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Introduction to 
Space Commerce 

An Economic Frontier 

Do you want to look into the fu
ture? Just cast an eye skyward . 

One hundred mile overhead - at a 
distance only half as far as that be
tween Boston and ew York - i an 
environment of extraordinary charac
teri stics. You ' re gazing at a new realm 
of resources. 

In today' world of increas ing glob
al competiti on, space represents an 
economic frontier, a new territory of 
commercial opportun ity. Scientific 
discovery and technologica l innova
tion lead to new products and serv ices 
that can benefit people throughout the 
world , resu lting in entirely new indus
tries. Space i proving to be a fertile 
f ield for uch economic growth. 

Space commerce is composed of 
diverse activ ities which fall into four 
broad areas : satellite communications, 
Earth and ocean observations, materi 
als research and process ing, and space 
transportation and industri al services. 

Satellite communications, while 
we ll e tabli hed and mature, continue 
to develop through new applications 
and advancing technology. This $3 
billion a year industry didn 't even 
ex i t 25 years ago. 

Ob ervi ng our planet from space 
has already produced immense public 
benefit through improved weather 
forecasting and monitoring of re
source and the environment. Valuable 
commercial appl ications of regular 
Earth observations are becoming in
creas ingly practical through advance 
in computer processing and interpreta
tion of remote sensing data from 
speciall y equipped satellites. 

Space has become an industrial lab
oratory for materi als re earch and 
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Overleaf: 

Th is painting by Pamela 
lee shows astronaut 
William Fisher during a 
spacewalk conducted 
during Shuttle mission 
51-1 in August 1985. 

processing. Today 's research and de
ve lopment work, being carried out 
through government and corporate 
sponsorship, is expected to lead to 
new scientific and technologica l 
breakthroughs. 

There is tantali zi ng ev idence that 
unique products of high va lue may be 
processed in the weightless, high
vacuum environment of space. It is 
also possible that what industri al 
researchers learn in space could 
change dramatically the way materi als 
are processed in our factories on 
Earth. M any believe thi s area offers 
the greatest potential for economic 
benefit. 

These commercial uses of space, 
coup led with the requirements of 
government space programs, are 
prompting the emergence of a com
mercial space transportation industry. 
Wi th broad , world wide demand for ac
cess to space, thi s is the most competi
tive of the current commercia l space 
activ ities. A variety of other industrial 
support services are also being com
merciallyoffered . 

Busine in space is not business as 
usual. The expansion of space com
merce faces substantial challenges 
associated wi th costs, ri sks, and com
peti ti on on Earth. But pri vate enter-
pri e is adapti ng to the environment of 
space, attracted by the potential re
turns from tapping new resources. 

4 

NASA's Role 

The 1980s has witnessed an in
creas ing awareness of the potential 

economic va lue of space. Amid a 
grow ing consensus that U.S. leader
ship in the commercial development 
of space is in the national economic 
interest, the Pres ident directed NASA 
in 1984 to take steps to promote com
mercial space activity. The Congress 
enacted leg islation ass igning NASA to 
"seek and encourage, to the max imum 
ex tent possib le, the fu llest commercial 
use of space." 

Today, ASA is providing a focus 
for action to expand U.S . pri vate sec
tor investment and involvement in the 
civ il space program. The agency es
tabli shed the Office of Commercial 
Programs to actively support new, 
high-technology space ventures, the 
commercial applicat ion of ex ist ing 
aeronautics and space technology, and 
commercial access to available ASA 
capabilities and services. This role is 
strengthened by NASA's ri ch trad ition 
of cooperati on with industry. 

The roots of U.S. dedication to 
space leadership are con tained in the 
National Aeronautics and Space Act 
of 1958 . A key national obj ective, 
spe lled out in NASA's charter, is " the 
preservation of the United States as a 
leader in aeronautica l and space 
science technology and in the applica
tions thereof to the conduct of peace
fu l activities within and outside the 
atmosphere. " 

NASA's effort to encourage an in
creas ing ro le for the U.S. private sec
tor in our space activities is viewed as 
a crucia l factor in maintaining that 
leadership. 



America 's Space Shuttle 
provides a link to the 
new economic frontier of 
space, enabling NASA 
and U.S. industry to 
conduct joint research in 
this un ique environment. 

ASA's role includes: 

Leading the government 's imple
mentation of key pol icies aimed at 
reducing the financial and technical 
ri sks of doing business in space, 
and promoting an increasing role 
for the pri vate sector in the f inanc
ing and development of space 
infrastructure and services. 

Conducting research and develop
ment programs to expand the 
nation 's space capabi Ii ties and 
explore the practical uses of space, 
and encouraging corporate
sponsored research and develop
ment activ i ti e to investigate the 
industri al applications of space. 

