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Executive
Summary

Coproduction of power, fuel sand chemi-
cals offersan innovative, economically ad-
vantageous meansof achieving thenation’s
energy goals. Coproduction involves the
integration of three major building blocks:
 Gasification of coal or other hydrocar-
bon fuels to produce synthesis gas
(syngas)

« Conversion of a portion of the syngas
to high-value products such as liquid
fuels and chemicals

» Combustion of syngasto produceelec-
tric power.

In coproduction, the relative amounts of
syngas used for power generation or con-
verted to fuels and chemicals depend on
market demands. The goal of coproduction
is to fully utilize the feedstock and maxi-
mizerevenuestreams. By permitting opera-
tion of the gasifier at full capacity to make
syngas for either power generation or fuels
and chemicals production, coproduction
makes more efficient use of capital than
when producing power alone.

Gasification can accommodate a wide
range of feedstocks, including coal and
low-cost opportunity fuels such as petro-
leum coke, biomass, and municipal wastes.
By taking advantage of both fuel flexibil-
ity and product flexibility, coproduction
offers significantly improved economics
compared with conventional power gen-
eration facilities.

Power production isachieved by the use
of integrated gasification combined-cycle
(IGCC), an advanced technology that com-
bines modern coal gasification with gas
turbine and steam turbine power genera-
tion. IGCC is one of the most efficient and
cleanest of available technologies for coal-
based power generation, with emissions
comparable to those of natural gas-based
power production.

Coproduction projects currently envi-
sioned incorporate a number of commer-
cially demonstrated processesfor converting
syngasto fuelsand chemicals, including (1)
Fischer-Tropsch technology to produce a
range of liquid productsthat can supply the
gasolineand diesel fuel markets, and (2) the
LPMEOH™ process for manufacture of
methanol, an industrial chemical in wide-
spread use.

|GCC and conversion of syngastoliquid
products have both been demonstrated suc-
cessfully under the Clean Coal Technology
(CCT) Program sponsored by the U.S. De-
partment of Energy (DOE). ThisProgramis
a multi-phased effort administered by the
National Energy Technology Laboratory
(NETL).

Three DOE-sponsored projects are un-
derway to develop facilities for NETL's
Early Entrance Coproduction Plants
(EECP). Theseprojectsarebeing conducted
by: (1) Waste Management and Processors,
PTY., LLC,, (2) Gasification Engineering
Corp., aGlobal Energy Inc. company, and

(3) Texaco Energy Systemslnc. Each project
involves preliminary process designs, con-
ceptual economics, and site specific studies.
If the concepts evaluated in these projects
appear feasible from a technical and eco-
nomic standpoint, the project teams will be
positioned to prepare detailed engineering
designs and obtain funding to construct and
operate the EECPs.

The projects described in this report rep-
resent a major step in the development of
advanced technology modules for integra-
tion into the high efficiency, near pollution-
free energy concept that constitutes the core
of DOE’sVision 21 Program, with agoal of
achieving commercial operation by the year
2007.

Implementation of these projects will
constitute a major step in the development
of the advanced energy systems needed to
maintain our prosperity, protect the envi-
ronment, and provide energy security. The
proposed plantswill also result in asignifi-
cant reduction in emissions of greenhouse
gases, especially carbon dioxide.



Background

Three major challengesfacing the United
Statesare continued economic growth, envi-
ronmental protection, and energy security.
Achieving these objectives depends on an
adequate supply of affordable energy pro-
duced in an environmentally friendly way.
To prosper inthe 21st century, we need 21st
century technology. Our reliance on stan-
dard pulverized coal (PC) fired power plants
with efficienciesintherange of 35% will not
suffice. A major goal of the Department of
Energy’s (DOE) Clean Coa Technology
(CCT) Program has been to demonstrate the
cutting edge technologies the nation will
need to meet our economic and environmen-
tal goals. In the United States there are sev-
eral hundred years of coal reserves.

Coproduction of power, fuelsand chemi-
cals offers an innovative, economically ad-
vantageous means of achieving our energy

Coproduction of Power,
Fuelsand Chemicals

needs. Coproduction involves the integra-
tion of three major building blocks:

* Gasification of coal or other carbon-
aceous materials to produce synthesis
gas (syngas)

« Conversion of a portion of the syngas
to high-value products such as liquid
fuelsand chemicals

» Combustion of syngas and unreacted
syngas from the conversion processes
to produce electric power in a com-
bined-cycle system.

The relative amounts of syngas used for
power generation or converted to fuels and
chemicalscan bevaried depending on market
demands.

Thefirst two steps are referred to as Inte-
grated Gasification Combined-Cycle (IGCC)
operation. In IGCC, the fudl (usually coal) is
reacted with steam and oxygen to produce
syngas, which consistsof hydrogen (H,), car-
bon monoxide (CO), and smaller amounts of
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other gases such as carbon dioxide (CO,),
hydrogensulfide(H,S), anmonia(NHy;), water
vapor, and methane (CH,), with traces of
other materials. This gas is cleaned of its
contaminantsand used for el ectric power pro-
duction. Such a system is inherently more
efficient and cleaner than conventional PC-
fired systems, with efficiencies typically be-
ing above 40% and emissions reduced to the
lowest levels currently achievable.

In addition to higher efficiency, gasifica-
tion has many other advantages. One advan-
tageisthat H,Sand NH; aremuch moreeasily
scrubbed from the gasifier effluent than are
sulfur dioxide(SO,) andnitrogenoxides(NOXx)
from the stack gas of a PC-fired boiler. Thus,
IGCC plants are environmentally more
friendly. Furthermore, the recovered H.S is
readily converted to sulfur or sulfuric acid,
both of which are commodity chemicalswith
alarge market. Likewise, amnmoniaisacom-
modity chemical that can easily be sold.
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Another mgjor advantage of gasification is
that it can accommodate awide variety of feed-
stocks, including low-cost, so-called opportu-
nity fuels.Inaddition, thesyngascanbeconverted
to a broad range of useful products, such as
diesdl fuel, methanol, higher waxes, ammonia,
and other chemicals.

Inthe coproduction concept, an energy com-
plex produces not only power, but also fuels
and/or chemicals. This greatly increases the
flexibility of the complex and offers economic
advantages compared with separate plants, one
producing only power andtheaother only fuelsor
chemicals. Operation of the gasifier at full ca-
pacity to make syngasfor either power genera-
tion or manufacture of higher value products
such as fuels and chemicals maximizes the
efficiency of capital utilization.

Thisreport discussesin more detail some of
theavailableoptions, thetechnol ogiesinvolved,
and what DOE is doing to promote them and
ensure they are available as we need them.

Gasification-Based System
Concepts



Description of
Gasification and
Power Generation
Technology

Gasification

Thefirst step in coproduction isgasifica
tion. Coa gasification has been practiced
commercialy for many years. The heart of
these systemsisthe gasifier, which converts
carbonaceousfeedstock intolargely gaseous
componentsby applying heat under pressure
in the presence of steam and oxygen. Partial
oxidation of the feedstock providesthe heat.
The product is syngas, along with smaller
quantities of CO, and CH,.

