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Center for 
Commercial 

Applications of 
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Improved 
Hydrogen Storage 
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Research in 

Space

Wisconsin Center for 
Space Automation 

and Robotics 
(WCSAR), Univ. of 

Wisconsin-Madison

Forest Products 
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/Lignin 
Research

BioServe Space 
Technologies – a 

Research 
Partnership Center, 

University of 
Colorado

In-Situ 
Fabrication 

of Lunar 
Solar Cells

Texas Center for 
Superconductivity 

and Advanced 
Materials, University 

of Houston

Medical Informatics �
and Technology 

Applications 
Consortium (MITAC), 

Virginia Commonwealth 
University 

Center for Advanced 
Microgravity Material 
Processing (CAMMP) 

at Northeastern 
University

Programs of the Research Partnership 
Centers (RPCs) Related to Goal 3 of the 

National Aeronautics and Space 
Administration 2003 Strategic Plan

3.4

Requirement: astronaut 
health: remote 
diagnostics treatment. 
Space flight, current and in 
the future, requires the 
health of the astronauts be 
maintained and any 
medical interventions be 
able to be made.  (see 
Critical Path Roadmap, 
October 2000 for detailed 
description of specific 
requirements.)

Combustion 
Rockets

3.5

Center for 
Biophysical Science 

and Engineering 
(CBSE), University 

of Alabama at 
Birmingham

Magnetic 
Bearings for 
Aerospace 
Flywheels

Center for Space 
Power, Texas A&M 

University

Composite 
Materials for 
Flywheels 

Center for Space 
Power and 
Advanced 

Electronics, Space 
Research Institute, 
Auburn University

Fuel Cells 
and Hybrid 

Energy 
Systems

Porous 
Ceramics for 

Bone 
Replacement 

3.3

Center for 
Commercial 

Applications of 
Combustion in Space 
(CCACS), Colorado 

School of Mines

HDMAX 
System

NASA Imaging Technology Space 
Center (ITSC), Florida Atlantic 

University and the NASA 
Commercial Space Center for 

Engineering (CSCE), Texas A&M

Requirement: basic science: 
observation tool. More precise 
data capture in space on such 
experiment areas as fluids, 
combustion, motion (such as 
vibratory events)  and 
observation of changes in 
organisms require as high a 
resolution of imaging as 
possible for precise observation 
and rapid downlink. 
Current limits. Current 
systems are limited by to 1 
million pixels. 

3.5 3.3

Texas Center for 
Superconductivity 

and Advanced 
Materials, University 

of Houston

Novel 
Thermophotovoltaic 

Device for Direct Heat to 
Electricity Conversion

Requirement: health care: earth: 
remote diagnostics treatment.  
There is a need to deliver  health 
care (diagnosis and treatment) to 
patients at many remote locations 
(any distance from where the 
expert specialist is). This implies a 
continual upgrade in capabilities 
for telemedicine, medical 
informatics and medical 
technology and implies the need 
to evaluate sensors, transmitters, 
effectors, and process simulators 
of this system. 

3.4 3.1 3.3 3.3

Automated 
Technologies for 
Human Genome 

Research 

Biosensors – Detectors 
for Biological 

Organisms/Biological 
Functions

3.1 3.3

Center for 
Biophysical Science 

and Engineering 
(CBSE), University 

of Alabama at 
Birmingham

 The Center for 
Satellite and Hybrid 

Communication 
Networks

Broadband Multimedia 
Group Communications 

Over Hybrid Wireless 
Networks

Requirement: Earth: 
inexpensive connectivity. 
The combination of 
satellite and wireless 
terrestrial networks 
provides inexpensive 
means for offering 
broadband connectivity to 
underprivileged 
neighborhoods and 
regions. This will work to 
help ameliorate the so 
called "digital divide" 
problem.

3.1 3.3

Multiquantum 
Well 

Multijunction 
Solar Cells

3.4

Texas Center for 
Superconductivity 

and Advanced 
Materials (formerly 

SVEC)

Requirement: 
spacecraft: 
energy 
generation: solar 
cells. More 
efficient (smaller, 
lighter, and easier 
to launch) and 
longer lasting 
(radiation resistant) 
solar cells are 
needed on 
spacecraft to  
create more power.

Supercapacitor 
Energy 
Storage

3.1

Requirement: 
launch vehicles: 
energy storage. 
Energy storage 
systems that can 
supply short term 
(sec), high peak 
current pulses for 
applications such as 
launch vehicles, 
radar and 
communication 
satellites.

