.
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SPACE OPPORTUNITIES — SERVICES

The opportunities to provide services using space and gfound facilities
fall into two essentially non—overlapping categories:

1. Information Transmission

- 2. Data Acquisition

The first category includes, among many other examples, personal communications,
off-shore limit monitoring, personal navigation, and sea-lane traffic comtrol.
The second includes all of the earth survey capabilities applied to known,
specialized tasks for both governmental agencies and foreign countries, Because
specialized knowledge is required to interpret the data, these services are
seldom delivered directly to the ultimate user.

For the identification of opportunities, source data included many current
publications (Business Week, Scientific American, U. S. News & World Report,
The Wall Street Journal) as well as previous studies made available such as the

Aerospace study, and reports from the National Seience Council.

Well over 100 opporiunities were identified by a descriptive title.
Unfortunately, with so many that were similar except for the gpecific applica~
tion, it was decided to select a few unusually attractive anchor opportunities
as generie (see Figure 10) and describe and evaluate these in finer detail,

A 12-point descriptive format, developed by Dr. Ehricke, was used for consist-
ency, supplemented in the more promising cases by additional, unformatted
discussion and elaboration.

Concurrent with the identification of these service opportunities was an
effort to determine the national and global needs based upon recent books and

other studies. Of course, it is not possible to separate needs and opportunities -

every opportunity satisfies some real (or imagined) need, and every identified
need immediately stimulates possible solutions (opportunities). The purpose
of the need analysis was to screen out from the multi-fold opportunities these
which were more fancied than real.

4s the study progressed, more emphasis was placed upon immediately-achievable

opportunities, particularly those that would have a direct znd noticeable benefit
to the ultimate user. It was found that a number of the expanded opportunities
can be installed in the 1980-1990 era using the space Shuttle, with a kick-gtage
for lofting to geosynchronous altitudes.

A significant number of these near-term opportunities are extrapolation of
existing trends, where the space element's contribution ig more cost-effective
than present ground-based elements. An example of this group is electronic
telecommuting, in which inexpensive electronic communication is substituted for
resource-wasteful commuting by automobile. A terrestrial alternative would he
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to install a conventional cable system. The satellite approach becomes more
effective as the commuting distance increases, since the space platform
eliminates essentially all geographical constraints.

There are other cases in which a space platform provides the only feasible
solution to a particular societal problem; included in this group are most of
the global monitoring needs, e.g., water management and border surveillance.

In general, these are extensions of the LANDSAT technology and could be com-—
bined into a few multi~function space installations. Opne member of this group
is of sufficient importance to require a dedicated satellite: a high-resolu-
tion earth-mapping radar. Even this, however, could provide other services,
such as border surveillance, by a different interpretation of the data.

Another common characteristic of this pgroup of earth-observing space
elements is the need for training a large cadre of people to interpret and
evaluate the acquired data. The satellite is a very prolific generator of
data, and is certain to require generous allocations of the RF spectrum. The
terrestrial bottleneck can be partially overcome by developing high technology
data processing, but there will still be the need to train many thousands of
full-time experts to interpret and communicate the results to the ultimate
user.

Many of the service opportunities will be of greatest benefit to certain
gpecific areas of the world. Broadcast education is, of course, extremely
beneficial to a country like the United States, but can be priceless to lesser
developed countries.

INFORMATION TRANSMISSION OPPORTUNITIES

The large-scale exploitation of space will most likely begin with national
and international information transmission. As a matter of fact, these
activities are already taking place on a large and growing scale. The INTELSAT
series is experencing healthy growth; COMSAT is paying regular dividends; the
ATS-6 and the CTS experiments show definite promise for future growth into new
areas such as direct broadcast education and electronic teleconferencing.

Educational Broadcasting

Educational broadcasting provides an unusually promising opportunity to
benefit both our own country and the rest of the world. Later we will consider
that can be done in space in this area, but first we should examine some sta-
tistical background material on how well the American educational system works
and how it might be improved.

Figure 11 shows the adult competence level in such ordinary tasks as
reading, writing, holding a job, and balancing a checkbook. As shown by the
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figure, only about 50 percent of the people in the United States are proficient
in these simple areas.of everyday living. 4nother 20 percent or so are just
getting by, and approximately 30 percent are functionally incompetent even in
these simple areas. Moreover, as the bar chart on the right-hand side of the
figure shows, that portion of the American population between 30 and 40 years
of age is significantly more competent thav the more recent graduates from

our school systems. This suggests that the quality of our educational system
has been deteriorating in recent years.

It might be suspected that this apparent deterioration has been caused by
a reduction in funding levels. However, as the graph at the bottom of the
figure shows, our expenditures for education have increased dramatically. In
1960, educational expenditures amounted to a little less than $30 billion per
year. In the intervening years these expenditures have grown steadily. Today
the total exceeds $120 billion per year. Moreover, the number of students in
our school system has not grown substantially. In 1965, the nuimber of students
being educated was 55 million; in 1970 there were 60 million, Hence, it is
clear that the per-student expenditure has increased by a significant amount
over the past decade, but that there has been no corresponding increase in the
quality of the graduates.

Many people suspect that the earning power of recent graduates has not
kept pace with the increased earning power of laborers with lower skills levels.,
However, as indicated in Figure 12, there is a strong correlation between
educational level and income on the job. TFor those familiés whose head had
12 years of schooling, the 1973 average income was between $7000 and $8000 per
year. With just a few more years' education this value increased appreciably.
In 1973, the average college graduate's family income exceeded $25,000 per year.

The per capta income of the other nations of the world i8 alko’ gtrongly '
correlated with their average educational attainments. This is clearly shown
by the graph at the bottom of Figure 12, Note that those douritries witH “high
literacy rates have correspondingly high income levels. Specifically, the
literacy rates in the Netherlands and the United States exceed 99 percent,
and the average per capilta income is between $5000 and $6000 per year. TIn
countries like Afghanistan and Kenya, where the literacy rates are 10 to 30
percent, the per capita income 1s only a few hundred dollars per year. Hence,
it can be concluded that educational levels are strongly correleted w1th the
ability to secure and hold a high-paying job.

It has been asserted by some obsexvers that the econonlcs of broadcasting
education from satellites 1s at best marginal. However, Figure 13 suggests
that educational video programs broadcast from space can be highly economical.
The graph in the upper right-hand corner of the figure shows the percentage of
the population that is willing to pay to take an educational course. The
information on this graph, which was compiled by our educational ebnbultant,
Dr. Kerry Joéls, shows that essentially 100 percent of the adult population
in America would be willing to pay $10 to take a course within thelr special’
area of interest. As the price of the course increases, fewer and fewer people
are willing to pay the fee. For example, if a course cost $70, only about
15 percent of the adult population would be willing to enroll — éven if they
have a specific interest in its contents.
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The total cost of a television course Involves two crucial components:
production cost and transmission cost. The production costs for a high-quality
educational show like Sesame Sireet amount to about $48,000 per hour. Standard
education television (of a lower quality) amounts to about $5000 per hour. !
Ordinary commercial radio production costs amount to about $1000 per hour.
Hence, it seems reasonable that the cost of high-~volume educational shows w’'1
probably range between $1000 and 35000 per hour. The transmission costs fou
the ATS-6 satellite amount to about $1000 per hour. Experience with the '
INTELSAT series of satellites indicates that this pumber could be reduced r
perhaps by a factor of 10 to 20 — particularly if large satellites are
utilized in the broadcast operations.

!
3
!
!
;

Two values from this graph — the production of cost of $5000 per hour 2
and transmission costs of $1000 per hour — were used in constructing a new '
graph, the one at the bottom of Figure 13, which shows the cost of a 1l0-hour
educational course transmitted by an educational satellite. As this new
figure shows, if 1000 or more students enroll, the per-capita cost will be
less than a typical hish school course. If 10,000 people enroll; the cost
drops to only $6 per student.

It is commonly believed that the general public is unwilling to watch
educational television shows. However, Channel 28 (KCET-TV) in Los Angeles
draws a generally favorable response. Their educational courses require
5000 to 6000 students to break even. A typical course on Channel 28 draws
7000 to 20,000 enrollees. Of course, many thousands of additional viewers

watch the courses without earolling. Exract audience counts are unavailable i}
because ratings are not taken on educational broadcasts. However, Channel 28 bé
does provide public service shows for which rating measurements are taken. Lo

' Their experience indicates that a show of the quality level of the Adams B
Chronicles or Civilimation draws between 75,000 and 200,000 viewers. . By con- :

trast, the non-network television broadcasts in the same service area typilcally N
draw between 120,000 and 300,000 viewers. In other words, ron-network local o
TV is, at most, only about two to three times as popular as the public tele- -
vision channels.

Experience indicates that the results obtained from educational television
usually compare favorably with classvoom instruction. Indeed, it is the
opinion of our educational consultant — after a survey of more than thirty
published studies — that there is no significant difference in the learning
level of the two media even in the present constricted situation in which there
is no feedback between students and the instructors. With a satellite-based
system, feedback capabilities could probably be provided at reasonable costs.
A recent study indicates that terrestrial land-line-links among all the
educational television stations in the United States would cost about3$10“million.
If this same $10 million were invested in space links, the educational tele-
vision stations in the United States could be linked together with three B
television channels, supplemented by a special intéractive‘chanpel, so. that the o
students could be provided with feedback capabilities. - _ il%
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Broadcast Education - Lesser Developed Countries

General Objective

The majority of the lesser developed countries tend to have widely dispersed
populations and lack the infrastructure needed for adequate interpersonal
communication and basic education. Yet, easy communication and widespread
education is essential if these people are to emerge from a marginal-survival
condition to produce a marketable surplus of goods and services. The essential
key for development is not investment or relief, but education. A well-known
quotation goes, "...If I teach him how to fish, he can feed himself for the
resc of his life."

®”

ANTENNA PLUS
SPECIAL B&W

TV SET  $150

> OR

LARGE COLOR SET
WITH POWER SUPPLY
j FOR $500.

® GROUND SETS MADE DURABLE
INEXPENSIVE, AND EASY TO USE

® SETS SOLD IN SMALL COUNTRIES
PICKS UP ONLY THE APPROVED
PROGRAMS.

e TAILOR THE COURSES TO LOCAL
' SITUATIONS - EDUCATIONAL LEVEL,
LOCAL JOBS, SPECIAL NEEDS

Figure 14. Broadcast Education - LCD's

Product to Earth

The primary product provided by this system is a means of communication
linking those people who are now lacking the necessary facilities. In the
general first stage case, two-way communication is not needed; but as the

skills of the population improve, feedback for questions or opinions becomes
much more desirable.

In the initial phase, local villages would be provided with a fixed-
frequency television receiver. The receiver would be powered by locally
generated electricity (wind, water or man-power). The receiver must be
inexpensive, rugged and extremely reliable with a minimum of maintenance.
Color transmissions are desirable, but not essential.
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Each country would have a specific channel, 6 MHz in width at about 500 MHz
frequency. The country itself would provide the necessary transmitter and the
necessary programming facility. Channels would be assigned so that adjacent
countries would be separated in frequency. The satellite would have one 52-foot
reflector, with multiple feed assemblies to generate many spot-beams, each
covering a circle about 1000 miles in diameter.

Key Objectives

To provide broadcasting facilities to aid lesser developed country's
communication and educational needs, initiate productive efforts of peoples
worldwide, and to stimulate markets for more advanced technological products.

EDUCATIONAL NEEDS

AGRICUL TURE FAILY PLAAKING HEALTH & HYGIENE OCEWATIONA SKILLS
~ ; =R ol
i Wl _mrl S N
Ea: i W5
:-'v’ - ":.J."f f-k.s‘; = (; -
e . WM .
&
= =~
B 401 300M H COST: ALL INDIA'S VILLAGES CAN
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& = T.V. FOR LESS THAN $2.00 PER PERSON
L = oy e
108 .
m_n 1 ) 1

VILLAGE SIZE LESS THAN

*ADVANCES [N THE ASTROMAUTICAL SCIENCES, PROCEEDINGS OF THE AAS 19TH ANNUAL
MEETING JUNE 19, 1973,

Figure 15. Electronic Education in the Underdeveloped Countries#*

Principal Contribution

The principle contribution would be the development of worldwide capabili-
ties for producing more food, material products, improved health education, and
the other important benefits of communication that would result in areas that
have not, and cannot afford, the cost of conventional methods. Each small
country now has at least a few trained leaders whe could, via satellite broad-
cast, share their knowledge with their people.

ORIGINAL BAGE
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Level of Contribution 35

The signals would be delivered to every small village, group or tribe that
decides to watch and listen. Once installed, a single satellite could service
an entire continent, such as Africa, at a cost that any nation could afford.

Uniqueness of Cont  bution

Broadcasting from space eliminates geographical constraints and avoids the
expensive alternatives of ground wire or radio installations.

Time Factor

The satellite design could be initiated immediately; no new technology is
required. The ground receiver is based upon proven commercial designs and can
bhe assembled by the resident population. The receiver is tuned to a single
frequency, would have no extermal adjustments, and only one switch. Initial
capability about 1980-u5.

Principle Installation (Space Element)
Broadcast TV for lesser developed countries:

1. A single spot-beam 1000-mile diameter
2. A frequency of 500 MHz (lowest allocated fraquency)
3. A noise-band width of 6 MHz (full-color TV)

4, Signal-to-noise ratio = 40 db for good TV picture,
noise temperature = 300 degrees

5. Geosynchronous altitude

Space:
Antenna Beam Diameter = about 2.5 degrees (3 db)
Antenna Gain = 35 db
Antenna Diameter = about 52 feet )
Power, EIRP, per Channel = 2 Kw
Transmission Efficiency = about 30 percent
Prime Power per Channel = about 7 Kw
Ground Antenna Diameter = 5 feet
Receiver = fithunedrat 6 MHz intervals
. 2- W 0.1- W :
NOISE BW SIGNAL SIGNAL . -
6 MHz -96 ~l1to 23,000 m +68 +33
-136 dBw dBy dew SPACE day day
| '
RCVR ! ANT. % ATTN ¥ ANT. ‘ RHTR
CSD ~40 dB +1h dB ~178 dB +35 dB| 2 kM
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Principal Functional Units

Low-cost TV receivers with 5-foot parabolic antenmnas, powered by local
generators. Central broadecast—-preparation facility (one per country) and
ground-te—satellite transmitter.

Principal Technologies

Mediuvm size space antenna for UHF (500 MHz) transmission, plus necessary
solar power assembly. One satellite may have 20 or more spot beams; however,
only 3 or 4 may be in use concurrently. Thus, the prime power requirement may

be no greater than 30 Kw.

Impact Spectrum

Technology ~ The necessary technology already exists

Economy © = Great smount of wealth generated; much trade
stimulated; greatly reduced foreign aid
requirements

Environment - No impact

Soecial — TImproved communicaticn, government to people,

would reduce inter—tribal rivalries and conflicts,
stimulate productive competition

Politieal —- Since each nation would control its own broadcast
content, and each country has its own broadcast
frequency, no conflict is foreseen. Widespread
information should improve relationships between
lesser developed countries and advanced countries

Sclentific - No impact

Front-End Capital

Space element — About the same as one SBS satellite
Ground receivers - Assume 4M @ $100:each
Ground transmitters -~ About $100K each

Broadecast Education — USA

General Objective

To support and enhance the quality of our present educational system and
to provide services for small, widely dispersed groups such as certain small
businessmen and specialized hobbiests who find it difficult to obtain quality
instruction in their specific area of expertise.

Product To Earth

Quality instructional programming in color broadcast directly to conven-
tional TV receivers (with special antennas and adaptors) on several channels
through most of the day. :
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Key Objeectives

To provide supplementary instructional materials to aid classroom teachers
in dispensing needed information to both general and specialized audiences.

Principal Contribution

A significant increase in the quality, timeliness, and impact of certain
instructional materials. Because of the scale on which these materials would
be broadcast and the electronic nature of the media, constant updating and
correction of the broadcast material would be relatively easy to accomplish.

Level of Contribution

The material would be delivered directly tc home receivers in every part
of the continental United States. OQOur preliminary calculations indicate that
approximately a half dozen continuous channels could be provided using a
satellite system with relatively modest design characteristics.
Uniqueness of Contribution

Terrestrial networks could theoretically cover most of the country with
similar broadcast materials. However, present cable and relay systems are
significantly more expensive than space relay links. Moreover, many rural
areas would not be adequately covered by a terrestrial network.

Time Factor

CONUS satellites available by 1987; extension to global area by 1995,

Principal Installation (Space Only)

Geosynchronous high-power, low frequency (UHF) multi-channel transmitter;
sach nation provides central preparation facility for own language, own culture,
broadcasts.

Number of Beams per Satellite = 100 for USA

Number of Channels per Beam = 100

Bandwidth per Channel = 25 kHz to 6 MHz

Power—-Gain Product per. Channel = 30 db ORIGINAL RAGE
Antenna Size = Approximately 60 feet OF POOR QUALITﬂ
Prime Power = Approximately 150 kW

Orbit = QGeosynchronous, Equatorial

Principal Functional Unis -
Low-cost TV receiver., . »mtical to existing sets, with simple 3-foot

parabolic antennas pointed towards the zenith. Numerous course-preparation
facilities (one per country). Commercial entrepremeurs prepare special-purpose
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courses, rent time on satellite (special unscrambler needed at receiver; sell
courses to individual cdustomers).

Talk-back requires adding small transmitter {audio) to user terminal,
connected by wire to local center (urban and suburban) or by satellite to
nearest center for rural areas. (One talk—back channel per broadecast channel.)

Principal Technologies

Large (space) antennas for UHF (100~ to 400-MHz) transmission, plus
necessary solar power assembly.

Impact Spectrum
Technology - Exdisting

Economy - Great reduction in property taxes as local schools
are phased out of system. Improved trade with
developing countries in global phase. Many jobs
created to build ground system

Environment -~ No impact

Social - Great improvement in primary education; reassignment
of many teachers/administrators to more productive
roles; possible resentment of non-local school
board control of subject matter. NEA and other
teacher—union organizations may resist the implementa-
tion of the system and demand control of subject
preparation

Political - Remove one source of racial conflict; improvement in
international cooperation by interchange of subject
material expands awareness of other nation's problems.

Scientific -~ No impact

Front-End Capital
About the same as one SBS satellite, plus ground terminal ($500M estimate).

Broadcast Education Discussion

In terms of technical feasibility, all the technology required in a broad-—
cast education system has already been demonstrated. The only technical
question is to determine what R¥ frequency allocations are to be allocated.

One viewpoint is that the existing UHF TV channels, which are vastly undexr-
utilized, should be used. Only about 10 to 12 channels are needed, and every
TV receiver must, by decree, be able to receive all these channels without
modification. 1In this way, the burden upon the multi-million users would be
minimized, with an increased cost at the satellite.

Ancther viewpoint is to select the most efficient RF channel, which is

C~band, and develop an inexpensive down—converter (C to UHF) for the user's
receivers. There are both positive and negative aspects for this approach.
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Positively, it will generate a vast (about-100 million) market for a deviee to
attach to the home TV receiver. Since many customers have shown a willingness

to buy TV game attachments (about $65~§180), the cost may be bearable; but there
are many families that cannot afford this much—this is the first negative aspect.

The second negative aspect is that this frequency allocation (C-band) is
utilized by every existing communications satellite and &4ll ground microwave
relay terminuls, The CCIR would have a great problem in achieving a selection
of clear channels in this band f£or education. These are both technical and cost
problems, but they can be resolved.

A full system would include the user feedback, and the quoted newspaper
article indicates some of the potential. However, the initial system may be
one-way, since its purpose is information dissimination to the ultimate user.

Adding the feedback capability at some later time need not include the sat~
ellite; more likely regional centers, each localized to a small community, would
be developed. Here again, a large expansion of commercial activity is needed,
but need not be charged to the user. Channels to display goods, materials, ser-
vices would be leased to commercial enterprises, much as a newspaper or magazine
displays advertisements. This alone should amortize the installation. Adding
the feedback capability, orders for goods and services could be placed from the
living room; add also, the electronic fund transfer capability, and credit trans- N
actions become possible. Again, accepting the concept of the ipitial installa-
tion, the expanding possibilities are staggering.

Electroniec Telecommuting

Electronic telecommuting is a concept in which workers would be linked to C
their offices electronically. Hence, rather than having to drive to work each
day the worker operates from his home or from a small satellite office where
he can interact electronically with machinery located at a central location.
The fundamental advantage of such a system is that it reduces commuting to a C
minimum level. This saves fuel, transportation costs, and commuting time. '

Commuting to work by asutomcbile makes up about forty percent of all the :
urban transportation im the United States. This commuting consumes about four ;
percent of all the U.S. energy — or about $6 billicn per year in fuel costs
alone. TIf commuting costs are calculated at $0.10 per mile, it costs American's ;
86 million workers about $47 billion per year just to get tu work. Moreover, f
if commuting time is figured at 35 per hour, there is an additional cost of
about $90 billion in lost time., Of course, this lost time could otherwise
have been used to make a contribution to our productive capacity.

i A recent electronic telecommuting experiment was conducted by a Los Angeles i
insurance company. Some of the detalls are summarized in Figure 16. Although 5 4
this experiment did not utilize sateilite relay links, it did provide some :

important incldental information on the practicality of a satellite system and
on its economic wiabililty.

The company, which was located in downtown Los Angelez, employed 2500 workers,

1700 of whom did routine clerical work that did not requi:e face-to~face contact, ;
The primary job of these workers consisted of entering data inito computer 3
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terminals. Because of high rental costs, the company officials decided to open
two smaller offices in the San Fermando Valley. Then, rather than have all the
workers report to the downtown headquarters, some of them (those who lived in
the local area) were permitted to drive to the San Fermando Valley locations

and operate electronic terminals whose impulses were transmitted to the down-
town location. Because of the success of this operation, the company now plans
to open two additional remote sites in the Los Angeles area. Using this
practical experience as a guide, they have employed special computer simulations
to determine the savings that would be achieved 1f they opened as many as 18
similar remote sites.

Figure 17 presents a plot of the number of sites versus the round-trip
travel distance of the workers. The average commuting distance was 21 miles
in the original system (when they had only the centrally-located headquartexrs).
If they opened 18 remote offices, the average driving distance would be reduced
to about seven miles per worker. A plot of the economic savings for the workers
is shown on the right-hand side of Figure 17. With 18 remote sites, the savings
would be almost $1 million per year.

The bar chart at the bottom of the figure shows the various component
economlc savings that resulted from this experiment. The most important
savings for the company consisted in reduced headquarters lease costs (beczuse
the satellite terminals were located in the lower—rent districts, and reduced
salaries (premium salary rates were not necessary in the more desirable San
Fernando Valley area). In addition, the employees saved about $1 million in
reduced transportation costs, so that the net total savings for this tele—
commuting experiment amounted to about $5 million per year, spread over about
2500 employees ~— or about $2000 per emplouyee.

If such a system, using satellite relay links, could be installed, the
geography could be completely removed from commuting to work. In essence,
workers covld live anywhere they chose. Operations of this type could easily
be conductea within the continental United States. Workers, for example,
could live in rural areas and perform jobs that were essentially urban. An
alternate use of the telecommuting concept would be to export jobs across
international borders.

Production jobs have often been exported to areas with low labor rates.
For example, vinyl jackets are mass-produced ir South Korea and alpaca sweaters
are made in Bolivia. But service jobs are not normally exported from one
country to another.

A few years ago, the California Teachers' Association set up an export
system of this type in which they routinely flew their computer source documents
to Taiwan for keypunching. The completed cards were than flown back to the
United States for processing by computers. It may seem that the economics of
such a system would not be favorable. But, in fact, a box of punched cards is

worth between $40 and $140. This box of cards, which weighs six or seven pounds,

can be flown from Los Angeles to Taiwan for about $6. Thus, it is economically
reasonable to export keypunching operations provided there is a reasonable
differential in the labor rates of the twe countries.
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However, despite the cost savings, the time delays were somewhat
inconvenient and the California Teachers' Association now has its cards key-
punched domestically. However, with an electronic system using satellite relay
links the keypunching operations could be accomplished instantaneously. In
such a system the source documents would be transmitted via facsimile machines
to the distant country; the keypunching operations would then automatically
tyansmit pulses at electronic speeds back to the location of the computer.
Such. a system might be called an electronic cottage industry. A very small
amount of equipment could be located in a distant village where labor rates
are low, and it would allow the export of the services jobs without bringing in
immigrants from other countries.

In a sense, electronic teleconferencing is a variation of electronic
telecommuting. In electronic teleconferencing, busy executives would utilize
electronic means. to transport visual images of themselves to distant locatiocns
rather than making the trip in person. But, is there enough money now being
spent in the United States for commuting by airlines to distant locations to
justify such an elaborate system? 1In 1975, the total revenues for all the
airlines in the United States amounted to about $15 billion. Of this,
$12 billion was for passenger transportation; 46 percent of this $12 billion
figure — or over %5 billion — was spent on business travel. So it is clear
that there is a large potential for electronic teleconferencing, assuming that
the system could be made to work in an economical way. In addition to the
travel cost savings and the labor and fuel savings of moving these people to
distant locations, there are significant time savings.

Dr. Jack M. Nilles, at UCLA, has conducted detailed studies® of electronic
teleconferencing., He concludes that television images are not necessary for
effective teleconferencing. In fact, according to Dr. Nilles, only two things
are needed for an effective teleconferencing system: strong leadership to

control participation at both ends of the conference and a sterophonic sound
system.

It has been estimated that 20 percent of the jobs in America could be
decentralized through the use of the high-quality communication facilities
that could be developed in the era of space industrialization.

Some of the overall savings that could be achieved through a widespread
use of electronic telecommuting are shown in Figure 18. The curve in the upper
left-hand corner of the figure shows the number of cars that are expected to be
on our highways over the next few decades. The curve in the upper right-hand
corner represents the cumulative number of miles per year that would be driven
by these automobiles.

Because of the increases in the efficiency of automobiles, a welcome
plateau in fuel consumption eventually will be achieved. Hawever, such
efficiency increases will not likely be sustained forever and the curve
eventually levels off. If telecommuting becomes a major factor in this same
time period (and we think it can), the number of miles 4driven will begin to
level off as shown in the upper right-hand corner. The corresponding fuel

*Nilles, J. M. and P. Gray, Telecommuting - A Possible Trameport Substitute,
Logistics and Transport Review, Vol. II, No. 2 (1975).
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savings, starting at this point, show up in the strongly modified consumption
curve in the lower right-hand corner of the figure. Assuming that oll costs
$15 per barrel, these savings could amount to approximately $60 billion in
1990 and $120 billion a decade later.

The direct implications of these savings to our national economy are
obvious. Additional fringe benefits include time savings for commuters,
reduced pollution, reduced traffic jams, reduced accident rates, and reduced
maintenance costs for the automcbile ocwners. This system, if it can be
implemented, may be less expensive than the rapid transit systems which are
now being envisioned, and it accomplishes similar objectives with less fuel
consumption. Moreover, this approach would keep Americans in their cars
rather than forecing them into public transportation, thereby retaining the
job~related advantages of the automobile industry and its large infrastructure.

Electronic Telecommuting

Fipure 19. Electronic Telecommuting

General Objective

About 20 percent of our present workers perform office jobs at some

central location. Their duties include handling records, thinking, writing —

none of which require the use of specific machines. Many of thesa jobs could

be carried out anywhere, since it is individual, not group, effort. Application

of todays technology could, and soon will, implement an office-at-home or at
least near the home.
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Product to Earth

Conservation of resources (gasoline); improvement in office work product-
ivity; reduced envircnmental pollution; reduced congestion in cities and
freeways.

Key Objectives

Using communications, intelligent terminals, and a CCTV approach, the
usual offiece job could be accomplished by allocating one rcam at home to be
an office. Even today, it is less costly to use a geosynchronous communica—
tions relay link than conventional landlines for long-distance telephone calls
for distances as short as 600 miles. The cowbined recurring and non-recurring
costs for implementing the office-at-home would be more than offset by the
reduction in automobiles, gasoline and highway maintenance. An additional
fringe benefit is a gain of one or two hours per day not spent in purposeless
travel.

Prineipal Contributions

Application of this concept would reduce our dependence on Imported oil,
reduce urban pollution (smog) and congestion; eliminate roughly 10 hours per
week per person of non—productive, irritating travel time (commuting). It
would alsc eliminate large amounts of duplicated paper products (reports,
slides, etc.).

Level of Contribution

Every individual in urban and suburban areas would benefit: the white-
eollar workers by not commuting, the construction and manufacturing workers
by easier access to roads, streets, parking: significantly cleaner air;
easing of balance of payments (pecause of reduced gasoline consumption).

Uniqueness of Contribution

Very few office work activities require eyeball contact; where necessary,
the CCIV provides an admirable, and even advantageous alternative. It ig
easier to concentrate on one small screen than trying to watch a whole roomful
of displays. Attention can be directed to the major points of emphasis; even
hard copies can be transmitted if necessary. Moreover, the worker is not
limited to a home in the suburbs; he could just as well live in Bali —
communication time is the same, and just as clean and convenieat. And there
is an additional advantage of such a system: office workers differ in the time
of day they are most productive — some in the morning, some at night. With
this concept, the worker's time need not be synchronized with the clock; they
can do their work when they were most productive.

Time Factor

Initial dispersion (United States Government services) by 1990; extend
to the United States commercial by 2000.
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~

One or more high-power communication relays

Many small remote intelligent terminals and
low-power transmitters. Preferably at EHF
(10~ to 900-GHz); several thousand audio
band channels for multiple random access

Principal Functional Units

Space -

Ground -

Principal Technologies

The space element would be useiul only for long
distance communication. Regional linkages by
fibre optic cables simil r to present telephone
or CTV installations. Where needed, the space
element would be analogous to the Satellite
Business System Satellite. No new government-
funded satellites are needed.

Extension of CIV and/or telephone networks to
individual terminals in small, neighborhood
centers (10 to 100 workers); later to individual
homes. Neignborhood centers include roof-top
antennas for satellite linkages.

All existing except high—-power transmitter at K-band or higher.

Impact Spectrum

Technology -

Economy -

Environment -

Social -

Political -

Scientific -

Front-End Capital

Very small additicnal requirements

Billions of dollars saved by reducing reliance on
automobile transportation, less gasoline consump-
tion, etc. Millions of dollars added to the
economy by increased productivity, relaxation of
tension, etc.

Reduce pollution significantly; reduce centralized
congestion; improve housing problem

Significant improvement in life style for many;
should show immediate public acceptance

No immediate impact; long range may have effect
of wide-scale decentralization

No impact

Space terminal about $50,000,000; ground terminals for $3,000 each

(10 million terminals).
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Personal Communications (Pocket Telephones) .

A personal communication system can be regarded as a portable telephone
which you carry in your pocket or strap to your wrist. The technical problems
associated with such a system are quite intriguing. However, before we discuss
the mechanlzation of the personal communication system, let's look at some
background material on personal communicatién activities in the United States.

In recent years, the United States has experienced an explosion of interest
in personal communication activities. As Figire 20 shows, approximately
2 billion long-distance calls were placed in the continental United States in
1955. By 1975, the number of calls had grown to 11 billion. In the same
20 years, the number of telephones in the Bell System increased from 45 million
to 120 million. The total number of phones in the United States (including
those outside the Bell System) is about 144 million. Thus, we have almost one
telephone for each American citizen.

In 1975, there were only about one million citizen band radics in operation
in the United States. Within 18 months, this number had grown to six million,
and sales are still continuing at a high level. The Federal Communication
Commission recently estimated that the number of citizen band radios in the
United States will peak out at about 40 million, or approximately one citizen
band radio for each American family.

Viewed as a whole, personal communications activitles are quite profitable.
In 1973, the revenues collected by Bell Telephone totaled $28 billion. In that
same year, total revenues for all forms of personal communications amounted to
about $40 billien.

As has been mentioned, a personal communication system car. be regarded as
a portable telephone. However, it is much more than that; it has some rather
intriguing characteristics. For one thing, it is a telephone on which you can
reach the desilred party without knowing his exact location. Moreover, the time
charges for the use of such a system are independent of distance,and, hence, it
removes the geography from long-distance communication. Once such a system is
operational, it will be just as cheap to call coast-to—coast as it will be to
call your next—door neighbor. At this point, certaln services which now
penetrate only local markets will become national or international in scope.
For example, rather than calling your local reference librarian, you will be
able to call the reference librarian at the Library of Congress at the same
cost. Stock market quotes, sports statistics, and other services of this type
also will be avallable on a national basis. And once they become national,
they can rapidly expand in quality and quantity. When the Library of Congress
begins to receive tens of thousands of inquiries dally, it can justify the use

of computer search procedures, high—-paid academic experts, 24-hour-a-day services,
atce.

Additional communication links can be established in conjunction with the
personal communicator system. For example, the units can be linked into nation-
wide paging services, telephone hookups, time~synchronization services, and
possibly other services of this type. The devices also will have increased
versatility. In the long run, the unit= will incorporate electronic calculators,
electronic wristwatches and, perhaps, devi:es which provide navigation services.
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Personal Communicaticns (Pocket Telephone)

Figure 21.

General Objective

‘l‘ Rockwell International

Space Division

Personal Commuvications Systems

To provide persor.al communications capabilities to all interested
Americans or at least a significant fraction of the general public.

Product to Earth

Communication capabilities of unprecedented power and flexibility.

Key Objectives

To allow any user to communicate with his colleagues on a nearly instant-

agneous basis, even if their exact locations are unknown. Alsc to open up
nationwide services such as library information to a broad segment of the
general public.

Principal Contributicn

Nearly instantaneous communications with friends and colleagues even under

relatively adverse conditions.
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Level of Contribution

Initial system would serve approximately 2.5 million usevrs at an average
usage rate of 5 percent. Later, this system could serve the entire American
population provided sufficient bandwidth can be obtained.

Unigueness of Contribution

Terrestrial communication links could provide some of the envisioned
serviees, however, it does not seem possible to install a nationwide system
at a reasonable cost without satellite relay links.

Time Factor

Initial system could be available in the 1985 time frame. Full, nation-
wide system could be operational by 1990.

Principal Installations

Large array of multi-beam antennas (approximately 200 feet in diameter)
located in a geosynchronous orbit. Initial system would require 3 to 5 antennas;
the nationwide system may require as many as 30 antennas of similar size. Raw
power is defined as approximately 3 watts per user. This, in turn, necessitates
a solar collector of approximately 65,000 ft2 per antenna.

The earth installations include the communicator units (hand-held or wrist
models), the billing system, and central control station which maintains the
oparational integrity of the system.

Principal Functional Units

Prinecipal space units consist of one or more large multibeam antennas
which relay messages to various points within the continental United States.
The antennas will likely be rigidly attached to facilitate mutual message
exchanges. However, they could, instead, be electronically crosslinked.

Prinecipal Technologies

The principal technologies necaessary to make the system operate include
complicated switching electronics, large multibeam antennas, accurate figure
control methodology, and advanced thermal control techniques.

Impact Spectrum

Spectrum availability will constitute one of the major socio-economic
problems associated with the personal communications system. The full-service
system would require a bandwidth of 500 MHz or more. Theoretically, this much
of the spectzum could be used for the envisioned purposes, but this would
require delicate international negotiations. Political conflicts with exist—
ing communications carriers, such as AT&T, alsc seem likely to many ohservers.
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Front-End Capital to First Prototype

The investment necessary befere the system can beec “e operational is on
the order of $450M. However, this expenditure would also enable the implement—
ation of the National Information Service opportunity in as much as they both
require identical space hardware. The annual operating cost for the space
segment is estimated to be $12.3M in 1977 dollars.

Implanted Sensor Data Collector

General Objective

To provide the service of receiving data from any earth source and return-
ing appropriate information to the customer.

Product to Earth
Timely accurate, processed information. Examples are:

a. Read-out of water level sensors for control of dam gates
b. Emergency help to people in distress

c. Sensors in cows to tell when they are in-heat for
artificial insemination

d. Environmental data from remote or ocean locations
e. Fire warnings from heat or smoke sensors
f. Burglar or vandalism warnings from entry or noise sensors

g. Sensors throughout a huge strip mining machine (operating
on a winter night in Montana) sending up data to be
processed on a large computer to warn of an impending
failure

h. Ete., ete., etc.
Key Objectives

To open ap a profitable service whereby we could use one satellite
system and get paid by a multiplicity of users. It would also open up a
wide variety of small business opportunities and new jobs on earth as more
and more ideas for products and services could be keyed to this capability.

Principal Contributions

The service of receiving almost any kind of data from anywhere within
the covered region (like the continental United States) and either relaying
it on to its user and/or providing time share computer power to convert the
data to information directly te the user.
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Level of Contribution

This depends on the economics of sharing the cost of the service across
a large number of users. Each user could presumably handle his own communica-
tions with dedicated radio transmissions or wire links, their own computers,
ete. However, if the space service were offered, there is a strong probability
that ingenious uses would multiply rapidly., In such a case, this could become
a multi-million dollar service industry.

Uniqueness of Contribution

It is difficult to interconnect moving things electronically with hills,
buildings, and cther barriers in the way. Hard wire systems are out of the
question for devices like combines, earth movers, este. For stationary devices,
time~shared systems wired to earth computers are formidable competitors,
particularly in urban areas. Outside the cities, there may be economies in
a space link, but we could nearly always, with sufficient investments, put in
hard wired connectors.

Time Factor

Mid-1980's.
Principal Installation

The space portion is basically a large antenna, perhaps including a large
orbiting computer. The ground portion is a multiplicity of users, each with
a transmitter and 2 small antenna. (Note: these transceivers need not be as
small as the two-way wrist telephones envisioned for personal communications.}
Principal Functional Units

sntenna~like large structure in space, probably unmanned.

Principal Technologies

Large structures, computers, and coding/decoding devices to make maximum
use of scarce bandwidth. Minimum-cost ground transmitters.

Impact Spectrum

No significant impact.

Front-Ezd Capital

To be determined.
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National Information Services

Geosynchronous
Unmanned

AUTD
CENTRAL
IRECTORY,
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Torminal Communications Preparation

Contur Facility

Figure 22. National Information Services

General Objective

The percentage of human time wasted in re-inventing wheels is incalculable;
this is due primarily to lack of knowledge of where to find information about
these previous solutions. All manner of ground information banks exist, and
continue to proliferate. What is needed is a directory keyed to the user's
problem description,

Such a directory could be implemented on the ground, using a geosynchronous
satellite relay; however, each inquiry would then require four channels, two
up and two down. If the directory were installed in the satellite, only one
half-duplex channel per user is needed. To serve the public, several huudred
simuiltanecus channels would be required. Tach channel would have its own
microprocessor to access one common mass memory. Updating, file maintenance,
purging, etec., could be uplinked, perhaps once a day.

Product to Barth

Rapid access to sources of dats relevant to all levels of technical, social,
environmental and other concerns. Data banks exist at numerous governmental
agencies, universities, and commercial operations that can be made available,
for a nominal fee, to those individuals who are attempting to evaluate a problem
and formulate a feasible solution.
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Key Objective

Provide a common, easily avallable directory similar to the Federal
Information Center (Los Angeles): a telephone call will receive information
on where to find the desired service, what agency, telephone numbers, mail
addresses, application forms, etec. Expand this concept to inelude eivilian
and commercilal data banks, and include sufficient automatic data processing
for file search and retrieval (analogous to a library's card catalog or
periodical indexes).

Principal Contribution

Provides a single reference source wherein available knowledge can be
readily accessed by any individual.

Level of Contribution

Usable by anyone with access to an inielligent terminal connected to local
ground communications terminals.

Uniqueness of Contribution

Combines in one address many data sources that exist, but are not generally

known. ZExample: Few potential users of earth observation data are aware that
there is a National Earth Observation data bank in South Dakota from which
copies of LANDSAT-type data (false color photographs) can be obtained. The
potential economic benefit of these photographs is enormous, but will not be
realized uniil the concerned users know about it, and how to get it.

Time Factor

Ground-based central directory about five years; transfer to a geosynchro-
nous faecility by 1990; expansion to full commercialization by 2000.

Principal Installation
Centralized directory file preparation.
Principal Functional Units

Space geosynchronous automatic directory; ground, directory update
faeility.

Principal Technology

Information management; -levelop universal f£ile search and retrieval
syntax.

Impact Spectrum

Technology - Within present state-of-the-art

7¢
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Economy -~ Increased productivity by avoiding redundant work.
Potential commercial (non—-Government) operation
utilizing DOMSAT-relay in initial stages,

Employment of large numbers of personnel to collect,
abstract and develop the directory.

Environment — Mo impact

Social ~ Yo impact

Political - Would improve visibility of Government services,
and relate use of public tax funds to individual
benefits

Front-End Capital

Directory data base about $500M; Geosynchronous Directory about twice
that of a DOMSAT relay.

Electronic Mail

Despite increasingly large expenditures, the American Postal System has
become a large, complicated bureaucracy, barely able to carry out its funetions.
At present there are about 31,000 Post Offices in the American Postal System,
supplemented by 10,000 branch offices and substations. These Post Offices
handle approximately 89 billion pieces of mail, or about 2,000 pieces for each
American family. In addition, they handle 16 billion packages in an average
year; most of them associated with business transactions.

Between 1960 and 1977, the cogt for a first class letter was increased from
3 cents to 13 cents (see Figure 23). It will probably reach 16 cents next year
and long-term projections indicate that in the early 1980's it will cost approxi-
mately 34 cents to mail a first class letter.

When the Post Offi:e became a private corporation a few years agu, deficit
spending was to be eliminated within a short time. Hewever, in the interim
deficits have actually “acreased. Recently they have exceeded 31 billion per
year. Because of these enormous deficits, rumors of service cuts are widely
circulated. Specifical vy, Saturday delivery may soon be eliminated. third
class mail may be deli rted only on alternate days, certain business deliveries
may be curtailed, and cucb-side mail statioi s may be installed in new suburbs.
Unfortunately, these service cuts typieally involve savings of only about
$100 million or so each, less than 10 percent of the current deficit.

Thus, it would seem that the Post Office is in desperate need of new
techniques for streamlining its costly operations. One concept calls for the
electronic delivery of mail. In the simplest version of the electronic mail
conecept (see Figure 24), the mail would be picked up and delivered to the local
Post Office in the conventional way. Once there, it would be transmitted
electronically to the destination Post Office via a satellite relay link using
facsimile techniques. The reconstructed letter would then be delivered to the
proper party by conventional procedures.
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At first thought the major savings associated with electronic mail might
seem to be the transportation costs. In fact, however, the potential savings
in sorting costs is considerably more important. Last year the operating budget
of the Los Angeles Postal Department was broken down as follows: 55 percent
for sorting the mail; 38 percent for delivery? Some of the sorting operations
have been mechanized, but at the present time the fastest mechanical devices
can sort only about 3200 letters per hour. HMoreover, the sorting machines ™
often damage important letters. In an electronic mail system the sorting opera-
tion would be performed electromically. That is, the contents of the letter
would be transmitted to the proper destination without mechanically moving the
letter itself into separate bins. This could significantly speed the sorting ;
operations. !

i
3
H
i
g
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Electronic mail system could take several alternate forms. Distributed
printing systems are one promising possibility. In a distributed printing
system, the copy %o be printed is composed at a central location (e.g., New York
or Washington) and the individual pages are electronically transmitted via
facsimile to the proper destinations where printing presses duplicate them on
a mass scale for subsequent distribution. The Wall Street Journal, U.S. News
World Report, and several other national magazines and newspapers are already
distributed in this way. Theoretically, such a system could be operated by the
Post Office. It could be particularly effective if it were used in conjunction
with nationwide advertising circulars. The primary advantage of e distributed
printing system is that millions of copies can be transported to distant loca-
tions with only a few low-data-rate transmissions.