Mineras (ash) in the feedstock separate
and leave the bottom of the gasifier either as
an inert glass-like slag or other marketable
solid product. Only asmall fraction of theash
becomesentrainedinthesyngasandrequires
removal downstream. Sulfur in the gasifier
feed is reduced to H,S, and nitrogen is re-
duced to NH3. These materials, along with
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hydrogen chloride and entrained particles,
are removed in the downstream gas cleanup
system.

The syngas is used to generate electric
power viaacombustion turbine and produce
a broad range of chemicals and clean fuels.
Syngas can aso be used to generate power
viafuel cells or to produce hydrogen.

Combined-Cycle Power Generation

Asindicated above, theclean syngasfrom
the gasification stepisburned, inwholeor in
part, in a combustion turbine. This turbine
drives an electric generator and an air com-
pressor which providesair under pressureto
theair separationunitto supply oxygentothe
gasifier. The hot gas from the combustion
turbine is sent to a heat recovery steam gen-
erator (HRSG), which produces steam for a
steam turbine/generator. Thiscombined use
of combustion and steam turbines signifi-
cantly boosts the overall thermal efficiency
of power generation compared with single
cycle operation.

Ultimately, IGCC systems will be ca
pable of reaching efficiencies of 60% with
near-zero sulfur and parti cul ate pol lutionand
low NOx emissions. The high process effi-
ciency results in lower production of CO,,
which isamajor greenhouse gas considered
responsible for globa climate change. In
gasification systems, CO, can be readily
removed fromthesyngasbecauseitispresent
in concentrated form. This option is well
suited to a variety of CO, sequestration
schemes such as storage.



Syngas
Conversion
Processes

The key to coproduction is the ability to
utilizesyngasinapplicationsother than power
generation.

Gasification can deliver a full slate of
commodity products, including hydrogen,
environmentally superior transportation fu-
els, and chemicals. Hydrogen is a particu-
larly attractive coproduction option, because
itrequiresthelowest incremental investment
(estimated at | essthan 10% of thel GCC plant
cost) beyond the initiadl IGCC investment
and has the potential to provide significant
additional revenue. Hydrogen is a critica
ingredient in refinery hydrocracking and
desulfurization processes and is al'so a base
raw material for ammonia production.

Coproduction optionsincludeconversion
of syngas to methanol, higher alcohols,
Fischer-Tropsch (F-T) liquids, waxes, and
other high-value products. F-T fuels, with
their zeroaromatic content, high cetanenum-
ber, and zero sulfur and nitrogen content,
will be a valuable blending stock for diesel
fuel to meet the requirements of the Clean
Air Act Amendments of 1990, administered

by theU.S. Environmental Protection Agency
(EPA). The fuel products will also meet
EPA’s Tier 2 sulfur requirements for light
duty vehicles of 30 ppm for gasoline and 15
ppm for diesel.

A number of commercially provensyngas
conversion technologies have aready been
developed.

Fischer-Tropsch Process

F-T technology was initially developed,
beginningin 1923, by two German scientists,
Franz Fischer and Hans Tropsch, based on
earlier observationsby Sabatier and Senderens.
The F-T process converts syngas into a mix-
ture of mainly straight chain paraffinic and
olefinic hydrocarbons. F-T synthesis takes
placeover acobalt- or iron-based catalyst that
promotes the reaction of CO and H, to form
hydrocarbons and water. The hydrocarbon
product includes material of varying proper-
ties from light gases (C,-C,) through waxes
such as Csj, molecules. The process operates
a relatively moderate temperatures (400 —
550 °F) and pressures (150 — 560 psia).

After sulfur removal, the syngasisfed to
the F-T reactor. The reactor operates with a
H,/CO molar ratio typically between 1.0 and
2.0. Good heat transfer is required, because
the reaction is highly exothermic, and selec-
tivity istemperature sensitive.




Four types of F-T reactors have been
developed: tubular fixed-bed, circulating flu-
idized bed, fixed fluidized bed, and slurry
bubble column. Each typehasitsadvantages
and disadvantages.

Recently, significant amounts of operat-
ing data have been accumulated for slurry
bubblecolumnreactors, including theopera-
tion of a 5-m diameter, 2500 b/d reactor at
Sasol Synfuels International (SASOL) in
South Africa and the 0.6-m reactor at the
DOE-owned AlternativeFuelsDevel opment
Unit (AFDU) at LaPorte, Texas. The dlurry
reactor design has provento bethe preferred
configuration, primarily because of superior
temperature control.

The reaction to form paraffins is as fol-
lows:

2nH, + nCO = C;Hyy4o +NHL,O

Similar reactions take place to form ole-
finsand acohols. The F-T product distribu-
tion typically follows the single-parameter
Anderson-Schulz-Flory (ASF) equation:;

W,, = n(1-a)2am1
whereW,, istheweight fraction of product of
carbon number n, and a is the chain growth
probability. The higher the value of a, the
longer the average chainlength of thehydro-
carbons. If a equals 0, only methaneis pro-
duced. In practice, thereis often adeviation
from the ideal ASF distribution. The extent
of thisdeviation varieswith the nature of the
catalyst and the operating conditions.

The reactor effluent is cooled to allow
separation of thetail gas, condensate (naph-
thaand diesel fuel), wax, and processwater.
The majority of the tail gasis reformed and
recycled through the reactor to increase the
overall conversion of COtoliquid hydrocar-
bons. Alternatively, inthecoproductionmode
thetail gascan be utilized to supplement the
fuel used for power production, thereby in-
creasing overall efficiency.

F-T products are ultra-clean fuels in that
they contain no sulfur or nitrogen and are
virtually free of aromatics. F-T derived die-
sel fud is of excedlent quality, having a

cetane number greater than 70. The zero-
sulfur F-T naphthacan be used asablending
stock for low-sulfur gasoline production,
although the naphta has a low octane. The
trend in both Europe and the United Statesis
for cleaner transportation fuels, with more
stringent fuel quality and vehicle exhaust
emissions regul ations being promulgated by
governmental bodies. Thiswill add impetus
to more widespread use of F-T products.

To meet certain fuel specifications, such
as pour point and octane number, raw F-T
products require additional processing. The
wax can be processed in a selective
hydrocracker operating under mild condi-
tions, where some longer chain hydrocar-
bons are broken into shorter molecules and
some isomerization occurs, thereby improv-
ing the boiling range and pour point for
blending with diesel fuel.

The light naphtha can be hydrotreated to
saturate the ol efins and subsequently used in
a refinery isomerization unit or fed to a
naphthacracker for ethyleneproduction. The
heavy naphtha also can be hydrotreated and
then fed to a naphtha cracker. If a naphtha
cracker is not available, this stream can be
stored and used as a peaking fuel in a gas
turbine to augment electricity production.

Severa facilitieshavebeenbuilt forimple-
menting F-T technology. Most notableisthe
commercial operation that has been carried
out successfully for many yearsby SASOL.
This development was undertaken by South
Africa to minimize its dependence on im-
ported oil and to utilize its large reserves of
coal.

