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Summary

The Clean Coal Technology Demonstration
Program is a unique partnership between the United
States Department of Energy (DOE) and industry
that has as its primary goal the successful demonstra-
tion of a new generation of advanced coal-based
technologies, with the most promising technologies
being moved into the domestic and international
marketplace.

Begun in 1985 and expanded in 1987 to meet the
recommendations of the United States and Canadian
Special Envoys on Acid Rain, the program has
resulted in a capital investment of nearly $6 billion in
40 competitively selected projects. Of the 40
projects, 20 have completed operations, 7 are in
operation, 5 are in construction, 7 are in design, and
1 is in negotiation, The demonstrations are at a scale
large enough to generate data needed to enable
potential domestic and international users to make
judgments about the commercial viability of a
particular process. These demonstrations will
improve the global environment and enhance global
energy security through the use of technologies and
services provided by United States industry.

The 40 projects are directed toward satisfying
the energy and environmental needs of four applica-
tion categories:

+ Advanced electric power generation
+ Environmental control devices
+ Coal processing for clean fuels

* Industrial applications

Advanced Electric Power Generation

The growing concern over global climate
change is being addressed through the demonstration
of high-efficiency advanced electric power generat-
ing technologies. Nearly 900 megawatts-electric
(MWe) of new capacity and more than 800 MWe of
repowered capacity are represented by 12 projects
valued at nearly $3.4 billion. These projects include
five fluidized-bed combustion systems, four integrat-
ed gasification combined-cycle systems, and three
advanced combustion/heat engine systems. These
projects not only will provide environmentally sound
electric power generation in the mid- to late 1990s,
but also will provide the demonstrated technology
base necessary to meet new capacity requirements in
the 2ist century.

Environmental Control Devices

There are 19 environmental control devices
projects valued at nearly $704 million, These
include seven NO_ emissions control systems
installed on more than 1,700 MWe of utility generat-
ing capacity, five SO, emissions control systems
installed on approximately 770 MWe, and seven
combined SO,/NO_emissions control systems
installed on approximately 800 MWe of capacity.
Most of these environmental control devices will
have their operating experience documented by the
end of 1996.

Coal Processing for Clean Fuels

Valued at more than $519 million, the five
projects in the coal processing for clean fuels
application category represent a diversified portfolio
of technologies. Three projects involve the produc-
tion of high-energy-density solid compliance fuels
for utility or industrial boilers; one of these projects
also produces a liquid for use as a chemical or
transportation fuel feedstock, A fourth project is
demonstrating a new methanol production process.
The fifth project has demonstrated an expert comput-
er software system that enables a utility to predict
operating performance of coals being considered but
not previously burned in the utility’s boiler.



Industrial Applications

The four projects in the industrial applications
category have a combined value of nearly $1.3
billion. Projects encompass substitution of coal for
40 percent of the coke in iron making, integration of
a direct iron-making process with the production of
electricity, reduction of cement kiln emissions and
solid waste generation, and demonstration of an
industrial-scale combustor.

International Activities

Internationally, clean coal technologies are
increasingly important in the export market, creating
major opportunities for U.S. business. Recognizing
the importance of this export market, a number of
efforis are under way to define market opportunities
to promote U.S. technology and to support U.S.
project development work. International activities
have concentrated on providing technical support to
U.S. trade agencies, organizing trade missions,
conducting education and training, developing
financial and market analysis in response to Section
1331 of the Energy Policy Act of 1992, and develop-
ing an international technology transfer program as
directed by Section 1332 of that act.

The Energy Policy Act provided the Secretary of
Energy with the responsibility, among others, to
“encourage the export of United States clean coal
technologies” and to “assist United States firms,
especially firms that are in competition with firms in
foreign countries, to obtain opportunities to ...
undertake projects in foreign countries.” The
Secretary was authorized to “develop policies and
programs to encourage export and promotion ... to
developing countries™ of all “domestic energy
resource technologies.”
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Project Fact Sheets

Exhibit 1 provides the project schedules by
application category for the 40 projects in the
program. The remainder of this report contains fact
sheets for all projects. The information provided
includes the project participant, teamn members,
location, process flow diagram, significant project
features, project objectives, description of the
process and its performance attributes, progress and
accomplishments, commercial applications, and
major milestones.

To prevent the release of project-specific
information of a proprietary nature, process flow
diagrams contained in the fact sheets are highly
simplified and presented only as illustrations of the
concepts involved in the demonstrations.

For additional information, contact:

Dr. C.L. Miller

U.S. Department of Energy

Office of Fossil Energy (FE-22/270CC)
Germantown, MD 20874-1290

Phone: (301) 903-9451

Fax: (301) 903-9438

Key to Milestone Charts in Fact Sheets

Each fact sheet contains a bar chart that high-
lights major milestones~past and planned. The bar
chart shows a project’s duration and indicates the time
period for three general categories of project activi-
ties—preaward, design and construction, and opera-
tion. The key provided below explains what is includ-
ed in each of these categories.

Preaward

Includes preaward briefings, negotiations,
and other activities conducted during the
period between DOE's salection of tha
project and award of the cooperative agree-
ment.

- Design and Construction

Inciudes the NEPA process, permitting,
dasign, procurement, construction, preoper-
ational testing, and othar activities conduct-
ed prior to the beginning of operation of the
demonstration.

MTF  Memo-to-file

CX Categorical axciusion

EA Environmental assessment

€is Environmentalimpact statement
NEPA National Environmental Policy Act

- Operation
Begins with start-up of operation and in-

cludes operational testing, data collection,
analysis, avaluation, reporting, and cther
activities to compiete the demonstration
project.




Exhibit 1
Project Schedules and Funding by Application Category

Calendar Year | 1986 DOE Total
123 {$1,000)

Tri-State--Nucla 17,130 46,513
Ohio Power--Tidd . 66,957 189,886
Wabash River 219,100 438,200
Tampa Electric 142,994 285,988
Sierra Pacific 154,276 308,551
AIDEA 117,327 242,058
Penelec--ACFB 74,734 276,695
DMEC-1 93,253 202,959
Penetec--Externally Fired 73416 146,832
ADL--Coal Diesel 19,155 38,310
Four Rivers 142,460 360,708
Clean Energy 183,300 841,096
Coal Tech [ ‘ Industrlal Applications 490 984
Passamaquoddy 5,983 17,800
Bethlehem--Blast Furnace 31,260 191,700
CPICOR* 149,469 1,065,805

e

* Award of Cooperative Agreement expected in October 1996, Operations are scheduled to end January 2003,

E Preaward - DPesign and Construction - Operation and Reporting
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Exhibit 1 (continued)
Project Schedules and Funding by Application Category

Calendar Year| 1986 DOE Total
1234 {$1,000)

B&W--LIMB [ 7597 19405
S$CS--Wall-Fired 6,554 14,711
EER--GRISI e 18,748 37,589
SCS--Tangentially Fired 4,440 9,153
Bechtel--CZD 5,206 10,412
B&W--Coal Reburning 6,341 13,647
B&W--LNCR 5,443 11,233
ABB ES--SNOX 15,719 31,438
B&W--SNRB 6,078 13272
Pure Air on the Lake 63,913 151,708
LIFAC 10,637 21,394
PSC of Colorado 13,706 27.411
AirPol--GSA 2,315 7717
EER—-GR-LNB 8,896 17,807
SCS--CT-121 21,085 43,075
SCS--5CR 9,407 23,230
NYSEG-Milliken 45000 158,608
NYSEG—Micronized Coal 2,701 9,096
NOXSO Corporation 41,406 82,812
ABS CE & CQ--Expert : o - e ' Coal Processing for 10,864 21,746
Rosebud SynCoal — | Clean Fuels || 43125 105700
ENCOAL . . 45,332 90,664
Custom Coals 37,954 87,386
Air Products—-1LPMECH 92,708 213,700

e

Palinioaby



Project Fact Sheets: The United States Department of Energy’s
Clean Coal Technology Demonstration Program