Electronic funds transfer systems offer another possible alternative to-
our present antiquated mail system. About 65 percent of all first elass mail ]
involves finaneial transactions, e.g., bills, receipts, invoices, etc. An
electronic funds transfer system circumvents the physical delivery cf these
bills and receipts by transfering funds from one bank account to ancther
electronically. Large banks and financial institutions are already operating
electroniec funds transfer systems. In theory, the Post Office could also
operate such a service. With satellite relay links it could probably be
operated nationwide at economically feasible rates.

Electronic Mail Service Discussion

In analyzing space opportunities associated wiih electronic mail, it
became very apparent that the analysis, cconomic merits, and conclusions
were highly sensitive to the assumptions that were made, Dynamic changes i
are occurring across the entire communication/data transmittal field. For : !
example, the expanding use of word processors, facsimile devices, and elec- fo
tronic funds transfer systems will all diminish the use of postal services
as they currently exist. 1In addition, telephone rates have been decreasing
at the same time that mail rates have been increasing. An analysis, which
assumed a substantial diversion of data transmission from conventional
postal chanmnels to private electronic systems, is discussed in this section, =
It assumed a dedicated satellite and reached negative conclusions concerning

*Delivery includes essentially all the productive operations except sorting.
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the economic viability of electronic mail. However, in o.der not to over-
look a potentially promising area, another analysis was made in which
electronic mail was combined with other similar services requiring the
transmission of large volumes of information.

In keeping with this new philosophy, the new baseline electronic mail
concept assumed that 40 million pages would be transmitted nightly. The
letters, which would be written or typed on a standard fozm, would be
delivered to loecal Post Offices during late afternoon or early-evening
hours. The letters would then be physically transported to one of 800
regional Post Offices where the destinaiion of each letter will be identi-
fied from its ZIP code, the letters opened by machinery, and a facsimile of
the letter transmitted via satellite relay to the regional center servicing
the destination area. After facsimile transmission, the original letter
would be momentarily held by the automated machinery pending receipt of a
received satisfactorily signal., Upon signal receipt, the letter would be
automatically shredded. If the letter was not satisfactorily received, it
would be remerged into the basic letter flow for amother try.

At the receiving regional center, the letter facsimile would ke
automatically folded, sealed, and sorted by ZIP code., The letters would

then be physically transported to the local Post Office for delivery that
day.

Fach regional center was assumed to have an 8-foot antenna for trams-—
mikting to the relay satellite on a frequency of 30 GHz. The satellite
would have six pairs of antennas (8-foot diameter to receive, and 12-foot
to transmit) and would require 13,000 watts of primary power. It would
analyse the ZIP code and route the data block to the appropriate trans-
mitting antemna. Each of the six transmitting antenna beams would contain
50 spot beams at a frequency of 20 GHz. In addition to the 8-foot trans-

mitting antemna, each regional center would also have a 12-foot receiving
antenna.

The Postal Service is endeavoring to speed up conventional mail
delivery, especially among major population centers. Tor a fee of about
$5.00, the Postal Service and Federal Air Express will guarantee over-
night delivery of small packages to most major cities. Advances in
competing cecesmunications systems (such as private facsimile units and
word processors) and the limitations of electronic mail as envisioned
(i.e., one page per letter), create substantial uncertainty regarding
the public acceptability and economic practicality of this approach.
Correspondence in some form will certainly travel electronically, but

careful planning and foresight will be required if the U.S. Postal Service
is to be heavily involved in this enterprise.

Evaluation of Electroniec Mail as a Potential Space Initiative

During the process of evaluating the various space opportunities,
elactronic mail has always been one to bring out an emotional response
from most participants. We are all familiar with the mail sexvice and
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are concerned about the trends that indicate a future of centinually
paying more, but getting poorer service, The term electronic mail s2ems
well defined in each person's mind, but certainly not uniformly defined
across the group. In order to conduct our evaluation and its space versus
terrestrial aspects, it was necessary to postulate a specific meaning of
the term to plan a specific means of implementation and to determine the
viability of the concept. In particular, we looked at the credibility of
electrenic mail as a major aid to the prob. —s of the U.S. Postal Service.
As the following discussion indicates, the .oncept of electronic mail

that incorporates a single large dedicated satellite which interconnects
all postal centers for facsimile transmission of personal and business
mail does not appear economically viable. However, chere are concepts
that do have merit. One promising possibility is to combine electronic
mail services with other useful high-data-rate services to form a
geosynchronous platform which can perform several services in an econ-
omically practical way.

P P T

Problem. The United States Postal Service faces a future of increas-
ing deficits. 1In spite of a 55 million surplus from the end of March 1976
through March 25, 1977, Postmaster General Benjamin F. Bailar declared
that another rate increase will be needed in the spring of 1978 to cover i
higher costs and wage boosts.® 1Im another article, Bailar was quoted as

saying, "...7t lg clear from roccnt  rpoplovee that there i a lo? of -
price clasticity "n ocur ftusirvice, Ae pavcg go ouy cur rolume deelines. ;
If we continue what we are Jdzing, v eould Doty o Pratal Sorpdec, ., M '

The same article states that mail volume peaked in 1974 and began what is
envisioned as a steady decline. James T. Ellington, Jr., Senior Assistant

Postmaster stated, "... Vo soo a sicale crocion of o much as 4 jercent
per year ... "% A fiscally degencrating spiral appears in effect. As !
rates increase, volume decreases—causing revenues to deer ise which, in |

turn, require further rate incrcasces or major service curt .ilment to

reduce the deficits, thus resulting in further volume decreases. To
reverse this trend, the U.S. Postal Service is investigating alternative
technological approaches, especially clectronic mail systems. 1In the
summer of 1976, the U,S. Postal Service awarded a two-year $2.2 million
contract to RCA's Govermment Communications Division in Camden, New Jersey,
to determine the technical and cconomic aspects of an electronic message v
system (electronic mail).

To avoid semantic ambiguity, the term cilcctronde mail in this dis- | -
cussion will be confined to those concepts that transform text or the
equivalent, received at a post office, into electronic signals thact are
transmitted to another post office and there reconstituted into text for
delivery to the U.5. Postal Service. Specifically excluded from this
definition are such concepts as electronic funds transfer, inter- and
intra-company facsimile systems, as well as terminal-to-terminal world
processing concepts. These may require dedicated satellites with unique
antenna arrays.

YPostal Chief See Need For Rate Rise Despite Surplures, Wall Street Journal
2(April 20, 1977).
Why The Post Office Can't Break Fuen, Business Week (March 29, 1976).
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Space Concept. Mail suitable for clectromie transmission would be
collected by the participating Post Offices and transported to one of the
1300 electronic transmission/recepticn centers. There, the letters would
be coded to the proper receiving center, opened, and an image of the
envelope and letter contents transmitted to a relay satellite in geosynch-
ronous orbit. The sat+ lite would analyze the receiving station code and
relay the images to the appropriate receiving center, where a facsimile of
the envelope and letter would be produced, collated, and the letters com-
piled for transport to the Post Office nearest to the addvessee.

T~e 1300 electronic mail centers would be highly automated. However,
personnel would be needed to code the destination of letters without ZIP codes
or with ZIP codes that could not be accurately read by the coptical readers.
Personnel would alsc be required to screen and handle any letters with merchan-
dise or non-transmissible material. The machinery would recognize letters with
text on both sides of a page and would auntomatically transmit both sides.
Multi-page letters would be also handled automatically- After transmission,
the letter would be stored momentarily until a signal acknowledging its
successful receipt was received from the receiving center. The letter paper
would then go into hoppers for compaction prior to waste paper reclamation,
Recent technological advances in facsimile transmission by the 3M Company have
reduced transmission time to less than 30 seconds per page.! IBM is reported
to have developed a prototype facsimile system that can send a page in two to
five secowds.' The average letter contains two pages (actually 1.95).2 1If
each page takes 3.3 seconds, plus 2 seconds for the envelope, then the average
letter will require a total of 9 seconds for transmission. The data will be
sent via a 1 meter dish antenna on the ceater roof to the electronic mail
satellite in geosynchronous orbit.

The satellite (as conceived after three conceptual design iterations) will
consist of a mwatrix of nine, S5-meter {16 ft) diameter antemnas, so the 3 x 3
array will be 15 meters by 15 meters (50 ft x 50 ft) in size. It will require
approximately 700 kW of solar array output. Assuming that GaAs solar cell
technology results in 10 W/sq ft by 1985, the 700 kW power requirement (actually
770 kW to allow for cell degradation during the 10 year system life) will require
an 85 m x 85 m (280 ft x 280 ft) solar array. The weight of the 78,400 sq ft
array is estimated to be:

Solar Cells (9.36 1lb/sq £t) 28,200 1b
Deployment & Supporting Structure (0.20 1b/sq ft) 15,700
Gimbals, Orientation Mechanism, Slip Rings 4,000
Cable Harness 2,500
50,400 1b

R e

1Set For The Shift To 'Electronic Mail,' Business Week (April 25, 1977).
2Electronic Mail, Science (March 18, 1977).
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The weight of the satellite is estimated to be:
Struecture and Thermal Control 5,000 1b
Electric Power 50,400
TTE&C ' 500
Message Switching Computer & Related Electronics 500
Attitude Control/Stationkeeping (¥100 km;
300 Isp: 10 yrs) 14,000
70,400 1b*

It was assumed that the satellite would have an on-orbit life of 10 years
(limited by =olar cell degradation and electronics reliability).

Terrestrial Alternatives. Several competitive technological developments
are occurring that could strongly impact electronic mail. The feasibilitv of
electronic mail is not driven by technology as much as it is by economic con-
siderations. Diversion of mail volume into coumpetitive systems could reduce
the potential market for electronic mail below its break-even point. The
competitive systems include faesimile transmission systems, electronic tunds
transfer systems and word processing systems. These eleatronic alternatives
to mail are rapidly expanding, thus, further decreasing the volume base of
first class mail. There «re now over 130,000 facsimile machines in use in the
United States, 2 more tihan 50,000 of these were added within the past three
years.3 Wiltek Inc., Xerox Corporation, and IBM all have word processors that
connect typewriters to computerized systems that can edit, format, compress
and transmit typed material over telephone lines. By using compression tech-
niques and data storage devices, a full page of text can be transmitted in
approximately 2-1/2 seconds.?

All of these systems will tend to reduce the potential market for electronic

mail. This market can be estimated as follows.

According to estimates prepared by the GAO, the total annual mail volume
is expected to decreise to 85.1 billion pieces in 1984.% First cl.-s mail has
consistently representad 60 percent of the total wail volume.® If this per-
centage continued, then in 1984/85, the total potential volume of first class
mail would amounr to 51 billion pieces. According to a veport titled: Tele-
communications Policy, prepared by A. D. Little, Inc., fcr the White House

IA 5 May '77 Concept: Space Construction Electronic Mail Satellite (One Beam
Machine Concept:), Drawing 77015-31 was also estimated to weigh approximately
70,000 1b even though it was a substantially different design.

Set For The Shift Ic 'Electronic Muil,' Business Week (April 25, 1977).
The Fax Of The Matter, New i.cientist (July 1, 1976).

*Electronic Mail, Science {(March 18, 1977) :
Future Shock 1984: Postal Rates Seen at 34 Cents an Ounce, The Wall Street
Journal (April 1, 1976).

*Why The Post Office Can't Break Even, Business Week (March 29, 1976), .
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Office of Telecommunications Policy, "... About two-thirds of all first class
mail ... i8 devoted to messages concerned with transactions-orders, irvoices,
bills and payments." This would amount to a potential 34 billion pieces in
1984/85. More than half of that volume consists of bills and involces going
out and checks coming ba.ck,1 so that 17 billion pieces would contain checks and,
thus, would not be candidates for electronic mail. This would leave (51-17 =)
34 billion pieces of first class non-check mail. Studies made by the National
Bureau of Standards showed that only 35 percent of mail was non—local. (greater. . .
than 100 miles)..2 This means that only about 12 billion pieces of filrst class
mail are non-checks and non-local, and so potential candidates for electronic
mail. Included in this amount are an estimated 5-6 billion pieces of inter-
office communicatiocns that are now sent annually by big companies.® If the
existing 130,000 fax machines double in number by 1984, and if each machine
sends only 50 messages per day — the fax machine at the Seal Beach facility
sends more than 100 messages on some days — than 3.2 billion pieces of
facsimile will be sent annually. Word processors will make additional inroads
into interoffice mail. "...A growing number of companies now ave convineed
that the way to move their growing volume of interoffice memos and letters is
by a sophistiecated system of elecironic communications ... a corporation can
now get away from depending on the U.S. mail for its interoffice needs ... IBM
already has hooked the new printer to its own tewt-editing typewriters to
provide electronic mail service among five divisivnal offices."? TIf only half
of the interoffice mail ot major corporations is diverted away from the U. S.
Postal Service, than 9 million pieces of first class mail remain as potential
electronic mail. However, included in this amount are Christmas cards, post
cards, birthday cards, letters containing photographs, securities, legal
documents, over—sized items, highly personal letters, over—seas mail, and
other items that preclude their transmission via electronic mail as envisioned.
If this non-eligible mail constituted 1/3 of the remaining mail, then the
amount of mail that would constitute the electronic mail market in 1984/5
would amount to 6 billion pieces.

The first class mail rate is expected to increase to between 22 cents and
28 cents by 1985 (1977 dollars).* 1If saturday mail delivery is elminated, and
the ceiling on Government subsidies of the Postal Service are removed, then
the 22 cent rate may prevail. Without these measures, the rate will need to
be increased to 28 cents. Since the average first class letter contains 1.95
(2) pages,® the cost would be 11 cents per page. It is possible today to send
a page of text at prices lower than mail cost. To send the page of text (by
word processors) 1000 miles via telephone lines would cost only 5 cents and
delivery takes place in a few minutes.® The advances being made in facsimile
machines and in word processors will enable the transmission of messages
between units virtually instantaneously a: a cost cheaper than U. S. Postal
Service first class rate. Only a relatively small fraction of total first
class mail would be sent through the electronic mail system as conceived.

YWhy The Post Office Can't Break Even, Business Week (March 29, 1976).
anth, L. H. and L. A. Wolter, The Domestic Communications Services Market,
North American Rockwell (Rockwell International), Space Division (Sept. 1972).
3When The Interoffiece Mail Goes Eleectronie, Business Week (Sept. 13, 1976).

No Saturday Delivery ~ 22 Cents For Mail Termed Possible, Los Angeles Times
5(March 30, 1977).

The Fax Of The Matter, New Scientist (July 1, 1976).
®*Postal Service Going Out Of Business? Machine Design (March 24, 1977).
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Comparative Economic Evaluation.

Operational Description.

Postal Centers ~ Equipment. Assuming that 6 billion letters are to
be sent via electronic mail annually, and that the average letter contains two
pages of text, then for each letter, three facsimile transmissions would be
required: one for each page plus one for the addressed envelope. The new
envelope page would be folded to foxm a container for the two pages of repro-
duced text. Consequently, on the order of 18 billion faesimile transmissions
would be made annually by the network of 1300 postal centers. If the centers
operate 250 days each year, then each center will need to transmit an average
of 55,400 facsimiles eacli day. During the past two years, facsimile trans-
mission technology has advanced from a transmission rate of four minutes per
page to slightly less than 30 seconds per page.® By 1984/i. it is expected
that the technology will enable transmission of a page in two te five seconds,
depending on the quantity of material om it. If the averages page requires
*hree seconds to send, then 166,200 seconds would be required to transmit
che 55,400 facsimiles. Since there are 86,400 seconds in a day, at least two
units would be required to transmit the average work load. However, since
most of the mail arrives towards the cloge of the normal working day (between
4:00 p.m. and 6:00 p.m.), and the sender expects that his letters will be
delivered on the following working day, then three parallel transmitters and
receivers, working two shifts would be required to transmit the 55,400 fac-
similies per day. (In order to prevent machine interference and efficiency-
diminishing queuing, more receivers would be required than transmitters.,)
0f course, some postal centers might require four or five paralilel units while
others would require only two.

Postal Centers — Personnel. The personnel to operate the centers
would consist of the followirg:

Tokal
Centex

1. ZIP coder, 1 per shift. These persons would code
the ZIP code on uncoded mail, or on mail whose
code the automatic ZIP code reader could not
decipher : : 2

2, Operator, transmitter, 1 per transmitting unit per
shift. These employees would monitor the mail for
oversized items (after unfolding), letters with
non~transmittable items enclosed, monitor removal
of processed letters (after confirmatoxry signal
from receiving station indicated successful receipt
of the complete letter), etec. , ’ 6

3. Operator, receiver, 1 per receiving unit per shift,

These operators would monitor the printing opera-

tion, making certain rolls of paper are available

(changed), Znk supplies are adequate, legible copies

are being produced, etc. 6

set For The Shift Te 'Electronie Mail', Business Week (April 25, 1977).
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Equipment mechanic (mechanical and electronic),
1 per shift

Relief personnel, 2 per shift

Supervisor, 1 per shift

System Cost.,

Non-recurring (Acquisition) cost:
q

Postal Centers — It is assumed that each of the 1300
postal centers will cost 51.0M. This includes the
facility (or its modification) for housing the

etquipment, key spare parts and supplies, three trans-

mitting units, three receiving units, automatic
equipment for opening, extracting, unfolding and
orienting the contents, translating the ZIP code,
assembling and folding the received facsimile, the
roof antenna, micro processors, etc.,

$1.0 million x 1300 centexrs

Satellite ~ The 70,000 1b satellite consists
primarily of solar cells, antemnas and electronics
and is analogous to current communications

satellites.

Because of its many unique features,

the development cost is esiimated to be on the

order of $100M.

Because of its size, it may be

considered to be 1.3 times a5 complex as a
conventiongl communications satellite which
weighs 2000 lbs and costs $16.0M, or $8000 per 1b
(3rd or 4th gemeration with learning curve). On
this basis, the satellite (with a cost scaling

exponent of 1.0) would cost:

70,000 x 8000 x 1.3

Transporting the satellite to geosynchronous orbit
would require the Shuttle plus an advanced tug. IE
it asswaed that the Shuttle/Tug can emplace 8000 lbs
into geosynchronous oxrbit per £light, then nine
flights at a cost of $25.0M each would be required.
If a SEPS were available, then approximately five
Shuttle flights would be required ($100M). If a
425 kw SEPS were assumed with a 350 day round-trip
time, then the SEPS cost would be $27M ($77,500/day)
for a total transportaftion cost of:

1A recent detailed cost estimate of an electronic mail satellite concept with
a design weight of 53,000 1lbs was §1.34B — without transportation costs.

TOTAL NON-RECURRING COST
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System Cost. Recurring Operating Cost (Annual):

Personnel - Each center was assumed to require

22 employees. 1In 1976, the average postal service
salary (non-management) was $14,086 plus approxi-
mately $3,000 fringe benefits for a total of
$17,086., 1 In 1984/85, it can be assumed that the

average annual salary (ipecluding fringe) will be
on the order of $25,000

$25,000 x 22 x 1300 $0.7158
Equipment Maintenance - 5 percent per year x $1.3B 0.085 -

3. Paper, Ink, Utilities, Ete. — Paper cost $.003

per page plus 10 percent 0.060

ANNUAL RECURRING CNST $0.840B

Eeonomic Analysis of the Electronic Mail Concept. 48 has heen mentioned,
the expected rate for first class mail in 1984/85 is expected to be 22 cents.
Conversations with postal authorities revealed that 52 percent of mail cost is
attributable to sorting and final delivery, 38 pevcent is attributable to trans-
portation between receiving and delivering Post Offices, with the bhalance
attributable to overhead operations. With electronic mail, the 52 percent of
costs will still be incurred; only the 38 percent will be affected. At a rate
of 22 cents, the apportioned charge for transportation (38 percent) is 8.36 °
cents. The annual revenue thus available for elactronic mail would be $502M,
The annual recurring cost of the electronic mail concept was estimated to be
8840M, without including amortization of the eapital costs (mon-recurring -~
$2.255B). At an 8 percent discounting (interest) rate for 10 years, the capital

recovery factor times the $2.255B yields an annual amortization cost of $0.336B.3‘

Thus, the total annualized cost of the eleectronic mail system as conceived is
$840M plus $336M or 51.176B. In order to break even, the electronic mail rate
would nead to be increased o 52 cents. Just to cover the annual operating
costs, the rate would need to be increased to 36 cents. The increase in cost
would further reduce the volume by wmaking competitive systems more attractive.
If the regular first elass mail rate was 22 cents, then it is unlikely that
electronic mail would be commercially successful with a 52 ecent rate.

Conceptual Variations. Although the evaluation of the basiec conventional
alectronic mail concept was found not to be economically viable, it does mot
follow that some variation might not be. Cousequently, several variations to
the basic concept were examined and evaluated. These included expansion of
the concept to include direet linkage of all 30,000 Post 0ffices, the expansion
of the U. 8., Postal Service to printing and addressing of bulk second and third
class mail, and expansion of the current Mailgram system.

'The Budget Of The United States Government, Fiscal Year 1978, Appendix.
“Assumes an annual increase of 4.5 percent.

31f the equipment was amortized over 30 years, the annual charge would be
$0.2008.
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Fxpansion of the Basic Concept to Include Every Post Office, The costs
of this concept would be similar to those of the basic concept, except that
approximately 28,700 additional installations would be required. The additional
Post Offices would need to have either a conventional three-gsecond machine, or
a slower (less expensive) machine plus a buffer storage unit into which the
data could be stored for release to the satellite at the standard three-second
rate. A 20-30 second machine, such as the 3M 601AA, costs $14,500 or approxi-
mately $20,000 with the buffered storage. Added to this would be the cost of
transmission equipment, antenna, etec., so that even a minimal installation
would cost on the order of $25,000. If the capacity of each of the 1300 basic
centers was assumed to be reduced by one~third, then this would amcunt to a
cost reduction on the order of $130M. However, the addition of 28,700 new
Installations at $25,000 each would add $718M, for a new addition of $588M in
non-recurring costs over the cost of the basic conecept. Thus making it even
less attractive economically.

Expansion of the U. S, Postal Serviece Into Printing. The initial thought
was that the faesimile equipment could be used for printing (ecopying) bulk
material, The basic weakness in this variation stems from the difference in
cost of conventional printing - one side, black and white, $0.0125/copy in
large quantities ~ versus $0.047/copy (Xeroxz, 2 minute facsimile) to $0.058/copy
(601AA -~ 20 to 30 seconds per copy). A three second facsimile machine would be
even more expensive per copy because of the greater sensitivity and faster
reactivity of the paper/chemicals required.

Expansion of the Mailgram System. Western Union Telegraph Co., in conjunc-
tion with the U, 5. Postal Service, has instituted electronic mail in the form
of Mailgrams. F¥ollowing are some of the key points of their system:

o Electronie Hatl is a vegisteraed trademark of Mailgram.

® Eighteen tool-free telephone centers have been established in
the U.5. to accept Mailgram messages.,

® The messages are relayed (via Westar) to a computer in Middletown
Virginia, where they are automatically sorted by ZIP code,
verified for authenticity, and relayed by ZIP code to one of the
2200 terminals in i42 Post Offices. (Los Angeles has four Post
Offices with Mailgram terminals.) The messages are received in
a closed~off area (privacy) automatically bursted, folded, stuffed
into envelopes and sealed. A4ll of this is accomplished by 2:00 a.m.,
so that the Mailgrams can be delivered in ZIP coded lots to the
appropriate Post Offices and be in the mailman's hands by 6:00 &.m.
for delivexry that day.

. Volume is expanding. Last year, 350,000 Mailgrams were delivered
pexr week; this year's average is expected to be over 500,000 per
week. Some weeks it has been as high as 800,000."

a Western Union Eléctronic Mail is a word processing subsidiary at
Melean, Virginia. Computer outputs can be fed directly into the
Mailpram system. Standard messages can be sent automatically.
to computer—-stored mailing lists. The cost can be as low as
95 cents per Mailgram. .
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* The system is being expanded as the economiecs justify.
. Customers can dictate letters into the nearest pay phone and

have the charges billed to their home phone or company phone,
and be assured that the Mailgram will be delivered the
Following day.

[ The above strongly indicates that the Mailgram system is evolving
into an eleetronie mail system as rapidly as economically feasible,

Gonclusions. The discussions above suggest that electronic mail is pro-
bably not the major remedy for U. S. Postal Service ills. In a broad sense,
however, electronic mail is happening and will expand ... most likely to the
detriment of the U.S8. Postal Service rather than to its benefit. Fundamentally,
the ritual of a person visiting =ach mail box or door once a day is not likely
to be abolished, even though many ¢f these trips are never fulily paid for by
stamp revenues (while others are quite profitable). TFor example, in the
suburban areas outside of Los Angeles, most major magazines and local business
flyers are delivered by private carriers (often using child labor). That is
not likely to ever be the case in rural areas. Thus, the U.S. Postal fexvice,
whose price structure is geared for a franchise-type of charter and averages
out its costs, tends to lose the easy (profitable) business and must retain the
rest., Another area of volume loss for the Postal Serviee is business mail,
financial transackions, etc. Mailgrams can now be dictated over the phone and
delivered by the Postal Service although facsimiles of the original letters
are not transmitted. It, nevertheless, is electronic mail in a very real sense,
At the current time, the Mailgram system is expanding rapidly and computers
are helping to bring down the cost, especially to major users with mailing lists
already stored in the computer memoxy.

In summary, electronie mxil does not appear to be a single major initiative
which remedies the major problems of the U.S. Postal Service. However, it is
believed that elecironic mail will be realized — if only by expansion of the
Mailgram system. Therefore, it is being retained in our list of anchor opport-
unities and it is being included as one of the five electronic services to he
provided by our geosynchronous platform.

Electronic Mail Service

General Objective

The purpose of space-based electronic mail services is to transfer the
mail with increased speed and efficiency so as to permit overnight delivery of
standardized letters anywhere in the United States.

Product To Earth

The product to earth would be electronic facsimiles.of the source letters.
Key Objective iy

The key objective is to interconnect America‘'s Post 0ffices electronically
so that a large numbey of facsimile messages can be processed daily. The cost
of the service must be low so as to attract mail from conventiodal channels.
Therefore, the system must be highly efficient.
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Principal Contributions

‘ By institutiﬁg a fast, economical mail transfer system, national commerce
can be expedited while simultanecusly cutting Postal Service costs.

: Levei of Contribution

Benefits currently enjoyed by commercial enterprises in rapidly exchanging

facsimile documents will be made available to the psneral public through the use

of new Postal Service equipment.

" Uniqueness of Contribution

Electronic mail would assure ‘that rapid and economical delivery of infor-

_mation would be available to the general public.

Time Factor

Becatise of the increasing volume of information that must be exchanged
annually by commercial enterprises, various systems are being devised and
implemented to alleviate the problems experienced. The economic success of
electronic mail depends on a large volume of use (for amortization of the
necessary equlpment) Consequently, if electronic mail is to serve the general
population, it must be implemented at an early date (i.e., 1985 to 1990},
otherwyise alternatlve, non-public channels will arise that may reduce the mail
volume below ‘that level which 1s necessary for economic viability.

?rlncipal Imstallatlons

The prlnclpal installations in this electronic mail concept are ground
stations at each of the 800 regional postal centers, automated, high-speed
facsimlile transmitting and producing equipment, and a data relay satellite to
direct the in—coming data to the appropxiate regional centers. ;

Principal Functlonal Units

‘Each of the regional centers will contaln equipment for au tomatically .
reading the ZIP codes on tha standard letters, opening the letters and trans—
mitting a facsimile to the relay satellite via a transmitting antenna.
Conversely, each center will contain a recelving antenna and equipment for . -

producing the facsimile copy, folding and sealing it, and sorting it by ZIP B
code. '

. The relay satellite will include receiving and transmitting antennas
along with a computerized’ switching system which will direct the electronic
faesimllee to the appropriate ground staton on the basis of the ZIP code.

Principal‘Technologies

LTI I PNl S T SR s e e s e e A s L SRR e L F et i, o

" The technolegies required - include ‘higher speed facasimile units than are
currently available and expanded capaclty data relay satellites.
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i Impact Spectrum

% Technology ~  Within capability of current lahoratory prototypes
Economy ~ Large number of jobs for facsimile equipment

E manufacturers. More efficient sceilal and
economic activities because of timely receipt
of information. Less energy (petroleum)
required by elimination of requirement to
physically transport mail. Reduction of postal
deficits.

Environment -~  Reduced pollution arising from reduced energy
(petroleum) use

! Social - Improved planning of social activities because
of more timely availability of correspondence.

Political —~  Revenue sufficient to dovef costs would reduce
need for governmental subsidies. (Deficit
amounted to $687M in the year ending September 30,
1977.)

Scientific - No impact.
Capital to Initial Operating Capability .

Capital required wonld be on the order of $2.5B in 1977 dollars.

World Medical Care Center

@ In a world medical care system, the communication capabilities of space
satellites will be used to supplement present medical treatment faeilities in

a variety of important ways. In 1950, medical care in the TUnited States cost
our citizens about %13 billion. In the intervening years, these expenditures
have Increased dramatically and they now exceed $150 billion per year (see
Figure 25). Unfortunately, there is scant evidence that these enormous
expenditures have resulted in a more healthy population. Between 1950 and
1970, our longevity rates have increased only abouit 1.3 years. The other
measures of national health — maternal death rates and infant mortalilky rates —
have fared a little better but, in comparison with the other industrialized
countries of the world, we are not doing very well in these areas. At the
present time, approximately 20 countries in the world have lower infant death
rates than does the United States., Various cases have been cited for the
relative lack of progress in Improving the health of our countrymen despite ocur
enormous expenditures on medical care. Our life style clearly has an important
impact., In particular, drinking, smoking, and obesity are %“wnown to impact our
longevity rates in a significant way.

It does noit appear that space technology ecan do much to alter our life
styles or our habilts to improve our health. However, the delivery of traumatic
treatment and preventive medicine could be fostered by recent advances in space.
In particuiar, a space system utilizing paramedics linked to a centrally-located
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medical center could provide quality traumatic treatment for the advanced
eountries., Siwiiar facilitles alsc could improve preventive medicine and even
provide primarv care, particularly in the underdeveloped countries «f the world.

Traumatic care — that is, care immediately following a serious attack or
injury — could have an important impact on the longevity rates of our American
citizens, TIn particular, heart disease, strokes, accldents, and respiratory
diseases often respond favorably te traumatic treatment if it can be delivered
with dispatc'. Moreover, if the victim survives the first few hours he often
has several yearsz of productive life ahead of him, The shaded bars in Figure 26
represent health care problems which frequently respond favorably to quality
traumatic treatment. As can be seen, these specific diseases trigger an
important fraction of all our current deaths.
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Figure 26. The Causes of Death

A typieal health care delivery system utilizing satellite relay links is
sketched in Figure 27. In such a system, paramedics, who are located in
emergency vehicles or at permanent locations, would perform emergency treatment
under the direction of skilled medical personnel at the central medical Faeility.
The medical advice, prescriptions, consulting, and medical records they could
provide would likely have a significant impact on the health care of the world
population. - Paramedical experience of this type was accumulated in Alaska in
conjunction with the recent experiments with the ATS-45 Satellite.
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Contacts at the Long Beach Paramedical Corps, which ds attached to the
local fire department, recently revealed that is requires only five months to
train a practicing paramedic. These paramedles operate in two-member teams.
Their vehicles (vans, boats, and helicopters) are each equipped with about
$10, 000 worth of medical equipment. Experience indicates that such pzramedics
are almost as efficient in treating injuries and traumatic medical problems as
highly trained medical docters who have recelved many years of medical training.

A satellite—-based paramedical system could have an important impact on the
traumatic medical care within the continental United States. Paramedics also
could be served by a satellite information relay system in the primitive
countries. These primitive countries often have surprisingly few doators. ¥
Afghanistan, for example, there is only one doctor for every 20,000 persons.
Indonesia has even fewer doctors per capita: one for every 25, 000 citdzens. 1In
such countries, the paramedics could perform important lifa—saving'functicns.
Additional applications of the proposed satellite would include the relay of
electrocardiogram readings and other body-functions as well as national medical

records and health care statistics.

World Medical Care Delivery Discussion

Public health is limited, in this discussion, to those aspects that would
presexve the functional utility of individuals, The medical aid can be defined
as therapeutic Intervention directed towards helping individuals who are sick
or injured. Generally speaking, a seriously 11l person cannot successfully
diagnose and treat his own affliction unaidaed; it is the purpose of the health
care delivery system to provide such aid whenever and wherever it is needed.
Therefore, some method of observing the individual must be provided.

The observer need not be a highly-skilled medical practloner; experience
in China, in our military sexrvices, and civilian paramedic crews clearly show
that the ability to observe, to communicate, and to perform simple actions are
the essential requirement — plus, of course, the capability to be with the
victim. It is the co-location requirement that precludas having a large cadre
of medical doctors dispersed throughout the global population: training large

numbers of doctors is prohibitively expensive. TFortunately, the observer can
be gulded by remote advice if a communications link can be establlshed between

the (remote) observer/victim and a (central) advisory source.

The advisory source may be a doctor or a computer data bank, at least for
the initial analysis. Analysis begins with observation of a few basin physical
parameters, such as temperature, blood pressure, etc., together with verifica-
tion of the victim's condition. These parameters, in the initial analysis,
may suggest specifie questions, either verbally orx by test, wiich would
- progressively narrow the field of possibilities to a small number. Eventually
the analyzer reaches a diagnosis and from experience issues a prescription.

All of these procedures, with the exception of suthorization to begin

treétment, could be provided by a computerized, interactive information system.

Such systems are being developed initially in hospitals and clinics to support
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the attending physician. The fact that the computer data bank can be more
extensive than any one doctor's memory leads to more accurate identification
of obscure maladies. The same data bank provides more complete data and;
perhaps, a greater probability of success than an unaided physician.

There is, however, one problem that must be considered if such a system is

to be implemented on a global basis: medical practioners in different parts of
the worid have widely-varying approaches to the treatment of similar maladies.
In the United States, a headache is treated with aspirinj in China with
acupuncture; in Zamwbia by drilling a hole in the skull to let the demon out.
The difference in technology is less important than the viectim's acceptance -

of that technology. A global system must not only accommodate these preferences,

but allow and stimulate an interchange of technology.

Most western medication is in the form of vaccines or prescription drugs;

the same data bank could be an inventory record of where, and how much of rarer

medicines are available, and trigger emergency manufacture. Delivery would

need to be via conventional transport. HoWever, one potential in-space contri~
brtion could be the manufacture of wvaccines; experiments on Skylab demonstrated

that a zero-gravity environment is conductive,to more rapid production,

The personnel required to provide a glcbal health care delivery system
would not require a large increase in formally-trained medical doctors if the
present cadre were to be supplemented by a much-larger number of paramedic
personnel linked electronically to the data bank, and to regional medical
zenters. The paramedics need not be full-time praectioners, provided they are
widely dispersed in local communities.

The in—space contribution relates to the need for widespread multiple-:
access communications link between the many remote paramedics and the data
bank, and to the regional medical centers. The local terminal would be very
similar to conventional intelligent terminals for computers, supplemented by

a low power (1 watt EIRP) communications set. Low power transmitters and small

antennas are essential to minimize capital costs, but this, in turn, dictates

a high-power, ultra-sensitive r=lay as the space terminal, considerably larger

than the exlqtlng INTELSAT relays.A Thus, a space-station-size vehicle is
‘indicated. - o : : '

It is laess clear how the data bank{s} should be implemented. In order
to reduce the number of channels, it would seem desirable to locate the data

bank in the space station. However, while there may be hundreds of half-duplex
low-rate channeis to the remote terminals, there need be only a few full-duplex

high-rate channels from the station to the data bank and the medical centers.
Therefore, these faCllltles could be ground—based.

The feasibility of widespread dissemination of publie health information
from space was demonstrated in India during the past year. Relatively
Inexpensive television receivers with a moderate-sized antenna were set up in
a number of remote villages. Broadcasts originating in Delhi were relayed by

a. synchronous satellite. Evaluation of the permanent benefits achieved by this
experiment are mot yet available, but the fe351b111ty of information dissemina—

tlon via space systems was clearly shown. =
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‘The India experiment did not provide capabilities for informatio? collec~
tion since, for the satellite used, the many ground transmitters required to
provide feedback would be expensive and unmanageable. To meet t.:he‘needs i_:f
the users, the ground terminals must be of very low cost and this is ~ossible
only if the space terminal is extremely large.

An important part of the system suggested is communications traffic
control. The requirement on the space terminal to provide random—access
multiplexing of thousands of remote ground terminals to a hundred or more
ground-based central facilities Implies an exotic space switchboard technology.
Crowding so many users Into a marrow RF spectrum space would require that both
FDMA and TDMA techniques be exploited; unfortunately, this would increase the
ground terminal cost unless certain technical improvements are fortheconming.
Even with an economical ground transceiver, the communications switching
network is complex and would require on-board supervision and maintenance 1f
not direct human control. For this aspect of public health, it would appear
that the major analysis and =Zdvisory capability be on-board.

Public Health Care Delivery

Geosynchronous Multichannel Relay

{2-Way} Milttiobe K band Anlenna - ’%E 3

. =

2.0 [

ays
- Pharmacy ) Radlo Dats Bink 2
Simple L2t~ Terminat %‘
Consulling
. o Physiclan

g

LOCAL PARAMEDIC EQUIPMENT CENTRAL MEDICAL FACILITY

Figuré 28. Public Health Care Delivery

General Objective =

The primary purpose of the proposed system is to provide primary health
care services to remote areas without access to hospital facilities or in—
- residence medical doctors. A recent survey indicates that over 100 of the
- 3,300 counties in the United States have nc resident physician.
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Product to Eaxrth

A maxim of medicine is that recovery is greatly enhanced by initiating
treatment as early as possible to stabilize the patient; a complete dlagnosis
and recovery can then be made. A major part of this primary diagnosis and
treatment can be delivered by parametic personnel on-site with advice and
guidance from centrally-located medical experts. By utilizing widely-distri-
buted paramedics, or physician assistants, health care can be brought to the
victim rather than requiring the vietim to come to a distant medical facility.

Key Objective .-

Provide an acc3531ble communication link (relay satellite) between widely-
dispersed paramedlcal personnel and the limited number of professional medical
specialists located in centralized hospitals. Provide training for many
additional physician assistants for assignment to remote areas.

Principal Contributions

Provision of primary medical observation and treatment to areas where
none now exists., Present paramedic teams provide good service to densely
populated urban/suburban areas; extension to thinly-populated areas is limited
by transportation and communication obstacles. Availability of communications
unlimited by wire or line—of-sight capabilities allows distribution of
personnel to remote areas.

. Level of Contribution

Direct delivery of help and treatment to the patient or vietim. Present
syster vequires delivery of patient to a distant treatment center; patients
who are seriously ill, or accident victims, may not survive the transportation
and delay.

Tniqueness of Contribution

Improvement of the present system is possible if a communications link
unrestricted by geography or surface faecilities dis provided. A satellite
relay does overcome geographical limitatioms. EEF radio is limited by both
line—of-sight and atmospheric attenuation. 3But it is more than adequate to
reach a synchronous satellite,

Timz Factor

The space element could be in place by 1985; the dispersed paramedics
could also be trained and in place by this time. Extension to other mnations
(using additional satellites) would be governed by the demand for sxmilar
capabilities.

I
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Space relay satellite with multi-lobe spoi-beam antenna. Two-way linkage
at high frequencies reduces size of antenna and total power needed.

Antenna Diameter

Number of beams

Number of Channels/Beam
Bandwidth/Channel
Power-Gain/Channel
Prime Power

Orbit

Ground

Antenna Diameter
Band Width
Power—Gain/Channel

Prime Power
Principal Funetional TUnits

Space

Ground

Principal Technologies

15 feet

100

10

15 kHz

30 db

5 kW

Synchronous, equatorial

The ground transmitter at the paramedic
site must be I1ight and battery-powered.
Vaice, narrow-band data capability is
required. The base station equipment
would be similar, but multiplexed to
serve saveral paramedics simultaneously.

1 foot
15 kHz

30 db
10 warts

1 to 10 sateliites

50,000 paramedics (one per 5000 popula-
tion) tied to 100 regional hospitals
(most already exist, but need to add
the emergency-response capability)

RF system design, melti-beam antenna development; ground terminal design.

Impact Spectrum

Taechnology
Economy
Environment
= I8
1, BAGE
oo iz

Existing

Employment for 50,000 paramedics, manu-—
facturing jobs to build terminals,
greater utilization of medical supp}ies

No iwmpact
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Socizal - Improvement in patient survival and rate
of recovery; provide health service to -
large segments of population that have
none at present.

Political -  Greater benefit to taxpayer than Naticnal
Health Insurance; should be welcomed by ..
the American Medical Association to avoid
nationalization of doctors' services.
Intemmational services would enhance
relationships with developing countries.

Secientific -  Interchange of medical treatment methods
between cultures would spread scientific
knowledge rapidly.

Capital to Initial Operational Capsbility

Space Element - 1= 3500M

Paramedic Terminals - 50 @ 310K = &500M

Base Taerminals - 100 @ $50K = S5M
Paramedic Training - 50,000 @ 820K = $1,000M

Navigation and Tracking Opportunities

This group of services is separated from the others to emphasize that
relatively unsophisticated space elements, when operated in conjunction with
a dedicated ground center, and utilizing other space elements for communication,
can provide a number of very real, immediate applications. The primary dis-
tinetion between these services and those discussed previously is that these
satellites are also dedicated, and not shared, as in the case for many of the
data acquisition opportunities.

0ff-Shore Limit Monitoring

General Objective

Since the failure of the latest conference on the Law of the Sea, several
nations have unilaterally extended their offshore boundaries to 200 miles, to
cover fishing, mining and navigation rights. This will certainly lead to
poaching and trespass, and a desire to police their new territory. At present,
no economical enforcement approach is available. Those countries that attempt
to enforce their limits rely upon aireraft and patrol beoats.

Proditet to Earth

High-definition image information to discover and identify surface ships,

thereby enabling apprehension by surface forces with documentary proof Ffor
enforcement,

Ty ]b
104 ORIGINAL BAGE *

et b ) A




‘l‘ Rockwell International

Space Division

{61 Satelites, Manned in 4-Hour
Q;}\ Sun-Synchroneus Polar Orbit

Single Ground Staticn
at Falirbanks

Imaged Swalh
500 KM Width

Figure 29. Offshore Limit Monitoxn

Key Objective

Timely delivery of images surveying the coastline and beyond, for delivery
to participating national coast guard services. :

Principal Contribution

Availability of rsal-time images with sufficient detail to identify
position and nationality of surface ships (trawlers, drilling platforms) will:
(a) deteect undesired intrusions, (b) enable enforcement in judicial proceedings,
{c) provide a deterrent to poachexrs, and (d) contribute to international
cooperation, . o . -

Level of Contribution

Near—global coverage would prbvide a service which could be sold, or
traded for concessions to all partiecipating nations.