The SASOL operation uses iron-based
catalysts as developed in the initial German
work. Other companies that operate either
pilot-plant or commercial F-T facilities in-
clude two major established oil companies,
Exxon-Mobil and Shell, and two relatively
new companies, Rentech and Syntroleum.

Numerous patents cover F-T catalysts
and process configurations. Rentech and
Syntroleum hold some significant patents



and have established licensing arrangements
with a number of potentia users of the F-T
process, including major corporations.

Several companies have announced their
intention to participate in commercial F-T
projects. In some cases, these projects are
being considered as a means of utilizing
natural gas reserves that are deemed uneco-
nomical for development or for stranded
natural gasthat hasno accessto conventional
markets.

Production of Methanol

TheLiquidPhaseMethanol (LPMEOH™)
process (describedin Topical Report No. 11)
integrates coal gasification with chemicals
production. It was demonstrated on a com-
mercial scale by a partnership between Air
Products and Chemicals, Inc., and Eastman
Chemical Company as part of the CCT Pro-
gram. Application of this technology can
enhance the economics and efficiency of
power generation by producingaclean-burn-
ing, storable liquid (methanol) from syngas
during periods of low power demand. The
methanol can be used to fuel combustion
turbines during peak demand.

The main uses for methanol are in the
production of chemicals, such as formalde-
hyde, acetic acid, and other derivatives, and
as a fuel. It can be dehydrated to produce
olefins, alargeand growing market. Demon-
stration of the LPMEOH™ process has in-
creased the experience base and reduced the

commercial risk for future operations,
whether integrated with chemical's produc-
tion or with IGCC power production. To-
gether thesetechnol ogiescanfill local needs
for electric power, transportation fuels, and
chemicals.

Production of Higher Alcohols

In addition to methanol, alcohols having
higher molecular weights, such as C,-Cg
alcohals, can be produced from syngas. Re-
search is underway to develop processes
suitable for commercial application. Higher
acoholsarecandidatesfor inclusionin gaso-
line as oxygenates to reduce exhaust emis-
sionsthat contribute to smog formation.
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View of LPMEOH™ Demonstration Unit with building
housing catalyst facilities in foreground

Production of Hydrogen and Future
Fuels

Another option for coproduction is the
manufacture of hydrogen from syngas. This
product is part of the product date envi-
sionedin DOE’sVision 21 Program. Hydro-
gen is a critical ingredient in refinery
processes, such as hydrocracking and
hydrotreating, and is also astarting material
for ammonia production.

Hydrogen productionisbeing considered
as an integral part of DOE’s Future Fuels
Program, which targets the development of
clean fuelsthat will require major modifica-
tionsto, or replacement of, theexisting trans-
portation fuels infrastructure.

It is anticipated that these future genera-
tion fuels will be obtainable from domestic
natural gas, petroleum, refinery wastes, coal
and other suitable carbonaceous feeds. As
part of an advanced transportation system,
the widespread deployment of these future
fuels will enable vehiclesto achieve zero to
near-zero emissionsof criteriapollutantsand
greenhouse gases.

These future fuels will be cost competi-
tive, reliable, safe, and comparableto current
fuel in efficiency and performance. They
will, however, likely require some adjust-
ment to today’ s consumer patterns and fuel-
ing/refueling requirements. Examples of
advanced vehicle systems that will require
these future fuelsinclude diesel-electric hy-
brids and fuel cell powered vehicles. Future
fuelswill enablethe Nationto meetitsdesire
for a high-efficiency transportation system
having minimum environmental impact.



| ndustrial
Applications
of Gasification

Current Status of Gasification

In today’s changing world, single-pur-
pose, single-technol ogy power plantsarelim-
ited in their ability to compete in the
marketplace. Deregulation is completely
restructuring the electric power industry.
Competition is forcing energy suppliers to
downsize, streamline operations, and merge.
Gasification will be the key to providing
low-cost energy for continued U.S. economic
growth while, at the same time, furthering
national goals to protect the environment
and mitigate concerns about global climate
change. Successful new energy firms will
capitalize on opportunities to integrate
electric power generation with industrial
processes.

Energy firms that produce a variety of
products, such as steam, chemicals, and fu-
€ls, are poised to capture an increasing vol-
ume of electricity sales in a deregulated
environment. In a competitive energy mar-
ket, systemsthat offer the producer reduced
market risk and enhanced revenues from
high-value products are essential. Gasifica-
tion systems will prosper in this type of
environment by offering significant hedges
against market and environmental risks.

Gasification in conjunction with syngas
conversionprocessesrepresentstheonly tech-
nology capable of coproducing power and a
wide variety of commodity and premium
products. A gasification facility can be built
to convert virtually any carbonaceous feed-
stock into products such as power, steam,
hydrogen, transportation fuels, and value-
added chemicals.

Different technology combinations en-
able use of low-cost, readily available re-
sourcesandwastemateriasinhighly efficient
energy conversion options. These options

can be selected to meet any of a host of
market applications, with modules being
combined according to individual business
opportunities. These versatile technology
combinations will be the core of the new
generation of energy plants.

Of the gasification plants that have been
constructed to date, several have improved
their economic viability through the sale of
coproducts. IntheUnited States, the Eastman
Chemical Company’s commercia plant at
Kingsport, Tennessee, operated since 1983,
has pioneered the use of coal gasification
solely for the production of chemicals from
carbon monoxide and syngas-derived
methanol.

DOE, in partnership with industry, has
played acrucial rolein catalyzing long-term
research and demonstrating advanced tech-
nologies such as IGCC, through the CCT
Program. At a time when deregulation has
made the power industry cautious about in-
vestment, DOE mitigateseconomicandtech-
nical risks by underwriting the development
of novel technologies. Public/private part-
nershipsarefostering thecommercialization
of gasification-based processesthat will give
the United Statesan edgein rapidly expand-
ing globa energy markets while meeting
increased domestic demand for power and
fuelswith superior environmental protection.

The Future of Gasification-Based
Energy Plants

Gasification systems are the basis of a
new energy industry. The electric power
industry iskeenly awarethat gasificationisa
leading candidate to provide clean and effi-
cient baseload power when major capacity
additions are needed.

Gadification has inherent characteristics
that will enable magjor energy industries —
electric power generation, petroleum refiner-
ies, chemicals and fuels industries — and
energy usersto remold their technology and
businessstructurestomeet futuremarket needs
and take advantage of new opportunities.
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Deregulation, restructuring, and new types
of cost competition are emerging along with
increased environmental pressures. Asare-
sult, the boundaries of these industries and
their business structureswill change signifi-
cantly. Theinevitableresult will be opportu-
nitiesfor lower-cost, moreefficient, and less
polluting energy conversion technologies.
These technology options will enable struc-
tural changesinboththetechnol ogy baseand
businessinterests of major energy industries
as power generation evolves into more di-
verse coproduction modes.

The unique advantages of gasification
systems have created asignificant industrial
applicationsmarket becauseof both upstream
(feedstock) and downstream (product) flex-
ibility.

