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Editorial: ORNL Could Be DOE Leader in Carbon Management

ore and more scientists agree that the world is experiencing a war Editor and writer—Carolyn Krause
ing trend. Scientists who once asked whether global warming is 0CCUlTiNGE NS ST 1o 8=1e [11o) Al ) =) (0] e 14} 212 114 he

are now trying to predict its effects. In tHeS. National Assessment 0 Editorial Board—Lee Riedinger (chair),
Potential Consequences of Climate Variability and Chamdech was officially
released to the public June 12, 2000, the U.S. government made its first thofo
assessment of the potential consequences to our nation of global warming. The,
port mentions steaming northern cities in the summer, eroding coastlines, increas
drought in some regions, changes in rain and snowfall patterns that could affect
availability of fresh water, and bumper crops in the heartland.
Will intensified global warming increase the variability in our weather patterns
and bring about longer droughts, bigger floods, and more violent storms? Will oce
levels rise enough to flood coastal states? Can these climatic impacts be dela
Researchers working in the field of carbon management are developing techno
gies and strategies to slow the growth in atmospheric levels of greenhouse gas
especially carbon dioxide (CJoin the hope of avoiding climate changes. Carbon
management is defined as “the full range of science and technology opportunit
/ (including policy options) to stabilize atmospheric @0ncentrations by decreas
W. FE. Harris ing the carbon-production potential of the energy system and by reducjren@o o .
sions, including the capture and sequestration of atmospheyn@@nodification Editorial office address:
of the carbon biogeochemical cycle.” Building 4500-South, M.S. 6149,
Researchers at Oak Ridge National Laboratory are studying three approaches to retarding the g Oak Ridge, TN 37831-2008
in atmospheric Cmissions from human activities (including burning forests to clear land for agriculSSEIESICIIENCED RTAT ALY
ture). One approach is to develop and implement energy-efficient technologies to decrease the need tQBUERAS R FErZRe 1k E
CO,-emitting fossil fuels. Another plan is to switch from fossil-fuel combustion to lower-carbon and caENEEE IR PEIRSE TR @I
bon-free fuels and technologies for power production. A third proposal is to capture carbon emissions fFOREINEEVIENAE R Tolo {155
energy production facilities and securely store, or sequester, the carbon in plants, geological format www.ornl.gov/ORNLReview/
and the oceans.
In this issue of th®RNL Reviewlike Farrell, director of the Global Environmental Studies Program
at ORNL and leader of ORNL's carbon management program, and other ORNL leaders discuss issueSon=IzEN NN o)1=l NIy Rig ERO 11 Lo
carbon management and the reasons why ORNL is well positioned to play a leading role in carbon man@ge=ii==1e) A\ (= (o= =10l Nl o V=1 16 (=)
ment research. This issue also features highlights on ORNL work in the carbon management field: energze aahial=H\Eile) =\ L={elalalle=1 N [aiie]gaat=1il0))
efficient appliances and cooling systems for buildings that reduce the need to burn coal; new waySHS=lao=HUFTBI= o=\ g1 g =1a 100 L OL0] a1 (= (o)
produce and detect hydrogen for use in fuel cells that make electricity; a design of a highly efficient| pOMWEERIEISH =16 o= 1o}/ HTor=To FESTo dlalei[=) [0 BAV/A
plant that combines a solid-oxide fuel cell with a gas turbine and incorporates ORNL's novel heat-exchangezl
and separation technologies; a new carbon capture and separation technique of great interest to indus

Fred Bertrand, Eli Greenbaum,

Russ Knapp, Reinhold Mann,

Stan Milora, Thomas Zacharia
Designer/lllustrator—Jane Parrott
lllustrator—Gail Sweeden
Photographers—Curtis Boles, J. W. Nave

The Oak Ridge National Laboratory
Reviewis published three times a year
and distributed to employees and others
associated with or interested in ORNL.

energy when harvested; sequestration of carbon in geological formations and in biologically active PORBES E =11 [o1=8 NEITe/y 18 B=1616) =\ (o) WAL
and improvement of degraded lands to make them store more carbon. managed by UT-Battelle, LLC, for the

We are studying methane hydrates in the ocean and Arctic permafrost because they hold a treme Separtment of Energy under contract
natural gas resource that could affect climate change favorably or adversely, depending on how the hydiIESINGT S lol6) oyl

even if all the greenhouse gas controls recommended at the Kyoto conference were implemented.
ORNL is also practicing carbon management in its operation ISSN 0048-1262

Oak Ridge National Laboratory is a
multiprogram, multipurpose laboratory
that conducts research in energy
production and end-use technologies;

wind turbines, and landfill gas.

