
Looking at 
Pollution 
Control in a 
New Light 

esearchers from the National 
Renewable Energy Laboratory (NREL) 
and Sandia National Laboratories are 
shedding light on one of our most 

pressing societal problems: environmental 
pollution. Recognized natio 
leader in environmental 
photochemistry, the 
NREL/Sandia team has 
developed a pollution 
control technique- 
photocatalytic oxidation, 
or PCO-that uses the 
energy in light to destroy 
environmental contaminants. Applicable as 
both a waste clean-up and a pollution control 
technique, PCO could help thousands of busi- 
nesses comply with today's-and tomorrow's- 



Photocatalytic 
Oxidation: Cleansing Air 
and Water with light 
Energy 
Photons-the packets of energy 
that make up light-are abundant 
and can be precisely controlled. 
The photocatalytic oxidation (PCO) 
process harnesses photon energy 
to destroy many toxic organic com- 
pounds that are hazardous 
to human health and the 
environment. 

The key to PCO is the photocata- 
lyst, a chemical compound that 
becomes highly reactive when 
exposed to various wavelengths 
of light. In the presence of organic 
pollutants-such as solvents, 
alcohols, dyes, and fuel oils-the 
activated photocatalyst attacks 
the pollutants' chemical bonds, 
converting the toxic compounds 
into benign constituents such as 
water and carbon dioxide. 

Photochemistry is 
the Game 

The researchers at NREL and Sandia 
have unparalleled expertise in basic 
and applied photochemis~. The 
NREt/Sandia team, which comprises 
the resources of two national laboratories and mare than 30 scientists and engineers, is the notion's 
preeminent p h o ~ ~ e m i s ~ / p ~ o t o c a ~ t ~ c  research o~ganization. Through the innovative use of 
photochemis~y, photocatalysis, and solar energy, this team is helping American industry solve 
critical environmental problems. The team has a number of dedicated photochemis~ laboratory 
focilities-both indoor and outdoor. 

NREL and Sandia work co~labaratively with industrial and go~ernment partners, including environ- 
mental and solar firms, technology end users, and trade organizations. The team offers partners a 
range of capabilities, from basic research in chemical and kinetic ~ n d a m e n t a l ~  to treatobility analy- 
ses and pilot testing. Partnerships between outside parties and the NREl/Sandia team come in a 

variety of farms, including 
cooperative research and 
d~velopment agreements 
(CRADAsf , costshared subcon- 
tracts, and other collaborative 
arrangements. The work 
accomplished through these 
p a ~ e ~ h i p s  is given the 
highest level of proprietary 
protection. 

The PCO technique destroys ~ ~ 

pollutants in both air and water. 
Although system designs differ ~ 

depending on the pollution stream ~ 

being treated, the basic operating 
principles are the same. The photo- 
catalyst-typically titanium diox- 
ide (Ti02)-is coated on the inside 
of a reactor vessel. The reactor is 
exposed to ultraviolet light, either 
from electric lamps or from the sun. 
As the polluted stream circulates 
through the reactor, the pollutants 

, come in contact with the Ti02 and ~ 

are destroyed. Cleansed air or 
j' water exits the system. 
J 

! A Versatile and 
Economic Technique 
PCO is a technique for both pollu- 
tion control and environmental ~ 

remediation. NREL has successfully 
decontaminated polluted ground- 
water at a number of test sites 
including the Lawrence Livermore 
Superfund site in California where 
the groundwater contained 200 parts ~ 

per billion (ppb) trichloroethylene 
(TCE), a solvent that has become 
one of the most common ground- 
water contaminants in the United 
States. PCO reduced TCE levels to 
below 5 ppb-well within the 
drinking water standard set by the 
Environmental Protection Agency 
(EPA). 

~ 

A number of organizations includ- 
ing SEMATECH, the research ~ 

consortium of integrated circuit 
manufacturers, are testing PCO on 
organic-compound-containing air 
streams produced during manufac- 
turing processes. Other industries 
are applying PCO as a method to 
maintain indoor air quality and 
to disinfect drinking water. The 
U.S. Department of Defense is 
experimenting with PCO technol- 
ogy in two different projects: one is 1 
evaluating the technique's ability 
to decontaminate pinkwater, that 
is, water containing traces of the 

~ 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recorn- 
mendirtion, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



Pollutant Adsorbed pollutant 
adsorbs to breaks down 

~ surface under UV light 

1 
c0-ss25-8001801 

2oo 
500 ppm VOC -V- Incineration 

-6- Carbon adsorptior 
nmmDm* Biofiltration 
+ PCO (electric) 

500 5,000 
Flow rate (cfm) 

50,000 

Cost of air pollution control technology versus flow rate. Values are based on 
500 ppm of a hydrocarbon pollutant. (From: Turchi, C.S.; Wolfrum, E.; Miller, R. 
Gas-Phase Photocatalytic Oxidation: Cost Comparison with Other Air Pollution 
Control Technologies, NRELiTP-471-7014, National Renewable Energy Labora- 
tory, Golden, Colorado, 1994.) 

explosive TNT; the other is examin- ~ 

ing PCO to treat a variety of hazard- 
ous wastes and process pollution 
associated with military operations. 

