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Dear Teleconference Participant:




Welcome to the fifth annual International Space Station (ISS) satellite teleconference, “International Space Station: Open for Business.” We are pleased to present this program focusing on Space Station research plans, benefits, and opportunities. This year’s program brings you the world-class researchers and business people who are planning to use the ISS to develop new knowledge and products.  They will show you the cutting-edge life sciences, materials, biotechnology, and agricultural research that will be enabled with the advent of this new orbiting laboratory.

The ISS is poised for launch.  The first flight to be launched, the U.S.-funded, Russian-built Functional Cargo Block, is proceeding ahead of schedule toward a June 1998, launch from the Baikonur Cosmodrome in Kazakhstan.  Hardware for the second flight, the U.S. Node and two Pressurized Mating Adapters, is currently being integrated at its Kennedy Space Center launch site.  The design and development of ISS elements for the first six flights is largely complete and the elements are undergoing pre-launch testing. By the end of this year, all the elements for the first six will be delivered to their respective launch sites for preparation for flight.  Approximately 250,000 pounds of flight hardware and over 80 percent of the total ISS development activity will be complete by the latter part of 1998.

We have learned much from our collaboration with Russia.  We have met the challenges of a difficult environment, and are now better prepared for the ISS era.  

In preparation for ISS assembly and operations, we have flown seven successful Space Shuttle/Mir docking missions.  We have had continuous presence of American astronauts on board Mir since March 22, 1996.  We have conducted invaluable scientific research on Mir, demonstrating that long-duration microgravity research will benefit greatly from the ISS.  On-orbit experiments such as those to be flown on the International Space Station have already provided breakthroughs that may lead to new treatments for cancer, AIDS, the flu, and many other diseases.  

In just a few months, we will begin laying the foundation for a multinational, permanent human presence in space.  In doing so, we will truly open the space frontier, replete with its tremendous challenge for the human spirit and its promise of intellectual and societal benefit.  

We welcome you again to this year’s teleconference and thank you for your participation as the ISS becomes Open for Business!

Joseph H. Rothenberg

Associate Administrator

for Space Flight

INTERNATIONAL SPACE STATION: OPEN FOR BUSINESS

February 26, 1998

PROGRAM SCHEDULE

Approximate times, subject to change

HOUR ONE:  

RESEARCH ON THE SPACE STATION

1:00 PM - 1:55 PM Eastern Time (ET)

INTRODUCTION

   - Space Station 101

   - International Space Station Update

Lee Thornton, Moderator

LIVING AND WORKING IN A SPACE OUTPOST:  LIFE SCIENCES AND BIOTECHNOLOGY IN

MICROGRAVITY

Emily Morey-Holton, Bernard Harris, Jr.

BIOTECHNOLOGY CASE STUDY: CHAGAS DISEASE

Larry DeLucas

VIEWER QUESTIONS AND ANSWERS

KEY TECHNOLOGY: COMBUSTION RESEARCH

Howard Ross

PANEL DISCUSSION: RESEARCH IN SPACE

CLOSED ENVIRONMENT SYSTEM TECHNOLOGY

Bernard Harris, Jr.

VIEWER QUESTIONS AND ANSWERS

BREAK… ……….………. 1:55 PM - 2:05 PM ET




HOUR TWO: 

COMMERCIALIZATION OF SPACE STATION RESEARCH

2:05 PM - 3:00 PM ET

INVESTING IN SPACE

Frank DiBello

COMMERCIAL BIOTECHNOLOGY IN MICROGRAVITY: BIOCRYST PHARMACEUTICALS, INC.

Larry DeLucas

VIEWER QUESTIONS AND ANSWERS

COMMERCIALIZATION OF ISS MATERIALS RESEARCH

Al Sacco, Jr.

AGRIBUSINESS  

Bernard Harris, Frank DiBello

PANEL DISCUSSION OF SMALL BUSINESS AND ISS

SPACEHAB- THE BUSINESS OF SPACE

Bernard Harris, Jr.

VIEWER QUESTIONS AND ANSWERS

CONCLUSION…………………….3:00 PM ET


ISS INTERNET EVENTS:

NASA’s Learning Technologies Channel is  “simulcasting” this teleconference on the Web.  Also, a related web chat with a NASA expert will be held in the near future.  Visit the teleconference Web site to learn more:

http://centauri.larc.nasa.gov/station.html

PARTICIPANTS’ BIOGRAPHICAL INFORMTION 

Moderator

Lee Thornton is the holder of the Richard Eaton Chair in broadcast journalism at the University of Maryland at College Park where she is a tenured professor.  Lee is a veteran reporter, producer, and writer with extensive experience in local and network news.  She was a CBS News correspondent, a National Public Radio Host and, in addition to her work at College Park, is a public affairs program producer for CNN.  Lee has served as a media consultant and an independent producer to numerous government agencies, corporations, and associations.  This is her fourth consecutive year as moderator of the NASA International Space Station teleconference.  

Panelists

Frank A. DiBello is Vice Chairman and a General Partner of SpaceVest, a venture capital firm that invests in privately-held space industry companies.  Previously, Mr. DiBello was a senior partner with KPMG Peat Marwick, where he led management consulting practices for space and aerospace industries and government. Mr. DiBello is currently SpaceVest's representative to the Peer Review Committee for NASA's national Centers for the Commercial Development of Space.

Lawrence J. DeLucas is Director of the Center for Macromolecular Crystallography and a professor at the University of Alabama at Birmingham.  Dr. DeLucas is a researcher with special interests in protein crystal growth and the structure of biological molecules compounds for treating diabetes, AIDS, cancer, cardiovascular problems, influenza, osteoporosis, malaria and chagas. As Payload Specialist on the Space Shuttle United States Microgravity Laboratory-1 mission in 1992, Dr. DeLucas conducted experiments in materials processing and fluid dynamics.  

Dr. Bernard Harris Jr. is Vice President and Director of Life Science at SPACEHAB, Inc., the provider of habitable modules and logistics facilities for research and Space Station supply services.  As a NASA mission specialist, Dr. Harris flew on the Space Shuttle in 1993 and 1995. Dr. Harris is a medical doctor.  He is an associate professor of internal medicine at the University of Texas Medical Branch, an associate professor at the Baylor College of Medicine, a clinical professor at the University of Texas School of Medicine, and an adjunct professor at the University of Texas School of Public Health.  

Emily R. Morey-Holton is Chief of the Gravitational Research Branch at NASA Ames Research Center and has appointments at Stanford, University of California-San Francisco, and University of the Pacific Dental School.  Dr. Morey-Holton leads a group of 15 research scientists studying the importance of gravity on life.  Her primary research is on gravity and the growing skeleton, and she has been involved with projects such as exobiology/origin of life, global biology, space biology/ biomedicine, and planning for lunar/Mars laboratories, the combined projects now known as Astrobiology. She has participated as Principal Investigator or Co-Investigator in experiments on five Russian unmanned biological satellites as well as Space Shuttle Spacelabs and middeck locker experiments.  She also has been involved in development of housing units for animals on space platforms.  

Howard Ross is the Senior Researcher in the Microgravity Science Division at NASA Lewis Research Center.  Dr. Ross performs research in fluids and combustion.  He is currently lead or co-investigator for three research investigations that include simple diffusion (candle) flames in microgravity, flown on the Space Shuttle and the Russian Mir space station; fire spread over liquid fuels; and gravitational effects on combustion of layered gaseous mixtures.  

Albert Sacco, Jr. is the Director, Center for Advanced Microgravity Materials Processing and a chaired Professor of Engineering at the Department of Chemical Engineering, Northeastern University.  Dr. Sacco was a payload specialist on a 1995 Space Shuttle flight.  Dr. Sacco has consulted with numerous companies in the field of catalysis, solid/gas contacting, and equipment design for space applications.  He is the principal investigator for the Zeolite Crystal Growth Experiment. 

ISS SUMMARY & DESCRIPTION

Why Build A Space Station?

