with Glenn, moved the technology
toward commercialization. GreenField
Solar now employs 30 people thanks
to its NASA partnership.
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Sensors Enable Plants to Text
Message Farmers

BioServe Space Technologies—a
nonprofit, NASA-sponsored research
partnership center—developed a leaf
sensor that can monitor plants using
electrical pulses, allowing anyone
from astronauts to farmers to measure
plant water levels directly. Berthoud,
Colorado-based AgriHouse Brands Ltd.
has commercialized the technology,
which allows “thirsty” plants to send
text messages to farmers asking for more
water.

Shuttle Topography Data Inform Solar
Power Analysis

In 2000, the Jet Propulsion Laboratory
spearheaded the Shuttle Radar
Topography Mission, which created
a high-detail global elevation map.
The data sets were later processed to
produce shading models, which are now
part of New York City-based Locus
Energy LLC’s commercial offerings.
Locus Energy’s solar power prediction
packages help companies save millions
of dollars in costs by avoiding expensive
hardware.

Efficient Cells Cut the Cost of Solar
Power

24

Executive Summary
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Photocatalytic Solutions Create SelfCleaning Surfaces

A Stennis Space Center researcher
investigating the effectiveness of pho-
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Innovative Coatings Potentially Lower
Facility Maintenance Costs

Through extensive testing at Stennis
Space Center, Nanocepts Inc. of
Lexington, Kentucky, received key
validation of the effectiveness of its
photocatalytic coatings. Now a NASA
Dual Use Technology partner, the
company’s commercial coatings offer
unique environmental and medical
benefits, and their self-cleaning
properties help limit grime buildup on
buildings.
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Glenn Research Center engineer
Bernard Sater spent his spare time
developing a solar concentrator that
would use less silicon, making solar
arrays cheaper. After retiring from
NASA, Sater and his son formed
Oberlin, Ohio-based GreenField Solar
and, under a Space Act Agreement

tocatalytic materials for keeping the
Center’s buildings free of grime turned
to a solution created by PURETi Inc. of
New York City. Testing proved successful, and NASA and the company now
share a Dual Use Technology partnership. PURETi’s coatings keep surfaces
clean and purify surrounding air, eliminating pollution, odors, and microbes.
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Concentrators Enhance Solar Power
Systems

Glenn Research Center and Fort Worth,
Texas-based Entech Solar partnered
through the SBIR program to adapt
Entech’s solar concentrator. Soon after
developing the Solar Concentrator
Array with Refractive Linear Element
Technology, Entech and NASA worked
on a version called the Stretched
Lens Array (SLA). Recently, Entech
incorporated elements from the SLA
into a solar concentrator for Earth
applications.
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Simulation Packages Expand Aircraft
Design Options

In 2001, NASA released a new approach
to computational fluid dynamics that
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Concentrators Enhance Solar Power Systems
NASA Technology

“R

ight now, solar electric propulsion is being
looked at very seriously,” says Michael
Piszczor, chief of the photovoltaic and
power technologies branch at Glen Research Center. The
reason, he explains, originates with a unique NASA mission from the late 1990s.

Deep Space 1 was a spacecraft designed to test a dozen
different space technologies, including a solar array that focused
sunlight on a smaller solar cell to generate electric power.
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In 1998, the Deep Space 1 spacecraft launched
from Kennedy Space Center to test a dozen different
space technologies—including SCARLET, or the Solar
Concentrator Array with Refractive Linear Element
Technology. As a solar array that focused sunlight on a
smaller solar cell to generate electric power, SCARLET
not only powered Deep Space 1’s instruments but also
powered its ion engine, which propelled the spacecraft
throughout its journey.
Deep Space 1 was the first spacecraft powered by
a refractive concentrator design like SCARLET, and
also utilized multi-junction solar cells, or cells made of
multiple layers of different materials. For the duration
of its 38-month mission, SCARLET performed flawlessly, even as Deep Space 1 flew by Comet Borrelly and
Asteroid Braille.
“Everyone remembers the ion engine on Deep Space 1,
but they tend to forget that the SCARLET array powered
it,” says Piszczor. “Not only did both technologies work
as designed, but the synergy between the two, solar power
and propulsion together, is really the important aspect of
this technology demonstration mission. It was the first
successful use of solar electric propulsion for primary
propulsion.”
More than a decade later, NASA is keenly interested
in using solar electric propulsion (SEP) for future space
missions. A key issue is cost, and SEP has the potential
to substantially reduce cost compared to conventional
chemical propulsion technology.
“SEP allows you to use spacecraft that are smaller,
lighter, and less costly,” says Piszczor. “Even though it
might take longer to get somewhere using SEP, if you are
willing to trade time for cost and smaller vehicles, it’s a
good trade.”
Potentially, SEP could be used on future science missions in orbit around the Earth or Moon, to planets or
asteroids, on deep space science missions, and even on
exploration missions. In fact, electric propulsion is already
being used on Earth-orbiting satellites for positioning.

