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Executive Summary: The Clean Coal Technology
Demonstration Program—Responding to a Need

ing that will enhance the competitive use of coal intheY  Tidd PFBC Demonstration Project (The Ohio Power

. ; : : . ompany)—1991 Powerplant Award presentedPbyer
Introductlon industrial sector, such as in steelmaking. Coal proces%agelZIne

ing technologies will enable the entire coal resource

The Clean Coal Technology Demonstration Pro- base to be used while complying with environmental
gram (known as the CCT Program) reached a signifi-requirements. These technologies are producing pro
cant milestone in 1996 with the completion of 20 of thiécts used by utilities and industrial processes. The
39 active prOJects This m|Iestone showed that this capab|||ty to coproduce products SUCh as “qU|d and

lished in current and emerging environmental standarggtisfying the national need to maintain a multifuel
and (2) will be capable of meeting the operational an@nergy mix in which coal is a key component becauses,
economic performance necessary to compete in the &fts low-cost, availability, and abundant supply withi
of deregulation and competition. the nation’s borders.

The CCT Program is responding to a need to The international opportunities for coal technolog
demonstrate and deploy a portfolio of technologies th@ports are enormous. It is estimated that the world-
will assure the U.S. recoverable coal reserves of 297Wide demand for energy will reach 542 quadrillion
billion tons could continue to supply the nation’s British thermal units (Btu) annually by 2015, 1.6 timesj=
energy needs economically and in a manner that medtte current level. Coal is expected to account for abo=.
the nation’s environmental objectives. This portfolio @b percent of this demand. The worldwide power-

that contributed to meeting the accords on transboun#illion by 2015. Capturing just 20 percent of this

ary air pollution recommended by the Special Em,oysmarket would bring in revenues of $200 billion and
on Acid Rain in 1986. Operational, technical, environsupport more than 100,000 jobs over three decades i
mental, and economic performance information and the domestic power equipment industry alone. There
data are now flowing from highly efficient, low-emis- are opportunities for U.S. technology suppliers, devel
sion, advanced power generation technologies that wlPers, architect/engineers, and other firms to capitaliz
enable coal to retain its prominent role into the next 0n the knowledge and experience gained through Tampa Electric Integrated Gasification Combined-Cycle

millennium. Further, advanced technologies are emebguticipation in the CCT Program. Project (Tampa Electric Company)—1997 Powerplant
Award presented byowermagazine

Program Update 1996-97 ES-1



stration of advanced electric power generation systeneentrol devices had their operating experience docu-
Evolution Of the Coal TechnologyOver 900 megawatts (MWe) of new capacity and ovemented by the e.nd of.1996. .
P Ofth" 0 800 MWe of repowered capacity are represented by 11 The five projects in the coal processing for clean
advanced electric power generation projects. Projectsiels application category, valued at more than
The CCT Program has been implemented througlif'd“de 4 integrated gasification combined-cycle $519 million, represent a diversified portfolio of
a series of five nationwide competitive solicitations systems, 5 fluidized-bed combustion systems, and 2 technologies. Three projects involve the production of
conducted over a 9-year period. The first solicitation advanced combustion/heat engine systems. These high-energy-density solid compliance fuels for utility
was directed towards demonstrating the feasibility of projects will provide environmentally sound, more  or industrial boilers; one of these projects also produc-
future commercial application of clean coal technologﬁfﬂdem’ and less costly electric power generation in es a liquid for use as a chemical feedstock. One
which would balance the goals of expanding coal use the late-1990s and also will provide the demonstratedproject is demonstrating a new methanol production
and minimizing environmental impact. The next two technology base necessary to meet new capacity re- process. The other project developed an expert com-
solicitations were aimed primarily at the technologies quirements in the 21st century. puter software system that enables a utility to predict

that could mitigate the potential impacts of acid rain There are 19 environmental control devices operating performance of coals being considered but
from existing coal-fired power plants in response to thgrojects valued at more than $704 million. These  not previously burned in the utility’s boiler.
recommendations of the Special Envoys on Acid Ramprojects include 7 nitrogen oxide (N@missions The four projects in the industrial applications

t. control systems installed on over 1,700 MWe of utilitycategory have a combined value of nearly $1.3 billion.
2000 energy supply and demand situations with su|fu|generating capacity, 5 S@missions control systems  Projects encompass the substitution of coal for 40 per-
dioxide (SQ) emissions capped under the Clean Air installed on about 770 MWe, and 7 combined cent of the coke used in iron making, integration of a
Act Amendments of 1990 (CAAA), increased need foroO/NO, emissions control systems installed on aboutdirect iron-making process with the production of

electric power, and the need to alleviate concerns ovef00 MWe of capacity. Most of these environmental electricity, reduction of cement kiln emissions and
solid waste generation, and the demonstration of an

global climate change—a situation that translates into a
. . . . . Demonstration of Innovative Applications of Tech-  efficient industrial-scale combustor.
need for technologies with very high efficiencies and nology for the CT-121 FGD Process (Southern Company

The fourth and fifth solicitations addressed the pos

extremely low emissions. Services, Inc.)—1994 Powerplant Award presented by
The technologies are categorized in four market Powermagazine
sectors:

Performance Results

< Advanced electric power generation

The CCT Program has extended the technical,
economic, and environmental performance envelope of
a broad portfolio of advanced coal technologies. As of
June 30, 1997, 20 projects—50 percent of the total
number—have completed operation, 11 are in opera-
tion, 1 project is in construction, 3 are in design, and 4
are being restructured. Exhibit ES-1 shows the number
of completed projects by application category. Exhibit

» Environmental control devices
» Coal processing for clean fuels
« Industrial applications

Approximately 56 percent, or about $3.2 billion, o
the total CCT Program costs are directed toward
enhancing efficiency, environmental performance, ang
reliability of electric power production by the demon-

ES-2  Program Update 1996-97



ES-2 provides a summary of the key technical and  achieving not only existing regulated levels, but those:
environmental results from the 20 completed demon- proposed by the Environmental Protection Agency
stration projects and the capital cost, where available.(EPA) for 2000. In fact, EPA has used the results
(See Appendix E for explanations of acronyms and  from the NQ technology demonstrations to guide its |
abbreviations.) efforts in establishing NCrontrol regulations. The  §

CCT Program has also shown that several advanced

technologies have led to significant improvements in | -
the economic and environmental performance of SO '&:E: —

Technology Successes

controls. Circulating fluidized-bed technology has
become a commercial success in the utility sector
The CCT Program is establishing marketplace  worldwide due largely to the data generated from a

credibility as the demonstrated technologies are entercCT project that was one of the first utility-scale A
ing commercial use. Today, technologies used to

Advanced Flue Gas Desulfurization Demonstration
circulating fluidized-bed projects in the world. The Project (Pure Air on the Lake, L.P.)—1993 Powerplant

reduce NQemissions are being retrofitted on a signifi- electric power generation technologies for the next AWa'd Presented byowermagazine.

cant percentage (i.e., over 25 percent) of the nation’s century are being demonstrated in the form of the
coal-fired capacity and provide the capability of

pressurized fluidized-bed combustion (PFBC) systems

and integrated gasification

Exhibit ES-1 combined-cycle (IGCC) sys-
. . . tems. Further, technologies are
Completed Projects by Application Category being used to transform low-
Number of Projects rank and non-compliance coals
Application Category Completed to useful, environmentally
superior coal-based fuels for use
Environmental Control Devices by domestic utility and industri-
NO, control technology 5 al coal users and are being
SO, control technology considered for major projects
Combined SGNO, control technology abroad. Finally, coal-based
Advanced Electric Power Generation industrial processes are benefit-
Atmospheric fluidized-bed combustion 1 Ing gnVIronmentaIIy and eco-
Pressurized fluidized-bed combustion 1 r_]omlca"y from the demonstra-
Coal Processing for Clean Fuels 1 tion of ad\./anced coal
. o technologies.
Industrial Applications o
_ Market credibility has been
Industrial cyclone combustor 1 .
. enhanced by the following
Cement kiln flue gas recovery scrubber 1 . .
project successes:

Successful testing of the AirPol technology
resulted in the city of Hamilton, Ohio, receiv-
ing a $5-million grant from the Ohio Coal
Development Office to install the gas suspen-
sion absorption technology to control SO
emissions from a 50-MWe coal-fired boiler at
the municipal power plant. This project has an
estimated employment impact of 70 person-
years. Additional sales have been made to the
U.S. Army for hazardous waste disposal, to
Sweden for an iron ore sinter plant, and to
Taiwan and India.

Pure Air on the Lake, L.P., will continue to
operate the advanced flue gas desulfurization
unit at the Northern Indiana Public Service
Company’s Bailly Generating Station for

17 years beyond the 3-year demonstration,
which was completed in 1995. In April 1994,
Pure Air of Manatee, L.P., entered into a
contract to provide 1,600 MWe of SO

Program Update 1996-97 ES-3



Exhibit ES-2

Summary of Results of Completed CCT Projects

Project and Participant

Key Results Capital Cost

Environmental Control Devices
SO, Control Technology

10-MWe Demonstration of Gas Suspension Absorption
(AirPol, Inc.)

Confined Zone Dispersion Flue Gas Desulfurization
Demonstration (Bechtel Corporation)

LIFAC Sorbent Injection Desulfurization Demonstration
Project (LIFAC—-North America)

Advanced Flue Gas Desulfurization Project
(Pure Air on the Lake, L.P.)

Demonstration of Innovative Applications of Technology
for the CT-121 FGD Process (Southern Company
Services, Inc.)

Gas suspension absorption (GSA)/electrostatic precipita- $149/kW for GSA ($216/kW for conventional wet
tor (ESP)—SQremoval efficiency of 90% at Ca/S of limestone forced oxidation) (1990%)
1.4, 18 °F approach to saturation, and 0.12% chloride

GSA/pulse jet baghouse—S@moval efficiency 3—-5%
greater than GSA/ESP (3.0% sulfur bituminous coal)

SO, reduction of 50% (1.2-2.5% sulfur bituminous coal)

SO, removall efficiency of 70% at 2.0 Ca/S ratio
(2.0-2.8% sulfur bituminous coal)

Less than $30/kW at 500 MWe

$66/kW for two reactors (300 MWe); $76/kW for ong
reactor (150 MWe); $99/kW for one reactor (65 MW

$210/kW at 100 MWe; $121/kW at 300 MWe;
$94/kW at 500 MWe (3.0% sulfur coal)

SO, removal efficiency of 95% or more at availabilities
of 99.5% when operating on 2.0-4.5% sulfur bituminous
coal

Maximum SQ removal efficiency of 98%

Over 3-year demonstration, 237,000 tons of SO
removed while producing 210,000 tons of gypsum

Gypsum purity—97.2%
Power consumption—5,275 kW (61% of expected)
Water consumption—1,560 gal/min (52% of expected)

SO, removal efficiency of over 90% at Slet

concentrations of 1,000-3,500 ppm Not yet available

Particulate removal efficiency of 97.7-99.3% at inlet
mass loadings of 0.303-1.392 Il Kiu

Produced wallboard-grade gypsum as a by-product

Fiberglass-reinforced-plastic equipment—chemically and
structurally durable

ES-4 Program Update 1996-97



Exhibit ES-2 (continued)

Summary of Results of Completed CCT Projects

Project and Participant

Key Results

Capital Cost

NO, Control Technology

Demonstration of Coal Reburning for Cyclone Boiler
NO, Control (The Babcock & Wilcox Company)

Full-Scale Demonstration of Low-N@ell Burner
Retrofit (The Babcock & Wilcox Company)

Evaluation of Gas Reburning and Low-Ngurners on a
Wall-Fired Boiler (Energy and Environmental Research
Corporation)

Demonstration of Selective Catalytic Reduction
Technology for Control of NOEmissions from High-
Sulfur-Coal-Fired Boilers (Southern Company
Services, Inc.)

180-MWe Demonstration of Advanced Tangentially Fired

Combustion Techniques for Reduction of NEdnissions

from Coal-Fired Boilers (Southern Company Services, Inc.)

Combined SQ/NO, Control Technology

SNOX™ Flue Gas Cleaning Demonstration Project
(ABB Environmental Systems)

LIMB Demonstration Project Extension and Coolside
Demonstration (The Babcock & Wilcox Company)

SO-NO -Rox Box™ Flue Gas Cleanup Demonstration
Project (The Babcock & Wilcox Company)

NO, reductions of 52% using bituminous coal and 55%
using subbituminous coal at full load (110 MWe); 36%
and 53%, respectively, at 60 MWe

NO, reductions of 54-58% using bituminous coal at full
load (605 MWe); 48% at 350 MWe

LNB alone (second generation)—37% N@duction;
GR-LNB (second generation)—64% N@duction

(13% gas heat input)

NO, reductions of over 80% at ammonia slip well under
5 ppm

NO, reductions of 37% for LNCFS™ | and Il, and 45%
for LNCFS™ llI, which includes both separated overfire
air and close-coupled overfire air

NO, reduction with SCR over 94% at inlet concentra-
tions of 500-700 ppm

SO, removal efficiency over 95% at inlet concentrations
of 2,000 ppm

Produced salable sulfuric acid by-product

SO, removal efficiency (3.8% sulfur coal, Ca/S of 2.0):
LIMB—53-61% for ligno lime, 51-58% for calcitic lime
Coolside—70% for hydrated lime

NO, reduction of 40-50%

SO, reductions of 80-90% using 3-4% sulfur bituminous

coal, depending on sorbent and conditions
NO, reduction of 90% with 0.9 N}NO, ratio

$66/kW at 110 MWe; $43/kW at 605 MWe

$9/kW at 600 MWe

Approximately $15/kW for gas reburning, plus gas
pipeline cost

Levelized cost at 80% NQeduction—
2.79 mills/kwh or $2,036/ton of NOemoved

LNCFS 1—$5-15/kW
LNCFS II/11l—$15-25/kW

$305/kW at 500 MWe (3.2% sulfur coal)

LIMB—$31-102/kW (100-500 MWe)
Coolside—$69-160/kW (100-500 MWe)

$233/kW at 250 MWe (3.5% sulfur coal and inlet
NO, level of 1.2 Ib/10Btu)

Program Update 1996-97
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Exhibit ES-2 (continued)
Summary of Results of Completed CCT Projects

Project and Participant Key Results Capital Cost

Enhancing the Use of Coals by Gas Reburning and Hennepin—NQ reduction of 67% avg with 18% gas $15/kW for gas reburning, plus gas pipeline cost
Sorbent Injection (Energy and Environmental Research  input; SQ removal efficiency of 53% at 1.75 Ca/S ratio $50/kW for sorbent injection

Corporation) Lakeside—NQreduction of 66% avg and S@ductions

of 58% during extended continuous combined (GR-SI)
runs at 29 MWe, about 22% gas input, and 1.8 Ca/S ratio

NO, reduction of 67% avg during long-term testing of gas

reburning only
Integrated Dry NQJSO, Emissions Control System NO, reduction of 62-69% with low-NQburners and Not yet available
(Public Service Company of Colorado) maximum overfire air (50-110 MWe)

NO, reduction of 63% with low-NQburners and
minimum overfire air; steady state conditions

NO, reduction decreased by 10-25% under load follow-
ing

SNCR obtained NQOreduction of 30-50%, thereby

increasing total N@control system reduction to more
than 80%

SO, removal efficiency of 70% with sodium bicarbonate
at normalized stoichiometric ratio of 1.0

Sorbent injection reduced ammonia slip

Advanced Electric Power Generation

Tidd PFBC Demonstration Project (The Ohio Power SQ, reduction of 90-95% (Ohio bituminous coal, 2—-4% Not yet available
Company) sulfur) at 1.1-1.5 Ca/S ratio