Supporting e tablishment of a U.S. 
commercial launch industry 
through the privati zation of NASA
developed expendable launch 
vehicles, providing access to 
NASA launch support fac ilities, 
and use of commercial launch 
services. 
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The Space Station 
Freedom, scheduled to 
be bu ilt in the 1990s, 
will be a multi-function, 
international complex of 
modules in low-Earth 
orbit. 

Benefits for America 

What does all thi s mean to Ameri
ca? It means an opportunity fo r 

new industries, new jobs , new prod
ucts and serv ices to benefit people on 
Ea rth ; continuing leadershi p in c ivil 
space acti vities, and , a strengthened 
co m pe ti t ive pos iti o n in the wor ld 
economy. 

The governments of all spacefaring 
nations are increas ingly viewing space 
as a new arena for economic expan
sion. Other nat ions - Japan, France, 
Germany, and the Sov iet Union among 
them - also recognize the all uring 
commercial potenti al of space, and are 
strongly challenging the United States 
for leadership in the industri al app lica
tion of space science and technology. 

A clear example of the importance 
of American leadership in space com
merce can be fo und in the pos ition of 
the U.S. aerospace industry, which has 
maintained a pos iti ve ba lance of trade 

during a period when, overall , the U.S. 
trade position has steeply decli ned. 

By any measurement, the nati onal 
investment in space has already pro
duced a high-y ie ld return in the fo rm 
of technological advances and im
provements in the quali ty of li fe on 
Earth . Through cooperati ve efforts 
with the U.S. private sector, NASA is 
seeking ways to increase the econom ic 
return fro m space, enhance our inter
national competi tiveness, and prepare 
this country fo r meeting the challenges 
of the 2 1 st century. 
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Commercial Uses 
of Space 

Satellite 
Communications 

Satellite communications was the 
f irst, and is today the most ma

ture, of the commercial u es of space. 
In just 25 years, thi s technology ha 
produced an industry that generates 3 
billion in annual revenues, created en
tirely new f ield of employment, and 
transformed the very way business is 
conducted on Earth . 

OnJuly 10, 1962-fivemonths 
after John Glenn became the first 
Ameri can to orbit Earth - a 170-
pound satellite called Tefstar was 
rocketed into space atop a ASA 
Delta boo ter. 

Whi le much of the nation's atten
tion toward space was riveted to the 
unfolding race for landing humans on 
the Moon, Tefstar I , the world 's first 
satellite built and paid for by pri vate 
industry, launched a revolution in 
telecommunications that marked the 
beginnings of space commerce. 

Tefstar was designed and developed 
by AT&T's Bell Telephone Laborato
ries to demon trate the concept that an 
orbiting spacecraft could acti vely 
relay signals from one point on Earth 
to another. Within hours following the 

launch, Bell engineers had successful 
ly relayed telephone and telev ision 
transmissions, and soon afterward , the 
first "via satellite" telev ision program
ming wa relayed across the Atlantic. 

A year later, the ASA-developed 
Syncom satellite pioneered research 
into u e of communications satellites 
po itioned at a distance where their 
orbi ta l period is synchronized with 
Earth 's rotation, and the spacecraft 
therefore remains in the same position 
over Earth. 
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Overleaf: 

Leasa/ spacecraft 
following deployment 
on STS-41D 

Thi s territory of space, known as 
geosynchronous orbit , has become 
increas ingly congested as nation 
after nati on have j oined the space 
age by orbiting their own communica
ti ons spacecraft and international 
systems. 

Communications satellite now 
carry more than two-thirds of the 
world 's internati onal vo ice communi
cati ons, and transmit virtuall y all of 
the world 's video programming. 

Demand by communicati ons satel
lite owners/operators for access to 
space remains strong, accounting for 
v irtuall y all of the present-day private 
sector market for commercial launch 
serv ices. 

World w ide. communications satel
lite billings by U.S. and foreign manu
fac turers totaled about $ 1 billion in 
1987, wi th ale by A meri can manu
fac turer accounting for approx imately 
hal f the lotal. Proj ected total revenue 
from the sa le and lease of satellite 
transponders in 1987 wa e timated at 
$ 1 billion. Revenues to U.S. compa
nies alone for domesti c sa les of 
ground receiving equipment totalled 
about $700 million in 1987. 

A competiti ve challenge to satellite 
communications is being posed by in
creasing use of f iber optic cables. Thi 
terres trial technology challenge under
scores one of the continuing ri sks of 
space commerce. 
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launched July 10, 1962, 
Tels/ar I, the first 
privately financed and 
built communications 
satellite , made history 
with its transmission of 
the first live transatlantic 
television broadcast. 
Shown here is a full
scale model of the 170-
pound satellite . 