K O ' s  versatility stems from its 
flexible operating characteristics. 
PCO is most effective on low- 
concentration and low-flow-rate 
waste streams, and it normally 
operates at-though is not limited 
to-ambient temperatures and pres- 
sures. Common chlorinated and 
oxygenated organic pollutants are 
highly susceptible to PCO and are 
destroyed without producing any 
NOx emissions. PCO systems are 
modular, portable, and ideally 
suited to the on-site waste treat- 
ment requirements of many small 
and mid-size businesses. 

PCO is cost competitive with tradi- 
tional techniques for treating air 
emissions contaminated by organic 
compounds (see graph below). The 
technique is particularly cost effec- 
tive for low-flow-rate streams that 
many newly regulated industries, 
such as dry cleaners, surface coat- 
ing shops, photo processors, and 
other manufacturers, are now re- 
quired to treat. 

~ 

Hit List 
The NREt/Sondia research team has shown 
that the photocatalytic oxidation (PCO) proc- 
ess can destroy the following compounds 
(the complete lisf of compounds susceptible 
to PCO is much more extensive): 

~hlorinated solven~-~i~hloraethylene, 

D Alcohols---ethanol, methanol 

w Ketones-ocetone, methylethylketone 

1 Aromatics-BTEX (benzene, toluene, 
ethy~enzene, xylenes) 

H y d r o c a ~ a n s ~ c ~ n e  

perchloroethylene 



of photochemistry-based technol- 
ogy-and its extensive laboratory 
capabilities-places it in the van- 
guard of photochemical environ- 
mental R&D. The team is uniquely 
qualified to solve real-world envi- 
ronmental problems with both 
basic and applied scientific and 
engineering studies and to assist 
companies in bringing new tech- 
nologies to the market place. 

For more information on solar 
environmental photochemistry and 
pollution control, contact: 

Carol E. Lyons 
National Renewable Energy 

Laboratory 
1617 Cole Boulevard 
Golden, CO 80401-3393 
Phone: (303) 384-7439 
Fax: (303) 384-7495 
E-mail: Carol-Lyons@NREL.gov 

Michael R. Prairie 
Mail Stop 0703 
National Solar Thermal Test Facility 
Sandia National Laboratories 
PO. Box 5800 
Albuquerque, NM 87185 
Phone: (505) 844-7823 
Fax: (505) 844-7786 
E-mail: MRPrair@Sandia.gov 

Research for Industry and the Nation 
The photochemistry research ongoing at NREL and Sandia is funded primarily by the US. Depart- 
ment of Energy's Office of Industrial Technologies {Oln. OlT is dedicated to increasing energy 
efficiency, preventing pollution, and improving p r o d u c ~ i ~  in American industry. 

OIT's Industries of the Future program promises to be an avenue by which PCO and other photo- 
chemical processes will penetrate the market. Industries of the Future brings together OIT and key 
materials and process industries to strengthen the position of these industries-economically and 
en~ronmentally-in the global market in the coming decades. The following list presents examples 
of the role PCO could play in this program. 

Petroleum refineries. PCO can destroy the BTEX contamina~on associated with petroleum opero- 
tions such as pipelines, underground storage tanks, tank vents, refineries, and gas stations. 

Chemicals. PCO will be tested on vola'rile organic compounds (VOC) emissions from curing 
operotions on adhesives and polymers. 

g Forest products. PCO can be applied to emissions from green wood and particle board drying, 
pulp mill odors, plywood and pressboard m a n u f a c ~ ~ n g ~  and unit operations in pulp and bleach 
mills. 

M Foundries. Recent legislation requires this indusky to reduce aromatic compound emissions, 
such as toluene and xylene, and the organic binders vaporized in the molding process; PCO may 
be an effective treatment for these emissions. ~ 

MI Aluminum. PCO may be effective in eliminating toxic components of the off-gas from dry 
__ scm b b i Q  system& 

~~ 

Steel. PCO could reduce tubricant contamination from cooling and wash water and may control 
VOC emissions from painting and melting processes. 

" "  

National Renewable Energy Laboratory 
1617 Cole Boulevard, Golden, CO 80401-3393 

The National Renewable Energy Laboratory is a DOE national laboratory. 
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I I.' .'- 
Left: International Technologies Corporation's gas-phase lamp PCO test reactor. Right: closeup of the reaction chamber. 

The Market 
The Supply Side 

The NREL/Sandia photochemistry 
research team is working with a 
diverse group of environmental 
remediation companies and poten- 
tial users of PCO. International 
Technologies Corporation (IT), one 
of the nation's leading firms for 
developing and marketing new pol- 
lution control technologies, is work- 
ing with NREL under a cooperative 
research and development agree- 
ment (CRADA) to develop commer- 
cial gas-phase PCO systems. IT 
anticipates having the first systems 
available commercially in early 
1996 through NEPCCO, an IT 
subsidiary. 