NO, emissions of 0.15-0.33 Ib/ABtu
Particulate emissions of 0.02 Ibf1Btu

Heat rate—10,280 Btu/kWh

Combustion efficiency—99.6%
Commercially viable design

Gas turbine operable in PFBC environment

ES-6 Program Update 1996-97



Exhibit ES-2 (continued)
Summary of Results of Completed CCT Projects

Project and Participant Key Results Capital Cost
Nucla CFB Demonstration Project (Tri-State Generation SO, reduction of 70-95% (up to 1.8% sulfur coal), Approximately $1,123/net kW (repower cost)
and Transmission Association, Inc.) depending on Ca/S ratio

NO,_emissions of 0.18 Ib/2®Btu avg

Particulate emissions of 0.0072—-0.0125 IBRfu avg
Heat rate—11,600 Btu/kWh

Combustion efficiency—96.9-98.9%

Commercial viability established

Coal Processing for Clean Fuels

Development of the Coal Quality Expert™ (ABB CQE™ features: CQE™ package sells for between $75,000 and
Combustion Engineering, Inc., and CQ Inc.) Fuel evaluator—performs system-, plant-, and/or unit-  100:000

level fuel quality, economic, and technical assessments

Plant engineer—provides in-depth performance evalua-

tions with a more focused scope than provided in the fuel
evaluator

Environmental planner—provides access to evaluation
and presentation capabilities of the Acid Rain Advisor

Coal cleaning expert—establishes the feasibility of
cleaning a coal, determines cleaning processes, and
predicts associated costs

Industrial Applications
Advanced Cyclone Combustor with Internal Sulfur, SO, reduction of over 80% with sorbent injection; 58% Not available
Nitrogen, and Ash Control (Coal Tech Corporation) maximum with limestone injection at 2.0 Ca/S ratio

NO, emissions of 160-184 ppm (75% reduction)

Slag/sorbent retention of 55-90% in combustor; inert slag

Cement Kiln Flue Ga}s Recovery Scrubber SO, reduction of 90-95% (2.5-3% sulfur bituminous $10 million for 450,000 ton/yr wet-process plant
(Passamaquoddy Tribe) coal); 98% maximum reduction

NO, reduction of 18.8% avg

Particulate emissions of 0.005-0.007 gr/stdvith
loading of 0.04 gr/std §t

Program Update 1996-97 ES-7



scrubbing capacity at Florida Power & Light's fired, and cell-burner boilers) representing ove
Manatee power plant. The estimated value of 90 percent of the pre-New Source Performanc
the sale is $200 million with an estimated Standards boilers.

employment benefit of 1,400 person-years. » The demonstration of low-N®urners on a

» Georgia Power is retaining the CT-121 flue gas 500-MWe wall-fired boiler was supplemented
desulfurization system at its Plant Yates, Unit with the demonstration of the Generic NO
No. 1, for use in commercial operation. In Control Intelligence System (GNOCIS), a
1994, a tar sands oil extraction facility in neural-network design to aid digital boiler
Murray, Canada, purchased a CT-121 scrubber. controls, enhance N®@eduction, and improve
Sales of 1,200 MWe of flue gas desulfurization boiler efficiency. Six systems have been sold
capacity were made to the Czech Republic and with 11 more sales projected.

Korea.

* The Low-NQ Concentric Firing System

+ Richland Power & Light is retaining the LIFAC (LNCFS™) supplied by ABB Combustion A Wabash River Coal Gasification Repowering Project
(Wabash River Coal Gasification Repowering Project Joint

technology for commercial use at Whitewater Engineering, Inc., is being retained by Gulf Venture)—1996 Powerplant Award presentecPoyver
Valley Station, Unit No. 2. Ten commercial Power at its Plant Lansing Smith. The technolmagazine

units are in operation or under construction in ogy also is being used at a number of other

Canada, China, Finland, Russia, and the United utilities, including Tennessee Valley Authority, Ohio Edison is retaining the SNOX™ technol-
States. lllinois Power, Public Service Company of ogy as a permanent part of the emissions

control system at Niles Station to help the
utility meet its overall SPand NQ reduction
goals. Commercial SNOX™ plants are
operational in Denmark and Sicily, Italy.

Colorado, Indianapolis Power and Light,
Cincinnati Gas and Electric, Virginia Power,
Union Electric, and New York State Electric &
Gas Corporation.

- The Babcock & Wilcox DRB-XCE low-NO, » A software package developed as part of the
Milliken project to assist the utility in optimiz-
ing project operation has become a commercial
product. The Plant Emission Optimization
Advisor (PEOA™) has been sold to City

Public Service in San Antonio, Texas; three

* NO_ control testing was conducted on the four
major boiler types (wall-, tangential-, cyclone-

burner demonstrated in Public Service Com-
pany of Colorado’s Integrated Dry

NO /SO, Emissions Control System has been a
commercial success. Sales have involved

E ' 1,829 burners, or approximately 23,664 MWe
w of capacity, at an estimated value of over bids are outstanding in Korea and one in Israel.
$240 million, and an employment benefit of + The Tidd demonstration was the first utility-
over 1,670 person-years. A derivative of the scale PFBC system in the United States and
_ selective noncatalytic reduction (SNCR) confirmed that the system could be applied to

Qetrgf‘ijt"('%?:'gaﬁ)ecrgé’k”?w;&;gaon‘%ggig&”g‘gj system has beer? soId_ to Pennsylvania Electric electric power generation. The plant repre-

100 Award presented HR&D magazine. Company and Mitsubishi Heavy Industries of sented a 13:1 scale-up from the pilot facility
America.
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and led to significant refinements and under-
standing of the technology. The unit accumu-
lated over 11,400 hours of operation and
established the commercial viability of the
design.

As a result of the Tri-State Generation and
Transmission Association’s Nucla CFB
Demonstration Project, Pyropower Corporation
was able to save almost 3 years in establishing
commercial line of atmospheric circulating
fluidized-bed units.

88}

Three IGCC units are in various stages of
operation at three separate utilities. PSI
Energy’s 262-MWe Wabash River Generating
Station Unit 1 has produced over 360,000 MWh
of electricity using coal-derived syngas. Tampa
Electric Company’s 250-MWe Polk Power
Station Unit 1 began operation in July 1996 and
was placed into commercial service in Septem-
ber. Sierra Pacific Power Company’s 99-MWd
Tracy Station System initiated startup activities
during 1996 and will begin commercial service
in mid-1997.

The Self-Scrubbing Coal™ demonstration has
resulted in (1) a proposed agreement with
domestic coal-marketing companies to purchase
1 million tons of compliance coal annually, (2)
a proposed agreement with China to build a
coal-cleaning plant, together with a 500-mile
underground slurry pipeline and port facility, at
an estimated value of $450 million, (3) signed
letters of intent from two Polish power plants
that wish to produce 5.0 million tons per year of
cleaned coal, with an estimated value of $50
million, and (4) a letter of intent for three
additional pipelines in China, with an estimated
value of $3 billion.

Rosebud SynCoal Partnership is working on a
potential semi-commercial stand-alone
minemouth project located in Wyoming.

The first commercial sale of the Coal Quality
Expert™ (CQE™) Acid Rain Advisor software
package, developed as part of CQE™ to assi
utilities in making CAAA compliance decisions
was made in 1993. The final CQE™ software
was released in December 1995 and is being
offered commercially. Over 40 U.S. and 1 U.K
utilities have access to CQE™ through their

membership in the Electric Power Research A  Development of the Coal Quality Expert™ (ABB

Institute.

Combustion Engineering, Inc., and CQ Inc.)—1996
recognized by Secretary of Energy and EPRI as one of best

cost-shared utility projects.

» The ENCOAL® Mild Coal Gasification project
has operated successfully for 5 years. Fifteen
unit trains of process-derived fuel has been
shipped to five utilities. Additionally, 3 mil-
lion gallons of coal-derived liquids has been
shipped to industrial clients. ENCOAL
Corporation’s newly formed company, NuCoal,
L.L.C., signed a contract with Mitsubishi
International Corporation to construct a $460-
million, 15,000-metric-ton-per-day commercial
plant in Wyoming. Feasibility studies were
completed for two Indonesian projects and a
Russian project.

» Granular-coal injection technology developer,
British Steel, has granted exclusive worldwide
marketing rights to codeveloper CPC-
Macawber. A commercial sale was made to
United States Steel Corporation.

Model Government/Industry
Partnership for Technology
Advancement

The successful implementation of the CCT Pro-
gram over the past 10 years is based on a number of
principles that evolved as a result of the dedicated
effort of industry and DOE to cement a partnership to
advance clean coal technologies. Highlights of some
of these principles follow:

» Strong and stable financial commitments for the

life of the project were put into place by
Congress.
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» Multiple solicitations spread over a number of of the coal-fired capacity in the United States and  contributor to the nation’s and the world’s energy
years enabled the program to address a broadilmost 70 percent of the units affected by Phase | unélgure.
range of national needs with a portfolio of Title IV of the CAAA of 1990. Further, over 50
evolving technologies. industry participants, including technology owners and

equipment vendors, have committed over $1.3 billion

of cost sharing to the projects. Finally, seven state Continuing the Mission

agencies and eight industry and academic research and
+ Demonstrations were conducted at commerciajievelopment organizations have provided over $200 DOE has structured an integrated Coal and Power

scale in actual user environments. million as their portion of cost sharing. Systems Research, Development, and Demonstration
This broad-based cost-shared participation in the(RD&D) Program with the mission to foster the devel-
program has translated into jobs in many trades and opment and deployment of advanced clean, affordable

professions. For example, each emissions control ~ fossil-based power systems and alternate fuels through
* Atleast 50 percent cost sharing was required pqiact provides 100-200 jobs and each advanced the clean utilization of coal. The CCT Program is an

through all project phases. power generating project provides over 1,000 constrigtegral part of the Coal and Power Systems RD&D
Program and is being implemented in three primary

» The technology agenda was determined by
industry, not government.

» The respective roles of government and
industry were clearly defined.

« Allowance for cost growth, but with a statutorytion jobs. _
limit, provided an important check-and-balance ~ In addition, the excellent quality and importance @foduct lines:

feature of the program. the CCT projects are well recognized by the business,
environmental, and technical communities. Numerous
industry and environmental awards for excellence and
outstanding achievement have been presented to CCT « Coal fuels and industrial systems
» Real and intellectual property rights were projects since 1991. These award-winning projects
retained by industry. and honors received are highlighted in Exhibit ES-3.
In summary, the joint effort between industry and
the government in the CCT Program is a success. The ¢ Demonstration of Advanced Combustion
number of complex, capital-intensive projects put into Techniques for a Wall-Fired Boiler
place by the CCT Program partnership is unprecedent-
ed, as is the degree of cost sharing. The partnership is
These principles, in large measure, led to wide  important not only for the end objectives it is achiev-
private industry and non-federal government participang, but for the benefits, tangible and intangible, creat- ¢ ENCOAL® Mild Coal Gasification Project
tion in.tr.]e program. Non-DOE fgnds Of nearly ed by continuing association of the partners. The CCT £ riner the following four projects should begin
$3.8 billion have come from a wide variety of sourcesprogram has shown that, with the government servingy i operational phase:

Approximately 55 investor-owned utilities, nonutility - as a risk-sharing partner, industry funding can be . . . .
power generators, municipals, and cooperatives havaeveraged to improve the environment, reduce the cost * Micronized Coal Reburning Demonstration for

invested over $2.3 billion into projects. These electrigf electricity, create jobs, and assure technology is NO, Control
power generators represent approximately 50 percenyailable to enable coal to continue as the major « Pifion Pine IGCC Power Project

» Advanced power generation systems

* Repayment of funds to the government was
required of successful industrial participants.

Environmental systems

During 1997, the following three projects, current-

ly in the operational phase, should be completed:

» Technology developed is made available on a
nondiscriminatory basis to all U.S. companies
that seek, under reasonable terms and condi-
tions, to use the technology. Self-Scrubbing Coal™: An Integrated

Approach to Clean Air
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Exhibit ES-3
Award-Winning CCT Projects

Project and Participant

Award

Full-Scale Demonstration of Low-N@ell Burner
Retrofit (The Babcock & Wilcox Company)

Evaluation of Gas Reburning and Low-NBurners

on a Wall-Fired Boiler; Enhancing the Use of Coals by
Gas Reburning and Sorbent Injection (Energy and
Environmental Research Corporation)

Advanced Flue Gas Desulfurization Demonstration
Project (Pure Air on the Lake, L.P.)

Demonstration of Innovative Applications of
Technology for the CT-121 FGD Process
(Southern Company Services, Inc.)

Tidd PFBC Demonstration Project (The Ohio Power
Company)

Tampa Electric Integrated Gasification Combined-
Cycle Project (Tampa Electric Company)

Wabash River Coal Gasification Repowering Project
(Wabash River Coal Gasification Repowering Project
Joint Venture)

Development of the Coal Quality Expert™ (ABB
Combustion Engineering, Inc., and CQ Inc.)

1994 R&D 100 Award presented R&D magazine to the U.S. Department of Energy for development of the lqw-NO
cell burner.

1997 J. Deanne Sensenbaugh Award presented by the Air and Waste Management Association to the U.S. Depart]
Energy, Gas Research Institute, and U.S. Environmental Protection Agency for the development and commercializ
gas-reburning technology.

1993 Powerplant Award presented®ywermagazine to Northern Indiana Public Service Company’s Bailly Generatin
Station.

1992 Outstanding Engineering Achievement Award presented by the National Society of Professional Engineers.
1995 Design Award presented by the Society of Plastics Industries in recognition of the mist eliminator.

1994 Powerplant Award presentedRgwermagazine to Georgia Power’s Plant Yates. Co-recipient was the U.S.
Department of Energy.

1994 Outstanding Achievement Award presented by the Georgia Chapter of the Air and Waste Management Assod
1993 Environmental Award presented by the Georgia Chamber of Commerce.
1992 National Energy Resource Organization award for demonstration of energy-efficient technology.

1991 Powerplant Award presentedywermagazine to American Electric Power Company’s Tidd project. Co-recipid
was The Babcock & Wilcox Company.

1997 Powerplant Award presentedRgwermagazingo Tampa Electric’s Polk Power Station.
1996 Association of Builders and Contractors Award presented to Tampa Electric for quality of construction.
1993 Ecological Society of America Corporate Award presented to Tampa Electric for its innovative siting process.

1993 Timer Powers Conflict Resolution Award presented to Tampa Electric by the state of Florida for the innovativg
siting process.

1991 Florida Audubon Society Corporate Award presented to Tampa Electric for the innovative siting process.
1996 Powerplant Award presentedywermagazine to CINergy Corp./PSI Energy, Inc.

1996 Engineering Excellence Award presented to Sargent & Lundy upon winning the 1996 American Consulting
Engineers Council competition.

ment of
ation of

iation.

nt

In 1996 recognized by then Secretary of Energy Hazel O’'Leary and EPRI President Richard Balzhiser as the best ¢f nine

DOE/EPRI cost-shared utility R&D projects under the Sustainable Electric Partnership Program.

Program Update 1996-97 ES

-11



» Healy Clean Coal Project informing all customers and stakeholders about the
program and its projects and improving the perception
of coal as a low-cost, environmentally acceptable fuel.
In order to accomplish this objective, participation of
Assessments will be made of the impacts that  the CCT Program stakeholders/customers will be
evolving and anticipated domestic and international pursued vigorously with a view toward establishing
environmental rulings will have on the commercial  cooperative activities to advance compatible agendas.
deployment of the technologies demonstrated under thigese activities could involve CCT project site visits
CCT Program. The environmental performance data by interested stakeholders/customers, expansion of the
from completed projects will be analyzed, documente@udience in attendance at the Annual Clean Coal
and distributed to potential users of the technology asTechnology Conference, expanded support for interna-

well as environmental and regulatory stakeholders. tional technology conferences, and increased level of
This information and data would be available and Cansupport for state-level education programs.

be considered during the deliberations on new stan-
dards for the reduction of acid rain percursors, hazard-
ous air pollutants, and greenhouse gas emissions, with
the purpose of assuring that new standards will be
reasonable and achievable in a cost-effective manner.