Inthepetroleum refining industry, gasifi-
cation has numerous important near-term
synergistic applications. Gasifiers are used

to process refinery wastes, avoiding waste
disposal costsand improving theyield from
increasingly sour crude ails. At the same
time, electricity and steam are produced to
meet refinery needs, and the excess syngas
canbeusedtogenerateval uablehydrogenor
fuel productsthat areintegratedintorefinery
operations.

In the pulp and paper industry, black
liquor produced in the pulping process can
be gasified to capture its energy value for
kiln operation and recover pulping chemi-
cals for reuse. This increases process effi-
ciency and reduces environmental impact
by destroying potentially hazardousprocess
wastes.

In the steelmaking industry, gasification
canprovidesyngasfor usebothasthereactant
for direct reduction and as a fuel for power
generation, especiallyincountrieswherenatu-
ral gas and coke are not readily available.
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Market Potential
for Coproduction

Advantages of Coproduction

Inthe past, IGCC hastypically been considered
for basel oad, high-dispatch market needs for elec-
tric power. However, there continues to be a high
demandfor peaking andintermediatel oad capacity.
Combining coproduction of chemicals and power
in a gasification facility allows the flexibility to
maximize power generation during peak demand
periodsand maximize chemicalsproduction during
off-peak periods, making gasification more attrac-
tive to the existing power market. It also alows
flexibility in geographical location based on local
grid peak-shaving needs.

A combined power and methanol plant requires
less capital than separate power and methanol pro-
cesses. Locatingtheintegratedfacility near achemi-
cal complex provides a means of improving
gasification economics by ensuring full utilization
of thegasifier and exploiting synergiesbetween the
processes.

Market Drivers
Continued growth in gasification is being driven
by a number of factors:
« Market forces are replacing government regu-
lations, thus placing increased emphasis on
economic performance.

 Environmenta standardsarebecomingincress-
ingly stringent, and greenhouse gas emissions
are of growing concern.

» Demand is increasing for cleaner transporta
tion fuels, which require more hydrogen to
produce.

« Demandisescaating for chemicalsbothinthe
United Statesandin other coal -dependent areas
such asAsia

« Costs for solid waste and sewage sudge dis-
posal are continuing to escalate, increasing the
incentiveto usethemasopportunity feedstocks.

* Interest isincreasing in the use of renewables,
such as bhiomass, to address global climate
change concerns.

« Utilities, independent power producers,
andrefiners, whohavegrownincreasingly
dependent on the volatile natural gas mar-
ket, are seeking to diversify their fuel
supply mix.

Competition Within Energy Markets

Duringthecomingyears, competitionamong
various power systems and fuel resources will
continue. Natural gashasbeen readily available
andrelatively inexpensive, leadingtogrowthin
natural -gas-based power systems. However, as
gas becomes more expensive, lower-cost en-
ergy resource options such as coal and alterna-
tive fuels become increasingly viable choices.
Gasification will then proveto beideally suited
for providing efficient power generation and
syngas manufacture.

The capital cost for anatural gas combined-
cyclepower plant iscurrently about one-half the
cost of acoal-based IGCC plant. IGCC iscapital
intensive and needs economies of scale and fuel
cost advantages to be an attractive investment.
However, gasification costs can be lowered
through integration with downstream applica
tions such as fuels and chemicals production.
Gadifierscan (1) operateonlow-cost opportunity
feedstocks; (2) be used to convert hazardous
wasteinto useful products, reducing or eliminat-
ingwastedisposal costs, and (3) coproducepower,
steam, and high-valueproductsfor usewithinthe
host plant or for export.

DOE has studied the economics of
coproduction, demonstrating the advantage of
multiple revenue streams, i.e. from sale of elec-
tric power, liquid fuels, and chemicals. In one
scenario, itisassumed that the power generated
by coproductionissold at the same price asthat
generated by natural gascombined-cycle. Thus,
thepriceof natural gassetsthecost of power and
establishesabenchmark for economic compari-
son. In addition, liquid fuels are valued at an
assumed premium of $8/barrel over the refer-
ence world oil price of $21/barrel in 2010 as
predicted by the U.S. Energy Information
Agency. Based on a fixed return on equity
(ROE) of 15% and a coa price of $30/ton,
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Gasification Projects in the CCT Program

Through the DOE CCT Program,
coal gasification has been success-
fully demonstrated on a commercial
scale. The CCT Program, a cost-
shared effort with private industry,
provides an effective approach to
moving new technologies from
bench scale to the marketplace.
Coal gasification projects conducted
under the CCT Program include:

» The Tampa Electric Company
IGCC project (described in Topi-
cal Report No. 19) is a greenfield
facility built in Polk County,
Florida. The plant uses a Texaco
oxygen-blown entrained flow gas-
ifier integrated with a General
Electric 7F gas turbine and steam
cycle in a combined-cycle plant.
The plant also has integrated air
separation and cold gas cleanup
systems. The plant has accumu-
lated over 27,000 hours of opera-
tion, producing 250 MWe at over
75% stream factor. Overall plant
availability averages over 90%.
Carbon burnout exceeds 95%,
and emissions of SO,, NOx, and
particulates are well below the
regulatory limits set for the plant
site. This facility was the winner

of the 1997 Powerplant of the Year
Award presented by Power Maga-
zine.

The Wabash River Coal Gasifica-
tion Repowering Project (described
in Topical Report No. 20) involves
repowering a 1950s steam turbine
with an advanced gasification sys-
tem. This project, now completed,
was a joint venture between PSI
Energy and Global Energy Inc.
(formerly Destec). The Wabash
River plant hosts the world’s larg-
est commercially operating single-
train gasification system. The
conventional coal boiler was re-
placed by an oxygen-blown, two-
stage entrained gasifier and a gas
cleanup system. A General Electric
gas turbine was installed to make
a combined-cycle power plant. Net
power production of 262 MWe was
achieved during the four-year
demonstration period. During that
period, total operating hours ex-
ceeded 15,000, and the unit con-
tinues to operate successfully.
Overall thermal efficiency ap-
proached 40%, at up to 77% plant
availability. Environmental perfor-
mance was excellent, with SO,

emissions of 0.1 Ib/million Btu
and NOx emissions of 0.15
Ib/million Btu. This plant was
winner of Power Magazine’s
1996 Powerplant of the Year
Award. The Tampa and Wabash
River IGCC plants are the two
cleanest coal-based power plants
in the world.

The Kentucky Pioneer Energy
IGCC Demonstration Project, in-
volving a 540 MWe (net) IGCC unit,
will be conducted by Kentucky Pio-
neer Energy, LLC, a subsidiary of
Global Energy Inc. This plant,
which will be the largest power pro-
ducer of the IGCC demonstration
projects, features use of the BGL
(formerly British Gas/Lurgi)
slagging fixed-bed gasification sys-
tem coupled with both a combined-
cycle power plant and a 2 MWe
molten carbonate fuel cell (MCFC).
The fuel cell will generate power
from a portion of the syngas. The
project will use a Midwestern high-
sulfur bituminous coal, as well as
coal fines and renewable feed-
stocks such as biomass and refuse
derived fuels (RDF). The slagging
gasifier produces a non-leaching,
glass-like slag that can be mar-
keted as a usable by-product. Pro-
duction of F-T liquids from a portion
of the syngas is an option that will
be considered. Projected overall
thermal efficiency is 48%.