Because of the range of expertise and experience at ORNL, we bel
we are well positioned to be a leading Department of Energy laborat
carbon management. As one of the four Battelle labs in the DOE sys : . . :
the others are the Brookhaven and Pacific Northwest national laboratories biological and environmental SCIENCE
and the National Renewable Energy Laboratory, we at ORNL are proud to be part of the Battelle-DOE kiSO A EEELIYECES
Carbon Management Network. We hope this issue dRéviewwill provide the world with a window on synthesis, processing, and
an important part of DOE’s research capabilities in carbon management. characterization; and the physical

sciences, including neutron-based
% science and technology.
/ﬁﬁ&&u/ , Associate Director for Energy and Engineering Sciences
;7/ 4W Associate Director for Biological and Environmental Sciences

J.W. Nave
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1ging Carbon:
's Research Roles

began studying how trees take carbon frofar power, hydrogen, and fuels

the atmosphere, incorporate it into their leaves jafiom biomass. As a result, ORNL
wood, and return it as carbon dioxide after thesesearchers have developed insula- 16¢
die. Ever since, studies of the global carbon cycln standards and more efficient re- ¥
have been under way at ORNL. frigerators and heat pumps (for cool-

In 1975, a former ORNL director and nucleaing homes and heating water) and
power enthusiast, Alvin Weinberg, met with a numhave led a program that could bring
ber of government officials. He reiterated the scietarge-scale production of biofuels from
tific concern expressed by Roger Revelle of Hahybrid poplar trees and switchgrass.|
vard University in 1965. Weinberg told them that From 1976 to 1984, Weinberg’s In
the carbon dioxide buildup in the atmosphere asstitute for Energy Analysis (IEA) in Oa
result of increased fossil fuel combustion for poweRidge was the nation’s center for issué
production could lead to climate change. He remindelated to carbon dioxide. Then emerd
ed them that nuclear power plants do not produdeg studies of carbon dioxide and globa
carbon dioxide, a greenhouse gas that traps e cekmete at. ORNL and other labs begat'f'overs offechnology Opportunities to Reduce U.S. Green-
heat from the sun, warming the earth’s surface. Agaceiving increased support from DO ,se Gas EmissioasdCarbon Sequestration Research and
result, the effect of human activities on atmospherand IEA researchers such as Gregg M@Jayelopmenttwo DOE reports that ORNL played a major
carbon dioxide levels began to receive governmelaind and David Reister came to ORNkg|e in writing, editing, and publishing.
attention; a carbon dioxide effects office was estaln 1989 ORNL Director Alvin Trivel-
lished in the Energy Research and DevelopmentAgiece established the Center for Global Envirpridnited States to their 1990 levels by the year 2010.
ministration, the predecessor of the Department afental Studies at the Laboratory. In 1999 the same five labs were asked to extend
Energy. In 1997 a group co-led by Marilyn Brown, their analysis to 2020 and to identify specific pol-

Also in 1975, a program of carbon dioxidedeputy director of the Energy Efficiency and Reicies and programs that could produce the techno-
research was started at the Laboratory, which faewable Energy Program at ORNL, completed lagical advances and market penetration levels
years had focused on the development of nucleaport entitledScenarios of U.S. Carbon Reducneeded to address a range of energy and environ-
reactors as power sources. During the same d®ns which involved contributions from five Der mental challenges facing the nation. This follow-
cade, because of the rising price of imported| gdartment of Energy national laboratories. This resn studyScenarios for a Clean Energy Futuig
and concerns about nuclear reactor safety, ORNilort identified a portfolio of energy-efficient andexpected to be published later this year.
researchers received funding to develop ways tow-carbon technologies that could provide alow- ~ On Earth Day, April 24, 1998, DOE released a
use energy more efficiently and explore alternazost path for reducing carbon emissions in thevo-volume report entitlediechnology Opportuni-

Jeff Christian, director of DOE’s Buildings Technology Center
Marilyn Brown has studied ways User Facility, shows a sample of polystyrene wall insulation Mike Farrell examines a carbon management
to control the greenhouse effect. that cuts energy use in a new Habitat for Humanity home. flow chart on the computer screen.