Technical and economic performance data from
the completed projects will be reviewed and analyzed
to identify opportunities to improve the competitive-
ness of the clean coal technologies. Opportunities
could lead to benefits such as reduced capital costs,
increased efficiencies, increased fuel flexibility, or
reduced cost of electricity to the customer by offsetting
production costs through coproduct profits. Timely
identification of opportunities to improve the competi-
tive position of clean coal technologies is essential to
achieving these objectives as the utility sector moves
into the era of deregulation and competition. These
opportunities could be acted on by program stakehold-
ers, such as technology suppliers and federal, state, and
industry RD&D organizations.

The CCT Program will continue to refine the
effectiveness of the outreach program in reaching and

e Commercial-Scale Demonstration of Liquid-
Phase Methanol (LPMEOH™) Project
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1. Role of the CCT Program

now operating, utilizing the nation’s most plentiful

Introduction

while greatly improving environmental performance.

fossil energy resource, coal. Coal, which accounts fofThe technologies for the coproduction of products,

nearly 94 percent of the proven fossil energy reservessuch as liquid and solid fuels, electricity and chemi-
Over the past quarter century, the nation’s energyi the United States, supplies the bulk of the low-cost,cals, and industrial cogeneration, could enable coal to

picture has been one of dynamic change. The oil reliable electricity vital to the nation’s economy and
embargoes of the 1970s, the environmental debates dflobal competitiveness. According to the Energy
the 1980s, the implementation of controls for acid rain/nformation Administration (EIA), coal was used by
precursers, the beginning of electric utility deregula- electric utilities and nonutility generators to produce
tion, and the concerns about global warming in the ~ over 1,670 billion kilowatt-hours or 54 percent of the
1990s have been forces that shaped the nation’s nation’s electricity in 1995. EIA projects that coal
energy policy, the private sector’s response in the
domestic and international marketplace, and the
capability of technology. Since 1985, a joint effort
between government and industry, known as the Cleakilowatt-hours or nearly

Coal Technology Demonstration Program (CCT 50 percent of all electricity generated.

Program), has responded to the challenges represented The ability of coal and coal technologies to

by these dynamic changes. The number of complex, respond to the nation’s need for low-cost, reliable
capital-intensive projects put into place by the CCT  electricity hinges on the ability to meet two central
Program is unprecedented, as is the magnitude of ~ requirements: (1) the capability to meet the environ-
participation by the industrial participants as repre- ~mental performance requirements established in
sented by the level of cost and risk sharing. More
than $5.7 billion is being expended, with industry
investing two dollars for every government dollar
applied to the program. With half of the projects

least through 2015 (the end of the forecast period)

(2) the ability of the technologies to achieve the
operational and economic performance required to

increase market share in the industrial sector.

While the technologies emerging from the CCT
Program are vital to the nation’s ability to use coal
competitively and with environmental acceptability in
the next millennium, these technologies also establish
the basis for an export industry needed to meet the

will continue to dominate electric power production at global demand for energy. With coal as the fuel of

necessity for many economies, these technologies,

when coal will be used to generate over 2,050 billion known as clean coal technologies worldwide, allow

U.S. industry to capitalize on the advances and knowl-
edge base established through the CCT Program’s
government/industry partnership.

Coal Technologies Respond to

current and emerging environmental regulations and Need

The environmental and competitive performance

compete in the era of utility deregulation and competi-of coal technologies has evolved over 25 years of

completed, the technological successes have becomeion. The CCT Program is responding to these needsindustry and government research, development, and

evident. New technologies to reduce the emissions of and will produce a portfolio of advanced coal-based
acid rain processors, namely sulfur dioxide (Sd technologies that will enable coal to retain its promi-
nitrogen oxides (NQ, are now in the marketplace and nent role in the nation’s power generation future.
are being used by electric power producers and in  Further, advanced technologies emerging from the
industrial applications. Advanced electric power CCT Program will also enhance coal’s competitive

demonstration programs. The programs were pursued
to assure that the U.S. recoverable coal reserves of
297 billion tons could securely supply the nation’s
energy needs economically and in an environmentally
acceptable manner.

generation systems that can generate electricity with Position in the industrial sector. Technology advances

greater efficiency and less environmental intrusion ardn steelmaking will reduce the cost of production
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During the 1970s and early 1980s, many of the
government-sponsored technology demonstrations

In 1980, the Synthetic Fuels Corporation (SFC) was
established under the Energy Security Act to reduce
the U.S. vulnerability to disruptions of crude oil
imports. It was to be accomplished by encouraging

production facilities that would use abundant domestic
energy resources, primarily coal and oil shale. The
strategy was for the SFC to be primarily a financier of
pioneer commercial- and near-commercial-scale
facilities.

The goal of the SFC was to achieve production
capacities of 500,000 barrels per day by 1987 and
2 million barrels per day by 1992, at an estimated cost
of $8.8 billion. By 1985, it became apparent that the
need for synthetic fuels had changed, as oil prices
declined, world oil supplies stabilized, and a short-
term supply buffer was provided by the Strategic
Petroleum Reserve.

Congress observed the decline of private-sector
interest in the production of synthetic fuels in light of
unfavorable market conditions. Public Law 99-190,
Department of the Interior and Related Agencies
Appropriations Act for Fiscal Year 1986, abolished
the SFC and transferred project management to the
Treasury Department. Public Law 98-473, Joint
Resolution Making Continuing Appropriation for
Fiscal Year 1985 and Other Purposes, provided
$750 million from the Energy Security Reserve to be
deposited in a separate account in the U.S. Treasury
entitled The Clean Coal Technology Reserve. The

1-2  Program Update 1996-97
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It was recognized that the continued viability of
nation moved from an energy policy based on syntheteoal as a source of energy was dependent on the
ic fuels production to a more balanced policy, which demonstration and commercial application of a new

. The technology and skilled labor base of

. A multi-billion dollar infrastructure was in

. Coal was used to produce over 54 percent of

. Coal was the fuel of necessity in many lesser

established that the nation should have an adequate generation of advanced coal-based technologies
supply of energy, maintained at a reasonable cost anatharacterized by enhanced technical, economic, and
focused on the synthetic fuels production technology. consistent with environmental, health, and safety
objectives. Energy stability, security, and strength
were the foundations for this policy. It was recog-
nized that coal would be a major contribution to
meeting this goal for the foreseeable future because 0f986, the first solicitation (CCT-I) for clean coal
the private sector to build and operate synthetic fuels the following factors:

environmental performance.

With these factors very evident, the CCT Pro-
gram was established to demonstrate the commercial
feasibility of clean coal technology application. In

technology projects was issued to be responsive to this

The location, magnitude, and characteristics Ofneed, and the solicitation resulted in a broad range of

the coal resource base were well understood projects being selected in four major product mar-
kets—environmental control devices, advanced

electric power generation, coal processing for clean
fuels, and industrial applications.

In 1987, the CCT Program became the center-
piece for satisfying the recommendations contained in
the 1986Joint Report of the Special Envoys on Acid
Rain, which included a 5-year, $5-billion U.S. effort
to curb precursors of acid rain formation—Sd
NO,. Thus the second solicitation (CCT-Il), issued in
February 1988, provided for the demonstration of
technologies that were capable of achieving signifi-
cant reductions in S@nd/or NQ emissions from
existing power plants. These technologies were to be
more cost-effective than current technologies and

nearly 1.1 million workers were available to
safely and economically extract, transport, and
use coal.

place to gather, transport, and deliver this
valuable energy commodity to serve the
domestic and international marketplace.

the nation’s electric power in 1995 and was
vital to industrial processes, such as steel and
cement production as well as industrial power.

. The most abundant fossil energy resource wascapable of commercial deployment in the 1990s when

secure within the nation’s borders and rela- ~ the Clean Air Act Amendments were to become
tive|y invulnerable to disruptions because of effective. In May 1989 a third solicitation (CCT-“l)
the coal industry’s production responsiveness Was issued with essentially the same objective as the
second, but encouraging technologies that would
produce clean fuels from run-of-mine coal.

The next two solicitations recognized evolving
energy and environmental issues and were thus fo-
cused on seeking highly efficient, economically
competitive, low-emission technologies. Specifically,
the fourth solicitation (CCT-IV), released in January

and stockpiling capability.

developed economies.



1991, had as its objective the demonstration of energyControl, established emissions reduction targets for

efficient, economically competitive technologies
capable of retrofitting, repowering, or replacing
existing facilities while achieving significant reduc-
tions in SQand NQ emissions. In July 1992, the
fifth and final solicitation (CCT-V) was issued to
provide for demonstration projects that significantly
advanced the efficiency and environmental perfor-
mance of technologies applicable to new or existing
facilities.

SO, capped S¢emissions in the post-2000 time-
frame, and directed the establishment of allowable
emission limitations for NQ Title IV represented the
first large-scale approach to regulating overall emis-
sions levels by using marketable allowances. The
utilities could adopt a control strategy that was most

fore, 435 units are considered Phase | units. Under
Phase I, more than 2,000 units will be affected.
Exhibit 1-1 summarizes the compliance methods used
by the 261 affected units listed in Title 1V to satisfy
Phase | requirements.

By the end of 1995, the Phase | units had signifi-
cantly reduced SCemissions compared to previous

cost-effective for their given systems and plants ratheryears. In 1990 the Phase | units emitted 9.7 million

than having to apply a “command-and-control” ap-
proach wherein the emission-reduction technique is

As a result of these five solicitations, a total of 50 specified.

government/industry cost-shared projects were negoti-

ated, of which 39 valued at more than
$5.7 billion have been completed or remain active in
the CCT Program.

The success of the government/industry CCT
Program is directly attributable to its responsiveness
to public and private sector needs to reduce environ-
mental emissions and maximize economic and effi-
cient energy production. This will strengthen the
economy, enhance energy security, and reduce the
vulnerability of the economy to global energy market
shocks.

Coal Technologies for
Environmental Performance

Acid Rain Mitigation

During the late 1980s, work began on drafting
what was to become the Clean Air Act Amendments
of 1990 (CAAA) and on November 15, 1990, Con-
gress enacted the CAAA. Title IV, Acid Deposition

The emission reduction requirements for,SO

tons of SQ; in 1995 emissions were down to

5.3 million tons, a 45 percent reduction. This is
contrasted to non-Phase-I units whose emissions were
12 percent higher (6.6 million tons) than their 1990

were to be met in two phases. Phase I, which provid-emissions of 5.9 million tons.

ed for the initial increment of S@eduction, began on

The following projects within the CCT Program

January 1, 1995, and the second increment implemenivere designated affected units and were required to

ed through Phase Il will begin on January 1, 2000.
Title IV identified 261 generating units (designated
affected units) that

achieve compliance with Phase | requirements:

were required to
comply with
Phase |. Most of

Phase | SO, Compliance Methods

Exhibit 1-1

these units are coal
fired with fairly

% SO,

high emissions. An No_. of %.of Reduction .from % of Total .
additional 174 units Method Units Units 1985 Baseline SO ,Reduction
are participating in Fuel switching/blending 136 52 60 59
Phase | based on Additional SQ allowances 83 32 16 29
Environmental Scrubbers 27 10 83 28
Protection Agency Retirements 7 3 100 2
(EPA) rules, which | Othef 8 3 86 2

Total 261 100 100

allow a utility to
designate substitu-
tion or compensat-
ing units as part of
Phase | compliance

@|ncludes reduced coal consumption of 2.5 million tons and 16% reduction in sulfur content.
®Includes 1 repowered unit, 2 switched to natural gas, and 5 switched to No. 6 fuel oil.

Source: The Effects of Title IV of the Clean Air Act Amendments of 1990 on Electric Utilities:
An Update Energy Information Administration, March 1997.

strategies. There-
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» Northern Indiana Public Services’ Bailly « Northern Appalachian coal—
Generating Station, 528-MWe Units 7 and 8; decreased 29 million tons
advanced flue gas desulfurization unit

« lllinois Basin coal—decreased

» Georgia Power Company’s Plant Yates, 40 million tons
100-MWe Unit 1; Chiyoda Thoroughbred-121
advanced flue gas desulfurization

* New York State Gas & Electric’s Milliken SO, per million Btu at the consump-
Station, 300-MWe Units 1 and 2; S-H-U tion rate established in the 1985-198
formic-acid-enhanced, wet limestone scrubber timeframe. Most utilities have not

finalized their compliance strategies

because the industry is faced with
major changes in the way it is struc-

tured and does business under the
EIA estimates the annualized Phase | compliancerequirements of the Energy Policy Act

cost to be $836 million (1995 dollars). The cost (EPAct) of 1992, the Federal Energy
ranged from $113 per ton of S@moved for fuel Regulatory Commission (FERC)

switching to $322 per ton of S@moved for flue gas  Orders No. 888 and 889, and state-level utility re- ~ demonstrated under the CCT Program. Another
option available to utilities is to repower with a clean

» PSI Energy’s Wabash River Station,
262-MWe repowered integrated gasification
combined-cycle unit

A New York State Electric & Gas Corporation’s Milliken Station used the S-
H-U scrubber to achieve Phase 1,80mpliance.

desulfurization. structuring legislation. Under the previous regulatory _ _ _
One of the more significant effects of compliance environments, state regulators would allow the utilitiescO?! technology. Under this option a 4-year extension

with Phase | requirements was the change in coal useto pass on pollution control costs to consumers. (to December 31, 2003) is available to comply with
As shown in Exhibit 1-1, the fuel switching and/or  However, in a restructured, competitive environment, the Phase Il requirements.

blending compliance strategy was selected by 52 the added cost of capital-intensive environmental Title IV of the CAAA required EPA to establish
percent of the affected units. This switch to lower  controls could put a utility at a disadvantage to those 2nnual allowable emissions limitations for N@two
sulfur coal affected regional coal distribution. Be- ytilities that can achieve compliance with lower cost Phases. Phase I required N@ductions from tangen-
tween 1990 and 1995, the following changes in coal alternatives, such as fuel switching and/or blending. tially fired and dry-bottom wall-fired boilers. These

sales resulted: EIA projects that fuel switching and/or blending will ~ 2r€ réferred to as Group 1 boilers. In March 1994,
EPA promulgated a rule establishing emission limita-

tions of 0.45 pound per million Btu for tangentially

be the predominant strategy used, with allowance
acquisition being the second choice. However, it is

expected that allowance prices will increase after ~ fired units and 0.50 pound per million Btu for wall-
» Central Appalachian coal—increased 2000, and thus the scrubbing option will become mordired units. However, in November 1994 after a

15 million tons cost competitive so that by 2010 about 23 gigawatts ofhallenge from utility groups: .the U.S. Court of
« Rocky Mountain coal—increased 10 million  coal-fired capacity will be retrofitted. This could Appeals found that the definition of low-N®urner

tons provide an opportunity to deploy $6r combined technology contained in the March rule exceeded

SO/NO, environmental control device technologies EPA'S statutory authority and vacated the rule. In
April 1995, after agreement with environmental and

» Powder River Basin coal—increased
78 million tons

1-4 Program Update 1996-97



utility organizations, EPA issued a final rule revising
the definition of low-NQ burner technology. Further,
the rule extended the compliance date to January 1,
1996.

On August 3, 1995, EPA issued a proposed

trading, somewhat similar to S@lowance trading.
Under this rule, utilities would not need state and
federal approval for transactions of \Nédd volatile
organic carbon (VOCS) credit trading. Instead,
utilities would be able to comply with various air
pollution mandates by buying and using an appropri-

or DERs. Utilities would be able to generate emissio
reduction credits for smog precursors by voluntarily
reducing NQ and VOCs and bank, use, or sell the
credits under the open market emissions trading
proposal. (In addition to trading VOCs and NO

trade water pollution credits.) The DERs will not
require certification by regulators until they are used,
either by the utility that generates them for later use o
by a second utility that purchases the DERs from the
first utility.