Project Participant Page
Advanced Electric Power Generation
Fluidized-Bed Combustion
PCFB Demonstration Project DMEC-1 Limited Partnership 2
Four Rivers Energy Modernization Project Four Rivers Energy Parmers, L.P. 4
Tidd PFBC Demonstration Project The Ohio Power Company 6
ACFB Demonstration Project Pennsylvania Electric Company. ]
Nucla CFB Demonstration Project Tri-State Generation and Transmission Association, Inc. 10
Integrated Gasification Combined Cycle
Clean Energy Demonstration Project Clean Energy Partners Limited Partnership 12
Pifion Pine IGCC Power Project Sierra Pacific Power Company 14
Tampa Electric Integrated Gasification Combined-Cycle Project Tampa Electric Company 16
Wabash River Coal Gasification Repowering Project Wabash River Coal Gasification Repowering Project Joint Venture i8
Advanced Combustion/Heat Engines
Healy Clean Coal Project Alaska Industrial Development and Export Authority 20
Coal Diesel Project Arthur D. Litde, Inc. 22
Externally Fired Combined-Cycle Demonstration Project Pennsylvania Electric Company 24
Environmental Control Devices
NO, Controi Technologies
Demonstration of Coal Reburning for Cyclone Boiler NO, Control The Babcock & Wilcox Company 28
Full-Scale Demonstration of Low-NO, Cell Burner Retrofit The Babcock & Wilcox Company 30
Evaluation of Gas Reburning and Low-NO_ Bumners on a Wall-Fired Boiler Energy and Environmental Research Corporation 32
Micronized Coal Reburning Demonstration for NO_ Control New York State Electric & Gas Corporation 34
Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler Southern Company Services, Inc. 36
Demonstration of Selective Catalytic Reduction Technology for the Control of NO, Emissions Southern Company Services, Inc. 38
from High-Sulfur-Coal-Fired Boilers
180-MWe Demonstration of Advanced Tangentially Fired Combustion Techniques Southern Company Services, Inc. 40

for the Reduction of NO_ Emissions from Coal-Fired Boilers



Project Fact Sheets: The United States Department of Energy’s
Clean Coal Technology Demonstration Program

vi

(continued)
Project Participant Page
S0, Conirol Technologies
10-MWe Demonstration of (Gas Suspension Absorption AirPol, Inc. 42
Confined Zone Dispersion Flue Gas Desulfurization Demonstration Bechtel Corporation 44
LIFAC Sorbent Injection Desulfurization Demonstration Project LIFAC-Nosth America 46
Advanced Flue Gas Desulfurization Demonstration Project Pure Air on the Lake, L.P. 48
Demonstration of Innovative Applications of Technology for the CT-121 FGD Process Southern Company Services, Inc. 50
Combined SO/NO_ Control Technologies
SNOX™ Flue Gas Cleaning Demonstration Project ABB Environmental Systems 52
LIMB Demonstration Project Extension and Coolside Demonstration The Babeock & Wilcox Company 54
30_-NO_-Rox Box™ Flue Gas Cleanup Demonstration Project The Babcock & Wilcox Company 56
Enhancing the Use of Coals by Gas Reburning and Sorbent Injection Energy and Environmental Research Corporation 58
Milliken Clean Coal Technology Demonstration Project New York State Electric & Gas Corporation 60
Commercial Demonstration of the NOXSO S0,/NO_Removal Flue Gas Cleanup System NOXSO Corporation 62
Integrated Dry NO /SO, Emissions Control System Public Service Company of Colorado 64
Coal Processing for Clean Fuels
Coal Preparation Technologies
Development of the Coal Quality Expert ABB Combustion Engineering, Inc., and CQ Inc. 68
Self-Scrubbing Coal™: An Integrated Approach to Clean Air Custom Coals International 70
Advanced Coal Conversion Process Demonstration Rosebud SynCoal Partnership T2
Mild Gasification
ENCOAL Mild Coal Gasification Project ENCOAL Corporation 14
Indirect Liquefaction
Commercial-Scale Demonstration of the Liquid-Phase Methanol (LPMEOH™) Process Air Products Liquid Phase Conversion Company, L.P. 76
Industrial Applications
Blast Fumnace Granulated-Coal Injection System Demonstration Project Bethichem Steel Corporation 80
Advanced Cyclone Comtbustor with Internal Sulfur, Nitrogen, and Ash Control Coal Tech Corporation 82
Clean Power from Integrated Coal/Ore Reduction (COREX®) CPICOR™ Management Company, LL.C. 84
Cement Kiln Flue Gas Recovery Scrubber Passamaquoddy Tribe 86
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Project Results/Accomplishments:

Between August 1988 and January 1991, a total of 72
steady-state performance tests were conducted: 22 tests
at 50% load, 6 at 75% load, 2 at 90% load, and 42 at full
load (110 MWe). Some key results, as reported by the
participant, follow:

= Results indicated strong correlations of absolute CO,
50,, and NO_ emissions levels with combustor
operating temperatures. Although NSPS compliance
was maintained, a penalty on limestone feed
requirements for sulfur retention was realized at the
higher operating temperatures. Below 1,620 °F, 70%
sulfur retention was achieved with 1.5 Ca/§, and 95%
sulfur retention was achieved with 4.0 Ca/S. At
approximately 1,700 °F, Ca/S greater than 5.0 was
required to maintain 70% sulfur capture.

* The NQ, emissions for all tests were less than
0.34 Ib/million Btu, which was well within the state-
regulated emission limit of 0.50 Ib/million Btu. The
average level of NO, emissions for all tests was
0.18 Ib/million Bm.

* Combustion efficiency, a measure of the quantity of
carbon that is fully oxidized to CO,, ranged from
96.9% to 98.9%. Of the four exit sources of
incompletely burned carbon, the largest was carbon
contained in the fly ash (93%). The next largest (5%}
was carbon contained in the bottom ash stream, and
the remaining feed-carbon loss (2%) was
incompletely oxidized CO in the flue gas. The fourth
possible source, hydrocarbons in the flue gas, was
measured and found to be negligible.

» Boiler efficiencies for 68 performance tests varied
from 85.6% 10 88.6%. The contributions to boiler
heat loss were identified as unburned carbon, sensible
heat in dry flue gas, fuel and sorbent moisture, latent
heat in burning hydrogen, sorbent calcination, radia-
tion and convection, and bottom ash cooling water.

Advanced Eleciric Power Generation

Net plant heat rate decreased with increasing boiler
load, from 12,400 Bw/kWh at 50% of full load to
11,600 Btw/kWh at full load. The lowest value
achieved during a full-load steady-state test was
10,980 Baw/kWh. These values were affected by the
absence of reheat, the presence of the three older
12.5-MWe turbines in the overall steam cycle, the
number of unit restarts, and part-load testing.

* Over the range of operating temperatures at which
testing was performed at Nucla, bed temperature was
found to be the most influential operating parameter.
With the possible exception of coal-feed configura-
tion and excess air at elevated temperatures, bed
temperature was the only parameter that had a mea-
surable impact on emissions or efficiencies. Emis-
sions of $Q, and NO, were found to increase with
increasing combustor temperatures while CO emis-
sions decreased with increasing temperature. Com-
bustion efficiency also improved as the temperature
was increased.

An economic evaluation indicated that the final
capital costs for the Nucla ACFB system were about
$112.3 million, representing a cost of $1,123/net kW.
Total power production costs associated with test opera-
tions were about $54.7 million, which translates to a
normalized power production cost of $63.63/MWh.
Fixed costs were less than 62% of the total, and variable
costs were more than 38%. Nucla’s power production
costs proved competitive with pulverized coal units not
limiting emissions as significantly.

Commercial Applications;

ACFB technology has good potential in both industrial
and utility sectors for new capacity additions or for
repowering existing coal-fired plants. Coal of any sulfur
content can be used. Because any type or size of boiler
can be repowered by ACFB using the existing plant area,
coal- and waste-handling equipment, and steam turbine

equipment, the life of the plant can be extended. Ben-
efits of ACFB include 90% SO, reduction, 60-80% NO,
reduction, and control of pollutants at lower costs than
are offered by existing technologies,

As a result of the Nucia demonstration, Pyropower
Corporation was able to save almost 3 years in establish-
ing a commercial line of ACFB units, Pyropower’s
commercial units are now offered under warranty in
sizes ranging up to 400 MWe. Under the terms of the
project’s repayment plan, Tri-State is required to submit
to DOE semiannual payments based on a percentage of
the net revenues from plant operation. This repayment
obligation ends in October 2011 unless DOE’s contribu-
tion is repaid before that time, Tri-State has made pay-
ments of $351,700 under the plan.

Project Schedule:

DOE selected project (CCT-I) 1077187
Cooperative agreement awarded 10/3/88
NEPA process completed (MTF) 4/18/88
Environmental monitoring plan completed 2/27/88
Operational testing 8/88-1/91
Project completed 4192
Final Reports:

Final Technical Report 10/91
Economic Evaluation Report 3192
Performance Test Summary Repons 392
Public Design Report 1250

11



Advanced Electric Power Generation
Integrated Gasification Combined Cycle

Clean Energy Demonstration
Project

Participant:

Clean Energy Partners Limited Partnership (a limited
partnership consisting of Clean Energy Genco, Inc., an
affiliate of Duke Energy Corp.; Makowski Clean Energy
Investors, Inc.; British Gas Americas, Inc.; and an affili-
ate of the General Electric Company)

Additional Team Members:

Duke Engineering & Services, Inc.—engineer and
constructor

General Electric Company—power island designer and
supplier

British Gas Americas, Inc., affiliate in conjunction with
Largi Energie and Umwelt GmbH—gasification
island designer

Fuel Cell Engineering Corporation—molten carbonate
fuel cell designer and supplier; cofunder

Electric Power Research Institute—cofunder

National Rural Electric Cooperative Association—
cofunder

Deutsche Aerospace AG—cofunder

Location:
An east coast site

Technology:

Integrated gasification combined-cycle (IGCC) using
British Gas/Lurgi (BG/L) slagging fixed-bed gasification
system coupled with Fuel Cell Engineering’s molten
carbonate fuel celt (MCFC)

Plant Capacity/Production:
477-MWe (net) IGCC, 1.25-MWe MCFC

12
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Project Funding:

Total project cost $841,096,189 100%
DOE 183,300,000 22
Participant 657,796,189 78
Praoject Objective:

To demonstrate and assess the reliability, availability,
and maintainability of a utility-scale IGCC system using
high-sulfur bituminous coal in an oxygen-blown, fixed-
bed, slagging gasifier and the operability of a molten
carbonate fuel cell fueled by coal gas, by an independent
power producer under commercial terms and conditions.