General Electric
model MS 7001FA
gas turbine
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IGCC is competitive with natural gas at about
$3.75/million Btu. For comparison, by generat-
ing additional revenue, coproduction attains the
same ROE at alower natural gas price of about
$3.25/million Btu. These figures illustrate the
improved profitability of coproduction.

Global Acceptance of Gasification

Thestageisset for gasification to play amajor
part in domestic and global energy markets. In
additionto coal-based utility applications, gasifi-
cation has been used in the conversion of petro-
leum coke, residual oil, and biomass to power,
steam, and chemicals. Currently, coal isthefeed-
stock for 44% of the syngas capacity worldwide.
Petroleum and petroleum coke provide an addi-
tional 42%, and other resources provide the re-
mainder. Biomass congtitutesonly afraction of a
percent of all gasification feedstocks. With em-
phasis on reducing fuel costs, waste disposal
costs, and CO, emissions, a number of projects
will soon use biomass as gasifier feed.

By the year 2015, it is anticipated that gasifi-
cation-based technologies will have gained glo-
bal acceptanceand, asaresult, will havepenetrated
worldwide power generation markets, achieved
more widespread use in the petroleum refining
industry, and been widely deployed in the fuels
and chemicals market. Gasification-based pro-
cesseswill bethetechnol ogy of choicebecauseof
their low cost and superior environmental perfor-
mance and because their modularity of design
and fuel flexibility provide easy integration with
other processes.

Commercial guaranteesand financing will be
readily available, minimizing the need for gov-
ernmentincentives. Thiseaseof accesswill result
in increased use of domestic resources, improv-
ing U.S. industrial competitiveness and enhanc-
ing U.S. energy security.

Tampa Electric Company IGCC Project

Wabash River Coal Gasification Repowering Project

13



Coal gasification has been in use
for many years. Primitive coal gasifi-
cation provided town gas worldwide
more than 100 years ago, and a gasifi-
cation industry produced coal-based
transportation fuels for Germany dur-
ing World War II.

Advanced gasification technology
development began in the U.S. in the
1960s, the stimuli being (1) the desire
for development of coal-based replace-
ments for natural gas and oil due to
shortages and price increases, and (2)
the need for more efficient, clean coal-
based power plants. Modern gasifica-
tion technology is the result of the
response of U.S. government and in-
dustry to these needs. Such systems
use advanced pressurized coal gasifi-

Coal

b

N

s

Oxygen from Air
Separation Plant

Texaco

Gasifier

Feed =3
Water

Radiant |
Syngas I}
Cooler

(—
High
Pressure
Steam

g

Slag to
Disposal

Syngas
—_—

Coal Gasification

ers to produce a fuel for gas turbine-
based electric power generation; the
gas turbine exhaust produces steam
to generate additional electricity.

The first commercial scale use of
coal gasification in the United States
was the Cool Water Project in Califor-
nia, which was based on Texaco tech-
nology. The Cool Water Project,
which received major support from
the U.S. Synthetic Fuels Corporation,
Southern California Edison Company,
EPRI (formerly the Electric Power Re-
search Institute), and others, was in-
strumental in proving the feasibility of
coal gasification and demonstrating
their exceptionally low emissions.

Today, coal gasification is seeing
increasing use. In the United States,
Texaco gasifiers are utilized in com-
mercial operation at the Eastman
Chemical plant in Kingsport, Tennes-
see to produce synthesis gas for pro-
duction of methanol and a wide range
of other chemicals. The Dakota Gas-
ification plant in North Dakota uses
Lurgi gasifiers to produce synthetic
natural gas and chemicals.

Overseas, a major chemical and
transportation fuel industry exists in
The Republic of South Africa, mostly
based upon an advanced version of
the early German gasification technol-
ogy. Several German gasifiers are
commercially available. Texaco gasifi-
ers are in commercial operation, or
planned, in the People’s Republic of
China and other nations. In Germany,
methanol is produced via coal gasifica-
tion in a facility operated by Sekundar-
rohstoff Verwertungszentrum
Schwarze Pumpe GmbH (SVZ). The
SVZ facility, which has been operated
for decades near Berlin, is now the
largest recycling center in Europe.

Gas turbines for power generation
have been one of the spinoffs of jet

aircraft engine development. Ini-
tially utilized by utilities for peak-
ing purposes, their reliability,
efficiency and capacity have im-
proved to the extent that they
now also provide intermediate
and baseload electric power. It is
projected that coal gasification
and gas turbines will make sig-
nificant contributions to future
power generation

Today’s systems are efficient
because of major improvements
that have taken place in gasifica-
tion and gas turbine technologies,
and a high degree of system inte-
gration that efficiently recovers
and uses waste heat.

Gas cleanup in a gasification-
based power plant is relatively
inexpensive compared with flue
gas cleanup in conventional
coal-fired steam power plants,
for several reasons: (1) smaller
equipment is required because
a much smaller volume of gas is
cleaned, and (2) the contami-
nants are removed in a reduced
state (H,S and NHs) rather than
in an oxidized state (SO, and
NOx). This results from the fact
that contaminants are removed
from the pressurized fuel gas be-
fore combustion. In contrast, the
volume of flue gas from a coal-
steam power plant is much
greater because of the presence
of nitrogen diluent from the air
and because the flue gas is
cleaned at atmospheric pressure.

Atmospheric emissions are
very low due to the use of proven
technologies for highly effective
removal of sulfur and other con-
taminants from the syngas. Ad-
vancements being demonstrated
in the CCT Program are expected
to result in still higher efficiencies.
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Early Entrance
Coproduction
Plants

Among its many benefits, coproduction
can lead to a reduction in oil imports by
producing significant quantitiesof ultra-clean
fuels from domestic resources with mini-
mum emissions. However, private investors
and process devel opersare hesitant to invest
in coproduction plants until technical, eco-
nomic, and integration risks are acceptable.

DOE has adopted an Early Entrance
Coproduction Plant (EECP) strategy to miti-
gate these risks. This strategy initialy in-
volves feasibility studies of several
coproduction configurations assuming ava-
riety of feedstocks at a number of plant
locations. Three EECP feasibility studies
have been initiated. Each study involves de-
sign of a unique facility capable of
coproducingacombination of electric power,
heat, fuels, and chemicals from syngas de-
rived either from coal alone or fromacombi-
nation of coal and other feedstocks.

Each EECP study will pursue a different
coproduction strategy, conduct research and
devel opment to addresstechnical issues, and
culminate in a preliminary design of a pre-
commercial facility. If the strategies appear
feasible, each project team will have suffi-
cient information to proceed with a detailed
engineering design and obtain private fund-
ing to construct and operate an EECP.

These EECP conceptual plants would be
small-scale commercial facilities that are
intended to demonstrate successful opera-
tion of integrated technologies. They would
be constructed adjacent to existing facilities
and be capable of processing multiple feed-
stocksand delivering morethan one product.
They would be built by industrial consortia
inpartnershipwith Stateand Federal govern-
ments. Once successful operation has shown
therisksto beacceptable, future commercial
plants would not require Federal funds.