Uniqueness of Contribukion

Provides an economical solution to what would ctherwise be a tremendously
expensive surveillance operation.
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Time Factor

Capability is needed now; first initial operatiomal capability should be
possible by 1985. Only a few LEC satellites would be needed, and one ground
center.

Prineipal Installation

Space. Six unmanned satellites In four—~hour polar orbit, equally spaced
equatorially would provide adequate response time for all coastline surveil-
lance. Each would repoxrt the results of its survey as it crossed the polar
area. A single ground termipal, possibly at Fairbanks, Alaska, would collect
and analyze the images, retransmitting via INTELSAT to the affected natiom.

Principal Functional Units

High resolution optical, IR and radar sensors, covering a swath about
500 kn wide; desired resolutions are on the order of 1.0 meter. Scan rate can
be quite slcw, since multiple scans per pass are unnecessacy; data rates to
ground are not excessive since a high degres of on-board data compaction 1s

possible.
Principal Technology

Large aperture optics and/or antennas; on-board data processing; similaxr
to existing NIMBUS with extended resolutiom.

Tmpact Spectrum

Technology - Within present state—of-the-art
Economy ~ Potential to sell service, or trade it to other

countries for concessions to explore or explolt
their areas

Environment ~ Could be very beneficial in protecting endangered
species (whale, porpoise, tuna); may alsc be used
to detect oil spills

Social ~ No apparent impact except on those poachexs who
viclate International f£ishing agreements.

Political ~ Provides a usable lever to maintain cordial
relations with cooperating nations such as
Feru and Japan
Front-End Capital

About the same as the NIMBUS system.
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DATA ACQUISTTION DPPORTUNITIES

The following opportunitles are classified as data aaquzswtzon, i.e., a
sensor system ¢nboard an orbiting platform transmits data to several ground
centers, each dedicated to a specific application. In most examples, these
are extrapolations of the LANDSAT technology, and could be satisfied with very
few vehicles, since the sensor technology is highly common. The application
1s determined by how the data is reduced and interpreted. Figure 30 lists
the opportunities that have baen identified, and emphasizes (hoxes) the
anchor opportunities.. : _ _ _

Data Acquisition Discussion .

By far, the majority of recommendations of the National Space Council and
many in the Aerospace study are concerned with observation of earth-surface
phenomenz. A listing is given in Figure 30 of those extracted £rom, or inspired
by these reports. A number of these are presently not feasible due to a lack
of appropriate sensors, or technological limits. Many others, however, are
within the reach of present technology and could be implemented with a variety
of unmamned satellites; and a corraspondlng number of ground terminals and
data proce531ng centers.

This appwoach while .onventional, would be' extremely costly not only in
terms of funding, but also in terms of congestion of the electromagnetic
spectrum, the duplication of skilled manpcwer, and the long response time

between a request for data and actual receipt by the ultimate user. Even
combining several applications into one satellite would complicate the
situation by increasing the down—link data rate. Some of the proposed sensors
have data rates (3 x 10% bps is typical) that exceed our present technlical
capabilities.

-

Therein lies both the problem and a possible solution. The unmanned
sensor produces data and admits no judgement as to the quality or redundancy.
of the data; it is spewed out regardless of worth. On the other hand, the
user has no desire for a long string of bits; his desire is for a map, a chart,
or an image in a form that can be interpreted 1mmsdxataly.

At least two processing steps are required to traﬁsform the raw bm#s into
significant images: (1) a mechanized process, usvally a computer, to separate
the bits and reform them into an image, and (2) an editing (human) process to
select those which are significant. - Existing earth observation systems apply
these two processes in the order given; as a result, there are millions of
reels of computer tape storing redundant and non-significant data that was
never reduced to image form — and never w1ll be.

The potential solutlion is to transpose the two processing steps and
perform the editing process first. 3But this requires installing a judgement
- mechanism at the sensor location; a manned observation facility. It also
implies a change in the sensor form so that the man may judge the data in his
own texms — that Is, as an image. ' :
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A.LAND DATA|

1. AGRICULTURAL MEASUREMENTS

s SOIL TYPE CLASSIFICATION
f» CROP MEASUREMENT]
CROP DAMAGE ASSESSMENT
GLOBAL WHEAT SURVEY
_CROP IDENTIFICATION/SURVEY
AGRICULTURAL LAND USE PATTERNS
CROP HARVEST MONITOR
RANGELAND EVALUATION
£ROPSTRESS DETECTION
SOIL EROSION MEASUREMENT
AGRICULTURAL ACREAGE SURVEY
SOIL MOISTURE MEASUREMENT

» SDIL TEMPERATURE MONITOR
2. FOREST MANAGEMENT
TIMBER SITE MONITORING

e 8 o9 & 8 % a

3. HYDROLOGICAL INFORMATION SYSTEM (CONT

o UNDERWATER VEGETATION SURVEY

e LAKE/RIVER SUSPENDED SOLIDS

& SEDIMENT MEASUREMENTS (RIVERS)

« FLODDED AREA MONITORING
4, LAND MANAGEMENT

[ LAND CAPABILITY INVENTORY]

[* LAND USE MAPFING]
WILD LAND CLASSIFICATION
RANGE VEGETATION MAPPING
RANGELAND UTILIZATIGN/POFULATION
FLOOD DAMAGE ASSESSMENT
BEAGH ERGSION
5, POLLUTION DATA

» AOVANCED RESOURCES/POLLUTION
DBSERVATORY
SALT ACCUMULATIONS {IRRIGATION}

5 * LOGGING RESIDU INVENTORY .
°° ® FOREST STRESS DETECTION ® AGRICULTURAL POLLUTANT MONITORING
* FOREST FIRE DETECTION & LAKE EUTROPHICATION MONITOR
e RURAL/FOREST ENVIRONMENT HAZARDS ® GREAT LAKES THERMAL MAPPING
| & LIGHTNING CONTACT PREDICTION/DETECTION ® EFFLUENT DISCHARGE PATTERNS
; 3. HYDROLOBGICAL INFORMATIGN SYSTEM # TOXICSPILL DETECTOR
* SNOW MOISTURE DATA COLLECTOR ® AIR QUALIFY PROFILOMETER
: * WETLANDS MONITOR ® AIR POLLUTANT CHEMISTRY (FREON)
; ® TIDAL PATTERNS/FLUSHING ® POLLUTION DETECTION AND DISTRIBUTION
® WATER MANAGEMENT SURVEILLANCE e MOSQUITO CONTROL {WETLANDS FLOODING)
; ® IBRIGATION FLOW RETURN 6. RESOURCE MEASUREMENTS
- [= RUN-OFF FORECASTING] [* OIL/MINERAL LOCATION]|
2% * INLAND WATER/ICE COVER ¢ DRILLING/MINING OPERATIONS MONITOR
F"d a » SUBSURFACE WATER MONITOR 7. GEGGRAFHIC MAPPING
< 2 [* WATER RESOURCE MAPPING] » URBAN/SUBURBAN DENSITY
; = F’ * SOIL MOISTURE DATA COLLECTOR ® RECREATION SITE PLANNING
P ® [RRIGATION ACREAGE MEASUREMENT [* HIGH RESOLUTION EARTH MAPPING RADAR]
% 5:_ ¢ AGQUATIC VEGETATION MONITORING ® WILDLAND VEGETATION MAPPING
gm ® SALINE INTRUSION ¢ OFFSHORE STRUCTURE MAPPING
L R
j ﬁ'ﬁ"‘ Figure 30 . Data Acquisition

T T

B. WEATHER DATA
¢ ATMOSPHERIC TEMPERATURE PROFILE SOUNDER

& RAIN MONITOR
C. OCEAN DATA|

[« DCEAN RESOURCES AND DYNAMICS SYSTEM}
* MARINE ENVIRONMENT MONITOR

& SHORELINE OCEAN CURRENT MONITOR
® ALGAE BLOOM MEASUREMENT

1

D. GLOBAL ENVIRONMENT

& GLACIER MOVEMENT

e (O70NE LAYER REPLENISHMENT/PROTECTION

¢ HIGHWAY/ROADWAY ENVIRONMENT IMPACT

® AADIATION BUDGET OBSERVATIONS

» ATMLSPHERIC COMPDSITION
{* ENERGY MONITOR: SOLAR TERRESTRIAL OBSERVATORY]|
e TECTONIC PLATE DBSERVATION
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It is needed, here, to identify what is meant by significant data. A
meter connected across two voltage levels produces a reading; the first such
reading is, indeed, significant in that it provides information (an knowledge)
not available prveviously. A second reading would have far less significance
in that it merely confirms the validity of the first reading. TFurther samples,
if the value is unchanged, become redundant, and have significance (meaning)
only to the sense that the situation is static. If, however, the value of
the reading deviates, then some new, unsuspectad factor'ls at work, and requmres
an explanatlon. Thus, it is the change in readlngs that is significant.

Redundancy, too, can be significant in the sense that no change is just as
meaningful as chariged; however, 7o change can be defined as a nommal status
and dess not require a total retransmission of the entire measurement: it can
be represented by a ditfo. Thus, significance is almost wholly determined by
a change in a prevlously defined status.

For example, the appearance of a shlp within the 200~-mile offshore limit,
where no ship was detected previously, is a change in status and requires an
explanation «— 1t is significant. A repetition of an empty occean lane is only
confirmation of the status quo. -

Note, especially, in this example, the difference in system complexity
between an unmanned, unedited sensor data system, and one which includes the
man—editor. The unmanned system would probably rely on a radar or IR-scanner;
it can only measure, and transmit what it views, without judgement as to
significance. The manned observation past would utilize an optical telescope
or an expanded version of the swooperscope; no data would be transmitted unless
a target were detected, and then only the map coordinates, not the entire image
area.

The foregoing example (0Off-Shore Limit Monitoring) was selected at zandom;
almost any of the feasible earth observation applications would have zhown the
same, or analogous, difference between a pre—editing (manned) and a post—editing
(v manned) system approach. But there is another advantage in manned systems
i iz even more advantageous and related to the speed of response.

Unmanned sensors are invariably serial in mature, for this is the only
practical means of transmitting digital data. The manned sensor utilizes
optical techniques, which are parallel in nature — the whole image is processed
in one pass. Further, the human visual sense is a vexry sensitive discriminatox
of minute (as well as gross) variations, whereas a mechanical scanmer always has
a lesser threshold, both in discrimination and in resolution. All sensor data
must, eventually, be reduced to visval form; it is recommendad that the visual
form be evaluated prlor to conversat;on to serlal form for tlansm;sszan.

0f all the feasible sensors, the mult1spectra¢ spanner Csuch as utilized
in LANDSAT) is, perhaps, the most useful for earth observations. Can this
multispectral approach; where radiation from low-IR to high UV is divided into
10 to 22 bands, be converted to manned visual observation? The answef is
certainly positive. One example has been mentioned — the snooperscape —
where IR radiation is comverted to an active image using a unique IR-sensitive
~.cathode to stimulate a visible phosphor screen. Other examples can be found
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in the field of astronomy, where special photographic dye-couplers have been
employed to produce visual images of radiation spectra far beyond the human
visual range. Utilizing special phosphors and dichroic filters it should be
possible to provide image sensors in any variety of wavebands desired. Such
image converters, coupled to relatively small telescopes, could provide the
gsame measure of data resolution to the human eye as the present multispectral

- ~secanner ‘equipment.. . .

Assuming ten or more waveband images converted to black/white monochrome
visual images, can we produce the equivalent of the present LANDSAT false
color images? The answer is positive, where commercial color TV has provided
the prototype. Hexe the active spectrum is divided (by optical filters) into
three contiguous bands, each of which is imaged on a separate vidicon cathode.
The result is three monochrome images, each corresponding to a specific
waveband. ' The three vidicons are scanmmed, synchronously, and their outputs
combinad in ceriain ratios to provide, eventually, a full-color image on your
home recelver. Ixtension to ten or more bands is simple engineering.

Having shown that a human—sensor system can, feasibly, replace multispectral
scannér systems, we have not yet exploited the full potential of a manned system.
That is, for the man to exert his full editing potential. Up to this point,
we have only utilized his functional capabilities to delete unwanted data —
heé can obsexve when the ocean is empty of boats.. To more fully utilize his
judgement requires adding a data base for reference of the sfafus quo of less
discernible changes, such as the referenced LANDSAT photographs. Again, we
would rely upon optics in the form of a color camera, Polardid-type, to establish
and maintain a data base. These hard-copy images would be produced, retained
and retrieved by the space observation platform.

When requested to repeat a selected observaiion, the man would configure
his sensor as previous records define (not all wavebands are used for every
observation, nor in the same ratio) and retrieve the previous image from the
file. When the area to be observed appears, he would record it both on magnetic
tape (for later tramsmission, if warrantad) and on £ilm. Using the new f£ilm
and the reference film in a blink comparator device, any changes are readily
detected; if judged significant, the recorded image data would be transmitted;
if not, discarded and a oice message substituted.

The advantages of implementing a manned observation platform with pre-
transmission editing capability, are far superior to many dedicated unmanned
systems in cost, complexity and in adaptability. Note that the on-board editor
does not interpret the meaning of the acquired data —— he only decides whether
it has changed. Therefore, the observing platform objectlves can be modified
at any time without making the in-space machinery obsolete. New programs can
be instituted by defining different instrument settings and pointing directions.

QRIGHNAL BAGE IS
OF POOR QUALITY
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Ocean Resources and Dynamics

General Cbjective

The world's oceans, comprising almost 70 percent of the surfiace, represent
a vast source of food, minerals and chemiecals virtually untapped today, but
essential in the future. ZKnowledge of fish feeding grounds, migratory habits,
ocean currents, i1s sparse. Sensing wocean surface conditions (temperature,
emissivity, ete., in varying wavebands from IR to visible) can locate schools
of fish, plankton, currents, trace migratory heards, etc. A near—earth space
observation platform (see Figure 31) would provide this exploratory data.

Product to Earth

Increase in production of protein by location and (potential) management
of sea life; knowledge of sea currents, both vertical upwells and horizontal
movement; identifiecation of kelp and seaweed areas for harvesting.

Key Objectives

Provide an observation platform to survey and map ocean areas, currents
and resource areas. This would improve world food production by identifying
fish feeding areas, time of year when they are present, establish resource
management and conseyvation procedures to avoid over—fishing certain species
and areas.

Principal Contributions

Increased knowledge of this vast, largely unknown resource will permit
greater (and better) exploitation for inereasing human needs.

Level of Contribution

Guidance to all sea-harvesting nations to the most productive local areas;
present fish harvesting technology as unt wnéil found, relying upon past
experience (seldom shared) of individual fishermen.

Uniqueness of Contribution
Exploration and monitoring via satellite provides data in near-real time

(for fishing) and understanding of oceazn dynamies and resources unobtainable
by surface, or air observation. One satellite could cover all occean areas

every 12 hours.
Time Factor

Unmanned satellite could be in place by 1980; the present SFASAT is a
prototype, Downlink data would require a synchronous relay satellite (such
as TDRS) at the same time.

Principal Installaticn

Space only. One satellite in 300-mile polar orbit with IR and multiband
sensors; 24 to 30 MHz downlink data rate, 100-foot surface resolution with
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Ocean Resources and Dynamics System (CO0-4)
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.002 degrees at sensitivity:
Weight —~ 15,000 pounds
Size —~ 10 x 60 feet (erected)
Raw Power - 25 kW '
Principal Functional Units
Spaée ~ One satellite plus TDRS (two)
Ground — One control, tracking and data handling center

linked by voiece/facsimile to all major and
minor fishing centers and fleets

Principal Technologies

Multispectral data reduction, including unique signature analysis and
jdentification. Long-term cryogenic cooling of long-wave IR sensors.

Impact Spectrum

Technology - Extension of present development

Economy ~ Would generate a worldwide market for information
: on the location of schools of fish

Environment -~ No impact; sensors may also be used to detect
effluents; information would stimulate conserva-
tion and prudent harvesting procedures

Social — By increasing availability of protein (fish)
to developing nations, their living standards,
health and preoductivity would be improved.

Politieal - No impact nationally; international relations
would be improved

Scientific — Much increased knowledge of ocean dynamics would
help us understand the climatic aspects of the
earth, ' '

Capital to Imitial Operating Capability
Space only: about $300 M.

Water Resource Mapping

General Objectives

The availability of water is of paramount importance for third and fourth
world countries that are seeking to expand their agricultural, as well as
industrisl base. Water guality, quantity and seasonal variation all bear
heavily on developmental decisions. Synoptic mapping via ground or aerial
surveys can require years for completion and, in the meantime, it consumes
scarce resources. :
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Sun-Synchronous Orbit
Platiorin (2) Polar Orbit
(4-hour) Manned,
Muitiple Sensors
and Data Processing

Figure 32. Earth Observations Complexity Inversion

Product to Earth

Photography from earth orbit at appropriate frequencies can provide the
required data. This data can be in either video or film. Large areas can be
covered at satisfactorv resolution.
Key Objectives

An examination of the current development plans for third and fourth world
countries reveals that the conduct of water resource surveys is an almost
universal objective.
Principal Contributions

Water resource mapping from earth orbit would be more economical and: faster
(once the system is operative). Synoptic changes with the season could be
readily observed.
Level of Contribution

Conventional aerial surveys cost $200 to $300 per square mile. If a water

resource mapping satelliite cost $100 M, it would break even in mapping 400,000
square miles, or less tuan the land area of 6 of the 13 fourth world countries.
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Tniqueness of Contribution

Conventional aerial or land surveys provide data wvalid for the time (i.e.,
season) of the survey. Four—season coverage would quadruple cost. By contrast,
seasonal or repetitive coverage from earth orbit would result in only marginal

cost increases.
.Time Facfor

Near term; 1980 to 1985,
Priﬁcipal Installation 

One satellite in sun—syn.hronous polar orbit could cover the entire earth
every 14 to 18 days, dependi.g on altitude and view angle. Because of  the
possibility of cloud cover, several passes may be required to obtain the

required measurements. Local people could be trained to do photo-interpretation

and gather ground truth data.

Principal Functional Units

Constellation size -  One
Drbif | - - .Suﬁesynéhrdnnus o
Spacecraft weipght — 2000 1bs
 Power ~ 1000 watts
Size B - 10 Ft Dia. x 15 Ft Len.

Principal Technologies

‘Water—-=sensitive sensors with high resolution.

Impact Speectrum

Technical _ - System is minor advance over existing
" technology. Applicable to other
water-related missions (di.e., snow
pack measurement)

Economic o ~  Yeed to devise plan for financial
reimbursement from user nations.
Marked cost-benefit advantage over
current approaches. '

Environmental - No detrimental effects other than
launch vehicle exhaust

-  Gonductive to accelerated rate of
development of third and fourth world
eountries through more efficient
development planning

~Bocial
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Politiecal —  Possibly increased international good-—
will towards the United States

Scientific ~  Serendipitous discoveries likely

Front-End Capital

Aecquisiton Cost -  580M (LANDSAT evolution)
Launch Cost - $§24M
Annual Operating Cost -  $10M to $100M, depending on number of

ground stations and data processing
support required

Runoff Forecasting

General Objective

Snowpack melting is one of the primary caunses of floods in the United
States. In the spring of 1973, 35,000 persons were driven from their homas
and over 20,000 square miles were innundated by flooding in the Missouri-
Mississippi River valleys. The property damage incurred was in the millions
of dollars. The extent of flooding could have beer reduced by better water
management in the dams along the Missouri River. (Fort Peck, Fort Randall,
Garrison, Oahe, Tuttle Creek and Yellowtail.) However, better management
would have reguired more accurate knowledge of the snowpack and forecasting
of the runnoff. Snowpack measurement from space would provide essential data
for improved water management.

Product to Earth

Snowpack measurement data and water level in tributaries of major rivers.
Key Objectives

Reduce Flood damage by drawing down dams in antidipation of runoff,
Maximize water storage for irrigation and power generation in keeping with
the needs to minimize flooding.

Prinecipal Contributions

Reduce property damage, reduce crop losses, reducad loss of 1ife. More
accurate and timaly data than obtainable by surface surveys.

Level of Contribution
Aerial surveys cost $200 to $300 per square mile. Several 100,000 square

mile areas would need to be surveyed each vear to manage the runoff on the
Missouri-Mississippi Rivers.
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Unigueness of Contribution

Snowpack measurement from orbit has been tested with LANDSAT data and
proven feasible. Runoff forecasting and water management would reguire
additional unique~temperature data and stream water level data.

Time Factor
Near term; 1980 to 1985.

Principal Installation

Iwo satellites, in sup-synchronous polar orbits, cculd provide complete
earth coverage every seven to nine days, depending on sensor view angle and
satellite altitude. Data would be relayed to ground stations where it would
be computer processed and analyzed by computer comparison with topographic data.
Results would bhe provided to appropriate government agencies.

Principal Functional Units

Constellation Size -  Two

Orbit -~ 500 nmi circular polar; sun-synchronous
Spacecraft Weight - 2000 1b»

Power - 1000 watts

Size -~ 10 ft dia. x 15 £t len.

Principal Technologies
Temperature sensors; water and snov sensors.

Impact Spectrum

Taechnical - System is minor advance over existing
technology
Economic - Flood damage reduction by half likely.

Market service to foreign countries

Environmental - Highly beneficial in alleviating
potential flood damage

Social -  Reduction of crop and pasture land
losses. Improved irrigation and
energy production by improved
water management

Political -  Would provide runoff forecasts to
foreign nations. Would also provide
disaster assessment of monsoon-flooded
regions.

Scientific -  Serendipitous discoveries of water
sources likely
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Front~End Capital

Acquisition Cost’ - §120M (LANDSAT Evolution)
Launch Cost - 824M
Annual Operating Cost - $5M to $20M, depending on extent of

service provided

011 and Mineral Exploration

General Objective

As oil and other mineral resources become Scarce, it is imperative that
nesr techniques be found to increase our capability to locate these minerals.
The proposed system would greatly enhance our capability to locate these
ever dwindling resources.
Product to Earth

Image negatives at a wide variety of wavelengths.
Key Objectives

To provide multispectral analysis of the earth to determine the location
of geologic formations, structures, and lineaments in oxder tn locate possible
reservoirs of oil, gas, as well as zones of mineralization.

Principal Contributions

This system will provide a quick, efficient, and less expensive means of
locating resources.

Level of Contributions

There is a definite need to increase land-surface coverage and the detall
of this coverage in order to increase our mineral exploration-capability. The
needs can be met quite easily using resource-evaluation satellites.

Uniqueness of Contribution

The trend in resource exploration is in a direction which will rely more
and more heavily upon satellite reconnaissance. Satellite observation, using
photographs as well as multispectral scanners, provides data which are of such
quality that they can be obtained by no present alternative. However, the
Thematic Mapper, to be launchsd in the mid-1980's, may be a viable alternative.

Time Factor
Yhe proposed system is required as soon as possible. Our country's

ever-dwindling energy supply necessitates an increase in our capability to
locate these resources. :
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Prinecipal Installations

The primary installations will be space-based monitors. Data acquisition
will be from space-based observatories, However, earth~based sensors cam be
utilized in conjunction with the space-~based monitors.

Principal Functional Units

Space-based functional units may be manned or unmanned observation platformd.
The earth-based sensors may be useful in accumulating certain data which can then
be transmitted via satellite to a central ground station.

Principal Technologies

Technological advances are required to expand the capability to diffetentiate
rock types, soil composition and geologic structures.

Impact Spectrum

The spin-offs of this system could be numercus. The detectability of a
large variety of phenomena could result from the technological advances required
for this proposal.

This proposal could significantly enhance the United States energy reserve
and will have a positive impact on environmental concerns.

Front—-End Capital

Satellite Development and Production - $200M
Launch from Vandenberg Air Force Base — $24M
Ground Service - $10 to $50M
Transportation (Shuttle Flights to

Retrieve Film) -  §100M Famaty
Processing of Data - - ,$§6ﬁ .

0il and Mineral Exploration Discussion

The results of our oil and mineral exploration activities will be of
increasing impertance to mankind in the next few decades. As the three graphs
in Figure 33 indicate, we are beginning to deplete some of our country's
important reserves of oil, natural gas, metals and minerals. 1In the decades
between 1850 and 1950, a foot of exploratory drilling produced, on the average,
approximately 200 barrels of oil. In recent years, however, large domestic oil
deposits became increasingly difficult to locate. Today, a foot of exploratory
drilling produces an average of only about 35 barrels~of oil. DMest experts
believe that this downward trend will continue within:the continental United
States, although results may be considerably better in other parts of the world.

As the second graph in Figure 33 shows, domestic production of natural gas
peaked out in about 1972 and has experienced a steady decline in the intervening
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vears. Projections indicate production will decline much further unless signi-
ficant price increases are allowed.

In the case of metals and minerals, the situation is considerably more
complicated. In some cases the average ore quality is declining; in others it
is actually increasing. Two important domestic ores: copper ard uranium have
declined in quality over the last few decades. However, this decline has not
been particularly abrupt. It is the belief of the Rockwell analysis team that
most key mineral resources are adequate for the needs of mankind for many
decades. More energy will be required to obtain some of these minerals, and
costs may increase, but adequate supplies will probably be avallable for the
foreseeable future.

Figure 34 provides additional insight into the future of the world's
mineral supplies. This chart, which was extracted from The Limits To Growth,
shows that the known reserves of eight crucial minerals will be exhausted
within the next fifty years at the present rate of increase in usage. We do
not believe that these minerals will actually be exhausted in the indicated
time frames. Instead, mankind will expend whatever energy and exploration
efforts are required to locate needed minerals. Substitutions will also occur,
Nevertheless, Figure highlights a crucial problem: Our known mineral
veserves ave not infinite; consequently, large new supplies will be needed by
future generations.

Fortunately, as the right-hand column of the chart illustrates, many
techniques can be used to expand our supplies. These include intensified
exploitation, the exiraction of minerals from sea water, and the exploitation

of ocean—-floor reserves. If they were fully exploited, these techniques could
expand our mineral supplies to an essentially unlimited extent; howewver, a
careful study of the list will reveal that each techmnique requires larger
inputs of energy than we are now expending. Of the methods listed, intensified
exploration is probably the least energy-intensive. It is our belief that this
intensified exploration can be greatly aided by well-equipped space platforms.

Some of the geological clues which can be observed from space are listed
in Figure 35. The skylab experiments and other recent tests indicate that
promising geological structures, oil seeps, lineations and arcurate structures
can all be spotted from space. Fault lines, which sometimes stretch over
hundreds of miles of the earth's surface, are particularly apparent from the
vantage point of space, whereas at cluce vange they are often obscured by
interrupting structures such as rivers and mountain ranges. Arcurate structures
oceur when a large bubble is formed under the ground. When the bubble collapses
it leaves behind concentric rings which reveal its past existence. Of course,
even with all the clues listed in Figure 35, space observations cannot provide
definitive proof of the presence of economically recoverable oil and mineral
resources. Ground truth data must supplement the satellite-based observations
before the resources can be accurately accessed.
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0il Spill Detection

General Objective

Ocean and fresh water pollution from tanker and drilling platforms is
easily detectable by existing means. O0il spills, caused by vessels cleaning
the bilges and similar overboard dumping, are virtually unnoticed, are common
practice, and in the aggregate are much greater than the major events. What
is needed is a system to detect and identify those minor events so that
corrective action may be instituted and charged to the offenders.

Product to Earth

Timely identification of location and magnitude of covert or accidental
contamination of navigable waters by o0il, fuel, or other petroleum products.
If the offender could be made to pay the costs of cleanup, or instituviing
procedures and mechanisms to prevent spills, this would achieve multiple benefits
to people, shellfish, water fowls and commercial agencies that share the water
resources.
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Key Objectives

0il, being lighter than water, floats; recent investigatlons have shown
that oil hag a distinctive spectral signature, showing a peak reflectance a*
about 4500 §, easily distinguished from the surrounding water. A single photo-
meter, at low altitude, detecting radiation ian this band would mark the time
this sccurred, reporting to a ground control center (Fairbanks, Alaska) every
orbit (polar).

Principal Contribution

Obsexvation of extensive ocean and inland waters by satellite is much more
cost-effective than aireraft or surface-craft monitoring. The single ground
station would receive reports not more than 90 minutes after ocecurrence, notify-
ing the local authorities to take action.

Level of Contribution

Near-real time notification of offenses to local harbor, lake, river and -

coastal water authorities, apprehending and charging offenders for cleanup costs.

Benefit to all people who use these waters, as w.ll as all marine life, etc.
Extension to high seas and other countries is irherent. This is a service that
may be sold or traded for other considerations.

Uniqueness of Contribution

No other affordable monitor system can detect the minor offenders and
police these waters.

Time TFactor

Design and construction of oil spill monitor satellites (initial system
of ten to twelve) to be accomplished by Shuttle polar orbit operational
capability.

Principal Installation

Space only. Small battery-powered cold-gag stabilized satellites con-
taining a single photometer restricted to 4500 A waveband. Limited lifetime
(one year), low-altitude (approximately 100 miles).

Ground. Single ground control station to track satellites and collect
reports (similar to satellite control faeility, for DOD satellites).

Prinecipal Functional Units

Approximately ten satellites injected by one Shuttle flight. Ninety-minute,

high inclination orbit; may be recovered and refurbished, recharge batterles and
gas system by Iater Shuttle f£lights (about once per year). :

Principal Technologies A E}Tb
AL BBE
. Ogmm peged Amf‘i

411 needed technology already exists.
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Space Division
Impact Spectrum
Technology ~  Design and bulld
Economy - Save millions of Jdollars by reducing

oil spill damage. TFew new jobs created,
but existing enforecement practices
greatly improved (productivity); export—
able service to other nations

Environmental —=  Reduce one significant cause of water
pollution
Social ' - Improve the survivability of water

life-forms; positive reaction by
environmental protection agencies

Political - No additional national impacts;
internationally, the service can be
exported for good will, money or
consideration

Scientific -~  None foreseen
Capital to Initial Operational Capability

Space FElements ~  About $50M to design and build
ten to twelve satellites

Ground Element -  About $25M to install; $5M per year -
to operate

Pollution Detection Discussion

0il spills are ome serious form of pollution, but there are many others —
several of which could be detected and monitored from space. Pollution is an
ambiguous term; for this discussion, it is comstrained to those actions by
individuals that degrade some characteristic of the environment outside the
boundaries of that individual's property. Pollution can be found in alr, waker
and ground, sometimes visible, sometimes dangerous, but (conversely) sometimes
acceptable if alternatives are less heneficial.

What is considered to be polluting varies widely on a global basis. 1In
Los Angeles, automobile exhaust is a pollutant; in rural areas of America it
ir disregarded. Discharge of sewage intoc lakes, rivers, and oceans can be
detrimental to f£ish and human beings; sulfur dioxide from coal or gas furnaces
have a tendency to develop into carcinogens; the hot water discharged by
nuclear power stations is thought to be harmful to shoreline shellfish.
According to envirommentalists, the list is endless. Only those processes in
which everything can be recycled, on-site, to its original state can be con-
sidered to be mon~polluting. ' .

Our discussion is limited to those types of pollution that affect rela-—
tively large areas or groups of people and only those types that are detectable
by long-range sensors. Detection is further limited to sensors using the. -
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eleatromagnetlc spectrum, from microwaves through ultrav1olet 11ght. The
human eyeball is, of coutrse, a sensor of this type. :

Observation is, by necessity, a scanning process registering the intens.ity
of various spectral components; analysis consists of correlating the observed
signature to actual physical components; detection is then a comparative process
to identify observed signatures with known pollutants. Having detected an
undesirable signature, the detector must also locate the offending substance
and, specifically, the emitting source,in a geographical reference.

Whether these signatures can be detected from geosynchronous orbits is
questionable; that they can be detected from low—orbit platforms has been
demonstrated by LANDSAT, and some of the Gemini photographs, although neither
mission had this as a prime objective.. Both the LANDSAT and the photographic
techniques are too slow in response to be effective as a pollution control
enforecement mechanism. SR .

But consider the human eye, coupled to its brain, as an in~orbit sensoxr.
detector. Although limited to the visible spectrum, a great deal of data can
be processed very rapidly, all with a resolution far better than any multi-
spectral scanner yet conceived. Many pollutants do, indeed, have a discernible
color and, specifically, a color different from their surroundings. Thus, ocne
man, with a medium-power telescope in orbit, could be an effective pollutant
detection/location system. And space can provide a habitable observation
platform.

Prediction and warning functions imply the capability for detecting and
extrapolating trends which, in turn, require some form of archival data system
to compare present and past conditions. Earth orbit photographs, in natural
color (for a human observer) and false color (such as the TANDSAT data), are
the best candidates for dense data storage, easy retrieval and rapid comparisons.
The optimum location for the archives would be the orbiting space statiom.
Comparison may be made by direct vision or automated. TIndeed, automated
techniques, using image dissectors and digital computation, may be the only
way to detect small differences.

Locating the processing units in the space element reduces the spaceutO*
ground communications requirement to nominal voice—grade channels for
transmission of results, avoiding the wide-band requirement to transmit real-
time image data.

The on~board observer/analyst would transmit his conclusions to some local
control center, perhaps supplemented by facsimile transmisslion of selected
image frames, to pinpoint the location of the offender. Armed with hard,
documented evidence, the enforcement agency would quickly apply whatever remedies
were authorized.

A low-earth orbit space platform devoted to manned observation is envisioned;
fortunately, there are many other objectives such as a manned platform fulfill,
nearly all based upon human vision and analytical capability. Of course, the
more objectives that are integrated into one station, the larger will be the
on~board crew; however, there are few 1mplementat10ns that can. return such
immediate benefits to- all of mankind. e
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Crop Measurement

General Objective
To evaluate the physiecal extent, maturity, and health of various crops.
Product to Earth

Photographic negatives and multispectral prints in a variety of different
frequencies to allow for crop analyses.

Key Objrctive

' The proposed system will provide a quick, efficient, and accurate means
of monitoring the stage of development of crops as well as the detection of
crop diseases.

Principal Contributions

The proposed system will contribute significantly to man's ability to
control, regulate, and monitor the development of crops.

Level of Contributions

Millions of dollars are lost every year due to the late detection of
disease, insect infestation, as well as the unexpected surplus of crops. The
proposed system would greatly enhance man's capability to reduce these loses.
Uniqueness of Contributions

Outer space provides a unique opportunity to observe and analyze vast
areas of crops using a variety of sensors. This capability is available on
a limited basis Ffrom LANDSAT data. The Thematic Mapper, to be launched in
‘the mid-1980's, will increase these capabilities.

Time Factoxr

This system should be implemented as soon as possible; the necessary
payloads are 1light and compact.

Principal Installations
The principal installations would be space-based and consist of orbiting
observatories that would transmit multispectral data. The photographic

negatives would be retrieved by Shuttle flights.

Priﬁciﬁal Functional Units

No supporting units required. However, ground truth data will be required

to enhance evaluation.
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Principél Technologies

Critical technologies will be required in the area of remote sensing in
order to better differentiate crops and evaluate their maturity and health.

Impact Spectrum

Technologically and seientifically this system would require advancement
of the state-of-the-art of remote sensing which would positively impact the
area of mineral exploration.

Socially, politically and economically the proposed system would have
substantial benefits. TIu general it would allow better crop utilization and,
therefore, maintain a more stable price system for agricultural goods.

Front-Fnd Capital

Satellite Development and Production - $200M
Launch (from Vandenberg Air Force Base)— '$24M'
Ground Service - | - 510 to $50M
Transportation (Shuttle Flights to

Retrieve Film) - S1o00M
Processing of Data - 550M

Earthquake Fault Monitoring

General Objectives

To' reduce the number of lives lost and the damage costs due to earthquakes

and fault movement; to allow close monitoring of potentially hazardous situations
(i.e., fault motion near an off-shore oil platform); to increase our understanding

of the mechanisms responsible for fault movement.

Product to Earth

f.ontinuous detailed monitoring of ground movement as well as earthquake
location along faults and assoclated features providing a complete history
of movement in a given region.

Rey Objectives

At present, fault-movement and in-situ conditions are monitored only at a
few locations which are easily accessible to land wvehicles. The instruments
are monitored on a monthly basis by on—site inspection. Data is, therefore,
accumulated slowly from a few stations leaving large gaps in coverage. Also,
two-thirds of the earth's surface (that covered by the oceans) is not monitored
in any meaningful way. The proposed fault monitoring efforts would inecluda
instruments implanted in the ocean floor and along continental faults to
monitor their movements.
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Principal Contributions

The proposed system will give scientists a clear picture of movement om
the continents and along the ocean flooxr. This data could eventually help us
to learn to predict such movements as well as increase our understanding-of the
mechanisms within the eavth which create these movements.

Level of Contributions

At present there is no way to obtain a detailed picture of motion of the-
earth's crust.  The communications metwork envisioned requires batellltes as an
integral part of the data-link. Technology is presently available to develop
and congtruct the 1nstruments needed to perform the desired observations, but
‘a satellite system is required to monitor this datz on a continuous basis and
to transmit it to a central ground statlon. '

Unigueness of Contributions

At present, less than 10 percent of the earth's surface is being actively
monitored for earthquake activity and fault displacement. The proposed space-
based approach would allow scientists to observe a much larger reglon providing
a unique look at the dynamic processes of the earth.

Time Factor

The technology for the proposed system is presently available and could
be utilized with ease in the 1980 to 1985 time period.

Principal Installations

Prineipal installations will be required both in space and on earth. The
instruments which will gather data on physical properties and those that will
transmit this data to the satellites will be ground-based..

A satellite system is required to gather this vast amount of data from a
broad area of the earth and transmit it, on a regular basis, to a central base
station for processing and analysis.

Principal'Functional Units

The functional units can be broken into two categories: land-based and
ocean-bottom. Land-based units will be composed of seismometer, tiltmeters,
frequency analyzers, stressmeters, argnn/grauud—water detectors, gravimeters,
and magnetometers. Ocean-botitom instruments will be equipped with seismometers,
tilimeters, frequency analyzers, stressmeters, gravimeters, magnetometers,
current meters, and instruments to analyze chemlcal elements in the oceans.

The ground-based inStruments will transmit their data directly to satellite

relays. The ocean-bottom instruments will be attached to bouys which, in turn,
will relay their data to the satellite. : o
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Principal Technologies

The necessary technologies exist today and this project requires only the
implementation of these technologies. A 1980 to 1985 implementation is well
within our capabilities.

Impact Spectrum

The proposed space-based system will reduce loss of lives and pruperty
damage in the event of an earthguake and allow continuous measurement of fault
creep and stress. The proposed system would greatly increase our knowledge of
the earth and its dynamic processes. It would also increase our ability to
predict and monitor the possibility of off-shore oil drilling hazards.

Politically and environmenkally, the proposed system will have important
positive spin-offs. The ability to reduce environmental disasters is an
important consideration,

Freont-End Capital

Ocean Floor Equipment -  $IM per unit
Satellite - 51004
Launch (from Vandenberg

Air Force Base) - %24
Operation - 310 to $§15M per year
Land-Based Equipment - $0.1M per unit

Disaster Detection Discussicon

Natural disasters, including earthquake, floods, volecanic eruptions, ete.,
usually oceur without much warning and in isolated areas where communication
is sparse. Obseuvation from near—earth orbit would be highly advantageous for
early detection and location.

Eavthauakes can be detected seismographically by existing ground facilities;
unfortunately, these techniques can locate the epicenter, but cannot locate and
assess damage. Flooding damage, such as the Mississippi overflow, is difficult
to assess even using high-altitude aireraft. Volcanic eruptions, hurricanes,
tornados, tsunami, fire — all are potentially disasterous and difficult to
assess with existing methods.

- In many cases, we know that a disaster has occurred, but cannct communicate
with the area to assess the extent; in at least one instance (Guatamala), relief
was delayed because normal transportation facilities (roads, bridges, airport)
were destroyed by an earthquake and alternmate paths were not known.

High-altitude photography, as from an orbiting platform, could have
alleviated this situation within hours; this form of observation could be
combined or integrated with many other earth-cbservation services utilizing
exiscing optical technology. The benefit is enhanced if the processing and
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analysis is performed by on-board operators. A series of surveying photographs

would be reduced to a topographic map for transmission to appropriate relief
agencies.

Using similar technology, the mapping of flooded areas, tracking of
hurricanes or even individuwal icebergs in the north Atlantic can be beneficial
on a global basis at a very small incremental cost. While not in the same
category, downed aircraft and surface ships would be easily located by an
orbiting, manned observation facility. Ocean shipping could be protected by
guiding ships away from storm centers. Present methods for locating last
aireraft or boats usually involve search aircraft which, themselves, may
become additional casualties. An orbiting observation platform would avoid
the need for such hazardous operations.

High Resolution Earth Mapping

General Objective

The borders of many third and fourth world eountries are ill-defined.
These borders must be mutually established prior to intensive, detailed mineral
resource mapping. The mapping should be of sufficient quality {e.g., 1l: 62,500
or 1 mile to the inch) to allow accurate tapographical mapping. Topographical
maps are required for rational planning of roads, dams, irrigation canals,
airfields, etc. It would be possible to map fowrth world countries, like Chad
(495,000 square miles), Ethiopia (395,000 square miles), Mali (465,000 square
miles), Niger (458,000 square miles), or Mauritania (398,000 square miles), by
aerial photography. However, approximately 7000 photographs taken from an
aircraft, flying at 60,000 feet:, would be required to map each country. DBy
contrast, less than 150 satellite photographs would be necessary to do the same
job. As of August 1976, the only complete coverage of the United States is at
a scale of 1:250,000 (four miles per inch) which is not suffieiently accurate
for many purposes. Computer processing would enable the automatic production
of topographic maps from satellite data.

Product to Earth

Stereophoto data (60 percent overlap) at high resolution.

Key Objectives

High resolution earth mapping via satellite will enable the construction
of detailed topographic maps necessary to national developmental planning. The

topographic profiles will facilitate geological surveys in search of water
supplies or mineral deposits.

Principal Contributions

Topographic maps are essential to effective planning of transportation,
water and energy systems. Because of the long time required and high cost of
gathering the necessary data by conventional means, developmental decisions in
the above areaﬁeﬁggﬂ. e made on the basis of fragmentary or erroneous data.
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Generation of topographic data by satellites can provide the required measure—

ments economically and quickly; because of the wide area covered by each frame,
ground processing of the data is reduced.

Level of Contributions

Conventional aerial surveys cost on the order of $200 to $300 per square
mile. By spreading the cost of the satellite system over the many potential
users, the cest of obtaining the needed data should be reduced by an order of

magnitude. With computer processing, the desired maps could be produced at a
reasonable cost.

Uniqueness of Contribution

No current space or ground system can be used to generate the data needed
at a reasonable cost.

Time Factor
Near—term; 1980 to 1990.

Principal Installations

A satellite in a high inelination or sun-synchronous orbit would be
required. Depending on technological advances, eilther high resolution film ~-
to be recovered by the Shuttle — or a high-~resolution video system (with either
a very large data storage and high—speed dump capacity or possibly data relay
via satellite) would be required. Because of the specialized nature of the

computer processing and personal skills required, a single centrally located
farility is envisloned.

Principal Functional Units

Constellation Size - 1

Orbit -  Sun-synchronous

Spacecraft Weight -~ 3000 1bs

Power - 2000 watts

Size - 14 ft dia. x 20 ft len.