Technology/Project Description:

The BG/L gasifier is supplied with steam, oxygen, lime-
stone flux, and coals having a high fines content. Dur-
ing gasification, the oxygen and steam react with the

coal and limestone to produce a raw coal gas rich in
hydrogen and carbon monoxide. Raw coal pas exiting
the gasifier is washed and cooled. Hydrogen sulfide and
other sulfur compounds are removed. Elemental sulfur
1s reclaimed and disposed of as a by-product. Tars, oils,
and dust are recycled to extinction in the gasifier. The
resylting clean, medium-Btu fuef gas is used to fuel the
gas turbine in the IGCC power island. A small portion
of the clean gas is used for the MCFC.

The MCFC is composed of 2 molten carbonate
electrolyte sandwiched between porous anode and cath-
ode plates. Fuel (desulfurized, heated medium-Btu gas)
and steam are fed continuously into the cathode. Electri-
¢al reactions produce direct electric current which is
converted to alternating power in an inverter.

Advanced Electric Power Generation



1833 1954 1985 1996
3 4|1 2 3 411 2 3 4|1 2 3

1997 1998 1999

2003

1 2

Cooperative agreement
awarded 12/2/94

DOE selected projoct
(CCTV) 54/93

Note: Milastons schedule pending project restructuring

The project is demonstrating the use of eastern U.S.
bituminous coal in a commercial-scale IGCC system and
integrated MCFC module.

Project Status/Accomplishments:
The cooperative agreement was awarded December 2,
1994, The participant is looking for an east coast site.

Commercial Applications:

The IGCC system being demonstrated in this project is
suitable for both repowering applications and new power
plants. The technology is expected to be adaptable to a
wide variety of potential market applications because of
several factors. First, the BG/L gasification technology
has successfully used a wide variety of U.S. coals. Also,
the highly moduiar approach to system design makes the
BG/L-based IGCC and molten carbonate fuel cell com-
petitive in a wide range of plant sizes. In addition, the
high efficiency and excellent environmental performance
of the system are competitive with or superior to other
fossil-fuel-fired power generation technologies.

Advanced Electric Power Generation

The heat rate of the IGCC demonstration facility is
8,560 Brw/kWh (40% efficiency) and the commercial
embodiment of the system has a projected heat rate of
8.035 Btu/kWh (42.5% efficiency). The commercial
version of the molten carbonate fuel cell fueled by a
BG/L gasifier is anticipated to have a heat rate of 7,379
Btw/kWh (46.2% efficiency). These efficiencies repre-
sent greater than 20% reduction in emissions of CO,
when compared to a conventional pulverized coal plant
equipped with a scrubber. SC, emissions from the IGCC
system are expected to be less than 0.1 Ib/million Btu
(99% reduction); NO,_ emissions, less than 0.15 Ib/mil-
lion Btu {(90% reduction).

Also, the slagging characteristic of the gasifier
produces a nonleaching, glass-like slag that can be mar-
keted as a usable by-product.

13



Advanced Electric Power Generation
Integrated Gasification Combined Cycle

Pinon Pine 1IGCC Power
Project

Participant:
Sierra Pacific Power Company

Additional Team Members:

Foster Wheeler USA Corporation—architect, engineer,
and constructor

The M.W. Kellogg Company—technology supplier

Location:
Reno, Storey County, NV (Sierra Pacific Power
Company’s Tracy Station)

Technology:

Integrated gasification combined-cycle (IGCC) using the
KRW air-blown pressurized fluidized-bed coal
gasification system

Plant Capacity/Production:

99 MWe (net)

Project Funding:

Total project cost $308.551,000 100%
DOE 154,275,500 50
Participant 154.275,500 50
Project Objective:

To demonstrate air-blown, pressurized, fluidized-bed
1GCC technology incorporating hot gas cleanup; to
evaluate a Jow-Biu gas combustion turbine; and to assess
long-term reliability, availability, maintainability, and
environmental performance at a scale sufficient to deter-
mine commercial potential.
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Technology/Project Description:

Dried and crushed coal and limestone are introduced into
a pressurized, air-blown, fluidized-bed gasifier. Crushed
limestone is used to capture a portion of the sulfur and to
inhibit conversion of fuel nitrogen to ammonia. The
sulfur reacts with the limestone to form calcium sulfide
which, after oxidation, exits as calcium sulfate along with
the coal ash in the form of agglomerated particles suitable
for landfill.

Hot, low-Btu coal gas leaving the gasifier passes
through cyclones which return most of the entrained
particulate matter to the gasifier. The gas, which leaves
the gasifier at about 1,700 °F, is cooled to about 1,100 °F
before entering the hot-gas cleanup system. During
cleanup, virtually ail of the remaining particulates are
removed by ceramic candle filters, and final traces of

sulfur are removed by reaction with metal oxide sorbent
in a transport reactor.

The hot, cleaned gas then enters the combustion
turbine which is coupled to a generator designed to
produce 61 MWe (gross). Exhaust gas is used to pro-
duce steam in a heat recovery steam generator. Super-
heated high-pressure steam drives a condensing steam
turbine-generator designed to produce about 46 MWe
(gross).

Due to the relatively low operating temperature of
the gasifier and the injection of steam into the combus-
tion fuel stream, the NO_emissions are 0.069 b/million
Btu (94% reduction). Due to the combination of in-bed
sulfur capture and hot gas cleanup, SO, emissions are
0.069 1b/million Btu (90% reduction).

Advanced Electric Power Generation



Calendar Year

| Preaward

DOE selected
project (CCT-IV}
912/

Cooperative agresment awarded &/1/92

Design and Construction

complated 10/96*
Dasign completed 8/95
Ground breaking/construction started 2/95

NEPA process completed (EIS) 11/8/94

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 4|1 2 3 4 2 3 2 3 4|1 2 3 4|1 2 3 4|1 2 3 41 2 3 4 2 3 2 3 4| 1 2
9/91 8/92 2/7 7/00

Environmental monitoring plan

Operation

Operation initiated 2/97*
Construction completed 2/97*

Preoperational tests initiated 11/96*

Projact completedfinal repor issued 7/00"
Operation completed 7/00*

*Projected date

In the demonstration project, 880 tons/day of coal
are converted into 107 MWe (gross), or 39 MWe (net),
for export to the grid. Western bituminous coal
(0.5-0.9% suifur) from Utah is the design coal; tests
using eastern bituminous coal containing 2-3% sulfur
also are planned. The integrated gasification system is
being built at Sierra Pacific Power Company’s Tracy
Station, near Reno, NV,

Project Status/Accomplishments:

The project is in the final stages of engineering and
construction. Steel erection was started in late 1995 and
completed in February 1996. Consistent with an envi-
ronmentally pristine area, all solid feedstocks and prod-
ucts will be unloaded, conveyed, and stored in com-
pletely enclosed subsystems. Major pieces of equipment,
including the gasifier, syngas coolers, particulate filters,
cyclones, and two turbines were vendor-fabricated,
shipped to the site, and lifted into place consistent with
an overall medular mechanical and erection schedule.

Advanced Electric Power Generdtion

The combustion turbine and steam turbine have
been installed, aligned with generators, and made ready
for commissioning. Operator training for the combus-
tion turbine has been ongoing since mid-April 1996 in
preparation for start-up on natural gas in mid-August.
The switch to coal gas wil be made as the gasification
island becomes operational in the fourth quarter of 1996.

Commercial Applications:

The Pifion Pine IGCC system concept is suitable for new
power generation, repowering needs, and cogeneration
applications. The net effective heat rate for a proposed
greenfield plant using this technology is projected to be
7,800 Bru/kWh (43.7% efficiency), representing a 20%
increase in thermal efficiency as compared to a conven-
tional pulverized coal plant with a scrubber and a com-
parable reduction in CO, emissions. The compactness of
IGCC systems reduces space requircments per unit of
encrgy generated relative to other coal-based power
generation systems, and the advantages provided by

modular construction reduce the financial risk associated
with new capacity additions.

