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HAZARDOUS SOLVENT-
FREE MANUFACTURING OF

ELECTROCERAMIC

POWDERS
NANOMATERIALS RESEARCH CORPORATION

LONGMONT, COLORADO

Nanomaterials Research Corporation (NRC), with
funding provided by EPA’s SBIR Program, has de-
veloped and commercialized an innovative manu-
facturing technology for performance ceramics.
NRC’s process improves device quality while pre-
venting pollution by reducing the amounts of raw
materials, solvents, and binders required for pro-
duction of these ceramics in comparison to con-
ventional manufacturing techniques.

The performance ceramics industry produces and
sells more than $18 billion of ceramic products
annually and is one of the fastest growing seg-
ments of all industries listed in the Standard In-
dustrial Classification (SIC) coding system.  The
performance ceramics industry is enabling growth
within the electronics, utilities, medical devices,
optics, and telecommunications industries, and
the market for such ceramics is expanding in con-
junction with this growth.  More than 1 billion ce-
ramic devices (e.g., capacitors, thermostats,
varistors, inductors, resistors, and IC substrates)
are produced and sold each week.  Anticipated
growth in the market for ceramic devices will fur-
ther extend the role of performance ceramics.

Performance ceramics are typically produced by
solvent-based techniques that inadvertently lead
to processing, containment, and treatment of haz-
ardous solvents and byproducts.  Given the com-
mercial importance of the electroceramic industry,
it is imperative that environmentally benign manu-
facturing techniques are developed to prevent pol-
lution at its source while providing performance
improvements to customers.

NRC’s manufacturing method for performance ce-
ramics offers the following advantages over con-
ventional techniques:  (1) it eliminates the
formation of secondary gaseous, liquid, or solid
wastes; (2) it reduces the processing, contain-
ment, and treatment of solvents and resulting va-
pors by more than 10 fold; (3) it reduces energy
requirements by recovering mass and heat
through process integration; and (4) it produces
performance ceramics of significantly improved
quality (i.e., monodisperse, nanosize particles
with extraordinary properties).

NRC has demonstrated that devices produced
from nanosized electroceramics are nanostruc-
tured and meet the needs of high performance
components that will be essential for the antici-
pated era of nanodevices and molecular electronic
components.  Manufacturing of these devices is
being scaled up by NRC to serve surface-mount
electronics, cellular telecommunications, power
components for utilities, laptop computers, and
biomedical products.  The market for nanostruc-
tured components should exceed $100 million/
year in less than 5 years.

Since the company was founded in 1994, NRC
has experienced an average annual growth of

Nanopowders of performance ceramics produced by NRC.

more than 100 percent.  NRC currently has 60+
employees and expects to hire additional staff in
1999.
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NRC has developed and commer-
cialized a manufacturing technol-
ogy for performance ceramics that
improves device quality while pre-
venting pollution at its source by
reducing the amounts of raw mate-
rials, solvents, and binders re-
quired for processing.

This technology enables the manu-
facture of nanoscale electronic
grade powders needed in next
generation miniature electronics.
The market for nanostructured
components is expected to exceed
$100 million/year in less than 5
years.

NRC is scaling up the manufactur-
ing process to produce 100,000
nanostructured components per
week from electroceramic nano-
scale powders.

Nanotechnology electronic devices from nanopowders of performance ceramics manufactured using NRC’s
innovative manufacturing technology.
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SORTING OF

POSTCONSUMER PLASTICS

RESINS
NATIONAL RECOVERY TECHNOLOGIES, INC.
NASHVILLE, TENNESSEE

National Recovery Technologies, Inc. (NRT), with
funding provided by EPA’s SBIR Program, has de-
veloped and commercialized an innovative process
for sorting post-consumer plastic containers.
NRT’s process is capable of sorting plastics by
polymer with high accuracy and at the high-speed
throughputs required for cost-effective recycling.
Plastics constitute about 9 percent by weight of
municipal solid waste, and they occupy approxi-
mately one-fourth of the volume of the waste
stream. The cost of transporting and disposing of
plastics in landfills is very expensive due to their
light weight and large volume.  In addition, plastics
in landfills are highly resistant to degradation.
Therefore, the EPA has recommended recycling
as the preferred management method for plastics
over alternative landfill or incineration methods.

For plastics recycling to be economically viable,
the recycled resins must be of high quality and be
priced competitively with virgin resins. To produce
high-quality recycled resins that can replace virgin
resins, it is necessary that the recycled resins be
cost-effectively sorted to high-purity specifications.
In particular, it is necessary that the plastics be
sorted by individual polymer while minimizing pro-
cessing costs. The new NRT sorting process sat-
isfies these requirements by coupling high-speed

spectroscopy for positive polymer identification,
concurrent parallel processing for rapid identifica-
tion, quick real-time sorting response, and preci-
sion air jet selection of materials. Because NRT’s
sorting process facilitates plastics recycling, it
supports EPA’s goal to reduce the quantity of
waste requiring disposal.

Previously, some post-consumer packaging con-
tainer resins were sorted automatically according
to their visual color characteristics and visual light
transmission properties, resulting in a pseudo-
polymer sort. However, this is only an approxima-

tion and until the introduction of NRT’s technology,
it only was possible to sort plastics into a few ma-
jor constituents and only at relatively low accu-
racy requiring significant manual sorting for quality
control.  Another system using expensive x-ray
technology currently is used to sort PVC plastics
from PET plastics; however, its accuracy is
somewhat limited and is not applicable to other
polymers.

NRT’s new technology overcomes the inaccura-
cies and limited applicability inherent in existing
technologies by providing rapid positive identifica-

NRT’s technology facilitates accurate, high-speed sorting of post-consumer resins by polymer type.  It couples
high-speed spectroscopy for accurate polymer identification with concurrent parallel processing for rapid
identification to enable cost-effective sorting to high-purity specification.
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NRT has developed a highly accurate,
high-speed process for sorting post-con-
sumer plastics resins by polymer type.

The new technology enables low-cost auto-
mated sorting of post-consumer plastics for
recycling, which significantly improves the
economics for plastics recycling.

NRT’s new technology is cost effective for
low- and high-volume applications, making
automated sorting of plastics affordable for
community materials recovery facilities.

The first two commercial systems have been
installed at recycling facilities in the United
States.

Negotiations are in process for installation
of additional units in the United States,
Europe, and Japan.

tion of plastics by polymer type according to its
infrared (IR) spectral fingerprint.  Each polymer
has a unique IR fingerprint and, therefore, can
be readily distinguished and sorted from other
polymers.

Current automated systems are complicated and
require a high level of technical sophistication to
reconfigure system sorting characteristics.  Con-
sequently, it has been difficult for operators to
control these systems to the level and precision
necessary to optimize performance.  NRT’s tech-
nology eliminates this problem by introducing a
user friendly man-machine interface, which incor-
porates a touch screen graphical interface that
allows the operator to easily set system sorting
parameters and control system operation.