—_— |

Curtis Boles



Carbon Management

ties to Reduce U.S. Greenhouse Gas E
sions ORNL's David Reichle, Marilyn
Brown, John Sheffield, and Mike Farrej
were the technical co-leaders for the pla
ning and drafting of the DOE report. T|
same year DOE organized a workshop
devise a roadmap for doing research
carbon sequestration, methods for capt
ing and securely storing carbon dioxic
from fossil fuel plants. In December 199
another DOE repor€arbon Sequestration
Research and Developmengs released;
its technical co-leaders included ORN
Reichle, Rod Judkins, and Gary Jacobsf

ORNL Emerging as Leader o

“For 25 years ORNL has been co 2
ducting research that positions us well 19
be a leader among DOE labs in carboM

ike Karnitz (left) and David Stinton chat in the High Températu
aterials Laboratory exhibit area during the Distributed Genera-

be combined with ORNL-developed heat
ted Generatl§h Q) pump chillers that may be marketed as air
Nalion s e e conditioners. If ORNL-developed desiccant
systems are used to pull out the excess
humidity, less air conditioning will be
needed, decreasing energy use 15 to 20%
and reducing carbon emissions. The desic-
cant material that absorbs moisture from the
inside air before it is chilled will give it off
to the outside air when the material is
warmed by waste heat from a microturbine.
The third and newest way to manage
carbon is carbon sequestration. In this pro-
posed approach, carbon will be captured
from the atmosphere and from stack emis-
sions of fossil-fuel combustion facilities.
Some of the carbon may be transformed
into useful products. The rest will be trans-
ferred to aboveground terrestrial ecosys-
fems such as forests, to belowground ter-

T ——

b pad

management,” says Mike Farrell, dII’eCtO{ion Showcase held June 19 and 20, 2000, at ORNL. restrial ecosystems such as underground

of ORNL's Global Environmental
Studies Program and leader of the Laborato

carbon management programs. “We have exploreaid renewable sources such as solar energy,

energy efficiency, clean energy, carbon sources
sinks, the global carbon cycle, biomass, and
mate modeling.

“Because of our historically broad bac
ground in these areas, we were asked to co-
the development of the greenhouse gas emis|

coal seams, and to the ocean.

rytechnologies (nuclear power; hydrogen fuel cells;  DOE has established two carbon sequestra-
tiwh centers, one of which is co-led by ORNL re-
apdwer, and biomass fuels). Both approaches hasearchers. It is the DOE Center for Research on
clieng been studied by ORNL researchers aninhancing Carbon Sequestration in Terrestrial Ec-
other DOE national laboratories. osystems (CSITE), and its co-manager is Gary Ja-

Today, for example, ORNL is studying dis-cobs of ORNL's Environmental Sciences Division
ewitbuted generation—electricity produced on sjtéESD). (For details, see the article in Review
siosing fuel cells and microturbines (which operat®ol. 32, No. 3, 1999, pp. 21-23.) The other is the

reduction and carbon sequestration reports. Doirgn natural gas) and renewable energy systems si@OE Center for Research on Ocean Carbon Se-

this suite of reports allowed us to look at our o

was wind turbines and solar electric cells to meegfuestration (DOCS). ORNL researchers David

skills, other labs’ capabilities, and available techspecific energy needs for factories, hospitals, ar@ole (Chemical and Analytical Sciences Division)

nologies related to carbon management.”
Farrell defines carbon management as “the

range of science and technology opportunities

cluding policy options) to stabilize atmospheric,C!

office and commercial buildings. ORNL researchand Gerry Moline (ESD) participate in one of
fullrs are devising better ways to combine microfuBOE’s geologic sequestration projects.

ivines with fuel cells, which provide waste heatthat  In evaluating ORNL's emerging role as a
Ohelp run the turbines. According to Tony Schaffleader in carbon management research, Farrell

concentrations by decreasing the carbon-productitiauser, manager of ORNL's Energy Efficiency andays, “We found that ORNL's missing pieces in-
potential of the energy system and by reducing C&enewable Energy Program, microturbines coulduded analytical capabilities to determine the

emissions, including the capture and se-

potential of geological and ocean systems

questration of atmospheric C&nd modi- Solomon Labinov prepares to measure air flow in a microturbine g sore pumped-in carbon, to predict how
fication of the carbon biogeochemical cféhRNLs Buildings Technology Center while Jeff Christian 100ks ofy it would be stored, and to assess if the
t

cle” The term “carbon management” ha e vel

been adopted by the business commur
(e.g., electric utilities, coal mining firms
etc.) as preferable to “development of ¢
mate change technologies.”