On December 19, 1996, EPA issued a rule to

ate number of tons of “discrete emissions reductions,”implement Phase Il by establishing Nédnissions

limitations for addi-

Exhibit 1-2 tional coal-fired
.. .. boilers (Group 2) and
CAAA NO  Emission Limits reducing the NO
emissions limitations
Group 1 Group 2 Phase I NO Phase Il NO, G 1 uni
Unit Type Unit Type Emission Limits @ Emission Limits 2 on Group 1 units.
(Ib/10° Btu) (Ib/10 ¢ Btu) The types of Group 1
and 2 units and the
Ta_ngentially fired 0.45 0.40 Phase | and Il NQ
boilers emission limits are
Ergéb;;ﬁgwa”_ 0-50 0.46 shown in Exhibit 1-2.
Cell-burner 0.68 In response to the
boilers need to formulate
Cyclone boilers 0.86 NO, emission reduc-
>155 MWe tions that were realis-
Wet-bottom 0.84 tic and achievable,
\;Vgg-:?/lr\(/a\;ieboners EPA was able to use
Vertically fired 0.80 the datapase devel-
boilers oped during the
Southern Company
:Emlssmn I|m|t§ are Ib/.1e(Btu of heat input on an annual average basis. Services evaluation of
Other than units applying cell-burner technology NOX control on wall-

fired and tangentially

Plant Yates to meet Phase | 8@quirements.

fired boilers. Further, the technical, environmental,
and economic data on N©ontrols were developed
under the CCT Program for the four major boiler
types (wall-fired, tangential-fired, cyclone-fired, and
cell-burner), which constitute over 90 percent of the
pre-New Source Performance Standard boiler types.
In addition, low-NQ burners were installed on a
vertically fired boiler and tested. Other alternative
NO,-control technologies were demonstrated, includ-
ing coal and gas reburning, selective noncatalytic
reduction (SNCR), and selective catalytic reduction
(SCR). This portfolio of NOQcontrols will not only
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assure Phase | and Il emission reductions are achiev-in the discussion phase; other rules have been pro-
able, but will provide the technology base necessary tposed or finalized and will need to be considered in
achieve even deeper N@ductions that may be the research, development, and deployment of clean
necessary to meet CAAA Title | requirements for coal technologies. The following initiatives are
ozone in nonattainment areas. included:

The EPA is in the process of considering and
issuing new rules that go beyond the acid rain provi-
sions contained in the CAAA. Some of these rules are

e Clean Air Power Initiative (CAPI). CAPI
was established by EPA to combine the rule
making for SQ, NO,, and fine particulates into
one rulemaking effort. CAPI would consider
the cap-and-trade approach to pollutant
reductions rather than the traditional com-
mand-and-control approach. The proposed
emission rates for NGvould be 0.15-0.25
pound per million Btu for utility sources and a
50-60 percent reduction in $Beyond the
Title IV CAAA requirements. These would
take place in 2005 or 2010. EPA would
provide long-term relief from additional
regulations.

< Attainment of Ozone Standards (Title I)
CAAA Title | established the Ozone Transport
Commission (OTC) to address regional
transport of pollutants that contributes to
ozone nonattainment in the Northeast. The
Northeast Ozone Transport Commission
approved a Memorandum of Understanding in
September 1994 to reduce power plant
emissions of NOby as much as 70 percent.
Reductions are to be accomplished in 1999
and 2003. The Ozone Transport Assessment
Group (OTAG) was a voluntary collaborative
effort by 37 states, begun in June 1995, to
address the issue of ozone transportation. On
June 19, 1997, the OTAG Policy Group issued
its recommendations, which called for utilities

A Scaffolding and cell-burner penetration into the boiler
wall are viewed from inside of a boiler.
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A Selective catalytic reduction technology achieves deep
NO, reductions.

in a number of affected states to control ND

a level between the CAAA level and the less
stringent 85% reduction from the 1990 rate or
0.15 pound per million Btu. Control levels are
to be determined and implemented through
statewide tonnage budgets established by EPA
with control measures determined and imple-
mented by the states. Through State Imple-
mentation Plans (SIPs), the SIP process is
scheduled to be implemented on September 1,



1997, with EPA establishing the emissions emissions from utilities to 1.35 pound per and the Utility Air Regulatory Group (UARG), began

budgets. Final approval of the SIPs is sched- megawatt-hour (net energy output) regardless an emissions data collection program using state-of-
uled for March 2001. Further, OTAG ap- of fuel type. Compliance is determined ona the-art sampling and analysis techniques. Emissions
proved a recommendation that would allow 30-day rolling average basis. An alternate data were collected from eight utilities representing
states to sell or trade credits to exceed the standard of 0.15 pound per million Btu (heat nine process configurations, several of which were
budget. input) has also been proposed. sites for CCT projects. These utilities represented
Soot and Smog On June 25, 1997, EPA Air Toxics different coal types, process configurations, furnace

types, and pollution control methods. The repbrt,
Quality Standards (NAAQS) for particulate Under Title 11l of the CAAA, EPA is responsible Comprehensive Assessment of Toxic Emissions from
matter and ozone (commonly referred to as for determining the hazards to public health posed by Coal-Fired Power Plants: Phase | Results from the
soot and smog), with standards becoming final 189 hazardous air pollutants (HAPs) and is required t&).S. Department of Energy Stydvyas released in
Joerform a study of HAPs to determine the public September 1996 and provided the raw data from the
health roles that are likely to occur as a result of emissions testing. In another effort, HAPs data were

recommended new National Ambient Air

in July 1997. The standard for coarse particle

remains essentially unchanged, while a new .
standard for fine particles—those measuring POWer plant emissions. DOE recognized the impor- collected from 16 power plants. A report released in

2 5 micrometers in diameter and smaller tance of detecting and measuring HAPs in stack gaseduly 1996, Summary of Air Toxics Emissions Testing
(instead of the previous 10 microns)—was set A program was implemented with industry to monitor at Sixteen Utility Plantsprovides an assessment of
HAPs emissions at CCT projects sites, under both  HAPs measured in the coal, across the major pollution

at an annual limit of 15 micrograms per cubic ) )
baseline and demonstration operating conditions. control devices, and the HAPs emitted from the stack.

meter, with a 24-hour limit of 65 micrograms
per cubic meter. For ozone, the recommended! WO objectives of the HAPs monitoring, which have

final standard was tightened from 0.12 parts ~ °€€n met, were to improve the

per million (or 120 parts per billion) of ozone Auality of HAPs data being gath-
measured over 1 hour to a new standard of ~ €red and to monitor a broader
0.08 parts per million (or 80 parts per billion) ange of plant configurations and
measured over 8 hours, with the average fourttffMISSions control equipment. As
highest concentration over a 3-year period & result, 24 CCT projects are
determining whether an area is out of compli- Menitoring HAPs, with 10 having
ance. EPA also will issue an implementation °€€n completed by the end of
package and work from the regional plan 1996 (see Appendix C,

developed by OTAG to address long-distance Exhibit C-7).
transport of ozone. In another effort begun in

January 1993, EPA, with the

participation of the U.S. Depart-
ment of Energy (DOE) under the
Coal R&D Program, the Electric

Power Research Institute (EPRI), A Hazardous air pollutants will be measured at the Wabash River IGCC unit.

NO, Emissions Standards (Title IV) EPA
proposed revised New Source Performance
Standards (NSPS) for N@n July 9, 1997.
The proposed changes reduce limits of NO
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The second phase of the DOE/EPRI effort cur- and negotiations on emissions of greenhouse gases term targets that are realistic and achievable, with

rently in progress will conduct sampling at other sites, (GHG), particularly carbon dioxide (G0 maximum flexibility (including joint implementation
including the CCT Program’s Wabash River integrat- In 1992, the United States became a signatory to and emissions trading among nations).
ed gasification combined-cycle (IGCC) project. the Framework Convention on Climate Change The responsiveness and role of clean coal tech-

Further, the results from the first phase will be used to(FCCC). The FCCC directed Annex | parties (devel- nologies in meeting GHG reduction goals of U.S.
determine what configuration and coal types require oped countries) to implement programs and actions utilities is found in theClimate Change Action Plan’s

further assessment. aimed at returning GHG emissions to 1990 levels by Climate Challenge Program. The basis of the program

In October 1996, EPA submitted to Congress an 2000. As a result, thélimate Change Action Plan is described in the April 20, 1994, Memorandum of
interim version of its technical assessment of toxic air published in October 1993, initiates a number of Understanding between DOE and representatives of
pollutant emissions from power plangtudy of voluntary mitigation actions. In 1995, the first meetingthe nation’s electric utility industry:
Hazardous Air Pollutant Emissions from Electric of the Conference of Parties (COP-I) to the FCCC was . . .

. ) . o i . , Edison Electric Institute

Utility Steam Generating Units, Interim Final Report held in Berlin. The purpose of this conference was to
EPA plans to continue evaluating the potential expo- determine whether the non-binding FCCC was ade- * American Public Power Association
sures and potential public health concerns from quate. It was determined that most parties at COP-I . National Rural Electric Cooperative Associa-
mercury emissions from utilities. In addition, the were not meeting the previously agreed to goals. As a tion

agency will evaluate information on various potential result, the Berlin Mandate was adopted. The Berlin

control technologies for mercury. If EPA decides that Mandate calls for negotiation of a protocol to enhance Large Public Power Council

HAPs pose a risk, then it must propose air toxic the commitments of Annex | parties for the period + Tennessee Valley Authority
emissions controls by November 15, 1998, and make beyond 2000. An Ad Hoc Group on the Berlin Man- h , £ vol )
them final 2 years later. date is charged with (1) setting quantified emissions € program consists of voluntary commitments

by electric utilities to undertake actions to reduce,
avoid, offset, or sequester GHG emissions. These
commitments are formalized in individual utility
Participation Accords for large utilities and in Letters

However, the results of the HAPs program have limitations and reduction objectives within specified
significantly mitigated concerns about HAPs emissiontime frames; (2) establishing a joint implementation
from coal-fired power generation and focused atten- pilot program that would reduce, avoid, or sequester
tion on but a few flue gas constituents. The results greenhouse gases; and (3) not introducing any new ¢ Particination T  utilt DOE "
have the potential to make the forthcoming EPA commitments from non-Annex-| parties. A draft 0 ar. 'CIPa 'on or. smafl Utilites. provides

. . . . . . technical information and support, reports on the
regulations less strict, which could avoid unnecessarynegotiating text of the protocol has been circulated for f1h q i bii ,
control costs and thus save consumers money on comment. The Ad Hoc Group is scheduled to meet progress ot the program, and provides public recogni-

electricity bills. during July-August 1997 and in October 1997 to tion to utility participants. The tyPeS of comrr.u'fments
. . . are broad enough so that any utility can participate,
continue efforts to build concensus and finalize the

protocol document regardless of size, type, or amount of genera- tion,

. . . resource mix, or load growth.
The CCT Program had its roots in the reduction COP-Il, held in Geneva, Switzerland, in July grov .
o ) . . . Clean coal technologies can play an important
of acid rain precursors and was responsive to the U.51996, resulted in the Geneva Declaration calling for o . Co
_ i _ . . . role in implementation of these Participation Accords.
and Canadian Special Envoys’ recommendations. TeAnnex | parties to adopt legally binding commitments

. Improvements in generation technology, how genera-
years later, the future of coal and clean coal technoloby COP-IIl scheduled for Kyoto, Japan, in December pr g o 9y g .
tion is operated and maintained, and where on the grid

gy may rest on the outcome of international concerns 1997. The U.S. position supported verifiable medium- ~ -
it is located can have measurable beneficial effects on

Global Climate Change Protection
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both GHG emissions and operating costs. Utilities areperations in 1996. With a heat rate of 8,600 Btu perpulverized coal cycles, ocean sequestration of CO
pursuing three broad strategies for reducing GHG  kilowatt-hour (40 percent efficiency), it will resultin a and chemical utilization of CO Examples of ongoing
emissions through more efficient power generation: GHG emission reduction of over 20 percent, comparestudies include integrated gasification fuel cells and

(1) improving the efficiency of existing capacity, (2) to conventional technology. Sierra Pacific Power IGCC using Orimulsion.

repowering or replacing generation with more effi- ~ Company’s Pifion Pine integrated gasification com-

cient generation, and (3) repowering or replacing bined-cycle project (99 MWe) scheduled to begin Value-Added Solid Waste

generation with generation that uses lower-carbon  operation in mid-1997 will result in similar reductions. The CCT Program addressed the issue of trading

fuels. Other technologies, such as the pressurized fluidized-off air emissions at the expense of solid waste. For
More than half of the Participation Accords bed combustion and integrated gasification fuel cell, example, conventional S@missions control technol-

include fossil-related activities; many of the remainingbeing demonstrated under the CCT Program offer a ogies generate a scrubber sludge that must be careful-

accords are from utilities not having fossil-fired major opportunity to contribute to this international |y handled and disposed of in sludge ponds. Estimates

generating capacity. Fossil-related GHG reduction environmental issue. are that by 2015 over 4,500 acres per year would be

commitments total about 7.4 million metric tons of Finally, in an effort to increase the awareness of required to dispose of FGD sludge if wet FGD sys-

carbon equivalent in the year 2000, approximately  the role that clean coal technologies can have in meetems were used. Most of technologies being demon-

one-sixth of all Climate Challenge Program tonnage ing global climate concerns, the United States is strated under the CCT Program produce dry solid

commitments. participating in the International Energy Agency wastes that significantly reduce the disposal problem.

As part of its accord, CINergy has installed clean Greenhouse Gas R&D Program (IEA/GHG). The Nine projects produce dry, solid compounds or com-
coal technology at the Wabash River Generating work conducted by the program focuses on technical posites that can be used as building materials, agricul-
Station, which is owned by its subsidiary, PSI Energy.and economic assessments and collaborative researcfyre supplements, neutralizing agents for use with acid
In a fully commercial setting, PSI Energy and its on technology to address global concerns due to mine drainage, and for other purposes; five CCT
partner, Destec Energy, are demonstrating coal gasifipossible climate change resulting from atmospheric  projects produce commercial-grade gypsum; and eight
cation repowering of an existing unit. Where there  buildup of greenhouse gases. The IEA/GHG investi- projects produce a salable by-product in the form of
was an aging, inefficient, little-utilized unit, there is  gates and evaluates technical ways of reducing greencommercial-grade sulfur or sulfuric acid. One project,
now a very clean and highly efficient unit that will house gas emissions through improved fossil fuel the Passamaquoddy Technology Recovery Scrubber™
generate power at high load well into the next centurytechnologies and by capture and sequestration of  produced fertilizer and distilled water.

The original plant capacity was 100 MWe, but is now greenhouse gases. Participation in the IEA/GHG

262 MWe (net); and the original heat rate of 11,000 collaboration leverages the funding by the United

Btu per kilowatt-hour is now under 9,000, one of the States. This program also serves as a source of inde

lowest for commercial coal plants in the United Statespendent expert data on coal technologies to address Coal Technok)gies for
Because the heat rate is so much lower, the rate of global climate concerns for policy makers, industry, Competitive Performance
CO, emissions is decreased by about 20 percent. and the public.

Additionally, emissions of SQNO,, and particulate The IEA/GHG is conducting studies of a number In 1986 when the CCT Program was begun, the

matter (PM) are reduced by at least 90 percent. of technologies, including many clean coal technolo- gjectric utility industry was highly regulated. The
The 250-MWe Tampa Electric compound inte-  gies. For example, completed studies include integrainajor uncertainty was the breadth and depth of envi-

grated gasification combined-cycle project began ed coal gasification combined cycles, advanced ronmental regulatory requirements that would be
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imposed on the industry. Even this uncertainty was
mitigated by the fact that most of the environmental
control costs could be passed through to the consumer
if approved by the state regulatory commission. As
long as the utility made prudent investments in plant
and equipment, their economic future was fairly stable
and predictable. It was assumed that coal and nuclear
energy would carry the burden of baseload generation,
oil would be phased out, and natural gas would be
used for meeting peak load requirements.

By mid-1997, the picture was entirely different:
the utility industry is in the midst of a major restruc-
turing to accommodate a competitive marketplace.
This restructuring was driven by legislative, consum-
er, and technology factors as follows:

» Consumers became a major factor in pushing
for competition and regulatory reform even
though regulators provide the oversight
necessary to assure consumers were paying a
fair price. However, the price differential
among the states and regions of the country
meant that large industrial users of electricity
in some areas were burdened with high
electricity prices, while their competitors in
other areas had access to much lower cost
electricity costs and thus a competitive
production cost edge.