· To create a permanent orbiting science institute in space to be used to perform long-duration research in the materials, life sciences and commercial research in a nearly gravity-free environment.

· To conduct medical research in space.

· To develop new materials and processes in collaboration with industry.

· To accelerate breakthroughs in technology and engineering that will have immediate, practical applications for life on Earth -- and will create jobs and economic opportunities today and in the decades to come.

· To maintain U.S. leadership in space and in global competitiveness, and to serve as a driving force for emerging technologies.

· To forge new partnerships with the nations of the world.

· To inspire our children, foster the next generation of scientists, engineers, and entrepreneurs, and satisfy humanity’s ancient need to explore and achieve.

· To invest for today and tomorrow.  Every dollar spent on space programs returns at least $2 in direct and indirect benefits.

· To sustain and strengthen the United States’ strongest export sector -- aerospace 

technology -- which in 1995 exceeded $33 billion.


ISS FACTS AND FIGURES

(at Assembly Complete)



End-to-End Width (Wingspan)
356 feet



Length




290 Feet



Weight




470 tons (940,000 pounds)



Operating Altitude


220 miles (average)



Inclination



51.6 degrees to the Equator



Atmosphere



14.7 pounds per square inch








  (same as Earth)



Crew Size



Up to 7

ISS SUMMARY & DESCRIPTION

International Space Station:  Major Elements

Canadian Mobile Servicing System (Space Station Remote Manipulator System (SSRMS)) - includes a 55 foot robot arm with 125 ton payload capability.  It also includes a mobile transporter for the robot arm which can be positioned along the Space Station truss for robotic assembly and maintenance operations.

Russian FGB - includes the energy block, contingency fuel storage, propulsion, and multiple docking points.  The 42,600 pound element, built in Russia, but purchased by the United States, will be launched on a Proton vehicle as the first element of the International Space Station.

Russian Service Module - provides life support and utilities, attitude control and reboost capability, and habitation functions (toilet, hygiene facilities).  The 42,000 pound element will be launched on a Proton vehicle.

Science Power Platform (SPP) - will provide power (approximately 25 kw) and heat rejection for ISS science and operations.  The SPP will be launched on the U.S. Space Shuttle.

Crew Transfer Vehicles (CTV) - include two modified Russian Soyuz TM capsules.  The Soyuz CTV can normally accommodate a crew of three, or a crew of two when considering return of an ill or injured crewmember with room for medical equipment.  A U.S.-provided CTV is planned for later availability.

Progress M & M1 - carry up to 23,000 lbs. reboost propellant to ISS each year.

6 Laboratories



2 U.S. - a laboratory and a Centrifuge Accommodation Module (CAM)



1 European Space Agency (ESA) Columbus Orbital Facility (COF)



2 Russian Research Modules



1 Japanese Experiment Module (JEM) 

· U.S., European and Japanese laboratories together provide 33 International Standard Payload Racks (ISPR); additional science and rack space is available in the three Russian laboratory modules.

· The JEM has an exposed platform or “back porch” attached to it with 10 mounting spaces for experiments which require direct contact with the space environment.  The JEM also has a small robotic arm for payload operations on the exposed platform.

· U.S. Habitation Module - contains the galley, toilet, shower, sleep stations, and medical facilities.

· Italian Mini Pressurized Laboratory Module (MPLM) - will be used to carry all the pressurized cargo and payloads launched on the Space Shuttle.  It is capable of delivering 16 ISPRs.

· 2 U.S. Provided Nodes - Node 1, U.S.-built, is for storage space only; Node 2, Italian built, contains 8 racks of equipment used to convert electrical power for use by the International Partners.  The Nodes are also the structural building blocks that link the pressurized modules together.

· Truss - provides structure for securely positioning the modules, solar arrays, and radiators.  It provides a pathway for the SSRMS as well as external science locations.

· Total Pressurized Volume - 43,000 cubic feet

· External Sites - there are four locations on the truss for mounting experiments for looking down at Earth, up into space, or for direct exposure to space.

· Power - 110 kW (approximately 46 kW for research) - There are four large U.S. photovoltaic modules, each module has two arrays, each 112 feet long by 30 feet wide.  Each module generates approximately 23 kW.  They rotate to face the Sun, which provides maximum power to ISS.

ISS Line Drawing


The International Space Station:

Improving Life on Earth and in Space

The NASA Research Plan: An Overview* 

Introducing the International Space Station
The International Space Station (ISS) is an unparalleled undertaking in scientific, technological, commercial, and international research. Whether ISS research improves our industrial processes, increases fundamental knowledge, helps us to look after our health, or enables us to take the next steps in the exploration and development of space, experimentation on board the ISS should bring enduring benefits for life on Earth and in space. Collaboration among our international, industrial, and academic partners will ensure that the benefits from ISS work are felt around the globe and throughout the fields of commerce, science, engineering, education, and space exploration.

With its first elements scheduled for launch in 1998, the ISS will afford scientists, engineers, and entrepreneurs an unprecedented platform on which to perform complex, long-duration, and replicable experiments in the unique environment of space. The ISS will provide greater research capacity, laboratory facilities, and on-orbit experiment time than any previous space platform. The station will maximize its particular assets: prolonged exposure to microgravity and the presence of human experimenters in the research process. 

As an international crew of astronauts lives and works in space, ISS researchers will use the technologies of “telescience” to control and manipulate experiments from the ground. Advancing communications and information technologies will allow Earth-bound investigators to enjoy a “virtual presence” on board the ISS. 

Experiments conducted in the microgravity environment of space have shown us that many biological, physical, and chemical processes are profoundly affected by gravity. In space, the confounding influence of gravity is nearly absent, allowing investigators to make breakthroughs in understanding. 

Space research has already resulted in processes and products to better life on Earth and in space. Access to the ISS, with its expanded capabilities, promises to accelerate these breakthroughs.

Initially, a third of American ISS resources are set aside for commercial use. Space can and will become a new arena of commercial activity, as researchers discover new ways to improve processes and products for life on Earth and in space. 
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The ISS, with six outfitted laboratory modules, seven resident astronauts, and state-of-the-art instrumentation, will provide almost four times the enclosed volume Mir does for research. 

The ISS marks a new era in space. NASA’s research plans are based on our experience to date on Skylab, the Space Shuttle, and Mir. New opportunities—some not even envisioned yet—will open up a new range of space activities in the academic, commercial, and government spheres. NASA’s research plans for the ISS will adjust as new opportunities come to light.

Gravity Investigated

During the past 16 years of using Skylab, the Space Shuttle, and other space platforms, commercial, academic, and government researchers have made dramatic use of these unique facilities to challenge old theories and explore new ones. In many instances, we have been successful in applying this knowledge to ground-based processes and products. 

Gravity drives forces that cause heavier components to settle out of mixtures, fluids to come together in solutions, and hot air to rise. We now know that gravity has a pervasive influence at even the most microscopic structural scale. Space experiments have shown us that previously overlooked or obscured forces can play dominant roles when the masking influence of gravity is removed. This aspect of the microgravity environment enables researchers to investigate phenomena impossible to observe otherwise. Indeed, experiments in space have shown us that some phenomena we thought were well understood are actually far more complex than previously imagined.

While we now know that humans can live and work in space, we have found that the microgravity environment induces a number of changes within the human body itself. Space flight affects almost every aspect of the human body, including the heart, lungs, muscle, bones, immune system, and nerves. More specifically, astronauts experience a significant loss of both bone and muscle mass as a result of space flight. Their hand-eye coordination is also visibly affected. Simple acts, such as picking up a hairbrush or pushing a button, become complex tasks in bridging the dissociation—which occurs in the space environment—between what the eye perceives and what the hand actually does. Some immune system cells associated with fending off disease decrease in number, and other natural defenses of the body are perturbed in ways that may hamper their effectiveness. Upon return to Earth, astronauts often undergo a period of recovery, during which they regain things such as balance and coordination under the influence of gravity.