The carbon- and energy-related r
search being conducted at ORNL todi.
is certainly no carbon copy of the type ¢
research performed here in the past twh
and-a-half decades. “What is new,” saj |
Farrell, “is research on carbon captu
emission reduction technologies, and s
questration.”

One way to manage carbon is to u
energy more efficiently to reduce o
need for a major energy and carbc
source—fossil fuel combustion. Anothe
way is to increase our use of low-carbc
fuels (natural gas and ethanol give ¢
40% as much carbon dioxide as co =
when burned), and carbon-free fuels a: .=

Number Two, 2000

e generator at right.

ometer Labinov is studying is next to the turbine, which d”%uestration methods are safe. We also

A need to determine the best mix of energy-
producing technologies in terms of cost,
energy production, and carbon dioxide
emissions.”

Carbon Management Model

Farrell and his colleagues see the need
for a carbon management model, and they
recently won internal funding to develop
one. “We plan to build a carbon manage-
ment model to evaluate different carbon
management strategies and options,” Far-
rell says. The team of ORNL researchers
who have received funding to build the
model are Tony King of ESD, Kathy Yurac-
ko of the Life Sciences Division (LSD),
Paul Leiby of the Energy Division, Mike
Taylor of the Computational Physics and
Engineering Division (CPED), and Brian

3



Carbon Management

Worley of the Computer Sciences and Mathemagconomical to capture the carbon and convert
ics Division (CSMD). They are conducting theuseful products or dispose of it permanently
research in collaboration with Pacific Northwi
National Laboratory.

life cycle analysis and uncertainty analysis. the meantime, we can switch from high-carbo

“Our model will update and combine exist-lower-carbon or carbon-free fuels and introd
ing global carbon cycle models, energy technoknergy efficiency technologies.
ogy models, and economic models. The model will
be modernized so that it can use different prograrhallenges to Carbon Management
ming languages across platforms and make com-
plex calculations on parallel supercomputers such  One challenge to carbon management is p
as the IBM SP at ORNL.” and animal biomass. Schaffhauser calls plant

“The model will be used to ask ‘what if’ ques-mass “carbon neutral” because, while they give
tions,” Farrell says. “For example, what if it wascarbon dioxide when burned, plants absorbed
decided to introduce hydrogen fuel cell cars in thsequestered the same amount of the greenh
United States to greatly reduce carbon dioxide emigas before they were harvested. “Green plant
sions from the transportation sector, which reprex gift,” Schaffhauser says, “because they pro
sents about one-third of total U.S. carbon emissiong@ with food, fuel, chemicals, building produc
What are the risks and uncertainties with respect&md a way to sequester carbon.” But biomass
building an infrastructure to support these vehiclesBe a large source of carbon dioxide to the at

In building such a model, the developersphere if large tracts of forest are burned bec
are following DOE assumptions, as explaine@f drought and demands to clear the land for a
by Farrell. culture and development.

“We can reduce energy intensity through en-  Bjomass and other materials disposed
ergy efficiency improvements between now anéh landfills decay to form landfill gas, which i
2010,” he says. "We can reduce carbon intensitnostly methane. The release of landfill meth
by substituting clean energy sources for coal confy the air boosts greenhouse gas levels. But la
bustion by 2020. gas can be captured and run through gas tur

Because we have abundant supplies of cogh produce electricity, turning trash into treasur
we can once again burn it in large quantities to

produce energy by introducing carbon capture a
sequestration technologies by 2030. Right now Wgho is also director of the Joint Institute for Ener
can enhance carbon sequestration naturally Byd Environment at the University of Tenness|

planting trees and grasses on marginal farmlangss. farms for raising cattle, poultry, and swine
that can be converted to biomass fuel”

nure, which annually emits almost 3 million met
tons of methane, a greenhouse gas. Becaus

United States has about 15% of the world’s man
-

Why Sequester Carbon?