Center for Space 
Power and 
Advanced 

Electronics, Space 
Research Institute, 
Auburn University

Requirement: hydrogen 
utilization in space: 
spacecraft maneuver: 
auxiliary thrusters. Efficient 
utilization of hydrogen to 
supply power and byproduct 
water in space is dependent 
on having low mass, low 
volume storage equipment 
available to supply efficient 
fuel cells of auxiliary 
thrusters for appropriate 
course corrections.

3.1 3.4

Requirement: basic 
science: hydrogen 
interaction with materials. 
It is necessary to 
understand the interaction 
of hydrogen with materials, 
beyond absorbed species 
and hydrides, to find new 
materials with the highest 
hydrogen stored 
concentration and with 
operating conditions as 
close as possible to 
ambient.

3.4

Requirement: natural 
products industry: unique 
phytochemicals and 
secondary metabolites. 
Production of novel types of 
phytochemicals and 
secondary metabolites, such 
as essential oils, anthocyanin, 
flavonoids, lycopene, and 
isoflavonoids (which have 
great commercial values to 
food, nutraceutical, and 
cosmetic industry) are a 
continuing need.

Requirement: 
agribusiness: new 
varieties of crops. 
There is a need to 
develop unique 
mutagenic crops, 
which contain the traits 
that are genetically 
stable (i.e., genetically 
inherited) and 
commercially valuable.  
Such crops may have 
enriched nutrients and 
enhanced quality.

Requirement: biopharmaceutical 
and agribusiness: effective gene 
transfer technologies/systems. 
Effective and robust transformation 
systems are needed to effectively 
reduce the cycles and costs for the 
development of novel transgenic 
plant materials/crops and for the 
production of high-value 
recombinant proteins in plants. 
Hence,  high-throughput, cross-
board adaptive agro-bacterium 
mediated transformation systems 
are needed.

3.5 3.5 3.3

Requirement: basic 
research: Lignin 
biosynthesis and 
cell wall biogenesis.  
The forest products 
industry is seeking to 
more clearly 
understand lignin 
biosynthesis and cell 
wall biogenesis in 
order to improve 
overall wood 
properties.

Requirement:  forest 
products industry: 
reduce energy & 
pollution Understand 
lignin biosynthesis and 
cell wall biogenesis in 
trees of commercial value.  
Reduce chemical and 
energy requirements of 
the pulping process thus 
reducing environmental 
pollution emitted from 
pulp/paper mills.

3.2 3.5 3.2 3.5

Requirement: 
U.S. economy: 
low cost 
energy.  A 
strong U.S. 
economy 
requires a 
cheap supply of 
energy.  

3.3

Requirement: 
create new 
materials. 
Combustion 
synthesized 
materials are 
needed for 
applications on 
Earth in such areas 
as ceramics, metal-
composite
structural materials, 
insulators, etc.

Requirement: 
regenerative 
energy 
recovery for 
trains.  Using 
flywheels to 
recover energy 
used in 
breaking can 
save energy 
and lower costs 
for commuter 
trains is 
needed.

Requirement: 
commercial satellite: 
less energy use.  Low-
earth orbiting satellites 
used for communications 
with less lag time are 
needed.  Currently such 
satellites are in 
geostationary orbit, 
spending considerable 
time in the earth's 
shadow, hence 
expending energy from 
their batteries. 

Requirement: 
commercial: 
satellites: 
attitude control. 
Commercial 
satellites Industry 
could save weight 
and volume by 
using flywheel 
technology for 
combined attitude 
control and 
energy storage.

3.1 3.1 3.4

Requirement: 
commercial: 
satellites: weight 
& volume.  
Commercial 
satellites industry 
could save weight 
and volume by 
using flywheel 
technology for 
combined attitude 
control and 
energy storage.

Requirement: 
commercial satellite: 
less energy. Low-earth 
orbiting satellites used 
for communications with 
less lag time are 
needed.  Currently such 
satellites are in 
geostationary orbit, 
spending considerable 
time in the earth's 
shadow, hence 
expending energy from 
their batteries. 

Requirement: 
regenerative 
energy 
recovery for 
trains.  Using 
flywheels to 
recover energy 
used in breaking 
can save energy 
and lower costs 
for commuter 
trains is needed.