The privately owned 
Geostar satellite naviga
tion system provides 
messaging and position
ing services to commer
cial users worldwide. 



Yet new markets fo r communica
tions via sate lli te continue to unfo ld. 
Radio determinati on sate llite services, 
which among other applicati ons will 
allow a central control center to track 
and monitor the location and status of 
trucks, trains, aircraft, and vessels, 
could become a major profit center for 
the sate llite industry. 

One firm already servic ing thi s new 
market, Geostar Corporati on, will 
launch satellites aboard NASA's Space 
Shuttle under a Space Systems Devel
opment Agreement - which a llows a 
deferred payback of standard launch 
service costs. 

Research and development work to 
advance satellite communicati ons is 
continuing both here and abroad. 
NASA, fo r example, is working to de
velop the Advanced Communicati ons 
Technology Sate lli te (ACTS). A key 
issue of this re lati ve ly mature industry 
is how to properl y continue to advance 
the technology. 

NASA's Office of Commercial 
Programs is conside ring the poss ible 
establishment of a Center for 
Commercial Deve lopment of Space, 
funded through contributions by both 
government and indusrry, foc used in 
thi s area. 

This artist's concept 
depicts NASA's Advanced 
Communications 
Technology Satellite - a 
development program 
designed to demonstrate 
new technologies in 
areas ranging from 
antennas to processing. 

The launches of NASA's 
Syncom I and Syncom II , 
shown here undergoing 
final checkout , ushered 
the telecommunications 
industry into a new era . 
The satellites were the 
first communications 
spacecraft to be placed 
in geosynchronous orbit 
- now the standard 
orbit of most of the 
world 's satellites. 
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Earth and Ocean 
Observations 

Commercial Earth and ocean ob
servation from space is an emerg

ing area of space commerce that is 
be ing ass isted by privati zation policies 
and the growth of a "value added" in
dustry based on the interpretation and 
analysis of satellite gathered data. 

Remote sensing observati ons, based 
on space-based or airborne measure
ments of re fl ected or emitted electro
magneti c radi ati on, can reveal features 
and characteristics of Earth 's land and 
ocean surface that are difficult or 
impossible to detect in ordinary photo
graphs. 

Advanced optical instruments and 
radar sensors collect data in digital 
form, sending it back to Earth receiv
ing ta tions. Computer process ing and 
enhancement of the image can make 
the invisible visible. 

Since the beginn ing of the space 
age, it ha been reali zed that the 
unique vantage point of Earth orbit 
provides an unparalle led perspecti ve 
of our planet. Our earli est application 
of this resource was the use of meteo
rologica l sate llites to prov ide a global 
picture of weather patterns, resulting 
in vastly improved weather fo reca ts. 

In 1972, NASA launched the first 
Earth Resources Technology Sate llite 
(ERTS-A) to demonstrate the useful 
ness of remote sensi ng on a global and 
repeti tive bas is. Specifica ll y, the ERTS 
miss ion was to determine what data 
could be gathered by an unmanned 
spacecraft, how thi s data could be in
terpreted and applied to a broad range 
of endeavors, and how the information 
yield could be of economic or social 
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value to commercia l, sc ienti fic, and 
government interests. 

The spacecraft subsequentl y was re
named Landsat I and became the first 
of fi ve Landsat spacecraft orbited to 
date. The system wa declared opera
ti onal in 1983 and transferred to the 
National Oceanic and Atmospheri c 
Administrati on as part of a pri vati za
tion program. 

ASA's research and deve lopment 
programs demonstrated that remote 
observations from space can ass ist a 
wide di versity of Earth-based 
activities , such as exploring fo r o il and 
minerals, fo recasting crop yie lds, 
managing fo rest resources, monitoring 
the environment, and documenting 
land uses. 

Today, the system is operated by the 
Earth Observation Sate ll ite Corpora
tion (EOSAT), which markets Land
sat data to end-user customers and 
other commercial ventures which add 

va lue to the Landsat images by 
computer process ing and interpreta
tion tailored to be useful to specific 
groups of customers. 

This still young area of commercial 
space activity ha already attracted 
international competition. 

In 1986, France entered the 
commercia l Earth observation market 
by launching its Systeme Probatoire 
d' Observation de la Terre (SPOT) 
sate llite and creating a commercial 
entity to market the satellite data 
world wide. The Soviet Union has 
started marketing photographic images 
from its remote sensing sate llites as 
we ll as photographs taken from the 
Mir space station. Japan and India 
have also launched remote sensing 
spacecraft , and other nati ons have an
nounced plans to do so. 