Many of the physiological changes in astronauts actually resemble changes in the human body normally associated with aging here on Earth. For instance, in addition to losing mass in the microgravity environment, bones and muscle do not appear to heal normally in space. For astronauts, time spent in microgravity seems to result in a dissociation between their physical and chronological ages. By studying the changes in astronauts’ bodies, NASA might play a role in developing a model for improved understanding of the consequences of getting older. NASA-sponsored scientists are collaborating with the National Institutes of Health (NIH) in an effort to explore the use of space flight as a model for the process of aging. 

Researchers have found that microgravity provides them with new tools to address two fundamental aspects of biotechnology: the growth of high-quality crystals for the study of proteins, and the growth of three-dimensional tissue samples in laboratory cultures. 

On Earth, gravity distorts the shape of crystalline structures, while tissue cultures fail to take on their full three-dimensional structure. NASA-sponsored research is providing access to new data and techniques for the broader biotechnology community. 

NASA’s bioreactor, developed to simulate low gravity, has proven dramatically successful as an advanced cell-culturing technology. This success has led to an extensive collaboration with NIH and numerous commercial partners. Work with bioreactors has already produced advanced cultures of lymph tissue for studying the infectivity of human immunodeficiency virus (HIV), the virus that causes AIDS. Other areas of success include cultures of cancer tumors and the growth of cartilage. 

Commercial biotechnology researchers also use microgravity to produce protein crystals for drug research that are superior to crystals that can be grown on Earth. Using high-energy x-ray beams to study high-quality crystals, scientists are better able to discern how the proteins function. Work done by researchers and pharmaceutical companies on space-grown crystals has already increased our knowledge about such diseases as AIDS, emphysema, influenza, and diabetes. New drugs are now being tested for future markets.
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Cell Culture On Earth
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Cell Culture In Microgravity

In Earth laboratories, tissue cultures result in a single layer of cells (top) instead of the three-dimensional structure found in the human body. In microgravity, cells mass together into three-dimensional structures that more closely resemble the natural state of the tissue (bottom).

While we now know that complex biological systems and components are significantly affected by gravity, we have also found that even the tiniest single-celled organisms suspended in water are equipped to respond to gravity. We have used the low-gravity environment of space to investigate how cells translate physical forces, such as acceleration caused by gravity, into chemical signals that drive adaptation and response. Commercial researchers have begun work to explore the process by which plants respond to gravity to produce lignin, the primary component of wood. We look forward to exploring the role that gravity has played on Earth—and possibly in other places—in the genesis and evolution of life.
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Space-grown insulin crystals (left) are much larger and more highly defined than their Earth-grown counterparts (right). NASA and industry are collaborating to use data
 from space-grown crystals of human insulin to design a
drug that will bind insulin, improving the treatment of diabetic patients.
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The virus that causes influenza—or the flu—is shown superimposed with an inhibitor made possible through commercial space research. Inhibitors block the functioning of certain enzymes in the body. A new class of inhibitors will begin clinical trials this year.

Commercial, academic, and government researchers have successfully used the low-gravity environment of space to understand and control gravity’s influence in the production and processing of materials, including metals, semiconductors, polymers, and glasses. For example, space research has produced cadmium zinc telluride crystals that have 50 times lower levels of a key defect than the best commercially available crystals. These experiments ultimately help researchers improve semiconductor fabrication on Earth. There have been many theories and mathematical models developed to predict the formation and development of dendrites, the tree-like structures that are the building blocks of most metal products. On Earth, gravity’s effects limit the power of experiments to validate these fundamental theories. The Isothermal Dendritic Growth Experiment, flown aboard the Space Shuttle in March 1994 and February 1996, has become the scientific benchmark for testing our theoretical understanding of metal formation.

[image: image9.wmf]
A patent was awarded to researchers at the Lawrence Berkeley National Laboratory for their new method to lower pollutant emissions in natural gas appliances, such as residential furnaces and hot water heaters. This method, derived from space research, reduced NOx emissions by a factor of ten while increasing efficiency by 2 percent.

Unpredictable and often uncontrollable fires cost the United States billions of dollars each year. Often, our best defenses fail to halt devastating wild fires that destroy hundreds of acres of valuable property while endangering the local population. In many cases, combustion processes are so complex that scientists have difficulty developing accurate, complete models for them. Microgravity research has demonstrated that gravity has a profound effect on combustion phenomena; microgravity experimentation allows us to observe behaviors never before witnessed. By better understanding combustion at its most fundamental level, researchers may develop more accurate models to predict the behavior of fires, both small and large. In addition, because controlled combustion is so widely used for energy production and transportation, improvements in the commercial application of combustion stand to improve the efficiency of a wide range of everyday technologies, generating benefits for our economy across industrial sectors while saving Americans money.

By the beginning of ISS assembly in 1998, NASA’s cumulative time in space aboard the Space Shuttle will approach 800 days in orbit. By that same time, American astronauts will have spent more than 950 days aboard the Russian space station Mir. Our accomplishments to date aboard these platforms have been significant, and the experiences and lessons outlined above only briefly touch on the incredible wealth of knowledge that the Shuttle and Mir have helped us to acquire. 

However, both the Shuttle and Mir are limited in ways that the ISS is not. The Space Shuttle’s maximum stay in orbit is less than 3 weeks, and much of its resources are dedicated to obtaining and returning from orbit. While Mir is a well-established research facility and our experiences on the Russian station have been an invaluable preparation for the ISS, it is much more limited than the ISS in size, resources, and versatility. For example, Mir encloses 497 cubic yards of pressurized space, while the ISS will have an internal volume of 1,716 cubic yards—nearly four times that which Mir contains. In addition to its six dedicated laboratory modules, the ISS will provide external truss and exposed facility sites to accommodate a broad range of attached payloads for technology, Earth science, and space science experiments. We expect at least a decade of routine research operations aboard the ISS. When this time is multiplied by the number of astronauts on board, the ISS will provide well over 25,000 “crew-days” in orbit. 

This uninterrupted, long-term access to space will allow researchers to rapidly acquire the large sets of data necessary to validate new concepts and confirm previously unobserved phenomena. Investigators will be able to make multiple experiment runs in succession, obtaining statistically significant results in a matter of weeks—even days—instead of years. Whether it is improving industrial processes, increasing fundamental knowledge, looking after our health, enabling exploration, or researching tomorrow’s products today, ISS research will generate tangible returns as it improves our lives on Earth and in space. 

Improving Industrial Processes

Microgravity research bears directly on many concerns of industry. Despite the relatively brief duration of on-orbit research in the microgravity sciences, numerous applications have already been identified and used by the private sector. Today, private sector investment in space is growing. Industry is investing its resources in space aboard the Space Shuttle, and it will expand its participation in microgravity research on the ISS. Researchers will use the ISS to gain fundamental scientific knowledge through microgravity experimentation and, where feasible, apply that knowledge to commercially viable products and processes.

On Earth, gravity affects the intricate process by which atoms form crystals, often disturbing their orderly arrangement. Orbital research provides low-gravity conditions that drastically reduce the confounding effects of gravity. It allows scientists to study phenomena such as solidification, crystal growth, fluid flow, and combustion with unprecedented clarity. ISS operations will encourage and increase the involvement of American industry in space-based research and technology development. By working with our industrial partners to facilitate their access to space, we hope to foster space commerce, improve industrial processes, and keep America capable and competitive in the growing international marketplace.
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Earth-grown crystals of the alloy cadmium zinc telluride (left) exhibit many more imperfections than space-grown crystal (right). By reducing the imperfections in the metal, we could improve the overall performance of devices that use the alloy, such as infrared detectors and x-ray and medical imaging instruments.

The ISS offers a world-class microgravity laboratory for extensive and continuous experimentation in fields such as combustion science, fluid physics, and materials science—areas of research that are at the forefront of industrial applications. No longer will experiments in these fields need to wait months—even years—for an opportunity to fly. Neither will researchers suffer from the inability to repeat a modified experiment in a timely manner. ISS operations promise to accelerate investigations into phenomena that will lead to new or improved commercial products derived from space-based research. In most disciplines identified below, there is a commercial research corollary. 