NREL and Sandia have numerous 
cost-shared research and develop- 
ment (R&D) agreements with other 
environmental remediation and 
waste management firms, chemical 
engineering companies, and 
pollution control equipment 
manufacturers. 

The Demand Side 

The NREL/Sandia team is also 
working closely with a number of 
industries for whom PCO may be 
the most cost-effective method for 
complying with recent or pending 
EPA regulations. The International 
Fabricare Institute-the industry 
association representing dry clean- 
ers-is working with NREL to 

determine if PCO can treat perchlo- 
roethylene or "perc," the primary 
solvent used in the dry cleaning 
process. The EPA has recently 
enacted strict perc emission stand- 
ards, and laboratory tests have 
shown that PCO destroys perc with 
an extremely high level of efficiency. ~ 

Other industries, such as baking 
and brewing industries that are 

The Industry Confleetion 
The fol~owing are just of few of the numerous industrial companies and o r g a n i ~ a ~ o n s ~ o ~  
fechnology suppliers and end users-that ore actively involved in the NREL/Sandia photochemistry 
research: 

rn !T ~ f f r ~ f f ~ f f ~ ~ f f /  Knoxville, Tennessee-Commercial gavphose renctors, environmental 

I ~ 5 ~ f f f ~ ~ e ~  € f f ~ i r u f f ~ e ~ ~ a ~  System, Markham, Ontario, Canado-Homogeneous photocatalysis 

I / f f ~ r ~ a ~ o ~ u ~  Fuhicure ~ ~ ~ ~ i ~ ~ e /  Silver Spring, Maryland-PCD for dry cleaning applications 

rn ~ f f ~ f f f f ~ K i n e ~ c  modeling of photochemical reactions 

I Solar Kinetics, kc., Dallas, Texas-Solar oqueou~phase PCO demonstration 

SAK, Golden, C a l o r a d ~ P h o t a ~ ~ ~  con tam in on^ destruction 

appli~a~ons 



facing new standards limiting 
ethanol emissions, are also looking 
at PCO to treat their emission 
streams. The potential applicability 
for PCO is enormous; many busi- 
nesses and manufacturers that 
produce waste streams containing 
organic compounds are potential 
beneficiaries of PCO. 

And PCO Is Just the 
Beginning ... 
NREL-in concert with industry 
and academia-is investigating a 
number of other technologies for 
managing or remediating environ- 
mental pollution. A solar-based 
process, in which intensely 
concentrated sunlight is used to 
combust pollutants extracted from 
contaminated soil, is currently 
being tested at the Sierra Army 
Depot in California. The team is 
also investigating a process that 
uses molten carbonate salts as a 
reactive medium for destroying 

Aqueous-phase PCO reactors-similar to the two laboratory designs shown 
here-are being field tested on contaminated groundwater and process water. 
Researchers are investigating this technology as a low-cost method for disinfecting 
drinking water. 

Close Ties to the Academic 
Research Community 

Researchers in academia are a crucial component of the p h o ~ c h e m ~ s ~  program at NREL and 
Sandia. The following list is a sample of the academic research funded by the PCO research program 
through subcontracts and research grants. 

I Arizona State University-~uidelines for improved titanium dioxide gasphase photocatalysts 

I Colorado School of Mines-Gas-phase kinetics 

North Carolina Stute Univer~ty-Halide~nhanced photocatalytic oxidation 

University of Colorado at ~Ou~der-Transient studies of gas-phase pho~ocataly~c oxidation; 
catalyst characten~a~on and i~~rovement 

University of Idaho-Combined p~otochemical and biological treatment of pinkwater 

University of New M e x i ~ o - ~ a ~ ~ c a l  method development for orgaflometallics 

I University of Texas at Ar[ington-Pha~acataly~c disinfection of water 

I University of Texas at Aus~n-Improved photocatalysts for woter treatment 

organic compounds containing - 

halides, nitrogen, sulfur, and 
phosphorus. 

In work derived from fundamental 
PCO studies, researchers are inves- - 
tigating disinfecting drinking water .- 
with an aqueous, solar-driven 
PCO system. Just as PCO destroys 
organic pollutants, it also attacks 
the organic exterior of the microbes 
and bacteria that contaminate 
water, effectively killing the organ- 
ism. A large market exists for this 
potentially cost-effective disinfec- 
tion method in developing coun- 
tries around the globe. Researchers 
are also investigating a bio-aerosol 
technique for destroying airborne 
pathogens in hospitals or other 
indoor environments and a solar- 
driven process for recovering dis- 
solved metals. 

The NREL/Sandia team’s in-depth 
work with both suppliers and users 

~ 

~ 

- 