NASA is helping to stimul ate and 
expand the commercial applicati on of 
remote sensing technologies through 



The first Earth Resources 
Technology Satellite , 
later renamed Landsat 1, 
is seen here prior to its 
launch in 1972 as part of 
an experimental 
program to explore the 
use of satellite images to 
measure properties of 
Earth 's land , ocean 
surface, and atmosphere 
from space. 

sponsorship of research projects. The 
Stennis Space Center in Miss iss ippi -
des ignated as the lead NASA center 
for commercial Earth and ocean 
observations - is managing contract
ed research studies. Two of the agen
cy's 16 Centers for Commercial De
velopment of Space were establi shed 
to advance commercial participation 
in and use of Earth and ocean observa
tions. 

NASA is also continuing to advance 
Earth observation technology, through 
new systems like the Shuttle Imaging 
Radar (SIR). 

This Landsat 4 image 
shows the gulf coast of 
southern Louisiana and 
Mississippi. 

This image of forests in 
northeastern Florida was 
acquired during Shuttle 
mission 41-G using 
Shuttle Imaging Radar-B. 
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Materials Research 
and Processing 

Still in its infancy, the commercial 
use of space for materi als research 

and process ing is a f ie ld of interest to 

industri al scienti sts and engineers 
worldwide. 

In the extraordinary environment of 
space, ex periments are be ing conduct
ed today that wi ll lay the foundation 
for future space-based production of 
high-va lue products. Aboard orbiting 
laboratori es, objects flo at in a weight
less state as the famil iar influences of 
grav ity become almost totall y absent. 
In addition, space offers a limitless, 
nearl y perfect vacuum . 

To many people on Earth , the most 
nove l aspect of spacefli ght may be the 
sight of astronauts tuming effortl ess 
somersaults without ever touching the 
surfaces of the ir spacecraft. But scien
tists interested in the behavior of ma
teri als tend to be fasc inated with other 
curios ities of thi s micrograv ity 
environment. What they are learn-
ing coul d change our li ves on 
Earth . 

The opportunity to conduct industri 
al research in an environment where 
conditions are so di fferent fro m those 
on Earth could result in dramati c ad
vances in our know ledge of materi als 
and processes , leading to new methods 
of production in Earth-based fac tori es. 
We may also learn that certain space 
processed materials may be suffic ient
ly superi or to their Earth counterparts 
to economicall y justify space manu
facturing. And still other, yet-to-be 
d iscovered products may be entire ly 
unique to space and unattainable on 
Earth. 
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Already, aboard the Space Shuttle 
and other spacec raft, spec ial process
ing equi pment has been used to 
demonstrate that crysta ls of materi als 
that serve as key components of elec
tronic and optica l dev ices can be 
grown larger, and more perfect in the 
micrograv ity of space. It may become 
economicall y feas ible to manufac ture 

Dr. Lodewijk van den 
Berg (top , opposite 
page), an EG&G scientist 
who flew as a payload 
specialist aboard the 
Spacelab 3 mission in 
1985, views a space 
produced crystal of 
mercuric iodid e. 
The crystal was grown in 
a special furnace (left) 
carried in the Space lab 
pressurized module , and 
was later determined 
based on ground tests to 
be superior in quality to 
sim ilar crystals grown in 
Earth laboratories. Van 
den Berg is seen 
observing the progress 
of the experiment during 
the fl ight (bottom oppo
site page). 
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such crystals in space, leading to im
proved semiconductor chips that en
able us to build faster computers. 

A number of U.S . firm s, working in 
cooperation with NASA, plan to test 
equipment and processes to produce 
semiconductor materi als in space 
aboard the Shuttle. 

Pharmaceutical companies are 
keenl y in terested in the prospects for 
producing prote in crystals of superior 
quality in space. If the space environ
ment does permit the growth of more 
perfect prote in crystals, the result 
could be advances in the development 
of new life-saving drugs . McDonne ll 
Douglas has already demonstrated the 
value of space as a pharmaceuti cal 
process ing site. On seven Space Shut
tle fli ghts, the company fl ew its e lec
trophores is system, which separates 
biological materi als far more effic ient
ly than is poss ible on Earth . Work was 
progress ing towards scaling up the 
process to commerc ial in-space pro
ducti on until the Challenger acc ident 
grounded Shuttle fli ghts, forcing the 
company to put its plans on hold . 

Still other possibilities li e in the 
process ing of unique glasses, new 
metal alloys, and compos ites. Over 
400 exceptionall y strong and light 
metal alloy have been iden ti fied as 
potenti al candidates fo r space 
manufacture. 