Combustion Science

Combustion science experiments provide a better understanding of fundamental energy transformation processes, air pollution, advanced transportation designs, spacecraft and aircraft propulsion, global environmental heating, materials processing, and hazardous waste incineration. Space enables us to obtain the critical measurements needed to understand and resolve practical combustion problems. These measurements are most easily made on large, steady, slow-moving, and symmetric flames that provide good time and space resolution. Unfortunately, these simplified flames are not present on Earth because gravity causes hot flame gases to rise, leading to unsteady, fast-moving, and distorted flames typified by campfires. These difficulties disappear in the microgravity environment of space. Thus, in much the same way that observations in space avoid the disturbances of the Earth’s atmosphere for astronomy, space-based experiments in combustion science avoid distortions resulting from gravity. The ISS is our best effort to date to provide a laboratory environment where combustion can be fully understood.
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On Earth, gravity-dependent, buoyancy-driven convection processes cause flames to take on their characteristically elongated shape (left). In space, such distortion does not occur, allowing researchers to observe aspects of combustion impossible to investigate on the ground (right).
Improvements in controlled combustion efficiency could save the United States billions of dollars annually. In addition to generating savings, more efficient combustion processes would have the added benefit of reducing the pollutants we release daily into the atmosphere. A more complete understanding of how fires burn and grow could help us better predict and control the dangerous forest and structure fires we experience regularly.

Fluid Physics

Forces normally masked by gravity here on Earth, such as surface tension, control fluid behavior in microgravity; as a result, many of our intuitive expectations about fluids do not hold up in orbit. For instance, surface tension causes drops of any liquid to form almost-perfect spheres when the influence of gravity is absent. While differences in fluid behavior often present spacecraft designers and astronauts with practical problems, they also offer scientists and commercial researchers unique opportunities to explore different aspects of the physics of fluids.

Research conducted in microgravity is increasing our understanding of fluid physics to provide a foundation for predicting, controlling, and improving a vast range of technological processes. The behavior of fluids is at the heart of many phenomena in materials science, biotechnology, and combustion science. The performance of a power plant depends on the flow characteristics of vapor-liquid mixtures. Oil recovery from partially depleted reservoirs depends on how liquids flow through porous rocks. The safe engineering of buildings in earthquake-prone areas requires an understanding of fluid-like behaviors of soils under stress. Advances in materials engineering require a better grasp of how fluid behavior determines the structure of solid materials during solidification.

Many products that require high-precision manufacturing processes could directly benefit from greater control over fluid flow. Surface-tension-driven flows, for example, affect some techniques of semiconductor crystal growth, welding, and the spread of flames on liquids. The behavior of liquid drops is an important aspect of chemical process technologies and meteorology.
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These images show boiling liquid in the 1-g environment of Earth (top) and in microgravity (below). The question of how liquids boil in the reduced-gravity environment of space has puzzled scientists for decades. To the surprise of many investigators, Space Shuttle experiments have found that steady boiling is not only feasible in microgravity but can result in enhanced heat transfer, compared to normal gravity under certain conditions. If steady microgravity boiling can be attained on a predictable basis, it has the potential to generate major breakthroughs in heat transfer equipment for space. This research is also providing greater fundamental understanding of boiling itself and may result in more efficient designs of steam generators, which are used to produce most of the world’s electric power.

ISS research will provide fluid physics researchers unprecedented opportunities to investigate and understand the underlying physics behind these important phenomena. By improving our understanding of the behavior of fluids through ISS research, U.S. industry can generate direct benefits for the American people in Earth-based applications. 


[image: image16.wmf]
These pictures depict how fluids flow differently in microgravity. On Earth, the fluid flows through the bottom of the pipe while the air remains trapped in the top half of the pipe (above).


[image: image17.wmf]
In space, however, the fluid flows more symmetrically, clinging to the sides of the pipe all along its length. A column of air is left down the center of the pipe (below). 

Materials Science
Materials science investigates the relationships among the structure, properties, and processing of materials. Structure is the arrangement of the atoms in the material; properties include physical, chemical, electronic, thermal, and magnetic characteristics; and processing is the method by which materials are formed. Materials can be solidified, evaporated and condensed, or dissolved and then separated from a solution. The unique characteristics of the microgravity space environment can be used to study fundamental issues in materials solidification, crystal growth, and microstructure development, to name only a few. 

Use of microgravity will also support materials research in new special tooling, and will provide insight into new casting methodologies and flaw detection in the manufacturing process. Given the magnitude of the casting and tooling industries, even marginal improvements translate to significant cost savings for industry.

The production processes for most materials include steps that are very heavily influenced by the force of gravity. The chance to implement and observe these processes in microgravity promises to increase our fundamental understanding of them and of the materials they produce. By carefully studying and controlling the processes by which materials are formed, commercial researchers can design new alloys, ceramics, glasses, polymers, and semiconductors to improve the performance of products ranging from contact lenses to car engines and medical instruments.
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Zeolites are a class of crystalline materials that are typically used in petroleum refinement as adsorbents and catalysts. Improvements in composition and size of the zeolites vastly enhance their performance. A 1-percent increase in gas yield per barrel of oil equals an estimated $400-million savings to U.S. industry. Space-grown zeolite crystals (left) are by far the largest and highest quality crystals ever produced to date, much larger that their Earth-grown counterparts (right).

Rather than being limited to a week or two aboard the Space Shuttle, ISS microgravity experiments will stretch over periods comparable to experiments on Earth, greatly increasing the number and types of materials and processes that can be studied. This will be a distinct advantage in areas such as solution and vapor crystal growth, which require 15 to 30 days of continuous growth to produce crystals with the desired characteristics.

On the ISS, with crew members to observe experiments and with equipment for analyzing samples in orbit, it will not be necessary to return all specimens to Earth for analysis before running the next experiment in space. This will allow researchers to conduct experiments in a series, each experiment building on the results of those before, without having to wait for another launch opportunity. 

Increasing Fundamental Knowledge

The fundamental scientific breakthroughs of today provide the foundation for tomorrow’s technology. Technological advances in turn lead to enhanced living standards for our society. Perhaps the most visible example of this pattern is the breakthrough in semiconductor physics that ultimately enabled the communications revolution and today’s information society. 

Researchers on board the ISS will seek to answer exciting fundamental questions as NASA capitalizes on the Station’s unique capabilities to advance fundamental fields of inquiry. Foremost among our Nation’s efforts to advance basic science via space-based experiments and viewing are our plans for fundamental physics and gravitational biology and ecology.

Fundamental Physics
To test in the greatest detail some of the fundamental laws that govern our physical world, it is often necessary to go beyond the surface of the Earth. This is so when extremely uniform samples—free from compression due to their own weight—are required, when objects must be freely suspended in space, or when the mechanical disturbances present in Earth-bound laboratories must be eliminated. 

Fundamental science on the ISS will support many different areas of study, including low-temperature and condensed matter physics, gravitational and relativistic physics, and laser cooling and atomic physics. One type of study will involve the collection of atoms cooled to extremely low temperatures by slowing down their motion with laser beams (the rate of motion of an atom is directly tied to its temperature). On Earth, these ultracooled samples would be disturbed by contact with the walls of the holding chamber—contact that will not occur in the microgravity environment of space. In turn, these samples can be used to measure time by observing the light emitted from the atoms (resulting from electronic transitions within the atoms themselves). These clocks will be much more accurate than those operating on Earth, and they will permit new experiments to test Einstein’s theory of relativity with far greater accuracy than in the past. They also serve the practical and immediate application of a highly accurate clock for corrections to such time-dependent systems as the Global Positioning System. The navigation system is even now being incorporated into airplanes, naval vessels, and personal automobiles.

Fundamental physics investigations on the ISS will also support a number of concurrent technology development efforts. Examples of such efforts include the development of superconducting magnetometers for more efficient resource mining and noninvasive medical diagnostics, the management of extremely low-temperature fluids for life support systems and manufacturing use, and the design of highly accurate, industrial-grade clocks to support day-to-day navigation needs and communications applications.