» The Public Utility Regulatory Policies Act of
1978 (PURPA) and the Energy Policy Act of
1992 (EPAct) were two major legislative
drivers. Under PURPA, utilities were required
to purchase electricity from certain “qualified
facilities” (QFs) at a price equal to the utility’s
estimated avoided cost. As a result, the
amount of electricity generated by these

1-10 Program Update 1996-97

nonutility power producers increased dramati-
cally to over 280 billion kilowatt-hours or
about 10 percent of the utility generation in
1995. EPAct, in amending the Public Utility
Holding Company Act of 1935 (PUHCA),
lifted more of the constraints on the develop-
ment of nonutility generation as well as some
of the restrictions on competition in wholesale
electricity markets.

EPAct created a new class of producer called
the exempt wholesale generator (EWG), which
was defined as “any person determined by the
Federal Energy Regulatory Commission to be
engaged directly through one or more
affilliates—and exclusively in the business of
owning or operating—all or part of one or
more eligible facilities and selling electric
energy at wholesale.” This amendment to
PUHCA provided that nonutility companies
could develop EWGs without coming under
the provisions of PUHCA and exempt holding
companies could also develop EWGs without
losing their exemption from PUHCA. Any
EWG also in the retail utility’s rate base had to
receive state regulatory approval before it
could be exempted from PUHCA. EPAct
(Section 711) specifically allowed both
registered and exempt holding companies to
own, acquire, and operate EWGs. The law
also allowed for so-called “hybrid plants,”
which have ownership divided between utility
companies, whose portion is included in the
rate base, and EWGs, whose portion is
exempt. The act sought to limit the abuse of
affiliate transactions by prohibiting an electric

utility company from purchasing wholesale
energy from an EWG that was one of its
affiliates. Unlike PURPA, PUHCA reforms
did not guarantee EWGs a market for their
power, thereby requiring that it compete with
power from other sources in the wholesale
power market.

EPAct further promoted wholesale competi-
tion by mandating that transmission facility
owners must provide open access to the grid
by wheeling power to wholesale customers at
cost-based rates (Subtitle B of the Electricity
Title VII). Further, anyone may petition
FERC for access to the transmission grid. On
April 14, 1996, FERC issued two closely
related orders, Orders No. 888 and 889,
detailing rules to assure nondiscriminatory
open access to interstate electricity transmis-
sion and recovery of the utilities’ prudently
incurred costs.

Consumer pressures for access to lower priced
power have been successful in bringing about
competition in retail as well as wholesale
power markets. Deregulation of retail markets
is occurring at the state level. (FERC is
prohibited from ordering retail wheeling.)

Under EPAct, states continue to have responsi-
bility for regulating (1) any electric company
operating within its jurisdiction, (2) any EWG
selling electricity wholesale to such a utility,
and (3) any holding company that was an
associate or affiliate of an EWG selling power
to a regulated utility. By early 1997, three
states—California, Pennsylvania, and Rhode
Island—had enacted legislation to allow



competition in the retail electricity market. In
38 other states, retail deregulation is either

These factors have had a pronounced effect on factor for coal-fired power plants will increase from
the utility market for coal and clean coal technology. 63 percent in 1995 to 74 percent in 2015. Between

planned or under discussion, with 10 of these A comparison of 1985 and 1996 energy projections 1995 and 2010, the most economical choice for new

states having a proposed time schedule for
deregulation. Pilot projects are ongoing in
Massachusetts, New Hampshire, New York,

for coal, natural gas, and oil shown in Exhibit 1-3 power generation is natural-gas-fired capacity. EIA
illustrates the magnitude of the change that restructurprojects gas-fired generation to grow from over
ing is playing, as well as environmental regulation 330 billion kilowatt-hours in 1995 to 1,184 billion in

lllinois, Idaho, and Washington and have been discussed previously. Coal is projected to maintain it015, most of that using combined-cycle technology.

proposed in five other states. Under retail
deregulation, end users are not required to
purchase power from their local utility
company, but instead may purchase power
from generators or marketers located in other
states and regions of the country. In this
competitive market environment, power is
priced according to market conditions, not
necessarily according to generation costs.

Advances in the technology of electricity
production are another factor that has had an
impact on restructuring. Nonutility generators

have taken advantage of
these advances, such as
aero-derived gas turbines,
to generate cheaper
electricity than can be
achieved using conventional
fossil steam and/or nuclear
generators. The new
technologies are often more
efficient and less environ-
mentally obtrusive and can
be installed in a very short
period of time in capacity
modules closely matching
the load growth curves.

lead in the production of electricity in 2010 at EIA further predicts that no net coal-fired capacity
50 percent; however, that is down from 60 percent  additions will be made until after 2010, when rising
when the CCT Program started. The differential has natural gas costs and nuclear retirements are projected
been, for the most part, made up by the growth in to cause increasing demand for coal-fired baseload
natural-gas-fueled power generation. Nuclear power'sapacity. At that time, new, highly efficient, low-
contribution to the nation’s electric power generation emissions power systems will enter the power produc-
in 2010 is about the same in both projections. tion markets. New concepts to reduce delivered
Industry restructuring and competition will electricity prices will likely be employed. Examples
impact coal and coal technologies for the foreseeableinclude minemouth plants that reduce or eliminate the
future. Utilities are expected to improve their operat- coal transportation cost component in power produc-
ing efficiencies by using existing plants at higher tion and electric power and coproduct production
capacity factors. EIA has projected that the capacity systems, which allow the consumer’s cost of electrici-

Exhibit 1-3
Comparison of Energy Projections

Electricity Sales Coal Gas Qil
(10°kwh) (109 tons) (10 2 t3) (108 barrels)
B % dif A B % dif A B % dif A B % dif
1995 3,008 0 924 959 4 3.0 35 17 0.2 0.3 50
2000 3,290 -3 1,069 1,017 -4 2.7 4.3 60 0.6 0.2 -66
2010 3,784 -9 1,355 1,099 -19 1.7 6.9 305 0.4 0.3 -25

% dif = % difference between the two projections.

A National Energy Policy Plan Projections to 2010.S. Department of Energy, December 1985.
B Annual Energy Outlook 1997 with Projections to 208Bergy Information Agency, December 1996.
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ty to be offset by the profitability of coproducts. The equivalent to over 60 percent of
CCT Program is demonstrating the first commercial consumption. Also, natural gas
versions of the advanced high-efficiency coal systemsimports are expected to grow
that will be needed when older plants are retired and from 12.4 percent of total gas
new capacity additions are needed to assure continuecbnsumption in 1995 to
low-cost, reliable electric power service. 14.0 percent in 2015. These
imports are primarily from
Canada, which does not repre-
sent a supply stability problem

Coal Technologies to Keep but does represent a drain on
America Secure balance of payments.

U.S. coal consumption is

It is in the national interest to maintain a multi-fuelequivalent to approximately 10
energy mix to sustain national economic growth. Coakmillion barrels of oil per day and
is a key component of national energy security becausepresents a reduction in balancq !
of its low cost, availability, and abundant supplies of payments of over $50 billion A National energy security is enhanced by coal cleaning technology being
within the nation’s borders. The CCT Program pur- per year. Clean coal technolo- demonstrated at this Custom Coals facility.
sues a strategy that leads to the developmentand  gies will provide the utilization and conversion tech- by one million barrels per day, the U.S. balance of
deployment of a technology portfolio that enhances thaologies that will enable the coal fuel cycle to contin- payments could be reduced by nearly
efficient use of this coal resource base while assuring ue as a major component in the nation’s economy  $150 billion over the period 2015-2030. The CCT
national and global environmental goals are achievedwhile achieving the environmental quality that society Program is responding to this opportunity through
The domestic coal resources are large enough to meetemands. The domestic and export value of 1995  development and demonstration of mild gasification
demand for almost 270 years at current rates of con- coal production approaches $25 billion in the U.S.  and liquid-phase methanol production technology.
sumption. economy. There are over 1.1 million workers whose U.S. coal is exported to more than 40 nations and

The United States is increasingly dependent on jobs directly depend on the coal industry. These jobsamounted to 89 million tons in 1995. Coal exports to
imported oil as low prices have resulted in decreased are dispersed through the mining, transportation, foreign destinations contributed $3.5 billion to the
domestic oil production for 13 years. That trend was manufacturing, utility, and supporting industries. U.S. balance of payments in 1995. Worldwide de-
broken in 1995 by an oil production capacity increase A U.S. coal conversion industry could also mand for energy is expected to reach 542 quadrillion
of 0.4 million barrels per day. However in 1995, net directly reduce the nation’s dependency on imported Btu by 2015, 1.6 times the current level. According to
petroleum imports were 7.9 million barrels per day, oroil. The economic impact of adding to domestic oil  EIA, worldwide coal use is expected to account for
45 percent of domestic consumption. In its latest production or reducing the cost of imported oil is very about 25 percent of total energy consumption. Ex-
projections for 2015, EIA expects imports to range  significant. For example, in 2015, if the cost per ports of U.S. coal are projected to increase during this
from 10.8 to 15.9 million barrels per day depending orbarrel of oil is reduced by one dollar, the overall period to over 120 million tons.
oil price. The EIA reference case for 2015 calls for negavings to the economy would be over $8 billion. If The worldwide market for power generation
imports of 13.5 million barrels per day, which is domestic production of liquid fuels could be increasedtechnologies could be as high as $1 trillion by 2015.
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Capturing just 20 percent of this market would bring the national energy policy goals of sustainable devel- .
in revenues of $200 billion and support more than ~ opment. Sustainable development involves a simulta-
100,000 jobs over three decades in the U.S. power neous commitment to economic prosperity, social
equipment industry alone. This market provides equity, and ecological integrity.

opportunities for U.S. technology suppliers, develop- The technology strategy followed in the integrat-
ers, architect/engineers, and other U.S. firms to capi- ed coal and power systems program is to (1) build on
talize on the advantages gained through experiences past R&D successes and experience, (2) build a

the CCT Program. However, other governments are portfolio of technologies including advanced, revolu-
recognizing the enormous economic benefits that theitionary and “leap frog” technologies, (3) provide
economies can enjoy if their manufacturers capture a timely and effective dissemination of technology

greater share of this market. results, and (4) use analyses as a guiding tool in
Other DOE activities are aimed at creating a RD&D direction.
favorable export climate for U.S. coal and coal tech- The role of the Coal and Power Systems RD&D *
nology. These efforts will (1) improve the visibility of Program in advancing clean coal technology’s future
U.S. firms and their products by establishing an is shaped by a number of realities:

information clearinghouse and closer liaison with U.S.
representatives in other countries, (2) strengthen

interagency coordination of federal programs v hat fordabl | technol b

. . RD&D assures that clean, affordable coal technologies will be
pertinent to these.e.xports, an.d. (3? |mpr0v.e Cur_rengvailable in the future. Air Product’'s LaPorte coal liquefaction test
programs and policies for facilitating the financing facility (left) and Southern Company Services’ Wilsonville power syste
of coal-related projects abroad. development facility (right) contribute to RD&D efforts.

Coal Technology for the Future

DOE has structured an integrated Coal and
Power Systems Research, Development, and
Demonstration (RD&D) Program with the mission
to foster the development and deployment of
advanced, clean, affordable power systems and
technologies for the clean utilization of coal.
Pursuit of this mission is to assure an ample, se-
cure, clean, low-cost domestic electricity and
domestic fuel supply through viable technical
options. This mission has a key role in achieving

Utility deregulation and the promotion of
competition is having a profound effect on the
utility sector’s approach to R&D, resulting in
sharply reduced private R&D funding and
shifting the emphasis to projects with immedi-
ate or near-term payoffs.

The era of flat or slowly rising oil prices has
resulted in nearly total abandonment of
liquefaction technologies RD&D funding by

the private sector, as the time horizon is too
long to achieve the required near-term payback.

Increased pressure on Coal and Power Systems
RD&D budgets for deficit reduction will likely
continue for the foreseeable future, thus
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requiring innovative approaches for leveraging The environmental control technology portfolio  the CCT Program’s two industrial applications

public-sector funds with private-sector includes super-clean emission control devices for the projects and the four coal processing for clean fuels
resources in order to achieve the mission removal of SQand NQ from power plant flue gases, projects. Once completed the technical, economic,
objectives. hazardous air pollutant controls, innovative technolo- and environmental results will be disseminated to the

gies for CQ management leading to near-zero emis- domestic and international marketplace.
sions, and solid waste reduction, disposal, and use ap- The above product line programs are undergirded
proaches. Specific goals are to develop new, ad- by advanced research that provides the fundamental
vanced environmental control technologies by 2015, science and engineering basis for future fossil energy
primarily to meet existing and pending regulations on concepts. The specific strategy is to
gas-phase HAPs and NOThe target is to attain (1) develop by 2005 key and critical evolutionary
70-90 percent reduction in @t 25-50 percent of technologies that will improve performance and
current costs and to achieve 90 percent reduction in reduce costs of advanced power, environmental
Under the Coal and Power Systems Program,  HAPs at one-half the cost of current alternative tech- control, and fuels production systems while creating
RD&D are pursued in three primary product lines:  nologies. Further, the remaining four CCT Program derivatives that will have immediate high-value
environmental control device projects will be com-  applications; (2) develop by 2010 revolutionary
pleted and the technical, environmental, and economitechnologies and processes with the potential for
results disseminated. The results from the 24 CCT substantial improvements and advances in product
+ Coal fuels and industrial systems Program HAPs monitoring projects will be analyzed line systems; and (3) develop by 2015 a series of
) and disseminated. “leap frog” technologies, such as advanced, CO
The advanced power systems program will pursue . . . .
, O The coal fuels and industrial systems product linemanagement schemes, advanced hybrid process and
the completion of the 10 remaining CCT Program ad- . S
) . . program is to develop an RD&D portfolio in liquid cycles, smart systems, and others to address the
vanced power systems projects and the dlssemlnatlor} L .
} i i uels technology that could be used for the conversiorsignificant issues of the early 21st century. These
of the technical, economic, and environmental results . . . o L
) ) i ) of coal, natural gas, oil shale, biomass, and other issues relate to achieving net-zero emissions and
into the domestic and international marketplace. Fur- . . . . .
carbonaceous resources on a cost-competitive basis. closing the fossil-fuel cycle to use fossil energy

thgr, z.idvan.ces will be .pu.rsued .m the product line porti:urther, the coproduction of liquids and power is resources more effectively as part of sustainable
folio, including low-emission boiler systems, pressur-

) . L "7 being pursued. Coal preparation technologies will  development.
ized fluidized bed combustion, integrated gasification . L .

. o _ . emphasize advanced methods for removing inorganic
combined-cycle systems, indirect-fired cycles, gasifi-

) T ] matter that causes air toxics and other air pollutants.
cation-fuel cell combinations, advanced gas turbines, : : . .
) . Industrial systems technologies will assure that indus-
fuel cells, and hybrid fuel-cell-turbine cycles. The po

ential pert fficienci fth X " trial steam coal users and other users, such as the steel
ential performance etficiencies ot tnese systems rangﬁwdustry, will have advanced, high-efficiency and low-

from mid-40 percent up to 70 percent. The goalisto . . . . .
) ) ] emission technologies available that will keep the
achieve these performance levels while reducing cost I .
¢ electricity by 1020 t and emissi by 70 energy contribution to the final product cost low and
ot electricily by 1o-cU percent and emissions by /9= e product cost-competitive in the global market-

90 percent over current standards. place. Further the program includes the completion of

 Industry and government support for RD&D
of a broad portfolio of technologies is neces-
sary if the domestic and global environmental
challenges are to be met efficiently and
economically and if U.S. industry is to
maintain its position of leadership in world
trade of coal and power systems technologies.