Government-sponsored materi als 
sc ience research in micrograv ity dates 
back to the earl y years of the space 
program. Early materi als process ing 
experiments were conducted aboard 
sounding rockets and in ground-based 
drop towers. Ameri ca's Skylab orbital 
workshop enabled the first long
durati on opportuni ties fo r materi als 
research in space. 
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As in other areas of commercia l 
space use, the interest in materi als re
search and process ing by our space
faring trading partners and other na
tions is strong and growing. The Euro
pean Space Agency, which financed 
and bui lt the Shuttl e-based Spacelab 
orbital laboratory, has an established 
micrograv ity materi als process ing pro
gram. Acti ve nati onal programs are 
be ing conducted by the Federal Re
public of Germany, France, and Japan. 

The Sov iet Union has reportedl y 
produced some 2,000 pounds of space 
manufactured crystals aboard its orbit
ing space stati ons. 

The first commerc ial made- in-space 
product offered for sa le was developed 
by Lehigh Uni versity working in co
operati on with NASA. Us ing the 
Monodisperse Latex reactor aboard 
the Space Shuttle, perfectly matched 
spheres of latex were manufactured 
for use in ca librating prec ision instru 
ments such as electron microscopes . 
Small vial s, each containing millions 
of the latex spheres, are ava il able for 
purchase through the Commerce 
Department 's ati onal Bureau of 
Standards as a standard reference 
material. 

It 's impossible to pred ict when 
addi tional commercial products from 
space may become avail able. But an 
expanding li st of companies are 
actively lay ing the ground work by 
conducting investi gati on in ground
based laboratorie , aboard speciall y 
equipped aircraft and sounding rockets 
that prov ide brief peri ods of micro
grav ity, and in space itse lf. 

While the in terruption of Space 
Shuttle fli ghts resulted in a delay of 
fli ght opportuniti es fo r industri al re
search and deve lopment in space, 



Cha rles Walker, the first 
corporate astronaut, is 
shown workin g on a 
protein crystal growth 
expe ri ment during 
Shuttle mission 61 -B. 
Walker fl ew on severa l 
Space Shuttle missions 
conducting experiments 
rela ted to McDonnell 
Doug las ' biolog ical 
materia ls separation 
process . 

Prote in Crystal Growth 
experiments aboard the 
Space Shutt le -
representing cooperative 
efforts of NASA, industry, 
and un iversities - may 
lead to the creation of 
powerful new drugs. 
Pictured here are 
Concanavalin B crystals 
grown on Shuttle 
mission 61 -C. 

comme rcia l interest in the field has 
continued to grow. Aboard Discovery 
when the Space Shuttle resumed flight 
were ex periments by 3M and industri 
al researchers representing DuPont, 
Merck, Schering-P lough , Upjohn , and 
Burroughs We ll come. 

As the materi als process ing sc ience 
and technology base builds, the long
range outlook appears promising for 
commerc ial uses of the unique charac
teri stics of space. Many believe this 
area of commercial applicati on, 
th ough it sti ll faces many cha ll enge 
and will requ ire years of development, 
can be ex pected to provide substanti al 
future contributions to economic 
g rowth through the emergence of new 
products and serv ices. 
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The Atlas-Centaur, built 
by General Dynamics, 
was developed by NASA 
as a workhorse of the 
space program. It is now 
one of several boosters 
in the vanguard of a new 
U.S. commercial launch 
industry. 

Space Transportation and 
Industrial Services 

Increas ingly, private compan ies are 
becoming the providers of space 

transportation and other serv ices that a 
few years ago were avail able onl y 
fro m the government. 

Companies that once built rockets 
under contract to ASA and the Air 
Force are now developing private 
launch vehicles and offering commer
c ial serv ices to satellite owners. New 
entrepreneurial firm s are joining them, 
seeking untapped ni ches in the world
wide demand fo r access to space. 

The demand of transportati on ser
vices to launch commerc ia l communi 
cati ons satellites has sparked fierce 
competition. Even before the Space 
Shuttl e Challenger accident, NASA's 
Shuttle was under a strong challenge 
by Europe's unmanned Ariane booster. 
The Sov iet Un ion and Ch ina are both 
marketing their launch vehic les to 
western u ers. 

Today, as a result of post-Chal
lenger policy decisions, the Space 
Shuttle no longer competes for com
munications satellite pay loads that can 
be fl own on unmanned rocket. ASA 
and other fede ral agenc ies are active ly 
promoti ng and supporting the estab
lishment of a U.S . expendable launch 
vehicle industry. 