3.1 3.1 3.4

Requirement: 
commercial satellite: 
less lag time in energy 
delivery.  Low-earth 
orbiting satellites used for 
communications with less 
lag time are needed.  
Currently such satellites 
are in geostationary orbit, 
spending considerable 
time in the earth's 
shadow, hence expending 
energy from their 
batteries. 

Requirement: 
commercial: 
satellites: less 
weight & 
volume. 
Commercial 
satellites Industry 
could save weight 
and volume by 
using flywheel 
technology for 
combined attitude 
control and 
energy storage.

Requirement: 
electricity storage 
on spacecraft. 
Electricity storage 
backup systems 
where there is 
need for faster 
switching on and 
off for back up 
systems for the 
International 
Space Station and 
other satellites in 
low-earth orbit.

3.1 3.3 3.3

Requirement. 
medicine: 
bone 
replacement.  
Longer use 
bone 
replacement 
materials are 
needed for 
human bone 
replacement 
surgery on 
earth.

3.5

Requirement: national 
security: high-resolution 
surveillance  Ultra-high 
resolution images are needed 
for high-resolution surveillance 
both on the ground, at sea, and 
by aircraft.  Applications include:  
remote video surveillance; 
remote mapping; remote 
medical image transmission 
services; coastline and port 
security; mapping; aircraft 
carrier surveillance; and drone 
aircraft surveillance.

Requirement: movie industry. High resolution, IMAX 
quality imaging from space is needed for downlinks to the 
news, information, and education media and commercial film 
distribution.  
Current limits. Current IMAX limit for filming a scene in 
space is one minute with large, heavy, power-hungry camera 
equipment, and film limitations in radiation environment.
Applications: commercial 
Potential applications of the HDTV equipment include: 
remote video surveillance:remote mapping; television HDTV 
production: electronic cinema production: consumer 
camcorder market; video conferencing and camera systems 
for emerging digital cinema markets (motion pictures, IMAX, 
etc).

3.2

Requirement: 
commercial: 
power 
conversion. More 
efficient power 
conversion of 
terrestrial fuels 
and direct 
conversion of heat 
to electricity (no 
generator losses).

Requirement: 
basic science: 
cells in extreme 
environments. 
We need to learn 
how cells adapt in 
extreme 
environments to 
better understand 
various cell 
phenomena on 
earth.  

3.5

Requirement: 
disease diagnosis.  
Life on earth can 
benefit from the 
development of 
biosensors for 
microgravity because 
these will no doubt 
contain novel and 
improved technology 
for incorporation into 
ground-based 
devices.

Requirement: 
detection of toxins, 
bacteria, fungi, 
viruses, spores.  
Quality of the air, 
water and food from 
threats of exposure 
to pathogenic 
organisms requires 
a specific biosensor 
designed for 
microgravity.  

Requirement. 
Security and 
reliability of group 
communications in 
wireless networks 
is a fundamental 
research question. 
It has been 
recognized as such 
by the Internet 
Engineering Task 
Force, for example.

3.3

Center for Advanced 
Microgravity Material 
Processing (CAMMP) 

at Northeastern 
University

Carbon 
Nanotubes

3.5 3.5

Requirement: 
nanotube synthesis 
on earth. Process 
improvements in 
carbon nanotube 
synthesis are currently 
limited by the lack of 
understanding of the 
interrelationships of 
factors important in 
this synthesis reaction 
process and are 
needed to be 
understood.

Requirement: 
nanotube synthesis in 
space. Synthesis 
reactors on earth are 
subject to a variety of 
transport phenomena 
not found in the 
microgravity of the ISS 
laboratory. It is important 
to understand the range 
of basic phenomena 
observed in carbon 
nanotube synthesis in 
microgravity.

Requirement: basic 
science: formation 
of nanotubes. It is 
necessary to 
understand the 
formation of 
nanotubes and the 
impact of process 
operating variables in 
synthesis reactors to 
find new materials 
with the best 
performance 
characteristics.

3.5

Center for 
Biophysical Science 

and Engineering 
(CBSE), University 

of Alabama at 
Birmingham

Common 
(Standardized) 

Carriers 

Requirement: basic research 
tool: cost-effective 
experimental apparatus.  
Most basic science conducted 
in microgravity requires the 
accommodations provided by a 
common set of carriers 
because such a fleet of 
common carriers would 
eliminate the need for each 
experiment developer to 
duplicate this effort for systems 
presently under development 
for upcoming flights.  