Payload ~  Self-loading camera and film reels or

video scanner with data storage

Principal Techuologies

High~resolution video, large-—capacity data storage or replaceable film
storage and protection module with automatic £ilm loading. The video approach

is preferred because it would eliminate the need for periodic Shuttle support
missions. :

132

e & oot e R <1 e R S R SN ke . e e e e A A A & 2




‘l Rockwell international

Space Division

Impact Spectrum

Technical — System is largely an application of
military technology with modest
improvements.

Economic — Plan for amortizing cost would have to
be developed

Environmental - No detrimental effects other than
launch vehicle exhaust

Social -  Conductive to more efficieut develop~
ment of third and fourth world countries
through improved development planning.

Political ~ Possible need to establish international
consortium to acquire and process
nationally sensitive data

Scientifiec -

Serendipitous applications to geology,
mineral and water surveys

Front—End Capital

Acquisition Cost -  Videc $150M; Film $80M
Launch Cost - Video $§24M; Film $24M
Annual

~  Video $10 to $50M; Film $105 to S$150M
(service 20 days) .

Global Effects Monitoring

General Objectives

To develop an understanding leading to prediction and, perhaps, eventually
modification and control of our weather and climate patterns. The orbiting

satellites would measure the long-term dynamics of earth surface, atmosphere,
and the magnetosphere,

Product to Earth

Initially, science only. Eventually the ability to make accurate long-
range forecasts of major weather and climatic conditions on a global basis.

Also, a deeper understanding of the disruption of RF communications caused by
solar storms.

Key Objectives

The principal hardware element in this initiative is the Solar Terrestrial
Observatory, which would be assigned to investigate the coupling of the solar

activity to the variability and dynamics of the earth's magnetosphere and
atmosphere.
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Principal Contributions

Longer-range weather forecasting, climate change predictions, possibly
clues as to how to minimize the effects of natural, catastrophes caused by
changes in our weather and climate. In addition, this initiative could result
in more reliable R¥ communications.
Level of Comtributions

Difficult to predict at this time. It depends on the accuracy to which
the predictions could be made and the effectiveness of weather modification
efforts. Could have a significant impact on the Gross World Product.

Uniqueness of Contributica .

Space is the only vantage point for unfiltered viewing of the sun and is ;
a unique vantage point for observing and measuring earth-based weather and
climate phenomena.

Time Wactor

1990's for major understanding (science) advancements. Modification and
control: well into the twenty—first century.

Principal Installations i

The Solar Terrestrial Observatory is comprised of four basic space
elements:

1. A manped module (space station) in a high ineclination, low
earth orbit

2. A magnetospheric satellite located near the manned module
and used to investigate the magnetospheric conditions at
a point away from the disturbing influences of the space
station, and as an experiment link in the active magneto-
gspheric investigations

3. A solar weather satellite placed outside the magnetosphere
whose purpose will be to study variations on the surface
of the sun and to make direct particle and field measure-
ments of the solar wind and its variability.

4. A manned space station module iIn gecsynchronous orbit
equipped with instruments similar to those used by the
low altituda earth orbit module

Prineipal Functional Units

The space station module contains: optical imstrumentation for studies .
of the sun and solar activity; optical instruments, lidar, and radiometry '
instruments for studies of the earth's atmosphere; active instruments and
particle measuring devices for studies of the magnetosphere. A large enough
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crew is needed to conduct investigations throughout the 24-hour day. The manned
station at the geosynchronous aliitude would probably be a four- to six-man
station.

Principal Technologies

The new technologies are reasonable extrapolations of present state-of-
the-art, particularly in lidar, laser radars and data processing of doppler
effects, elastic scattering, electromagnetic spectrum and absorption signatures.
Other system requirements for the space station module are:

Power -~ 5 kKW average; 20 kW peak
Pointing —~ A few arc seconds for optical
instruments
Orientation —  Earth pointing for atmospheric
instruments; sun pointing for solar
instruments
Cooling - Cryogenics for IR and other instruments
Data - 1 tbps peak (on-board recording and
analysis equipment required)
Telemetry - Downlink-voice, real time TV, periodic
data transmittal; Uplink is same as
above :
Payload Weight ~  Unpressurized - 10,000 kgm; . 5
Pressurized - 3,000 kgm '
Crew Size -  two-plus—two (12 hour shifts)

Impact Spectrum

Weather is a paramount driver in the daily lives of most of the people
of the earth. Certainly many losses of crops, structures, etc., could be
saved with better short-range weather prediction. Long-range climate change
prediction could avert, or at least mitigate, major multi-year catastrophes.
However, in such an .interrelated system as global weather and climate, there
will surely be legal and political implications.

Front-End Capital

To be determined (multi-millions to billious).
TERRESTRIAL ALTERNATIVES

A1l of the human needs, which were the sources of anchor opportunities,
were reviewed for economically attractive terrestrial solutions. Because the
problems associated with the selected anchor opportunities were, indeed,
substantial, the literature compiled in Task 1 generally contained data on

planned terrestrial solutions or activities. These data were reviewed and P

embaellished. In sevéral instances new terrestrial options were then generated.
The economic merits of the terrestrial options were then cursorily assessed :
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against the merits of the respective anchor opportunity — -generally on an
order of magnitude, largely qualitative basis. This analysis revealed those
anchor opportunities for which comparatively strong terrestrial options existed,
A more rigeorous analysis was then made of each case thus identified.

Of the many analyses made, the results of the following three resulted in
the elimination on the economic merits of the respective anchor opportunities.
These anchor opportunities are being held in abeyance pending possible integra-
tion with other anchor opportunitles, thereby enhancing their economic merits.

0il Spill Detection

Problem

0il spills generally stem from three sources. The first source is tank
ruptures due to accidental grounding, collisions or from structural Failures.
According to the Ameriecan Hull Syndicate, as insurance group, approximately
ten accidents occur daily among the world's 4500 tankers. Very few of these
result in significant oil spills. In 1976, at least 19 tankers, totalling
over 1,100,000 deadweight tons, were lost. O0il spills totalled 67,000 tons
in 1974; 188,000 tons in 1975; over 200,000 tons in 1976. These oil spills,
because of their obvious nature, present no initial detection problems.

The second source of oil spills stems from leakage from off-shore drilling
operations. Here too, detection of the gpill and tracing it to its source
generally presents no major problems.

The third source of oil spills is caused by the discharge of oily sea
water from tanks where it had been used as ballast. Cargo ships and tankers
use sea water in their tanks as ballast when running empty or off-loaded.

Upon nearing thelr destination, they pump out the oily sea water before enter-
ing port.,K United States regulations require that this be done at least 50 miles
offshore«” The quality of oil released in this manner during the past 12 years
is estimated to be four to five times the quaatity released by accidental oil
spills. The oil spill detection problem focuses on detecting violations of

this regulation.

Major oil companies adamantly claim their tankers follow the Ffollowing
procedure:

When ready to depart port (empty), they take on just enough sea
water into their tanks - in a checkerboard pattern - to assure
control while navigating out of port. Once at sea, they add
additional ballast. The empty tanks in the checkerboard pattern
are spray cleaned (Butterworthing) and the oily residue is all
pumped into one holding tank. Then sea water ballast is pumped
into clean tanks and the dirty tanks are spray cleaned. Again,
the oily residue is pumped into the holding tank. The sea water

*Reference 33, Code of Federal Repulations (CFR), Part 151, 071 Pollution
Regulations. - ' ' ' '
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settles to the bottom (along with elumps of tar) and is pumped
out, leaving the oily sludge in the holding tank. Upon load-
ing, fresh crude is pumped on top of the sludge and the mixture
transported to the refinery where it is all pumped out.

(Per Mx. Sheehan, Union 0il Company (213) 486-7019.)

Most major oil company terminals have ballast receiving facilities which can
accept relatively small quantities of oily sea water and separate the oil
from thea sea water.

Illicit oil discharges would most likely come from leased, independently
owned, tankers. According to 33 Code, Federal Regulations, "... ships are
prohibited from discharging oily wastes within 50 miles of the west coast of
the United States (100 miles in the case of Canada). Ships are requived to
keep an 0il Record Book into which the times of ballasting, tank washing,
dumping, eto., are entered. The penalty for dumping oily waste within the
prohibited zone is a fine of $600 minimum, $1000 maximum plus up to 6 months
in jail." All major ports have ballast and bilge unloading barges (slop
barges). The nominal charge for this service in the Port of Los Angeles is
17-1/2 cents per barrel, with a minimum charge of $950. Consequently, it
would cost more to unload sea water ballast in a port than the Eine would he
if caught dumping if off the coast:.

Space Concept

A constellation of satellites equipped with sensors for detecting sunlight
reflected oif oil would be placed in a low polar orbit. Upon detection of oil
glicks, the data would be transmitted to a ground station st a polar latitude
(such as Fairbanks, Alaska) where computer analysis of the data would reveal
the location, direction and extent of the oil slick. These data would be
used to alert responsible authorities (i.e., Coast Guard} to intercept and
identify the offending ship so that action could be taken against the ship
owner. About ten or twelve satellites would be required to provide the
nacessary ground coverage.

Terrestrial Alternative/Space Concept Impediment

Although current regulations prohibit dumping of oily wastes within
50 miles of the United States toast, it appears to be standard practice for
many tankers, particularly those those courses parallel the coast.

More aggressive enforcement of existing laws; U. S. ratification of an
international convention requiring sepavate tanks for oil and ballast water
on all new tankers over 70,000 tons; funding 50 additional Coast Guard tanker
inspectorsy the closing of U. 8. ports to violating ships are all steps
currently being taken or actively considered to reduce coastal pollution from
tankers.

Recause of the possible penalties imposed, violators would take steps. to
minimize the likelihood of detection via the satellite system (as they

apparently do today). If pollutants are to be dumped overboard, this could
be done in the early evening (after sunset). Without sunlight, the satellite
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sensors would be unable to detect the revealing oil slick. The number of hours
of darkness would depend on the time of year and latitude. However, if 8 hours
are assumed, plus an additional hour for the detecting satellite to complete

its orbit to the data receiving station and an additional hour for data analysis,
9 to 10 hours could have elapsed since the dumping. If the offending ship were
traveling at 15 knots, it would be 155 to 170 miles away, making ship identifica-
tion and subsequent proof of guilt highly unlikely. Furthermore, clouds and/or
coastal fog would also preclude sensor operation. On an average day, L4 ships
enter and deport Los Angeles Harbor. At any given time, there are approximately
20 ships within a 100-mile radius of Los Amgeles, which would compound the
problem of identifying the offending ship. Those ship captains, who would be
willing to falsify the Oil Record Book, would likely not be deterred or signi-
ficantly intimidated by a slick-detecting satellite which required sunlight for
detection.

Economic Evaluation
The minimal cost of acquiring the satellite system is estimated as follows:

Non—Recurring Cost

Space Segment:

DDT&D $ 20.0M
Acquisition of 10 Satellites @ $510M each 100.0M
Launch Costs — 2 Launches @ $20M each 40.0M
$160.0M

Ground Segment:
Acquisition 5§ 16.0M
TOTAL $170.0M

Recurring Cost

Annual Operating Cost $10M/Year x 10 Years $100.0M
‘ 10 YEAR PROGRAM COST $270.0M

The striet enforcement of existing laws, imposition of more severe penal-
ties, construction (where lacking) and compulsary use of on-shore (or barges)
ballast receiving facilities in all major ports would appear to be more prudent
actions than reliance on an oil spill detection satellite that could readily be
thwarted by a few simple precautions taken by an offending ship captain. '

Border Surveillance

Problem

Surreptitious border crossings by illegal immigrants into the United
States are considered to comstitute a serious threat to order and economic

stability. Tu 1977, it is anticipated that 800,000 illegal immigrants from
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South America, flentral America and Mexico will enter the United States across
the Mexican border. Approximately 200,000 of these will settle in the Los
Angeles area, where they will compound the unemployment problem and, according
to the Los Angeles Police Deparitment, contribute substantially to the crime rate.
Based on crime records, illegal immigrants commit 20 to 25 percent of all
burglaries, 30 percent of all hit-and-run accidents, and 20 percent of all auto
thefts. Furthermore, a Los Angeles Police Department study revealed that illegal
aliens constituted 36.6 percent of all felony arrests.” With a current popula-
tion growth rate of 3.5 percent, the 60 million population of Mexico is expected
to double in 20 years, thus maintaining the immigration pressure. In order to
reduce the influx of illegal immigrants, illegal border crossings need to be
detected and the immigrants apprehended and returned.

Space Concept

Approximately a million small sensors (intrusion detectors) would be de-
ployed along the border. Upon detecting an intrusion, the sensors would broad-
cast an identifying signal to a satellite in geosynchronous orbit. The signal
would be relayed from the satellite to a ground control station which, in tuim,
would alert the Border Patrol Office nearest to the intrusiom to take appropriate
action.

Terrestrial Alternative/Space Concept Impediments

A variety of point defense intrusion detectors have been developed and
used extensively by the military over the past 10 years. Many types found use
in Viet Nam. The Border Patrol currently uses seismic sensors that detect the
footfalls of illegal border crossers. The data from these sensors are currently
transmitted to the adjacent Border Patrol Station.

Under either the Space Concept or Terrestrial Approach, ground sensors
would be used that would transmit an identifying signal upon triggering by an
intrusion. In the Space Comcept, the signal would be relayed via a geosynchronous
orbit satellite. The problems of antenna size, power, sensor identification and
system saturation by simultaneous receipt of sipgnals would add substantial
complexity to the Space Concept. The current intrusion detectors, which transmit
to the adjacent station, function adequately. They transmit on a long wave length
(about 1 to 3 meters) which restricts their signal to line~of-sight. A station
with a 100-foot high antemna can receive signals from sensors up to 14 miles
away so that it can cover 28 miles of border. Additional range could be obtained
by mounting the antenna at a topographically elevated site or using relay stations.
The key problem is not so much that of detection as it is staffing.

Economic Evaluation
Hore than half of the illegal immigrants crossing the Mexican border enter

into California or Arizona. Imn 1976, the 801 Border Patrol officers stationed
in California and Arizona, and operating with a budget of $31.9M, apprehended

- 438,320 illegal aliems. The apprehensions during the first two months of 1977

were running 10 percent higher im the Chula Vista sector than in 1976, when
more than 270,000 persons were apprehended.

*Los Angeles Times (January 30, 1977). '
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A dedicated border survelllance relay satellite (25-foot antenna minimal)
would cost an estimated $150M to develop, produce and emplace. Assuming a
10 percent interest rate, the Interest on this investment would amount to
15M annually. For this amount, the Border Patrol force could be expanded by
300 men {37 perceat), plus 20 helicopters and, in addition, the entire border
between the Pacific Ocean and E1l Paso could be arrayed with sensoxrs; the
helicopters and sensors replaced every three years.

In the opinion of the Los Angeles Police Department committee locking into
the problem of illegal aliens, the current resources of the Immigration and
Naturalization Service and Border Patrol are grossly inadequate to stop illegal
immigration.®* Consequently, it is deemed that the satellite funds could be
more effectively spent on expanding staffing of personnel who would act on
currently received intrusion signals, or signals from an expanded intrusion
system to apprehend illegal aliens.

Qff—Shore Control Limit Monitoring

Problem

On March 1, 1977, the Fishery Conservation and Management Act went into
effect. It extended the U.S. fishing (not territorial) jurisdiction to
200 miles off-shore and established guotas for foreign and U.S. commercial
fishermen. TForeign fishermen may f£ish only if rhey have a permlit — which costs
$5000 - and agree to U.S. regulations. Each nation is assigned a limited
number of permits. These include where, when, what kind, how, and how much
fish may be taken within the 200 mile zona. The U.S. Coast Guard has the
responsibility for patrolling the added territory. To police the area, it will
use 39 cutters, including two 270-foot high-speed helicopter-carrying vessels;
41 new, medium-range jet aircraft; 21 long-range C-130 Hercules; 5 new HH-524
Sikorsky helicopters, plus 75 other helicopters. Policing will focus on the
commercially productive fishing areas. In 1975, 2700 foreign vessels fished
these waters The number varied from 240 in December to 970 in June. A number
of other couvrtries have, or are about to extend their fishing (and mineral)
jurisdictions to 200 miles. The policing of this zone can impose substantial
economic burdens on the respective countries.

Space Concept

A constallation of satellites equipped with radar antennas would be placed
into polar orbit. As they circled the earth, they would be continually sweep-
ing ocean areas and recording the locations of all ships. The radar would be
capable of penetrating fog and clouds. Upon passing over a data receiving
station, located at polar latitudes, the satellites would transmit stoxed data
on all ship sightings. The off-shore coastal limit monitoring satellites are
proposed to be placed in a 4000 mile, 4-hour polar orbit. The orbital trace
would repeat itself every six orbits. Only four satellites would be required
to provide 4-hour global coverage. If the satellite radar would scan 30 degrees

. to each side of the orbital path, then every spot on the globe would ba covered.

twice each day by three satellites, for a total of six observations, or ain
*Los Angeles Times (January 30, 1977). ' '
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observation each 4 hours on the average. Thils is the worst—case (equatorial)
coverage. Because of scan-paths overlap at higher latitudes, most areas would
be covered more frequently. The satellites would be scheduled to dump their
data at 40 minute intervals. A computer would process the data. By masking
out all irrelevant (or non~paying) zones, a running record would be kept of

all ships in the areas of concern. Ships travelling through an area (at 10 to
18 knots) could interject uncertainty into their tracking. However, the pri-
mary concern is on ships that would be loitering within a 200 mile coastal area.
Occurrences of loitering would be detected by the computer and reported to
authorities responsible for policing the area.

Terrestrial Alternative/Space Concept Impediments

Foreign ships licensed to fish within the U.S. jurisdictional waters are
being equipped with transponders. Coast Guard aircraft flying their daily
patrols will tramsmit an interrogatory signal and receive a response from the
transponders on the licensed vessels. If no return signal is received (oxr an
inappropriate one), then the aircraft will alert the nearest Coast Guard cutter
to investigate. The severe penalties for violations (ship seizure or $500,000
fine) make the possible benefits from illegal fishing insufficiently attractive.
Furthermore, publication of lists of licensed ships will enabie U.S. fishing
vessels to spot and report violators.

A more subtle problem is that asscciated with enforcing the tonnage and
species limitations. The satellite would not be able to contribute in this
area. To monitor compliance with the take limitations, 20 agents of the
National Marine Fisheries Service are being placed aboard foreign trawlers -
factory ships to observe fishing practices and hauls. The foreign nations on
whose ships the observers are placed will bear the costs associlated with the
observers. Thus large, potential violators will be closely monitored.

Foreign nations, which do not have a large enforcement fleet, might appear

to be candidates for the surveillance service. However, both fishing and sea-
bed mineral recovery are time~consuming operations. To be profitable, the
ships need to be on-station for substantial periods of time. Location of
fishing grounds are well known, as are areas containing mineral modules.
Conseguently, the entire coastal area does not have to be monitored. Ships
exploiting either resource would be conspicuous by their design and long-time
presence and so would be prime candidates for investigation by patrol vessels.
Foreign nations would need to have patrol vessels for apprehending violators.
These vessels would perform policing duties as well.  Each apprehension, with
a 3500,000 fine or sale of confiscated trawler, would be sufficient to buy
another patrol boat. MNative fishermen could be given a small percentage of
the flne as an inducement to report 1llegal flshlng vessels.

The contribution of saLelllte data to monltorlng of flshlng vessels im,
' say, the Geoges Bank would be: of questionable merit: During the peak fishing .
months, hundreds of vessels are located at the fishing grounds. United States.
trawlers would normally stay five to eleven days, with some arriving and .
others departing on any one day. To rely on the satellite data on number of
ships and their location to detect one or even a dozen illegal ships among -
the hundreds of legal ships milling over the area does not appear practical.
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- Finally, a determined violator could paint his trawler with a radar
absorbtive paint or coating. A 200-foot ship could easily be made to return
the signal of a less than 100-foot vessel (HIDE material). Consequently, sole
reliance for detection of violators ecould not be placed on the satellite system.
Economic Evaluation

The estimated cost of the space based concept is:

Non—-Recurxing Cost

Satellite RDT&E ‘ - | $40.0M
Satellite Procurement — 4 @ $20M 80. OM
Computer System ‘ : ' o 20.0M
Computer Software : 20.0M -
Launch Costs — 2 Launches @ $3O oM aadh S . eD.0M

" TOTAT $220.0M

Recurring Cost

Ground Station ~ 4 Shift 5$10.0M/Year x 10 Years' $100.0M

10 YEAR PROGRAM COST  $320.0M -

For this expenditure, the system would report the presence of every ship longer
than 100 feet within the 200 mlles of the Unlted States coast, and the coasts
of sﬁbscribers. D

- The primary purpose of the data would be to detect ﬁiolatots 6£:fishiﬂg oL

nining restrictions. 'Since 'the U.S. Coast Guard is responsible for search and
rescue operations, detection (and apprehension) of smugglers, detection of oil
pollurion; ete., the extension of its responsibilities to the policing of fish~
ing within the 200 mile limit was an incremental extension of its existing -
duties. The additicnal cutters and manpower acquired were needed for possible
apprehension as well as detection of violators. Patrol craft already fly
missions associated with smuggling, oil pollution, and ice patrol. Am incre—
mental analysis reveals that two new 270-foot, helicopter-carrying cutters are
being acquired and four reconditioned cutters demothballed Thése, : however,
would be required for apprehending violators. The 41 new medlumrrange Falcon
jets will be replacing 23 HU-16 Albatross aircraft that are 20-years old. Tive
new HH~52A Sikorzsky Flying széboats are to be taken out of reserve, and BDO-men
are to be added to the service. The patrol aireraft policing fishing areas
will be egquipped with txansponder interrogators. Every licensed foreéign
fishing vessel will be provided a transponder which could be designed to report

~the license pumber of the fishing vessel upon interrogatlon. This Zock bom
'fwould be similar to the altitude-reporter transponders on aircraft,.which .

report aireraft -altitude to the Air Traffic Contzol radar._ These unlts cos§ :
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about $600 to $7OD. WhlSJQOSt could be covered by the $5000 license fee. The
patrol planes flying routine patrol could be Interrogating the fishing ships.
as they £ly. :

Foreign nations such as Peru and Ecuador do not seem to have significant
difficulty in detecting or apprehending our tuna fishing boats. Any nation
with fish or mineral resources worth exploiting would have their own ships
in the area. It would be in the self interest of the native fleets to report
forelgn violators to the enforcmng authorltles¢

- Finally, the high probability of detectlon by eonventlonal terreetrial '
means, when weighed against the cost of fishing vessels subject to confisca-
tion, coupled with the severity of the possible fires assessed, appear to serve
as strong deterrents to potential violators. Thus, the expendlture of $320M
'to detect possmble vn.olators does not appear econom:.cally Juetlflable.

Global Effects Monitoring ..
Problem .

Weather exerts an influence on all human activities. It significantly
impacts major problem,al -5 such as the utilization of energy resources, food
production, and transp..tation. In spite of its potential importance, weathex
prediction beyond four or five days remains a highly inaccurate art rather-
than a precise science.® Climatologists cannot even agree on gross trends,
such as whether the climate in the morth temperate zone is undergoing a
long-term warming or cooling cycle. Attempts at modeling weather have proven
unsuccessful, 1arge1y because of the number of variables inveolved, the
difficulty of acquiring synoptlcally dccurate values for the variables, and
processing the data to produce a meaningful model. RFP's are being: issued
for the next generation of large computers (termed Phoenix). The specificaticns
of the computer call for a capability two orders of magnitude greater than the
currently 1argest computer (Illiac IV). The Phoeriin is expected to be capable
of processing 10 billion instructions per second — sufficient, hopefully, for
weather modeling if we understood the dynamics and relationships among the
variables. The global effects monitoring space opportunity is designed to
provide data on which to base models of global weather in the expectation that
if the interrelationship among variables can be understood and modelled then
accurate forecasts can be generated. T .

Of course, the earth is not a closed system. Solar phenomens directly -
~influences the weather. If the earth's weather is to be predicted, then greater
capabllzty towards predxcting solar acthmty must be acquired

System.Descrlptlon o

o _ The concept env1sloned for acqulrlng the necessary data c0n51sts of four
. baslc space elements.A These are.f o AN E : s o :

*How ébbd is-Wbﬁ%ﬁer‘ﬁbfécdétiﬁg?“The'Christiaﬂ'Sciencg:ﬂonitOr (Mar:" 25 1977). -
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1. A manned module in high inclination, low earth orbit
(space station—type)

2. A magnetospheric satellite located near the manned
module and used to investigate the magnetospheric
conditions ~— at a point away from the disturbing
influences of the space station

3. A solar weather satellite placed outside the magneto—
sphere, whose purpoese will be to study solar variations
on the surface of the sun and to make direct particle
and field measurements of the solar wind and its
variability

4, A manned space station module in geosynchronous orbit
equipped with instruments similar to those found on
the low earth orbit module.

Because of the level of sophistication of some of these items (particularly

Ttems 1 and 4, it is not likely that the system will become operational before
1990.

Estimated Cost of Global Effects Monitoring System

The pacing item in this anchor opportunity is the manned space station
module in geosynchronous orbit. Before a manned space station is placed in
geosynchronous orbit, a low earth orbit space station would have been developed
and qualified. This station would have absorbad most of the developmental and
test costs. The geosynchronous version would be largzly a copy of its pre-—
decessor. Inasmuch as the low earth orbit space station would have borne the
development and test cost, the production cost of the geosynchroncus station
was assumed to be 1/3 of the acquisition (development, test, and production)
cost of the initial space station,

The manned station in the high inclination, low earth orbit was assumed
to be less elaborate and so cost slightly less than the geosynchronous station.
The magnetospheric satellite, co-orbital with the high inclination manned
station was estimated to cost $200 million to procure and lavnch. Because of
its greatei complexity and higher orbit, the solar weather satellite was
assumed to cost $300 million.

The low earth crbit station, which is the forerunner of the geosynchronous
station, consists of six modules — each weighing approximately 40,000 pounds.
Consequently, six Shuttle lzaunches will be required to deliver this station to
low earth orbit. It is assumed that the geosynchroncus station will likewise
be delivered by six Shuttle launches to a low earth orbit. Two modules will
be mated together and transported to geosynchromous orbit via a solar electric
propulsion stage (SEPS). SEPS missions of 360 days are envisinned at approxi-
mately $30M each. Crew rotation will be accomplished with a crew module
containing appropriate life support for a complement of six to temn persons on
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a seaven—-day mission (14 days in emergency) of this recoverable and refurbish-
able moiule acquisition of the crew module is assumed to cost $300M. An

advanced technical tug will be required to transport the crew module between

low earth orbit and geosynchronous orbit. The acquisition cost of this vehicle —
which is a scaled-up version of the chemical tug — is estimated to be $250
million. Consequently, the cost of implementing this anchor opportunity is
estimated to be:

Non—Recurring Cost

High Inclination Manned Module $1.0 B (1977 %)
Magnetospheric Satellite 0.2 B mon
Solar Weather Satellite 0.4 B won
Manned Geosynchronous Space Statiom 2.0 B mon
Space Statien $1.208
Shuttle Launches (6) .15
SEPS Trips .09
Crew Module .30
Chemical Tug 25
TOTAL NON-RECURRING COST $3.6 B froon

Recurring Cost — Annual

Crew Changes ~ 3 per year

6 Shuttle launches -
2 per Crew Change S150M

TEN YEAR RECURRING COST $5.0 B mou

Description and Economic Evaluation of Benefits

The ability to generate accurate long-range weather forecasts would
produce a variety of diverse beneficial results. If the severity of the
winter of 1976-77 had been predicted, then adequate fuel supplies could have
been stockpiled, thereby making fuel rationing and plant closings, with their
economic hardships, unnecessary. At one point, 1,800,000 Americans were kept
from their jobs by the weather.® Forecasts of adverse weather, such as late
raing, early freezes, unusually wet or dry summers, would all influence
farmer's decisions and result in greater crop productionm through the incorpora~
tion of the information into planting decisions. Foreknowledge of weather
disasters, such as hurricanes and their severity, paths, and times of arrival,
would result in the saving of lives. Property could be boarded up, areas
subject to flooding could be sandbagged, and crops harvested before storms
struck. Dams could be drawn down for energy produection if theilr replenishment
was assured by accurate weather forecasts.

*Cbping with Nature's Forees, The Christian Science Monitor (June 23, 1977).
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An estimate of just one of the myriad possible economic benefits resulting
from accurate long-range weather forecasts will be made, namely, of the possible
economic impact of improved weather forecasting on wheat production. The
National Research Council, in a recent report on climate and food, emphasized
that "...long term trends in climate ave not as important to the U.5. food
production as ave fluctuations or increased vaviability in elimate over a season
a year, or several years.” Strains of wheat have been and are continuing to be
developed for special or regilonal weather conditions. For example, Vona, a
new strain of wheat, is much more drought vesistant than standard varieties.

It has the potential to increase wheat production by as much as 10 percent in
areas such as Colorado.? This wheat would not be suitable for use in the
weather or altitude conditions of Nebraska or the northern areas of Minnesota
and the Dakotas. The point here is that varieties of grains are being developed
which will optimize yield for specific weather conditions. If wheat farmers
knew the weather conditions of the coming season, they could plant appropriate
strains, thereby increasing the yield. The 1976 wheat crop in the United States
was 2.147 billion bushels. If by planting strains that had been developed for
the anticipated weather conditions, crop yields could be increased by 10 percent,
then based on 1976 production, an additional 215 million bushels would be pro-
duced in the United States at $2.50 per bushel; this would amount to $538 million
annually for just the United States wheat crop. Over ten years, the benefits
would amount to $5.38B. The planting of weather-compatible strains would not

be limited to wheat, but would apply to most major crop:.

The 10 year program costs appear to about equal the benefits expected to
be derived from increased wheat production alone. All other benefits accruing
from the ability to forecast weather could be viewed as profit. Among these
benefits would be:

e Optimal fuel storage

e Dam impoundment water management
o Advanced storm warnings

s Water resource management

e Crop planting

@ Crop harvesting

s Ship scheduling/routing

e Etc.

Ot.ce accurate fﬁrecasting models were generated, the next step would be to
try to control the weather to prevent detrimental extreme conditions. The use
of weather control as a military weapon was outlawed under terms of a convention
sipned on May 18, 1977 by the United States, U.S.S.R, and approximately 18

other countries.  Modern attempts at controlling weather have centered primarily
on cloud seeding. To date, man appears capable of making only very minox

YWeather: A New Kind of Challenge, The Christian Science Monitor (Feb. 25, 1977).
2New Strain of Wheat Could Up Yield 10%, The Christian Science Monitor

(Feb. 8, 1977).

3pgrmers Paid Less for More Wheat and Corn, Los Angeles Times (Jan. 23, 1977).
“Outlawing Weather as a Weapon, The Christian Science Moniter (May 18, 1977).
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modifications. However, legal problems associated with weather modifications

need to be resolved. TFifteen lawsuits have been filed against weather modifica-

tion projects.* However, to date, none of the plaintiffs have recovered any
money for damages because of the inability to establish casual relationships

between attempts at weather modification and the alleged damages. Once reliable

predictive models are established, then lawsuits could proliferate unless some-
how precluded by new laws.

Funding Schedule

The development of a space station for low earth orbit was assumed to
precede. Current space station planning is aimed at having the low earth orbit
station fully operational about 1989 to 1990. Consequently, the development of
the geosynchronous orhit station, which is the pacing item here, was assumed to
commence in 1988 and require 5 years. This period would allow for operaticnal
qualification of the initial station and the incorporation of any required
changes into the geosynchronous orbit station designs. The six elements of the
station are assumed to be transported in pairs (one pair per year as they are
completed) from low earth orbit to geosynchronous orbit by a SEPS5. The trip
was assumed to require 360 days.

Table 2 shows the schedule and arrival funding level by elements. Under
the assumptions made, an IOC date of 1996 is indicated. The peak funding (in

Tahle 2 ., Global Effects Monitoring Funding Schedule

10¢
COST ACQ. YEAR A
ELEMENT DESCRIPTION | (S} |TIME |1988 1989 |1990 |1991 }1932 [1993 ji994 1995 1996 1937
HIGH-INCL MAK HOD 1000 | 5 41.5|202.2]328.3|308.5[123.5
HAGNETOSPHERIC SAT | 200 { 3 ] 31.51105.5] 63.0
SOLAR WEATHER SAT 300 | & 22.60 97.4|123.6} 56.4
16.6| 80.9[131.3]121.8| 49.4
16.6] 80.91131.3]121.8] 9.4
16.6 | 80.9131.3|121.8| 49.5

HANNED GEC ORB SAT | 1200 |5/3 :

6.0] 50.0l300.0{150.0]/150,0
SHUTTLE LAUNCHES 25 25 §+u+6 5

25.0l 25.0| 25.0
SEPS TRIPS | 5.0 1 s . 5
HANNED OTV 300 | 5 12.4] 60.7| 98.5| 91.4| 37.0(,
CHEM OTY : 250 | 4 18.8| 81.2]103.0) 47.0],

ANNUAL FUNDIKG 6.6 | 97.5| 241.2| 455.0]| 707.0| 897.8| 742.0| 567.9{ 150.0| 150 +

SPREAD: 40:60 TOTAL THROUGH 1995: $3725H

—

*hy Not Alter Weather? Answer is Easy, Los Angeles Times (Feb. 23, 1977).
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1977 dollars) would be on the order of $900 million. ' This amount could be
reduced by starting development of the manned and chemical 0TV's earliex. A
10-year operational life should enable the acquisition of sufflelent solar and
terrestrial data for weather model building and verification. A solar sun spot
maximum should ocecuyx about 2002, which would enable the observation of solar
phenomena both preceding and followmng the solar maximum.

Crop Measurement

'Problem

Accurate forelmowledge of crop productlon is essential to efficient crop
management and marketirg. Historically, county agricultural agents have
reported on plantings in their areas. This information, coupled with yield .
data and weather data, have constituted the basis for the Department of '
Agriculture crop estimates. As the growing and harvesting seasons progress,
estimates of crop production are updated. Current methods are ponderous,
slow and insufficiently accurate. The need for crop forecasts is so urgent
that private forecasters provide early estimates to farmers and major grain
dealers, who either cannot wait for the official U.S. Department of Agriculture
forecast or who believe the private forecasters are more accurate.¥* Better
methods of crop measurement are required for a variety of reasons. Baséd on
recent trends, world wheat production is expected to expand at almost 2 percent
per year for the next decade. This means that in the United States alone,
wheat storase capacity would need to increase at a rate of over 30 million _
bughels per year. If an excellent growing season is experienced, then trans—
portatior. and storage capacity must be available throughout the pipeline if
losses zre to be avoided. Knowledge of the additional storage capacity
required and its location is vital to prevent losses.

If farmers had accurate and timely data on crop production between the
northern and southern hemisphere, they could make decisions on crop plantings
so as to optimize their profits as reflected by the economics of the crop

demands.

System Description

The space portion of this gnchor opportunity would consist of an operational

version of LANDSAT D (thematic mapper). This satellite and the ground based
data processing computers, would'be under the jurisdiction of the Department of
Agriculture. Crop measurement requires first of all, knowledge of the acreage
planted and, secondly, an estimation of the yield per acre. The current Large
Area Crop Inventory Experiment (LACIE) uses LANDSAT-derived data to identify
crop acreage. Data on temperature and precipitation, obtained from the NOAA
satellites (or from the Global Effects Monitoring Program), will enable estima—
tion of the yield. These data can then be processed to provide estimates of
crop tonnage. :

*Wheat Harvest in U.S. Seen Off 5% From 1976 By Private Forecaster, The Wall
treet Journal (July 11, 1977).
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In order to fully utilize the operational LANDSAT D capability, data will
need to be relayed via the TDRS to the ground station(s) because the LANDSAT
will be out of range of the ground stations and will not have sufficient storage
capacity to store all of the data acquired.

Estimated Cost of Crop Measurement System

The erop measurement satellite is envisioned as being a long~life, uprated
version of LANDSAT D (thematic mapper). Because of the prior LANDSAT programs,
the satellite cost reflects a legacy from these programs. The costs (1977
dollars) are estimated as follows:

Non—-Recurring Cost

Satellite Acquisition $150M
Launch Cost $20M
Ground Station/Data Center Acquisition -

(including Computer and Software) § 50

TOTAL NON-RECURRING COST $220M

Recurring Cost (Annual)

Ground Station/Data Center QOperations $§ 15M

10 YEAR PROGRAM COST $235M

The crop measurement center is assumed to be staffed by 150 to 200 employees
who, with the aid of computers, amalyze satellite data from all major fcod pro-
ducing countries. Data will be compiled on all major crops, and released
simultaneously to all countries concerned. In addition, special analyses will
be conducted to monitor for, detect, and determine the extent and Impact of
drought, freezes, storms, blights, locusts or insect infestations, or other
crop—~reducing phenomena.

‘Proposals have been advanced for the establishment of international grain
reserves. The data acquired from the crop measurement satellite and compiled
by the Crop Measurement Center would be essential for the orderly (and economic)
administration of such reserves,'?®?

Description and Economic Evaluation of Bemefits
While there are a large number of economically beneficial aspects asso-

ciated with advanced knowledge of crop data, most are difficult to pin down
with credibility. This analyses will focus only on the economic implications

lpestrictions on Winter Wheat Plantings ave Studied Due to Glut and Low Prices,
The Wall Street Journal (June 27, 1977).
*Bergland's Grain Plan, The Christian Science Monitor (July 1, 1977).
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. in August. the harvesting of spring wheat is still in progress and with present
technology, the size of the crop cannot be estimated with confidence until after | j

‘l‘ Rockwell Inférﬁaﬁonai
S' pa[:E D- Yy - ) - .

of Government policymaking regarding wheat. TIn 1977, because of the large wheat’
harvest in 1976, the U.S. had a wheat surplus of 1.1 billion bushels. This is
the largest stockpile since 1963, and is certain to grow with the 1977 crop., 4s-
of the end of June, the Department of Agrlculture did not have a final figure '

on the 1976-77 plantings, let alone the yield.! By August, the Govermment will =

have to decide whether or not to impose planting restrictions on wheat and, if
so, to what extent because planting of winter wheat starts in August. However, -

harvesting is completed. Thus, decisions involving tens of millions of dollurs
have to be made before essential data are available. If the wheat crops in
other parts of the world are poor, then the surplus would be reduced. However,
if the wheat crops are large, then our wheat exports wou.d decrease and our
surplus would grow substantially and would have to be stored. At the present
time, the Department of Agriculture, under the Uniform Grain Storage Agreement,
pays farmers 1-1/2 cents per bushel per month to store surplus wheat. At this
rate, a 1.1 billion bushel surplus cost $198 million to stoxre for ome year.

e 1-1/2 cent rate is expected to be increased to 1-3/4 cents or 2 cents, further
increasing the storage costs. On the one hand, farmers need to make a regsoncble

profit so that a large quantity of grain must be produced and sold at a reason-
able price; on the other hand, it is expensive to store excess surplus wheat.

In view of the current uncertainties within which agricultural decisions are
made, it is likely that the excess surpluses could be safely reduced about

30 percent if accurate crop estimates could be available sooner than at present.
If it is assumed that the excess wheat surplus could be reduced by 30 percent,

o

then the annual saving would be on the order of $60 million per year. This
would amount to a $600 million saving based on wheat storage costs alone over
a 1l0-year program life. The total program cost (including system acquisition
and 10 year operation) is estimated tc be $370 million. The benefits of the
crop measurement satellite would extend to other crops and enable a smoothing
of the cyelical and wasteful nature of agricultural policy due to the lack of
accurate and timely information.

Funding Schedule

Because the operational crop measurement satellite is an evolutionary
offshoot of the experimental LANDSAT D, its acguisition is assumed to commence
after the launch of LANDSAT D in 1981, and require 4 years to indtial operaticnal
capability. Consequently, it is assumed to become operational in 1985, The
funding is assumed to be incurred on a 40 60 ogive and  so would appear as
shown in Table 3.

The peak funding would ocecur in 1984.and require approximately $82.4
m;lllon. This would amount to less than 15 percent of the Agrlculture Depart~
ment's research and development budgat for 1978.2

‘Restrictions on Winter Wheat Plantzngs ave Studied Due to let and Law Przces,
The Wall Street Journal (June 27, 1977)

2gvecial Analyzes, Budget of the United States Government, Fiscal Year 1978

P 296. o L
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Table 3. Crop Measurement Program Funding
(M 1977 Doillars)

1982 1983 1984 1985 TOTAL

Satellite Acquisition 11.3 48.7 61.8 28.2 150.0
Ground Center Acqui. 3.8 16.2 20.6 9.4 50.0 .
Launch Cost 20.0 20.0 i

15.1] 64.9 8

L%

b 57.6  220.0

Electronic Telecommuting

Problem

A major portion of our unfavorable balznce~of-trade arises from the nead
to import oil. Studies have determined that automobile commuting accounts for
3.9 percent of our total energy consumption, or almost 3 quads.® This convarts
te 510 million barrels of oil. At an average price of 313 per barrel, this
amounts to $6.6B-of oil (gasoline) consumed annually in commuting by automobile.
In addition, eity cores are congested and deficient in parking facilities, It
has been proposed that white-collar jobs be decentralized from city core areas
into outlying offices - all linked to a computer—centered electronic network. ”i
Instead of producing paper output, the office workers could be processing the §
data directly into a computer. By instituting outlying offices in suburban -
areas, the paperwork could be moved (processed) electronically, thus eliminat-
ing the need for the employees to commute into the ecity core, thus resulting
in a variety of savings. The study, referenced in the below footnote, contains an
economic evaluation of this concept as developed for an insurance company in
Los Angeles. It produced net savings of more than $4.0 million annually.

System Concept

To expand the concept nationally, it is proposed that data relay satellites
be used to relay processed data from the remote processing centers to the central
corporate computer. Several satellites (in geosynchronous orbit) could be
required, depending on the amount of traffic generated. The employee at an
outlying office would receive original, basic documents, such as purchase orders
or various transaction notifications. The employee operating a CRT terminal
could enter data into or request data from the computer, make revisions, or
instruct the computer to initiate various acitions. The outlying offices would
be linked via a data relay satellite to the central computer installation.

System Cost

In the document referenced in the below footnote, the costs of implement-
such a system were generated and analyzed in detail. However, that concept used
conventional land lines — phone -— for linking the ocutlying ocffices. Because
#Nilles, J. M., et al. The “elecommunications-Transportation Tradeoff, John
"Wiley & Sons (1976).
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of the current near-saturation of land lines and limited capacity, it appears
that a relay satellite would be required for extensive implementation of the
concept. The first data relay satellite is estimated to cost approximately
8500 million plus an additional $125M for latnch and replacement. Additional
relay satellites would cost an estimated $200M plus the $125M to emplace. The
satellite would be designed for a ten—year life. This cost would need co be
amortized over hundreds of users. .The annual charge for capital recovery -
(assuming 8 percent and 10 years) would be $93M. Assuming 500 subseribers,
this would amount to less than $200,000 annually per subscriber: Each sub-
scriber could have many outlying data ‘handling centers. In the-case of the

-insurance company discussed in the preyious footnoted reference, five outlying

offices were located in the San Fernando Valley. Assiming an annual charge of
$200 000 for the relay satellite, the savings Would still be on the order of
$4M annually.