Gravitational Biology and Ecology

The dawning of the space age brings an incredible opportunity to understand how the force of gravity has shaped the evolution of all forms of life. Scientists will use the space-based laboratories of the ISS to learn how plants and animals that evolved under terrestrial gravity respond to space. In doing so, we further our understanding of the role that gravity plays in life on Earth. We know that life has evolved with the capability to sense and react to gravity, yet we can only begin to understand the full complement of mechanisms through which organisms interpret, respond to, and rely on gravity. If we were limited to Earth, then, we would perhaps never fully understand gravity’s role in the origin and evolution of life. The ISS will play a critical role as the only place where microgravity and partial gravity can be used as experimental variables in a competent laboratory setting.

Using a wide variety of cells and tissues from plants and animals, researchers have shown that terrestrial life can survive in the virtual absence of gravity for lengthy periods. Despite this, exposure to microgravity is known to weaken the muscles and bones in rodents, monkeys, and humans; however, even after weeks or months in a weightless environment, many physiological changes reverse within days of returning to Earth. But what would happen after many generations in a weightless environment? Will muscle and bone cells lose the ability to respond to gravitational loads? The ISS will provide a unique platform for multigenerational studies in the microgravity conditions of space flight. Specimens will include a wide variety of organisms, ranging from single-cell bacteria to complex plants and animals. We will finally be able to observe life over its full cycle, from germination to its next cycle of reproduction. 

In order to accomplish this exciting research, the ISS will use a variety of experimental tools to conduct basic and applied research in cell and molecular biology, developmental biology, plant biology, and systems and comparative biology. One of the Station’s most powerful tools will be its centrifuge; with the centrifuge, the ISS will have the unique capability to expose specimens to gravitational fields from the normal microgravity level on board, up to twice the gravitational pull of Earth.

ISS research will be fundamentally important for Earth-based applications and the future exploration and development of space. Evolutionary biology investigations on board the ISS will help us characterize the role of gravity in the evolution of closed ecosystems (of which Earth is a very large example), contributing to our understanding of our planet. This same knowledge may be applied to the successful design of a closed-loop life support system. On its most basic level, the knowledge of plant biology supports the use of plants for ecological purposes, such as air quality management or food—uses vital for environmental engineering and food production efforts both on Earth and in space.

On board the ISS, many biological processes, such as organism development and multigenerational cycles, will be able to take place over extended periods with on-orbit observation. Technically advanced facilities and on-orbit analysis will, for the first time, allow for the immediate analysis of structures, products, and phenomena that are modified during space flight. Advanced sample preparation and preservation technology will greatly enhance the science return from on-orbit experiments by increasing the preservation options and the variety of samples available for more sophisticated analyses back on Earth. 

The ability to apply the results of past U.S. and international flight experiments often has been limited because experiments are rarely replicated. The combination of state-of-the-art hardware and ISS capabilities promises to provide the required time and statistically valid number of samples required for a clear interpretation of results. Moreover, a continuously operating laboratory in space will allow experiments to be replicated much more quickly than the current 2+ years required to manifest follow-up experiments and take advantage of exciting discoveries.

Looking After Our Health

Gravity plays a central role in the development and function of the human body. On the ISS, we will begin in-depth examinations of the fundamental effects of microgravity on human health during long-duration space flights. Not only will we be able to better predict and address the effects of microgravity on space travelers, but we will better understand the human body at its most basic level, using that knowledge to further research here on Earth. Understanding the effects of gravity on the human body is a fundamental question of substantial scientific value in our quest to understand life. At the same time, a greater understanding of gravity’s effects has the potential to bring about a boom in commercial medical products here on Earth. Access to the research facilities of the ISS will enable researchers to study the functions of biological systems in the absence of gravity in a continually operated and capable laboratory setting.

The ISS will serve as a testbed for new remote medical and life-su114pport technologies that will enable NASA to provide high-quality health care and environmental conditions to our next generation of space travelers. Some of these technologies have already found applications on Earth. NASA-developed telemedicine systems have been used to provide high-quality medical advice, instruction, and education to parts of our Nation and the world where advanced medical care is not always available. Remote medical capability and advanced support technologies will be an important part of keeping our astronauts safe when the Nation sends a human mission to Mars and perhaps beyond. 

Biotechnology

On board the ISS, NASA will continue its dynamic research in protein crystal growth (growing crystals from organic molecules with thousands of atoms) and cell/tissue culturing (the study of how cells interact in a low-gravity environment). In addition, new opportunities—some just now being explored—will open up in biotechnology on the ISS. Investigators will look into the use of biologically inspired materials and the role that gravity plays in genetic expression.

On the ground, gravity interferes with the growth of protein crystals, preventing the type of precise measurements necessary to define the fine structure of these molecules. Researchers use data on the structure of proteins to design drugs to treat diseases. Armed with new space-based information on the structure of key proteins, researchers are already creating a new generation of drugs. This approach promises to help produce superior drugs for a wide range of conditions.

Even if we could fly six Space Shuttle flights per year, each successfully producing crystals to reveal the structure of 1,000 different proteins per flight, it would still take 35 years to learn the structure of all human proteins. Based on Mir experience, access to the ISS promises to increase the rate of advancement in this field by a factor of ten. Station facilities will enable investigators to analyze crystals on-orbit, decreasing the cost and increasing the quality of research. The ISS could become one of the world’s premier sources for critical data on the protein structures needed for this new method of drug development. In addition, the Station will be used to study and understand the physics involved in protein crystal growth, helping overcome the difficulties that currently limit much of this research on Earth. 

In the past, gravity-induced sedimentation in cellular cultures made it virtually impossible for researchers to grow representative tissue samples outside of the human body. Often, the result was more two-dimensional than three-dimensional, limiting the sample’s usefulness as a research tool. After experimenting in microgravity, scientists have found that a low-gravity environment allows cells to cluster together in three dimensions, often closely resembling the shape such tissue takes in the human body. By using space-based experiments as a model, researchers have developed a “bioreactor” for terrestrial applications that uses horizontal rotation to mimic the microgravity environment. Today, researchers are using the bioreactor to successfully culture tissue samples as diverse as liver, muscle, cartilage, and bone. Perhaps most significantly, the bioreactor has grown tumors from just a few cancer cells; these tumors can be used to test and study treatments, such as chemotherapy, without risking harmful side effects to a patient. Researchers can also use the bioreactor to study how cells actually form the tumors themselves. Because space research sheds light on the fundamental effects of gravity on tissue formation and development, continued cell culture research on board the ISS will allow scientists to refine Earth-based biomedical techniques. Ultimately, tissues cultured outside the body may be used to replace damaged tissues, treat diseases, or eventually replace entire organs.
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This is a time-exposed image of HIV protease crystals combined with an inhibitor, grown on the United States Microgravity Laboratory-2 Space Shuttle mission. Microgravity research is producing high-quality crystals of proteins that HIV needs to reproduce. Using these crystals, researchers can better define the enzyme’s structure so that effective pharmaceuticals can be developed to treat the deadly disease.

In addition to its role as a basic research laboratory in biotechnology, the ISS will be available to commercial interests as a platform to test and verify space-based biotechnology products and services. In this manner, NASA and its partners will help the United States move forward into the 21st century as a leader in the globally competitive field of biotechnology. 

Biomedical Research in Space

Biomedical research has the explicit and unique dual responsibility among the space sciences of pursuing both basic and applied research. Basic research answers questions of intrinsic value by using the weightless environment of space as a tool to learn about fundamental physiological processes in humans, as well as the implications of space flight for human health. Applied research develops procedures and countermeasures that prevent or mitigate the undesirable effects of space flight on humans. The overriding goal of these activities is to enable human exploration and development of space by minimizing risks and optimizing crew safety, well-being, and performance. In so doing, it also expands our knowledge base of human physiology, resulting in new medical products and services that benefit life on Earth and in space.
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A stationary cell culture of colon cancer on Earth (left) fails to form the three-dimensional structure that the tissue takes in the body itself. In microgravity (right), a three-dimensional structure is realized, making the sample much more useful as a research tool. Scientists are looking at ways to improve the bioreactor to more closely imitate the space environment. Three-dimensional cellular culturing technology offers the prospect of engineering tissues for research, transplantation, and the production of pharmaceutical agents.