The first two commercial systems were installed
recently in U.S. recycling facilities.  NRT expects
that this innovative sorting system will be applied
in the recycling industry worldwide, both in new
applications and in replacement of older genera-
tion automated sorting systems currently in use.
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NITON XL-309 DUAL

DETECTOR LEAD PAINT

ANALYZER
NITON CORPORATION

BEDFORD, MASSACHUSETTS

NITON Corporation, through the support of EPA’s
SBIR Program, has developed and commercial-
ized a unique instrument to detect lead in paint
that solves the problems encountered with exist-
ing x-ray fluorescent analyzers. The NITON XL-
309 Dual Detector produces rapid, accurate
measurements of lead in paint, independent of the
composition, thickness, and substrate (e.g., wall-
board, wood, brick) of the paint. The instrument
can detect and measure lead even when the lead
is below the surface.  The NITON Detector is com-
pact, lightweight, and battery operated. It is faster
than other analyzers; small enough to fit into wood-
work, window wells, pipes, and valves; and has
the lowest cost per measurement in the industry.

Lead in paint has been associated with a number
of environmental and health risks. Exposure of
pregnant women to lead can result in premature
birth, low birth weight, or abortion. Lead exposure
in infants and young children may lead to de-
creased intelligence scores, decelerated growth,
and hearing problems. Also, exposure of adults
and children to high levels of lead may cause
brain and kidney damage. The Residential Lead-
Based Paint Hazard Reduction Act directed the
Department of Housing and Urban Development
(HUD), the Occupational Safety and Health Ad-
ministration (OSHA), and the EPA to establish a

coordinated effort to eliminate lead hazards, in-
cluding the elimination of lead-based poisoning
hazards in federally owned or subsidized housing
built before 1978. NITON's device will help detect
and subsequently eliminate the health risks asso-
ciated with lead-based paint.

Historically, accurate measurements of the con-
centrations of lead in paint have been difficult to
obtain because readings from existing analyzers
were strongly dependent on the composition and
thickness of the substrate. All existing x-ray fluo-
rescence detectors determine the lead concentra-
tion by measuring lead x-rays excited by a cobalt
source, which is very difficult to shield from exter-
nal radiation.  The NITON Detector uses a cad-
mium source to enter the lead paint, and the
instrument is able to measure the concentration of
lead in paint even when covered by layers of
nonlead paint of unknown thickness and composi-
tion. The NITON method eliminates substrate
problems because the background x-rays are far
removed and so low that the method is free from
the problem of “read-through” (i.e., the measure-
ment of an elevated lead concentration due to the
fluorescing of lead on a surface different from the
one being examined).  Read-through is a common
problem with lead measurements of doors and
window sashes that are painted on both sides be-
cause the high-energy radiations penetrate the
wood.

The NITON instrument is able to identify lead bur-
ied beneath 15 or more coats of nonlead paint by
combining two complementary measures of the
lead concentration in paint: (1) NITON’s patented
silicon diode technique that is independent of sub-
strate and read-through, and (2) a cadmium-zinc-
telluride diode that is independent of paint

thickness or paint layering. Combining the
strengths and weaknesses of each of the two
methods makes the NITON XL-309 instrument an
ideal lead detector.

The EPA SBIR funding helped NITON develop and
commercialize the XL-309 Dual Detector. It was
introduced to the market in October 1996, at
LEAD TECH, the annual convention on lead miti-
gation. In the 2 months following the convention,
NITON received more than 70 orders for the XL-
309. NITON estimated that sales in 1997 of the
XL-309 Dual Detector were three times that of the
single detector units sold in 1995.

NITON’s XL-309 Dual Detector Lead Paint Analyzer gives a fast
accurate reading for the first time on deeply buried lead paint,
with no read-through. It is well suited for measuring low
levels of lead (i.e., 0.1 to 2.0 mg/cm2).
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NITON has developed and successfully commer-
cialized the NITON XL-309 Dual Detector that pro-
duces accurate measurements of lead in paint
independent of the composition, thickness, and
substrate of the paint.

The NITON XL-309 will help detect and subse-
quently eliminate the health risks associated with
lead-based paint.

In 3 seconds or less, the XL-309 gives a positive
HUD action-level reading on paint with a lead con-
centration of more than 2.0 mg/cm2 within 95 per-
cent confidence; in 10 seconds or less, it will give
a negative HUD reading, with 95 percent confi-
dence, where no lead is present.

Within 2 months of introducing the XL-309 to the
market, more than 70 detectors had been ordered.
NITON reported that sales in 1997 were three times
that of the single detector units sold in 1995.

NITON’s XL-309 Dual Detector Lead Paint Analyzer fits in window wells, mullions, and
decorative molding with a 1 cm x 2 cm window located at the front edge of the XL.

In recognition of its technological
innovation, NITON was a finalist for
the 1994 Discovery Award and re-
ceived the prestigious R&D 100
Award in 1995.  NITON also received
the Lead Tech Product of the Year
Award in 1995.
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ELECTROLYTIC

REGENERATION OF ACID

CUPRIC CHLORIDE

PRINTED CIRCUIT BOARD

ETCHANT
OXLEY RESEARCH, INC.
NEW HAVEN, CONNECTICUT

The online electrolytic regeneration process devel-
oped by Oxley Research, with funding from EPA’s
SBIR Program, restores acid cupric chloride etch-
ant used in printed circuit (PC) board production
without the use of oxidizing chemicals and without
producing excess etchant. In many plants, the
spent etchant is the largest waste stream gener-
ated. Printed circuit board fabricators in the United
States currently dispose of approximately 15 mil-
lion gallons of excess cupric chloride etchant
each year, and that amount is growing at a rate
of 12-15 percent annually. The spent etchant is
stored in drums and shipped offsite for reclama-
tion; however, transportation of the spent etchant
and its ultimate disposition may pose environmen-
tal risks and result in increased liability for the
manufacturing facility. In addition to eliminating
the use of chemical oxidizers and reducing pur-
chases of chemicals to regenerate etchant, Oxley
Research's technology allows fabricators to avoid
the transportation, reclamation, and disposal
costs as well as the potential liability associated
with chemical regeneration and excess and spent
etchant disposal. It also offers the added cost
benefit resulting from the direct sale of the copper

plated out from the etchant. Oxley Research esti-
mates a cost savings of over $100,000 per year
and a payback period of less than 2 years, follow-
ing installation of the regeneration equipment.

Acid cupric chloride etchant (CuCl2/HCl) is used
for more than 50 percent of PC board production
worldwide. Currently, most PC board fabricators
regenerate their etchant solutions chemically, us-
ing oxidizers such as chlorine and hydrogen per-

oxide that reoxidize cuprous chloride back to cu-
pric chloride. This produces an increase in etchant
inventory because the copper etched off the boards
is converted to cupric chloride solution.