While the Ariane has captured a 
major market share fo r commerc ial 
sate llite waiting in line for launch op
portunities, the U.S. firms McDonnell 
Douglas , General Dynamics, and Mar
tin Marietta are showing ga ins through 
new contract signings. Contracts with 
these Ameri can companies to launch 
sate llites for fo reign and international 
organi zations between 1989 and 1992 
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presently amount to approximate ly 
$600 million. NASA and other U.S . 
government agencies are also prov id
ing business to the domesti c launch in 
dustry through contracts for commer
cia l launch services . 

Aggress ive marketing of launch ser
vices by the Soviet Union and China 
pose an additional challenge, and the 
overall issue of free and fa ir trade is a 
major concern to U.S. launch service 
prov iders. 

Beyond commercial launch ser
vices, some companies have pri vately 
developed and marketed upper stages 
- the small rockets that transport 
satelli tes from a temporary low orbit 
to their permanent orbital stati ons. 
McDonnell Douglas developed the 
Payload Ass ist Module (PAM) and Or
bital Sciences Corporation developed 
the Transfer Orbit Stage (TOS). 

Another commercial entry into in
dustrial support serv ices is Astrotech 
Space Operations Limited Partnership, 
which has establ ished a private pro
cess ing facility near Kennedy Space 
Center for the pre- launch preparati on 
of satelli tes and other pay loads. 

In addition, industri al research in to 
the practical uses of the space environ
ment, and anticipated commerc ial op
erations emerging from the di scovery 
of economically viable applications, 
are prompting the development of pri 
vate ly fi nanced and developed space 
fac ilities. 

Washington-based SPACEHAB Inc., 
for example, is privately developing 
modules that wi ll expand the capab ili 
ty of the U.S. Space Shuttle by in 
creas ing the amount of pressurized 
vo lume ava ilable for orbi ta l research 
and commercial activities. 

Under an agreement with NASA, 
SPACEHAB will fl y its modu les aboard 
the Shuttle beginn ing in 199 1. SPACE-

NASA is working with 
private industry to 
explore possible 
commercial uses of 
Space Shuttle external 
tanks, which are 
currently discarded after 
each launch. 

HAB will commerciall y market space 
in the module and reimburse NASA 
for standard launch servi ce costs after 
each mission. 

Other concepts for commercially 
developed orbital facilities include the 
Industri al Space Facility (lSF), a free
fl ying orbiting fac ility that could 
house both research and commercial 
process ing activities, and the poss ible 
use of di scarded ex ternal tanks. 

lncreased commercial participation 
in the provision of space infrastructure 
and serv ices is be ing encouraged by 
the government to expand the range of 
capabilities available to both govern
ment and commercial users. 

Commercial prov iders have been 
invited by NASA to explore potenti al 
contributions to the fac ilities and ser
vices which will comprise the Space 
Station Freedom - the multipurpose, 
international complex of orbiting 
modu les and support systems sched
uled to be placed in orb it in the 1990s. 

An artist's concept of 
SPACEHAB , Inc.'s pressur
ized module , which wil l 
augment capabilities of 
the Space Shuttle. Under 
an agreement with 
NASA, the modules will 
be flown aboard the 
Shuttle beg inning in 
1991 and operate as a 
commercial ventu re. 
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NASA's 
Commercial 
Development 
Program 

A Partnership with Industry 

Through a family of cooperati ve 
agreements wi th private ventures, 

and a policy that encourages and 
ass ists industrial researchers in using 

ASA's capabilitie , the agency ha 
expanded its partnership with U.S. 
industry. 

Today, more than half of the 50 
largest U.S. industria l corporations 
have become parti cipants in one or 
more of NASA's programs to 
encourage increased commercial 
invo lvement in America' civ il space 

program. The e include cooperative 
efforts such as Joint Endeavor 
Agreement (lEA) - a no-exchange
of-funds arrangement where ASA 
sponsors paceflight opportunities for 
companie which commit corporate 
resources to build and conduct indus
tri al experiments. 

3M is one of several firm s that have 
an acti ve Joint Endeavor Agreement 
with ASA. The company has already 
flown experiments in crystal growth 
and organ ic thin films aboard the 
Space Shunle and has applied for a 
number of patents related to their 
space re earch acti v ity. 

Other J EA partners plan to investi 
gate the commercial potentia l of pro
cess ing semiconductor material s in 
space. Unocal (Un ion Oil of Califor
nia) has initiated discussion w ith 

ASA concerni ng a possible j oint en
deavor to support the private develop
ment of remote sensing technology for 
use in seek ing out energy resources. 