The three EECP studies currently under-
way are described in the following sections.

Waste Management
and Processors Project

The Waste Management and Processors
EECP project involves converting high-ash
coa residue into premium transportation
fuels and electricity. Coal waste not only
provides a low-cost feedstock, but its use
also benefitstheenvironment by reclaiming
land and eliminating a potential pollution
problem. The proposed plant location is at
the Gilberton Power Plant cogeneration fa-
cility, Gilberton, Pennsylvania.

The prime contractor is Waste Manage-
ment and Processors, PTY ., LLC., (WMPI)
of Gilberton, Pennsylvania. TheWMPI team
includes Nexant (a Bechtel Technology and
Consulting company), a global engineering
and construction company; Texaco Global
Gas and Power, an integrated energy com-
pany with an international presence in coal
gasification; and SASOL Technology Ltd.,
aleader in F-T process technology.

This EECP would take full advantage of
the existing infrastructure at Gilberton,
thereby minimizing cost while providing
immediate local environmental benefits by
reclaiming coal wastes, which include large
ponds filled with anthracite waste derived
from on-site coal cleaning operations.
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Operation of the proposed EECP will
reduce many of the technical risks that are
inherent with first-of-a-kind plants. Of ma-
jor concern are the waste coal gasification
process and its integration with the F-T
system.

Integrated Methanol and Power
Production from Clean Coal
Technologies (IMPPCCT) Project

Thisprojectwill evaluatecoproduction of
power and chemicals from a plant fueled
with coal and other carbon-based feedstocks.
The prime contractor is Gasification Engi-
neering, asubsidiary of Global Energy Inc.,
which recently purchased the Dow/Destec
gasification technology from Dynegy and
renamed it E-GAS™. Team members are
AirProducts& Chemicals, Inc., Dow Chemi-
cal Company, Dow Corning Corporation,
Methanex Corporation, and Siemens
Westinghouse.

Global Energy will supply itsl GCCtech-
nology expertise, and Air Productswill pro-

vide experience from its LPMEOH™ pro-
cess, which produces methanol from coal-
derived syngas. Both of these technologies
have been successfully demonstrated on a
commercial scalein CCT projects.

Dow Chemica and Dow Corning will
provide a customer’s perspective for the
methanol product and also offer somepoten-
tial host sites for future commercial scale
plants. Methanex will add its global exper-
tise in producing and marketing chemical-
grade methanol, and Siemens Westinghouse
will lend its power generation experiencein
advanced turbine systems, specifically “G”
model turbines.

If the concept provesto be economically
feasible, the team will develop an engineer-
ing design package for a plant to be built at
the Wabash River site near Terre Haute,
Indiana. Existing contracts call for sae of
syngas to the adjacent power generation fa-
cility during periods of peak demand.
Methanol is the co-product of choice, and
theLPMEOH ™ processisparticularly suit-
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able for ramping up in a relatively short
period of time, an advantage when operat-
ing during non-peak periods.

Texaco Energy Systems Inc. Project

The Texaco EECP project combines
Texaco’s coal gasification expertise with
Rentech’s F-T technology to produce elec-
tric power, high-quality transportation fu-
els, and chemicals from coal and/or
petroleum coke. Joining Texaco are Brown
& Root Services, a division of Kellogg
Brown & Root, Inc.; GE Power Systems;
Praxair, Inc.; and Rentech, Inc.. This study
isintended to determinethe best configura-
tion for commercial implementation of the
integratedtechnology. If theconcept proves
economically feasible, an engineering de-
sign packagewill bedevelopedfor aplantto
be built at one of several potential sites.

Theproposed plantisdesignedtohandlea
wide variety of feedstocks and is capable of
making multiple products depending on mar-
ket conditions.

The project involves technical and eco-
nomic studies of several process options,
including syngas composition, F-T product
upgrading, wastewater treatment, catalyst/
wax separation, acid gas removal, tail gas
utilization, and site selection.

Distinctive Features of IGCC

IGCC takes a fundamentally different approach from power producing
processes that involve only combustion. IGCC generates a clean, medium-
Btu syngas, with essentially complete removal of several potential air pollut-
ants prior to combustion. As a result, atmospheric emissions of these
pollutants are very low.

The higher efficiency of IGCC power plants results in lower coal con-
sumption, thereby leading to lower emissions of CO,, a major greenhouse
gas. Less coal use also results in less ash requiring disposal.

Gasification can be used with virtually any carbon-based feedstock. Wa-
ter use is lower than conventional coal-based generation because gas tur-
bine units require no cooling water, an especially important consideration in
areas of limited water resources.

Combined-cycle units can be operated on other feedstocks, such as
natural gas or fuel oil, before the gasifier is constructed, thereby providing
early power. The size of gas turbine units can be chosen to meet specific
power requirements. Ability to operate on multiple fuels also permits contin-
ued operation of the gas turbine unit if the gasifier island is shut down for
maintenance or repairs, or if warranted by changes in fuel costs.

An additional benefit of IGCC is product flexibility, permitting production
of alternatives such as chemicals or transportation fuels. Market forces,
which are replacing regulatory structures, have resulted in expanded IGCC
applications. As a result of both feedstock and product flexibility, traditional
steam-powered electricity generation using single feedstocks is being sup-
planted by more versatile integrated technologies.

IGCC power plants use plentiful and relatively inexpensive coal as their
fuel. In the United States there are several hundred years of coal reserves,
and use of coal helps to reduce dependence on foreign oil.

In a typical IGCC plant, the syngas is cleaned for removal of particulates
and trace contaminants. Sulfur is recovered as hydrogen sulfide and con-
verted to elemental sulfur in a standard Claus plant. The clean syngas is uti-
lized as fuel for electricity generation in a high-efficiency combustion turbine
generator. Hot combustion turbine exhaust gas is used to produce high-
pressure, high-temperature steam in a heat recovery steam generator for
additional power production in a steam turbine or for use as thermal energy
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Vision 21

Ultimately, gasification will be the cornerstone technology for a new generation of energy plants for the 21st century,
the Vision 21 energy systems. These will be highly efficient systems coproducing low-cost electric power, transportation
fuels, and high-value chemicals, all tailored to the energy demands of the geographic area where they are located. Gas-
ification-based technologies, with their feedstock and product flexibility coupled with high efficiency and ultra-low emis-
sions, constitute the core of the Vision 21 concept.

Vision 21 is DOE's strategy for advancing the research and development of technologies critical to creating the inte-
grated energy systems of the future. R&D by DOE and its industry partners will focus on issues that are key to improving
the efficiency, versatility, and cost-effectiveness of gasification-based processes and systems, and to furthering syner-
gies between gasification and other advanced energy and environmental control technologies.
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Clean gas is used as a feedstock
for coproduction, including
power generation and conver-
sion to transportation fuels and
chemicals.