The KRW IGCC technology is capable of gasifying
all types of coals, including high-sulfur and high-swell-
ing coals, as well as bio- or refuse-derived waste, with
minimaf environmental impact. This versatility provides
numerous economic advantages for the depressed min-
eral extraction and cleanup industries. There are no
significant process waste streams that require
remediation. The only solid waste from the plant is a
mixture of ash and calcium sulfate, a nonhazardous
waste.
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Advanced Electric Power Generation
integrated Gasification Combined Cycle

Tampa Electric Integrated
Gasification Combined-Cycle
Project

Participant:
Tampa Electric Company

Additional Team Meimbers:

Texaco Development Corporation—gasification
technology supplier

General Electric Company—combined-cycle technology
supplier

GE Environmental Systems, Inc.—hot-gas cleanup
technology supplier

TECO Power Services Corporation—project manager
and marketer

Bechtel Power Corporation—architect and engineer

Location:
Mulberry, Potk County, FL. (Tampa Electric Company’s
Polk Power Station, Unit 1)

Technology:

Integrated gasification combined-cycle (IGCC) system
using Texaco's pressurized, oxygen-blown, enfrained-
flow gasifier technology and incorporating both conven-
tional, low-temperature acid-gas removal and hot-gas
moving-bed desulfurization

Plant Capacity/Production:

250 MWe (net)

Project Funding:

Total project cost $285,988,446 100%
DOE 142,994,223 50
Participant 142,994,223 50
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Project Objective:

To demonstrate IGCC technology in a greenfield, com-
mercial, electric utility application at the 250-MWe size
with a Texaco gasifier. To demonstrate the integrated
performance of a metal oxide hot-gas cleanup system,
conventional cold-gas cleanup, and an advanced gas
turbine with nitrogen injection (from the air separation
plant) for power augmentation and NO_control.

Technology/Project Description:

Texaco’s pressurized, oxygen-blown, entrained-flow
gasifier is used to produce a medium-Btu fuel gas. Coal/
water slurry and Oxygen are reacted at high temperature
and pressure to produce a high-temperature syngas.
Moiten coal-ash flows out of the bottom of the vesset and
into a water-filled quench tank where it is turned into a

solid slag. The syngas from the gasifier moves to a high-
temperature heat-recovery unit which cools the gases.
The cooled gases flow to a particulate-removal
section before entering gas-cleanup trains. A portion of
the syngas is passed through a moving bed of metal
oxide absorbent to remove sulfur. The remaining syngas
is further cooled through a series of heat exchangers
before entering a conventional gas-cleanup train where
sulfur is removed by an acid-gas removal system, Com-
bined, these cleanup systems are expected to maintain
sulfur levels below 0.21 b/million Btu (96% capture).
The cleaned gases are then routed to a combined-cycle
system for power generation. A gas turbine generates
about 192 MWe. Thermally generated NO,_ is controlled
to below (.27 Ib/million Btu by injecting nitrogen as a
dilutent in the turbine’s combustion section. A heat-
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Calendar Year

1988 1989 1990 190

1994 1995 1896
2 3 4|1 2 3 41

1997 1998 1999 2000

Design and Construction

Design completed B8/94
NEPA process completed (EIS) 8/17/94
Construction started 8/94

Cooperative agreement awarded 3/11/91
DOE selected project (CCT-HI) 12/19/89

T Oparation initiated 10/96*

Construction comploted 8/96
Preoperaticnal tesls initiated 6/96
Environmaental monitoring plan completed 5/96

Operation |

Project completedfinal report
issuad 10/01*

Operation completed 10/01*

“Projected date
**Years omitted

recovery steam-generator uses heat from the gas-turbine
exhaust to produce high-pressure steam. This steam,
along with the steam generated in the gasification pro-
cess, is routed to the steam turbine to generate an addi-
tional 120 MWe (gross). The IGCC heat rate for this
demonstration is expected to be approximately

8,600 Btu/kWh (40% efficient).

The demonstration praject involves only the
first 250 MWe (net) of the planned 1,150-MWe Polk
Power Station. Being used in the demonstration are
linois 6 and Pittsburgh 8 bituminous coals having
sulfur contents ranging 2.5-3.5%.

By-products from the process—sulfuric acid and
slag—can be sold commercially, sulfuric acid by-prod-
ucts as a raw material to make agricultural fertilizer and
the nonleachable slag for use in roofing shingles and
asphalt roads and as a structural fill in construction
projects.

Advanced Flectric Power Genevation

Project Status/Accomplishments:
Tampa Electric held a formal groundbreaking ceremony
at the Polk County site on November 2, 1994. Site
construction is complete. The combined cycle has gen-
erated the first 235 MWe at Polk on fuel oil. The gas-
ifier achieved first light-off on coal on July 19, 1996.
The gasifier operated on Pittsburgh No. 8 coal for 20
hours before being shut down to correct minor water
leaks downstreamn of the gasifier. Initiation of integrated
tests of the gasifier and combined-cycle plant is planned
for September 1996. Operation of the sulfuric acid plant
on coal gas is also planned for September.

Reclamation of the area west of Rt, 37 is complete.
This area was approved for development of a deep pond
fishing and recreational area by the state of Florida.

Commercial Applications:

The IGCC system being demonstrated in this project is
suitable for new electric power generation, repowering
needs, and cogeneration applications. The net effective
heat rate for the Texaco-based IGCC is expected to be

below 8,500 Btu/kWh, which makes it very attractive for
baseload applications. Commercial IGCCs should
achieve better than 98% SO, capture with a NO_emis-
sions reduction of 90%.

The Texaco-based system has already been proven
capable of handling both subbituminous and bituminous
coals. This demonstration project is scaling up the tech-
nology from Cool Water's 100-MWe system to the 250-
MWe size.
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Advanced Electric Power Generation
Integrated Gasification Combined Cycle

Wabash River Coal
Gasification Repowering
Project

Participant:

‘Wabash River Coal Gasification Repowering Project
Joint Venture (a joint venture of Destec Energy, Inc., and
PSI Energy, Inc.)

Additional Team Members:

PSI Energy, Inc.—host

Destec Energy, Inc.—engineer, gas plant operator, and
technology supplier

Location:
West Tetre Haute, Vigo County, IN (PSI Energy’s
Wabash River Generating Station, Unit 1)

Technology:
Integrated gasification combined-cycle (IGCC) using
Destec’s two-stage, entrained-flow gasification system

Plant Capacity/Production:

262 MWe (net)

Project Funding:

Total Project cost $438,200,000 100%
DOE 219,100,000 50
Participant 219,100,000 50
Project Objective:

To demonstrate utility repowering with a two-stage,
oxygen-blown IGCC system, including advancements in
the technology relevant to the use of high-sulfur bitumi-
nous coal, and to assess long-term reliability, availability,
and maintainability of the system at a fully commercial
scale.
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Technology/Project Description:

Coal is ground, slarried with water, and gasified in a
pressurized, two-stage (slagging first stage and non-
slagging entrained-flow second stage), oxygen-blown,
gasifier. The product gas is cooled through heat ex-
changers and passed through a conventional cold gas
cleanup system which removes particulates, ammonia,
and sulfur. The clean, medium-Btu gas is then reheated
and burned in an advanced 192-MWe (gross) gas tur-
bine. Hot exhaust from the gas turbine is passed through
a heat recovery steam generator to produce high-pressure
steam. High-pressute steam is also produced from the
gasification plant and superheated in the heat recovery
stcam generator. The combined high-pressure steam
flow is supplied to an existing 104-MWe (gross) steam
turbine.

The process has the following subsystems: a coal-
grinding and slurry system, an entrained-flow coal gas-
ifier, a syngas heat recovery system, a cold gas cleanup
system which produces a marketable sulfur by-product,
a combustion turbine capable of using coal-derived fuel
gas, a heat recovery steam generator, and a repowered
steam turbine.

One of six units at PSI Energy’s Wabash River
Generating Station, located in West Terre Haute, IN, is
being repowered. The demonstration unit will be de-
signed to generate 262 MWe (net) using 2,544 tons/day
of high-sulfur (2.3-5.9% sulfur), Illinois Basin bitumi-
nous coal. The anticipated heat rate for the repowered
unit is approximately 9,000 Btuw/kWh (38% efficiency).
Using high-sulfur biturninous coal, SO, emissions are
expected to be less than 0.1 Ib/million Btu (98% reduc-
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Calendar Year

1991 1992 1993 1994
3 4(1 2 3 4,1 2 3 4 1 2 3

1998 1999 2000 2001

3 4|1 2 3 4,1 2 3 4| 1 2

9/91 7/92
| Preaward

DOE selected

project (CCT-IV)
9/12/91

Cooperative agreemen awarded 7/28/92

Design and Construction

Operation

Operation initiated 11/95
Construction completed 11/95
Preoperational tests initiated 8/95

Design completed 5/94

Environmental monitoring plan completed 7/9/93
Groundbreaking ceremony 7/7/93

NEPA process completed (EA) 5/28/93

Project completedfinal report issued 2/99"
Operation complated 11/98*

*Projected date

tion). NO, emissions are expected to be less than

0.1 Ib/million Btu (0% reduction). The project repre-
sents the largest single-train IGCC plant in operation in
the world.