A nother NASA agreement, the 
Space Systems Development Agree
ment (SSDA), is helping companies 
like Geo tar Corporation and SPACE

HAB to get off the ground by offering 
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Overleaf: 

Space Station Freedom 

In the Shutt le 's mid deck, 
NASA astronaut James 
D. Van Holten operates 
3M 's industrial 
expe ri ment in organic 
thin fil ms. 
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launch erv ices on a deferred pay back 
arrangement . 

And NASA ass istance and coope ra
ti on has been crucial to the startup of 
the fl edg li ng U.S. commercia l launch 
industry. This inc ludes NASA agree
ments to privati ze the production of 
government-developed launch vehi
cles, provide access to government 
launch and support facilities, and use 
commercial launch services . 

With ASA's he lp, a growing num
ber of companies are taking an initi al 
step into space without ever leav ing 
the confines of Earth. Industri al exper
iments in speciall y equipped NASA 
ai rcraft and ground fac ilities can pro
vide "snapshot" insights into mic ro
gravity processes and enable commer
c ial investigati ons of remote sensing. 

The KC 135 aircraft, the ame plane 
in which ASA astronauts get a tas te 
of what they will experience in the 

By flying a series of 
parabolic trajectories , 
the specially equipped 
NASA KC-135 a ircralt 
can achieve repeated 
20-to 3D-second periods 
01 microgravity. 

micrograv ity of space, affo rds indus
trial sc ienti sts and engineers opportu
niti es to verify the operation of equip
ment, and even produce materia ls 
samples in weight lessness . 

Other NASA facilit ies, like the 
Microgravity Materi als Process ing 
Lab at Lewis Research Center in 
C leveland , Ohio, al so provide access 
to grou nd-based micrograv ity 
research. 

The Earth Resources Laboratory at 
NASA's Stennis Space Center, near 
Bay St. Loui s, Mi s iss ippi , operates 
research a ircraft that support in vest i
gations of commerc ial remote sensing, 
such as those be ing carri ed out by 
Unoca l. 



Centers for Commercial 
Development 

The e tablishmen t by ASA of 16 
Centers for the Commercia l De

ve lopment of Space (CCDS) is among 
the most important ste ps taken to date 
to encourage greater involvement by 
the U.S. private sector in space. 

A number of the top Fortune 500 
industri al firms and scores of sma ll 
businesses have become affi li ated with 

these innovative research and develop
ment centers, which combine the 
support of government with the talent 
of American universiti es and the 
commercial interest and investment of 
U. S. industry. 

Through o ne of these centers, the 
Center for Macromolecul ar 
Cry tallography at the University of 
Alabama-B irmingham , a group of 
pharmaceutical companies are investi
gating the potenti a l of space-grown 
protein cry ta ls to support new drug 
research. The industrial partic ipants in 
protein crystal growth have been able 
to fly samples of interest to them on 
several Space Shuttle fl ights. 

The corporate participants at other 
CCDS cen ters are also ex pec ted to 
ga in acces to spaceflight 
opportuniti e through a new agree
ment mechani sm known as a Pre-Joint 
Endeavor Ag reement. 

Ongoing research at the centers 
inc ludes work on advanced materia ls, 
space remote sensing, space process
ing, automation and roboti cs, space 
propu ls ion, biosc ience, and space 
powe r. 

In late 1986, researchers assoc iated 
with two of NASA's CCDS centers 
an nounced a breakthrough in super-

conductivity. [n conjunction with 
research on the use of the vacuum of 
space for producing sem iconductor 
materi a ls, Dr. Paul Chu , of the 
Uni versity of Houston CCDS, and Dr. 
Mau Wu , of the Uni vers ity of 
Huntsville-Alabama CCDS , success
full y rai ed the temperature at which 
materi a l becomes superconducti ve. 
Another advance was reported by Dr. 
Chu in ea rl y 1988. 

ASA prov ides annual funding of 
up to about $ 1 million for each CCDS , 
which rece ives add itional financial 
and in-kind contributions fro m 
industri al affili ates that on the average 
exceed the leve l of NASA funding. 
NASA support for the centers is 
ex pected to continue until they can 
become full y establi shed and self
suffic ient. 

Centers focus ing on materia ls 
research and processing inc lude the 
Center for Advanced Materi als , 
Battelle Columbus Laboratories, 
Col umbus, Ohio; the Consort ium for 
Materi a ls Deve lopment in Space, 
Univers ity of Alabama- Huntsv ill e; the 
Center for Mac romolecul ar 
Crystallograph y, Un ivers ity of 
Alabama-Birmingham; Center for 
Space Process ing of Engineering 
Materi a ls, Vanderbuilt Uni vers ity, 
Nas hvill e, Tennessee; Space Vacuum 
Epi taxy Center, Uni vers ity of 
Houston, Houston, Texas; and the 
Center for Deve lopment of Commer
cial Crystal Growth in Space, C lark
son Uni vers ity, Potsdam , New York . 