Farrell says that if the Kyoto conference r
ommendations for controlling greenhouse g
emissions are followed, the United States can
tinue major use of fossil fuels only if we can ¢
ture, transport, and dispose of carbon in an
nomical way. “Right now the technologies

plants.” For most Americans, that's too many gre
backs to reduce greenhouse gases.
People will sequester carbon only if a valugks

Animal waste is also a challenge to carbo
rifﬁanagement.According to ORNL's John Sheffi Ido

help feed the world have 1.4 billion tons of wet a;

t tbis apparent that animal waste worldwide is a sig-
byificant contributor to greenhouse gas levels.

tapped, source of energy. Cleverly applied techno-
-logical solutions could allow farmers to sell ma-

- the animal waste feedstock will help farmers off-
set the costs of controlling pollution from farm

tBroblem is thal
CRarvesting thes
hydrates for en
ergy might re-
sultin the releas
of the methane t
affle atmospher
Ifaising the green
Offouse gas level
BAough to change Burning gas from methane
96 climate (see hydrate ice.
 &Ricle on p. 14).
ide “Asa key resource for science and technolo-
Sgy, we hope to support DOE’s mission of fostering
Calsecure and reliable energy system that is environ-
fhentally and economically sustainable,” Farrell says.
UgSur goal is to be DOE’s major resource of carbon
Yanagement science and technology.

“We hope to expand our leadership in energy
(gfﬁciency R&D by increasing our R&D on dis-
tributed energy power, buildings, and transporta-
"fon. We plan to expand our clean power R&D by

fjﬂqcreasing our R&D on fuel cells, gas turbines,
INekiprocating engines, hydrogen production and
' storage, agricultural biomass genetics, and meth-
Bne hydrates. Through CSIiTE we hope to increase
ur ability to estimate the potential for terrestrial
I¥arbon sequestration. We want to invest in funda-
Efental R&D to advance the development of chem-
t‘?cal, biological, and engineering technologies for

U.S. Geological Survey

~capturing and sequestering carbon.”

3'0 David Reichle, who recently retired from
JrgﬁNL as an associate director, is in charge of help-
Mg ORNL leverage its capabilities through part-
nerships with the other Battelle-managed labs—
Brookhaven National Laboratory, Pacific
Northwest National Laboratory, and the National

Renewable Energy Laboratory. These labs and
ORNL have formed a DOE carbon management

network. The network will work with core univer-
sities and industrial firms to form an R&D consor-
tium. By broadening the network’s skill base, its
R&D proposals for funding in the area of carbon
management should be increasingly competitive.

With such a plan, ORNL hopes to capture
a leading role in DOE’sesearch program for
managing carboroemi

Ock Ridge National Laboratory REVIEW



Carbon Management

Building Energy
Use and Carbon
Management

Americans can significantly reduce carbon emissions and the
electricity bills by buying more efficient appliances.

f we build one, they will buy it. That's th “If most U.S. households change over to hi
dream of Jeff Christian, director of the Build-efficiency clothes washers by 2010,” Christian say,

ings Technology Center (BTC) User Facility atU.S. carbon emissions will be reduced by 28 mi
ORNL. BTC has been involved in developing, evallion metric tons of carbon per year.”
uating, and promoting household appliances and In collaboration with Whirlpool, General
heating and air-conditioning equipment that are fdlectric, Frigidaire, Amana, and Maytag throu
more energy efficient than what Americans are usooperative research and development agreem
ing today. If most Americans replace their washin@RNL researchers led by Ed Vineyard have beq
machines, refrigerators, water heaters, and air ¢catesigning the next generation of popular refrig
ditioners with new, highly efficient ones by 2010ator models, to cut their energy use in half. By add
they will save energy and money in the long ruring insulation and using more efficient motors an
Most important, from a carbon management poirtompressors, the ORNL-industry partnership
of view, they will reduce power plant emissions |oflesigned a 20-cubic-foot refrigerator that operatg
carbon to the air by almost 95 million metric ton®n only 0.93 kilowatt hours per day, using 539
per year (MMT/yr). That's the amount of carboriess energy than the maximum allowed by n
emitted annually by nearly 20 million peopleDOE standards.
(5 MMT/yr per person) or by 56 1000-megawatt  “If Americans replaced their aging refriger.
coal-fired power plants. tors with these new, efficient ones by 2010,” Chrig