Project Status/Accomplishments:

The plant began commercial operation in November
1995. Through July 1996, the plant has operated more
than 1,000 hours on syngas in combined-cycle mode and
has produced almost 170,000 MWh of electricity on
syngas. The combustion turhine has demonstrated 192
MWe (100% of nameplate) and the gasifier has demon-
strated 1,825 million Bruw/hr, HHV (103% of nameplate).
The longest continuous operation on syngas was 151
hours. The primary problem area has been the reliability
of the particulate removal system, primarily due to
breakage of ceramic candle filters. Further testing and
modifications to the particulate removal system are
under way to minimize element breakage.

Advanced Electric Power Generation

Commercial Applications:
Throughout the United States, particularly in the Mid-
west and East, there are more than 95,000 MWe of exist-
ing coal-fired utility boilers that will be over 30 years old
in 1996. Many of these aging plants are without air
pollution controls and are candidates for repowering
with IGCC technology. Repowering these plants with
IGCC systems will improve plant efficiencies and reduce
50, NO,, and CO, emissions. The modularity of the
gasifier technology will permit a range of units to be
considered for repowering, and the relatively short con-
struction schedule for the technology will allow utilities
greater flexibility in designing strategies to meet load
requircments. Also, the high degree of fuel flexibility
inherent in the gasifier design will provide utilities with
more choice in selecting fuel supplies to meet increas-
ingly stringent air quality regulations.

Due to the advantages of modularity, rapid and
staged on-line generation capability, high efficiency, fuel
flexibility, environmental controllability, and reduced

land and natural resource needs, the IGCC system is also
a strong contender for new electric power generating
facilities. Commercial offerings of the technology will be
based on a 300-MWe train which is ideally suited to
utility-scale power generation applications, The system
heat rate for a new power plant based on this technology
is expected to realize at least a 20% improvement in
efficiency compared to a conventional pulverized-coal-
fired plant with flue gas desulfurization. The improved
system efficiency also results in a similar decrease in
CO, emissions.
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Advanced Combustion/Heat Engines

L
Healy Clean Coal Project

Participant:
Alaska Industrial Development and Export Authority

Additional Team Members:

Golden Valley Electric Association—host utility
Stone and Webster Engineering Corp.—engineer
TRW, lnc.—technology supplier

Joy Technologies, Inc.—technology supplier

Location:
Healy, Denali Borough, AK (adjacent to Healy Unit #1)

Technology:

TRW’s advanced entrained {slagging) combustor

Joy Technologies’ spray dryer absorber with sorbent
recycle

Plant Capacity/Production:

50 MWe (nominal electric output)

Project Funding:

Total project cost $242,058,000 100%
DOE 117,327,000 48
Participant 124,731,000 52
Project Objective:

To demonstrate an innovative new power plant design
featuring integration of an advanced combustor and heat
recovery system coupled with both high- and low-tem-
perature emissions control processes.
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Technology/Project Description:
The project is to be a nominal 50-MWe facility consist-
ing of two pulverized-coal-fired combustor systems.
Emissions of S0, and NO, will be controlled using
TRW’s slagging combustion systems with staged fuel
and air, a boiler that controls fuel- and thermal-related
conditions, and limestone injection. Additional 5O, will
be removed using Joy’s activated recycle spray dryer
absorber system. Performance goals are NO_emissions
of less than 0.2 Ib/million Btu, particulate emissions of
0.015 Ib/millicn Btu, and SO, removal greater than 90%.
The performance coal consists of 35% nin-of-mine and
65% waste coal, with the waste coal having a lower
heating value and significantly more ash.

A coal-fired precombustor increases the air inlet
temperature for optimum slagging performance. The

TRW slagging combustors are botiom-mounted on the
boiler hopper. The main slagging combustor consists of
a water-cooled cylinder that slopes toward a slag open-
ing. The precombustor burns 25-40% of the total coal
input. The remaining coal is injected axially into the
combustor, rapidly entrained by the swirling precom-
bustor gases and additional air flow, and burned under
substoichiometric (fuel-rich) conditions for NO_control.
The ash forms molten slag which accumulates on the
water-cooled walls and is driven by acrodynamic and
gravitational forces through a slot into the slag recovery
section. About 70-80% of the coal’s ash is removed as
molten slag. The hot gas is then ducted to the furnace
where, 10 ensure complete combustion, additional air is
supplied from the tertiary air windbox to NO_ports and
to final overfire air ports.
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Calendar Yoar *k

Cooperative
agreement
awarded 4/11/91
Design
started 7/90

DOE selected project
(CCT-I11) 12/19/89

Deasign and Construction

NEPA process completed (EIS) 3/10/94
Design completed 10/93

1990 1991 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 4|1 2 3 4|1 2 3 4]1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 3 471 2 3 411 2 3 41 1 2
12/89 4/91 1/98 6/99 6/01

Environmental monitoring
plan 12/96*

Ground breaking/construction
started 5/30/95

peration initiated 1/08*

Construction completed 6/97°
Preoperational tests initiated 6/97*

Operation No-Cost Data Collection

t f
Project compieted/final
report issued 6/89°

DOE cost-shared operation
completed 6/99°

2 yrs of operational
data provided at no
additional cost
&/01*

"Projected date

"*Years omitted

Pulverized limestone (CaCO,) for SO, control is fed
into the combustor where most is flash calcined. The
mixture of this lime (Ca0Q} and the ash not slagged, called
flash-calcined material, is removed in the fabric filter
(baghouse) system. A small part of the flash-calcined
material is disposed of, but most is conveyed to a mixing
tank where water is added to form a 45% flash-calcined-
material solids slurry. The slurry leaving the mixing tank
is pumped to a grinding mill where it is mechanically
activated by abrasive grinding. Feed slurry is pumped
from the feed tank to the spray dryer absorber where the
slurry is atomized using Joy dry scrubbing technology.
SO, in the flue gas reacts with the slurry droplets as
water is simultaneously evaporated. SO, is further re-
moved from the flue gas by reacting with the dry flash-
calcined material on the baghouse filter bags.

The project site is adjacent to the existing Healy
Unit #1 near Healy, AK. Power will go to the Golden
Valley Electric Association (GVEA). The plant will use
a nominal 900 tons/day of subbituminous coal contain-
ing a nominal 0.2% sulfur and waste coal. The project
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will collect performance data for 3 years, with 2 years of
data being provided at no cost to DOE. A hazardous air
pollutant monitoring program will also be implemented.

To address concerns about potential impact to the
nearby Denali National Park and Preserve, DOE, the
National Park Service, GVEA, and the project partici-
pant entered into an agreement to reduce the emissions
from Unit #1 so that the combined emissions from the
two units will be only slightly greater than those cur-
rently emitted from Unit #1 alone. Total site emissions
will be further reduced to current levels if necessary to
protect the park.

Project Status/Accomplishments:

Erection of structural steel is virtually complete, On-site
fabrication of the spray dryer absorber system is com-
plete as is the erection of the stack. Installation of the
coal-handling, slagging combustor, boiler systems, and
mechanical and electrical tie-ins to Unit No. 1 are pro-
ceeding on schedule.

Commercial Applications:

This technology has a wide range of applications. It is
appropriate for any size utility or industrial boiler in new
and retrofit uses. It can be used in coal-fired boilers as
well as in oil- and gas-fired boilers because of its high
ash removal capability. However, cyclone boilers may
be the most amenable type to retrofit with the slagging
combustor because of the limited supply of high-Btu,
low-sulfur, low-ash-fusion-temperature coal that cyclone
boilers require. The commercial availability of cost-
effective and reliable systems for SO,, NO , and particu-
late control is important to potential users planning new
capacity, repowering, or retrofits to existing capacity in
order to comply with CAAA of 1990 requirements.
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I
Coal Diesel Project

Participant:
Arthur D. Little, Inc.