» Advanced power generation systems

» Environmental systems

1-14  Program Update 1996-97



2. Program Implementation

where the government sets performance objectives and
industry responds with its ideas and is allowed broad
latitude in technical management of the projects. This
encourages technology innovation and cost-sharing.

implementing process resulted in one of the most The implementing process also provides for public

successful cost-shared government/industry partner- P2rticipation. Industry and the public play major roles
ships forged to date to respond to critical national in this process, reflecting their respective roles in
needs. Through five nationwide competitions, a total moving technologies into the marketplace.
of 39 projects, valued at nearly $6 billion, were
implemented. Of this total, the industry cost-share is
an unprecedented 66 percent. Half the projects have ) ) )
reached successful completion. The balance are Implementatlon PFIﬂCIpleS
moving forward, with operational testing under way
for 10 projects

Over the 9-year period of soliciting and awarding
projects, the thrust of the environmental concerns
relative to coal use changed. But the adopted imple-
menting process allowed the program to remain

Introduction

The CCT Program founding principles and

The principles underlying the CCT Program were
developed after much study of previous government
demonstration programs, those meeting with both
positive and negative results. Together, the principles
represent a composite of incentives and checks and
balances that allows all participants to best apply their

responsive to the changing needs. The resultis a i q h i inciol
portfolio of technologies and a data base that will exp.er ISE AN TEsOUrces.  THEse guiding principles are
outlined below.

enable coal to remain a major contributor to the U.S.
energy mix without being a threat to the environment.
This will ensure secure, low-cost energy requisite to a
healthy economy well into the 21st century.

Success of the CCT Program is measured by the
degree to which demonstrated technologies are placed
into commercial service. This was a driving force in
establishing the principles that created the foundation
for the implementation process. The government role
is non-traditional, moving away from a command-and-
control approach to a performance-based approach,

» A strong and stable financial commitment
exists for the life of the projects. Full funding
for the government’s share of selected projects
was appropriated by Congress at the outset of
the program. This up-front commitment has
been vital to getting industry’s response in
terms of quantity and quality of proposals
received and the achievement of
65 percent cost-sharing.

Multiple solicitations spread over a number

of years enabled the program to address a
broad range of national needs with a

portfolio of evolving technologies. Allowing
time between solicitations enabled Congress to
adjust the goals of the program to meet
changing national needs, provided DOE time
to revise the implementation process based on
lessons learned in prior solicitations, and
provided industry the opportunity to develop
better projects and more confidently propose
evolving technologies.

Demonstrations are conducted at commer-
cial scale in actual user environments.
Typically a technology is constructed at
commercial scale with full system integration,
reflective of its intended commercial configu-
ration, and operated as a commercial facility
or installed on an existing commercial facility.
This enables the technology’s performance
potential to be judged in the intended commer-
cial environment.

The technical agenda is determined by
industry, not the government. Based on

goals established by Congress and policy
guidance received, DOE set definitive perfor-
mance objectives and performance-based
evaluation criteria against which proposals
would be judged. Industry was given the
flexibility to use their expertise and innovation
to define the technology and proposed project

Program Update 1996-97 2-1



in response to the objectives and criteria. DOE
selected the projects based on those that best
met the evaluation criteria.

* Roles of the government and industry are
clearly defined and reflect the degree of cost-
sharing required. The government plays a
significant role up front in structuring the
cooperative agreements to protect public
interests. This includes negotiating definitive
performance milestones and decision points
throughout the project. Once the project
begins, the industrial participant is responsible
for technical management, while the govern-
ment oversees the project through aggressive
monitoring and engages in implementation only
at decision points. Continued government

support is assured as long as project milestones

and terms and conditions of the original
cooperative agreement continue to be met.

» At least 50 percent cost-sharing is required
throughout all project phases. Industry’s
cost-share was required to be tangible and
directly related to the project, with no credit for
previous work. By sharing essentially in each
dollar expended along the way, on at least an
equal basis, industry’'s commitment to fulfilling
project objectives was ensured.

» Allowance for cost growth provides an
important check-and-balance feature to the
program. Statutory provisions allow for
additional financial assistance beyond the
original agreement in an amount up to 25 per-
cent of DOE’s original contribution. Such
financial assistance, if provided, must be cost-

Program Update 1996-97

shared by the industrial participant at no less
than the cost-share ratio of the original
cooperative agreement. This statutory provi-
sion recognizes the risk involved in first-of-a-
kind demonstrations by allowing for cost
growth. At the same time, it recognizes the
need for the industrial participant’'s commit-
ment to share cost growth and limits the
government’s exposure.

limited to the government’s level of cost-
sharing and the 20-year period following
demonstration.

In summary, there are built-in checks and balances
to ensure that the industry and government roles are
appropriate and that the government serves as a risk-
sharing partner without impeding industry from utiliz-
ing its expertise and getting the technology into the
marketplace.

Industry retains real and intellectual
property rights. The level of cost-sharing
warrants the industrial participant retaining
intellectual and real property rights and
removes potential constraints to commercial-
ization. Industry would otherwise be reluctant ~ Significant public and private sector involvement
to come forward with technologies they have was integral to the process leading to technology
developed to the point of demonstration, demonstration and critical to program success. Even
relinquishing their competitive position. before engaging in a solicitation, a public process was
) instituted under the National Environmental Policy Act
Industry r.nu.st make a commitment t,o (NEPA) to review whether the planned course of action
commercialize the technology.Consistent . . .
i ) i . _was prudent. A programmatic environmental impact
with program goals, the industrial participant is .
assessment (PEIA), followed by a programmatic

required to make the technology available ona . .
q . ) oy _environmental impact statement (PEIS), was prepared
nondiscriminatory basis to all U.S. companies

~ prior to initiating solicitations. Public comment and
that seek, under reasonable terms and condi- . . :
. _ resolution of comments were required prior to proceed-
tions, to use the technology. While the

technol is not f d to divul ing with the program.
SCInCIO0Y OWNEr s no. oreed fo divuige As to the solicitation process, Congress set the
know-how to a competitor, the technology

. _ . goals for each solicitation in the enabling legislation
must be made available to potential domestic

, and report language (see Appendix A for legislative
users on reasonable commercial terms. . . . .
history and Appendix B for program implementation

history). DOE translated the congressional guidance
technology, repayment up to the govern- and direction into performance-based criteria and
ment’s cost-share is required.The repay- developed approaches to address lessons learned from
ment obligation occurs only upon successful previous rounds. Before proceeding with a solicita-
commercialization of the technology. Itis tion, however, an outline of the impending solicitation

Implementation Process

Upon successful commercialization of the



and attendant issues and options was presented in a environmental, health, safety, and socioeconomic  prior to major expenditure of public funds. Further-
series of regional public meetings to obtain input. Thempacts associated with the project. The findings cai€more, DOE required that an in-depth environmental
public meetings were structured along the lines of  precipitate a more formal environmental impact monitoring plan (EMP) be prepared, fully assessing
workshops to facilitate discussion and obtain commenssatement (EIS) process, or the findings can remain gmtential pollutant emissions, both regulated and
from the broadest range of interests. Comments froman environmental assessment (EA) along with a unregulated, and defining the data to be collected and
the public meetings were then used in preparing a drafinding of no significant impact. Under an EIS, publicthe methodology for collection. All cooperative
solicitation, which in turn was issued for public com- meetings are held for the purpose of disclosing the agreements required preparation of environmental
ment. Comments received were formally resolved  intended project activities, with emphasis on potentiamonitoring reports that provide results of the monitor-
prior to solicitation issuance. environmental, health, safety, and socioeconomic  ing activities. As discussed previously, as environmen-
To aid proposers, preproposal conferences were impacts and planned mitigating measures. Commental issues emerged, every effort was made to address
held for the purpose of clarifying any aspects of the are sought and must be resolved before the project déwem directly with the understanding that commercial
solicitation. Further, every attempt was made inthe proceed. This has led to additional actions taken by technology acceptance hinged on satisfying users and
solicitation to impart a clear understanding of what wathe industrial participant beyond the original project the public as to acceptable environmental performance.
being sought, how it would be evaluated, and what coseope. To facilitate the NEPA process, DOE encourAppendix C reviews the proactive environmental
tractual terms and conditions would apply. A section aged environmental data collection through cost-  stance taken by the program, further delineates the
was devoted to helping potential proposers determinesharing during the negotiation period contingent uporNEPA process, and provides the status of key actions.
technology eligibility, and numerical quantification of project award. Projects are managed by the participant, not the
the evaluation criteria was provided. The solicitation Because of the environmental nature of the CCTgovernment. However, public interests are protected
also contained a model cooperative agreement with tHerogram, DOE took a proactive posture in carrying by requiring defined periods of performance referred to

key relevant contractual terms and conditions.

out the principles of NEPA. Environmental concernsas budget periods, throughout the project. Budget

Project selection and negotiation leading to awardvere aggressively addressed and the public engagegeriods are keyed to major decision points. A set

were conducted under stringent rules carrying . o
The NEPA process assured environmental acceptability of the Healy

criminal penalties for non-compliance. I:)mpostllean Coal Project on the border of Denali National Park in Alaska.
als were evaluated and projects negotiated :

strictly against and within the criteria and terms
and conditions established in the solicitation. |
the spirit of NEPA, information required and
evaluated included project-specific environ-
mental, health, safety, and socioeconomic
aspects of project implementation.

Upon project award, another public proces
was engaged to ensure that all site-specific
environmental concerns were addressed. NEH
requires that a rigorous environmental assess-§
ment be conducted to address all potential

amount of funds are allotted to each budget
period, along with performance criteria to be
met before receiving funds for the next budget
period. These criteria are contained in project
evaluation plans (PEPs). Progress reports and
meetings during budget periods serve to keep
the government informed. At the decision
points, progress against PEPs is formally
evaluated, as is the PEP for the next budget
period. Financial data is also examined to
ensure the participant’s capability to continue
required cost-sharing. Failure to perform as
expected results in greater government in-
volvement in the decision-making process.
Proposal of major project changes precipitates
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not only in-depth programmatic assessment, but legaplishment of shared objectives. The experience the technology owner and the government. It is the
and procurement review as well. Decisions regardingdeveloped in dealing with complex business arrange-technology owner’s role to retain and use the informa-
continuance into succeeding budget periods, any ments of multi-million-dollar CCT projects is a signifi- tion and experience gained during the demonstration
increase in funding, or major project changes require cant asset that has contributed greatly to the CCT  and to promote the utilization of the technology in the
the approval of the Assistant Secretary with program Program’s success—an asset of value to other pro- domestic and international marketplace. The detailed
responsibility. grams seeking to forge government/industry partner- technical, economic, and environmental data and
Beyond the formal process associated with the ships. Because of thihe Clean Coal Technology  experience gained during the demonstration are vital to
solicitations, parallel efforts were conducted to informProgram Lessons Learnadas published in July 1994. efforts to commercialize the technology. The govern-
stakeholders of ongoing events, results, and issues, ards report documents the knowledge acquired over ment'’s role is to capture, assess, and transfer sufficient
to engage them in discussion on matters pertinent to the course of the CCT Program through the completigachnical, economic, and environmental information to
ensuring that the program remained responsive to  of five solicitations. The report was based on the a broad spectrum of the private sector and international
needs. A continuing dialog was facilitated by direct belief that it is of mutual advantage to the private andcommunity to allow potential commercial users to
involvement in the projects of a large number of public sectors to identify those factors thought to confidently screen the technologies and to identify
utilities, technology suppliers, and states as well as kepntribute to the program'’s success and to point out those meeting operational requirements. The impor-
industry-based research organizations (e.g., EPRI anditfalls encountered and corrective actions taken. tance of commercial realization is confirmed by the

GRI). This was accompanied by executive seminars requirement in the solicitations and cooperative agree-
designed to fill communications gaps in the utility, ments that the project participant must pursue commer-
independent power production, regulatory, and finan- cialization of the technology after successful demon-
cial sectors. The approach was to identify those sec-Commitment to Commercial stration.

tors where inputs were missing and then structure Reaﬁzation Each of the five solicitations contained require-
seminars to provide information on the program and ments for the project proposals to include a discussion

obtain the executives’ perspectives and suggestions for The CCT Program has been committed to com- of the commercialization plans and approaches to be
enhancing program performance. An annual CCT  mercial realization since its inception. The significantused by the participants. The proposer was required to
conference was instituted to serve as a forum for environmental, efficiency, and economic benefits of discuss the following topics:

updating progress and results and discussing issues.thfe technologies being demonstrated in the program
CCT outreach program (discussed in Section 4) was will be realized only if the technologies achieve

put in place to ensure that needed information was widespread commercial success. The importance
prepared and disseminated in the most efficient man-attached to commercial realization of clean coal

» The critical factors required to achieve com-
mercial deployment, such as financing, licens-
ing, engineering, manufacturing, and marketing

ner, leveraging a variety of domestic and internationatechnologies is highlighted in Senate Report 99-82, * Atimetable identifying major commercializa-
conferences, symposia, and workshops. which contains the following recommendation for tion goals and schedule for completion
During implementation of the CCT Program, manyproject evaluation criteria: “The project must demon- .

Additional requirements for demonstration of
the technology at other operational scales as
well as significant planned parallel efforts to the
demonstration project that may affect the
commercialization approach or schedule

precedent-setting actions were taken and many innovstrate commercial feasibility of the technology or

tions were used by both the public and private sectorprocess and be of commercial scale of such size as to

to overcome procedural problems, create new manageermit rapid commercial scale-up.”

ment systems and controls, and move toward accom-  The commitment to commercial realization
recognizes the complementary but distinctive roles of
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» The priority placed by senior management on
accomplishing the commercialization effort and
how the project fits into the various
corporation’s business, marketing, or energy
utilization strategies

coal technologies at a pace consistent with
domestic and international free market deci-
sion-making

* Informing the public of the increased effi-
ciency, enhanced environmental quality, and
improved energy security benefits that can be
achieved through commercial use of CCTs

The cooperative agreement contains three mecha-
nisms to ensure that the demonstrated technology can
be replicated by responsible firms while protecting the
proprietary commercial position of the technology
owner:

- The commercialization clause requiresthe  Solicitation Results
technology owner to meet U.S. market demand

for the technology on a nondiscriminatory
basis. Further, this clause “flows down” from tunity Notice (PON)—a solicitation mechanism for
the project participant to the project team
members and contractors.

The cl ing riahts to technical d tposals for demonstration projects consistent with the
q elc ilastis c;onc,:[ernlntg ?gj tS ((; ecl mc: a %bjectives of the PON were submitted to DOE by
) (?a W_I © re_a ment of dala develope specific deadlines. DOE evaluated, selected, and
jointly in the project as well as data brought

, i negotiated projects strictly within the bounds of the
into the project.

» The patent clause affords protection for new was allowed 30 in-session

PON provisions. Award was made only after Congress

summary of the procurement history and a chronology
of project selection, negotiation, restructuring, and
completion or termination. Project sites are mapped in
Exhibits 2-3 through 2-6, which indicate the geograph-
ic locations of projects by application category.

The resultant projects have achieved broad-based
industry involvement. Some 55 individual electric
generators serving 33 states have participated in the
program. These utilities generate more than 178,000
MWe, approximately 25 percent of U.S. capacity, and
consume about 36 percent of the coal produced domes-
tically. Also participating were over 50 companies
supplying technology and 30 providing engineering,

Each solicitation was issued as a Program Opportonstruction, and consulting services.