Clean gas for use as coproduction
feedstock can be obtained from
relatively expensive natural gas or
from lower cost materials such as
coal or waste streams by gasifica-
tion. In gasification, the lower cost
feedstock can more than offset the
higher capital cost.
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Development Facilities

DOE owns and finances several
dedicated development facilities.
These facilities are used to demon-
strate technology feasibility, system
integration, component scale-up,
product improvement, feedstock test-
ing, advanced gasifier designs, and
advanced gas separation concepts.
Each facility provides opportunities
to partner with industry in technol-
ogy research, development, and
demonstration.

Southern Company Services oper-
ates the Power Systems Develop-
ment Facility at Wilsonville, Alabama
(Www.psdf.southernco.com), which is
a multi-module test facility for evalu-
ating power system components, in-
cluding hot-gas particulate control
devices, using fuel gas produced by
a 38-ton/day transport gasifier. Engi-
neering-scale testing and develop-
ment of gasification processes,
components, and equipment, as well
as testing of devices to remove con-
taminants, are conducted with indus-
trial partners.

At the Alternative Fuels Develop-
ment Unit, operated by Air Products
& Chemicals, Inc. at LaPorte, Texas
(www.airproducts.com), researchers
are demonstrating low-cost methods
of making liquid fuels and chemicals
from a range of syngas compositions
derived from a wide variety of feed-
stocks. This unit is large enough to
generate engineering performance
data for the slurry-phase reactor sys-
tem and to make products for use in
application demonstrations.

Using a 150,000-cubic-foot/hour
syngas generator at the Gas Pro-
cessing Development Unit in
Morgantown, West Virginia
(www.netl.doe.gov), NETL re-
searchers test new, attrition-resis-
tant sorbents in fluidized-bed and
transport-bed reactors. Working with
contractors and industrial partners,
these researchers can develop infor-
mation and evaluate processes, sor-
bents, and catalysts in support of
larger-scale testing in other units
or in CCT projects.

20

Conclusions

Theobjective of coproductionisto maxi-
mize the recovery of energy and products
from a wide range of fuels, including coal
and low-cost opportunity feedstocks such as
petroleum coke, biomass, and municipal
wastes. Coproduction of power, heat, fuels
and chemicalsfrom syngas offersthe poten-
tial of significantly improved economics
compared with generating only power.

Theconcept of producing avaried slate of
products along with electric power is a de-
parture from conventional practicein which
thesefunctionsare accomplished in separate
facilities. Coproduction takes advantage of
synergies between syngas utilization pro-
cesses and power production to meet chang-
ing market demand.

Three EECP projects are underway to
develop advanced technology modules that
can be integrated into an ultra-high effi-
ciency, near pollution-free energy facility as
envisioned in DOE’s Vision 21 Program.
The intended result is to mitigate technical
risksand achieveintegrated coproductionin
facilities that will be operational by 2007.

Theimplementation of these projectswill
constituteamajor step inthedevelopment of
theadvanced energy systemsneededtomain-
tain our prosperity, protect the environment,
and provide national energy security. The
proposed plants will also result in a major
reduction in greenhouse gas emissions com-
pared with conventional coal-fired power
generation.



Advantages of Gasification

Clean environment

Gasification-based plants can meet
all projected environmental regulations,
solving the compliance problems of both
electric power generators and liquid fuel
producers. Because they operate at a
higher efficiency than conventional fossil-
fueled power plants, these systems emit
less CO, per unit of energy, and emis-
sions of SO, and NOXx, gases linked to
acid rain, are a small fraction of allow-
able limits. Water requirements are less
than half that of a pulverized coal plant
with flue gas scrubbing. Gas turbines re-
quire no cooling water, an especially im-
portant consideration in areas of limited
water resources.

Feedstock flexibility

Gasifiers have the flexibility to handle
a variety of feedstocks. In addition to
coal, feedstocks can include petroleum
coke, refinery wastes, biomass, munici-
pal solid waste, tires, plastics, hazardous
wastes and chemicals, and sewage

sludge. These alternative feedstocks
are typically low in cost, sometimes
even demanding a disposal fee. Not
only do these low-cost feeds improve
economics, but marketable products
are created from waste streams, thus
decreasing disposal costs and mini-
mizing environmental concerns.

Product flexibility

The coproduction option helps re-
duce business risk by allowing a com-

pany to choose the plant configuration

that best suits market demands, pro-
ducing goods that have the highest
value to that particular business. Sys-

tem efficiencies are enhanced to more

than 50% when transportation fuels
are produced and to 80% when co-
product steam is used directly in in-
dustrial applications.

Attractive plant economics

Gasification utilizes low-cost feed-
stocks while delivering high-value

products. Through modularity and
phased construction, capital expen-
ditures can be distributed over time
to meet financing requirements. Re-
powering can make use of existing
plant infrastructure to reduce up-
front expenditures. By-products
are marketable. Continued oper-
ating experience can further re-
duce capital and operating costs,
thereby increasing economic
competitiveness.

Ease of integration with other
advanced technologies

As advanced technologies for
gasification, turbines, fuel cells, gas
separation, gas cleaning, and
syngas conversion become avail-
able, they can be readily integrated
to improve overall efficiency.

In addition, both coproduction and
coal gasification with gas cleaning
can be readily added to existing
natural gas combined-cycle plants.

The DOE Transportation Fuels & Chemicals Program

The need for liquid fuels is projected
to be a critical element in this Nation’s
energy future in the 21st century. The
objective of the Program is to develop,
in partnership with industry and other
government organizations, environmen-
tally superior fuel technologies based
on the conversion of coal-derived
syngas. These technologies will help
the U.S. meet increasingly stringent
vehicle emission standards to reduce
pollution from the transportation sector.
For intermediate term deployment, the

Program is focusing on the three
Early Entrance Coproduction Plant
projects that are co-sponsored with
the Gasification Technologies Pro-
gram and described in this docu-
ment. To provide the foundation for
fuel conversion technologies that will
be deployed longer-term, the Pro-
gram is supporting research in criti-
cal process system science, including
the development of iron-based cata-
lysts, reactor design and reaction
chemistry.
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The DOE Gasification Technologies Program

As public and private R&D funding becomes increas-
ingly limited, DOE has implemented an aggressive out-
reach program to partner with those who have a stake in
the outcome of gasification R&D, including power genera-
tors, industrial firms, financial institutions, environmental
groups, legislators, and taxpayers. DOE will educate
stakeholders on the technical, economic, and environ-
mental benefits of gasification systems, coordinating ac-
tivities with other Federal, State, and local agencies and
organizations. Formation of multinational partnerships,
consortia, and user groups will ensure coordinated re-
search and commercialization activities for gasification-
based technologies.

To meet energy market demands and facilitate global
commercial acceptance of gasification-based technolo-
gies, the DOE Gasification Technologies Program strat-
egy emphasizes increased efficiencies, cost reduction,
feedstock and product flexibility, near-zero emissions of
pollutants, and reduction of CO,.

DOE sponsors R&D contracts with industry, academia,
nonprofit institutions, and government laboratories to
achieve gasification technology development goals.

» Research on advanced gasifier designs has the
potential to reduce capital and O&M costs, improve
thermal efficiency, and expand the use of alternative
feedstocks.