Specia li zing in commercial remote 
sensing applications are the Institute 
for Techno logy Deve lopment Remote 
Sensing Center, Stenni s Space Center, 
Mi ss is ippi ; and the Center for 
Map ping, Ohio State Uni versity, 
Col umbus, Ohio. 

Two centers - the Space Power 
Institute at Auburn Univers ity, 
Auburn , A labama; and the Center fo r 
Space Power, Texas A&M Univers ity, 
Co ll ege Stat ion , Texas - focu s on the 
commerc ial developme nt of space 
power systems. Two others - the 
Center fo r Bioserve Space 
Technologies, University of Colorado , 
Boulder; and the Center for Ce ll Re
search, Pennsy lvania State Uni vers ity, 
Uni vers ity Park, Pennsy lvani a - are 
working in the area of bioscience. 

The remaining CCDS centers are 
the Wisconsin Center for Space 
Automation and Robot ics, Un iversity 
of Wisconsin , Madison; the Center fo r 
Autonomous & Man-Contro lled 
Robotic and Sensing Systems, 
Env ironmenta l Research Institute of 
Michigan, Ann Arbor, Mic hi gan; the 
Center for Materi a ls for Space 
Struc tures, Case Western Reserve 
Uni versity, C leve land , Ohio; and the 
Center for Advanced Space Propul 
s ion, Univers ity of Tennessee Space 
Institute, Tullahoma, Tennessee. 
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NASA Research 
and Development 

The United States has for some 30 
years been a leader among space

faring nati ons in conducting space 
research and in appl ying the results to 
practi ca l use. 

If the U.S. is to occupy thi s position 
in the years ahead, a trong nati onal 
space research and development 
program must be ma intained. 

Technica l capabilities and scienti fic 
know ledge ga ined through NASA 
research and development has formed 
the fo undati on for both current and 
projected commercial uses of space. 

NASA con ti nues to conduct and 
support research in advanced commu
nicati ons technology, remote sensing 
technology and applicati ons, and 
materials research and process ing in 
micrograv ity. The agency also carries 
out continuing programs to expand the 
nati on 's technical capabilities to 

access and operate in space. 
Today, the Nati onal Space 

Transportation System - AS A's 
name fo r the Space Shuttle and all of 
its associated ground and fl ight 
components - serves as an in valuable 
nati onal asset for the ex plorati on of 
pace. By supporting the conduct of 
ASA's science investi gations, and 

industry's bas ic and appl ied research, 
the Shutt le is also a key to the devel
opmen t of space resources . 

The Space Stati on Freedom wi ll 
prov ide a permanent beachhead on the 
economic fro ntier of space. In th is in 
ternational co ll ecti on of research mod
ul es, where astronauts will li ve and 
work for months at a time, sc ienti sts 
wi II further advance their knowledge 
of the unique environment of space . 
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Thi s orbiting station wi ll become 
the support infrastructure that makes a 
growing diversity of commercial ac
ti vity in space poss ible. Private firms 
are ex pected to participate in the pro
vision of station-based facilities and 
serv ices. Commerciall y deve loped 
facilities for industrial research and 
producti on may become part of the 
station complex, or ex ist as free-flying 
uni t which use station support 
serv ices as required. 

In years past, new methods of 
transportati on played a key role in 
expanding our economy. Ameri ca's 
wi lderness fronti ers were opened by 
the railroad. Internati onal commerce 
was revo lutioni zed by the airplane. 
And in the 2 1st century, a robust and 
expanding space economy will be the 

legacy of our pioneering efforts to 
venture outward from Earth . 

The United States is today unique ly 
capable of leading the explorati on and 
development of space. Through 
continuing NASA research and 
deve lopment, and cooperati ve efforts 
with U.S. industry, the commercial use 
of space will expand , offering hope for 
new economic strength from 
Ameri ca's space enterpri se. 



A drop tower at NASA's 
Lewis Research Center 
offers several seconds of 
microgravily as samples 
free fall. These and 
similar NASA facilities 
provide industrial 
scientists a valuable 
fa rth -based resource for 
investigating commer
cial applications of the 
space environment. 

Industrial research and 
development will 
comprise a substantial 
share of the U.S. Micro
gravity Laboratory 1 
(USML-1) Space lab mis
sion , planned for launch 
in 1992. The Space lab 
pressurized module is 
shown here being 
prepared at Kennedy 
Space Center for a flight. 