Detetmination and Evaluation of Benefits

There are an estimated 90 million workers in the United States.  Approxi-
mately 50 percent are in white-collar jobs.* Of course, only a small portion
of these would be candidates for telecommuting. The likely candidates would b
from finance, insurance, govermment, and from corporate sales and purchasing
departments. If only 5 percent of the white-collar workers were telecommuting

then this would amount to 2.25M workers. If it is assumed that, as in Los

Angeles, 1.l commuters rvide in each car, on an average commute of 10 miles
one way, and the cars cover 20 miles per gallon, then the annual gasoline
savings would be:

ghgggiggg- X -%% = 2,056ﬁ'gallons ofggasbline per ddy,

or, in 240 working days per year, 492,000,000 gallons annually. At 60-cents
per gallon, this would be a saving of $295M annually for the telecommuting
workers. If the 492M gallons of gasoline were considered to be crude oil at
$13 per barrel, the annual savings would amount to $152M.

Funding Schedule

It is anticipated that the development of telecommuting would gradually
evolve as the economic benefits become more pronounced. At some point, the
development and use of the data relay satellite would make economic sense.
Because the awareness of the potential merits of telecommuting are just being
uncovered, it is anticipated that the development of the data relay satellite
would not begin until 1985, and require six years for acquisition. The fund-
ing schedule, based on a 40:60 ogive would appear as follows:

1985 1986 1987 1988 1989 1990
Date Relay Satellite 12.6 66.0 121.4 k2.4 112 B3.b
Launch 125.0

12.6  66.0 121.4 142.4  11h.2  168.L

#Staristical Abstract of the United States, U. S. Dept. of Commerce (1976).
' GE b
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The data relay satellite would likely be built by a domestic satellite
communication consortium, as an expansion of their current (planned) market.

__Medical Aid and Information - Unlted States

Problem

Three areas of dificiencies in health ecare provided the focus for this
analysis. The first of these consists of the need by paramedics of essential
data in emergency situations. Currently, first aid in case of serious accidents
generally centers on keeping the patient alive until he can be transported to a
hospital. If breathing has stopped, the patient must receive immediate attentlon.
If the patient is bleeding, it must be stopped. In many instances, the patient
may be unconscious, breathing and not bleeding, and quick emergency action might
still be required to save his life. However, to take proper action would require
knowledge of the patient’s medical status. Quick access to his medical history
might be required to save his life. For example, the patient had lost consider—
able blocd, an Immediate transfusion might be essential to save his life. Rapid
access to his medical data would be requived to determine his blood type.
Emergency vehicles could carry supplies of the more common blood types, thus-
enabling initiation of treatment prior to formzal hospital admission. Furnishing
paramedics with key items of information on tlie patient or furnishing professional
guidance for specialized treatment, could result in the saving of lives that -
would otherwise be losi. STARPAHC -— a NASA sponsored telemedicine system
cperating on the Papago Indian RES&rvatlon in Arizona, is currently testing
some of these system elements.}

The second area of medical deficiency centers on the art of medical diag-
nosties. Doctors are expected to be knowledgeable about literally thousands of
symptoms/illnesses. Where there is doubt, expensive medical tests are performed
to aid in diagnosis, thus, increasing medical costs. TFor over 20 years, research
has been conducted on the development of diagnostic computers. The state—of-the-
art has advanced to the point at which computer diagnostic programs can gulde a
doctor or even a non-physician to the correct diagnosis. Even 1n cases in which
the patient is suffering simultaneously from two or three ills.? Basically, the
diagnostic programs consist of computerized versions of The Merck Manual and
Symptoms: The Complete Home Medical Encyclopedia. Dr. Norman Jensen, Director of
Adult Medicine at the University of Wisconsin Hogpitals,-and Larry Van Cura,
computer specizlists, have developed a computex program which takes data on
patient heipht, weight, blood pressure and serum cholesteral, and answers to
some 70 multiple choice questions, to provide a camputerized version of an
annual checkup (for §10) as an alternative to costly annual physicals.?® TIn
Israel, general physicians are using a computer—aided diagnostic system, devel-
oped in conjunction with IBM, to perform advanced diagnosis of female endocrine
disorders which otherwise would require detailed examinations by speclallsts.“

IComzng. The Eva of Telemed%cmne, by R. Allan, IEEE Spectram (December 1976).
2Sherman, H., 'Réiffen, B., and A. L. Komaroff. Aids To The Delivery Of Ambula-
tory Medical Care, IEEE Transactions on Biomedical Engineering, Vol. BME-20,
No. 3 (May 1973).

SMedicine: Instant Checkup, Time (Jan. 10, 1977).

“Teyminal Case for the Doctor's Surgery, New Scientist (Dec. 23/30, 1976).
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Hith the aid of a sequential questionnaira and an interactlve computar, 5
medical disorders can be rapidly narrowed down to saveral discrete possibllities B
from which the final diagnostic decision(s) can be made.’ Initially, access to §
the diagnostic computers would be through terminals in hospitals. Eventually, 1
however, as the cost of the system was spread over a broader base, many doctors o
in private practice would avail themselves of the service. Because of the need 4
to keep the diagriostic program current with data from the Index Medicus, it is ]
anticipated that one central computer and dlagnostlc data bank would he-
established. : ‘ /,,j 3

The third area of diflclency involves tha 100 countries in the United
States that do not have a resident physician. In numerocus instances, the
population base is insufficient to attract and support a doctor. In those
countries, a registered nurse or a paramedic, trained to use the diagnostic
computer and, perhaps having access to an automated clinical analyzer, could
diagnose and treat a majority of disorders. The paramedic could be liceused to
dispense routine medication. In complicated cases, he could coasult electroni-
cally with a doctor, who would render the final diagnoses and prescribe the i,
appropriate treatment. The nurse/paramedic would also be trained to treat X
traumas.. : o :

e ik i

System Descrlptlon

In all three 1nstances, the medical practloner would need to have rapid,

telephone service. In the first instance, the data would be in the nature of s
the patient's medical history and professional consnltation, whereas in the C
second and third cases, the data would be primarily computer diagnostics. The g
ground porticn of the emergency system would consist of a mobile transmitter
housed in the emergency vehicle, and in fixed installations in the two diag—-
nostic examples. The ground stztion would transmit to 2 medical data relay
satellite in geosynchronous orbit. In the £irst case, the satellite would

relay the medical data requests to regional medical data banks @pproximately

10) in which medical histories would be stored. At the same time, the medieal
relay satellite could be relaying thousands of quiries to the diagnostic
computer which would process the symptomatic data, identify the likely disoxders,
along with recommended treatment and transmit these back via the medical
satellite to the respective ground terminals. Ground persomnel would be
requiraed at each of the medical history data banks for updating the personal
histories, as well 'as at the central diapnostic computer for malntaining the
diagnostic scheme in accord with current medical knowledge. With the patient's
approval, a copy of the doctor's record of each office call Would be sent- to

the regional ‘medical data center for updating of the patlents medical file.

Estimated Cost of the Medical Aid System

The non-recurring and reaurrlng costs associated with the medical data
retyieval and diagnostic computer system ave estimated as follows:
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Non-Recurring Cost %
Ground %
4
Medical History Data Bank $ 155M é
Ground Terminals (10,000 @ $5000 each) $ 50M ;
Computers/Data Bank (10 Required @ $10M) 100M
Software (Common) 5M
Diagnostic System $§ 75M
Ground Terminals (7000 Hospitals @
$5000 each) S 35M
Central Computer 20M
Software (Basic) 20M
Space
Satellite $ 500M
Launch and GSO Insertion Cost 125M

TOTAL NON-RECURRING COST $ 855M

Recurring Cost - Annual

Operations
Medical Data Banks - 10 (250 personnel each) $ 100M
Diagnostic System (Maintenance & Expansion) 20M

ANNUAL RECURRING COST $ 120M
10 YEAR RECURRING COST .$1200M

TOTAL PROQCRAM COST - 10 YEARS OPERATIONS $2055M

It was assumed that paramedics and existing hospital staff personnel would
be trained to use the interactive computers so that special high paid operating
personnel would not be required.

Description and Economic Evaluation of Benefits

The estimated total cost of acquisition plus 10 years of operation of the
Medical Aid System is $2055M. This amounts to less than $10 per capita, or
less than $1.00 per capita per year. Of course, not all individuals would
wish to be included in the medical data bank. However, in most instances,
inclusion would be viewed as a form of insurance of securing better, quicker,
and more specific emergency treatment in the event of an accident or other
emergency.
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The following analysis focuses on the diagnostic computer aystem which
could be totally decoupled from the historic medical data aspect. There are
currently almost 7000 hospitals in the United States and wmore than 200,000
doctors in office-based practice. It is llkely that most hospitals would avail
themselves of the diagnostic service. In addition, doctors in private clinics
as well as those practiecing in remote areas would subscrlbe to the service.

" Figure 36 shows the relationship between the annual cost of the amortized system

and the number of installations over which the fixed costs could “e spread. Tor
example, if 33,000 installations were sold, then in addition to paying a fixed
charge of $5000 for the terminal and related transmitting and viewing electronics,
sach user would pay 55000 annually for the service. This annual charge would
cover the computer imstallation costs plus amortization of the fixed costs at an
interest rate of 8 percent, If a local medieal climic’ staffed by three doctors
used the system on 10 percent of their ambulatory patients, then the per patient

S

'
i
i
i
i
¢
3
i
i

cost would be less than $5. While doctors might readily diagnose single illnesses, '

patients suffering from two or more afflictions simultaneously could present
confusing symptoms, Tests of computer diagnostic programs have shown that the
computer programs have been suceéessful in properly diagnosing patients with
multiple chronie diseases.® The system could more than pay for itse’~ by

reducing the number of diagnostic laboratory tests currently vequired to aid in
the diagnoses.

181
161

i

$5000 + CAPITAL RECOVERY @ 8%

124

104

$5000 -+ ANNUAL CHARGE

ANNUAL €OST OF AMORTIZED SYSTEM {$K)
o

1] - + e —4
-0 1o vy 30 50
1008'S OF INSTALLATIONS

Figure 36. Sensitivity of Diagnostic Computer System Annual
Unit Cost to Number of Installations

*Sherman, H., Reiffin, B., and A. L. Komaroff, Aids To The DeZ$very of Ambula-
tory Medical Cave, IEEE Transactions on Biomedical Engineering, Vol. BME-20,
No. 3 (May 1973).
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Funding Sohedule

The pacing 1tem in the Medloal Ald SysLem.would be the data relay sateliite.
It was estimated that the develoPment and acquisition of the satellite would :
require approximately seven years. . The other non—recurrlng elements are . - Y
estimated to require five years for their acquisition. A 40:60 ogive was . '
assumed. Since no plan to implement or finanee such a’ system have been formu--
lated to date — and this would require about two years -— a 1980 start date

was. assumed. Following is the annual funding requlred in mlllions of 1977 ‘dollars
for the acquisition of the system.

e ' i | 1980 1981 1982 1983 1984 1985"-'19_86 | . E
5 ' ' Data Relay Satellite : B " e R I o

($snowy . . - 8. 2 5. 1 89 5 ¢18 & 118.8  87.8 ' 32.2 N

 Lawach L e . 125.0 - %

. Growd Facilities . e e ‘

Computer and Software- LT T T EERE : ' f'p

($l45M) SR .. . 8.0..29.3  47.6 442 17.9- o o ]

anmlnal: ($85M - : o . L ' R . ‘

-3 Years) R S . O AN , '
Annual Punding Required 8.2 45.1 '95.5 ‘147.7 179.8  176.8 201.9 -L’
T TETRREE TR T AR e AT e

© The systomAcouldnbe-davéiopedluoing,Gové:ﬁméﬁtifunding“CDepattment of - 'f
Health, Education and Welfare). However, it also appears feasible with private i
financing. ~In 1976, four pharmaceutical companies - Johnson & Johnson, Eli ?i
Lilly, Merck, and American Home Products ~— had a total net income of $938M. %E

The peak funding ($179.8M) would be less than 20 percent of their combined
annual net income. In reality, a consortium of these four could prov1de the.
initial and majority backlng and . raise: the necessary funds through other
sources than earnings per se. : : -
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SPACE OPPORTUNITIES - PRODUCTS

INTRODUCTION

Many imaginative ideas have been advanced in the last few years for the
manufacture of consumer products in space for the use of the people on earth.
Most of these products would capitalize on the zero-g conditions that can be
achieved, but others would utilize some of the other beneficlal properties of the
space flight environment. In particular, high-density electronic devices may
be possible because of the virtual absence of vibration, aud sodium coatings of
extreme reflectivity may be pogsible because of the absence of a corrosive
atmosphere.

The Spacelab, ASTP flights, and various sounding rocket programs have
provided strong indications that it will be practical to process many different
commercial substances and products in space. However, these preliminary tests
have been too sketchy to provide definitive clues as to which substances will
turn out to be the most viable and competitive in the commercial marketplace.
For this reason, 2 broad-ranging coverage of all the proposed possibilities
will not be attempted in the discussions to follow. Instead, the material will
focus on two specific commercial possibilities: a biological substance called
urokinase and space-manufactured crystals of extreme regularity and purity.
These two examples are representative of the two non—overlapping categories of
materials that can benefit from space processing: organic and inorganic
substances.

SPACE PROCESSING OF ORGANIC MATERIALS

Biomedical substances and pharmaceuticals are an important subclass of
organic substances of both societal and economic importance. The biomedical
and pharmaceutical industry concentrates a large fraction of its research and
development expenditures on improving the production of products through
purification and separation processes. These processes include zero-g separa-
tion of cells and proteins in order to generate new and better vaccines,
hormones, enzymes, organic/inorganic materials, etc. Similar separation
technologies could also benefit the agricultural and animal husbandry industries.
For example, beef and milk production could be enhanced if x-y chromosome
separations could be performed on livestock sperm in low-g environments. This
would allow farmer:s to breed cattle and other animals of the desired sex.

Based on what has been learned so far from space experimentation, it
appears that component-oriented companies in the fields of electronics and
drug-oriented markets will take the lead in space-manufacturing investments.

The benefits and social value of some of the potential biomedical space products
are emphasized in the sections to follow.
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As a result of successful electrophoresls experiments, carried ocut during
the Apollo-Soyuz Test Project (complementing similar experiments during Apollo
(Missions 14 and 16), it appears that it may be possible to enhance the production
and development of drugs and other biologicals used in medical treatment.
Electrophoresis invelves the separation of materials such as dyes; cells
{(living or dead), proteins and other biological materials. Urokinase, the only
naturally occurring human enzyme that dissolves hazardous blood clots, is one
ugeful substance that could be produced in quantity by electrophoresis.

Production of large quantities of urokinase outside the human body (for use
in treating heart attacks, strokes and phlebitis) is difficult in the terrestrial
environment. Roughly one ton of human urine must be processed to obtain a
gingle dose. The cells separated on board the Apollc spacecraft produced about
seven times more urokinase than would have been possible on earth, according to
the Abbott Laboratory in ¥New York. Scientists believe that with experimentation
and research, it may be possible to increase the throughput of such products ta .
over a factor of 100 times the rate of earth processes. 1

T AP

A high degree of sterility is required for this process. The. ASTP and Apollo
14 and 16 Missions clearly demonstrated superior elean room conditions in space.
However, the major advantage is that the absence of gravity prevents the settle-
ment of biological materials involved in the separations.

The following discussion identifies specific biological products under
consideration for space processing.

Kidney Cells

The importance of these cells stems from the ability of some of them to
produce the enzyme urokinase which can be used therapeutilcally to dissolve i
blood clots. As was previously mentioned, the isolation of these cells for i
subsequent culturing, to obtain their valuable product, is severely retarded
under ground-based conditions. Separation in space offers a potential solution
to this problem.

T- and ~Lymphoecytes

|
I
|
These two species of white blood gells are high-value medical products. i

They have been identified as our body's primary cell-mediated immune defense !
mechanism. These cells could either be milked of their products (B~cells produce !
immunoglobulins) after space separation, or perhaps in the future, after careful §
isolation and characterization, they could be transnlanted into the body where i
they would combat gpecific diseases (possibly including cancerx). 1
]

i

Bone Marrow Cells

Bone marrow cells are believed to have considerahle economic potential for
separation in space. It is within the bone marrow that many blood constituents
are produced by the body., These include the red blood cells and some white
blood cells species (i.e., B-cell lymphoeytes). The making of tlood is one of !
the most bagic body functions and affects almost all other fwnctions. Thus, i
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this potential is unparalleled in its diversity. Much research, directed at
discovering the blood formation mechanisms, is needed w1th isolation of some of
those different cells as an initial requirement.

Hormones

Highly purified hormones, derived f£rom the human anterior pituitary, are
in extremely short supply. This shortage is due both to scarcity of starting
materials and to inadequate separation techniques. Separation of these
hormones could provide preparations useful as highly purified antigens (for
the production of specific antiserums for immunoassay), assay standards,
research materials, and therapeutic agents. These hormones include growth
hormone, follicle-stimulating hormone, leutenizing hormone, prelactin, thyro-
tropin, ACTH, and a number of poorly-defined materials. Again, space processing
could be potentially beneficial.

Isoenzymes /Proteins

With recent advances in protein isolation techniques, it has become
apparent that enzymes catalyzing specific cellular chemical reactions can
exist in different moleculzr forms. These alternate forms of an enzyme, which
differ slightly in physiochemical properties, are called isocenzymes. Enzymes
and, hence, isoenzymes play such important and specific roles in the complex
metabolic processes that they are vital to the maintenance of life. It has
become apparent that any isolation method which could readily provide high
yields of high purity isoenzymes would have a large impact on the early clinical
diagnosis of various diseases and also go far in providing tools for further -
insights into the basic cell process. Many feel space processing can help in
this vital area of research.

Interferon

Interferon is a product of virally-injected cells which successfully
destroy any other intruding viral species. Therapeutic application of this
species, if large enough quantities can be obtained, could conceiveably provide
cures for such diverse diseases as cancer and the common cold.

Antibioties

Antibiotics inhibit or Jdestroy microorganisms. It is believed that per-
forming experiments in space could potentially improve the production of
antibiotics and vaccines. Indeed, Biosatellite II experiments strongly indicate
that biological changes occur under conditions of weiphtlessness. These changes
ineclude the production of dense and fast growing populations. Thus, the
potential is there for space processing of antibiotic substances.

Lipoproteins

These species are present in rather large quantities among the serum
proteins, While their function as a transport mechanism for fats, lipids,
cholesterol, hormones, and the like, is clearly evident, many feel further
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investigation of these speecies would prove fruitful. Pure samples could be
obtained using space processing. These samples could help researchers gain -
added insights into any promising therapeutic applications.

Immunoglobulins'

These specles of protein represent a primary candidate supported by most
researchers as one of immediate therapeutic application. It does, however,
have much potential beyond _ts present utilization. Indeed, these antibody
species, as potentially separated, characterized, and isolated in good-sized
pure quantities in space, may well represent a highly effective vaccine with
many promising future uses.

Chalones

Chalones are substances which have been extracted from a number of tissues
and which, in the presence of traces of the hormone adrenaline, inhibit mitosis.
Their action is tissue-specific, but not species-specific because these are
believed to be involved in the actual mechanism whereby cell division is
controlled. One potential application of purified quantities of these sub-
stances might lie in the treatment of cancer. TFor, if a chalone specific
against some various cancers is isolated, control of these rapidly proliferating
cells might be possible.

Hypothalmic Factors

Hypothalmie factors which eontrol pituitary function are also of value in
research and potentially in therapeutics. Peptides in other sections of the
brain appear to function as memory storage agents. Nerve growth factors could
possibly, if separated, aid where presently permanent paralysis persists.
Separations of these and others, such as proinsulins, glucagon and kinins, are
incomplete and only small quantities of those agents that have been purified
are available for research.

Other areas for possible application include ecapillary buds (transplanted
to replace hardening or cut blood vessels), clotiing factor (hemophilla victims
would be prime candidates for such a substanece), and anti-antibody (as in the
case of anti-Rhesus antibody). These and several possibilities deserve careful
consideration as NASA formulates its plans in the coming years.

Figures 37 and 38 represent probable operational methodology that may be
employed to achieve some of these product ends. The particular method shown in
these figures is used for producing urokinase.

Urokinase - Discussion

Cardiovascular diseases, which include failure of the heart, stroke, and
arterioselerosis, account for half of all deaths in the United States each year.
These one-million deaths are generally proceeded by the formation of blood clots.
It has been known for many years that a biological substance called urckinase
can dissolve these clots, but the treatment is very expensive ($1200 per dose);
therefore, it is only used clinically rather than therapeutically. Uxokinase
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% Experimental Procedure
1. Remove culture media from ihcubator and put into centrifuge.
2. Centrifuge and wash culture.
: 3. Place specimen No. 1 into mechanical mix/disperse unit and mix with
. buffer.
L 4, Insert specimen No. 1 into continuous flow electrophoretic column and
: electrophorese.

5. Collect fractions from specimen No. 1 with fraction collection system.
: 6. Centrifuge fractions

7. Purge electrophoresis unit and fraction collection system with buffer.

8. Suspend fractions in culture media.

9.

Place culture media into freezer for stowage.

Figure 37. Electrophoretic Separation of Urckinase-Producing Kidney Gells

%Study For Tdentification Of Beneficial Uses Of Space, Phase I, LI, and IIT.
Genaral Electric Report No. 7SSDS4281 (November 30, 1975)
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'1s produced via a costly process of separatlon from urine. Although the body

- produces the needed enzyme (urckinase) in the kidney (see Figure 39), it cannot
‘be produced in SﬂfflClant quantlty and low enough cost to make it available to
~the general publlc._o.,-— :

The potentlal of rapld processlhg and separatlon in sSpace may make human -
urokinase available at low cost, on the order of %100 per treatment. A joint

- effort is envisioned 1nVolv1ng the NASA - and Abbott Laboratorles, who specialize

in the development of methods to culture the Speclflc cells that produce

urckinase. The growth 4n ‘space product of - uroklnase is antlcmpated to meel

. half the market demand by the late 1980‘5.

A.space—based electrophoretlc separator,for the separation of urokmnase~
producing cells from a culture of ground-prepared kidney tissue, will provide
a means to manufacture, economically, an important blood anticoagulant. Space
processing will expand the availability of this life-saving drig to those
patients who require treatment for diseases such as cardio- and pulminary-

 thrombosis, atheriosclerosis, and phlebitis, as well as post—operative conditions

« £ blood vessel damage and sta51s (bed—rmddea) which contrlbute to the formatlon

i of blood clots. .

The utilization of zero—g should foster the rapid. production of urokinase.

. The lack of gravitationally 1nduced convection and sedimentation in the zero-g

environment of space will enable the- separation of urokinase cells from pro-
genetors and waste with higher throughput and resolution (purity) than possible
in a ground-bhased productlon facility. This achievement has been demonstrated
in manned space. £light missions (Apollo 14, 16, ASTP) and is planned for further
evaluation in a rocket probe shot. - If the experiment works properly, the cell -
cultures will be brought back to earth for production of uroklnase in large
quantities. -

There is a meed for an estimated 600,000 treatments with urokinase per year.
The cost of ground-based production is $1200 per dose and requires the processing
of 1500 liters of urinme. The production of urokinase with specific kidney cells
will decrease the volume of substance to be processed and simplify the logistics
of obtaining source material. Flight Experimentation has demonstrated that the
throughput achieved is many times that experienced on earth. It is anticipated
that ten— to one-hundred-fold improvements will be obtained over that which

‘presently appears possible on earth. .

Minimal FDA approval needs will make urokinase available to patients by
1985. The time for availability of space-processed urokinase enzyme to patients
will not be appreciably extended as a result of required FDA approval procedures.
Since this enzyme has already been through the approval route for clinical use,
it will be only necessary to identify the space product and determine its purity.
These procedures should take no more than one to two years. It is anticipated
that by 1985, the drug should be available to patients.

The initial installation for processing urckinase producing cells will
presumably be in the Spacelab facility. The processed cells will be brought
back te earth for the production of urckinase enzyme. The space-borne supply
of excised renal tissue must be transfered from the Orbiter biological storage
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cally to ensure that harmful bacteria do not accumulate in the process area or

that the process itself does not generate pyrogens, which are subsequently

transmltted to the patment as a fever-prcduclng agent.

. The electrophoretlc process is llkely to be fully automated- Although 1t
Wlll be complicated, all together it can contain up to thlrty subsystems
1nvolv1ng electrical, fluid, end.process control

There are two important parameters in ‘any electrophoretle process: the
throughput rate and the resolution. The throughput is the process rate, whereas
the resclution is the degree of separation or purity with which the desirec
substance is produced. As is shown in Figure 40, the relationship is inverse.
In other words, good resolution can be achieved on the ground, but at a
correspondingly reduced throughput. The relationship in space is in the region

‘above the curve. Thus, the same. resolutlon may be ‘achieved, but at arders of
"magnltude hlgher levels.. :

Further increases in throughput are expected to result if we extend the

flow into a laminar pattern. - Experiments on this mode of . operatlon have already
- shown promising results. Laminar flow eleetrophore51s is expected to be

preferred for space processmng in production quantity.

'Urokrnase-

General Objective ' , ' : . .

Space manufacturlng of the substance,'uroklnase.

,Product To Earth

_  De1iﬁery>of large quantities (equivalent to 10 kg/yr) of the organic
catalyst enzyme tirokinase, For medical and pharmaeeutical industries.

Key Objeetrves

Save 11ves. Diseoives‘blood clots after they have formed, to save victims

 of strokes or other*smtuatlons where a blood clot within the body is blocking
. the flow: of blood. s

Prlnclpal.Contrlbution

' Will provide medlcxnu Wlth a.unlque product to combat bZood clot related
diseases.

Level of Contribution

Production of large anounts of urokinase will benefit victims of heart
attacks, strokes, phlebitis ... 7 to 100 times more of the product will be

__possmble 1n orbit..
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Uniqueness of Contribution

Should reduce the cost several fold so that it is practical for each
emergency kit to have a supply.

* B Time Factor

Barly 1980's. |

Principal Installation ]

LEO manufacturing facilities: free flyers, portions of a space station, 1
or portions of a spacelab.

iI'rinzipal Functional Units

Electrophoretic separators.

"

i : Principal Technology

Electrophoresis separation of cells.

Impact Spectrum

Pharmaceutical industry will benefit fimancially. Perhaps, one percent of
the United States population will benefit. The economic effects of a healthy
work force is difficult to quantize, but could not help but improve the economic
condition of the country.
Front-End Capital

To be determined - combined with other products in facility.

Isoenzymes

Generral Objective P

hanufacturing of isocenzyme diagnostic kits for early, effective diagnosis
of disease.

Produet to Earth

Extremely high efficiency diagnostic kits for medical doctors to diagnose ]
patients. Should be much more effective in early detection/warning of contagious !
or catastrophic diseases.

Key Jbjectives

To provide more effective ways of combating vectors of disease and the
saving of lives.

ORIGINAL BAGE IS
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Prineipal Contribution

Unique biochemistry enabling medical science to improve its efficiency in
diagnosing and curing patients.

Leval of Contribution

Each doctor in the field or im city hospitals will have access to these
inexpensive kits.

Uniqueness of Contribution

No way to produce such a product on earth. Its amplification of effect-—
iveness must be determined empirically.

Time Factor
Early 1980's.
Principal Installation

LEO manufacturing facilities: free flyers, portions of a space station,
or portions of a spacelab.

Principal Functional Units

Isoenzyme (antibody~t%n>) vaccine to be injected in patient.
Principal Technologies

Jeparation of proteins (enzymes) via electrophoresis.
Impact Spectrum

To be determined.
Front-EFnd Capital

To be determined (will be combined with many other items).

Hybrid Animals/Plants Agriculture

Generzal Objective

To improve food production capability of agricultural, cattle, and dairy
proaucts.

Product teo Earth

New hybrid types of plants and new types of animal husbandry (beef) and
livestock products.
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Key Objectives

To provide the cattle and produce industry with new products — dairy,
cattle, and new agricultural goods, e.g., by controlling XX-/XY-chromosome
separations to produce more female milk-producing cows.

Principal Contribution

New types of food in more abundant quantities for terrestrial consumers.
Level of Contribution

The Department of Agriculture would regulate control of puooducts generated
by space process methodology.

Uniqueness of Contribution

This type of genetic engineering is not possible or desirable on earth.
The environment of space offers isolation from earth's fragile closed system
biosphere.

Time Factor
Approximately 1985.
Principal Installation

LEDO manufacturing facilities such as free flyers, space stations, or
spacelab.

Principal Functional Units

Space - One satellite

Ground  — Several control, tracking and data handling centers

Principal Technology

Existing separation of biological methods include electrophoretic,
magnetic (mass spectrometer), high-vacuum refinement, and velocity condensation.

Impact Spectrum

To be determined.

ORIGINAL BAGE I3

Front-End Capital OF P00 R QU

To be determined.
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SPACE PROCESSING OTF INORGANIC HMATERTALS

Many inorganic substances can also benefit from space processing. These
include high-strength permanent magnets, large de crystals, new optical glasses,
higher-temperature turbine blades, and LSI circuit chips. Most, but not all, of
these materials will benefit from the fact that extremely pure crystals can bde
grown in space from a liquid mix, which is suspended without contact with a
supporting crucible. Because of the ecrutial importance of crystal growth in
space, a discussion of the possibilities and the merits of space-produced
crystals is presented in the next few pages. Much of this material was obtained
from the General Electric Benefieial Utilization Of Space (BUS) study.

Dr. Charles Cheeseman, of General Electric. was 2 consultant on our study.

The Case forx Space-Manufact:.red Crystals

Crystal Growing Methods

Singla—-crystal silicon can be prepared in several ways. These include:
(1) growth from solution, (2) growth from the vapur phase, and (3) growth from
the melt. OCrowth from solution (silicon in tin solution at 900°C) limits the
size and quality of the crystals obtained and is seldom used for silicon.
Growth from the vapor is widely used as a processing method for preparing
expitaxial layers on single-crystal silicon wafers. Unfortunately, this method
is inherently unsuitable for growing single-crystal silicon because the crystal
perfection degrades for layers thicker than about 4 mils. Consequently, most
of the available single-crystal silicon is grown from a melt at the melting
point of silicon — approximataly 1412°C.

Czochralski Method (Growth From a Melt). The Czochralski Method, the
technique of crystal pulling from the melt, is the most widely used commercial
technique for growing silicon. The silicon melt is contained in a suitable-
purified quartz crucible which is heated by an energy source, usually either
a graphite resistance heater or a radio frequency induction heater. The seed
is a single crystal section which is dipped into the melt and then raised at
a controlled rat= and simultaneocusly rotated, in most cases. As the seed is
lifted, molten silicon from the melt solidifies onto the seed following the
crystalline orientation of the seed. This process continues and the silicon
grows on the seed as a large single crystal until the melt is depleted or the
growth is interrupted.

Excellent crystals have been grown using this technique and the approach
can be used in growing crystals with large diameters. Diameters of up to
four inches (10 em), which are useful in making wicroelectronic circuits, are
currently commercially available with pood resistivity, homogeneity across the
diameter, high carrier lifetime and low dislocation densities. The major
disadvantage of this technique stems from the requirement for a crucible to
contain the melt during growth. The high chemical reactivity of the molten
silicon causes residual impurities from the crueible, principally boron and

oxygen, to be included in the silicon. While the amounts included are of little

significance for most micrecelectronic circuit applications, such silicon is not
sufficiently pure for the fabricating of high-performance detectors for sensing
infrared radiation.
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Floating Zone Method (Growth From a Melt). The disadvantages of the
Czochralski Method are overcome in the floating zone crystal growth process
which avoids the requirement for a containing crucible. In this technique,
the coil is moved along the entire length of the rod. By repeated zone
passages through the rod, zone refining (in which impurities are swept up to
one end of the rod) can be achieved. Single crystal growth is achieved by
initiating a zone between the single crystal ssed and the polyerystalline rod,
sweeping the zone through the poly rod, reerystallizing the silicon to a
single crystal in the orientation of the seed. (See Figure 41.)

The primary advantage of the floating zone technique lies in the absence
of many of the sources of contamination which are present in other crystal
growing processes. Since the silicon surface in effect serves as a crueible
for its own melt, crucible contamination is avoided. Moreover, since the
heating is performed by a radio freguency induction coil, the only part of the
crystal growing apparatus that is heated to a high temperature is the silicon
itself. The placement of the melt in a vacuum or in an inert gas isolates
the silicon from atmospheric contamination and permits selective impurity
outgassing.

All of the important electrically active impurities which are commonly
found in silicon can be removed by the floating zone refiner, with the excep-
tion of boron. This is because these impurities have distribution coefficients
of less than cne, while boron has a distribution coefficient which is nearly
unity. The distribution coefficient is a measure of the preference of an
impurity for the molten or solid phase. Foxr boron, there is nil preference
so that zone refining is ineffeetive. Although various esoteric methods for-
the selective removal of the boron have been proposed in the literature, the
practical limitation on the purity of the single-crystal sil).con is determined
by the boron content of the polycrystaliine rod.

The basic zone refining process follows this equation:

Cg = K Co(l - g)
Co = Tnpnitial impurity concentration in the liquid zone
where
g = TFraction solidified
K = Distribution coefficient (the ratio of the concentration
in the solid to that in the liquid in equilibrium)
¢ = Impurity concentration in fraction most recently

g solidified

For those impurities having K of 1, as does boron, zone refining is
relatively ineffective. For impurities having K << 1, zone refining can be
extremely effective in sweeping the impurities to one end of the silicon rzed.
This same effect is highly valuable in zone leveling, in which a desired
impurity is doped uniformly throughout the crystal as it grows. Suppose that
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Figure 41. Polycrystalline Rod Being Transformed (by Localized
RF Heating) into Single Crystal (Floating Zone Method)
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the silicon material is sufficiently purified by zone refining and is now ready

for final crystal zrowth. The desired doping impurity is introduced into the

region of initial meLting. For an impurity with very low K (for example,

indium with K = 4 x 10~ ), the erystal volume grown, as the zone moves, will

retain only a miniscule part of the impurity and the impurity concentration will

remain essentially constant during the entire crystal growth pass. The impurity 3
incorporated into the crystal will be correspondingly uniform. Thus, the low

value of X is highly advantageous to uniform doping of the crystal.

Purification Of Intrinsic Silicon

Silicon Polycrystal Fabrication. The polycrystalline silicon is the
starting material for the single crystal produced by thes Czochralski and
floating zone techniques. Rods are fabricated by a chemical reaction to form
a gaseous silicon compound, which is purified by fractional distillation and
then decomposed to form the polysilicon. The major goal in the process is to &
reduce the boron content to the minimum. The gasses: monosilane (Si:H;) and ]
trichlorosilance (Si:Cl3H) have been used in this process. Achievable reduced
boron contents of about 0.02 ppb (parts per billion) are possible using this
method. |

or other qualified supplier, with an impurity content of minimal 0.4 ppb donors
and 0.02 ppb acceptors (mainly boron). This boron content represents a
concentration of 1 x 1012 atoms/cm3. This production test crystal uvndergoes
seven vacuum passes in a float-zoner at the Dow Corning Test Laboratory to
determine the boron level measured as resistivity, by two— or four-point prabe. |
Heavy ions are investigated by mass spectroscopy, Dow Corning will provide this :
data with every batch of material acecepted, including information about oxygen .
and carbon content.

é
High quality polycrystalline silicon can be purchased from Dow Corning, '%
|
|

At the Rockwell Intermational facility, further purification of the just
mentioned raw silicon is attained by multiple vacuum float zoning. Impurity :
removal is achieved by a combination of zone refining and evaporation. The ;
theoretical consideration of this purification process, when evaporation and L
segregatien occur, is expressed as: ‘ g

i
%

)

€. = Impurity concentration in solid (ppb or
atoms/cm”)

(1)

H
-
i
|
S
2
k=]
I
=
e=ffi
+
P
e
R

where

i
C = Impurity concentratlon initially solid | %
{ppb or atoms/cm>) ,

k = Segregation coefficient (#)

Distance solidified (cm)

"
n
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£ = Zone length (cm)
t = Modified distribution coeffieient (#)
_ 2 '
u = k+ad (2)
where
v = Growth rate

1t

o Measured evaporation rate

The evaporation rate, o, depends on the geometrical condition and the
pressure, Equation (1) is justifiad, assuming a eylindrical zone, no diffusion
in the solid, uniform concentration in the ligquid, and constant: segregation
coefficient. Equations, (1) and (2) give a maximum purification in one pass of
(), and for n passes G%-n at constant coil speed.

The values of k and u for a certain impuxity (or certain known impurities
in the silicon) permit calculation of the purification needed to reach a
desired resistivity. This procedure is often used when partial purification
is planned, where residual donors in the raw material are used for the boron
compensation. The reduction rate of these donors impurities chosen will reduce
them to the concentration level of 100 percent and x—percent, of n-type
impurities needed for the zone pass in the gas zoner during deping. This
additional x-percent of donor impurity is the calculated reduction caused in
the gas zoner during one pass at a determined inert gas pressure, Using raw
silicon material with a donor concentration of 0.2 ppb and an acceptor
concentration of 0.03 ppb, one purification pass in vacuum and one doping pass
in the gas zoner achieved detector grade doped silicon material with compen-
sated boron and a minimal amount of residual donors.

Purified Single Crystal Used For Applications In Manufacturing Of Crystal
Detector Material. Using the multiple vacuum flvat zoning method, purified
single crystals will be grown. The boule geometry will be two-inch diameter .
(minimum) and a minimum length of five inches. '

The multiple passes needed for background impurity reduction provides the
operator with the ability to develop optimum conditions for the single crystals.
The application of those experiments incorporated into the final crystal pass
(while doping in the gas zoner) should then produc: high quality single crystal
detector material. The following parameters influence the zone passing process
and will be investigated and optimized.

1. Coil Design
2. Melt Shape
3. Shape of Freezing Interfaece

4. Effect of Cooling Thermal Geometry on Resultant
Thermal Stresses

178

/;'c‘-:x.“_..;_. M__.. .,

L L e

%

T P T e i P S S ST T



‘l Rockwell International

Space Division

As the diameter of a crystal grown by the float zone method becomes larger,
the difficulty of maintaining physical control of the molten zone also becomes
greater. In general, the main forees acting on the molten zone are gravity and
the liquid surface tension. I the molten zone is mot properly controlled, it
can spill out one side and interrupt the growth process.

Therefore, various techniques have been developed for maintaining control
on the liquid zone in spite of the larger size. These techniques include
electromagnetic levitation of the molten zone, special shaping of the molten
zone by off-set centerlines of seed and feed bodies, and large diameter crystal
coupled with small diameter feed rod. It is intended to provide for these
manipulative features in the new equipment being investigated, and to use
them, as appripriate, to grow large diameter crystals.

Structural Quality, In addition to the presence of residual or doped
impurities, the spatial distribution must be considered. Resulting from
detailed growth processes, these impurities can be distributed in striation
patterns that are strongly dependent on impurity identity, and conditions of
growth and xotation rates, thermal gradient in the crystal, ete. The presence
of a supersaturation of lattice vacancies, resulting from the growth process,
also will further add to the point defect population. To some extent, the
defect concentration and distribution in striae can be modified by annealing
processes.

it is not yet know to what extent these defects will interfere with
performance of IR detection by devices fabricated from material with these
defects. Therefore, investigations will be directed toward evaluating device
performance correlation with point defect distribution, and to determine
optimum annealing treatment of silicon in boule or wafer form to obtain maximum
device performance.

The melt shape is a function of the coil design and so of the coupling
between the coil and the silicon rod. When coil and silicon rods are coupled
too close, small deviations in centriecity of the rod and the coil cause uneven
heating in the zone and interface. In general, growth conditions (like high
growth rate, small segregation coefficient and small temperature gradients)
create the possibility of super eooling resulting in polyerystalline growth,
stresses and purity gradients in the solidified crystal. This problem can be
explained as follows.

In the zone passing process, a narrow zone is melted and moves with the
motion of the coil. The advancing of the molten zone causes the following
changes in the surrounding silicon rod. A layer, with thickness, dx, melts
from the upper part of the rod. At the same time, a layer, dx, freezes onto
the lower part of the crystal rod. The freezing layer, dx, removes k Ng dx
impurities (k = segregation coefficient, Ne = impurity concentration in the
liquid). The value of k is smaller than unity for most impurities. The re-
jected impurities are added to the melt above the new frozen layer, dx.
Diffusion and stirring of the melt (rotation of the lower crystal part) cannot
always transport these additional impurities and a stagnant layer of impurity-
rich melt collects near the interface. This condition reduces the Freezing
point of the mixture, demanding that the temperature at the melt, crystal
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interface, must be reduced below the point required for the pure melt. At low
concentrations (as we consider this growth process after purification), the
temperature decreases will be proportional to the concentration increase. This
often causes polygrowth and stresses in the solidified crystal and must be
avoided by proper coupling between cail and silicon rod.

The solubility limit for indium in silicon is not known to a certain value.
However, it has been reported to be approximately 4 x 1017/cm3, and concentra-—
tions of this amount have been reported. In prior Rockwell experience, one—inch
diameter float zone silicon has been doped with indium to levels of approximately :
1017 /cm3, and this material has been used to make very successfully operating |
detectors. Since no attempt was made to_maximize the indium content, we believe 5
that a concentration higher than 1017 /em® can be achieved.

The indium will be introduced at the final stage of crystal growth, i
following material purification. The indium will be distributed uniformly by :
the zone leveling method. By this method, a small calculated amount of indium
will be placed in the feed stock at the location of the initial molten zone. '
Since the distribution coefficient is so very small (approximately 4 x 10“4), i
virtually all the indium will remain in the molten zone as it passes along the :
entire work piece, and this will result in a correspondingly uniform doping of
the crystal as it is formed.

Dislocations and Crystal Growth

Dislocations can be detrimental to the operation of the CCD's, although
they apparently affect IR detection only a small amount. Thus, the crystal
growth process must be conducted in a manner that will minimize disloecation
generation.

One mode of dislocation formation has been proposed to be the condensation
of vacancies. During the growth of dislocation—free material, a supersaturation
of vacancies is formed in the crystal lattice. Under proper thermal conditiomns,
these can condense to form vacancy loops. As the loops become large enough,
the loops will begin to operate as dislocation sources and the dislocation
concentration will increase.

A more likely source of dislocations, especially in the larger diameter
crystals, is by propagation of resident dislocations from the initial seed
stock, and arising from stressges between the rotating crystal and the molten
Z0NEe.

A further likely source of dislocation generation would be vibration of
the molten zone from a vibrating structural environment. To reduce this
potential source of dislocation generation, it is important to use an equipment T
design that will avoid internal vibration as far as possible, then taks special
care to isolate the system from vibration arriving through the ground or the
building structure. . :

For the purpose of this program, it will be necessary to determine the
effects of these structural flaws on device performance and to optimize growth
conditions so as to minimize those flaws that are found to degrade device
performance.
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It has been shown by several researchers that in some cases the presence
of dislocations may be the controlling factor in crystal growth. When crystals
are grown in conditions of low supersaturation, of the order of one percent, it

has been observed that the growth rate is enormously faster than that caleculated

for an ideal erystal. The actual growth rate is explained by Frack in terms of
the effect of dislocations on growth.