During the development of its electrolytic regen-
eration technology, Oxley Research had to over-
come two major obstacles to develop an efficient
process for regeneration of acid cupric chloride
etchant. These obstacles included:  (1) the large

Preprototype-scale acid
cupric chloride regenerator
system developed by
Oxley Research, Inc.
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Oxley Research has developed an electrolytic regeneration
process that restores acid cupric chloride etchant solutions
used in printed circuit board production without the need for
chemicals and without producing excess etchant.

Oxley’s process eliminates the health and environmental
risks associated with chemical regeneration of etchant as
well as the transportation and disposal of spent and excess
etchant.

This process allows fabricators to avoid the transportation,
chemical, and other costs associated with chemical regen-
eration and excess etchant disposal; another cost benefit
results from the direct sale of the copper plated out from the
etchant.

Oxley’s regenerator cost analysis indicates that at high-end
use rates, payback would be less than 2 years.

Oxley’s marketing goal is to capture one-half of the U.S. mar-
ket, which is estimated to be approximately 310 to 450 regen-
erators, over a 10-year period.

difference in concentrations of cupric and cuprous
chloride in the etching solution, and (2) the inher-
ent tendency for copper to plate dendritically
from acid cupric chloride solutions. By solving
these challenges, Oxley’s process  led to copper
that has both high purity and a substantially better
resale value than the dendritic sludges produced
by competitive processes. Oxley Research ob-
tained two U.S. patents for its process in 1995
and 1998, respectively.

The goal of the SBIR project was to design, fabri-
cate, and test an engineering prototype of Oxley’s
regenerator process. Based on feedback from PC
board equipment fabricators and users, Oxley de-
termined that the prototype should be a 2.5 kg/hr
size unit (approximately one-half commercial
size). Oxley’s strategy was to partner with an
equipment manufacturer that would provide funds
for construction and testing of the prototype in
consideration of licensing rights. Oxley Research
currently is working with a company that has
agreed to fund construction and testing of the pro-
totype system as well as provide funding for filing
patents for the process in several East Asian
countries.

Cost benefits from Oxley’s electrolytic regenera-
tion technology will accrue from the following two
sources: (1) avoidance of the transportation,
chemical, and other costs associated with chemi-
cal regeneration and excess etchant disposal;
and (2) a direct credit resulting from the sale of
copper. Oxley’s regenerator cost analysis indi-
cates that at high-end use rates, payback would
be less than 2 years. Oxley’s marketing goal is to
capture one-half of the U.S. market over a 10-year
period, which translates to sales of 31 to 45 sys-
tems (6 kg/hr size modules) each year.
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sions, it is capable of achieving an 80 percent re-
duction in emissions of hydrocarbons and carbon
monoxide, and a 50 percent reduction of nitrogen
oxide emissions compared to a conventional cata-
lytic converter alone.

PCI’s Microlith® catalytic converter includes novel
substrate geometry, which offers high mass and
heat transfer, together with a complementary coat-
ing system. The resulting reactor is small and
lightweight and exhibits ultra-rapid thermal response.
The improved mass transfer provides high conver-
sion efficiency, allowing substantial reduction in
converter volume, weight, and the amount of pre-
cious metal required. The high heat transfer and
lower weight of the substrate provide very rapid
thermal response, reaching inlet gas temperatures
within a second.

As a lightoff converter, or preconverter, used in
conjunction with a conventional main converter,
Microlith® offers the potential for achieving Ultra
Low Emission Vehicle (ULEV) performance using
a device one-fourth the volume of conventional
advanced technology lightoff converters with much
less precious metal. PCI also has developed a
smaller, less expensive lightoff converter that
achieves Low Emission Vehicle (LEV) perfor-
mance. Compared to current vehicles, the lower
emissions achievable with a Microlith® lightoff con-
verter allow passenger cars and light duty trucks
to operate with greater than 80 percent reduction
of hydrocarbons and carbon monoxide, and 50
percent reduction of nitrogen oxide emissions.
The effectiveness and durability of the Microlith®

have been demonstrated in prototype tests con-
ducted at the Ford Motor Company (successfully
demonstrated ULEV emissions from an Escort),
other major auto manufacturers, and automotive

suppliers. Comparative laboratory tests between
conventional ceramic monolith and Microlith® sub-
strates have shown that with a 20-fold reduction in
converter volume, the Microlith® substrate delivers
equivalent mass transfer-limited conversion. The
Microlith® catalytic converter also reaches 350º in
less than 1/20th the time required for a conven-
tional monolith.

Award of the EPA SBIR contract helped PCI at-
tract substantial industrial investment that has ad-
vanced the Microlith® technology along the path of
large-scale production. Because commercializa-
tion of a technological innovation in the automo-
tive industry typically requires many years and
millions of dollars, PCI has focused its efforts on
tailoring the technology for specific product appli-
cation, manufacturing process development, and
provision of high-quality samples for testing to po-
tential customers and partners. The United States
and Western Europe lightoff converter market is
estimated at $2 billion and 40 million units annu-
ally. PCI’s commercialization plan includes a
joint venture with one or more established automo-

MICROLITH® FAST

LIGHTOFF CATALYTIC

CONVERTERS
PRECISION COMBUSTION, INC.
NEW HAVEN, CONNECTICUT

Through EPA’s SBIR Program, Precision Combus-
tion, Inc., (PCI) has developed the Microlith® Fast
Lightoff Catalytic Converter that offers an economi-
cal approach to significantly reduce automotive com-
bustion emissions. Motor vehicles are responsible
for up to half of the smog-forming VOCs and nitro-
gen oxides as well as 50 percent of the hazardous
air pollutants in the United States. In addition, mo-
tor vehicles release up to 90 percent of the carbon
monoxide found in urban air. VOCs, carbon mon-
oxide, and nitrogen oxides are regulated by the
Clean Air Act as criteria air pollutants. Hydrocar-
bon emissions are regulated as hazardous air pol-
lutants under the Clean Air Act.

As automotive emissions in the United States be-
come more strictly enforced, there is the need for
technological innovation to reduce emissions lev-
els. Current technology for auto emissions control
consists of ceramic-based catalytic converters in
the exhaust system. Although these catalytic con-
verters are 95 percent effective once they reach op-
erating temperature (after "lightoff"), they are
ineffective during the first 1 to 2 minutes following
engine startup. As a result, approximately 80 per-
cent of automotive hydrocarbon and carbon mon-
oxide emissions are released during the initial
period of a typical drive. Because PCI's Microlith®

preconverter helps control these startup emis-
On the left is PCI’s automotive Microlith® converter and
main converter assembled in an integrated can.  To the
right is a model of a stand-alone Microlith® automotive
preconverter.
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PCI has developed the Microlith® Fast Lightoff
Catalytic Converter that when used in conjunction
with a conventional main converter is capable of
achieving a greater than 80 percent reduction in
emissions of hydrocarbons and carbon monoxide,
and a 50 percent reduction of nitrogen oxide emis-
sions.  The Microlith® is substantially smaller in
volume and weight than conventional converters
and requires considerably less precious metal.

The effectiveness and durability of the Microlith®

preconverter have been demonstrated in proto-
type tests at the Ford Motor Company and other
auto manufacturers.