Additional Team Members:

University of Alaska at Fairbanks—host and cofunder

Cooper Energy Services (Cooper-Bessemer
Reciprocating Products Division is a division of
Cooper Energy Services which s owned by Cooper
Industries.)—engine supplier and commercializer

CQ Inc.—coal-slurry supplier

PSI-—cleanup system designer

AMBAC International—coal-water fuel injection system
components supplier

Usibelli Coal Company—<oal supplier

Location:

Fairbanks, Alaska (University of Alaska facility)
(Pending DOE approval)

Technology:

Cooper-Bessemer’s coal-fueled diesel engine

Piant Capacity/Production:

6.3 MWe (net)

Project Funding:

Total project cost $38.309,516 100%
DOE 19,154,758 50
Participant 19,154,758 50
Project Objective:

To demonstrate an advanced, coal-fueled diesel engine
system based on Cooper-Bessemer’s LSB/LSVB diesel
engine series. To provide critical data on the perfor-
mance, reliability, and wear information of all major
subsystems.
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Technology/Project Description:

The project involves modifying a Cooper-Bessemer
medivm-speed (400 rpm) diesel engine to Operate on
coal-water fuel. Engine modifications include a larger
camshaft and fuel cams, medified engine block, hard-
ened piston rings and liners, and hardened turbocharger
blades. The system utilizes a coal-water fuel having a
nominal 50% solids loading with a 2.5% ash cleaned-
coal. The subbituminous Alaskan coal is ground and
dried using an advanced hot-water drying process. The
dried product is further ground and slurried with water
and then injected into each of the engine’s 20 cylinders.
The exhaust gases from the engine pass through an inte-
grated emission-control system capable of reducing
pollutants while protecting the engine’s turbocharger and
maintaining high engine and overall system efficiency.

The exhaust gases pass through a waste heat boiler to
supply steam for space heating. Critical data on perfor-
mance, reliability, and wear are being collected for all
major subsystems including the coal-water fuel metering
and injection system, medivm-speed dieset, lube cil
protection system, exhaust cyclone, turbocharger, waste
heat boiler, and exhaust emission cleanup system,

The exhaust emission cleanup system incorporates
cyclones to remove the larger particulates, a selective
catalytic recovery system for NO_control, a duct sorbent
injection system for SO, control, and baghouse for final
collection of ash particulates and spent sorbent.
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Calendar Year

1993 1994 1995 1996

3 4|1 2 3 4|1 2 3 41 2 3

2

2001

3 4

5/93 7/94
Preaward

DOE selecled project
(CCT-V) 5/4/93

Cooperative agreement awarded 7/12/94

Note: Milestone schedule pending project restructuring

Project Status/Accomplishments:
Easton Utilities, the original host, withdrew from the
project after reevaluating its long-term need for power.
The participant plans to resite the project at the Univer-
sity of Alaska in Fairbanks, where the engine would
operate on subbituminous Alaskan coals. An extension
until June 30, 1997, has been granted to complete re-
structuring activities, obtain firm financial commitments,
and establish the schedule and milestones for the project.
Design activities are ongoing. In addition, fuil-
scale single-cylinder coal fuel evaluation testing and
component durability testing wiil continue at Cooper’s
research engine facility in Mount Vernon, OH.

Commercial Applications:

The coal-fueled diesel engine is particularly suited for
small (below 50 MWe) electric power generation mar-
kets. Projected markets include small nonutility genera-
tors and repowering applications for small coal-fired
boilers. The net effective heat rate for the mature diesel
system is expected to be 6,830 Brw/kWh (48%), which
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makes it very competitive with similarly sized coal- and
fuel-oil-fired instaflations. Environmental emissions
from commercial diesel systems should be reduced to
levels between 50% and 70% below NSPS.

The diesel system has already achieved more than
200 hours of operation using coal-water fuel in a
6-cylinder engine at Cooper’s test facilities in Chio.
Over 6,000 hours of coal-water fuel operation in the 20-
cylinder engine are planned for this project. Demonstra-
tion of the long-term reliability of the critical compo-
nents in the diesel system will provide power producers
with an efficient and environmentally superior option for
future power.
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Externally Fired Combined-
Cycle Demonstration Project

Participant:
Pennsylvania Electric Company

Additional Team Members:
Hague Intemnational-—technology developer and supplier
Black & Veatch—engineer and construction manager

Location:
Site under negotiation

Technology:

Hague International’s externally fired combined-cycle
(EFCC) system using a novel, high-temperature, ceramic
gas-to-air heat exchanger

Plant Capacity/Production:

5 MWe slipstream

Project Funding:

Total project cost $146,832,000 100%
DOE 73.416,000 50
Participant 73,416,000 50
Project Objective:

To demonstrate an externally fired combined-cycle sys-
tem through the use of a novel ceramic heat exchanger
and to assess the system’s environmental and economic
performance for meeting future energy needs.

CerHx is a registered trademark of Hague International,
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Technology/Project Description:

In this project, an existing coal-fueled steam plant is
being repowered by adding an externally fired gas tur-
bine to form a combined-cycle system. The central
feature of the EFCC is a ceramic air heater or heat ex-
changer (CerHx®) and an atmospheric combustor which
together replace a conventional combustion system in an
open-cycle gas turbine.

Coal is first combusted in a staged combustor for
NO_control. Particulate-laden gases exit the combustor
and enter the slag screen where all particles larger than
about 10 microns are collected. Air from the turbine
compressor is heated by exchange with the hot product
gas in the CerHx®. The product gas is then passed
through a heat recovery steam generator, where more

heat is extracted to drive a steam turbine generator and
produce electricity. The product gas is finally passed
through a gas cleanup system consisting of a flue gas
desulfurizer and a fabric filter before exiting to the atmo-
sphere through the stack. The hot air from the CerHx® is
passed through a gas turbine to produce additional elec-
tricity before being fed to the combustor.

The attractiveness of the EFCC lies in its ability to
climinate the need for a hot gas cleanup system to pro-
tect the costly gas turbine gas-path components from the
corrosive and abrasive elements in the combustion prod-
uct gas. Instead, the gas turbine operates on indirectly
heated clean air and the gas path is never exposed to the
corrosive elements in the fuel or product gas. The
CerHx® raises the temperature of the air to the turbine

Advanced Electric Power Generation



1993 1994 1995 1996

DOE selacted project (CCT-V) 5/4/93

Cooperative agreement awarded &/1/94

Note: Milestone schedule pending project restructuring

NEPA process completed (EA) 5/18/95

inlet conditions using tube elements that are manufac-
tured from corrosion resistant, toughened, ceramic mate-
rials.

Potential SO_ release is reduced by more than 90%
through capture in the flue gas desulfurization system.
NO, emissions are expected to be less than 0.13 b/
million Btu.

Project Status/Accomplishments:

In May 19953, Pennsylvania Electric siopped all project
activity due to lack of progress in resolving technical
issues relating to the ceramic heat exchanger. The utility
has announced it will not pursue the full-scale EFCC at
Warten Station. However, the utility has proposed dem-
onstration of a scaled-down EFCC in a slipstream at its
Seward Station. Hague International is secking non-
federal funds to continue developmental testing of the
ceramic heat exchanger at the Kennebunk facility.
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Commercial Applications:

The EFCC system concept is suitable for new electric
power generation, repowering needs, and cogeneration
applications. The potential commercial market for
EFCC systems is expected to be about 24 GWe by 2010.
The net effective heat rate for a 300-MWe greenfield
plant using this technology is projected to be 7,790 Bow/
kWh. This represents a 20% increase in thermai effi-
ciency compared to a conventional pulverized coal plant
with a scrubber.

S0, emissions are expected to be less than 0.081 1b/
million Btu, which is a reduction of more than 90% for
most coals. NO_emissions are expected to be less than
0.15 Ib/million Btu, and particulate emissions are ex-
pected to be less than 0.015 1b/million Btu.
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Environmental Control Devices
NO, Control Technologies

Demonstration of Coal
Reburning for Cyclone Boiler
NO, Control

Project completed.

Participant:
The Babcock & Wilcox Company

Additional Team Members:

Wisconsin Power and Light Company—cofunder and
host

Sargent and Lundy—engineer for coal handler

Electric Power Research Institute—cofunder

State of Illinois, Department of Energy and Natural
Resources—cofunder

Utility companies {14 cyclone boiler operatorsy—
cofunders

Location:
Cassville, Grant County, W1 (Wisconsin Power and
Light Company’s Nelson Dewey Station, Unit No. 2)

Technology:
The Babcock & Wilcox Company’s coal-reburning
system

Plant Capacity/Production:

100 MWe

Project Funding:

Total project cost $13,646,609 100%
DOE 6,340,788 46
Participant 7,305,821 54
Project Objective:

To evaluate the applicability of reburning technology for
reducing NO_emissions from a full-scale coal-fired
cyclone boiler, pulverizing a portion of the primary coal
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fuel to use as the secondary, “reburning” fuel; and to
achieve greater than 50% reduction in NO, emissions
with no serious impact on cyclone combustor operation,
boiler efficiency, boiler fireside performance (corrosion
and depostition), or ash removal system performance.