The theory of growth of ideal crystals predicts that in crystal growth
from vapor, a supersaturation (pressure/equilibrium vapor pressure) of the
order of 10 1s required to nucleate new crystals of the order of 5 to form
liquid drops and of 1.5 to form a two—dimensional monolayer of molecule, on
the face of a perfect erystal. Volmer and Schultze observed growth of lodine
crystals at vapor supersaturations down to less thau ome percent, where the
growth rate should have been down by the factor ¢=3000 from the rate defined
as the minimum observable growth. This is a substantial disagreement between
observation and thenry.

The large disagreement expressed the difficulty of nuecleating a new mono—
layer on a completed surface of an ideal crystal. But if a2 screw dislocation
is present (Figure 43), it is never necessary to nucleate a new layer: the
crystal will grow in spiral fashion at the edge of the discontinuity shown.

(4n atom can be bound to a step more strongly than to a plane.) The calculated
growth rates for this mechanism are in good agreemeat with observation. We
expect that nearly all crystals in nature, grown at low supersaturation, will:
contain dislocatlons that otherwise they could nmeit have grown.

Spiral growth patterns have been observed on a large number of crystals.
A beautiful example of the growth pattern from a single screw dislocation is
sziven in Figure 44.

If the growth rate is independent of direction of the edge in the plane of
the surface, the growth pattern is an Archkimedes spiral,

r = af

where a is a constant. The limiting minimum radius of curvature near the dis-
location is determined by the supersaturation. If the radius of curvature is
too small, atoms on the curved edge evaporate until the equilibrium curvature
is attained. Away from the origin, each part of the step acquires new atoms
at a constan. rate, so that

dr/dt = constant

There are several basic types of dislocations. We first describe an edge
dislocation. Figure 45 shows a simple cubic erystal in which a slip of one
atom distance has occurred over the left half of the slip plame, but not over
the right half. The boundary between the slipped and unslipped regions is
called the dislocation. Its position is marked by the termination of an extra
vertical half-plane of atoms crowded into the upper half of the crystal, as
shown in Figure 46. WNear the dislocation the crystal is highly strained. The
simple edge dislocation extends indefinitely in the slip plane in a directioa
normal to the slip direction. In Figure 47, we show a photograph of a dis-
location in a two-dimensional soap-bubble raft, obtained by the method of
Bragg and Nye.
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Development of a Spiral Step Produced by Intersection
of a Screw Dislocation with the Surface of a Crystal.

Figure 43.

(After F. C. Frank.)

Each Cube Represents a Molecule.

Growth Pattern from Single Dislocation on Single Crysta

Figure 44.

[Electron Micrograph Courtesy of

H. F. Kay and B. J. Appelbe, After Dawson and Vard, Proc.

Roy. Soc. (London) A2(6,555 (1951).]

of Paraffin n-C3gly4.
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Figure 46.
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Slip
direction

An Edge Dislocation EF in the Glide Plane ABCD. The
Figure Shows the Slipped Region ABEF in which the Atoms
have been Displaced by more than half a Lattice Constant
ard the Unslipped Region FECD with Displacement Less than
half a Lattice Constant.
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Structure of an Edge Dislocation. The Deformation may
be Thought of as caused by Inserting an Extra Plane of
Atoms on the Upper Half of the Y-Axis. Atoms in the
Upper Half-Crystal are Compressed by the Insertionj
Those in the Lower Half are Extended.
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The Dislocation is most easily seen by Turning
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Silicon Crystal Growth for Power Applications

The use of large silicon erystals for the transmission of de power could
bring substantial benefits to the electrical power industry. These include
load sharing across time zones and different geographical areas.

The goals and objectives of such a program are two-fold:

1. To manufacture silicon crystals having improved resoluttion
and signal to noise discrimination capability. To be
accomplished by growing crystals of more uniform composi-
tion by aveoiding saturation anomalles caused by convection
in the melt.

2, To manufacture larpge-diameter, superior performance silicon
wafers for 1arge~scale electrical power rectification. To
be accomplished.by growing larger crystals in absencc -of
gravity loadin

The present dec erystals are limited due to non-uniformity in the electrical
field within the erystal, attributed to uneven distribution of dopants and
impurities. .

Electrical Power Application

Silicon erystals, as large as 150 mm in diameter, are highly desirable foxr
electrical power distribution systems. These large crystals, with appropriate
electrical characterdstics, are not feasible with current processing techniques
in the earth's gravitatioral environment. The following paragraphs discuss
these limitations and the way in which space wanufacturing may solve the

problem.

The technique used to refine silicon boules used in large-seale power
distribution application 1s float zone refining. 'A molten zone in a silicon
rod is held in place by its own surface tension. The heat for melting the
zone is provided by a ring-shaped resistive heator or indection coil. As the
float zone is moved along the axis of the rod, the impurities are displaced
and a homogéneous monocrystalline structure is formed. Pfann* shows the funda-
mental equation for determining the shape of the surxface of a liquid under the

influence of surface tension: . ORIGINAL RAGE D
Pom oy OFPOORQ UALITY gy
1 2 '

where P denotes the inward pressure exerted by the surface of the liquid, 7y
denotes the surface tension, and Ry and Ry denote the prineipal radim of
curvatuie.

Applying appropriate boundary conditions to this relationshlp, the maximum
height of the melt zone (Im) uay be determined as follows" -

m = 2.8 (et W

*Pfamn, W. G., Zone Melting, Second Edition. Jehn W. Cez & Sons (1966), p. 109.
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where Y denotes the surface temnsion, p denotes the density, and g is the
gravitational constant. For a given set of material properties, the limit in
the height of the melt zone ig a funection of the square root of the inverse of
the local gravity vector. This places a practical limit upon the dlameter
that can be attained in a l-g environment because melting the entire cross—
section of a large diameter boule requires a correspondingly large height. In
space, there appears to be no limit to the diameter that could be float-zone
refined because surface tension would maintain the integrity of the melt =zone.

One of the primary impediments to using silicon wafers larger than 40 mm
to 50 mm in. diameter has been the proportionally larger density of dislocations
obtained in the larper diameter crystals. It cannot be predicted whether
dislocation densities in larger crystals, obtained by using the float zone
technidque, will still be sufficiently low to meet the power density requirements
in electrical power applieations. A technique that should be considered in the
proposed program for this application is Czochralski pulling in a weightless
environment. For the same reasons described in the discussion concerning
crystal pgrowth for medical applications, the Czochralski method in space may
result in the lowest dislocation density that is attainable. This will be
made possible by permitting the removal of the liquid—solid interface away
from the crucible. The effect of low dislocation—density would be a more
uniform distxibution of electrical characteristies in the crystal, thus,
enabling the larger diameter of the semiconductor to be used effectively in
carrying larger voltage and current leads,

The use of semiconductor rectifiers for electrical power distribution
systems is gaining momentum with the trend toward high voltage: direct currenk
(HVDC) energy transmission, HVDC has distinct advantages in reducing reactive
power transmission losses and in making large—scale underground power trans-—
mission feasible. The silicon wafers are currently obtained commercially in
sizeg of 40- and 50-mm diameter. The power industry would like to have the
flexibility to choose from wafers up to 100~ to 150-mm in diameters, depending
on the particular design situation at hand. A large number of applications
require the smaller diameters; a 40-mm wafer, for instance, can handle up to
700 amperes. Large installations require the rectification of megawatts of
power. A GE-built rectifier-inverter Installation now under construction*®
will use 9600 forty-mm silicon wafers to handle up to 360 megawatts of power.
The advantage of larger silicon wafers in such major installations is signifi-
cant In terms of simplified peripheral equipment. Each semiconductor device
requires peripheral equipment for heat dissipation, load balancing, controls,
and electrical protection. Therefore, a reductien in the number of semi-
conduﬂtors,required to handle the same power 1oad,affords the design advantage
of requiring less peripheral equipment. : :

The result of a successful space process to produce large, low-dislocation
‘silicon crystals would be the establishment of a new market for large silicon
wafers that offer the power industry the aforementioned design advantaga. In
order to estimate benefits, the total market for silicon wafers was examined,
and an estimate was made of the.portlon of the market that would deal with the
- laxge wafers.

VDO Y¥aeility, New Brupswick, Canada.
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By the early 1990's, it is estimated that 350 new generatin plants will

be needed to supply a million megawatts of additional power in the United States.

The transmission lines for this energy will double the current acreage required
to accommodate the right-of-way for the overhead cables. When current develop—
ments in cryogenie transmission and superconductor technology zeme to frultion,

‘underground cables will likely be used to reduce the land usage problems.

Underground transmission will very likely utilize high voltage direct cuxrent,
which in turn will make large demands on the production of silicon crystals
for power control and distribution equipment. Half of the new power distri-
bution network is constructed underground. All of the gilicon wafers will not
require the large size and ultra~low dislocation density produced in apace;
thus, we assume 50 percent utilization of the space manufactured siliconm.

GzodhraISRi-Pulling'Method

The method proposed to attain the desired uniformity of crystal character-

 istdes would utilize Czochralski Pulling, in a weightless environment,¥ The

material is completely melted in a crueible and a seed crystal is introduced in
the liquid. The temperature of the melt 1s adjusted in such a way that solidi-
fication at the seed promotes gradual growth of the crystal. The seed crystal
is slowly railsed at a rate which, together with the temperature of the melt,
determines the dlameter of the crystal. In a weightlass environment, the
length of the liquid column extending beyond the surface of the melt can be
extended considerably, and the melt/solid interface is removed from the portion
of the melt contained by the crucible. Tsolation of the melt/liquid interface
to a considerable distance from the crucible wall will decrease crucible
emitted impurities and thermal gradients. Absence of thermal convection,
settling, and buoyancy in zero-g, coupled with controlled stirring (e.g.,
through externally induced electromagnetic fields) is likely to promote homo-
geneous distribution of dopants. and other trace elements In thé melt and, thus,
prevent uneven distribution of these traces in the crystal.

Crystal Makers

The growth of silicon crystals on earth is limited to boules of 3- to
4-inches in diameter. ILarge diametex, more uniform, 100~ to 150~mm silicon
crystals grown in space would likely have applications in medicine and for .
electrical power rectification. It is estimated that 90.7 to 18l. 4 % 103 ke
(100 to 200 short tons) of silicon crystals will be required each year by 1930
for electrical power uses alone. These crystals would have an estimated value
of $50 to $100 million. o S o

Power Equipment and Instrument Makers
| The instrumentation and'po#efuéquipmenﬁ'iﬁdﬁstries'WOﬁld utilize the =

silicon erystals to make avalanche detectors for radiological medicine uses,
and to‘make silicon diode rectifiers for the electrical power equipment makers.

*¥Frost, R. T., et al., Free Suspensien Processing Systems for Space Manufacturing,

Final Repert. Generzl Elactric Gompany,_Vallay Forge, Pa., DCN~1—0 ~64-27017,
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SILICON CRYSTAL, CRYSTAL wanianwmsnr HEAL#H.
GROWTH MAKERS [™] INSTRUMENTATION [ PISTRIBUTORS [~ rcoLocy,
INDUSTRY _ AND WELFARE,
ELECTRICAL
- POWER
EQUIPMENT
MAKERS
ELECTRICAL
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Figuxe 4Y. Potential Beneficiaries from Space Production of Silicon Crystals
for Medical and Eleciric Power Applications

Based on the above estimate that most of these crystals would be used by
the electrical power industry, the $50 to $100 million inventory of crystals
each year might have an average value added of approximately 25 percent*® when
incorporated in diodes for power rectificatlon uses. To the Instrument maker
then, his total sales of diodes would be approximately $62.5 to $125 million
per year,

Electrical Utilities

Electrical utility company profits are Government regulated to a certain
percentage of return on investment, but the capital investment required by
these companies 1s a function of the efficilenecy with which they provide the
public with electrical power. The benefits to these companies from use of
silicon erystals lies in the veduction of capital investment required. Large
sillicon diecdes, which could facilitate the transmission of large amounts of
power to citiles from electrieal conversion stations.

The following are typleal semiconductor requirements for many of the
applications discussed:

Silicon.Wafer Targethpecificatibns {(Typical Commeruial-Requirements).

1. Orientation - the wafer face shall be along the 100 direction
with a rotational error of less than 1.5 degrees,

2, Slze — wafers will be 50.8 mm (2.0 inches) or larger (preferable
2.25 dnches {57.2 mm] in diameter). ALl wafers to have the same
diameter within *® 2 percent.

*Statistical Abstract of the United States (1971), U, S. Governmepe, Depart-
ment of Commerce, p. 731.
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3.  Thicknesg - wafer thickness shall be .58 wm st .008 i (020 Inch).
All wafers to have the same thicki<ass.

4, Parallelism or Tapexr ~ the wafers shall have both sides parallel. ﬁ

5, Dopant - the dopant shall be indium to the level of 2 x 10%7 atoms/cm,
Individual wafers are to be within ¥ 10 pexcent of this value,

6. Dopant Uniformity - The resistivity shall vary less than * 7,5 per-
cent over the surface of the wafer, measured at center, and at 1/2
radius from edge of four quadrant positions.

7. Boron ~ wafers shall be boron free (B < 10%2 atoms/em®). Residual,
boron should be compensated by a phosphorus doping of < 1013 atops/em?,

8, DOxygen Gontent - less than 50 ppb (0p < 1034 atoms/ems) .

9. Dislocation Density =~ shall be az small as pessible, in any case,
no larger than 500 dislocations/cm?.

10. Polish - both sides of wafer shall be electrochemically polished.

11l. Surface Roughness ~ average surface roughness shall be less than
0.25 yum (1 microineh) rms on each side, Maximum suxface roughness
shall be less than .50 um (2 microinches).

12, BSurface Cracks ~ there shall be none'within 10 mils fror the wafey
perimeter.

13, Slip and Lineage — shall not exist within 10 mils of the wafer
perimetar,

I L W

14, Wafer Curxvature ~ shall be less than 1.5 mils (departure from
flatness) over the entire surface to within 10 mils of wafer
periphery., The periphery of the wafers (both sides) shall
have a convex radlus so as to avold projections. There shall
be no dimples more than 16 um from planarity.

15. Stress ~ the wafer shall be stress free, Wafers should not
- change flatness aftexr anmeal at 1000°C fox 1 hour lyiang f£lat,

16, Flat - the wafer shall have an alignnent flat on the 110 edge
with an ordentation tolerance of + 1.0 degrees.

17, ILifetime - the room temperature minoxity cayrier lifetime shall
exceed 1. mlerosecond, and should be as high as possible.

18, Iwinning - none shall be present..

19. Contamination - there shall be no ev;dence,of adherent contamina-
tlon when wafers are viewed under 100-times magnification.

20, Scratches — at 5-times magnification, 90 percent of the wafers
- shall have no seratches. The remaining 10 pexcent of the wafexs
shall not have more than three barely visible seratches pex
wafer with a total cumulatlve scratch 1ength.not to exceed

«5 inches, -
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LSJ Circuit Chips

General Objective

Manufacture of defect-free substrate wafers for LSI civeuit chilps and
computer storage applicatilons.

Product to Rarth

Lavge-scale integrated ciyxeuit chips. 3Bubble memory devices,
Key Objectives

To provide the micreoelectwonic iIndustxy with ultrahigh resolution photio-
lithography for fmprinting clrcuwits with line spacings measuring in the
millionths of an inch, Seismic motions of the earth presently inhibit such

small separations of circult lines.

Principal Contribution

Use the vibration-free environment of space to perform thesa dellcate o
cperations, W1ll benefit the microelectyonide industry. -

Level of Contribution

|
Annual market assessment of the communications products (such as ATC radar, ‘Pj
collision-avoldance systems fox alreraft) alone are estimated at $100M per year, -
!
Uniqueness of Contributdon |
Benefit communication needs (military and civilian) improves vield factorx.
Produce LSI circuit chips with v/4 -+ v/2 spacing for high frequency applications,
Only way to dsolate process from terrestrial and eusmic and acoustic coupling
vibrations.
Time TFactor
1985 to 1990,
Principal Installation
LEO manufacturing facllity.

Principal Functional Units lé

To be detexrmined. i&
Principal Technologies ?J

The principal technologies are: erystal growth from a melt and LSI circuit ;f
chips photolithograply techniques. o
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Impact Spectxum

To be determined.
Front-End Capital

To be determined,

Large Silicon Crystals For The Rectification Of DC Power

Genaral Objective

Manufacturing of flawless silicon wafers for large-scale electrinal power
rectification.

Product to Earth

Silicon conktrol rectifiers for public utilities companies.

Key Objective

To provide power equipment builders with isrge (15 cm diametar) and die-
location-free silicon semlconductor components for control rectifier devices
used in aec/de/ac power converter facllity stations.

Prineipal Contyibutlons

For this specific application of single-crystal sillcon, there is an
urgent need for flawless, large diameter (~15 cm) wafers for use in ac/de/ac
power conversion system, l.e., conversion rectifiers.

Level of Contxibution

Will pruvide the power industry with semiconductor ryectifier silicon wafers
(10-15 em) that ean handle up to 700 amweres and reduce the numbey of smaller
size SCR's to handle up to 360 megawatts of powex.

Uniqueness of Contribution

The f£loat zone xefining method is capable of producing high grade wafers
(~4-5 em) diameter SCR's for electrical power applications, However, the
primaxy impediments ave the unavailability of large diametex wafers. Space
manufacturing can provide this unlque semiconductoxr material.

Time Factor |

~ 1985.

Prineipal Installation

LEO manufacturing facility, l.e., free flyers, space stations, and
spatelehs. : o o
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Principal Functional Units

Space ~ one satellite or more (to be determined), one tracking/control
and data handling center.

Impact Spectrum

To be detérmined,
Prineipal Technology

Cxystal growth from a melt zone refining
Front-End Capltal

To be determined,

High Temperature Turbine Blades

General Objective

Manufacture of high temperature/high strength metal turbine blades for
turbojet and power conversion-type engines.

Product to Earth

Long life/high temperature turbine blades for fuel burning turbojet engines,
Key Objective

To grow single crystal and eutectic turbine buckets without anomalies for
less than 1650°C turbine inlet temperature and minimized grain boundaries for
inereased blade life.
Prineipal Contribution

Some replacement costs of ~ $4.5M per year. Reduce fuel, consumption;
reduce alr pollution. Some material development costs. Reduce fare of alr
transportation. TImprove public safety.

Level of Contribution

Public safety, national defense, public transportaition, balance-of-payments
all have some idmpact.

Uniqueness of Contwibution
Space processing metallurigical methods offer new metals with unique tempex-
ature and strength properties, By inereasing the temperatura thrzshold of present

turbine blade engines the efficiency and lifetime of the engine would increase,
thus, saving energy and reducing maintenance of the engina.
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Time Factox

~ Late 1980's.
frihcipaljlnstallation

LEC manufacturing facility.
Principél Functilonal Uﬁits

The principal functional unilts would be: one or more (directional solidi-
fication) free f£lyer satellitem (to be determined); one contrbl/tracking
center. : :
Prineipal Technology

Variation of earth metallurgical process adapted to spaée.
Impact Spectrum

To be determined.

Front-End Capital

To be determined.

New Optiical Giasses

General Objective
Manufacturing of optical glasses for refractive optics and laser windows.
Product to Earth

New glasses with superior characteristics: IR tramsparency, high strength,
pure, thermal shock-resistant glass.

Key Objectivés

To obtain containerless melt to minimize convectlon and contamination
and sources of nucleation te prevent devitrification.

Prinecipal Contribution

High index/ABBE number glasses. 5 to 10 y IR transparency improvement fox
lasers.

Level of Contribution

Optical instruments and lens market estimation $10 M per year,
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Uniqueness of Contribution

No Way to do containerless melts in terrestrial inéaétries; therafbre,'..
space only way to go.

Time Factor
| ~ 1985 to 1990,
Principal Installation
Lﬁo manufaéturing facility.
Principal Functional Units
The prineipal funetional units area: furnéce‘melt facility (to be determined);
one or more acoustic levitation free flying satellites, one control/tracking and
data h,ﬂdllng center. . A S
Principal Technology
Existing glass manufacturing
Impact Spectrum ‘
To be determined.
Front-End Capital

To be détérminéd

“HiL h Strength Magnets -

General Objective

The manufacturing of sPecial tarrestrlally immissible metals for appllcar
tion to very hlgh strength permanent magnets.

Product to Farth

 New and unique alloys, e.g., AgMgAl or combinatioms of Fe, Al, Ni, Co,

' and Cu, that When magnitized\have high and long 1asting properties., ,

Key Objectives

To produce terrestrial 1mmiscib1e alloys via solidification.(metallurgy)

-methods in space.-

Principal Contribui:ion

" Instrumentation indﬁétty, e-ges motorsvfiongniifé} mediéai'Sciéﬁce, high
strength has favorable affect on healing wounds.

1950
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Level af Contribution
Electronie and the medical industry.
.Uhiqueness of Contribution
Immiscible alloys Wouid Ee unique to earth.
Time.Factor"
~ 1985 to 1990.
Principal Installation
.LEO,mauufacturing facility.

Prinecipal Functional Units

Principal functional units would be one or more free flying satellites
(to be determined); one control/tracking and data hancling statiom.

Principal Technology
Existing use in space.
Impact Spaétrum
To be determined.
Front—~End Capital

To be determined.

Silicon Solar Cells
General Objective

Manufacture of cheap, high—efficiency silicon solar cells for terrestrial
or other applications.

P:odﬁct to Earth

- Cheap, high efficiency silicon solar cells either from silicon ribbon or
vacuum deposition in low—g space. C

Key Objective
The key objective of this indtiative is to provide the consumer with

reliable and cheap electrical power. It should be easier and cheaper to
manufacture amorphous Semiconductors in high-yield/high-throughput single-

erystal cells.

ORIGINAL BRAGE Ib
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':'?rinci?al Gohtxibﬁtioﬁ

Thls inltlative is an intrinsic part of solution to energy shortage.

- Solar energy may not be the ‘total answer to energy crisis, but it is a key

element in the resolutlon 0f the prohlem.
Level of Contribut;on
. Solar cells are pteséntly being used in space systems as well as earth
systems. There is an urgent need to improve and increase terrestrial electrical
capabilities as spon as possible.
Uniqueness of Contribution
, There are many methods of produC1ng solar cells in space: (1) epitaxial
growth, (2) vacuum deposition behind a wake shield of amorphous silicen, and
(3) silicon ribbon draw1ng'method. It is not clear yet which is the optimum
method to use.
" Time Factor
1985 to %990 time period.
Principal Imstallation
'LEO manufacturing facility.
Principal Funciional Units
. One or more silicon ribbon pulling facility and vacuum-deposition molecular
wake-shield free-flying satellite(s); one control, tracking and data handling
cenier.

Principal Technology

Czochralski seed pulling.(from,a.melt), Thin £ilm vacuum &eposition in
extremely hard vacuum 1013 torr).

'iﬁé;ct.Spéét:um

:VTo be.datermingd.
pconcomed opteal
. To be determlned.

Fiber—Optlcs D

_Gengral_objective_.” .

To produce high transmission fiber-optiecs in space.
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Product to Earth

Fiber optics for applications in optics, e.g., communication by wideband
light beams.

Key Objective

To obtain containerless melit to minimize convection and contamination and
-sources of nucleation to prevent devitrification. ' '

Principal Contribution

Very high transmission £iber optics with a minimum of losses.
Level of Contribution

Medical, communication industry will benefit.

Uniqueness of Contribution

No way to do containerless melting in l-g terrestrial environment — space
unique in that industrial sense.

Time Factor

~ 1975 to 1890.

Principzl Installation
LED manufacturing facility.
Principal Functional Units

One or more furnace melt facility fiber drawing apparatus, free flying
satellite(s); one econtrol/tracking and data haudling center.

Principal Technology
Existing.
Tmpact Spectrum
To be determined.
Front-End Capital

To ke determined.
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SPACE OFPORTUNITIES — ENERGY

l

Electric energy is the fastest growing form of energy in most countries. :
Moreover, as industrial utilization shifts its energy base from fossil to the
less limited primordial energy base — such as fission, geothermal, solar, o
solar-derivatives and fusion — the primary form of technically useful energy
will be electyic, to be used directly or in the form of fuels manufactured by .
use of electric energy. Indeed, one may say that we move from the era of
Ffossil econouwy to the exa of electric economy, !

When discussing space and energy sources, .an important question arises at
the start: Why look fo space for new energy sources when there is obviously
an abundance of primordial enevgy sources on earth — not to menition the still !
considerable reserves in fossil energy, many of them still untapped, espectally
in the U,5.5.R.? The answer is clearly dominated by economic and socilal
considerations. To begin with, industry is indispensable for creating meaning-
ful jobs and a better standard-of-living. ' Energy is the basis of both industry

- and improved living standards. 3But economic realities demand that the least
expensive energy sources are used first, while work progresses.(at least in X
far-sighted societies) to improve the economy of future energy sources in terms i
of their use., Thus, energy sources iIn space must be, or must become, competi-
tive in relation to terrestrial sources. Competition with terrestrial sources
involves not only cost, but also environmental factors and land use. The land !
use factor is less important in large, sparcely populated countrxies such as
Canada and the U.S5.5.B. In any case, if energy sources in space cannot compete
‘economically with terrestrial alternatives, then they are not likely to be used
for earth, as long as the terrestrial sources are available.

SFACE LIGHT

Solar energy ls an inexhaustible source of light and energy. With it one
can illuminate, produce biomass and generate mechanical energy, electric power
and hydrogen or artificial hydrocarbons, The mean annual solar irradiation to
earth is about 18,000 times the present energy consumption of mankind. Even
in energy-intensive iIndustrialized regions (such as in Central Europe), the
annual solar irradiation exceeds enexgy consumption by a factor of 50 or more.
Unfortunately, the energy provided to these regions by the sun is subject to
large diurnal and seasonal variations. At high northern and southern latitudes,
the sun is particularly unreliable., The general cbjective of the Space Light
Project is to transmit sunlight to selected areas on the earth's night side.

In view of the reflection distances involved, the individual reflector is
practially a polnt source of light. Solar radiation converges on it at an
angle equal to the apparent diameter of the sun, as shown in Figure 49. The
reflected beam, in turn, diverges at the same angle if the reflector is almost
planar. The reflector must be extremely smoothj otherwise, the image diameter
is increased due by diffuse reflections. Diameter and, hence, the area of the
image increases with distance between reflector and image, independent of the
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Figure 49. Image Diameter Versus Reflector Distance From Image

reflector area. Vertically beneath the reflector, the image diameter is
smallest. When deviating from the sub-satellite point, the circular image
becomes elliptical. The minimum radius increases with distance and becomes the
semi-minor axis, whereas the semi-major axis increases as a function of the
angle of elevation of the reflector above the horizon as seen from an observer

in the center of the ellipse.

In the course of a cloudless night, the geosynchronous reflector will
illuminate a given image area at 271 percent of maximum brightness. For half
of the cloudless night, the reflector's brightness will be 292 percent, This
makes a reflector of given size a far more effective illuminator than the full
moon or sun, providing about 23 percent more illumination than either celestial
body at equal brightness.,

LUNETTA

Lunetta is 2 Space Light system sized to provide night illumination of the
appropriate magnitude. The magnitude is related to the activities to be
performed. TFigure 50 surveys a wide range of outdoor activities at the desired
illumination level. For comparison purposes, the minimum area of the reflector
system required te provide the illumination level in the 8- to 24-hour orbit
range, Lt is seen that most of the activities are covered adequatrly by an
illumination level between 100 and 1000 moons. However, the illumination levels
given for the particular activities correspond to a high standard. Lighting
levels down to half that amount are still acceptable in many cases.

As is shown in Figure 51, the Lunetta is a lighting system of very high
efficiency on a clear night (its lighting efficlency is about 64 percent of the
original light energy offered to the reflector in space). The averags lies
around 30 percent, depending somewhat on the region and the season. The minimum
is about 9 pexcent at heavy, unbroken overcast. By comparison, a thermo-electric
powexr plant yields approximately 3 percent of its original fuel energy in the
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form of light. A silicon-photovoltaic power generation satellite has a light-
ing efficiency of about 0.64 percent. Even for a more advanced power generation
satellite based on gallium arsenide solar cells, a Brayton cycle thermodynamic

' power conversion system or a fusion-MHD system, a lighting efficiency of hardly
more than about 1.4 percent would be achieved (based on the given efficiency of
the individual conversion steps).

0f course, Lunetta provides area lighting without the intrinsic possibility
of spot lighting, as in the case of lamps. The illumination intensity of the
entire area is determined by the lighting requirement for the particular working
area proper (pier, dock, shipyard, road). Therefore, Lunettz is most suiltable
for applications which involve a need frr area lighting.

Accordingly, there are four broad uses for Lunetta (Figure 52): urban
illumination, lighting for remote industrial activities, illumination of rural
areas and, as needed, illumination of earthquake and other disaster areas.

Service to large metropolitan areas provides higher quality lighting,
reducing the power consumption for conventional lighting. It could also provide
backup lighting for brownouts and blackouts. Top illumination of a fog region
and light scattering through the fog Increases the background brightness in the
fog area and improves visipility compared to conventional street lighting.

In cities like Los Angeles, Chicago, New York, the electric consumption for
outdoor lighting corresponds to between 5 and 10 watt-years per capita. This
probably is true for cities in other industrialized nations. In developing
countries the lighting power consumption per city dweller is lower.

¥ ¥ g [ ]
LIGHTING FOR
URBAN ILLUMINATION OF DISASTER
1 icLumivaTion | :E.'r‘l‘\’fn‘"g;"“m'“ RURAL AREAS ASSISTANCE
o] BETTER EXPLOITATION OF RURAL DEVELOPMENT | | [NIGHT LIGHTING FOR
LIGHTING | [ ] NATURAL RESCUE OPERATIONS
RESOURCES NORTH OF (EARTHQUAKES)
ARCTIC CIRCLE PROVIDES OPTION OF
REDUCED AGRICULTURAL OR
H POWER SUPPORTING OUTDOOR
CONSUMPTION LARGE CONSTRUCTION ACTIVITIES AFTER
L PROJECTS IN REMOTE SUNSET
AREAS
BACKUP FOR ® HELPS REDUCING TIME
BROWNOUTS, | o )1 GAS & MINERAL T0 CULTIVATE FIELDS BETWEEN
¢ g DEPOSITS, ALASKA, CANADA  HARVESTING & PLANTING
& FOG SIBERIA, BARENTS SEA & FOR MULTIPLE CROPPING
© STRIPS OF METROPOLITAN  ARCTIC ATLANTIC © BETTER UTILIZATION OF
CENTERS (E.G. BOSTON- © CONSTRUCTION OF LARGE SHARED FARM MACHINERY
WASHINGTON OR REMOTE FACILITIES
SACRAMENTO-LOS (SOLAR NUCL POWER PLANTS ® ACCELERATION OF HARVESTING
ANGELES) PIPELINES, POWER LINES, "'m: !g"""::f“‘:; :‘
A
© URBAN GROWTH INMANY  DAMS, ETC)

COUNTRIES

Figure 52. Lunetta Applications
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According to estimates by the United Nations, 30 percent of the people in
developing countries lived (in 1975) in urban areas of 20,000 habitants or more.
The: number of urban dwellers by the year 2000 is projected to have rlsen to
42 percent, If this is correct, this means that the urban population in the
developing world will swell by the equivalent of 230 metropolltan areas of
6 miilion people each. In addition to existing poorly lit urban areas in the
world, those additlons constitute a large potential market for lighting cities
of tomoxrrow laxrgely with solar power at highest attainable efficiency. The
outdoor lighting of these eities by electric means consumes 7 Gwe-years annually
even if the per ecapita allotwent is only 5 watt-years. This is equivalent to a
mean area illuminance of Yess than 1 full moon.

Lunetta's light can accelerate large Industrial projects in remote areas
or during extended polar night — oil, gas and mineral ore extraction above the
Arctle Circle, long-distance pilpelines, electrie transmission lines, distant
nuclear power complexes or solar power plants — large projects where cost
savings of 10 to 20 percent amount to tens or hundreds of millious of dollars,

In the Spitzbergen region, for example, the sun shines for 134 days
alternating with 127 days of darkness, with two periods of 54 and 50 days with
diurnal cycle wedged in between, Rich resources of off-shore oil, natural gas
and mineral deposits are found or suspected between the Axretic Circle and about
70 degrees. Lven larger undersea oil and gas deposits are indicated under the
Barents Sea and the Avctie Atlantic between 70° and 80° latitude.

The higher latitudes also tend to be more cloudy. Figure 53 shows a survey
of the annual average daytime cloudiness. It will be noted that, at high lati-
tudes, the overcast In ocean areas exceeds that over land areas, The region
with an average cloudiness of 50 to 75 percent extends particularly far north
over the Burasian land mass. Importantly, in winter montis, the averaze cloud~
iness over North America and Eurasia is at its lowest level, except for areas
with a maritime climate. Conditions are similarly favorable in spring and
summer and comparatively least favorable in fall, espeecially in northwestern
and northeastern North America.

Illumination levels around 100 moons appear adequate for many agricultvral
activities. The ability to work the fields before sunrise and after sunset,
along with better use of roads at night, is part of wural development associlated
with modernization and intensification of agriculture in the developing world.
There are three lines of intensification: bettar-off farm services; multiple
croppings and crop interplanting; improved planting and animal breeding. Off
farm services and multiple cropping can clearly benefit fyom better night
lightinp.

In the tropiecs, up to three crops are feasible per year, since seasonal
variations are small, This could concelvably triple the annual yield per
hectare. °Mulitiple cropping requires more sophisticated ixrigation and drainage,
more intensive fertilizing and highly effective anti-pest and anti-disease
measures, Moreover, the time for planting and harvesting and the time between
harvesting one crop and cultivating the land for the next must be reduced below
present levels, This, in turn, requires agricultural machinery. The utiliza-
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tion of the equipment, shared in most cases by a number of farmers, can be

increased and the transition between crops shortemed if the equipment can be
usad beyond the noxrmal daylight hours.

Among several diverse applications, night lighting for disaster areas and
rescue operations is the most significant, as least fxom the human standpoint.
As a rule, disasters do not occur in well-lighted areas and those which do
occur -— primarily earthquakes — wipe out nothing more thoroughly than light
and power, Darkness at night compounds chaos, increases the loss of life and
makes rescue operatlions more difficult.

In applying Lunetta to the illumination of urban areas, several factors
must be taken into account to provide useful and publicly acceptable lighting.
Excessive variations in brightness should be avoided. The 1ight should not
generate deep shadows, which is particularly a problem where many high rises
or skyscrapers are involved. Thirdly, when being at the limiting elevation
below which the reflector is no longer used, the brightness of the larger,
elliptically distorted image should be as low as possible to generate minimum
disturbance of areas not included in the basic area to be illuminated.

If a single large reflector, or a cluster of closely spaced reflectors,
is used to illuminate a certain service area (to be followed by another eluster
ng it leaves the are), then the chances are excellent that all these undesirable
characteristics will be present. To provide a Lunetta system, whose lighting
Features avoid as much as possible these features, the cluster needs to be
expanded and distributed over the are. Therewith the gaps between individual
clusters disappear . :

From the above considerations for optimizing the 1llumination quality,
especially in cities, one can draw the further conelusion that even the distri-
buted reflectors should not necessarily be placed in one orbit, but should
instead be distributed over two or three orbits of equal distance and inclina-
tion with the ascending nodes at the equator, a few degrees apart. Thereby
the light generation is spread along the orbit as well as crosswise. This is
shown In Figure 54 . The left side illustrates three successive passes over a

city. The right-hand side depicts the conditions if the orbit is split into a
closely spaced cluster of three orbits.

Under the conditions on the left, the reflectors during Pass 1 illuminate
the metropolitan area with a series of beams from southwest, south and east,
mostly from the south. During Pass 2, three hours later, the same reflectors
illuminate the city from west, norxth and east. In Pass 3 the illumination is
from west, south and southeast.

In the thrae—track mode, the area is illuminated rather evenly from nerth,
south, east and west during Pass 1. The same is true when the same reflsctors
pass over the metropolitan area three and six hours later.

Figure 55 presents a three~dimensional view of the conditions during the
second pass in the three-track mode. Splittirg a single orbit into three does
not add to the overall brightness, but rather offers a much milder, better
distributed lighting., The overall reflecting area of the orbit is now distyi~
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buted over three orbits., The same is true for a second and third orbit. The
repair and maintenance operations, however, become more complex, because a
greater number of smaller reflectors is distributed over three to nine orbits
rather than one to three orbits. The individual reflector size is reduced
further, raising the overall mass. However, quantity production of a small
standardized reflector becomes possible with the attendant cost reduction.
Failure of a given reflector, or closing it down for repair and maintenance
becomes less noticrable in the overall lighting pattern. The system remains
highly Shuttle-compatible even to large overall reflecting areas.

The largest megalopolis complex in the United States is the north-east
corridor, also labeled the Boswash strip city, encompassing metropolitan centers
from Boston to Washington and Richmond. Assuming an average power consumption
for outdoor lighting of 7.5 watt-years/capita, Figure 56 shows tuhat the mean
area illuminance amounts to only about 1.3 moons. Of course, this light is not
uniformly distributed. This particular area would be a highly favorable loca-
tion for the Lunetta system. Of course, there are several other highly industriali-
zed regions with comparable lighting requirements. These include szveral sectors
of Western Europe and the strip of urban and suburban developments stretching
between Los Angeles and San Diego, California.

{BOSwASH MEGALOPOL IS |

o AREA: 165,760 KM® (64,090 SQ MI)
BOSTON ® POPULATION: 46.6 MILLION

o MEAN DENSITY: 281 PERSONS/KMZ AT A
PONER CONSUMPTION FOR OLTDOOR LIGHTING OF
7.5 WATT-YEAR PER CAPITA:

¢ AREA POWER ~2.11 KHE/KHZ AT 65,000 LUMENS/KWE:
o MEAN AREA ILLUMINANCE: 0.137 LUX = 1.28 MOONS

BALTIMORE o OVERALL POWER CONSUMPTION @ 7.5 W-YR/CAPITA):
~0.35 GWE-YR = 3.07 109 KWHE

WASHINGTON o OVERALL EQUIV OIL CONSUMPTION
~735,000 TONS/YR (5.106 BBL/YR)
. RICHMOND © OVERALL ANNUAL COST OF LIGHTING SYSTEM:

4 ~$250 MILLION

® AREA ILLUMINANCE: <200 MOONS = 21.4 LUX
2

2

A+ 1084 KM° <7 ORBITS: i = 40°; Ag = 100,000 KM
2.5 ORBITS; i = 125%; Ag = 100,000 "
W7 5 oparrs; § = 450, Ag = 133,000 k¥
70 kM2 N Lrarhol L 2
2 311 0RBIT; i = 0% A = 166,000 KW
3 3 12 24

SIDEREAL PERIOD (HR)

Figure 56. Example: Illumination of Boswash Megalopolis
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 Lunetta Tllumination Geometry

To optimize a Lunetta lighting system — whether it is applied to rural or
- urban target areas — it is necessary to maximize the quality of lighting and
to minimize'the cost of establishing and maintaining the system.

The use of co-orbits (see Figure 57) improves the quality of lighting. It ?
also increases the system's flexibility to adjust to the illumination of multiple
locations by one system at the minimum of reflector area. The disadvantage of
this, in many respects, desirable choice of sub—synchronous orbits is that it
tends to lower the utilization factor of the individual reflector. This shoxt-

- coming is ameliorated by the fact that sub-synchronous orbiting offers a given
Lunetta system the possibility to serve severzal target areas. Co-—orbits offer
a measure of flexibility that improve the prospects for taking advantage of this
_possibillty.~ . . _ .

Another major variable entering into these trade-offs is the 11miting
elevation — that is, the lowest elevation above the local horizeon of a target
- area at which a given reflector is:still trained at the given target area. The
larger the limiting elevation angle e, thé smaller is the circle (subsequently
referred to, briefly, as e—circle); hence, the shorter in the time fraction of
one revolution during which the reflector can serve the particular target area;
but, on the other hand, the higher is the quality of 111uminat10n. '

S-HR, ORBIT; 55°N PASSAGE: 9PM, 11 PM,
1AM, 3AM; LIMITING ELEVATION €~ 43“_ o

LIMIT OF ORMIT PLAMNE 7] - -
ORIENTATION FOR:. -
CONTINUGUS SUNLIGHT |

\ EXPOSURE’ _

NSeitis s

LATITUGE

N4

-
-
.

Figure 57.  Lunetta Illumination Pattern: New York -

Figure 58 illustrates several major variables (using, for the present, .
L only one orbital altitude; or 3-hour sun~synchronous orbit, 4184 km altitude,
. about 125° inclination with a morthermost iatitude passage of 55°) The' ...

- other assumptions used in constructlng the figure inelude:s S e

. 210

I R e R

iy BT 24 Tt L T T P S e e i

T o ST T T TP N VAPV VP AT S -




‘l‘ Rockwell Intemational

Spzce Division

- The latltude of the target area (ln thlS case,
New York

. The'limiting elevation (in this'casé,‘é = 40°)

‘e The distribution of the co~orhits (in this ééSe,
,_latltude 55° N passage at-9 p.m., 11 p.m.y, 1 aume
‘and 3 4. m.)_ﬂ

The &-circl'.s shown describe fhe illuminatibn pattern of NeW'YorkVCity at

-8 p.m., 11 p.m., 2 a.m., and 5 a. T, Tt is seen that the co-orbits provide
‘multl—dlrectlonal llghtlng. - ' -

Figure 58 alsa 1nd1cates the 11m1t1ng orbit plane orientation relative ro
the earth-sun line for the condition that continuous  sunlight exposvre of the
reflectors is retained in all co—orbits. At the altitude of-a 3-hour orbit,

- the limits correspond to a 55° N passage at 8:40 p.m. and 3:20 a.m. This llmit

is not absolute, but for the present, it is assumed that the re“leators do not
experience periodic shadowing,

The direction of change in the distribution of co-orbits is indicated in

Figure 59, in which Houston is replaced by a city at 20 degrees latitude ai;
almost the same longitude as Houston.

LIMIT OF ORBIY MLANE

ORIENTATION FOR =
CGNT!NUOUS SUNLIGHT
EXPQSURE

-

NEW YORK

LATHUGE

LOS ANGELES

\z%‘\‘ y

I MEXICO CITY,
SN
\\ N

Figuré 58. .Efféct of High Limiting Elevation Angles on Lunetta
Illumination Pattern and an Aplecablllty to
Multi—Clty nghtlng :
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To assurs multi-directional lighting at all latitudes, the number of co-
orbits must be increased considerably. This figure shows 12 co-orbits. All
three cities cezu bz lighted without any mutual interference. However, the
southern latitude of Mexico City shows the basic problem involved in lighting
cities at low latitudes: they are difficult to illuminate around midnight.

To improve the conditions, it is ncecessary to increase the e-circle. But
since in this case the increased €-circle would seriously interfere with the
illumination of Los Azgeles, it is necessary to introduce another innovation —
the €-ellipse (shown by the dashed line). Thereby, reflectors between New York
and Los Angeles can be used to light Mexico City. However, it is unavoidable
that for a period of about two hours the space light  originates only from the
northern, north-eastern and north-western sky.