Certain physiological changes that occur in space also occur with aging. For instance, cardiovascular deconditioning, balance disorders, weakening bones and muscles, disturbed sleep patterns, and depressed immune responses are common to astronauts and the elderly alike. When in space, an astronaut’s muscles and bones do not have to continually support the body against the pull of gravity. In some ways, this may mimic the results of a sedentary lifestyle, often caused by aging, paralysis, weakness, injury, or prolonged bed rest on Earth. This can cause a downward spiral in an individual’s health over time, increasing susceptibility to bone fractures and slowing any recovery from injuries and other ailments. Gerontologists, life scientists, and commercial researchers are collaborating to determine how our bodies’ adaptation in space can be used to study the aging process here on Earth.

The ISS will provide a microgravity laboratory that is unmatched for the continual study of the human body in space. Within the first 5 years of full operations, we expect to match the combined experimental yield from the previous four decades of space flight.

Medical Care in Space

The ongoing effort to provide health care for sick or injured astronauts has evolved into an integrated system that encompasses all phases of human space missions, from crew medical selection through long-term health follow-up. Strict medical standards applied during the selection of astronauts ensure that this population, at least initially, is healthy. However, the working environment for an astronaut is quite different from that of his or her Earth-based counterparts, and the crews carry the added stress of heavy responsibility and visibility during their missions.

NASA has developed a broad range of technologies in medical information systems, sensors, diagnostic techniques, decision support systems, image compression, and advanced training to support health care delivery in space. These technologies include compact, solid-state sensors that permit noninvasive monitoring of crew health and the spacecraft environment.

As our astronauts spend longer periods in space at greater distances from Earth, it will not always be practical to return a sick or injured crew member to our planet’s surface for care. Neither will it be possible to fly a full complement of trained medical personnel with each mission. General paramedic-level knowledge among the crew will be the norm. With this in mind, NASA and its partners are working to integrate the latest in telecommunications, computers, and medical technologies in health care to provide our astronauts the best medical care possible.

Emerging technologies, such as virtual reality and wireless medical monitoring, are being incorporated into advanced remote health care systems. Telemedicine—the practice of medicine from a distance through the use of advanced information and communications systems—will ensure that our crews receive the best medical care we can deliver. NASA is currently conducting ground research on an automated, portable intensive care unit. Work in cyber-surgery—surgery using digital models and virtual reality—is ongoing. As our knowledge in these areas mature, we will incorporate these technologies into the ISS medical support system. New remote technologies, coupled with better clinical practices tailored to the space environment, will bring about the evolution of a robust system of medical care for our astronauts. Advanced technologies such as telemedicine will also enable medical knowledge to serve more people on Earth than ever before.

As we work to advance the state of medical care technology, space clinical practices will incorporate the knowledge gained from ISS research on the effects of microgravity on the human body. The classical medical triad of prevention, diagnosis, and treatment will be refined to reflect the effects of space travel. Therefore, facilities for basic biomedical research will be used in conjunction with the ISS crew health care system to advance our state of knowledge and care for our astronauts. 

Advanced Human Support 

With the advent of continuous operations aboard the ISS, we are now more concerned than ever that our astronauts operate in a safe, comfortable, and productive environment. This is why the Station will serve as a testbed for systems and hardware arising out of advanced human support research.

Such research operates in cooperation with NASA’s basic research efforts, taking the knowledge gained from basic science and translating it into technologies that will make space travel safer, less costly, and more productive. Advanced human support activities concentrate on closed-loop life-support systems, advanced environmental monitoring and control, and a field called human factors engineering, which aims to maximize the efficiency and comfort of our astronauts living and working in space.

As human missions to other parts of the solar system become a reality, demands on a mission’s crew and life-support system will grow in proportion to the length of time spent in space. The farther our astronauts travel, the more costly it becomes to carry expendables that are used once and simply thrown away. It will become increasingly important that advanced life-support systems recycle virtually all components of on-board consumables. For example, in 1997, NASA successfully demonstrated a total water purification system using biologically active filters. With such a system, it becomes vital that the astronaut’s environment be continually monitored for any signs of harmful substances. Decreasing the size, power requirements, and commensurate costs of these systems will be a primary focus of advanced human-support research on the ISS. 

Enabling Exploration
The space frontier beckons to us with the promise of new and exciting discoveries. Humans will be an integral component of a comprehensive and vigorous program of solar system exploration. A person’s adaptability, resourcefulness, and autonomy are irreplaceable for tasks such as the construction of a robust lunar outpost and advanced geologic field work on Mars. Many challenges remain before living and working in space can become a natural extension of our lives here on Earth.

The ISS is the next logical step in our quest to prepare humans to explore and develop the solar system. The Station will be a technological testbed, a microgravity laboratory, and a model for international cooperation; on it, we will strive to understand the adjustments that need to be made to our Earth-based methods before we send astronauts to Mars and beyond. ISS work that will enable exploration can be broken down into two primary categories: engineering research into the technology, system architecture, and operational standards that will be necessary to live and work far from Earth, and the science that will serve as the bedrock for our understanding of how to utilize this new environment.

Engineering Development
The space environment poses challenges for humans and their technology beyond the mere absence of gravity. Outer space is characterized by an extreme vacuum, solar and cosmic radiation, extreme cold, and the presence of space debris. These characteristics indicate that certain materials and protective measures must be used to guard astronauts and their hardware over long periods in space. Special research facilities will track the effect of radiation on a variety of materials that we expect to use in the future. Certain protective coatings, including special variations of paint, will be tested to assess their effectiveness. We will use this knowledge to design hardware that is capable of withstanding the harsh environment of space with little to no maintenance and the highest degree of reliability.

The ISS will be used to test and validate a number of advanced, lightweight power creation and storage systems. Utilizing new, highly efficient generations of solar power cells, the Station will test alternative schemes for storing the energy such solar arrays produce. One such concept involves the use of a fly-wheel based system, in which the rotation acts both as an energy storage technique and as an auxiliary system to control spacecraft orientation. Other concepts include using the Sun’s heat to generate power and developing advanced batteries as a traditional means of energy storage in space.

The ISS will use an externally mounted robotic arm to manipulate experiments mounted on the outside of the Station. Engineers will use this arm to test advanced robotic control techniques for use in and around the next generation of space stations, space transports, and lunar and Martian outposts. 

In the coming decades, the ISS will help us develop and test engineering systems that will permit future space explorers to become less reliant on Earth infrastructure. Station research will validate technologies that will automatically perform routine maintenance, repair, and even new construction on orbiting platforms. Our goal is to devise systems that will free people on board from the routine aspects of space flight, allowing them to dedicate their time to more productive pursuits.

Researching Tomorrow’s Products Today
In the 20th century, space exploration has had a profound impact on the way we view ourselves and the world we live in. Viewing our planet from space for the first time gave us a unique perspective of Earth as a single, integrated whole. Observations of the Earth’s atmosphere, land, and oceans have allowed us to understand our planet better as a system and, in doing so, our role in that integrated whole. Many aspects of our lives we now take for granted were enabled, at least in part, by NASA’s investment in space. Whether we are making a transpacific telephone call, designing with a computer-aided design tool, using our mobile phone, wearing a pacemaker, or going for an MRI, we are using technology that space exploration either developed or improved. Today, commercial interests bring a myriad of products and services to our lives that either use the environment of space or the results of research performed in microgravity. Just a few examples include:

•
Satellite Communications: Private companies have operated communications satellites for decades. Today, private interests build, launch, and operate a rapidly expanding telecommunications infrastructure in space. Our Nation’s initial investment in space helped fuel the information revolution that spurs much of our economy today.