» Refractory materials research and instrument
development are being pursued to improve gasifier
performance, operational control, and reliability.

* Fluid dynamic data and advanced computational fluid

dynamic models support improvements to the gasifier.

» Use of biomass and municipal waste as gasifier

feedstocks for power and coproduction applications is
undergoing evaluation.

Novel technologies for gas cleaning and conditioning
are undergoing development to reduce capital and
operating costs. New technologies are needed to
supply ultra-clean gas for fuel cell and catalytic
conversion of synthesis gas to improve efficiency,
enable effective CO, separation, and minimize
consumables and waste products.

Advanced membranes and concepts to provide
lower cost separation of oxygen from air are being
developed. These have the potential for very
significant improvement in economics.

Research in advanced gas separation technologies
for concentrating syngas constituents targets capital
and operating cost reductions, improved plant
efficiency, and concentration and capture of CO,.
Investigations include hydrogen and CO, separation
technologies capable of operating at high
temperatures and pressures and in the presence of
contaminants.

Technologies to generate value-added products to
minimize waste disposal and improve process
economics are undergoing evaluation. Improving
the quality of the ash and sulfur by-products not only
enhances plant revenues, but also uses resources
more effectively.
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The Clean Coal Technology Program

The Clean Coal Technology (CCT)
Demonstration Program, sponsored
by the U.S. Department of Energy
(DOE) and administered by the Na-
tional Energy Technology Laboratory
(NETL), has been conducted since
1985 to develop innovative, environ-
mentally friendly coal utilization pro-
cesses for the world energy
marketplace.

The CCT Program, which is co-
funded by industry and government,
involves a series of commercial-scale
demonstration projects that provide
data for design, construction, opera-
tion, and technical/economic evalua-
tion of full-scale applications. The
goal of the CCT Program is to en-
hance the utilization of coal as a
major energy source.

The CCT Program has also
opened a channel to policy-making
bodies by providing data from cut-
ting-edge technologies to aid in for-
mulating regulatory decisions. DOE

and the participants in several CCT
projects have provided the Environ-
mental Protection Agency (EPA) with
data to help establish targets for nitro-
gen oxide (NOx) emissions from coal-
fired boilers subject to compliance
under the 1990 Clean Air Act Amend-
ments (CAAA).

Coal gasification systems demon-
strated on a commercial scale in the
CCT Program include:

» The Tampa Electric Integrated
Gasification Combined-Cycle Project,
which uses the Texaco gasification
technology

» The Wabash River Coal Gasifi-
cation Repowering Project, which
uses Global Energy’s E-GAS™ tech-
nology

An additional CCT project recently
authorized, the Kentucky Pioneer En-
ergy Project, involves gasification of a
variety of feedstocks including low-
grade coal and municipal solid waste,
using BGL gasification technology.
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To Receive Additional
Information

To be placed on the Department
of Energy’s distribution list for fu-
ture information on the Clean Coal
Technology Program, the demon-
stration projects it is financing, or
other Fossil Energy Programs,
please contact:

Robert C. Porter

Director, Office of Communication
U.S. Department of Energy, FE-5
1000 Independence Ave SW
Washington DC 20585

(202) 586-6503

(202) 586-5146 fax
robert.porter@hq.doe.gov

Otis Mills, Jr.
Public Information Office
U.S. Department of Energy

National Energy Technology Labo-
ratory

P.O. Box 10940
Pittsburgh PA 15236-0940
(412) 386-5890

(412) 386-6195 fax
mills@netl.doe.gov

This report is available on the
Internet at U.S. DOE, Office of
Fossil Energy’s website:
www.fe.doe.gov, and on the Clean
Coal Technology Compendium
website: www.lanl.doe.gov/
projects/cctc
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Contactsfor CCT Projects
and U.S. DOE CCT Program

Participant Contacts

John W. Rich, Jr.

Waste Managment and Processors, PTY .,

LLC.

Main Street

Gilberton PA 17934

(570) 874-1602

(570) 874-2625 fax
jwrich@uiltracleanfuels.com
Doug Strickland

Gasification Engineering Corp.
444 West Sandford Avenue
West Terre Haute IN 47885
(812) 535-6082

(812) 535-6101 fax
dtstrickland@gl obalenergyinc.com

John H. Anderson
Texaco Energy Systems, Inc.

1111 Bagby
Houston TX 77002
(713) 752-4754
(713) 752-4681 fax
anderjh@texaco.com

U.S. Department of Energy Contacts

Stewart Clayton
U.S. Department of Energy, FE-22

Germantown MD 20874-1290
(301) 903-9429

(301) 903-2713 fax
stewart.clayton@hqg.doe.gov
Victor Der

Director, Office of Power Systems
U.S. Department of Energy, FE-24
Germantown MD 20874-1290
(301) 903-2700

(301) 903-2713 fax
victor.der@hq.doe.gov

C. Lowell Miller

Director, Coal Fuels & Industrial Systems
U.S. Department of Energy, FE-24
Germantown MD 20874-1290

(301) 903-9451

(301) 903-2238 fax
lowell.miller@hg.doe.gov

Edward Schmetz

U.S. Department of Energy, FE-24
Germantown MD 20874-1290

(301) 903-3931

(301) 903-2238 fax
edward.schmetz@hg.doe.gov

Gary J. Stiegel

Product Manager, Gasification Technologies
National Energy Technology Laboratory
P.O. Box 10940

Pittsburgh PA 15236-0940

(412) 386-4499

(412) 386-4822 fax

gary.stiegel @netl.doe.gov

John C. Winslow

Product Manager, Transportation Fuels and
Chemicals

National Energy Technology Laboratory
P.O. Box 10940

Pittsburgh PA 15236-0940

(412) 386-6072

(412) 386-4822 fax
john.winslow@netl.doe.gov



List of Acronyms and Abbreviations

o] o R barrels/day

BIU oo British thermal unit

CAAA e Clean Air Act Amendments of 1990
O TR Clean Coal Technology

CHy e methane

CO et carbon monoxide

COy ettt s carbon dioxide

DOE ... U.S. Department of Energy

EECP ..o early entrance coproduction plants

EPA .o U.S. Environmental Protection Agency
EPRI ..o formerly the Electric Power Research Ingtitute
N Fischer-Tropsch

Ho oo hydrogen

HoS o hydrogen sulfide

IGCC it integrated gasification combined-cycle
KWH e kilowatt hour

LPMEOH™ ... Liquid Phase Methanol

MCFC ..ot molten carbonate fuel cell

MWE .o megawatts of electric power

MWIEN .o megawaitts of thermal power (1 MWth = 3.413 x 106 Btu/hr)
N O SN Nationa Energy Technology Laboratory
NH; oo ammonia

N[ ) SRS nitrogen oxides

O e oxygen

015 - U pressure, pounds per square inch (absolute)
RDF et refuse derived fuels

RED oot research & development

@ return on equity

SOy i sulfur dioxide

SYNUBS .ovveeveeeereeereeeeeesee e eeeeeseeseseeseeneeseens synthesis gas

WMPL e Waste Management and Processors, Inc.
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