To exemplify the effects of co-orbit distribution and target area latitude,
the illumination profiles are shown for three American cities (Figure 59). The
nominal clear-night illuminance level of the system is 700 moons. The illumina-
tion levels were determined on the basis of € = 40° and on the premise that the
overall reflector area for 700 moons nominal illuminance is evenly distributed
along all four or five co-orbits.

NEW YORK; ~4T*N
LOS ANGELES; ~M°N
HOUSTON; ~20°N

S5°N PASSAGE
(D NEW YORK: P PM, 10, 12, 2, 3AM
@ NEW YORK; ##Mm, 11, 1, 3 AM
(DLOS ANGELES: 9PM, 10, 12, 2, 3 AM
(DLOS ANGELES: PPM, 11, 1, 3 AM
1 @HOUSTON: VP, 18, 15, 2, 3 AM

NOMINAL ILLUMINANCE LEVEL AT CLEAR NIGHT

ILLUMINATION (MOONS)

Figure 59. Clear Night Illumination Profiles for Three American Cities

The illuminance level tends to decline for target areas further south of
the maximum latitude (55° N). Those lacations do not benefit from the prolonged
dwell time of the reflectors near the mi ximum latitude. The distribution of
the co-orbits is seen to affect the variation of the illumination intensity in
the course of the night,
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If the limiting elevation is increased to 60 degrees (see Figure 60), the
g-circle is reduced sufficiently to make it possible for one Lunetta system
to serve all three cities with very little overlap. This is an advantage, but
to counteract the reduced utilization factor due to the smaller e~cireles around
each target area, a more suitable distribution of the co-orbit is required than
the one shown in the chart which equals that of the preceding arrangement with
e = 40 degrees.

& LIMIT OF CRMIE PLANE =
ORIENTATION FOR.

- 4 CONTINUGS SONLIGHT

o : ] l n
. o =% =¥~
£ | o e TN [N
S i AT L A NS N N

7 . S 7§ 7\/\ PN ~ ~—

P ’ # llt Ilz ANA 4 [ | ﬁ'm

Figure 60. Effect of Limiting Elevation on Lunetta Capacity to
Serve Several Cities Within a Longitude Band of
25 to 45 Degrees. Limiting Elevation g€ = 60°

Lunetta Economic Aspects

The Lunetta provides light directly. Tervestrial lighting systems require
glectric energy as an intermediate step from energy source to light. Therefore,
the cost per lumen-hour can be computed directly for Lunetta, but needs to be
expressed via cost of electricity in terrestrial systems.

For terrestrial systems the cost per lumen~hour is at least in the order
40 to 60 mils/kwhe. The electricity-light conversion efficiency for street
lights lies in the range of 40,000 to 65,000 lumens/kwe. Over their rated life
(usually 1.8 to 2.7 years), the lamp depreciation usually is taken as percent
of the initial light ontput at 70 percent of rated life. Most depreciations
lie between 0.6 and 0.8. Of course, an additional expenditure is incurred by
maintaining the lighting system.
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For costing purposes, a Lunetta system consisting of seven clusters in a
three-hour orbit was assumed. The system is Shuttle compatible. For clear-
night illuminance of 200 full moons at the subsatellite point, the nominal
reflector area in three-hour orbit, using sodium coating, is 0.24 . This

area must be increased by a factor of 2.46 to provide full 200-full mocons
illuminance at a 40° elevation sugle.

Cost comparisons between the Lunetta and terrestrial lighting systems are
presentad in Figure 61. As can be seen, all Lunetta cost figures lie below the
terrestrial value. If only two metropolitan areas are services by this system,
the equivalent electric cost incurred by each metropolitan area is 16, 21, and

30.4 mils/kwbe, respectively, compared with 70 mils/kwbe for the terrestrial
system,

» KIN ELEVATION FOR ILLUMINATION €, = 40°
» DIAMETER OF USEFUILLY ILLUMINATED AREA 20 = 44.9°
* A/A AT &= 40% 2.46 (1190 ki)
« HUMBER OF ORBITS: § (3-TRACK MODE; A 2= 8°)
« REFLECTING AREA PER TRACK ORBIT: 1.52 KMC (7.6 KM% TOTAL)
* NUMBER OF REFLECTORS PER ORBIT: 24 { X~ 15%) COST BREAKDOHH (V = 30 YEARS)
* REFLECTOR: AREA WEIGHT  COST S

0.063 k¥ tsotyu?  sefyi?
* TRANSPORTATION & ORB OPERATIONS: $7.10°/t
» DOTEE €OST: $2.10° -
« RETURN Of THVESTHENT r = 0,15 (30 YEARS)
* ANNUAL MAINTENANCE COST: $10 (30 YEARS)

TRANSPORTATION &
ORBITAL OPERATIONS
$798M

=3
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Figure 61. Sample Cost Breakdown of Shuttle-Compatible Lunetta
System in Sun—-Synchronous 3-Hour Orbit
(h ~ 4184 km; i ~ 1259)

The wide geographic distribution of major urban i(.-eas permits a high
utilization factor with a Lunetta system in orbits of 30° to 60° inclination.
If greater numbers of urban or industrial regions are to be serviced, precession
is no longer a disadvantage. DMore orbits would be needed; but all would be used
throughout most of their precession year to illuminate a metropolitan, industrial
or agricultural area north of the equator. The major gap on the Northern Hemis-
phere is the Pacific Ocean. However, while precessing through that gap, arveas

in South America and Africa would be serviced from the southern half of the
orbit.
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A greater number of orbits would increase the initial investment. But
lower transportation cost into direct orbits, plus the higher utilization
factor would reduce the cost per area served well below the figures given
above. Transportation (including the orbital operations) dominate the initial
cost which, in turn, represents the bulk of the overall cost. Minimum area
weight and low transportation cost, in addition to many subseriber areas, are
the key to low Lunetta lighting costs. The prospect for beating the cost of
terrestrial lighting and high illumination quality appear to be very good.

Foeal Area Beduction of lLunetta

In reflecting sunlight directly, the minimum focal image area is invariably
tied to the distance between reflector and surface. Thus, the image area may
be larger than the service area involved, exposing areas outside the service
area to undesired illuminationm — populated or wilderness territory. In parti-
eilar, it may be desirable to combine the advantage of geosynchronous positicning
with a smaller focal area.

Moreover, in cases of illuminating spots at higher latitudes, it may be
desirable to use elliptic orbits. Of particular interest here is the 63.5°
inclined elliptic orbit, because it experiences no rotation of the major axis
(i.e., the apogee remains over the latitudes of the service areas) and because
this orbit covers many potential service areas on the Northern and Southern
Hemisphere. A reflector in an elliptie orbit which dwells significantly longer
over the hemisphere facing the apogee than over the perigee side, would generate
an image of varying size.

Image size, as well as variation of absolute area in elliptic orbits, can
be reduced by dual reflection (see Figure 62). In this case, the earth-oriented
(secondary) reflector does not Zook at the sun, but at a sun—oriented primary
reflector. Therewith the focal image size of the secondary reflector is
determined by the angular diameter of the primary reflector as seen from the
secondary system. Sizes and distance between the two systems must be arranged
so that the angular diameter of the primary reflector is smaller than the sun's.

Either reflector can be primary or secondary. The insert in Figure 62 shows
that for obvious optical reasons, the leading reflector (in direction of motion)
should be the sun-oriented one between dusk and midnight. In the arc between
midnight and dawn, the trailing reflector should be primary. The changeover
can occur shortly after midnight, in a way that illumination of the service area
is not interrupted, but only dimmed for a short time period of a few minutes.
Because of this changeover, it appears desirable to make the two reflecting
areas roughly equal in this case, the light beam from the primary reflector has
a larger diameter than the secondary reflector. The illuminance of the latter,
therefore, is reduced. The light bypassing the secondary reflector can be
captured by inserting additional reflectors in the primary beam. In this case,
the roles between the two systems are not reversable in a simple manner before
and after the midnight point.

For a given reflecting area, the image area on the ground can be reduced
by increasing the distance between the two reflectors — at simultaneous
reduction in illuminance. For constant illumination level, therefore, the
reflecting area must increase. The increase in reflecting area is the price
that must be paid for reducing the image area.
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Figure 62, Geometry of Focal Area Reduction of Reflectors in
Circular Oxbit

SOLETTA

Soletta redirects a high level of soclar energy flux into the image area,
in the order of 0.25 to 1 — the energy intensity of the sun. The Soletta
sizes range from thousands to tens of thousands of square kilometers. They
consist of large numbers of reflectors, focused on a common image area on the
ground. Their size no longer renders dual reflection feasible. The functions
of Soletta are meaningful only if they can be applied to large areas, about as
large as that of the Soletta itself, To be effective the Biosolet*a should
irradiate thousands of square kilometers of land area and ten times that much
of ocean area. Therefore, Biosoletta should be in a geosynchronous orbit ox
higher. Powersoletta irradiates smaller areas (at least initiaglly) in order
to keep the ground antennas small and inexpensive. Therefore, a three-hour
orbit is a reasonable cheoice for Powersolatta.

Powersoletta

The purpose of the Powersoletta reflectors is to add to the regular solar
energy input to terrestrial solar-electric power stations. Powersoletta
replaces the sun at night and can enhance the sun's input during the day. The
energy provided at night enables the ground station to operate around the clock
as if it were in space, subject only to atmospheric effects. Powersoletta
minimizes the effects of local climatic conditions, thus making solar—electric
energy practical for countries with less abundant solar insolation.
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The higher the reflector orbit, the fewer reflectors are needed, but the
longer is the ground image. The Image area must match the size of the ground
installation otherwise much solar energy would unnecessarily be radiated into
the terrestrial environment. Not only would this reduce the system's efficiency,
but it would increase the waste heat of the system, On the other hand, if the
large image area was essentially occupied by energy processing ground installa-
tions, the initial capital investment would be increased substantially. The
energy output would amount to hundreds to thousands of Gwe-years and the
efficiency of reflector utilization would be high. Unfortunately, the magnitude
of the project would not be conducive to its early realization.

The two-hour and three-hour orbits offer more suitable conditions for
introdueing Powersoletta at the expense of reduced efficiency. These relatively

low altitude orbits also allow the power output to be better adapted to market
needs,

For Powersoletta it is even more important to prevent excessive varliations
in illumination intensity. The ground equipment is not as flexible as the
human eye is with respect to Lunetta. The human eye is capable of logarithmic
adaptivity to varying luminance levels (Weber-Fechner law); whereas the
efficiency of photovoltaic cells falls off very rapidly if the irradiation level
declines too much.

Table 4 summarizes the combined effects of orbital altitude and limiting
elevation on the overall reflecting area of a Powersoletta and or the utilization
factor of its reflectors. It is seen that a larger ground illumination area
saves reflector area in spite of the faect that a larger reflector arsa is
required to compensate for the longer path length through the atmosphere.

Table 4. Powersoletta Characteristic Data for Several
Orbits and Limiting BElevations
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SIDEREAL PERIOD 2 2 ]
DISTANCE, v (KH) 1.26 1,656 0
ALTITUDE, Yo (KH) 1658 4148 6350
SUBSATELLITE THAGE AREA, A, (KHY) 187 1150 2765
IMAGE DIRKETER, 9 (k%) 15.4 1.6 5
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HAXIMUM PASSAGE TIHE THROUGH ULA (HR) 0.13 0.5 | 0.422 | o.za | 0744
PASSAGE TIME AT 2= 1009, # = 257 (uR) 0.1 0.4 § 0.323 ) 008 | 0.553
NUMBER OF CLUSTERS [N ORBIT, K, 1 & 9 16 1.5
ILLIHINATION INTENSITY (5) 0.8 0.92 | 0.8 | 0.5 0.6
CLUSTER AREA (SUDSATELLITE, § = 0.94) 174 1215 | teiz | 7s9 3070
REFLECTI®G AHEA FUR ORBIT (k%) a2 7202 | s108 | 12,144 | 35,302
HUDER OF TRACKS [AT 3 TRACKS QVER UIA} 9 4 4 6 3
ANGULAR SEPARATION OF TRACK OHGTTS, Af2(DEG) 5 1 ! 7 "
REFLECTING AREA PER TRACK ORBIT (kM?) 1094 2430 | 1036 | spe | M.767
OVERALL REFLECTING AREA {ALL TRACK ORBITS) (k) %396 9723 { 12.144| 24,228 | 35,302
" ANGULAR SEPARATION. OF REFLECTORS IR ORBIT, ¥ {DEG) 5.518 12 13.85 | &6 10.9
HUMELHR OF REFLECTORS PER TRACK QRBIT 65 0 2 60 n
ARLA OF REFLECTOR UH, * (kMZ) 16, a m }ers |4ms
OVERALL HLMBERS OF REFLACTORS {ALL TRACK ORGITS) 565 128 w4 | 250 89 DRIGIN AL BAGE Is
HiUMBER OF REFLECTORS OPERATIVE OVIR UTA 1
SINULTAREOUSLY n <15 g 9 3 OF POOR Q
REFLECTOR UTILIZATIQN FACTOR PER UIR a9 | 0.537| o.087 [ 0.ozs | 0.0m
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In the case of Powersoletta, a particular form of chain radiation transfer
(referred to as retro-reflection) can be attractive under certain conditions
(see Figure 63), In the case of Powersoletta, daylight irradifation is useful °
since it enhances the energy input into the ground power station. Retro-
reflection can appreciably enhance the utilization factor of the reflectors.
Whether or net the energy gained is worth the additional navigational complexity
depends only on the distance of the reflectors and the losses due to retro-
reflected light not one intercepted by the receiving reflectors.

For a small number of widely-separated ground power stations, the three
hour sun synchronous orbit seems to be most attractive. If a larger number of
ground stations are available, the system is less sensitive to orbital pre-
cession and a broader range of orbital choices becomes possible.

o— :
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\ QY
DAYTIME ROWER STATION A\
IRRADIATION
: NIGHT POWER STATION IRRADIATION
\ o
w.!;b"
\\\
®

Figure 63. Use of Retro-Reflection for Powersoletta to
Enhance Daytime Power Generation

The large number of reflectors involved seems to justify a sun—synchronous
service station for assembly at 550 km (sub-radiation belt) altitude. The
service orbit should be sun—synchronous also, to keep it in a fixed pesition
relative to the three-~hour sun-—synchronous orbits. If the reflector unit can
be made light enough to permit the use of solar radiation pressure (in addition
to electric thrusters) for driving the reflector outward, it must be lifted
first to about 1100-km altitude, beyond which the drag is small enough not to
offset or overcompensate the radiation pressure effect.

The inclination of the sun-synchronous service orbit at 550 km is 97.6°.
This orbital location is more favorable for earth~to—orbit transportation than
than the 125° inelined 3-hour orbit. The difference is made up during transfer.
Continuous solar exposurs provides ample power for an associated material
processing facility., This facility would manufacture ultralight structures
for reflectors and would coat the reflector surface with sodium which is light,
less costly and of higher refleetivity than aluminum, but can be processed on
a large scale only in space where its reflectivity is not destroyed by oxidation.
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The retrograde three-hour orbit dips into and out of the proton belt., The
protons cause sputtering on the reflective surface., This adds to the gradual
degradation of reflectivity. The rate of degradation is not known at this time,
The reflecting surface may have to be re-coated in intexvals of 8 to 15 years
because of this degradation. On the other hand, the protons tend to neutralize
the negative charges the reflectors pick up outside the proton belt., Thus, less
harmful dust may attach itself to thelr surface.

From a retrograde three-~hour orbit, countries or regions lacking abundant
solar energy for power generation can establish their own industrial sun.
Since better coverage can be attained if the service area is located at slightly
lower latitude than the maximum latitude of the orbit's ground track, ground
stations up to latitudes of about 50° could be serviced. Of course, stations
up to at least 65° latitude are within reach of Soletta, which means that
Soletta-driven solar power stations could be bullt in Northexrn Europe, Northern
Sibetria or Canada. Of course, the farther north the statiom, the greatar is
the fraction of the overall radiation input that 1s supplied by Soletta. In
fact, at high latitude a reverse situation can develop In the sense that the
power station operates at maximum level at night when irradiated by Soletta
and requires energy storage to sustain a minimum operating level during daylight!
To maximize tie output of a ground station and take advantage of a high opera-
ting level around the clock, the stations should be located in areas with little
overcast between 30 and 45 degrees latitude. Figure 64 shows three examples.
locations farther north could also be conside "ad. The increased losses due to
cloudiness, however, would have to be balancee Sy a higher utilization factor
per orbit to keep costs down.
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Figure 64. Soletta Power Stations for Western Europe,
U.S.5.R. and North America
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In the U,.5.5.R., one of the most favorable locations would be east of the
Caspilar. Sea in the Turkmen Republiec. For electric power transmission to the
western U.5.5,R. and eastern Europe, this lecation is closer and more convenient
than western or central Siberian power plants. For western Euiope, the eastern
half of Spain would offer the most favorable locations, transmitting power via
high-power de trunk lines to the industrial centers to the north and the east.
In North Amerieca, where the U.S. is the only highly industrialized country in
the world to contain high-insolation areas of more than 2 billion kilowatt-hours
of radiation enerpy per square kilometer per year, the most favorable loecation
would straddle the border between Arizona and Sonora, Mexico. From this region,
Mexico, the Undited States, and parts of Canada could be supplied via high-power
de trunk lines.

In PFigure 64, an orbit inclination of 45° is shown to accommodate all

three locations, although for the U.S. case, 35° would be slightly more effective.

The reason is that the western European orbits, the U.S5.5.R. orbits, and the U.5.
orbits support each other in transmitting energy to their respective power
stations. In other words, the U.S. and western Ruropean power stations could
use the same Powersolatta system.

Figure 65 summarizes the conditions at the three locations. The three
groups at the left depict the variation of solar energy receilved by a horizontal
surface in the course of a year (solid lines) and the radiation energy received
by Powersatellite. The U.S.S.R. location shows the highest amplitude of solar
radiation change during the year. The overcast level appears to increase during
the winter months to a larger extent than at the other sites. Allowance was
made for this fact in determining the radiative energy input from Powersoletta.
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Figure 65. Solar and Powersoletta Overall Energy Input
at Three Locations
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The inerease in the diffuse radiation component would reduce the efficlency of
solar-thermal power statlens using concenkrations. A photovoltaic array system,
as chosen here, 1s capable of deriving erergy from diffuse radiation. Therefore,
the estimate of energy input decline may be conservative.

For the North American and Western European locations, Fowersoletta
provides the main energy input between November and February. The same is true
for the Russian location, if a less conservative estimate of winter overcast
is justified. The graph on the upper right of Figure 65 compares the resulting
mean menthly radiation inputs for the sun alone (solid lines) and for sun and
Powersoletta. As can be seen, the Powersoletta more than doubles the radiation
energy offered to the sites. Even for the North American site (which receives
the largest direct solar input), Powersoletta offers a 30 percent higher input,
For the Russian and Western European locations, Powersoletta contributes 1.45
and 1.43 energy units for each energy unit supplied by the sun directly. More—
over, the construction cost per electric kilowatt of the solar power station is
significantly reduced because the system can operate day and night, thus elimina-
ting the largest single driver for energy storage.

The radiation coming from the Powersoletta is identical:to ordinary sun-~-
light and, hence, is benign in every important respect. Only about 8 percent
of the incoming energy is absorbed by dry air molecules. Dust and water wvapor
may absorb as much as an additional 5 percent and 10 percent, respectively.
This absorbed energy could be a factor in reducing overcast over the service
area, thereby increasing the available radiation energy at the power complex.
Most thermal air motion is caused by the heating and thermal radiation of the
ground. However, where the energy is absorbed foxr power generation, the heat-
ing effect is greatly reduced.

From the standpoint of minimizing local disturbances as well as maximizing
the utilization of the radiative energy, the energy-processing area should
cover as large a fraction of the overall image area as possible. High-temperature
concentrating systems, using many heliostats to focus energy on a heater atop a
tower, have a poorer area utilization than earpets of solar cells which also
are less sensitive to light dispersing influences in the atmosphere.

Figure 66 lists the electric energy production of a 1000 square kilometer
photovoltaic ecollector system at the three defined locations, baséd on the
cumulative radiation energy input shown in the lower vight of Figure 66. The
large photovoltaic system can be a major fraction of the initial cost. The
cost of solar panels decreases with efficiency. Trade-off considerations
suggest that the economically optimum efficiency in the mid~-1990's may lie
around 15 percent. For conventional solar power station concepts, low efficiency
usually is unattractive, because the land area for a given power output is
increased accordingly.

Even at a 15 percent conversion effieciency, a significant contribution is
made by each area to the pverall electric energy supply of each of the three
econonic regions even by the consumption levels expected by the end of the
century. The contribution of Powersoletta alone is equivalent to a consumption
of 80 to 100 million tons of oil annually per ground station.
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POWER SOLETTA
FRACTION:
- A = N.AMERICA 057
L R = USSR 0.59
E = W. EUROPE 0.59
- [[1= SOLETTA GENERATED

ENERGY PROCESSING AREA PER SERVICE AREA: 1000 XM

ELECTRIC ENERGY (GWE - YEAR)
8

3 EQUIVALENCE oiL COAL
s OF 1 GWE - YEAR 2.06 - 105t ~ 3.34- 105t
L (AT 35% CONVERSION EFFIC)  14.74 10% Bbi
-
0 4
ey aw 0.20 0.25

N. AMERICA (ARIZONA - SONORA)  32°N, 115°W
U.S.S.R. (TURKMEN) 409N, 550E
W. EUROPE (SPAIN) 409N, 10w

Figure 66. Characteristic Data of Three-Hour Orbit Powersoletta System

Photosynthetic Production Enhancement By Biosoletta

An important potential benefit of Biosoletta is the enhancement of organic
growth by stimulating carbon assimilation of agricultural plants and sea
plankton to increase the production of commercial seafood as a source of protein
for mankind. This can be accomplished by two methods. One is dusk and/or dawn
illumination — that is, daylight extension. The other is night stimulation by
periodic illumination for one or more hours at night.

For land plants, the light factor is one of several abiotic factors affect-
ing growth. It provides the energy; the carbon dioxide, water and soil minerals
provide the materials for this bio-industrial process. At otherwise favorable
factors, the efficiency of photosynthesis depends on tire light intensity.
Increase in light intensity is the more effective in raising the rate of carbon
assimilation in those cases in which the existing light intensity is marginal.
Thus, Biosoletta is comparatively most effective over regions that are cloudy,
shaded, or at high latitudes. Above a certain intensity level, photosynthesis
is not further enhanced. For plants thriving in the shade, this level is
reached at about 15 percent of maximum sunlight. For sunshine plants, the
maximum photosynthesis rate is twice as high and is reached at about 50 pcrcent
of full sunlight.

Aside from carbon assimilation, light affects plant growth and the rate of
ripening. With longer daylight intervals, the same plants tend tc be taller and
better developed than at shorter daylight time, except for certain mountain
plants whose growth is inhibited by higher UV light intensity.

In addition to the amount of light, its periodic distribution is of
ecological importance because the ability to synthesize hydrocarbons is pre-
dicated on alternating periods of light and darkness. Long-periodic plants
require about 12 hours of light or more to flourish or blossom. These include
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wheat. Short-periodic plants (which include corn) blossom at less than

12 hours of daylight. A third group (mostly weeds) is photoperiodically
indifferent. The daylight period can, without effect, be interrupted by short
cunless periods (e.g., by clouds). Conversely, brief periods of light — in
some experiments less than 1 second in duration — can have a strong effect.

By night stimulation, long-periodic plants at less than 12 hours of daylight
can be made to blossom as if growing in a 12-hour daylight environment. There-
fore, in largely wheat growing areas, with marginal supply of light, Biosoletta
can be effective either by daylight extension or by night stimulation.

Ove: the oceans, photosynthetic production enhancement can be effectively
applied in upwelling regions where nutrient-rich deeper waters are flushed to
the surface. Given sufficient sunlight, carbon production during period of
active upwelling can approach one gram of carbon per square meter per day. The
largest areas where upwelling occurs and light intensity is the limiting factor
are — roughly in the order of decreasing magnitude — various stretches around
Antarctica, the western North Atlantic (between Newfoundland and Greenland) and
the eastern North Atlantic between Iceland and Norway (see Figure 67).
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In the upwelling areas, the foocd chain from plankton to commercial fish is

usually short. Hence, the effectiveness of the Biosoletta deployment is highest.

The reason for this is that most abundant species of phytoplanktons in upwelling
areas are above average in size so that they can be consumed directly by some
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commercial fish equipped with speeialized prill rakers (arnchovies, . sardines,

~ete.); or the phytoplanktons form. large colonies of gelatinous masses and

long filamentous chains on Whlch eVen large commerc1a1 fishes can feed without
special provisions. : : . o . .

The above is a highly simplified: presentation of the opportunities avall~
able for increasing world food production on land and in the oceans by means
of Biosoletta. The light-related physioclogy of plLotosynthesis is complex.

Many factors enter into the picture. To derive specific production figures,
it is necessary to amalyze the application of biesoletta in the framework of

specific illumination scenarios. These scenarios must take into account annual .
solar irradiation, cloud coverape, temperatures, soil and water conditions and
other influence factors for the areas irradiated by the satellite. However,
the significance of light in food production is fundamental. -~ Space industry -
offers for the first gime the means of controlling the amount of phptosynthee
tically effective light influx into important -agricultural and productive
oceanic areas. This unlque capablllty can be of fundamental 1mportance for
mankxnd‘s future on earth. : : L

The radiation intensity of Biosoletta must suffice to stimulatE'photo—
synthesis. Carxbon assimilation takes place even at heavy cloud cover, in
which only 20 to 30 percent of the sunlight reaches the earth's surface,
provided the other requirements necessary for growth are met.

A Soletta of 0.4 suns in. a geosynchronous orbit has a total reflecting
area of almost 40,000 km?. Since its irradiation is most effective at high
latitudes, and since large areas should be irradiated, a 124hour orbit or a
geosynchronous orblt are most effectlve.

A;complete ngure~8 movement over the surface is traced by Soletta in
24 hours. Consequently, only one hemisphere is covered at night, the other at
daylight. Both hemispheres can be irradiated, substituting for the sun on the
night hemisphere and enhancing solar radiation over the daylight hemispheve.
In regions above one of the polar circles, Soletta adds effectively to the
midnight sun during the summer. Duxing winter, Biosoletta is applied most
effectively to oceanic upwell areas, since Soletta is not nearly powerful

- enough to alter winter climate over land and permit another crop season.’

Multi-cropping, as is possible in the more even climate of the tropics,
would greatly increase food production in northern countries. But there are,
at best, only a few. selacted areas where Soletta could produce such an effect.
Climatically, these areas are located at moderate latitudes -— probably no.
higher than 40° to 45° latitude. Depending on local factors at these locations,
the winters are almost mild enough to render multiple cropping feagible. How-
ever, the pacing factor for carbon assimilation enhancement in eold water '
upwell areas is illumination rather than warming of the upper water layers.

In highly ineclined orbits, the Soletta will rise at dusk from a point at
the southern (morthern in Antarctic regions) horizon to ‘highest elevation and
brightness at midnight and set again at dusk on the southern (northern)
horizon. In equatorial orbit, Soletta can also be directed at the Northern or
Southern Hemisphere; and it is essentially fixed in the sky, but it cannot
effectxvely service the areas above 45° to 50° latitude.
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There is not mnecessarily a single best orbit for Biosoletta. Best orbits
are characterized by an optimum compromise of inclination and even attitule
with respect to their primary function.

In agriecultural food production, Biosoletta should illuminate smaller areas
than for seafood production, since contiguous cultivated land areas are more
limited and the intense ILllumination of Interspersed towns, cities or wildernass
areas at night is undesirable. For this reason, the three-hour orbit or per-
haps the two-hour orbit (depending on orbit decay rate and the resulting
expenditures to maintain orbit) appear more suitable for a dedicated land
Biosoletta. TFor occasional land duties, such as night frost prevention, the
orbital altitude is less important.

For seafood production, larger areas can be irradiated and the overall
efficiency of the system increased. This places the ocean Biosoletta into
high orbits; in fact, within reason, the higher the better.

" An jmportant factor iIn the choice of Biosoletta orbits in the potential

- interference with communication between earth and satellites at the geosyach—
ronous altitude because of the large, highly microwave-reflective areas involved.
Presently it is assumed that the presence of reflector systems in three-hour
orbit for Biosoletta and Powerscletta purposes can be accommodated; for example,
by mesns of adjustable communicatioms paths via relay satellites, since the
orhital position of the reflector units is known and does not change. Neverthe-
less, this assumption requires further examination.

An ocean Biosoletta in a high sub-synchronous orbit could alsc be accom—
modated by means of communication relays. However, it may be necessary, In the
course of 30 or more years of operating life, to fly a small fraction of the
reflectors continuously to a serviece stal:ion to be recoated, repaired, and
'otherwise maintained. If this is the case, or if an increasing. number of
- oceanic Biosolettas should be employed, interference with communication could
become a serious problem. In this case, however, the oceanic Biosoletta should
be placed into an inclined circular geosynchronous orbit or in an orblt above
the geosynchronous altitude.

Another alternative is the use of an elliptic geosynchronous orbit to place
_the apogee over the primary area for longer intervals in increase the system's
productive efficiency. A suitable orbit imelination is 63.5°. This choice
permits ‘the oceanic Biosoletta to cover fertile upwelling areas near the
Antarctie and at high northern latitudes (both of which lack adequate sunshine).
This 1nc11natlonlls ‘dttractive because- the major axis does not rotate due to
terrestrial perturbaLmon.. Therefore, perigee and apogee remain over the same
latitudes. For a given period, the choice of perigee distance determines the
apogee altitude and therewith the reflector size.

A 24-Hour elliptical orbit for Biosoletta is shown in Figure 68. In view
of its inclination'and'ellipticity, placement of the perigee within the equa-
torial geosynchronous altitude is presently assumed to be aceceptable to
geosynchronous communications operations as well as with the Mblniya communica-
tion system of the U.S5.5.R. (which operates in an equally inclined 12-hour
ellipse between.l 08 and 7.27 narth rad11 with apogee above the Narthern
Hemlsphere) ' :
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Figure 68. Blosoletta Orbit for Seafood Production

To illustrate the food production potential of Biosoletta, cceanic carbon
assimilation is used as an example because oceans offer large contiguous areas
for intense illumination without covering inhabited or wilderness areas. The
coastzl upwelling associated with the Peru Coastal Current generates one of the
world's most productive fisheries, producing about 20,000,000 tons of commercial
fish apnually over a 1250 km by 50 km strip. This corresponds to about 333 tons
par Im?, The annual harvest is about 10,000,000 tons; mortality due to pre-
dation from sea life and guano birds accounts for another 10,000,000 tons. In
the Peru strip, food supply due to upwelling and abundant simshine produces
particularly favorable conditions. It would be of interest to examine how much
further this yield could be inereased by midnight sun illumination.

The productive capacity of Antarctic waters is less well known. The area
in which upwelling cornditions exist appears to measure 160,000 km® or less,
making it, nevertheless, the world's largest contiguous area of this kind.
Kasahara estimated the annual krill production in this area to be at least 24
to 36 million tons. Other estimates are higher. Recent German estimates,
based on extensive sonar measurements by two fishing research wvessels in 1575
and 1976, place the annual krill production in the Antaretic at about 200
million toms. At an annual production of 300 grams of carbon per square water,
1.5 tropic levels and 20 percent escological efficiency, the area of 160,000 km?
could produce 50 million toms of seafood. But Ryther doubts that such produc-
tion levels can be achieved in a region where photosynthesis is possible during
only half the year. However, since only 160,000 km?, or roughly 25 percent of
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the circumference of Antarctica seaward for a distance of 30 km is highly
fertile, even half of the above mentioned German estimate would indicate a
production in excess of 50 million tons annually in this area. Bioscletta in
an elliptical 24-hour orbit can illuminate a 100,000 km? area for 12 hours
nightly. At an illuminance level of one sun, it is as effective as the sun
under the same overcast conditioms. Thus, during the Antarctic summer day,
the area would alternately be irradiated by one sun for 12 hours and by two
suns during the other 12 hours. During the Antarctic winter night, it would
receive one sun every other 12 hours. In other words, the influx of radiation
energy into the 100,000 km? area would be about tripled.

Assuming a carbon production of 60 percent of maximum of 130 grams of
carbon per meter? per year without Scletta I, them with Soletta I, the carbon
production could rise to 540 grams per meter? per year., With Biosoletta
accounting for a difference of 360 grams per meter® per year, the Soletta-based
production could amount to 36 million toms.

Seafood production cannot compete with land food production in terms of
calories per unit area. But it is a vital protein supplement. About 36 grams
of high-quality protein per day (such as from seafood) are considered adequate.
Ten million tons of fish contain about 2 million tons of protein. However, of
10,000,000 tons of fish landed, only about 1.7 million tons of usable protein
are actually recovered. Assuming 16.4 percent of the landed weight, a daily
protein supply of 36 grams is roughly equivalent to a daily intake of 220 grams
of landed weight. Assume further a catch fraction of 50 percent of the fish
produced and an additional loss factor of 0.8 to deduct that portion of the
protein-containing material which is suitable primarily as animal food (a
portion of which, of course, serves human nutrition in the form of animal pro-
tein; but this yield is neglected here, to be conservative). Then the useful
fish food produced by Soletta would be 14.4 million tons amnually. In
packages of 220 grams, this amount provides the required daily protein supply
for some 180,000,000 people annually. At a reflector area of 100,000 km?,
this amounts to a protein yield of 18 persons per hectare reflector area.

This figure probably is close to optimum conditions for one hemisphere.
In practice, the protein supply yield factor may amount to between 9 and 15
persons per hectare (Figure 68). However, from this orbit, Biosoletta can
photofertilize both hemispheres, adding to the solar imput during the summer
and being the primary or only source of light energy during spring, fall and
winter. Taking the overall radiation input into account, the protein yield is
in the order of 18 to 24 pexsons per hectare of reflector area.

Economic Aspects of Biosoletta and Powersoletta

Biosoletta supplies light energy directly for biotechnical conversion to
protein and carbohydrates. The ground station is a small part of the bio-
sphere. Since no industrial ground facility is involved and since the Biosoletta
is the larger of the two Solettas, its economic performance is described first.
Except for ground facilities, the Biosoletta represents fue technological
umbrella covering the Powersoletta's requirements as well.

it should be pointed out here that neirher system is optimized as yet. 1In
fact, some costly requirements (such as a new coating for all reflectors every
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® REGION: ANTARCTIC (700-750S)
(UPWELLING CONDITIONS)

© SOLAR IRRADIATION: ABOUT 0.5 YR
(4400 HRS)

e PRODUCTION: ~18 - 108 TONS/YR

® SOLETTA |: ORBIT: ELLIPTIC (24 HR; PERIGEE 6vy,; APOGEE 7.22v,,; i = 63.50)

*IRRADIATION: 12 HR PER 24 HR; AV IMAGE S1ZE; 100,000 KM2
«REFLECTING AREA: 100,000 KMZ; ILLUMINANCE~1S

© SOLAR & SOLETTA IRRADIATION: ABOUT 13,200 HRS/YR

® PRODUCTION:~54 - 106 TONS/YR; ATTRIBUTABLE TO SOLETTA: 36 - 106 TONS/YR

® CATCH FRACTION: 0.5; OTHER LOSS FACTOR: 0.8;

o DAILY HI-QUALITY PROTEIN INPUT: 36g =220 g FISH AT 16. 4% USEFUL PROTEIN WEIGHT
 DAILY PROTEIN SUPPLY ANNUALLY FOR: 180-106 PERSONS

® Y|ELD FACTOR: 18 PERSONS PER HECTARE OF SOLETTA AREA

e ACTUAL VALUES UNDER NON-OPTIMUM CONDITIONS PROBABLY: 9-14 PERSONS/HECTARE

Figure 69. Biosoleita - Oceanic Food Production

10 years) pustulated here, may possibly be reduced when more space data are
available. Some potential performance boosters (such as the retroreflection
mode for the Powersolettad) have not been included to retain some reserve
capabilities.

The left hand side of Figure 70 shows a transportation load breakdown for
three separate cases. The pie charts show that in Case I, the interorbital
propellant is the dominant parameter. In Cases II and III, it is Biosoletta.
The enormous propellant burden in Case I is also reflected in the tramsportation
cost chart (top right). Also shown on the right side are the release of combus-
tion products and thermal energy into the atmosphere. About 95 percent of the
combustion products are in the form of water vapor, of which about one third is
released into the stratosphere and exosphere.

The water release and the thermal burden are particularly large in the
first case. At a construction time of 15 years, the heat released into the
atmosphere equals that released by about 20 electric power stations operating
at 1-Gwe load throughout the year at a conversion efficiency of 35 percent.

A thermal input of 20 Gwe-years 13 equivalent to only a small fraction of the
present world output of thermal energy resulting from the generating electrical
power. Thus, cost, the amount of water vapor, and the very large number of
Aerospace Freighters are the principal drawbacks of Case I.
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Figure 70. Comparison of Three [fransportation Alternatives for
Biosoletta (103 Icszi 15-Year Construction Period)

Case II is more satisfactory in many respects. It has the advantage of
being somewhat independent of the reflector weight. Case III is predicated on
keeping the area weight very low. This interrelation increases the technological
risk. But, aside from the self-evident reasons for keeping the reflector weight
as low as possible, the low transportation cost of a combined solar pressure and
electric thrust drive is a significant incentive.

The solar radiation pressure is very small. To rise above drag forces that
exceed the radiation pressure, the reflector must depart from an orbit of about
1100 km altitude. Since this altitude is within the lower limits of the radia-
tion belt, most of the assembly will occur at lower altitudes. The semi-deployed
system is then lifted to 1100 km altitude along with a temporary crew, and fully
unfolded. The crew returns to lower orbit, and the reflector begins to sail
outward.

The Biosoletta-related cost component suggests a new time constant, not yet
experienced in human technology. Biosoletta, probably the largest single project
of its kind in the earth-moon system, becomes highly economical after operating
times stretching beyond 30 years to perhaps a century. Through Biosoletta,
mankind enters into the longer time scales associated with cosmic industries.

Further investigations and small-scale Biosoletta experiments over suitable
ocean regions are needed to verify the assumption that the total sea life pro-
duction raised by the above Biosoletta on both hemispheres can amount to 40
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million tons of commercial £ish annually — that is, 16 percent to 20 percent
of the present estimated annual production of 200 to 240 million tons. These
figures are global averages, involving large areas. of poor or no productivity.
Biosoletta eomcentrates on the most lucrative areas which are hampered by lack
of solar energy and whose productivity in the presence of sunlight is demon-—
stratively higher than that assumed here under Biosocletta photofertillzation.
It also appears reasonable to assume that an area of 100,000 km® is representa~
tive from the standpoint of ecosystems. The extraction of 16 million tons of
consumable seafood (fish, krill, etc.) represents about 25 percent of the
present annual catch,

The principal drawback of Biosoletta is the large initial investment of at
least $1 trillion (or $67 billion annually) over a l5-year period. However,
the reflectors built early would be put to revenue-producing use (primarily as
Powersoletta components in three-hour orbit). Moreover, it is diffiecult to
visualize Biosoletta as anything but an international program. Thus, the
annual costs would be shared by many nations. Raising the present fishing yield
requires also increasing investments from which the return will diminish per -
unit equipment, because the additional fish to be caught w1ll be more dispersed
and, on the whole, less valuable. Biosoletta offers increased production in
more concentrated form (one might call it an oceanic seafood farm), likely to
yvield valuable catches because of production in the most fertile upwell areas.

The Powersoletta example assumes a retrograde three~hour orbit (Figure 71).
The three-track mode is assumed; that is, one third of the veflectors needed in
a reference orbit is installed in each of three track orbits, as explained
earlier. A total of four or more track orbits is involved.

The results of a fairly detailed economic analysis are presented in
Figures 71 and 72. The left side of the pie charts in Figure 71 show the
initial cost breakdown. The right-hand side depicts the operating cost dis-
tribution. As can be seen, the cost of the space sector dominates the plcture
in both cases and for both the initial and the operational phase., However,
if two ground stations are serviced, the ground component approaches 50 percent
of the overall initial or operational cost in the case of the 50 ton per km?
reflectors and exceeds 50 percent for the Powersoletta with 30 tom per~km2
reflectors. WNot surprisingly, in the initial cost of the space sector, trans—
portation costs are the largest single component, even though a combination of
electric drives and radiation pressure was assumed in baoth cases for the inter-
orbital transfer beyond 1100 km altitude. The main reason is the reduction in
payload due to the retrograde orbits involved. As pointed out before, with

more ground stations involved, the orbit can be changed to about 45° inclination,

which would cut the earth—to-orbit transportation costs roughly in half.

0f equal importance with transportation is the cost of sodium coating in
space, This represents a sizeable factor in the initial cost, although not
necessarily a bigger cost than coating on the ground, considering the savings
in reflector area (about 700 km2) and the lighter weight of the thinner sodium
coating; it is also the dominant cost item during the operating phase. The

~underlying assumption is that each reflector is flown back to the 1100-km oxbit

an average of once every 10 years for recoating and maintenance, The need for
a new sodiuin coating every 10 years remains to be verified.
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Figure 71 compares the initial capital requirement and the cost of the
electrical energy provided by the Power soletta for the three ground stations
individually as well as for two and all three of the ground stations supplied
by the same orbital reflector system. Two additional cases arxe shown for
purposes of comparison. The one on the left shows the cost data for a con-
ventionally operating photovoltaic solar power station of equal conversion
efficiency and with $200/kwe added for an energy storage system. The ome on
the far right is based on those reflectors that are operative at the time;
that is, those that are beaming energy to thelr own ground power station.
These values signify the minimal cost asymptote for a Powersoletta system as
it can be approached from 12-hour or 24-hour orbit when a given set of reflec-
tors irradiates a ground station throughout the night. These cost values can
also be approached from sub-synchronous orbits when a larger number of ground
stations is irradiated consecutively.

Figure 72 suggests that Powersoletta offers the potential for a new earth-
space integrated technology to bring economical solar-electric energy to
countries at various geographic locations. This potential stems primarily from
the fact that reflectors in sub-synchronous orbits can serve a number of ground
stations and eventually could serve a simple large ground station at high
efficiency. The additional potential for inereasing the reflector utilization
by retrorefluction of radiation energy to power stations on the daylight side
constitutes an additional potential for cost reduction.

SPACE FUSION PQUER

The development of fusion as primary energy source is perhaps the most -
important single advance for the industrial development of extraterrestrial
enviromments. Some of the attractive features of controlled fusion systems are
summarized in Figure 73.

Once fusion is developed, it will be a cheaper and more versatile energy
source than sunlight for a number of reasons. It is more compact. Its high
energy density makes it more readily transportable. It is independent of solar
distance, eclipses, ecr night perieds. It is the only energy source capable of
transferring a significant faction of the world's industrial productivity into
space and it is the most effective power source for the large-scale, economic
extraction of lunar and other extraterrestrial resources. Fusion can be con-
verted into a greater variety of energy forms including heat and electriecity,
as well as different forms of directed energy. These ineclude advanced propul-
sion ag well as plasma beams and laser beams for mining and material processing
in the vacuum of outer space. Finally, fusion is the only economically
practical energy source that can provide the strong magnetic fields required
to shield navigable human settlements <xposed to solar flares and cosmic
radiation.