The EPA SBIR award helped PCI attract substantial
industrial investment—$8 for every $1 of EPA SBIR
funding.

PCI’s commercialization plan includes a partner-
ship with one or more established automotive ex-
haust component suppliers with the mission of
achieving a major market share; by the year 2005,
PCI projects that sales for the Microlith® will be
significant.One of the advantages of PCI’s Microlith® preconverter is its small

size, which allows design flexibility in mounting and positioning.
Two positions are shown above.

tive exhaust component suppliers with the
mission of achieving a major market share in
the automotive sector. PCI has seven issued
patents on this technology and others pend-
ing. PCI already has received investment for
spinoff applications (e.g., industrial fume
abatement, clean burners, etc.) from private
industry as well as the National Aeronautics
and Space Administration (NASA) and the
U.S. Air Force.

In recognition of its significant achievement
in developing the Microlith® and other innova-
tive environmental technologies, PCI received
EPA’s prestigious Environmental Technology
Innovator Award in March 1998. Later that year,
PCI also was selected as a recipient of the
Tibbetts Award and was named as a member of
the Connecticut “Fast Fifty,” in recognition of its
status as one of the fastest growing technology
companies in that state.
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ENVIRONMENTALLY

BENIGN OIL ABSORBENT
SEA SWEEP, INC.
DENVER, COLORADO

Sea Sweep, Inc., with funding provided by EPA’s
SBIR Program, has developed and commercial-
ized an innovative absorbent called Sea Sweep®

that functions both on land and water to absorb
spilled oil and chemicals. The absorbent is made
using a patented process that involves heating
sawdust to a temperature at which the oil-like
pyrolysis products render it very attractive to oil
(oleophylic), but so repellent to water (hydropho-
bic), that it floats for many days. It absorbs the oil
or chemical immediately upon contact, and will
float indefinitely in water, preventing environmental
damage to marine life and bird species. SeaSweep®

can absorb up to four times its weight in oils and
chemicals in less than 1 minute and it will not
leech. Nonsaturated Sea Sweep® is nontoxic, bio-
degradable, and harmless to microorganisms and
wildlife.

There are many absorbents on the market that
attract oil and chemicals to their surface, but re-
lease them easily (leach), like a mop. Sea Sweep’s
absorbent is unique in that oils or chemicals are
taken into the interior of the particles (an absor-
bent), like the action of a sponge, where the oil
and chemicals are held and do not leach. Sea
Sweep® absorbs spilled oils and chemicals, and it
is easily retrieved from spill sites, which helps pre-
vent damage to shorelines and beaches. In addi-
tion, Sea Sweep® helps bacteria attack the spilled
oil or chemical.

SBIR funding enabled Sea Sweep to evaluate the
performance of the new absorbent using various
types of sawdust to determine which is most ef-
fective for absorbing oils and chemicals. Sea
Sweep found that softwood sawdust is optimal in
performance, availability, and cost. The tests also
demonstrated that Sea Sweep® absorbs almost
all chemicals, including antifreeze and some
strong acids.

In 1993, the Sea Sweep products were selected
by R&D Magazine as one of the 100 most techno-
logically significant new products of the year. At
the Clean Seas ‘93 International Conference, Sea
Sweep was the only commercial company to be
awarded a gold medal “for its praiseworthy efforts
in conjunction with the preservation of a Clean
Marine Environment.” In 1997, Sea Sweep, Inc.,
received a Gold Medal from the United States
Defense Supply Center identifying Sea Sweep®

as one of the Center’s “Best Value” products.

Oil spills from vessels and facilities (both onshore
and offshore) are regulated by the Clean Water
Act. Sea Sweep® has been recognized by the
EPA in the National Contingency Plan for use in
recovering oil spills in U.S. navigable waters. Sea
Sweep® also is a listed product on the U.S. Coast
Guard National Strike Force Response Resources
Inventory. In addition, Sea Sweep’s absorbent is
licensed by the California State Water Control
Board as an oil spill cleanup agent for use in
California marine waters.

Internationally, Sea Sweep’s absorbent has re-
ceived approval for use by the United Kingdom
River Authority, Thames Region; the Greek Minis-
try of Merchant Navy, Directorate of Marine Envi-
ronment Protection and Ministry of Industry, Energy,
and Technology; the Chilean Oceanographic Insti-
tute and the Chilean Navy; the Ministry of the En-
vironment in Malta; and the Argentina Coast Guard.
Sea Sweep® also has received an LR-type approval

Sea Sweep® is used
around the world to
clean up oil spills of all
sizes and can be
recycled as a
petroleum product.
Here, William Mobek
prepares a
demonstration in
Indonesia.
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Sea Sweep, Inc., has developed an innovative absorbent
that functions both on land and water to absorb spilled
oils and chemicals.

Nonsaturated Sea Sweep® is nontoxic, biodegradable, and
harmless to microorganisms and wildlife.  It is capable of
absorbing up to four times its weight of oils and chemicals
in less than 1 minute and it will not leach.  Sea Sweep®

also floats indefinitely making it easy to collect with
screens or skimmers.

In 1993, Sea Sweep® was selected by R&D Magazine as
one of the 100 most technologically significant new prod-
ucts of the year.

Sea Sweep is licensed by the State of California and has
been recognized by the U.S. EPA as an oil spill cleanup
agent.  It also is a listed product on the U.S. Coast Guard
National Strike Force Response Resources Inventory.

from Lloyds Register of Ship-
ping in London; it is the only
spill absorbent to hold this dis-
tinction.

Sea Sweep® currently is mar-
keted in the United States, Eu-
rope, South America, Australia,
New Zealand, Japan, Indonesia,
and the Persian Gulf.
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ited on the surface of the plastic film, then passed
in front of an electron beam where the monomer is
rapidly and completely polymerized. The function-
alized film then is ready for printing, labeling, or
other processing.

Sigma Technologies also has developed radiation-
curable, acrylate monomers that either repel or
attract water. Monomer blends can be tailored to
meet the specific surface energy requirements of
the client.

Sigma Technologies International, Inc., with fund-
ing from EPA’s SBIR Program, has developed
inexpensive, high-speed, inline technology and
equipment for treatment (i.e., functionalization)
of film surfaces to promote adhesion of solvent-
less and aqueous-based inks. This new technol-
ogy offers the environmental benefit of reducing
the dependence of the packaging film printing in-
dustry on solvent-based inks.

Use of solvent-based inks results in the release
of VOCs (particularly toluene) to the atmosphere.
Toluene has been near the top of the Toxic Re-
lease Inventory list in recent years, with tens of
millions of pounds released annually. Solvent-
based inks are responsible for approximately 50
percent (by weight) of the VOCs emissions from
a typical printer, and VOCs are regulated as crite-
ria air pollutants under the Clean Air Act. Sigma
Technologies’ surface functionalization technology
provides packaging film industry printers and con-
verters with a pollution prevention alternative to the
use of solvent-based inks. Use of this technology
will eliminate the release of VOCs associated with
the use of solvent-based inks. It also eliminates
the need to dispose of waste solvent-based inks
as hazardous wastes.