Technology/Project Description:

The coal-reburning process reduces NO, in the furnace
through the use of multiple combustion zones. The main
combustion zone uses 70-80% of the total heat equiva-
lent fuel input to the boiler and slightly less than normal
combustion air input. The balance of the coal (20~-30%),
along with significantly less than the theoretically deter-
mined requirement of air, is fed to the reburmning zone
above the cyclones to create an oxygen-deficient condi-
tion. The NO, formed in the cyclone bumers reacts with
the resultant reducing flue gas and is converted into

nitrogen in this zone. The completion of the combustion
process occurs in the third zone, called the burnout zone,
where the balance of the combustion air is introduced.
The combined production of boiler slag and dry waste
from the electrostatic precipitator remains unchanged
with coal reburning because the required coal input for
the same boiler load is the same.

The coal-rebuming technology can be applied with
the cyclone bumers operating within their normal, non-
corrosive, oxidizing conditions, thereby minimizing any
adverse effects of reburn on the cyclone combustor and
boiler performance.

This project involved retrofitting an existing
100-MWe cyclone boiler that is representative of a large
population of cyclone units. The boiler is located at
Wisconsin Power and Light’s Nelson Dewey Station in
Cassville, W1

Environmental Control Devices



Project Results/Accomplishments:

Coal-reburn tests were conducted to determine the reduc-
tion in NO, emissions for the coal-reburning technology
over a range of boiler loads varying from 37 MWe to
118 MWe (nominal maximum boiler load is 110 MWe).
Two coals were tested, namely, the design Illinois Basin
bituminous coal (Lamar, 1.8% sulfur avg) and a western
subbituminous coal (Powder River Basin, 0.6% sulfur
avg). The bituminous coal tests evaluated a fuel typical
of the coals fired by utilities operating cyclones. The
subbituminous coal tests evaluated coal switching for
S0, reduction.

As a part of the test program, several parameters
were optimized over the load range to achieve the opti-
mum NO_ reduction while keeping other variables, such
as unbumed carbon and carbon monoxide emissions,
within reasonable limits. The optimized parameters
included the split of boiler fuel between the reburn sys-
tem and the cyclone bumers, the reburmn burner and the
rebum zone stoichiometries, the reburn burner pulverized
coal fineness, flue gas recirculation, and economizer
outlet O, content. Also, adjustments were made to the
reburn burners and the over-fire air ports during the tests.

With the Lamar coal, the boiler NO, emissions were
reduced as follows:

*  52% (to 290 ppm or 0.394 Ib/million Btu)at 110 MWe
- 47% (to 285 ppm or 0.387 Ib/million Btu) at 82 MWe
* 36% (325 ppm or 0.442 Ib/million Btu) at 60 MWe

With Powder River Basin coal, the NO,_ emissions
were reduced as follows:

*  62% (10 208 ppm or 0.278 lb/million Btu) at 110 MWe

* 55% (to 215 ppm or 0.287 Ib/million Btu) at 82 MWe

¢ 53% (to 220 ppm or 0.294 Ib/million Btu) at 60 MWe
Rebum testing with both coals indicated that vary-

ing reburn zone stoichiometry is the most critical factor
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in controlling NO . Rebum zone stoichiometry can be
varied by altering air flow quantities to the rebum bom-
ers, percent reburn heat input, flue gas recirculation flow
rate, or cyclone stoichiometry.

Burning subbituminous coal produced lower overall
NO_emissions levels and higher NO_emissions reduc-
tions. This result is probably due to the coal’s higher
volatile content, which generates higher concentrations
of hydrocarbon radicals in the tebum zone. With the
reburn system contributing additional burning capacity
for the cyclone boiler, the lower Btu content western fuel
could be fired up to the full boiler load rating.

Additional effects of coal reburning on the retrofit-
ted boiler follow:

* Loss of combustion efficiency, due to increased un-
burned carbon, amounted to 1,5% at full load with
bituminous coal and 0.3% with subbituminous coal.

= The performance of the ESP remained constant even
though its ash loading doubled. The increased ash
consisted of larger sized particulates.

« The furnace exit gas temperature decreased by more
than 100 °F at full load, contrary to expectations, and
thus improved the boiler heat absorption efficiency
correspondingly.

* Slagging and fouling were significantly reduced with
bituminous coal reburning. The subbituminous rebum
operations were too short in duration to make a rea-
sonable observation.

+ No furnace corrosion was observed over the 1-year
test period.

Hazardous air pollutants (HAP) testing was performed
using Lamar test coal. HAP emissions were generally
well within expected levels and emissions with rebum
comparable to baseline operations.

Commercial Applications:

The current reburn market is nearly 26,000 MWe and
consists of about 120 units ranging from 100 MWe to
1,150 MWe, with most in the 100-300-MWe range.
Coal reburning is a retrofit technology applicable across
the size range of utility and industrial cyclone boilers.

The principal environmental benefit is reduced NG,
emissions. A secondary benefit may be reduced SO,
emissions by enabling greater use of lower sulfur western
coal; due to its lower Btu content, western coals limit
cyclone capacity. With the additionai firing capacity of
the reburn system, full-load performance on westem coal
may be possible for some cyclone units,

For cyclone boilers, coal reburning offers a NO_
reduction alternative at a cost expected to be in the range
of $65/kW for 100-MWe units to $40/kW for a larger
600-MWe unit. This includes costs for coal handling
and pulverizers/coal piping. Coal’s cost differential and
dependability of supply give it the long-run advantage
over natural gas. Another advantage of the reburn sys-
tem is its ability to utilize different coals.

Project Schedule:

DOE selected project (CCT-IT) 9/28/88
Cooperative agreement awarded 41290
NEPA process completed (EA) 2/12/91
Environmental monitoring plan completed 11/18/91
Construction 11/90-11/91
Operational testing 11/91-12/92
Project completed 394
Final Reports:

Final Technical Report 2/94

(includes economic information)

Public Design Report 8/91
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Environmental Control Devices
NO, Controf Technologies

Full-Scale Demonstration of
Low-NO, Cell Burner Retrofit

Project completed.

Participant:
The Babcock & Wilcox Company

Additional Team Members:

The Dayton Power and Light Company—cofunder and
host

Electric Power Research Institute—cofunder

Ohio Coal Development Office—cofunder

Tennessee Valley Authority-—cofunder

New England Power Company-—cofunder

Duke Power Company—cofunder

Allegheny Power Systern—cofunder

Centerior Energy Corporation—cofunder

Location:
Aberdeen, Adams County, OH (Dayton Power and Light
Company’s J.M. Stuart Plant, Unit No. 4)

Technology:
The Babcock & Wilcox Company’s low-NO_cell burner
(LNCB®) system

Plant Capacity/Production:

605 MWe

Project Funding:

Total project cost $11,233,392 100%
DOE 5,442,800 48
Participant 5,790,592 52

LNCB is a registered trademark of The Babcock & Wilcox Company.
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Project Objective:

To demonstrate through the first commercial-scale full
burner retrofit the cost-effective reduction of NG_from a
large base-load coal-fired utility boiler with LNCB®
technology; and to achieve at least a 50% NO, reduction
without degradation of boiler performance at less cost
than conventional low-NO_bumners.

Technology/Praoject Description:

The LNCB® technology replaces the upper coal nozzle of
the standard two-nozzle cell bumer with a secondary-air
port. The lower burner coal nozzle is enlarged to the
same fuel input capacity as the two standard coal nozzles.
The LNCB® operates on the principle of staged combus-
tion to reduce NO,_ emissions. Approximately 70% of the
total air (primary, secondary, and excess air) is supplied

through or around the coal-feed nozzle. The remainder
of the air is directed to the upper port of each cell to
complete the combustion process. The fuel-bound nitro-
gen compounds are converted to nitrogen gas, and the
reduced flame temperature minimizes the formation of
thermal NO .

The net effect of this technology is greater than 50%
reduction in NO_ formation with no boiler pressure part
changes and no impact on boiler operation or perfor-
mance. In addition, the technology is compatible with
most commercial and emerging SO, control technologies,
including confined zone dispersion, gas suspension ab-
sorption, duct injection, and advanced wet scrubbers.

The demonstration was conducted at a large-scale
power plant operated by The Dayton Power and Light
Company and jointly owned with the Cincinnati Gas and

Environmental Control Devices



Electric Company and the Columbus Southern Power
Company. The boiler ynit is 2 Babcock & Wilcox-de-
signed, supercritical, once-through boiler equipped with
an electrostatic precipitator. This unit contained 24
two-nozzle cell bumers amranged in an opposed-firing
configuration, Twelve bumners (arranged in two rows of
six bumers each) were mounted on each of two opposing
walls of the boiler. All 24 standard cell burners were
removed, and 24 new LNCB® were installed. Alternate
LNCB® on the bottom rows were inverted, with the air
port then being on the bottom to insure complete com-
bustion in the lower furnace.