Connection to OBPR 5 
questions and the Space 
Architect's Capability 
Requirements. This 
technology provides indirect or 
enabling support for the 
activities in a number of the 
OBPR questions by providing 
cost effective support to the 
greatest number of 
researchers to answer the 
maximum number of 
questions.

3.1 3.1

Water Mist 
Fire 

Suppression

Center for 
Commercial 

Applications of 
Combustion in Space 
(CCACS), Colorado 

School of Mines

Requirement: 
safety: airplanes, 
ships, and 
computer rooms. 
To improve fire 
suppression 
systems for 
airplanes, ships, 
and computer 
rooms in buildings. 

3.2 3.5

Requirement: 
food safety 
and 
homeland 
security. Food 
safety to 
detect molds 
and toxins in 
food supply 
and terrorists 
activities.

Requirement: 
commercial 
food 
processing. 
Poultry 
processing 
plant requires 
rapid detection 
of 
contamination 
from fecal 
matter and 
other toxins. 

Requirement: 
medical: 
melanoma.  
Early detection 
of melanoma 
would benefit 
from rapid, 
precise detection 
device.

Requirement: 
earth Imaging  
Imaging for oil & 
mineral 
exploration, 
forestry and 
agricultural 
management 
and earth 
sciences have 
special 
detection 
requirements.   

Requirement: 
forensic: 
counterfeit 
documents.  
Detection of 
counterfeit notes, 
forged documents 
and other altered 
documents in law 
enforcement 
requires extremely 
sensitive imaging 
equipment.

3.3 3.3 3.3 3.33.1 3.1

Hyperspectral 
Imaging

ProVision 
Technologies, a non-
profit NASA Research 

Partnership Center

Microbial 
Antibiotic 

Production

BioServe Space 
Technologies, 
University of 

Colorado-Boulder

3.3 3.5

Requirement: 
pharmaceutical 
industry: 
microbial 
fermentation.  
Increased 
production 
efficiency in 
pharmaceutical 
manufacturing 
would be 
beneficial.

Bone
Loss 

3.2

Requirement: 
astronaut 
bone loss.  
Astronauts 
must have 
___% of bone 
and muscle 
when landing 
on Mars.  

Requirement: 
basic 
research: 
techniques. 
Better 
preclinical 
models for 
human disease 
conditions are  
required to 
speed up drug 
research 
development.

3.3 3.5

BioServe Space 
Technologies, 
University of 

Colorado-Boulder

Requirement: basic science: 
tools: novel therapeutics.  
Supporting the discovery of novel 
therapeutics and or vaccine 
experiments with protein crystal 
growth in microgravity is a 
necessary requirement to advance 
the discovery of certain drugs.  
Microgravity provides conditions 
for crystal growth that are 
unattainable here on Earth and 
have proven successful with 
repetitious experiments.

Requirement: basic 
science: protein 
crystal growth  
Knowledge gained 
from studying the 
processes during 
protein crystal 
growth in 
microgravity 
conditions has 
implications for 
protein crystal 
growth experiments 
on Earth.

Requirement: basic 
science: immune 
system.  Improved 
understanding of the 
human immune system, 
bone remodeling, 
chronic and infectious 
diseases, etc. will yield 
obvious improvements 
that can improve the 
quality of life on Earth 
as well as those 
traveling in space. 

Protein Crystal Growth 
and Structure Based 

Drug Discovery

Center for 
Biophysical Science 

and Engineering 
(CBSE), University 

of Alabama at 
Birmingham

3.4
Leverage resources in 
support of national priorities 
through partnerships across 
industry, academia, and the 
Government for market-driven 
research in space.

3.5
Resolve scientific issues 
impacting Earth-based 
technological and industrial 
applications by using the 
unique low-gravity 
environment of space.

3.1
Enhance the Nation's security 
by developing and 
demonstrating critical access-
to-space technologies that 
benefit NASA, DOD, and other 
Government agencies.

3.3
Improve the Nation's 
economic strength and 
quality of life by 
facilitating the innovative 
use of NASA technology.

3.2
Enhance the Nation's 
security through 
aeronautical 
partnerships with 
DOD and other 
Government 

Goal 3
Create a more secure world and improve the quality 
of life by investing in technologies and collaborating 
with other agencies, industry, and academia.

Goal 

3
Create a more secure world and 

improve the quality of life by 
investing in technologies and 

collaborating with other agencies, 
industry, and academia.

Research 
Partnership 
Centers

Project 
Name
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