“Buildings and their appliances use 36% |ofian says, “they would use 58% less energy to ch|
the nation’s energy,” Christian says. “Buildings ar¢heir foods and beverages and reduce carbon did
also responsible for 36% of U.S. emissions of gaide emissions by 48 million metric tons per year,
bon dioxide produced by human activities. We have  In collaboration with Enviromaster Interna-|
an opportunity to cut our energy consumption antibnal, Inc., Tomlinson and his ORNL colleagues
carbon emissions significantly through use of erhave developed a drop-in residential heat p
ergy-efficient technologies.” water heater. This highly reliable device is mor

One way to help clean up our carbon emisenergy efficient than the conventional wate
sions act is to buy and use new water-saving, turheater, which uses resistive heating. The
ble-action clothes washers that incorporate a “howater heater, which will soon be on the marke|
izontal-axis” design rather than the conventionatan be installed by a plumber at a low cost.
vertical agitator. Because this design requires less  “If half of American households replace thei
water and, thus, has less water to heat, it saves et water heaters with heat pump water heater
ergy. In addition, its improved spin cycle cuts dowr2010,” Christian says, “the energy used nationwid
time in the dryer, further reducing energy use. | for home water heating will be reduced by 0.6 qug

In 1997, the Department of Energy andand the amount of carbon emitted will be decreas
Maytag Corporation, the efficient machine’s manby 9 million metric tons per year.”
ufacturer, selected 100 residents of Bern, Kan-  Additional energy savings can be made |b
sas (population: 200), to test the new washer. Bereplacing home air conditioners with a generato
has an unreliable supply of well water when thabsorber heat exchanger (GAX) chiller (develo
weather is dry. by private industry under the guidance of OR

John Tomlinson and his BTC colleagues|imesearchers) and by insulating and sealing leakd
ORNL'’s Energy Division made measurements thdteating and air-conditioning ducts to eliminate
confirmed a reduction in water and energy usergy losses. The total reduction in carbon emi
when the 100 residents switched from old waslsions by 2010 if most households make thed
ers to the new, high-efficiency washers. The ORNEthanges will be 95 MMT/yr.
researchers found that the residents used 56% less It is hoped that Americans will buy into neyvjERCINNIMN(ESCE e MRS V=T Iy SRSV e]elyylSlyl
energy and 38% less water, saving the town of Beemergy-saving and money-saving technologies thsielnlel il QW e[yl S S gle[SIE e R
640,000 gallons annually. will reduce carbon emissions from buildinigmi water heaters, and air conditioners.
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Eli Greenbaum stud-
ies algae being used
to produce hydrogen
from water in an illu-
minated flask.

ORNL research
to produce and

Today's electrolyt-
ically produced hydro-

million British thermal
units (Btu); by compari-
son, natural gas cost
about $3 per million Btu,
and gasoline costs abo
$9 per million Btu. So
the economic barriers t

formidable.
ORNL researchers
are studying biological
ways to produce hydro
gen that might prove to bg
economically competi-
tive someday. The re
search is being funded b
the Hydrogen Researc
Program of the Depart
ment of Energy’s Office
of Energy Efficiency and
Renewable Energy.
Water molecules
can be split into hydro-
ydrogen is a clean-burning, carbon-genand oxygen atoms

Curtis Boles

is commonly stripped from natural gas, but thabteve Blankin-

| - ‘
\J( (1)((
T yd< i 0g
gen costs around $30 pe

hydrogen production are

clne| elne
£ r*"r'_" [
en

ers have come up with new ways
detect an energy-rich gas.