•
Satellite Remote Sensing: A growing market for satellite imagery is opening up new commercial opportunities in space. Private interests now sell and buy pictures taken from Earth orbit. Land-use planners, farmers, and environmental preservationists can use the commercially offered imagery to assess urban growth, evaluate soil health, and track deforestation. 

•
Electronic Noses: NASA is currently working to develop miniaturized sensors capable of detecting small amounts of contaminants in the air we breathe. These “electronic noses” will be used to monitor air quality on the ISS. Electronic noses may have substantial value for use in fields such as food processing and industrial environmental monitoring.

•
Recombinant Human Insulin: The Hauptman-Woodward Medical Research Institute, in collaboration with Eli Lilly and Company, has used structural information obtained from crystals grown in space to better understand the nuances of binding between insulin and various drugs. The researchers are currently working on designing new drugs that will bind to insulin, improving their use as treatments for diabetic patients.

•
Improvements in Steel Production: NASA has developed a new technique to measure fluid flows in space experiments. This method has been adopted by LTV Steel, Inc., to track fluid flows in ground-based steel-casting processes. As a result, the finished steel shows fewer defects, cutting back on waste and increasing productivity.

To date, commercial involvement in microgravity research has been limited by scarce flight opportunities and only sporadic access to orbit. Access to the permanent ISS will significantly expand the envelope of opportunity for space-based entrepreneurship. With a continually operated and accessible ISS, commercial interests can now begin planning how to best use the environment of space to their advantage, bringing about the next boom in space development.

Research on board the ISS may lead to a new generation of space products, processes, and services. Space research holds the key to a plethora of benefits that span industrial sectors. Further research into the physiology of plants might lead to a new category of plant-based pharmaceuticals. Work in gravitational biology and ecology could show us ways to design hardier, disease- and drought-resistant crops. Crystals grown in space may improve catalysts used to extract oil, enhancing the yield of American petroleum. The use of microgravity and vacuum production techniques in space could be responsible for a new generation of highly pure and accurate semiconductors for use in our electronics. Protein crystals grown in space already serve as models for highly targeted pharmaceuticals for the world’s deadliest diseases. Demand for resources such as power and data handling may spur new space services such as commercial space power companies. For all these reasons and more, the ISS will serve as a laboratory and testbed for the development of new processes and products to benefit life on Earth and in space.

NASA is vigorously preparing for the approaching day when the ISS “opens for business.” Unprecedented in-house research is under way, in cooperation with the financial investment community and consumer product companies, to determine the most effective means of bringing the rigor of the private capital markets to bear on identifying and underwriting the most promising new business propositions. It is NASA’s objective to deliver the much-needed laboratories and testbeds, initially assign at least a third of the U.S. share of ISS accommodations to the U.S. private sector, and then get off the critical path to product commercialization. 

ISS Research Accommodations
A wide array of resources (i.e., power, crew support, payload volume, data communications, etc.) will support scientists and engineers from the governmental, academic and industrial/commercial sectors. The availability of space station resources and accommodations will be time-phased, allowing for a systematic build-up of instruments and research facilities over a multi-year period. By its completion, ISS will supply the following research accommodations:

•
microgravity research laboratories and orbital research platforms.

•
multi-user experiment facilities, experiment-specific instruments, and laboratory support equipment.

•
transportation systems for the periodic supply and return of research equipment, supplies, and materials.

•
power, thermal control, data processing, communications, and associated resources for the operation of experiment apparatus and facilities.

•
a worldwide distributed ground systems network for data distribution and remote command, control, and teleoperation of experiment apparatus and facilities to support crew operation.

 •
worldwide ground-based crew training facilities and continuous presence of trained crew for on-orbit research.

Many payloads, particularly commercial payloads, will fit into specialized experiment racks designed to service a number of diverse, moderate-sized payloads. These racks are named EXPRESS, for EXpedite the PRocessing of Experiments to Space Station. This will provide multiple users with a simple, standard interface to plug into ISS research capabilities, such as power and data handling. The ISS will support four EXPRESS racks during its period of assembly in support of early research capability. In addition, two EXPRESS pallets will be attached to the outside of the station to support exposed payloads; one of the EXPRESS pallets is already known as the Technology Experiment Facility.

Accommodations will be time-shared by all users based upon preestablished international partner allocations. Detailed planning, scheduling, and operating procedures are currently being defined.





Research Capability Evolution

The deployment of ISS modules and facilities will take place over a number of years. The U.S. Laboratory itself will be launched in 1999. Experimental facilities that fit inside the U.S. Laboratory (and on attached sites) will follow in subsequent years. During this time, early research opportunities have been identified on the growing Station. As ISS assembly proceeds, NASA’s research capability will grow commensurate with the deployment of additional experimental facilities. The following chart summarizes NASA’s growing research capabilities on board the ISS. 

Schedule for Research Capability Build-up


FLIGHT
EQUIPMENT DEPLOYED
RESEARCH AREA

Assembly Flight 7A1 (1999)
EXPRESS* Rack
Multidisciplinary**

Utilization Flight 1 (2000)
Human Research Facility-1
Biomedical Research


Window Observational Research Facility
Earth Observations


EXPRESS Rack
Multidisciplinary*

Utilization Flight 2 (2000)
Microgravity Sciences Glovebox
Biotechnology, Combustion, Fluid,



and Materials Science*


EXPRESS Rack (2)
Multidisciplinary*

Utilization Flight 3 (2001)
Gravitational Biology Facility-1
Gravitational Biology & Ecology


Materials Science & Technology Facility
Materials Science & Physics


Fluids and Combustion Facility-1
Combustion Science


Life Sciences Glovebox
Biomedical Research, Biotechnology,



and Gravitational Biology & Ecology


EXPRESS Rack
Multidisciplinary*

Utilization Flight 4
Alpha Magnetic Spectrometer
Space Science/Space Physics


Stratospheric Aerosol & Gas Experiment
Earth Science


Environmental Monitoring Package
Space Science/Space Plasma Physics


EXPRESS Pallet-1
Multidisciplinary*

Utilization Flight 5 (2002)
Gravitational Biology Facility-2
Gravitational Biology & Ecology


Fluids and Combustion Facility-2
Fluid Physics


Materials Science Research Facility-1 & 2
Materials Science


X-Ray Diffraction System
Biotechnology/Gravitational Biology*


EXPRESS Pallet-2
Engineering Research*

Assembly Flight 1E (2002)
EXPRESS Rack
Multidisciplinary*

Assembly Flight 17A (2002)
Human Research Facility-2
Biomedical Research


EXPRESS Rack
Multidisciplinary*

Utilization Flight 6 (2003)
Centrifuge
Gravitational Biology & Ecology


Biotechnology Facility
Biotechnology/Gravitational Biology*


Fluids and Combustion Facility-3
Fluids & Combustion Science


Advanced Human Support Technology
Life Support/Environmental Monitoring


Facility


Assembly Flight 16A (2003)
Materials Science Research Facility-3
Materials Science

This research capability evolution is based on deployment plans as of January 1998.

*    EXPRESS, for EXpedite the PRocessing of Experiments to Space Station, will provide multiple users with a simple, standard interface to plug into ISS research capabilities, such as power and data handling. The ISS will support four EXPRESS racks inside and two EXPRESS pallets attached to the outside of the station during assembly in support of early research capability.

**  Denotes commercial participation as of December 1997. 

The Crew Health Care System will be deployed in 2000 on an assembly flight; while contributing to biomedical research, the system’s primary purpose will be to serve the operational health needs of the astronauts.
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How to Get On Board the ISS
The International Space Station will be an exciting on-orbit laboratory for a wide range of research missions that will be measured in months, not days. Use of the ISS will begin in the next few years even as the Station itself is assembled. The ISS will foster research in space science, technology, and commercial development, and will become as synonymous with space as the Shuttle is today.

The international partners will select their researchers based on their own policies and available resources. Access to the International Space Station by U.S. entities is presently determined by NASA’s Space Station Utilization Board. The Board, consisting of sponsor program offices at NASA Headquarters, will select researchers based on scientific, technical, and commercial merit, feasibility, and the availability of ISS resources.