Surface functionalization is achieved by an appro-
priate combination of plasma treatment and thin

SURFACE FUNCTIONALIZATION OF PACKAGING FILMS

TO PROMOTE ADHESION OF AQUEOUS-BASED INKS
SIGMA TECHNOLOGIES INTERNATIONAL, INC.
TUCSON, ARIZONA

(submicron) acrylate coating within a vacuum envi-
ronment. Functionalization is performed inline at
high speed using Sigma Technologies’ proprietary
equipment. The process begins with plasma treat-
ment of one surface of the plastic film using a
moderate energy flux with a suitable gas mixture.
As the plastic film continues through the web pro-
cessing machinery, it can be metalized and
coated or coated directly with a very thin layer of
an acrylate-based monomer that is 100 percent
active (i.e., no solvents). The monomer is depos-

Sigma Technologies has
developed an innovative
technology for functional-
ization of film surfaces to
promote adhesion of solvent-
less and aqueous-based inks.
This is the vacuum chamber
in which most of the surface
functionalization experiments
are performed.
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Sigma Technologies has developed inexpensive, high-
speed, inline technology and equipment for surface
functionalization of plastic film that promotes adhesion
of aqueous-based and solventless inks.

The technology eliminates the use of solvent-based
inks by packaging film printers, preventing the release
of VOCs to the atmosphere as well as the need to dis-
pose of waste solvent-based inks as hazardous
wastes.

Functionalization of packaging films increases the
metal “sticking coefficient” for metalized plastic pack-
aging film, reducing the amount of metal wasted and
the resulting disposal costs.

EPA SBIR funding helped Sigma Technologies obtain
R&D commitments from major players in the packag-
ing film industry to accelerate commercialization of
this technology.

The acrylate coating technology can be tailored to
provide almost any surface energy desired on a plas-
tic film substrate.

In addition to eliminating the use of solvent-based
inks, Sigma Technologies’ surface functionaliza-
tion process is more efficient for clients who met-
alize plastic packaging film following plasma
treatment. Functionalization of packaging films
increases the “sticking coefficient” for the metal in
comparison to untreated film. That is, the percent-
age of the evaporated metal that condenses and
adheres to the surface of the film is a little higher
for films that have been plasma treated. More effi-
cient metal deposition means less metal is
wasted, and waste disposal costs are reduced.

EPA SBIR funding was pivotal to the success of
Sigma Technologies’ commercialization efforts.
The Phase I project helped compile credible data
and important findings, which resulted in R&D
commitments from clients who are major players
in the packaging film industry to run concurrently
with the Phase II EPA SBIR effort. The SBIR fund-
ing, combined with the private sector efforts, helped
Sigma Technologies to overcome technical and
financial obstacles during Phase II and to achieve
successful commercialization of their equipment
design and technology concept.
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RP-1 POLYMER

IDENTIFICATION SYSTEM

FOR SORTING PLASTICS
SPECTRACODE, INC.
WEST LAFAYETTE, IN

SpectraCode, Inc., was awarded an EPA SBIR
contract to develop the RP-1 Polymer Identifica-
tion System, a laser-based device that will enable
recyclers to easily identify and sort a wide range
of plastics. The current technology for identifying
dismantled plastic materials is slow and depen-
dent on operator accuracy. SpectraCode’s RP-1
is a new spectroscopic device that is capable of
identifying the chemical composition of plastic
parts at rates that could ultimately exceed 100
pieces per second (500 tons per day).

A number of industries are making advances to
bring plastic products with high recycle content to
market. To succeed, these initiatives need a reli-
able stream of recovered plastic feedstock. Poly-
mers of different composition are incompatible
when melted together. Therefore, cost-effective
methods to sort plastics by individual polymer are
needed. Because the RP-1 reduces the cost of
plastics recycling and improves the purity of re-
covered product streams, it will help facilitate the
recycling of billions of pounds of plastics that are
being landfilled or incinerated every year due to
the lack of accurate separation that is needed to
avoid cross contamination during collection. This

technology supports EPA's goal to reduce the
quantity of waste requiring disposal.

The RP-1 system is an industry-ready device for
the manual, point-and-shoot identification of plas-
tic components, feedstocks, and plastic scrap.
The RP-1 device consists of a hand-held probe,
which looks like a hair dryer, connected to a mo-
bile console. The probe illuminates a solid object
with a laser and collects the light scattered from
the sample, much like a bar-code scanner. The
device uses the principle of Raman spectroscopy
to read the information encoded in the molecular
structure of the plastic itself and thereby identify
its chemical composition. When a part is illumi-
nated with the laser output of the probe, it causes
the sample’s molecules to vibrate. The vibrations
in turn cause the light to scatter in a pattern that
is specific for each type of plastic. The scattered
light is recorded and analyzed by a computer,

which displays the result on a color monitor lo-
cated on the console. The entire identification
cycle requires less than 1 second. By eliminating
the need to locate and read resin identification
codes, a single RP-1 system could increase a
worker’s rate of manual sorting by more than a
factor of four.

The instrument is simple to use because it has no
moving parts and it does not require precleaning,
processing, or precise positioning of the plastic
waste material. The RP-1 uses SuperFocal imag-
ing of the scattered light from the plastic waste to
provide an unsurpassed depth of field (5 mm) that
eliminates the need for precise sample alignment.
Applications for which the RP-1 was designed in-
clude the screening of production and packaging
waste and the identification and sorting of com-
mercial and post-consumer plastic waste in com-
munity recycling centers and transfer stations.

SpectraCode’s RP-1 system is being used to
identify the plastic backing on an automo-
bile headlight.  This technology can identify
plastics so they can be sorted for recycling,
including plastics that currently are
impossible or difficult to sort.
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SpectraCode has successfully developed and commer-
cialized the RP-1, a laser-based device that is capable of
identifying the chemical composition of plastic parts at
rates that could exceed 100 pieces per second (500 tons
per day).

The RP-1 device will help facilitate the recycling of
billions of pounds of plastics that are being landfilled
or incinerated every year. It supports EPA’s goal to
reduce the quantity of wastes requiring disposal.

The RP-1 system has added value to plastic recycling
processes by reducing manpower costs and improv-
ing the purity of recovered product streams.

SpectraCode’s RP-1 currently is used for automotive
component recycling and is slated for introduction as a
new-parts process-control diagnostic by a major manu-
facturer of injection-molded plastic components.

In 1998, R&D Magazine selected SpectraCode’s device
as one of the year’s 100 most technologically significant
products.

The RP-1 device can be used to sort a wide range
of plastics. For example, it can be used to sort
plastic components in cars, synthetic fiber resins
in carpets, and a number of plastics used in the
building and construction industry. It also can be
used to sort plastic films such as those found in
dry cleaning bags, shrink wrap, and packaging
material. Only a small fraction of these materials
currently are recycled, primarily because of the
difficulties identifying and separating the various
types of plastics. With simple user modification,
SpectraCode’s device can be used for manual
process control as a probe for feedstock identity
and purity.