Technology Transfer
Developed through a partnership between NASA’s
Glenn Research Center and Fort Worth, Texas-based
ENTECH Inc. (now Entech Solar), SCARLET originated from Small Business Innovation Research (SBIR)
contracts that started in 1985. The partners’ purpose was
to adapt Entech’s existing terrestrial solar concentrator
technology, already demonstrated on Earth, for space
applications. The Ballistic Missile Defense Organization
was also a supporter and contributor to the work.
“At that time, concentrators were being looked at
for space, but most were reflective systems that used
mirrors to reflect light and focus it on a small point,”
says Piszczor. “Entech’s design uses a unique refractive concept.”
The concentrating lens of Entech’s design had a
curved outer surface with Fresnel patterns, or grooves,
on the inside. It makes the most use of available sunlight
and focuses the light onto multi-junction solar cells.
According to Piszczor, a main advantage of Entech’s
technology is its optical performance and shape error tolerance. This translates to a concentrator design that has
high optical efficiency, can be readily manufactured, and
is less sensitive to thermal and structural distortions.
“The overall design hits a sweet spot,” says Piszczor.
“It’s both high performance and easily manufactured.”
After SCARLET, Entech and NASA continued
to work through the SBIR program, along with the
Department of Defense, to develop a lightweight version
of the same technology called the Stretched Lens Array
(SLA). The SLA replaces the top glass surface used in the
SCARLET lens design with a stretched thin film lens to
concentrate sunlight onto photovoltaic cells below the
lens. Compared to the SCARLET design, the SLA technology minimized mass and cost even further.
Entech’s CEO, David Gelbaum, says multi-junction
cells are extremely efficient under Entech’s color-mixing,
arched Fresnel lenses, thanks to how they concentrate
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more light on the cells and how they distribute the fullspectrum of sunlight onto the cells. The bigger advantages
of the technology, however, are the cost, weight, and
robustness. “By using only one-eighth as much solar cell
area per Watt of array power, we save cost and weight and
make it possible to better insulate and shield the smaller
solar cells,” he says.
Entech has now taken its knowledge from working
with Glenn over the last 25 years and incorporated it into
a new ultra-light solar concentrator for terrestrial applications. In 2012, the technology won an R&D 100 Award,
recognizing it as one of the top 100 technologically significant new products of 2012 by R&D Magazine.

Benefits
Entech’s new product, SolarVolt, is a concentrating
photovoltaic solar module that incorporates a significant
amount of technology from the SLA. “While the SLA
was primarily optimized to save mass because launching
into space is so expensive, SolarVolt is optimized to save
cost because the terrestrial market is so cost-competitive,”
says Gelbaum.
For space, the company uses multi-junction solar cells
with lenses made of space-qualified silicone rubber. For
terrestrial applications, Entech uses low-cost silicon cells
under acrylic plastic lenses. Because the space version does
not need to resist wind and hail, there is no lens cover;
SolarVolt uses a tempered glass window to protect the
lenses and cells.
On Earth, SolarVolt can be used to generate
electricity for applications from a fraction of a megawatt
to multimegawatt systems. Commercial applications
include utility-scale power plants, distributed energy
for smart grid systems, communications systems,
industrial building power systems, and government and
military power systems.
The technology is most productive in areas with
high, continuous direct normal irradiation, or DNI,
which comes directly from the sun. High DNI areas in
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the United States include southern
California, Arizona, Nevada, New
Mexico, west Texas, and Colorado. As
Gelbaum describes, “SolarVolt is primarily aimed at large utility-scale solar
power plant applications in the sunny
desert regions.”
In 2011, SolarVolt received
international certification
designating it has met concentrating PV module testing
and construction evaluation
requirements to verify its
performance and reliability in hail, extreme
temperatures, and wet
and dry conditions.
Even as the SLA
spins off for terrestrial
use, NASA continues
to improve it for use in space. Glenn is now partnering
with Deployable Space Systems, Inc. to fuse Entech’s SLA
concentrator with a lightweight, deployable structural
platform called SOLAROSA, or the Stretched Optical
Lens Architecture on Roll-Out Solar Array. Ad Astra
Rocket Co. is interested in using SOLAROSA to support