The Station environment will be dynamic: guidelines identified in 1998 will be revised as the ISS becomes a reality, to take into account changing technology, science, and commercial development.

Access to ISS resources during the early Station era will be accomplished in a manner comparable to what is currently done for Shuttle flight opportunities, primarily through NASA-sponsored research or cooperative agreements. As the ISS evolves and broadens its user and operational base, including potential commercial operations of ISS elements, and as the anticipated benefits of extended duration space flight become apparent, access to the Station may increasingly involve reimbursable arrangements with NASA or a designated operator of an ISS facility component.

The following guidelines will assist those researchers seeking access to the International Space Station during its early phases of operation.

Science Research
The NASA Headquarters Office of Life and Microgravity Sciences and Applications (OLMSA) periodically issues Announcements of Opportunity (AO), which solicit proposals for a specific area of research. These Announcements are released through NASA mailing lists and the Commerce Business Daily. The appropriate scientific disciplines for proposals and OLMSA’s research program objectives are specified in the AO, which also identifies proposal format, deadlines, where to send proposal, selection schedule, and evaluation criteria.

There are also NASA Research Announcements (NRA). NRAs are used by OLMSA to solicit proposals to conduct ground-based or flight research and may involve the use of existing hardware or minimal hardware development. NRAs solicit proposals from a wide variety of sources, and will typically include a description of the program proposal guidelines, deadlines, where to send proposals, and evaluation criteria.

OLMSA has existing cooperative agreements with a number of U.S. Government agencies (e.g., National Institutes of Health, National Science Foundation) to integrate and coordinate ISS science objectives. These agencies select investigations according to their own program objectives, and their ISS-based research efforts will be integrated into the science element of the NASA ISS utilization plan.

Examples of Life Science Research

· Cell and molecular biology

· Gravitational and space biology

· Space biomedical research

· Human factors engineering

· Life support systems

Examples of Microgravity Science Research

· Biotechnology

· Combustion science

· Fluid physics

· Fundamental physics

· Materials science

Those interested in performing life sciences or microgravity science research may contact OLMSA through the following web site: 

http://www.hq.nasa.gov/office/olmsa

Commercial Space Research

NASA’s commercial development research program is carried out primarily through Commercial Space Centers (CSC). The CSCs are consortia of industry, government, and academia that enable industry to conduct space-related research leading towards commercial product development on Earth. The Centers are located at university or nonprofit organizations and have the responsibility for selecting academic, government, and industry affiliates as well as providing a linkage with NASA in space product development.

The Commercial Space Centers develop partnerships with industry and academia to further their specific commercial research objectives, and provide NASA with proposed research plans in the space environment. There are no set schedules for identification of potential commercial research opportunities. These research efforts arise as the needs of the commercial marketplace emerge. Each plan is evaluated against an established selection criteria and approved by NASA. Once the research effort is approved, it is manifested for flight opportunity in the same manner as the science research payloads.

A number of commercial research thrusts currently linked to the Space Shuttle will likely transition to and expand on Space Station. They include the following:

Protein Crystallography

· Structure-based drug design

Biotechnology

· Plant based pharmaceuticals

· Microbial research for new drug development

· Mitigation of immune system impairment attributed to disease and aging

· Cell tissue growth research for organ repair vs. replacement

Materials Processing

· Combustion research both as a fuel and in flame retardation

· Casting technology improvement

· Enhanced special tooling

· Zeolite crystal growth as catalysts in refining process
Agriculture

· Enhanced crop development through genetic engineering

· Accelerated crop growth cycles

Electronics

· Epitaxial growth of thin films to be used in the development of high speed computers

· Superconductors and semiconductors

Those interested in conducting commercial research may contact OLMSA at the following web site:

http://www.hq.nasa.gov/office/olmsa

OLMSA Mailing Address
The OLMSA mailing address for further information is:

Office of Life and Microgravity Sciences 

  and Applications

Code U

NASA Headquarters

Washington, DC 20546



                                             

      INTERNET HOME PAGE ADDRESSES
· NASA Home Page 


http://www.nasa.gov/

· International Space Station Home Page


http://station.nasa.gov

· Office of Life and Microgravity Sciences and Applications Home Page


http://www.hq.nasa.gov/office/olmsa

   
- NASA/OLMSA Research Opportunities:


    http://peer1.idi.usra.edu


- Space Product Development (Commercial Space Research)

 
    http://www.hq.nasa.gov/office/olmsa/spd/index.htm

· Human Exploration and Development of Space Home Page


http://www.osf.hq.nasa.gov/heds/

· Office of Space Science Home Page


http://www.hq.nasa.gov/office/oss/

· Mission to Planet Earth Home Page


http://www.hq.nasa.gov/office/mtpe/

· NASA Commercial Technology Network


http://nctn.hq.nasa.gov/nctn/

· NASA’s Education Program Home Page


http://www.hq.nasa.gov/education/

Teleconference Evaluation Form

International Space Station: Open for Business

Your comments about today’s program will be greatly appreciated.  Please answer all questions and return the form to your site coordinator or mail to address below. Feel free to use the back of this sheet to provide additional comments.

Please return this form to your site coordinator or mail directly to: ISS: Open for Business, PBS Adult Learning Services, 1320 Braddock Place, Alexandria, VA, 22314, or complete this form on the web site: http://ehb2.gsfc.nasa.gov/edcats/business.html

** Privacy Act Authorization **
         The Government Performance and Results Act of 1993 requires that all Federal Agencies or Departments provide an annual evaluation of all programs in order to  improve program effectiveness and public accountability. Disclosure of the information requested is voluntary. The information collected will be used to improve program delivery, and to compile the required annual report.  Routine use of the information may be used to carry out follow-up evaluations to provide you with further information about similar programs.  Personal information will not be released to any external organization unless express authorization is requested and provided. There is no effect to you, the participant, if you elect not to complete any or all of the information requested on this form. 

1.
Site Location ____________________________________________________________________________________________

2.
Which of the following are you?  (Please check all that apply):



Researcher in the field of: ________________________________________________________



Professor of: ___________________________________________________________________



Student:       undergraduate      graduate     doctoral      postdoctoral
     Major: _____________________



Businessperson (type of business): ________________________________________________



Other: _________________________________________________________________________

3,
What is your overall assessment of the teleconference?  

________________________________________________________________________________________________________

________________________________________________________________________________________________________

4.  Was this teleconference a valuable experience?

                  Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

5.
On a scale of 1 to 5, with 1 being low and 5 being high, please evaluate the teleconference in the following areas:









Low



High



Program met your expectations


1
2
3
4
5



Program content




1
2
3
4
5



Presenters




1
2
3
4
5



Printed materials




1
2
3
4
5



Questions & Answers



1
2
3
4
5

6.
What did you like most about the teleconference?

________________________________________________________________________________________________________

7.
What did you like least about the teleconference?

________________________________________________________________________________________________________

8.
Would you like another teleconference on the International Space Station?       Yes

  No


If yes, on what subjects: ____________________________________________________________________________________

9.    Please add my name to future mailings on the International Space Station:


Last Name:_________________________________ First Name: _________________________________MI:______________


Organization: __________________________________________ Position Title: _____________________________________


Street Address: __________________________________________________________________________________________


City: _______________________________________State: _____ Country: ___________________ Zip Code: _____________


Phone number: ________________________________________   Fax number: ______________________________________


Internet Email Address: _____________________________________________________________
 1





 2





  3





 4





  5





  22





 23





  6





 7





 8





 9





 10





 11





 12





 13





 14





 15





 16





 17





 18





 19





 19





 20





 21








This is an abridged version of the ISS research plan. For more information on ISS research, and for the full plan in the near future, visit the NASA Office of Life and Microgravity Sciences and Applications web site: http://www.hq.nasa.gov/office/olmsa. Also visit the station web site: http://station.nasa.gov. A technical ISS research plan, with detailed flight-by-flight research capability buildup information, will also be available in early 1998.
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