It is safe to assume that the industrial utilization of space will neces~
sarily lead to the development of controlled fusion power. Space offers the
most natural envirooment for the generation and processing of fusion enexgy.

The important properties include unlimited vacuum and a biologically insensitive
environment., In fact, the space enviromment is dominated by the particle flux
of one leaking fusion reactor in the center of our solar system as well as of
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other more distant fusiomn reactors. Some of the attractive features of fusion
systems are indicated in Figure 73. These features clearly place fusion high
in the category of key technologies of space industrialization.

Iwo basic approaches to controlled fusion power generation are possible —
the non-steady detonative and the magnetic confinement approach. Both methods
can be applied on the moon and also in orbit, where sufficiently large con—
finement struetures can be built to accommodate small fusion detonations
triggered by laser or ion beams.

COMPACT
HIGHEST ENERGY
DENSITY
LOW SUPPLY . MOST READILY
REQUIREMENTS TRANSFORTABLE
ENERGY SOURCE
MOST POTENT

MOST EFFECTIVE &
ECONOMIC POWER
SOURCE FOR LUNAR
INDUSTRIAL DEV,

SPACE

FUSION POWER SOURCE

FOR LONG-DISTANCE
L.ARGE LOAD SPACE
TRANSPORTATION

LOWEST COST POWER LOWEST MASS FOR

SOURCE FOR LARGE-SCALE
ELECTROMAGNETIC SPACE POWER
ACCELERATORS MOST POTENT GENERATION
{ORBITRONS, LUNATRONS} POWER SOURCE FOR EARTH

FOR 5PACE -~
ORIENTED, POWER
PLANTS IN ANY
ORBIT REGARDLESS
OF SHADOW PERIODS

Figure 73. Central Importance of Controlled Fusion for Space Industries

The characteristies of magnetic confinement fusion reactors of the Tokamak
reactor, mirror reactor, and theta pinch reactor variety are beginning to emerge
from the laboratory. The Tokamak reactor, a concept originally advanced in the
U.5.8.R. and subsequently developed in many other places, clearly leads in the
drive toward achieving a Lawson number of 1014 — the criterion for achieving
a net positive power output from deuterium~tritium fusion reaction.

But even with the achievement of the Lawson eriterion, which may occur in
the early 1980's, many engineering problems remain to be solved. Important
requirements and problems with fusion reactors are concentrated in thies bread
areas:
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e Sufficilently long stable plasma confinement
¢ The maintenance of a high and pure vacuum

8 Materials development, overall system integration
including maintenance and repalr, and the need for
large superconducting coils

The smaller the reactor size, the more severe and mutually reinforcing these
problems become.

Steady-state plasma confinement problems so far have been solved most
successfully by the combination of helical torcidal magnetic £ield and
poloidal magnetic field in the Tokamak reactor. However, the Tokamak has the
lowest ratio of plasma density to average magnetic field energy density of all
three types. This means that it requires the highest magnetic field pressure
which, - in turn, enphasizes the importance of vacuum impurity comntrol, super-
conductivity, and size of the vaactor chamber.

A pure vacuum is pf fundamental importance. A vacuum of at least 10'"6 torr
is required. At higher pressures, the plasma pressure becomes impractically
high. When the denterium—tritium reaction takes place, 80 percent of the enexgy
is in neutrons; 20 percent is in ions which are leaving the reactor. When they
hit the walls surrounding the vacuum chamber, they release impurities from the
wall., When these impurities get inteo the plasma, their presence causes increased
radiation of energy to the walls. Thils radiation cools the plasma and, conse- -
quently, can cause plasma instabilities or it can squelch the reaction.

Severe material problems are created by the fact chat a deuterium—tritium
fusion reactoxr is a copious source of l4-Mev neutrons, as well as of other
particles and of radiation. These can cause severe damage in the blanket
structure surrounding the plasma and in the intervening vacuum, due to the
particle-wall interaction. Dimensional limitations of the vacuum chamber make
it Qesirable for the material to sustain a fluence level of 1022 neutrons/cm?
for a 20-year life. This is much higher than the fluence level tolerance
required for fuel eladding in a fisslon reactor.

Space offers two characteristics which would tend to alleviate many of these
problems: high vacuum and large size. Space offers a vacuum of 1078 torr, greatly
reducing the plasma pressure and, hence, the required magnetic pressure. Fro—
viding large vacuum chambers in space presents no prinecipal problems. If the
vacuum chamber can be enlarged, stable plasma confinement problems are reduced.
Alsd, at larger size, the fluence density becomes smaller. Consequently, thermal
stresses, displacement damage, blistering, and embrittlement are minavized, thus
facilitating maintenance and prolonging the useful life of the material structure.
Less radiation damage also will reduce the problem of increase im resistivity of
the stahilizing material in the superconducting magnet system.

Larger chamber size means greater distance of the fusion plasma reaction
zone from the first wall, hence, a larger volume buffer between the two. With
more internal volume available and with the high external vacuum, it should be
possible to. remove impurities more effectively.
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Fusion reactors are complex systems with complex auxiliary systems for ;]
plasma heating and fueling, complicated blanket and shield structures, energy
storage and tritium recovery and handling. Nevertheless, it appears that
operation in space can reduce the magnitude of many of the most difficult
engineering problems, where, again different degrees of problem alleviation
and different problem foci can be anticipated between orbital and lunar surface i
space.

Additional support may be derived from space manufactured stronger re-— _
fractory metals or from new alloys with superior capability of approaching the .
requirements for an ideal inner wall material. Such material should have low
atomic numbers for less effect of impurities and would be well annealad with :
a high melting point. Finally, availability of a space fusion reactor for
orbital znd lunar indusitrial activities would, among other advantages, result
in a smaller and lighter power generation satellite.
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THE SPS

The SPS (Satellite Power System) is a relatively recent zpproach to the
Production of energy from the Sun that removes the energy collection system from E
the earth's surface to geosynchronous earth orbit. Several approaches have
been considered for SPS, including solar~thermal or soclar-photovoltaic con-
version of solar energy to electrical power or use of a nuclear source. The '
SPS concept is illustrated in Figure 74 for a typical photoveoltalc satellite g
approach. Solar energy is converted to electric emergy using large solar i
arrays having reflectors that concentrate the energy on solar cells. The
solar cells convert the solar energy to dc electrical which is conducted to a
centrally located microwave antenna, The microwave antenna transforms the dc
power to RF microwave energy and beams the energy to a receiving antenna
(rectenna) on the ground. The rectenna converts the RF energy, at a very high
efficiency, to dec electrical energy which is input to the utility system for
distribution.

e Ak e eaa

Typically, a single satellite system provides 5 GW of essentially con—
tinuous power to the rectenna located on the ground. This amount of power is
sufficient to meet the electrical needs of a large city such as Los Angeles
or Chicago. Because launching heavy weights into orbit is so costly, it is
necessary to construct the satellite on orbit where the zero-gravity condition
allows very low structural masses, A typical photovoltaic SPS has a solar
collector area of about 75 km? and a mass of about 35 million kilograms., The

ground rectenna is nominally an elliptical array 10 km by 13 km. At the i
earth's surface, the microwave beam has a maximum Intensity in the center of ‘
23 mW/cm? (less than one-fourth the emergy content of ordinary sunlight) and an
intensity of less than 1 mW/em2 outside the rectenna fenceline (one-tenth of
the current U.S. exposure limit).
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Figure 74 The Solar Satellite Power System Concept

Fundamental Concepts

A family of viable SPS concepts is shown in Figure 75. These include
solar-photovoltaic concepts with silicon and gzllium aluminum arszenide
(GaAlAs) solar cells, a Brayton-cycle solar thermal concept, a2ad a thermionic
concept. In addition, the concepts include a Rankine-cycle solar thermal
concept, a very high concentration ratio (400:1) GaAlAs solar photovoltaic
concept, and a nuclear concept using a Brayton cycle with a pebble-bed breeder
reactor. As a result of early evaluations, it was determined that the
thermionic and the high concentration ratio GaAlAs concepts have much higher
specific weights than the other concepts (e.g., 18 kg/kW for the thermionic
concept and 13 kg/kW for the high concentration ratio GaAlAs concept, as A
compared to approximately 7 kg/kW for the low concentration ratio GaAlAs con- :
cepts). For this reason, the thermionic and high concentration ratio GaAlAs
concepts were eliminated from further consideration.

The resulting matrix of concepts selected for additional analyses and
trade studies is shown in Figure 75. Both silicon and GaAlAs solar blankets
were considered with a concentration ratio of 1 to 1. At higher concentration
ratios, only GaAlAs blankets were considered because of the sharp‘drop-off in
silicon cell performance at higher cell operating temperatures related to
concentrator concepts.
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Figure 75 Initial Concepts Matrix

Solar Photovoltaic Satellites

Figure 76 summarizes the design and operational characteristics of the
photovoltaic satellites resulting from the analyses and trade studies., All
of these concepts are sized for 5-GW power output at the utility interface on
the ground and all of them are assumed to be constructed in geosynchronous
orbit.

Energy Conversion. At a concentration ratio of 1 to 1, either GaAlAs or
silicon solar cells may be used. At higher concentration ratios, the operating
temperature increases and the efficiency of the cells is greatly rednuced.

Hence silicon solar cells do not appear to be competative at concentration
ratios of 2 or 5.

GaAlAs cells have several advantages when compared to silicon cells.
Some of these advantages are summarized in Figure 77. As can be seen the
GaAlAs cells have a higher efficiency from silicon cells at much lower cell
thicknesses (e.g., 22 percent of 1 um for GaAlAs as compared to 20 percent at
about 30 pym for silicon). This results in a much lower blanket weight. In
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CONCENTRATION RATIO=1

|CONCENTRATION RATIO=2
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s
KM

CELL SELECTION
SELF-ANNEALING

BAND PASS FILTER
POINTING REQUIRE (ROLL)
FLIGHT PLANE ORIENT
FLIGHT ATTITUDE
ATTITUDE CONTROL TYPE

LENGTH/WIDTH
LENGTH/DEPTH
SYST SP WT (KG/KW)

GaAlAs (Si AIT)
NO
NO
320
EQUATORIAL
¥-POP, X-10P
ELECTRIC THRUSTERS
16.1
270
7.35

GaAlAs
YES
NO
+0.10
EQUATORIAL
Y-POP, X.10P
ELECTRIC THRUSTERS
939
226
6.85

GaAlAs
YES
YES
10025
EQUATORIAL
Y-POP, X.10P
ELECTRIC THRUSTERS
105
235
8.15

Figure ]] Solar Photovoltaic System Charécteristics
(Geosynchronous Orbit Construction)
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addition, recent experiments show that GaAlAs solar. cells are resistant to
-~ natural space radiation damage and are virtually self—annealing (tend to
.- return to their: origlnal cell: eff1c1ency) at cell temperatures of about 125°C.
- "Silicon cells’ are prone to greater damage £rom’ electrons, and,anneallng of

the cells to approx1mate their original efficiency requires annealing
temperatures of greater than 500°CG. At concentration ratios of 2 and above,
GaAlAs cells will normally operate at temperatures in excess of i25°c, thus

' provldxng potentlal for continuous Self—annealzng of radiation damage.

Furthermore, it is desizable to have higher concentration ratios on GaAlAs
cells to reduce costs because their efficiency is not degraded seriocusly and
the cost of 1/2-mil aluminized kapton reflectors is con51derab1y less pex

umit area than ‘solar cells.

Two areas of concern'for'GaAlAs cells are the availability and cost.
Current GadlAs cells utilize GaAs as the substrate material. As shown in

_.'Figure 78 it is expected that sufficient gallium can be recovered from
‘-avamleble bauxite, used for aluminum production, to produce five satellites

per year if they are built with a concentration ratio of 3 to 1. Although

 sufficient “nformation is not. yet: available on substitute substrate materials,

it is ane_clpated that a synthetic sapphire mater1a1 will still provide good

‘cell efficiency while reducing the required gallium by a factor of 5. As

shown in Figure 78, sufficient gallium should be available at any concentration

- ratio for this cell concept. Gallium is currently produced only in small
quantities, consequently, it costs about $900 per kilogram. It sesms certain
- that this price will decrease significantly when the large quantities related

to_SPS,are ptoﬁuced,

In crder to reduce the operating temperature of the solar cells, bandpass
Filters may be used on the reflectors to reduce incident radiation in regions

of the solar spectrum where they are ineffective. As a result of the trade

studies, it was concluded that GaAlAs cell temperatures should be maintained

~ at about 125°C to assure self—auneallng from radiation damage. At a concen-

tration ratio of 2 to 1 the cells will reach an equilibrium temperature of

) apprDX1metely 125 C without bandpass f11ters. For this reason, bandpass

Filters are pot recommended at in: this case. However, in the case in which
the concentrztion ratio is 5 to 1 are needed to reduce cell temperatures and
increase efficiency. Even with bandpass fllters, the temperature will redch -

: approximately 180°C. .Althcugh this is not optimum_lg is a tollerable-

temperature range.

SElectlon of Fllght Conditions. Selection of Flight conditions at geo-

'”.eeynchronous altltude encompassed the selertlsn of incl;natlon and vehiele
.attltude... : : :

Orblt planes cou51dered for the.SPS (see Flgure 79), jnciude the

'w’ecllprle, equatorlal and a-7. S—degree 1nc11ned orbit which. eliminates. the .
it north-south stationkeeping. AV requlrement ‘Collector pointing, always ‘normal
”e>>to rhe sun, can be achleved in the ecliptlc plane Wlth a "wings leyel® {Y;?OP)

it d

e s il 5

i s

T R T
ST . S o2 | SO




et IS

‘l' Rockwell International

Space Division

® B
3 o
v
P o 20 5 5PS* PER YEAR
g a EACH AT 5 GW
2 1
S 15t =
& e Y FLYASH,
o 10 = /"'7:, SEAWATER,
E r_ . ) . a 10~ Ga,q‘. ETC,
-]
_ , IR e e ot <o
2 sl . a BO%
& . . & , RECOVERY
7 v} AVAIL
. . K x ‘w_ﬁlzog FROM
1 10 100 1 T S  BAUXITE
. TOTAL CELL THICKNESS~HM q 2 ) o r 5
Ga HIGHER AT MUCH LOWER CELL THICKNESS] # AVAILABILITY DOES NOT AFPEAR TO BE PROBLEM
1000~
3 nam-\
%, g \
£} " \ R
Z ] 600f
[ - \
§' § LY
ey 400 |-
i °° \
. . ‘ \--.._...... -
. W0 CR=5 ° CR=1
10 1 1 ! in | f ’T
02 gol3 o 107% 1016 PRODUCTION QUANTITY
1 MEV ELECTRON DOSE [e/CtA2) : o
mucnmmmummmwmwwwmm&mo‘ ‘ « Ga COST WILL DROF
AT LOW TEMPERATURE TO REMOVE DAMAGE SIGNIFICANTLY WITH DEMAND

Figure ‘78 Advantages of GaAlAs Solar Cells

attitude which minimizes the gravity gradient induced RCS propellant consump~
tion, This orbit results in a daily earth eclipse period. The equatorial
plane produces photovoltaic collector losses up to 8 percent for the wings—~
level attitude. Trade study results indicate that the equatorial orbit is
prefarred, primarily due to the dominant cost impacts of the increased rec-
tenna sizes for the ecliptic and 7.3-degree inclined orbits, and the daily
eclipse in the ecliptic orbit.

Three attitude orientations (illustrated in Figure 79) have been evaluated
in top level trade studies., The wings-level attitude (Y perpendicular to orbit
plane, X in orbit plane) is preferred over the Z-sun, X¥-IOP attitude due to
the large savings in RCS propellant resupply. The X—sun, X-I0P attitude places
the long axis of the vehicle in the orbit plane. This orientation requires two
microwave antennas in order to prevent interference of the microwave beam with
the spacecraft structure and to obtain accepitable solar pressure torque
balancing. Two antennas result in double~sizing of the spacecraft, leading
to additional complexity and power distribution mass penalties. On this basis
the Y-POP, X-IOP is the preferred orientation.
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Solar Thermal Concepts

Two basically different cycle approaches were considered for the solar
thermal system—-the Brayton cycle and the Rankine cycle. The primary differ-
ence between them is that the Brayton cycle occurs entirely in the gas phase,
and the Rankine cycle occurs in gas and liquid phases. The Brayton cycle util-
izes helium as the working fluid. Both cesium and potassium were considered
as primary working fluids for the Rankine cycle, and a steam bottoming cycle
was also studied to assess overall performance advantages.

Figure 80 summarizes areas of major trade studies for the concentrator,
power conversion subsystem, and thermal control system (radiators). The
results are discussed below.

|THERMAL CONTROL |

*NaK/HEAT PIPES

*CONDENSING FLUID/HEAT PIPE
*CONDENSING RADIATOR
*METEOROID PROTECTION

[ POWE R cONvVFRSION |

*ABSORBER DESIGN
/-BRAYTON/RANKWE

*BOTTOMING CYCLE

|concenTrRATOR]

*INFLATABLE ‘
*FACETED
*TENSIONING REQMTS *OPEN «CAVITY

*FIGURE CONTROL ABSORBER DESIGN

Figure 80 Solar Thermal Major Trade Areas

Concentrator. Two approaches have been considered for the concentrator:
a multi-faceted approach that uses many flat surfaces to concentrate sunlight
and an inflatable approach that uses large pressure-stabilized parabolic
reflectors to concentrate sunlight. Concepts using these two approaches are
illustrated in Figure 81, The inflatable approach was devised by Rockwell,
and the multi-faceted approach was introduced by Boeing. In both cases, the
need to maintain the concept in a wings-level attitude, because of gravity-
gradient impacts on attitude control, results in a need to steer the reflectors
to a normal incidence to the sun by articulation of the reflectors. Alterna-
tively, the satellites could be operated in an ecliptic~plane 24~hour orbit
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CAVITY ABSORBERc
(WITH BOILERS) i

COMPOUND
PARABOLIC E
CONCENTRATOR

BRAYTON RANKINE RANKINE RANKINE
WORKING FLUID HELIUM/XENON CESIUM CESIUM/STEAM POTASSIUM
AREA (REFLECTOR} KM2 24 3032 23 20,32
TOA% 15 12 16 12

CYCLE nN% 45 35 47 %
TURBINE INLET TEMPOC 1379 1038 1038 1038
GENERATOR SIZE MW 30 a0 30 ‘ ao

$AT. ORIENT ¥-POP. X-IOP Y-FOP, X—10F  Y-POP, X-10P Y=PQP, X-10F
RADIATOR AREA KM2 235 1,35 2.2 1.35

SYSTEM 5P, WT, KG/KW 8.65 . 835 6.9 11.0

Figure 8l Solar Thermal System Characteristics

to avoid articulation of the reflectors. However, the previously cited dis-
advantages of this orbit (enlarged rectenna and daily solar eclipse) favor
articulation of the reflectors. As shown in Figure 81, the two large
pressurized reflectors on the Rockwell concept are rotated along with thelr -
absorbers and radiators by an electric actuator. The rotational rate is
very slow (93.6 degress per year).

Each of the facets on the multi-faceted concept must be individually
moved to track the sun. The major concern with the pressurized concept is
the reflector tension needed to maintain good reflective characteristics,
Tests conducted during the study on small samples indicated that 300 psi is
adequate. The pas required to pressurize the reflectors is less than one
percent of the satellite mass ouver a 30-year operational period, including
the losses due to metecroid punctures.

Thermal Cycles, Figure 81 compares the characteristics of the thermal
cycles. One of the major differences between the Brayton and Rankine cycles
is the turbine inlet temperature. In order to be competitive in texrms of
system specific weight (kg/kW), it is necessary to run at a high turbine inlet
temperature with a Brayton cycle (1379°C) when compared to the Rankine cycle
(1038°C). The result of this higher temper:ture is a more advanced technology
requirement for the Brayton cycle (use of ceramics in the turbemachinery).
Altrhough the overall efficiency is lower for the cesium Rankine cycle without
steam bottoming (12 percemt) than for the Brayton cyecle (15 percent), the
system specific weight is lower due to lower-weight turbomachinery and radia-
tors. A4s shown, the cesium Rankine cycle with steam bottoming has a
significantly improved overall efficiency (16 percent) and the lowest specific
weight (6.9 kg/kW).
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Both the cesium—Rankine and the helium-Brayton concept utilize a condens—
ing steam radiator with a heat exchanger between the water and the working
fluid. A condensing steam radiator was also used wmth the ceslum Rankine
having a steam bottoming cycle. '

- Microwave Antenna

The microwave antenna design is virtually independent of overall satellite
design. Its basic functicn is to transform electrical energy from the power
source into microwave radio frequency energy and to propagate the microwave
beam to a receiving antenna (rectenna) located on the ground.

Devices that were considered for de~to-RF conversion included amplitrons,
klystrons, and transistors. Of these, only the amplitrons have been rejected
on the basis of their low efficiency and high driver complexity. The klystron,
operating at a frequency of 2,45 GHz, has an efficiency of 85 percent and a
power level of 50 kW. This device is the current baseline. Solid-state trans-
istors are also being considered, but additional effort is required to define
their impact on the SPS design. It may be necessary to operate these devices
at 0.915 GHz and with a larger-diameter antenna in order to satisfy thermal
operating constraints of the transistors and the maximum microwave density
(23 mi/cm?) dictated by atmospheric interactions.

The microwave transmission system is the key element of the SPS. Several
constraints must be placed omn its design in order to satisfy potential
environmental concerns. Major concerns by environmentalists include: excessive
heating of the D and F layers of the atmosphere, biological effects of the low
level microwave radiation outside of the controlled rectenna area, interference
with other radio-frequency receivers and sources, and land requirements for
the rectenna. Atmospheric heating effects cause ionization of the D and F
layers which, in turn, causes interference with certain radio-~frequency trans—
missions. GSince insufficient test data are available to set a definite upper
limit, a preliminary conservative limit of 23 mW/cm? has been specified.
Biological considerations have resulted in a current limit of 1 mW/cmz outside
of the controlled rectenna area. The problem of interference with other
radio-frequency receivers and sources has not yet been adequately defined.
These investigations, along with other environmental conceras, are a portion
of a study effori planned by the Department of Energy.

Several design approaches may be devised to work around these problem
areas including modifications of the antenna taper, microwave antenna diameter,
transmitted power, and basic beam shape. Two different basic beam shapes have
been studied-~a Gaussian shape and a Bessel-J shape (see Figure 82). Both
types of patterns are designed to deliver 5 GW of power at the utility iInter-
face on the ground, The significant feature of the Bessel-J distribution is
much lower minimum power density for the same delivered power, However, as
showvn, the rectenna for the Bessel~J beam is about 7.5 km radius (to 1 mW/cmg
as compared to about 5 km radius for the Gaussian beam.

In order to arrive at the best combination of conditions, it was necessary

to conduct a combined antenna/rectemna cost trade study. The results of such
a study are summarized in Figure 83 for klystrons and a 2.45-GHz frequency.
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This figure shows that two regimes exist, with largely different antenna
diameters for the Gaussian and Bessel-J beams. Lines of constant maximum beam
density (mW/cm?) are shown by the solid lines running from the upper right to
the lower left. Dashed lines intersecting the solid lines are lines of con-
stant maximum heat flux which must be rejected at the center of the beam, A

heat f£lux of 5.3 kW/m2 is assumed as the baseline, Points of intersectlon of o

the dashed and =clid lines result in minimum achievable cost. For the current
maximum beam density of 23 mW/cmz and the baseline heat flux, the resulting
rectenna diameter is 1.0 km, the rectenna radius is 5.0 km, and the nower at
the utility interface is 5 GW. At the same beam density and baseline heat
flux, the Bessel-J has a higher total cost per kW, an antenna diameter of

2.2 km, a rectenna radius of 3.95 km, and 5.9 G' of power at the utility
interface. The Bessel~J beam has the lowest cost at lower maximum beam depsi~
ties such as 10 mW/cmz. :

Rectenna Concepts

The rectenna system is comprised of row~on~row of arrays which are oriented

normal to the incoming mierowave beam. Major attention to date has been given
to arrays comprised of individual dipole antennas, each with its own diode
rectifier. The major problems with this approach are the low rectification
efficiency of the diodes at the low power densities that exist near the edge
of the rectenna (where the major areas exist), and the large number of diodes
that are required.

Alternate approaches could overcome the collection inefficiency and reduce
the number of diocdes required. One of these is the stripline pattern of how-tie
dipoles, illustrated in Figure 84. The stripline track collects the dipole
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signals at a common outlet where it is converted to de by a diode rectifier.
The bow-tie panels offer ease of manufacturing, excellent weather resistance,
and low diode count. The diode count for this approach is only 2 percent of
that required by the individual dipole approach. Because this approach results
in a phased array, angular accuracy requirements of the beam are increased.
This does not. appear to pose any significant constraints on the satellite,

Satellite Construction Site Concepts

Two basic approaches for satellite construction have been considered.
One of these concepts assumes that the entire satellite is constructed in geo-
synchronous orhit. In this case the necessary construction material is
transported from low earth orbit to geosynchronous orbit using orbit transfer
vehicles (OTV's). The other concept assumes that the satellite is either
partially or totally constructed in a low altitude earth orbit and then pro-
pelled to geosynchronous earth orbit using power from the satellite's solar
arrays to power iom-electric thrusters., If the satellite is only partially
constructed in the low altitude orbit the remainder of material required for
completion of construction in at the geosynchronous altitude is placed on board
the satellite. The operations and timelines associated with these options are
illustrated in Figures 85 and 86.

Impacts on Overall Concept

Major differences exist in the enviromment at the two proposed construction
altitudes, Two paramount differences are the gravity-gradient torques and the
natural frequencies at the two locations. Figure 87 illustrates the impacts-
of these on the satellite configuration. The original GaAlAs solar cell
photovoltaic concept having a concentration ratio of 2 had two troughs. Studies
of construction location indicated that a satellite partially constructed in
a low altitude orbit has to accommodate much larger gravity—gradient torques
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« CARGO TRANSFER FROM ELECTRIC
OTV'S; OTV'S RETURN TO LEO { ~ 34 DAYS)
* ALL SATELLITE CONSTRUCTION
tNITIATED & COMPLETED IN
GEQ [~ DAYS)
* CONSTRUCTION DASE & CREW
TRANSFER TO NEXT SITE

(©) L£0-TO-GEO TRANSFER
« 132.DAY TRIP FOR
ELECTRIC OTV'S
« ONE QTV FLIGHT PER~5 DAYS

LEO OPERATIONS
= HLLY PAYLOADS TRANSFERRED
TO ELECTRIC OTV'S {~ # HLLY
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™v)
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(PROPELLANTS, SOLAR SLANKETS & O CRATIONS
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\. © l.l ------ 3
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Figure 85 GEO Satellite Construction Scenario
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Figure 87  Photovoltaic Point Design Evolution

during construction and during much of the transfer during self-propulsion to

its final destination at the geosynchroncus altitude. This results in attitude
control penalties for concepts which are poorly balanced about the Y-axis (axis
perpendicular to the orbit plane during operations). The concept shown for
combined construction at the two altitudes has three troughs arranged (end view)
like an equilateral triangle, which gives the desired balance about the Y-axis.
Because of the spread-out (about the Y-axis) nature of this configuration, it
appears that construction would be more difficult. Because the rotational period
is lower in the low altitude orbit, a stiffer configuration is required, leading
to a deeper structure.
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When construction is accomplished totally at the geosynchronous altitude,
.targe gravity gradients are no longer as significant a problem. As a result,
the concept shown for geosynchronous construction represents a compromise ‘
batwyeen Y-axis balancing and comnstructability. Although the concept still has
three troughs, they are not arranged in an equilateral triangle and the
resulting concept is more compact about the Y-axis, Although not perfectly
balanced, the balance is adequate to reduce operational attitude control
requirements due to gravity~gradient torque to a low level.

Cost Impacts _ o _ ;
Another major arvea that was considered in comparing the construction site
approaches is cost. Table 5 summarizes the results of the cost analysis

using "delta" costs rather than total costs.

Table 5., Cost Differences for Geosynchronous and Combined-Altitude :
Construction (GaAlAs Photovoltaic Satellite) i

Chemical OTV Electric OIV - -

GEO Construction | LEO/GEO Constr | GEO Construction

No. of HLLV launches 1092 434 453 ! --
Earth launch costs $2597 % 106 $988 x 106 $2029 x 106 E':i
Elec. prop. module - $128 x 106 $156 x 108 § :3
replacement costs ' ! %
. : b

Interest Costs (7.5%) - 8272 % 108 $255 x 106 % N
Totals $2597 x 106 1388 x 109 $1410 x 106 i

Two OTV approaches are shown for all-GEC construction: an L02/LHZ chemi-
cal OIV and an electric OTV., For partial construction, at the two altitudes
electric propulsion is also used, but the partially-constructed SPS provides ]
the power to the electriec thrusters and transports the mass to be used for
partial GEO construction to GEO (self-propulsion). Although long—duration \
travel is involved through the Van Allen Belt for both electric propulsion A
concepts (the electric OTV and self-propelled SPS), radiation damage to the
solar cells was assumed to be self-annealed {GaAlAs solar cells). Intérest
costs are included because of the long trip time for electric propulsion
transfer. ‘

A comparison of the totals shows that geosynchronous construction using a
chemical 0TV for cargo the transfer costs about $1.2 billion more than either
electric OTV option. Costs of the self-powered (combined~location construction)
and the geosynchronous construction coptions with an electric OTV are about:
the same. a : :
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‘' Other Considerations

" ¥n addition to the above considerations, trade studies also considered

other factors of construction site related to the subsystems, transportation‘ ‘
,;Vsystems, and operations' these: are summarized in Table 6. . ‘' The aceumulation E
v of . these ﬁactors tend to favor geosyndhronous constructlon.

Teble 6 . Additional Trade Study Results B

w0 | emo | -
"Area of Investigation ‘| Preferred. Preﬁerred : ~ Reasons
SPS Subsystems S L
Microwave ~ ' - - o X JlOpen tubes, no efficiency
o o ‘loss due to multlpactlon
"Thermel B X “"Less frequent temperature
‘ ' ~_'Fhanges
Structural - X '“Less Stlffness - B
' Stabillty and control X _Less control torque ‘and .
i EL . .~ .| oceultation problems -
. Power conversion R S No cell degradation and .

' - L = ‘total array deployment
L , (w1thout self-annealing)
Poﬁer distribution' | o X Needs only single system

SRR A P 7k soxv )
Crew systems. . X | No major discximinators‘

_Flleht and orbltal T X Orbital transfer of SPS
meéchanics ; o S : .

Tvansportation Systems = |- X,. o Relieves 0TV selection”
‘Operations .. . - - | x| " |Fewer HLLV flights

"Transﬁorﬁatioﬁ Coneepfe

The transportetlon requlrements for SPS “ary as a functlnn of program

phase., ‘Figure 88, illustrates the necessary SPS transportation requirements. .

During the veriflcation planning period (1981-1987), the baseline Shuttle is

used to conduct. sortie missions. . Later in: the,verlflcatlon_pfogram, an..
_ -extended—duration orhiter configuration '1s necessary to conduct. on—orhit
. . experiments related to on—orbit construction. Following the verification

phase, from 1988 to 1998, the mass to orbit will increase significantly to

,(HLLV) will be needed,’ Additionally, " during this period, a Shuttis—derived -

-~ manned orbit transfer vehicle (MOTV) will be required to carry personue’ to .
" geosynchronous orbit.. When commercialization of SPS is dnitiated in about
' .»1998 the masses to orblt will again increase by large amounts and it will
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Figure 88 Comparison of Transportation System Options

be necessary to have a transportation system specially suited for SPS, including
manned and carge orbit transfer vehicles and a heavy-lift launch vehicle for
earth to low orbit transportation with launch ccsts of approximately $22 per
kilogram (1977 dollars). This study concentrated on the transportation
requirements during the post-1998 period. The results of these analyses are
presented in the following paragraphs.

Operatlonal Tran3portat10n Requlrements

Some of the basic transportation system requirements include orbital

attitudes and inclinations, mass flow to orbit, envirommental concerns, and
cost,

Geosynchronous orbit is the eventual destination of SPS comstruction
equipment and supplies, uniess the SPS is built entirely in a low altitude orbit,
Under any circumstances, it will be necessary tc transport the crew from earth
to a low altitude orbit and from this orbit to geosync. During the period of
SPS operations, cargo for maintenance and crew will have to be transported -
along the same route. Two low earth orbits were considered—a 500-km orbital
altitude at approximately 28,5 degrees incllﬁatlon, and an equatorial orbit .
of 550 km. The desired orbital 1ocdt10n i a function of earth 1aunch vehlcle

conce.pt select:mrl..
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The mlnlmnm:mass flow to’ orbit for a mature program.ranges from 200 X 106

to 350 x 106 kg/year for the electrlc oTy conoept, and as high as 102 kg/year
for a chemical OTV. Dependent upon HLLV payload capabllity, this results in

- HLLV fllght rates ranglng from JOO to 4000 per year.zf"“

Because of the.large.qnantlties of fuels consumed by the HLLV, environ—_ TR

mental consideration must be given to fuel consumptlon and storage hazards, -
atmosphermc contamination in localized areéas, and the maximum allowable noise
levels in the area of ‘the launch site. In additlon, since a significant mass
will be required for packaging of payload elements, the,ultlmate disp051tlon T

of this mass in orbit must be con51dered

Slnce the operatlonal cost of the tran5portat10n system represents a: -
magor portion of SPS costs, transportatlon system selection is ‘dominated by
launch costs, QCosts of the order of $22/kg to a low altitude orbit are
required to meet the economic goals of SPS. This 1mpl us . rapid ‘turnaround -

' - time, low-cost recovery and refurblshment, and v1rtua11y complete reusablllty

of system components.

_Transportation System Optlons

Table 7 lists the options that hava rece1ved serious consideraulon for

'SPS in three separate flight regimes, The low altitude orbit Iaunch concepts
- .are arranged Erom- top to bottom in the order cf Increasing technology and

decreasing operational complexity. The first two’ concepts - take .off vertically .

~ (the ballistic also land vertically), and the last two take off and land

horizontally. The two-stage ballistic Taunch vehicle is 1ntended to carty .
cargo into orblt, and 1t would require a Shuttle derivatlve to carry personnel

cand prlority cargo. The other three HLLV .options can carry both cargo an&

personnel.
Taﬁie'7 ; Transportatlon System Optlons ‘"i 5
-Cargo‘7" - 3.‘f o ‘f"i? Personnel/?riority Cargo e
- Farth-iwo .
» Two-stage ballistic - T ”foTvShUttié“dérivative R
. Two-stage w1nged - VTO SUUEE P ﬁ_qa'Two-stage Winged - VTO
g HEO ~Ttwo - stage =1_ ' ‘7"":-  fl_; . 1HEO -~ two stage PR
 ;’ BTO0 - §sTOC | ;r.." H’.IIO - ssT0. - 5
e Chemical . . . . | ._;”.f-'chemcal"*" :
o ::o  Nuc1ear'— GCR e B no‘thlear —-GCR w
1f?fofTElectr1c ST o EL &ktf{fﬁ '
o ~ Self propelled R BT Cﬁ§E§%;D 1jgll '
R e TR 3 '
e Chémical . - | - & Chemical
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hree basmc approaches have.been c0n51dered for 1nterorb1tal transportar
tion: chemical (LH 9/109) ; nuclear (gas core reactor), ‘and electric propulsion
‘systems. The: chemlcal and nuclear systems both have high thrust and,

" therefore, short flight rimes. Consequently, they cdn transport both.cargo

and personnel. The electric systems include both self-propelled (in the

event the SPS is partially or totally constructed in a low altitude orbit) and
‘dedicated concepts. (in the event the SPS is built at geosync). For either

" electric propulsion concept, it is necessary'to have. either a chemical or
nuclear vehicle to transport crew. The chemical concept appears to be the
best candidate in conjunction with electric propulsion because of the
relatively low mass—flow of crew and priority cargoe compared to'construction
cargo. The only option analyzed for onwcrbit propulsion in this study was an
’»’LOZ/LHZ chemical: system..: S : : : :

, Figure.SS 1llustrate5 some of the concepts. descrlbed above4 Tha HTO-HLLV
depicted is a single-stage concept with a payload capability of 91,000 kg to

a low altitude equatorial orbit. The two-stage ballistic VIO-HLLV has a
payload capability of approxmmately 400,000 kg tec low altitude at 28.5 degrees
‘inclidation. -The chemical and nuclear gaseous core reactor are sized to deliver
a 91,000-kg of 1nterorb1tal_gayload The dedicated electric 0TV is gized to
deliver approximately 4 x 10° kg. The upper portion of the figire compares

_its size with the SPS satellite.
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SPACE OPPORTUNITIES - HUMAN ACTIVITIES

The posgibilities for large-scale human activities in space have exeited
man's imagination for generations and still make the headlines far more fre-
quently than the most other facets of the Space Program. Space colonization
has many similarities to space industrialization, but with a fundamentally
different motive. It is our opinion that a flourishing space industrialization
program will do much to turn these dreams into reality, but over a longer
interval of time than is envisioned by the standfast advocates of space
colonization.

Eventually, man will return to the moon — probably first to acquire oxygen
for inter—orbit transport and later to acquire other materials such as aluminum
and silicon. However, the timing and the justification for renewed lunar
activities will come as a result of genuine needs rather than as a result of the
desire for lunar exploration for its own sake. Of course, in the same time frame
there will also be human activities in space closer to the earth.

THERAPEUTLC AND RECREATIONAL'?OSSIBILITIES

Space medicine is one intriguing aspect of life science technology as
practiced in space. The category of experiments that would foster this advanced
technology comprises biomedical and behavioral research, man/system integration,
life support and protective systems development. The goal of these activities
is to develop a full understanding of Man's reaction to the spaceflight environ-
ment in order to determine not only his role and function in long-duration space-
flight, but also the prospects of utilizing space for therapeutic purposes.

Broadly speaking, the objectives of therapeutic utilization of space can be
divided into two categories: curative and alleviative. (See Figure 89.)
Physiologically speaking, the human body is a chemical faetory in equilibxium
with its environment, Extremes in the envirommental continuum produce specific
reactions as the body attempts to adjust to the characteristics of its immediate
environment. The most important extreme contxributed by the space environment
is, of course, variable gravity down to null-gravity. The gravity level
produces definite and specific physiological changes. The full extent of these
changes is not yet kmown and, therefore, their therapeutic effects, if any,
cannot yet be assessed with confidence.

However, some possible or even probable space therapies can be recognized
even today. If the more important of these, plus a few that are not yet recog—
nized, become wiable, the orbital dispensary forx space crews could conceivably
evolve into full-fledged orbital hospitals. In that case, an appropriate
ambulance shuttle capability might be developed, consistent with the require-
ments for transporting sick people in'o space who have greatly reduced physical
tolerance, However, another possibility is the packaging of the patients so
that they could withstand the g-levels of the Space Shuttle for the brief
interval of flight into space. For tourist traffic, of course, much less
stringent requirements could be imposed. Indeed, the flight environment of
the present Shuttle may be adequate.
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SPACE APPLICATION FOR
THERAPEUTIC AND RECREATIONAL
PURPOSES

CURATIVE OBJECTIVES - ALLEVIATIVE OBJECTIVES

SICKNESS OR ACCIDENT
OCCURS: LOW GRAVITY AS MEANS
- OF RELAXATION

AND RECREATION -

TOURIST
FACILITY

. 1IN ORBIT
- LOW GRAVITY AS THE PREFERRED
" ENVIRONMENT FOR PERSONS INFLICTED
ORBITAL WITH GRAVITY-SENSITIVE
— ON MOON HOSPITAL DISEASES AND HANDICAPS
ON EAR
A PERMANENT
EXTRATERRESTRIAL
RESIDENCE
SPACE THERAPIES
« RELIEF OF HEART PUMP LOAD « CORRECTION OF MALFORMED BONES
« RELIEF OF HYPERTENSION « RELEASE OF-PINCHED NERVES AND DISKS
« RELIEF OF FLUID BALANCE PROBLEMS « CONTROLLED OVERGROWTH FOR SURGICAL
« CORRECTION OF FAULTY MUSCLE CONTROL IMPLANTS

Figure 89. Therapeu.ic and Recreational Activities in Space
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SCIENCE-INTENSIVE SPACE ACTIVITIES

_ The recreational and therapeutic applications of space may be one promising
outgrowth of a basic life sciences program, Others may involve the development
of materials and the development of new breeds of plant and animal life in space,
The basic goal of a life sciences program must be based on a solid data base and

a solid knowledge base provided by the life sclences program itself.

The Shuttle Orbiter, the Spacelab and the Biosatellite are obvious tools
for such a program. In addition, a mini-space station or a related type of
space habitat will be required. This, in turn, implies a need for the assembly
and handling of large structures in space.

Some of the implementations of such a program are summarized in Figure 90.
4s can be seen, they cut through the fields of biochemistry, biology, physiology,
medicine and even psychology. They should result in new capabilitles, new
products, and new tools (e.g., space suits and transportation systems) which
will be highly useful to many other goals of apace industrialization.
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END OBJECTIVES UTIL1ZE SPACE ENVIRONMENT FOR BETTER UNDERSTANDING OF LIFE
_PROCESSES, PHARMACEUTICAL PRODUCTS, FOR HUMAN INVOLVEMENT
IN SPACE INDUSTRIALIZATION, FOR THERAPEUT!C PURPOSES ANDP EXOPONICS

PROGRAM SPACE LIFE SCIENCES
MAJOR TOOLS e SHUTTLE ORBITER

o SPACELAB

e BIOSATELLITE

o MINI-SPACE STATION

IMPLEMENTATION e SPACE ENVIRONMENTAL EFFECTS ON BASIC LIFE PROCESSES IN PLANTS,
ANIMALS, MAN
e UTILIZE SPACE ENVIRONMENT FOR CONTROLLED CHANGES IN PHYSIOLOGY,
BIOLLOGY, GENETICS OF LIFE FORMS
e ISOLATE VITAL HORMONAL, BLOOD, GENETIC SUBSTANCES AND LAY THE
BIOLOGICAL FOUNDATIONS FOR A PHARMACOLOGY OF SPACE
s DEVELOP MEDICAL STANDARDS {INCL. RADIATION PROTECTION) FOR
ORBITER PILOTS AND iN-SPACE PERSONNEL
» DEVELOP ADVANCED LIFE SUPPORT SYSTEMS & SPACE SUITS FOR EVA
e DEVEL.OP MEDICAL STATIONS AND EMERGENCY TREATMENTS FOR SPACE
PERSONNEL
CONTRIBUTE TO SPECIFICATIONS FOR DESIGN & OPERATION OF FUTURE
SPACE STATIONS AND ORBITING CONSTRUCTION BASES
® IDENTIFY SPACE THERAPEUTICAL METHODS OF PROVEN EFFECTIVENESS
AS BASIS FOR FUTURE ORBITING HOSPITAL
SET MEDICAL SPECIFICATION AND CONSTRAINTS FOR AN AMBULANCE
SHUTTLE

e DEVELOPMENT OF FOOD PRODUCTION IN ORBIT AND ON THE MOON {EXOPONICS)
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Figure 90. Science-Intensive Space Activities Serving Baslc Terrestrial Needs - 3
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