Chlamydomonas reinhardtgan produce hydro-
gen and oxygen from water under certain condi-
2rtions. “It’s the biological version of electrolysis,”
Greenbaum says. “The goal of the research is to
replace conventional electrolysis with a renew-
sable biological process for hydrogen production.”
These algae normally grow new cells by
tphotosynthesis, using carbon dioxide from the
air in the presence of sunlight. But after placing
y the aquatic organisms in a large flask of water
> illuminated by lamps, the ORNL researchers
“trick” the algae by depriving them of carbon di-
oxide and oxygen. As a result, a normally dor-
mant gene becomes activated, leading to the syn-
thesis of the enzyme hydrogenase. The algae use
» this enzyme to produce both hydrogen and oxy-
gen from water. The relative amounts of oxygen
. and hydrogen that evolve in the flask are mea-
y sured by sweeping the gases over hydrogen and
h oxygen sensors, whose electrical conductivity in-
creases with rising gas concentration.
Greenbaum says that several research
projects are exploring ways to optimize the
process. Membrane separation technologies are
being developed that will separate the hydrogen
from the oxygen more efficiently. Because the
algal hydrogenase
eventually shuts
down from expo-
sure to oxygen,
Michael Seibert
and Maria Ghirardi,
researchers at the
National Renewable
Energy Laboratory,

process leaves carbon dioxide, which must| bghip—all in the
disposed of in an environmentally acceptabl€hemcal Technol-
way. The conventional way to produce hydrogengy Division
without generating carbon dioxide is to separategCTD)—
hydrogen from oxygen in water using electrolyhave dis-
sis. Of course, it is quite possible that the soure®vered
of electricity for this separation process is a coathat the
fired power plant, which, itself, produces lots pfyreen
carbon dioxide. alga

R

are working to create




ers at the National Renewable Energy Laboratory, arkingto create

a mutant organism that makes a hydrogen-producing enzyme that is
less sensitive to oxygen. The third challenge is to optimize the ability
of the algae to use light.

Algae naturally survive under a variety of light intensities, rang-
ing from bright sunlight to shade. Because of the algae’s chlorophyll
antenna size, increasing the light intensity beyond natural levels
overwhelm the electron transport processes of the algae rather

ond step is to convert the glucose product and its byproduct, gluc
acid, into hydrogen. The second step has proved easier.

In 1996 Woodward and his colleagues reported an important ad-
vance. They learned how to produce a molecule of hydrogen from a
molecule of glucose using two enzymes (called extremozymes) pro-
duced by microorganisms that grow under extreme temperatures.

In October 1999, CTD researchers Woodward, Mark Orr, Ki
berley Cordray, and Greenbaum reported producing 11.6 hydrogen mol-
ecules for every glucose molecule in the substrate. The researcher
achieved 97% of the maximum stoichiometric yield possible—12 hy-
drogen molecules for each glucose molecule. This is the highest yield
of hydrogen ever obtained from glucose by a biological process.
results are to be published in an upcoming issiNatdire

drogenase, hydrogen is released. This extremozyme produced b
bacteriumPyrococcus furiosus also one of only two such enzyme
known to accept electrons from NADPH to produce hydrogen.

devoted to hydrogen as an energy source, reliable methods for detect
ing hydrogen in the air will be needed.

Robert Lauf of the Metals and Ceramics Division and Barbara
Hoffheins of the Instrumentation and Controls Division have devel-
oped a low-cost, solid-state hydrogen sensor that can be easily mas
produced by conventional manufacturing processes. The patented se
sor, which has been licensed to DCH Technology in Valencia, Califor-
nia, is selective for hydrogen and is relatively insensitive to other co
mon gases. The sensor measures the change in the electrical resistan
of palladium as it absorbs hydrogen. The sensor could be used to|de
tect hydrogen leaking from a hydrogen-fueled car or from hydrogen
filling stations. It could be used at a battery-charging station for elec-
tric buses and cars, to detect a potentially dangerous buildup of hydro-
gen in the air when lead-acid batteries are overcharged and ventilatio
around the charger is inadequate.

Hydrogen is a promising fuel for carbon management, but its long-
term acceptance by both consumers and regulators willemipend on thei
confidence-that it can be generated, stored, and used safely.

Bob Lauf and Barbara Hoffheins show the hydrogen sensor they
developed.
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New Hydrogen-Producing Reaction
Could Lead to Micropower Sources

A new method for the sustained production of hydrogen
has been discovered by researchers in ORNL's Chemical Tech-
nology Division (CTD). The discovery could lead to the devel-
opment of palm-sized fuel cells that cost only a few cents
apiece. The fuel cells could be used to power compact envi-
ronmental sensors for the U.S. military, as well as cell phones,
cameras, and portable audio and video equipment.

Soldiers could easily carry these fuel cells on the battle-
field and recharge them by adding iron powder and vinegar
and then shaking them. These cells could serve as micropower
sources for sensors that can detect the pr