SpectraCode has installed RP-1 systems at two
large-scale recycle facilities and in the Detroit Ve-
hicle Recycling Development Center, a joint re-
search facility of General Motors, Ford, and
Chrysler. Ford Motor Company’s automotive
component operations, now known as Visteon,
has supported development of the RP-1 and is
using the product in its recycling efforts. About 75
percent of the typical Ford vehicle is recyclable at
the end of its working life and the company be-
lieves that the RP-1 device will help increase that
percentage in the future. SpectraCode is market-
ing the RP-1 to other automobile manufacturers
and large-scale recyclers as well as plastic mold-
ers and resin formulators that can use the diag-
nostic capabilities of the RP-1 for process control.

In recognition of SpectraCode’s technological
achievement, the RP-1 device was named one of
the 100 most technologically significant products
and processes of 1998 by R&D Magazine.
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SELENIUM REMOVAL FROM

REFINERY WASTEWATERS
TDA RESEARCH, INC.
WHEAT RIDGE, COLORADO

TDA Research, Inc. (TDA), with funding provided
by EPA’s SBIR Program, has developed and com-
mercialized a process for the effective removal of
selenium from petroleum refinery wastewaters.
According to the Toxic Release Inventory, selenium
releases to land and water totaled over 1 million
pounds from 1987 to 1993. Petroleum refinery
wastewaters are among the largest sources of se-
lenium-contaminated waters in the San Francisco
Bay area because of the types of crude oil pro-
cessed in these refineries. Portions of the San
Francisco Bay estuary have been classified by
the EPA as impaired due to the presence of sele-
nium and its toxic effects on waterfowl. Selenium
is known to accumulate in living tissues and can
cause human health effects at exposures above
the Maximum Contaminant Level of 0.05 ppm. As
a result, the San Francisco Bay Regional Water
Quality Control Board has set the selenium dis-
charge limit for petroleum refineries to 0.05 ppm.
Conventional iron co-precipitation has been used
on the end-of-pipe combined biotreated refinery
effluent (which has not been effective in meeting
this limit). One of the primary sources of sele-
nium in refinery wastewaters is from sour water
streams. TDA’s process was developed specifi-
cally for the treatment of petroleum refinery
stripped sour water prior to its combining with
other wastewater streams in the biological treat-
ment system. Annual operating costs for TDA’s
process are about the same as co-precipitation;

however, TDA’s technology realizes a savings in
capital costs of approximately 85-90 percent and
generates 1/100 the waste of conventional iron co-
precipitation.

The oxidation state of selenium depends on the
particular refinery process stream and ranges from
the reduced selenocyanate in stripped sour water
streams to the oxidized selenite and selenate in
the combined biotreated effluent. This poses a
particular problem in removing selenium from refin-
ery wastewaters because the efficacy of the treat-
ment process is highly dependent on the
oxidation state of selenium. Although conven-
tional iron co-precipitation is 80-90 percent effec-
tive on selenite, it is ineffective on selenocyanate
and selenate.

Selenium Recovery

Spent Chelant
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Se=17 lb/day
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pH = 5.0
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TDA’s process to remove selenium from stripped
sour water addresses these limitations of current
technology. The process involves mixing the stripped
sour water with an organic soluble chelant that is
highly selective for selenocyanate. The chelant
binds the selenium and removes it to the organic
phase, where it can be recovered by conventional
oil recovery techniques. The selenium-loaded or-
ganic chelant can be managed in a number of
ways including disposal in a liquid fuels disposal
program.

The economics of TDA’s process are competitive
with conventional iron co-precipitation approaches.
For example, a TDA system sized to treat a 250
gallon per minute (gpm) refinery stripped sour wa-
ter stream containing 6 ppm of selenium would

TDA Research’s extraction process effectively removes selenium from refinery stripped sour water, which is one of
the primary sources of selenium in refinery wastewaters.  The process involves mixing the stripped sour water with
an organic soluble chelant that is highly selective for selenocyanate.  The chelant binds the selenium and removes it
to the organic phase, where it can be recovered using conventional oil recovery techniques.
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cost less than $2.5 million in capital expenditure
and approximately $1 million in annual operating
costs. By comparison, due to its ineffectiveness
on selenocyanate, an iron co-precipitation pro-
cess at the end of the pipe would have to be sized
to treat a 1,500 gpm final biotreated effluent con-
taining 1 ppm of selenium. Such a system would
cost $15-25 million in capital expenditure and ap-
proximately $1 million in annual operating costs.

The real advantage of the TDA process is in the
reduced amount of waste generation that requires
final disposal. The iron co-precipitation process
would generate approximately 90 tons/day of
sludge that would need stabilization prior to dis-
posal in a California Class I hazardous waste
landfill. The TDA process, on the other hand,
would generate approximately 0.5 ton/day of a
spent liquid organic that could be managed in
many less expensive ways.

In 1997, TDA commercialized its technology for
the removal of selenium from refinery wastewaters.
This technology was implemented at a California
refinery where it was used to deal successfully with
a major spike in selenium discharge that would
have shut down the refinery within 3 days if it had
not been controlled.

TDA’s process effectively removes selenium from
petroleum refinery wastewaters, enabling refineries
in the San Francisco Bay area to comply with the
0.05 ppm selenium discharge limit established by
the San Francisco Regional Water Quality Control
Board.

TDA’s process can be implemented with an 85-90
percent savings on capital costs compared to con-
ventional iron co-precipitation.

TDA’s process significantly reduces the amount of
waste that requires final disposal. Iron co-precipita-
tion would generate about 90 tons/day of sludge
that would require stabilization prior to disposal in
a hazardous waste landfill. The TDA process would
generate only 0.5 ton/day of a spent liquid that
could be managed in many less expensive ways

TDA has installed this technology at one California
refinery and is actively marketing the process to
other petroleum refineries.
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he 1982 Small Business Innovation Develop-
ment Act created the SBIR Program to lever-
age the ingenuity and wealth of resources

available in small companies, and their ability to
transform research and development results into
new products. The Act noted that, while small
business is the principal source of significant
innovation in the United States, the vast majority of
federally funded R&D is conducted by large busi-
nesses, universities, and government laboratories.
According to a Bureau of the Census survey, small
firms receive only 11 percent of their R&D funds
from the federal government, as compared to the
26 percent received by large companies. The SBIR
Program is designed to redirect some of this fed-
eral funding to the small business community.

he basic purpose of the Act was to
strengthen the role of small enterprises in
federally funded R&D and thus help the

Nation develop a stronger base for technical inno-
vation and wider commercialization of the ideas
generated in the laboratories, research facilities,
and factory floors of small hi-tech companies.

gencies participating in the Program are
required to issue a solicitation that sets
the SBIR process in motion. The solicita-

tion lists and describes the research topics to be
addressed and invites companies to submit their
proposals for consideration. Each of the 10 federal
agencies participating in the SBIR Program issues
annual solicitations for Phase I and Phase II pro-

PA issues its Phase I solicitation once
each year. This solicitation, which is avail-
able electronically on the Internet and in

hardcopy by mail, identifies the relevant research
topics that should be addressed by companies
responding to the request for proposals. The pro-
posed research must address a single research
topic, or an important segment of a topic, de-
scribed in the EPA SBIR solicitation.