Entech’s SolarVolt
product, incorporating
NASA technology, can be used to
generate electricity for utility-scale power plants,
communication systems, and government and military
power systems. It is most productive in sunny desert
regions like Nevada.

its Variable Specific Impulse Magnetoplasma Rocket
engine, an advanced plasma propulsion system.
Thanks to such public-private partnerships,
the future is bright where solar electric power
is concerned—both on the ground and in space.
“Collaborating with NASA has not only helped us to
improve and refine our space and ground solar power
technologies, but has helped Entech gain credibility for
its technology,” says Gelbaum. “NASA is a terrific partner
for small businesses like us.” v
SolarVolt™ is a trademark of Entech Solar.
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Glenn Research Center Technologies
Recognized for Commercial Success

I

n 2012, four technologies with significant commercial potential that were developed by researchers at
NASA’s Glenn Research Center in Cleveland were
nominated for or won awards in three different venues.
At the Federal Laboratory Consortium National
Meeting Awards Ceremony in Pittsburgh in May 2012, a
team including Glenn’s Mike Piszczor and Mark O’Neill
and Almus McDanal of Entech Solar Inc. received the
Award for Excellence in Technology Transfer. The
award was given in recognition for their work, entitled
“Stretched Lens Array: Ultra-Light, Affordable Green
Energy Technology,” which was successfully commercialized in Entech’s new product, the SolarVolt module (see
page 108).
Entech’s SolarVolt module—a concentrating lens that
focuses sunlight using curved and grooved surfaces—can
be used to generate electricity for a variety of applications, including utility-scale power plants, distributed
energy for smart grid systems, communications systems,
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The Cessna Citation CJ4 aircraft (left) flies with the help of a NASA technology that received honorable mention for NASA’s Invention
of the Year award. Another Glenn Research Center spinoff was recognized (above) with a technology transfer award. In the photo,
from left to right, are James Poulos, Federal Laboratory Consortium (FLC) Awards Committee Chair; Ramona Travis, Center Chief
Technologist, Stennis Space Center; Theresa Baus, FLC Vice Chair; Michael Piszczor, Award Winner; Kim Dalgleish-Miller, Chief,
Innovation Projects Office at Glenn Research Center; and Mojdeh Bahar, FLC Chair.

industrial building power systems, and government and
military power systems.
Two technologies developed at Glenn were selected as
finalists for the 2012 NorTech Innovation Award during
the annual awards ceremony in March 2012 at LaCentre
in Westlake, Ohio, with one of the teams receiving the
award.
Phil Neudeck and David Spry of Glenn, along with
Andrew Trunek of the Ohio Aerospace Institute (OAI),
J.A. Powell of Sest Inc., and Andrew Woodworth of
Oak Ridge Associated Universities won the NorTech
Innovation Award for their work, entitled “A Radically
New Crystal Growth Concept, Large Tapered Crystal to
Achieve Nearly Perfect Silicon Carbide.” The concept
is an innovative method for growing semiconductor
grade boules of silicon carbide, which greatly reduces the
number of crystal defects from millions per wafer to as
few as one defect per wafer.
Glenn’s second finalist, the “Development of New
High Temperature Shape Memory Alloys,” was developed
by center researcher Michael Nathal, Darrell Gaydosh of
OAI, and Anita Garg, a University of Toledo researcher