Project Results/Accomplishments:

The initial test results on the LNCB® were disappointing.
Reducing gases containing high concentrations of carbon
moncexide and hydrogen sulfide accumulated in the lower
furnace below the burners, and the NO_emissions reduc-
tion was only about 35%. By numerically modelling
several possible burner configurations, Babcock & Wil-
cox was able to select an optimum new burner arrange-
ment. On the lower row of burners, alternate LNCB?®
were inverted so that the air ports integral to these bumn-
ers directed air into the lower furnace. Also, a design
change for the burners’ coal impellers increased the NO_
reduction to above the design goal.

The LNCB® demonstration emphasized evaluation
of boiler performance, boiler life, and environmental
impact. Key boiler performance parameters included
boiler output (steam temperatures); flue gas temperatures
at the furnace, economizer, and air heat exits; the
slagging tendencies of the unit; and unburned carbon
losses. Boiler life potentials (corrosion tendencies) were
measured by gas sampling for high H,S concentrations in
the furnace, ultrasonic testing of lower furnace tube
walls, and destructive examination of a corrosion test
panel. Environmentally, NG , CO, CO,, total hydrocar-
bons, and particulate matter were measured at varying
test conditions,
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At full Joad (605 MWe) with all mills in service,
average NO_emissions were 0.53 Ib/million By, a
54.4% reduction from the bascline. CO emissions
ranged from 28 to 55 ppm. Flyash unburned carbon
averaged 1.12%, for a 0.2% loss unburned carbon effi-
ciency. This is a 56% improvement over baseline un-
burned carbon losses, probably resulting from improved
air flow distribution achieved by the LNCB® retrofit. At
reduced loads of 460 MWe and 350 MWe, the NO,
emissions reductions were 54% and 48% respectively,
and CO emissions and unburned carbon values were
comparable with baseline emissions.

Long-term NQ_emissions data were accumulated
using a third-party continuous emissions monitor over an
8-month test period that followed the parametric and
optimization test periods. On days when the boiler was
operating at 590 MWe or above, and with all mills in
service, NO_emissions averaged 0.49 Ib/million Btu, a
58% reduction from baseline emissions. This data set
covered 79 days.

Overall unit efficiency remained essentially un-
changed from baseline to optimized LNCB® burner
operation. The demonstration boiler is operating at a
{ower overall excess air since the optimization testing,
which has reduced the dry gas loss and increased the
boilerefficiency slightly.

A corrosion test panel was installed when the
LNCB® burner were installed. The panel consisted of
SA-213T2 bare tube material with some of this material
aluminized, some stainless weld overlaid, and some
chromized. The level of corrosion is roughly equivalent
to the boiler’s corrosion prior to the retrofit. The coated
materials had no loss.

The LNCB® project received the 1994 R&D 100
Award for technical excellence int a new commercial
product.

Commetcial Appilications:

The low cost and short cutage time for retrofit make the
LNCBS® design attractive, Typically, the retrofit capital-
cost will be $5.50-$8.00/kW in 1993 dollars, based upon
DOE’s 500-MWe reference unit. The outage time can be
as short as 5 weeks because of the “plug-in” design. The
LNCB® system can be instalied at about half the cost and
outage time for other commercial low-NO, burner instal-
lations.

Dayton Power & Light has retained the LNCB®
burmers for use in commercial operation at the unit.
There have been eight commercial sales of LNCB®
bumers,

Project Schedule:

DOE selected project (CCT-IIT) 12/19/89
Cooperative agreement awarded 10/11/90
NEPA process completed (MTF) 8/10/90
Environmental monitoring plan completed 8/9/91
Construction 9/91-11/91
Operational testing 12/91-4/93
Project completed 12/95
Final Reports:

Final Technical Report 12/95

(includes economic information

and corrosion test results)

Public Design Report 8/91
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Environmental Control Devices
NO, Control Technologies

Evaluation of Gas Reburning
and Low-NO,_Burners on a
Wall-Fired Boiler

Project completed.

Participant:
Energy and Environmental Research Corporation

Additional Team Members:

Public Service Company of Colorado——cofunder and host
Gas Research Institute—cofunder

Colorado Interstate Gas Company—cofunder

Electric Power Research Institute—cofunder

Location:
Denver, Adams County, CO (Public Service Company of
Colorado’s Cherokee Station, Unit No. 3)

Technology:

Energy and Environmental Research Corporation’s gas
reburning (GR) system

Foster Wheeler’s low-NO,_ burners (LNB)

Plant Capacity/Production:

172 MWe

Project Funding:

Total project cost $17,807,258 100%
DOE 8,895,790 50
Participant 8,911,468 50
Project Objective:

To attain up to a 70% decrease in the emissions of NO_
from an existing wall-fired utility boiler firing low-sulfur
coal vsing both gas reburning and low-NO_ burners
(GR-LNB).

32

BAGHOUSE

PREHEATER

TO DISPOSAL

Technology/Project Description:

Gas reburning involves firing natural gas (up to 20% of
total fuel input) above the main coal combustion zone in
a boiler. This upper-level firing creates a slightly fuel-
rich zone. NO_ drifting upward from the lower region of
the fumace is “rebumed” in this zone and converted to
molecular nitrogen. Low-NQ burners positioned in the
coal combustion zone retard the production of NO_ by
staging the burning process so that the coal-air mixture
can be carefully controlled at each stage. The synergistic
effect of adding a reburning stage to wall-fired boilers
equipped with low-NO_burmners lowers NO_ emissions
by up to 70%. Gas reburning was demonstrated with
and without the use of recirculated flue gas, on a gas/gas
firing mode and with optimized overfire air.

The project site is Public Service Company of
Colorado’s Cherokee Station, Unit No. 3, in Denver,
CO. This project combines gas reburning and low-NO_
burners on a 172-MWe wall-fired utility boiler. Westemn
bituminous coals containing 0.35-0.66% sulfur were
used in this demonstration.
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Project Results/Accomplishments:

Parametric and long-term testing was conducted from
October 1992 to January 1994 during more than 4,000
hours of operation. The results showed that for the first
generation GR-L.NB, average NO, reductions of 37%
(0.46 Ib/million Btu) was achieved with the LNB alone
and 65% (0.26 Ib/million Btu) with GR-LNB at an
average gas input of 18% of total heat input. The second
generation system showed average NO,_ reductions of
37% for LNB and 64% for GR-LNB at an average gas
heat input of 13%. The boiler efficiency decreased by
approximately 1% during gas reburning due to moisture
in the fuel and an increase in heat loss due to moisture
formed in combustion. There was no measurable boiler
tube wear resulting from GR-LNB operation and, in
general, the tubes were free from slagging.

Based on the demonstration and the data collected,
the technology can be applied to utility and industrial
units. The participant expects that most GR-L.NB instal-
lations will achieve 60% NO_ reductions when firing
10-15% gas. The capital cost for units of 100 MWe or
larger is approximately $15/kW plus the cost of a gas
pipeline. Operating costs are almost entirely related to
the differential cost of gas over coal as reduced by the
value of SO, emissions credits.

The Public Service Company of Colorado retained
the gas-reburning system and associated controls. The
low-NO, burners were also retained and repaired to
reduce carbon-in-ash levels and thus improve the eco-
nomic performance of the unit. The flue gas recirculation
system was removed.

Commercial Applications:
Gas reburning in combination with low-NO_bumers is
applicable to wall-fired utility and industrial boilers,
The technology can be used in new and pre-NSPS wall-
fired boilers.

Specific features of this technology that increase its
potential for commercialization are that it can be retrofit-
ted to existing units, reduces NO, emissions by 70% or
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more, is suitable for use with a wide range of coals, has
the potential to improve boiler operability and reduce the
cost of electricity, consists of commercially available
components, and requires minimal space.

Current estimates indicate that about 35 existing
wall-fired utility installations, plus industrial boilers,
could make immediate use of this technology. The tech-
nology would apply to retrofit, repowering, or new,
greenfield installations. There is no known limit to the
size or scope of the application of this technology com-
bination. Presently, the largest existing utility boiler is
estimated at about 1,300 MWe. The GR-LNB combina-
tion could be applied directly to this size boiler because
the equipment is an integral part of the unit. For this
reason, GR-LNB is expected to be less capital intensive,
or less costly, than a scrubber, selective catalytic reduc-
tion, or other technology approaches. GR-LNB func-
tions equally well with any kind of coal. NO_emissions
are reduced with internally staged low-NO_burners,
followed by gas rebumning. As a side benefit, 50O, is
decreased in direct proportion to the amount of natural
gas that is substituted for coal.

Project Schedule:

DOE selected project (CCT-T) 12/19/89
Cooperative agreement awarded 10/31/90
NEPA process completed (MTF) 9/6/90
Environmental monitoring plan completed T/26/90
Construction 6/91-6/92
Operational testing 10/92-1/95
Restoration completed 1