DISTRIBUTION OF EPA’S EXTRAMURAL

RESEARCH BUDGET

posals. Under Phase I of EPA’s SBIR Program,
small science and technology-based firms investi-
gate the scientific merit and technical feasibility of
the proposed technology. EPA awards firm-fixed-
price Phase I contracts of up to $70,000 and the
period of performance for these contracts is typi-
cally 6 months. Through this phased approach to
SBIR funding, EPA can determine whether the re-
search idea, often on high-risk advanced concepts,
is technically feasible, whether the firm can do
high-quality research, and whether sufficient
progress has been made to justify funding a larger
Phase II effort.

hase II contracts are limited to small busi-
nesses that have successfully completed
their Phase I contracts. The objective of

Phase II is to further develop the concept proven
feasible in Phase I and complete the R&D re-
quired to commercialize the technology or prod-
uct. Competitive awards are based on the results
of Phase I and the scientific and technical merit
and commercialization potential of the Phase II
proposal. Under Phase II, EPA can award con-
tracts of up to $295,000 and the period of perform-
ance is typically 2 years. Companies that receive
Phase II contracts can request additional funds
from EPA if they are able to leverage third-party
financial support to accelerate commercialization
during Phase II.

he EPA SBIR Program is funded by setting
aside 2.5 percent of the Agency’s extramu-
ral research budget each year. EPA’s SBIR

budget is approximately $8 million and the Agency
expects to award about 40-50 Phase I contracts
and 15-20 Phase II contracts every year.
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he annual EPA SBIR solicitation typically
includes the following research topic
areas:

DRINKING WATER TREATMENT

Development of innovative techniques for removing
organic and inorganic contaminants (e.g., ammo-
nium perchlorate, pesticides, arsenic, nitrate, sul-
fate), particulates, pathogens, and emerging
pathogens; removing pathogenic microorganisms;
removing or preventing disinfection byproduct pre-
cursors; controlling pathogens; maintaining water
quality between the treatment plant and user; and
managing residuals from drinking water treatment.

MUNICIPAL WASTEWATER TREATMENT, SEPTAGE,
AND BIOSOLIDS MANAGEMENT

Development of techniques and technologies to
improve existing municipal wastewater treatment
processes as well as treatment and management
of septage and sewage sludge, particularly those
that enhance the reliability, efficiency, and cost-
effectiveness of existing processes.

INDUSTRIAL WASTEWATER TREATMENT

Development of innovative methods to improve ex-
isting industrial wastewater processes, contain
and treat uncontrolled air and un-sewered waste-
water from animal waste, manage runoff from mine
wastes, treat drainage from abandoned factories
and coal mines, treat and dispose of liquid dye
baths from textile finishing operations, monitor
and treat bilge/ballast water within vessels, and
treat and recycle animal manure.

STORMWATER MANAGEMENT AND WET WEATHER

POLLUTION CONTROL

Development of innovative methods to treat and
control stormwater runoff, including cost-effective
technologies for preventing toxic pollutants from
entering storm or combined sewer/drainage sys-
tems, monitoring technologies and equipment to
measure the characteristics and impacts of wet
weather flows (WWF), and high-rate and high-effi-
ciency treatment technologies for existing and
new wastewater treatment plants.

REHABILITATION OF URBAN INFRASTRUCTURE

SYSTEMS

Development of innovative techniques to repair and
maintain water distribution and sewerage systems,
including new sewer materials and techniques for
sewer construction and maintenance; technolo-
gies to construct, maintain, and repair new and
existing urban utility and water distribution systems
infrastructure; and new pipe materials, relining
techniques, and innovative materials for water dis-
tribution systems.

PREVENTION AND CONTROL OF INDOOR AIR

POLLUTION

Development of methods to determine the nature
of indoor air emissions and how they contribute to
human exposure as well as cost-effective tools,
techniques, and technologies to prevent or reduce
individual exposure to indoor air pollutants. Areas
of interest include: methods to prevent biocontam-
inant growth in the indoor environment; techniques
to prevent/avoid dermal and/or ingestive exposure

to hazardous chemicals on surfaces in the indoor
environment; improved air cleaners that remove
volatile organic compounds and small particu-
lates; improved air filters for heating, ventilating,
and air conditioning systems; techniques for con-
ditioning outdoor ventilation air; and new products
that reduce availability of harmful contaminants in
the indoor environment.

PREVENTION AND CONTROL OF NOX, VOCS,
SO2, AND TOXIC AIR EMISSIONS

Development of innovative, cost-effective tech-
niques that prevent or control emissions of nitro-
gen oxides (NOX), fine particles, volatile organic
compounds (VOCs), sulfur dioxide, or toxic air
pollutants from stationary or mobile sources. Of
particular interest to EPA are approaches and
systems that can be used to control combinations
of these pollutants.

RECYCLING OF MUNICIPAL SOLID WASTE

Development of innovative methods for the collec-
tion, separation, and processing of recyclable ma-
terials into usable goods. Areas of interest
include: storage, collection, and transport of
recyclables from residences and commercial
locations; processes to separate recyclables
and to remove contaminants from recyclable
materials; onsite and en route processing of
recclables; technologies for improving quality con-
trol for recyclable materials; alternative/new uses
and products for recyclable materials; innovative
recycling of organics; and redesigning of products
to enhance their recyclability.
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TREATMENT, RECYCLING, AND DISPOSAL OF
HAZARDOUS AND NONHAZARDOUS SOLID

WASTES AND SEDIMENTS

Development of innovative approaches to manage
solid waste and sediments, including improved
treatment and disposal methods, innovative
techniques to prevent or detoxify wastes prior
to disposal, recovery and recycling techniques,
and methods for improved operation and control
of high-temperature waste combustion incinerators.

REMEDIATION OF CONTAMINATED SOIL,
SEDIMENTS, AND GROUNDWATER

Development of innovative, cost-effective methods
for the treatment or extraction of hazardous waste
contaminants, using physical, chemical, or bio-
logical techniques. Areas of interest include:
chemical detoxification; physical methods for sub-
surface mixing to enhance mobilization and mass
transfer; biotreatment methods; in situ treatment
of soils, sediments, and sludges; improved meth-
ods for treatment of heavy metals by reducing
their bioavailability in soils; approaches for detect-
ing, degrading, and removing dense nonaqueous
phase liquids (DNAPLs) from groundwater; and
improved nutrient and chemical reagent delivery
systems for biological or chemical methods.