The contributions of the selected projects to

cooperative agreements where the program goals an¢jomestic and international energy and environmental
objectives are defined but the technology is not. Pro-

needs are significant:

» Completed demonstration and proved commer-
cial viability of a suite of cost-effective SO
and NQ control options to achieve moderate
(50 percent) to deep emission reduction

inventions developed in the project. days to consider the projects
as outlined icComprehen-

In addition to ensuring implementation of the _
sive Reports to Congress

above project-specific mechanisms, the government

CCT Program Selection Process Summary

Exhibit 2-1

Exhibit 2-1 summarizes the

results of solicitations.
» Developing and disseminating the technical, Exhibit 2-2 identifies the

role also includes the following functions:

Solicitation PON Issued

Projects in
CCT Program as
of June 30, 1997

Proposals Projects
Submitted Selected

economic, and environmental knowledge baseprojects currently in the

necessary for federal, state, and local govern- cCT Program (including CCTH February 17,1986 51 17 8

ments to make sound policy and regulatory detwo projects that were CCT-I February 22,1988 55 16 9
cisions regarding commercial CCT deploymentoncluded in 1997) and the ccT- May 1, 1989 48 13 13

licitati d hich th CCT-IV January 17, 1991 33 9 5

« Improving the regulatory and institutional solicitation un erlw "; the | ety July 6, 1992 24 5 4
climate for deployment of demonstrated clean ProJects were selected. 211 60 39

Appendix B provides a

Program Update 1996-97 2-5



Exhibit 2-2
Clean Coal Technology Demonstration Projects, by Solicitation

Project and Participant Location

CCT-l

Development of the Coal Quality Expert™ (ABB Combustion Engineering, Inc., and CQ Inc.) Homer City, PA
LIMB Demonstration Project Extension and Coolside Demonstration (The Babcock & Wilcox Company) Lorain, OH
Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control (Coal Tech Corporation) Williamsport, PA
Enhancing the Use of Coals by Gas Reburning and Sorbent Injection (Energy and Environmental Research Corporation) He pnieyjfiedohd IS
Tidd PFBC Demonstration Project (The Ohio Power Company) Brilliant, OH

Advanced Coal Conversion Process Demonstration (Rosebud SynCoal Partnership) Colstrip, MT
Nucla CFB Demonstration Project (Tri-State Generation and Transmission Association, Inc.) Nucla, CO
ACFB Demonstration Project (York County Energy Partners, L.P.) To be determined
CCT-II

SNOX™ Flue Gas Cleaning Demonstration Project (ABB Environmental Systems) Niles, OH
Demonstration of Coal Reburning for Cyclone Boiler Ngdntrol (The Babcock & Wilcox Company) Cassville, Wi

SO-NO -Rox Box™ Flue Gas Cleanup Demonstration Project (The Babcock & Wilcox Company) Dilles Bottom, OH
Cement Kiln Flue Gas Recovery Scrubber (Passamaquoddy Tribe) Thomaston, ME
Advanced Flue Gas Desulfurization Demonstration Project (Pure Air on the Lake, L.P.) Chesterton, IN
Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler (Southern Company Services, Inc.) Coosa, GA
Demonstration of Innovative Applications of Technology for the CT-121 FGD Process (Southern Company Services, Inc.) Newnan, GA
Demonstration of Selective Catalytic Reduction Technology for the Control pEN@sions from High-Sulfur-Coal-Fired Boilers Pensacola, FL
(Southern Company Services, Inc.)

180-MWe Demonstration of Advanced Tangentially Fired Combustion Techniques for the ReductigrEshis€lons from Coal-Fired Lynn Haven, FL
Boilers (Southern Company Services, Inc.)

CCT-Ill

Commercial-Scale Demonstration of the Liquid-Phase Methanol (LPMEOH™) Process (Air Products Liquid Phase Conversion Kigsport, T
Company, L.P.)

10-MWe Demonstration of Gas Suspension Absorption (AirPol, Inc.) West Paducah, KY
Healy Clean Coal Project (Alaska Industrial Development and Export Authority) Healy, AK
Full-Scale Demonstration of Low-N@ell Burner Retrofit (The Babcock & Wilcox Company) Aberdeen, OH

2-6  Program Update 1996-97



Exhibit 2-2 (continued)

Clean Coal Technology Demonstration Projects, by Solicitation

Project and Participant Location

CCT-lll (continued)

Confined Zone Dispersion Flue Gas Desulfurization Demonstration (Bechtel Corporation) Seward, PA

Blast Furnace Granular-Coal Injection System Demonstration Project (Bethlehem Steel Corporation) Burns Harbor, IN
Mclintosh Unit 4A PCFB Demonstration Project (City of Lakeland, Department of Electric & Water Utilities) Lakeland, FL
ENCOAL® Mild Coal Gasification Project (ENCOZALCorporation) Gillette, WY

Evaluation of Gas Reburning and Low-NBurners on a Wall-Fired Boiler (Energy and Environmental Research Corporation) Denver, CO
LIFAC Sorbent Injection Desulfurization Demonstration Project (LIFAC—North America) Richmond, IN

Commercial Demonstration of the NOXSO #X00, Removal Flue Gas Cleanup System (NOXSO Corporation)

Integrated Dry NQ'SO, Emissions Control System (Public Service Company of Colorado)
Tampa Electric Integrated Gasification Combined-Cycle Project (Tampa Electric Company)

NOXSO site under negotiation
Charleston, TN

Denver, CO
Mulberry, FL

CCT-IV
Self-Scrubbing Coal™: An Integrated Approach to Clean Air (Custom Coals International)

Micronized Coal Reburning Demonstration for NControl (New York State Electric & Gas Corporation)

Milliken Clean Coal Technology Demonstration Project (New York State Electric & Gas Corporation)

Pifion Pine IGCC Power Project (Sierra Pacific Power Company)

Demonstration of Pulse Combustion in an Application for Steam Gasification of Coal (ThermoChem, Inc.) (project concluded)
Wabash River Coal Gasification Repowering Project (Wabash River Coal Gasification Repowering Project Joint Venture)

Central City and Lower Mt. Beth
Richmond, IN
Ashtabula, OH

Lansing and Rochester, NY
Lansing, NY
Reno, NV
plichbde ap
Westtd dive H

Bl, PA

CCT-V

Clean Coal Diesel Demonstration Project (Arthur D. Little, Inc.)

Clean Power from Integrated Coal/Ore Reduction (CPICOR™) (CPICOR™ Management Company, L.L.C.)
Clean Energy Demonstration Project (Clean Energy Partners Limited Partnership)

Mclintosh Unit 4B Topped PCFB Demonstration Project (City of Lakeland, Department of Electric & Water Utilities)
Externally Fired Combined-Cycle Demonstration Project (Pennsylvania Electric Company) (project concluded)

Fairbanks, AK
Vineyard, UT
East coast site
Lakeland, FL
Not applicable

Program Update 1996-97
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Exhibit 2-3
Geographic Locations of CCT Projects—Environmental Control Devices

Public Service Company
of Colorado
Denver, CO

Energy and Environmental The Babcock & Wilcox
Research Corporation Company
Denver, CO Cassville, WI

Pure Air
on the Lake, L.P.
Chesterton, IN
The Babcock & Wilcox
Company
Lorain, OH

Energy and Environmental

Research Corporation
Hennepin and
Springfield, IL

o 000"
o o
< e ®®

AirPol, Inc.
West Paducah, KY

Site under negotiation:
NOXSO Corporation

New York State Electric & Gas Corporation
Lansing and Rochester, NY

New York State
Electric & Gas Corporation
Lansing, NY

ABB Environmental Systems
Niles, OH

Bechtel Corporation
Seward, PA

The Babcock & Wilcox Company
Dilles Bottom, OH

The Babcock & Wilcox Company
Aberdeen, OH

LIFAC—North America
Richmond, IN

Southern Company Services, Inc
Coosa, GA

Southern Company Services, Inc
Newnan, GA

Southern Company Services, Inc
Lynn Haven, FL

Southern Company Services, Inc
Pensacola, FL
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Exhibit 2-4
Geographic Locations of CCT Projects—Advanced Electric Power Generation

Wabash River Coal Gasification The Ohio Power
Repowering Project Joint Venture Company
West Terre Haute, IN Brilliant, OH

Sites under negotiation:

York County Energy Partners, L.P.

Project concluded:

. . Pennsylvania Electric Company
Sierra Pacific

Power Company
Reno, NV

Alaska Industrial

Development and

Export Authority
Healy, AK

City of Lakeland,
Department of Electric & Water Utilities
Lakeland, FL

Tri-State Generation Tampa Electric Company

h it and Transmission Mulberry, FL
Art ur_ D. Little, Inc. Association, Inc.
Fairbanks, AK Nucla, CO

Clean Energy Partners Limited Partnership

Program Update 1996-97
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Exhibit 2-5
Geographic Locations of CCT Projects—Coal Processing for Clean Fuels

Rosebud SynCoal ENCOAL® Corporation Custom Coals International
Partnership Gillette, WY Central City, PA
Colstrip, MT Lower Mt. Bethel, PA

Richmond, IN
Ashtabula, OH

ABB Combustion
Engineering, Inc., and
CQ Inc.
Homer City, PA

Air Products Liquid
Phase Conversion
Company, L.P.
Kingsport, TN

2-10
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Exhibit 2-6
Geographic Locations of CCT Projects—Industrial Applications

Bethlehem Steel Corporation Passamaquoddy Tribe
Burns Harbor, IN Thomaston, ME

Coal Tech Corporation
Williamsport, PA

Project concluded:
ThermoChem, Inc.

CPICOR™ Management
Company, L.L.C.
Vineyard, UT

Program Update 1996-97
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steelmaking; advanced combustion for com-
bined SQ, NO,, and particulate control for
industrial/small utility boilers; and innovative
SO, control for waste elimination in cement
production

Future Implementation Direction

The future implementation direction of the CCT
Program focuses on completing the existing projects

A Publications keep stakeholders informed of CCT . . .
promptly as possible and assuring the collection,

Program contributions.

analyses, and reporting of the technical, economic, ar

environmental rulings will have on the commercial
deployment of technologies demonstrated under the
CCT Program. The environmental performance data
from completed projects will be analyzed, document-
ed, and distributed to potential users of the technology
as well as to environmental and regulatory stakehold-
ers. This information and data can be considered
during the deliberations on new standards for the
reduction of acid rain precursors, hazardous air pollut-
ants, and greenhouse gas emissions with the purpose of
assuring that new standards will be reasonable and
aghievable in a cost-effective manner.

Technical and economic performance data from
Be completed projects will be reviewed and analyzed

(70-95 percent) for the full range of coal-fired . ) performance data necessary to suppof© identify opportunities to improve the competitive-

boiler types subsequent commercialization activity. During 1997,

the following projects are expected to complete oper.

» Provided the data base and operating experi- .
tional testing:

ence requisite to making AFBC a commercial
technology at utility scale » Demonstration of Advanced Combustion

» Completing demonstration of a number of coal Techniques for a Wall-Fired Boiler

processes to produce high-energy-density, low- ¢ Self-Scrubbing Coal™: An Integrated Ap-
sulfur solid fuels and clean liquids from a range proach to Clean Air

of coal types » ENCOAL® Mild Coal Gasification Project

’ Currentiy laying the four.1dat|0n for the next Further, the following projects are scheduled to
generation of technologies to meet the energy . . . )
begin their operational phase:

and environmental demands of the 21st century:
» Micronized Coal Reburning Demonstration for

- Three IGCC plants in operation at three NO, Control

separate utilities

i » Pifion Pine IGCC Power Project
- Demonstration of PFBC at 70 MWe success-

fully completed and two larger scale demon-  * Commercial-Scale Demonstration of Liquid
strations in progress Phase Methanol (LPMEOH™) Project

. Demonstrating Significant efficiency and Assessments will be made of the impaCtS that
pollutant emission reduction enhancements in €volving and anticipated domestic and international
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ness of the clean coal technologies. Opportunities

a(;ould lead to such benefits as reduced capital costs,

increased efficiencies, increased fuel flexibility, or
reduced cost of electricity to the customer by offsetting
production costs through co-product profits. Timely
identification of opportunities to improve the competi-
tive position of clean coal technologies is essential to
achieving these objectives as the utility sector moves
into the era of deregulation and competition. These
opportunities could be acted on by program stakehold-
ers such as technology suppliers, and federal, state, and
industry RD&D organizations.

The CCT Program will continue to refine the
effectiveness of the outreach program in reaching and
informing all customers and stakeholders about the
program and its projects and improving the perception
of coal as a low-cost, environmentally acceptable fuel.
In order to accomplish this objective, participation of
the CCT Program stakeholders/customers will be
pursued vigorously with a view toward establishing



Issue 2: International Markets—Seizing the
Opportunity

cooperative activities to advance
compatible agendas. These activi- =

tl.es. couIt_j involve CCT project site | If.“l LN B i The following initiatives were identified to address
visits by interested .stakeholders/. wiﬂf"* =y .- : : | international market opportunities for CCTs:
customers, expansion of the audi- e i ; ; 7

ence in attendance at the Annual = _ » Inview of the growing evidence that a number
Clean Coal Technology Confer- Vi i of countries have been confused by the conflict-

ing information and advice received about
CCTs and with evidence that a number of U.S.
senior energy company executives are unaware
of the breadth of the CCT Program, increased
efforts in education should be undertaken.

ence, expanded support for interna
tional technology conferences, and L
increased support for state-level
education programs.

The Fifth Annual Clean Coal
Technology Conference provided
an opportunity to elicit recommen-
dations for the future direction of
the CCT Program from nearly 300
stakeholders by addressing four A Clean coal technology conferences provide a forum for public input for future
key issues facing the program as it program direction.
moves into the next millennium.

» Efforts should be focused and concentrated on a
few key growth areas, such as China and India.

» A consensus needs to be developed as to what
are the main barriers to technology deployment
within individual countries. Further, a strategy
should be developed to collectively overcome
these barriers.

) ) ) » Public sector (including federal and state)
Issue 1: Role of CCTs in the Evolving Domestic

£ icity Mark initiatives conceived were (1) identification of « Private sector/government cooperation on
ectricity Market new approaches to support “favored technolo- efforts to disseminate technical and economic
A number of initiatives were suggested to enhance gies” while transitioning to deregulation, such information about CCTs is important. Further,
the entry of CCTs into the marketplace. as a nonbypassable “wire” charge to collect a recommendation was made that the distribu-
. o funds to support favored technology RD&D; tion of this data be accomplished under the
» Private sector initiatives could focus on . . . . .
L . . . (2) the implementation of a portfolio standard auspices of the International Energy Agency as
(1) coproduction (including tri-generation of . . . e
. ! . that requires sellers to obtain a certain percent- part of the World Bank’s clean coal initiative.
electricity, heat, and chemicals) in order to : .
. . . - age of their power from favored technologies,
bring the price of electricity down; (2) cofiring » The next Annual Clean Coal Technology

and the introduction of regulatory requirements
favorable to certain technologies; (3) incentives
for overseas deployment of CCTs in order to
demonstrate the technologies adequately by the
time they are needed domestically; and (4)
recognition of the benefits of fuel diversity
represented by the continued use of coal.

with lower grade fuels; (3) development of
standardized plants and modular production to
lower capital costs; and (4) development of
integrated projects (e.g., minemouth plants)
within the coal sector to improve the competi-
tive position of coal with respect to natural gas.

Conference should contain a session during
which progress on overseas demonstration
projects would be reported, and increased
efforts should be made to invite representa-
tives—decision makers as well as technical and
financial advisors—from key market areas to
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identify what information they require to
enhance the “market pull” of CCTs.

Issue 3: Environmental Issues Affecting CCT
Deployment

The environmental issues that affect clean coal
technology deployment and power development were
found to be both international and domestic in nature.

» Environmental guidelines and requirements
facing developers of international projects are
promulgated by various entities, including
multi-national, regional, or national develop-
ment banks, private banks, finance companies,
the host country, or other organizations. These
guidelines may be procedural or operational in
nature, and they constitute a confusing matrix
for the developer. It was recommended that thé
World Bank expedite the finalization of its
guidelines. Further, it was noted that develop-
ers should work with all entities that might
affect the project. Giving attention during early
project definition to the environmental aspects
of site selection, baseline data and monitoring
requirements, and public perception could
reduce environmental compliance uncertainties.

year, involve a time horizon that is long enough
to allow normal rather than premature turnover
of capital stock, and allow for emissions trading
and joint implementation. It also was recog-
nized that electro-technologies could lead to
total emissions reductions when electricity is
substituted for direct fossil-fuel combustion.
Finally, the importance of educating congres-
sional members as well as the public on CCTs
was recognized.