working at Glenn. Shape memory alloys can act as lightweight actuators—agents of mechanical movements—in
aerospace, automotive, and general household applications. These can replace today’s actuators based on
electric-motor, hydraulic, or pneumatic systems. They also
promise lighter weight, smaller footprints, and simpler,
low-maintenance designs with fewer moving parts.
Finally, a technology that has been incorporated into
jet engines and is now flying on the Cessna Citation CJ4
aircraft was awarded Honorable Mention for NASA
Invention of the Year. The inventors of “Composite
Case Armor for Jet Engine Fan Case Containment and
Associated Testing/Validation Tools” include Glenn’s
Gary Roberts, Mike Braley of A&P Technology Inc., and
James Dorer of Williams International.
The innovative jet engine fan case is 30 percent lighter
than metal fan cases and strong enough to contain a
released titanium blade. The resulting weight reduction
translates directly into improved fuel efficiency, lower
greenhouse gas emissions, increased payload, greater aircraft range, and enhanced flight safety.

Award-Winning Technologies
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Ames Research Center Honored for 2011 NASA Government
Invention of the Year

Glenn’s Mary Ann Meador poses
with a piece of polymide aerogel,
which can withstand the weight of
a car without being crushed.

N

ASA’s Ames Research Center has won the 2011 NASA Government
Invention of the Year. Ames received the award for developing
Toughened Uni-piece Fibrous Reinforced Oxidation-Resistant
Composite (TUFROC)—a low-cost, lightweight, two-piece, thermal protection
system (TPS) for use on space vehicles during atmospheric reentry at hypersonic
speed. TUFROC, a patented technology invented by David A. Stewart and Daniel
B. Leiser of Ames, has been successfully demonstrated on the X-37B Reusable
Launch Vehicle.
The technology consists of a high temperature, impregnated carbonaceous
cap mechanically attached to a lightweight fibrous silica-base material. The key
innovations enable the integration of the surface treated carbon cap with the silica
base insulation, which otherwise
would fail from mechanical,
chemical or thermal factors.
TUFROC is the first lightweight, low cost, flight proven,
reusable TPS with sustained
operational capabilities at temperatures above 3,000 °F.
“It’s truly an honor to win
NASA’s Government Invention
of the Year again in 2011,” said
Ames Director Pete Worden.
“I am extremely proud of our
advances in thermal protection
systems. This award not only
exemplifies the major contributions in TPS research at Ames
over the past five decades but
signals that Ames will continue
to lead the way in advancing
entry systems for future NASA
and commercial spacecraft.”

The X-37B Orbital Test Vehicle
on the launchpad in 2010.
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NASA Advancements Win R&D 100 Awards

T

echnologies developed at NASA’s Glenn Research Center are among those in the
top 100 technologically significant new products in 2012, as announced by R&D
Magazine.
The SolarVolt module (see page 108), developed by a team that included Glenn’s
Michael Piszczor, was primarily developed for terrestrial use by Mark J. O’Neill, A.J.
McDanal and Robert Walters, of Fort Worth, Texas-based Entech Solar Inc., incorporating
NASA space power technology advancements. This module is a highly efficient photovoltaic
solar panel that can compete with fossil fuels to provide utility grid-scale power due to a
unique solar concentrator design. It offers a combination of increased efficiency and reliability with lower weight and cost, and demonstrates how space technology can be adapted
for our use here on Earth.
The other winner was polyimide aerogel technology developed by Glenn’s Mary Ann
Meador and Haiquan Guo of Ohio Aerospace Institute, Cleveland. These aerogels are
highly flexible, lightweight, thin and 500 times stronger than conventional silica aerogels,
while maintaining the excellent insulation properties for which silica aerogels are known.
This innovation is technologically significant and unparalleled in the aerogel marketplace, as
no other aerogel possesses the compressive and tensile strength with simultaneous flexibility
to contour to whatever shape is needed.
The R&D 100 Awards have long been a benchmark of excellence for industry sectors
as diverse as telecommunications, high-energy physics, manufacturing and biotechnology.
Previous winners of the R&D 100 Awards include the halogen lamp, HDTV, and the
automated teller machine.
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