POLLUTION PREVENTION AND CLEAN

TECHNOLOGIES

Development of innovative techniques to: (1) re-
duce the amount of hazardous substances or
pollutants entering any waste stream or otherwise
released to the environment prior to recycling,
treatment, or disposal; and (2) reduce the hazards
to public health and the environment associated
with such releases. Areas of interest include:
in-process recycling techniques, cost-effective

methods to separate useful materials from other
components in a process stream, new bulk mate-
rials and coatings with long life and reduced envi-
ronmental impact, improved sensor and multivariate
control of manufacturing equipment and systems
to reduce waste and emissions, and changes in
the composition of end products that facilitate
changes in the manufacturing process or use of
raw materials, or result in a reduced environmen-
tal impact from use and/or disposal.

ADVANCED MONITORING AND ANALYTICAL

TECHNOLOGIES

Development of more accurate, cost-effective
approaches to environmental monitoring and mea-
suring, including portable measurement tech-
nologies that can be used in the field, improved
measurement of microbial pathogens in drinking
water systems, improved measurement of disin-
fection byproducts, and devices to yield continu-
ous data in pollutant concentrations in environ-
mental media (including remote sensing devices).

TECHNOLOGIES AND ALTERNATIVES FOR OZONE-
DEPLETING COMPOUNDS

Development of safer alternatives to substances
that harm the stratospheric ozone layer, including
better and more efficient fire suppressants and
systems, more reliable fire detection methods,
alternatives to ozone-depleteing adhesives and
coating removers, and low-temperature refriger-
ants or alternative technologies.

GLOBAL CLIMATE CHANGE
Development of innovative methods to prevent and
control releases of greenhouse gas (GHG) emis-
sions such as methane, carbon dioxide, nitrous
oxide, hydrofluorocarbons, perfluorocarbons, and

sulfur hexafluoride. Areas of interest include: new,
environmentally safe chemicals and intelligent
controls to reduce GHG emissions; techniques to
reduce, detect, collect, and utilize waste methane;
improved instruments and methods to measure
GHG emissions; improved control of aluminum
production to reduce perfluorocarbon emissions;
improved processes for utilizing biomass or other
renewable energy sources; and new insulation
materials or processes to replace uses of sulfur
hexafluoride.

rom FY 1990 to FY 1998, EPA awarded 455
SBIR contracts to fund research and devel-
opment at small businesses across the

country. Of these 455 SBIR awards, 320 were
Phase I contracts totaling $18.7 million, and 135
were Phase II contracts totaling $24.6 million.
Some of the Program’s notable accomplishments
are described in the following paragraphs.

n ever-increasing number of SBIR partici-
pants are succeeding in commercializing
their new products and technologies. In
addition to the 17 technology success

stories described in this report, about 30 addi-
tional SBIR-developed technologies are expected
to be commercialized in the near future. This is
consistent with the results of studies conducted
by the Small Business Administration and the
General Accounting Office. These studies have
indicated that one in four SBIR participants com-
mercialize their technologies within 6 years of
receiving their Phase II SBIR awards. These
technologies have yielded millions of dollars in rev-
enue for small developers, with the added benefits
of creating jobs, stimulating economic growth, and
enhancing U.S. competitiveness in the environ-
mental technology industry.
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he innovative technologies and products
that have been developed with the assis-
tance of EPA’s SBIR Program are:

! Helping companies comply with increasingly
stringent emissions standards,

! Allowing firms to avoid the use
of toxic and hazardous materi-
als in production processes,

! Enabling companies to recover
and recycle materials for reuse,
and

! Providing companies the
option of selecting environ-
mentally friendly products.

PA’s SBIR awardees have
received a number of presti-
gious awards in recognition of

their innovation, accomplishments,
and contributions to society. These
awards include the R&D 100
Award, the Tibbitts Award, the
Discovery Award, Popular
Science’s Best of What’s New
Award, the Lead Tech Product of
the Year Award, the Governor’s
Award for Energy Efficiency, EPA’s
Outstanding Small Business En-
terprise Award, EPA’s Environmen-
tal Technology Innovator Award, the New
Englander Award, the Massachusetts Small Busi-
ness Innovation Research Award, and the Con-
necticut Technology “Fast Fifty” Award.

GEOGRAPHIC
DISTRIBUTION OF

EPA SBIR AWARDS
(FY1990-FY1998)

BY STATE

PA’s SBIR Program is highly competitive.
Due mainly to limited funds, only about 10
percent of the small businesses submitting

Phase I proposals to the Agency are awarded an
SBIR contract. From 1992 to 1997, 79 of 113 com-
panies awarded Phase I contracts were newcom-

ers to EPA’s SBIR Program. In 1998,
20 of 37 companies were new-
comers to the Program. Over the
past 6 years, an average of 87 per-
cent of the small companies receiv-
ing a Phase I award from EPA
submitted a Phase II proposal. Of
these companies submitting Phase
II proposals, an average of about 50
percent receive Phase II awards.

espite rigorous competition,
hundreds of small firms from
across the country have

been successful in winning SBIR contracts
from EPA. Companies in 36 different states
have received EPA SBIR awards since 1990,
with California, Massachusetts, and Colo-
rado receiving the largest number of Phase I
and Phase II awards. However, companies
from states with few or no SBIR awards
should not be discouraged. EPA has con-
ducted new outreach efforts aimed at those
states to encourage more small firms to par-
ticipate in the Agency’s SBIR Program.
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PROGRAM REPRESENTATIVES

Jim Gallup
Tel: (202) 564-6823
Fax: (202) 565-2447
Email: gallup.jim@epa.gov

Marshall Dick
Tel: (202) 564-6828
Fax: (202) 565-2447
Email: dick.marshall@epa.gov

Michael Bender
Tel: (202) 564-6829
Fax: (202) 565-2447
Email: bender.michael@epa.gov

Stephen A. Lingle
Director, Environmental Engineering
 Research Division
Tel: (202) 564-6820
Fax: (202) 565-2446
Email: lingle.stephen@epa.gov

The EPA SBIR Program is managed by the Environmental Engineering Research Division (EERD)
of the National Center for Environmental Research and Quality Assurance (NCERQA) within EPA’s
Office of Research and Development. For information on the Program, contact:

EPA SBIR SOLICITATIONS

NCERQA Web Site at
http://www.epa.gov/ncerqa (select Small Business)
or
EPA Helpline 1-800-490-9194
or
Contracts Management Division (MD-33)
U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

EPA SBIR PROJECT ABSTRACTS

NCERQA Web Site (abstracts for past 5 years) at
http://www.epa.gov/ncerqa (select Small Business)
or
FEDRIP (abstracts from 1982 to present)
Tel: (703) 487-4929

FOR INFORMATION ON SBA’S RESOURCES FOR

SBIR AWARDEES CONTACT:

U.S. Small Business Administration
Office of Technology
409 Third Street, SW
Washington, DC 20416
Tel: (202) 205-6450
http://www.sba.gov/SBIR/sbir.html

This report was prepared for the
Engineering Research Division of the
National Center for Environmental Research
and Quality Assurance (NCERQA)
under Contract No. 68-D7-0010.
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