Issue 4: CCT Deployment—From Today into
the Next Millennium

A number of uncertainties that are creating barriers
and hurdles for the deployment of CCTs were identi-
fied. These barriers included the restructuring of the
electric utility industry and the subsequent associated
postponement of the installation of coal-fired capacity;
increased competition from cheap natural gas and
maturing advanced natural gas power generation
technologies; CCTs being perceived as high-cost,
unproven technologies; and uncertainty of environmen-
tal regulations with the potential that plant upgrading
and retrofits will trigger revised NSPS.

The following initiatives were suggested to over-

come some of these barriers:

» Domestically, it was believed that the cap-and-
trade approach outlined in CAPI would result in
cost savings over the command-and-control
approach and should be encouraged. Further,
EPA was encouraged to explore peak-shaving
approaches to some problems, such as ozone
attainment, as cost-effective measures. With
respect to CQ) it was recommended that any
agreements on emission targets should be multi-
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Utility restructuring legislation should empha-
size use of domestic resources and contain
environmental and reliability provisions to
encourage the use of retrofit technologies.

Technical initiatives should include standard-
ization of facilities, recognition that some
technologies are commercial and no longer in
the demonstration phase, reduction of operating

expenses through the use of smart systems,
encouragement of dual-fuel generating capac-
ity, the use of technologies capable of multi-
product production, and/or the use of multiple
feedstocks.

Government incentives should include expe-
dited permitting, local tax incentives, targeted
export assistance, and expanded state/federal
coordination.

Other near-term actions might include develop-
ing a comprehensive document listing state and
local incentives (i.e., update ICTAP’s
1989Report to the Secretary of Energy
Concerning Commercialization Incentiyes
conducting an international conference on
IGCC that would explore integration with other
processes, products, and feedstocks; initiating a
program to offer federal and state regulators
tours of CCT project sites; and making Con-
gress aware of the need to increase the use of
domestic resources and to encourage dual-fuel
standards to assure electric system reliability.
Finally, the need was recognized for a vigorous
outreach and education program that would
promote awareness of the CCT Program and its
projects and erase the perceived stigma of coal
in general.



3. Funding and Costs

full amount of the federal government’s contribution. environmental quality and promote the efficient use of
This approach enables taxpayers to benefit from the nation’s energy sources.

commercially successful projects. This is in addition The participant has primary responsibility for the

to the benefits derived from the demonstration and  project. The federal government monitors project
commercial deployment of technologies that improve activities, provides technical advice, assesses progress

Summary

Congress has appropriated a federal budget of
nearly $2.41 billion for the CCT Program. These
funds have been committed to demonstration projects
selected through five competitive solicitations. As of Exhibit 3-1

June 30, 1997, the program consisted of 39 active or CCT Project Costs and Cost-Sharing

completed projects. (Dollars in Thousands)
These 39 projects have resulted in a combined

commitment by the federal government and the Total Cost-Share Percent

private sector of more than $5.7 billion. DOE’s cost- Project Costs % DOE ® Participants DOE Participants

share for these projects exceeds $1.9 billion, or

approximately 34 percent of the total. The project Subprogram

participants (i.e., the non-federal-government partici- | C€CT-! 801,469 14 239645 561,824 30 70

pants) are providing the remaining $3.8 billion, or CCT-Ii 319,177 6 139,520 179,657 44 56

66 percent of the total. Exhibit 3-1 summarizes the CCT- 1,409,387 25 618,947 790,440 44 56

total costs of CCT projects as well as cost-sharing by| CCT-IV 1,029,203 18 472,752 556,451 46 54

DOE and project participants. CCT-V 2,163,952 37 461,128 1,702,824 21 79
Totak 5,723,188 100 1,931,992 3,791,196 34 66

Application Category

Program Funding Advanced Electric Power 3,220,239 56 1,219,011 2,001,228 38 62
Generation
In the CCT Program, the federal government’s Environmental Control Devices 704,862 12 295,191 409,671 42 58
contribution can not exceed 50 percent of the total Coal Processing for Clean Fuels 519,196 9 230,024 289,172 44 56
cost of any individual project. The federal govern- Industrial Applications 1,278,891 23 187,766 1,091,125 15 85
ments funding commitments and other terms of feder{ TotaF 5,723,188 100 1,931,992 3,791,196 34 66

al assistance are represented in a cooperative agree-
ment negotiated for each project in the program.

Terms of the cooperative agreement also include a
plan for the federal government to recoup up to the

2 Totals may not appear to add due to rounding.

b DOE share does not include $53,712,000 obligated for withdrawn and terminated projects.
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and includes federal employees’ salaries, benefits and
Exhibit 3-2 travel, site support services, and services provided by

Relationship between Appropriations and Subprogram Budgets national laboratories and private firms.
for the CCT Program

(Dollars in Thousands) Availability of Funding

Although all funds necessary to implement the

SBIR Program entire CCT Program were appropriated by Congress
Appropriation Adjusted & STTR Direction Projects prior to FY 1990, the legislation also directed that
Enacted Subprogram  Appropriations  Budgets @ Budget Budget

these funds be made available (i.e., apportioned) to
P.L. 99-190 CCT-I 380,600 4,902 318,231 318,231 DOE on a time-phased basis. Exhibit 3-3 depiCtS this
apportionment of funding to DOE from FY 1986,

P.L. 100-202 CCT-I 574,997 6,781 32,512 535,704 g &
P.L. 100-446 CCT-Ill 574,998 6,906 22,548 545,544|  When the program was initiated, through FY 1997,
P.L. 101-121 CCT-IV 427,000 7,065 25,000 394,935 :Vhsg:eénslt::gesmim thf”nd't”hg became ‘?Va"ab:e
P.L. 101-121 cCcT-v 450,000 5,427 25,000 419,573 0 B D, EXIGIE S5 SIS0 SHOWS TIe Programt's yeatly

funding profile by appropriations act and by subpro-
Total 2,407,595 31,081 162,527 2,213,987

gram. Funds can be transferred among subprogram

2 Small Business Innovation Research (SBIR) and Small Business Technology Transfer (STTR) Programs. .
budgets to meet project and program needs.

b P.L. 101-121 was revised by P.L. 101-512, 102-154, 102-381, 103-138, 103-332, 104-6, 104-208, and 105-18.

Use of Appropriated Funds

. . . . N o There are five key financial terms used by the
by periodically reviewing project performance with ~ CCT-IIl, CCT-IV, and CCT-V. Additional activities government to track the status and use of appropriated

the participant, and participates in decision making atfunded by CCT Program appropriations are the Small funds: (1) budget authority, (2) commitments, (3) ob-
major project junctures negotiated into the coopera- Business Innovation Research (SBIR) Program, the
tive agreement. Through these activities, the federal Small Business Technology Transfer (STTR) Pro-
government ensures the efficient use of public funds igram, and CCT program direction.

ligations, (4) costs, and (5) expenditures. The defini-
tion of each of these terms follows:

the achievement of individual project and overall The SBIR Program implements the Small Busi- * Budget Authority. This is the legal authori-

program objectives. ness Innovation Development Act of 1982 and pro- zation created by legislation (i.e., an appro-
Congress has provided program funding through vides a role for small, innovative firms in selected priations act) that permits the federal govern-

appropriation acts and adjustments. (See Appendix Aesearch and development (R&D) areas. ment to obligate funds.

for legislative history and excerpts from the relevant The STTR Program implements the Small Busi- « Commitments. Within the context of the CCT

funding legislation.) ness Technology Transfer Act of 1992 that establishes Program, a commitment is established when
Exhibit 3-2 presents the allocation of appropriat- a pilot program and funding for small business con- DOE selects a project for negotiation. The

ed CCT Program funds (after adjustment) and the  cerns performing cooperative R&D efforts. commitment amount is equal to DOE’s share of

amount available for each CCT solicitation. The five The program direction budget provides for the the project costs contained in the cooperative

CCT solicitations are referred to as CCT-l, CCT-ll, management and administrative costs of the program agreement.
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Exhibit 3-3
Annual CCT Program Funding, by Appropriations and Subprogram Budgets
(Dollars in Thousands)

Fiscal Year 1986-87 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 Total ¢
Adjusted Appropriations @
P.L. 99-190 248,500 149,100 (17,000) 380,600
P.L. 100-202 50,000 190,000 135,000 199,997 574,997
P.L. 100-446 419,000 155,998 574,998
P.L. 101-12% 35,000 315,000 0 100,000 18,000 50,000 (91,000) 427,000
P.L. 101-12% 100,000 0 125,000 19,121 100,000 105,879 450,000
Total 248,500 199,100 190,000 554,000 390,995 415,000 0 225,000 37,121 150,000 (2,121) 2,407,595
Subprogram Budgets
CCT-I Projects 241,958 145,273 (18,000) (18,000) (33,000) 318,231
CCT-Il Projects 31,094 173,800 133,313 197,497 535,704
CCT-Ill Projects 391,496 154,048 545,544
CCT-IV Projects 9,875 311,063 0 98,450 17,622 48,925 (91,000) 394{935
CCT-V Projects 74,062 0 123,063 18,719 97,850 105,879 419,373
Projects Subtotal 241,958 176,367 173,800 524,809 361,420 385,125 0 221,513 18,341 128,775 (18,121) 3,213,987
Program Direction 3,479 20,500 14,000 22,548 25,000 25,000 18,000 18,000 16,000 162,527
Fossil Energy Subtotal 245,437 196,867 187,800 547,357 386,420 410,125 0 221,513 36,341 146,775 (2,121) 2,376,514
SBIR & STTR 3,063 2,233 2,200 6,643 4,575 4,875 0 3,487 779 3,225 0 31,081
DOE Totaf 248,500 199,100 190,000 554,000 390,995 415,000 0 225,000 37,121 150,000 (2,121) 2,407,595
2 Shown are appropriations less amounts sequestered under the Gramm-Rudman-Hollings Deficit Reduction Act.
b Shown is the fiscal year apportionment schedule of P.L. 101-121 as revised by P.L. 101-512, 102-154, 102-381, 103-13804@8-302;208, and 105-18.
¢ Small Business Innovation Research (SBIR) and Small Business Technology Transfer (STTR) Programs.
4 Totals may not appear to add due to rounding.
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» Obligations. The cooperative agreement for actual performance
each project establishes funding increments,  for FY 1986
referred to as budget periods. The cooperative through FY 1996
agreement defines the tasks to be performed in and DOE estimates
each budget period. An obligation occurs in the for FY 1997
beginning of each budget period and establisheshrough program
the incremental amount of federal funds completion. Ex-
available to the participant for use in performing cluded from the
tasks as defined in the cooperative agreement. graph are SBIR and

STTR funds, as

» Costs. Arequest for payment submitted by
these are used and

the project participant to the federal govern-
: tracked separately
ment for reimbursement of tasks performed
. from the CCT
under the terms of the cooperative agreement
. . . Program. The
is considered a cost. Costs are equivalent to a

. L financial projections
bill for payment or invoice. ) o
presented in Exhibit

» Expenditures. Expenditures represent payment 3-4 are based on
amounts to the project participant from checks  individual project

drawn upon the U.S. Treasury. schedules and

budget periods as
defined in the
cooperative agree-

The full government cost-share specified in the
cooperative agreement is considered committed to
each project. However, DOE obligates funds for the
project in increments. Most projects are subdivided
into several time and funding intervals, or budget
periods. The number of budget periods is determinedMents.
during negotiations and is incorporated into the
cooperative agreement. DOE obligates sufficient
funds at the beginning of each budget period to cover
the government’s cost-share for that period. This
procedure limits the government’s financial exposure
and assures that DOE fully participates in the decisio
to proceed with each major phase of project imple-
mentation.

The overall financial profile for the CCT Pro-
gram is presented in Exhibit 3-4. The graph shows
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Exhibit 3-4
CCT Financial Projections as of June 30, 1997

(Dollars in Thousands)

600,000+ ---0- - - Budget Authorityj
o Obligations
R I Costs
500,000+ o [ Expenditures
i )
400,000 o
300,000 l

200,000+

100,000¢

0 4
86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 04
Fiscal Year

ments and modifications. The projections reflect
approved maodifications to the cooperative agree-

The financial status of the program through
June 30, 1997, is presented by subprogram in
Exhibit 3-5. SBIR and STTR funds are included in
this exhibit to account for all funding. Exhibit 3-5
also indicates the apportionment sequence as modi-
f{ied by Public Laws 104-208 and 105-18. These
values represent the amount of budget authority
available for the CCT Program.

Project Funding, Costs, and Schedules

Information for individual CCT projects, including

funding and the status of key milestones, is provided in
Section 5. An overview of project schedules and fund-

ing is presented in Exhibit 3-6.

Cost-Sharing

A characteristic feature of the CCT Program is the
cooperative funding agreement between the participant
and the federal government referred to as cost-sharing.



Exhibit 3-5
Financial Status of the CCT Program as of June 30, 1997
(Dollars in Thousands)
Appropriations Apportionment Sequence

Subprogram Sﬁlgi)critgerir:? b Atr())p[(;gigned Cotrgnlgiz;tt?ed Obtlti)gg;etg COtS; Date Y Annual Cumulative
CCT-l 318,231 318,231 257,157 251,967 188,787 1986 99,400 99,400
CCT-ll 535,704 535,704 171,488 172,317 165,216 1987 149,100 248,500
CCT-lll 545,544 545,544 618,947 523,489 416,951 1988 199,100 447,600
CCT-IV 394,935 394,935 474,784 475,598 407,467 1989 190,000 637,600
CCT-V 419,573 419,573 463,328 30,978 5,830 1990 554,000 1,191,600
Projects Subtotal 2,213,987 2,213,987 1,985,704 1,454,349 1,184,251 1991 390,995 1,582,595
SBIR & STTR 31,081 31,081 31,081 31,081 31,081 1992 415,000 1,997,595
Program Direction 162,527 162,527 162,527 150,732 143,928 1993 0 1,997,595
Total 2,407,595 2,407,595 2,179,312 1,636,162 1,359,260 1994 225,000 2,222,595

1995 37,121 2,259,716
@ Small Business Innovation Research (SBIR) and Small Business Technology Transfer (STTR) Programs 1996 150,000 2,409,716
b Totals may not appear to add due to rounding. 1997 (2,121) 2,407,595

This cost-sharing approach, as implemented in the
CCT Program, was introduced in Public Law 99-190,
An Act Making Appropriations for the Department of
the Interior and Related Agencies for the Fiscal Year
Ending September 30, 1986, and for Other Purposes.
General concepts and requirements of the cost-sharing
principle as applied to the CCT Program include the
following elements:

» The federal government may not finance more
than 50 percent of the total costs of a project.

» Cost-sharing by the project participants is
required throughout the project (design,
construction, and operation).

« The federal government may share in project
cost growth (within the scope of work defined
in the original cooperative agreement) up to
25 percent of the originally negotiated
government share of the project.

< The participant’s cost-sharing contribution must
occur as project expenses are incurred and
cannot be offset or delayed based on prospectiv
project revenues, proceeds, or royalties.

« Investment in existing facilities, equipment, or
previously expended R&D funds are not
allowed for the purpose of cost-sharing.

Exhibit 3-1 summarizes the cost-sharing status by
subprogram and by application category for the 39
active or completed projects. In the advanced electric
power generation category, which accounts for 56 per-
cent of total project costs, participants are contributing
62 percent of the funds. For the overall program,
participants are contributing 66 percent of the total

(feunding, or over $1.8 billion more than the federal

government.
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Exhibit 3-6
CCT Project Schedules and Funding, by Application Category

Calendar [1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004| DC
Year

B&W--LIMB |:_ Environmental Control Devices 7%
SCS--Tangentially Fired :— 44
Bechtel -- CZD [ 5
B&W--Coal Reburning :— 6,
Pure Air on the Lake _ 63
NYSEG -- Milliken [ 45(
NYSEG -- Micronized [ e 2,
NOXSO Corporation _ Schedule being revised <41,

|:| - Preaward - - Design and Construction - - Operation and Reporting

3-6
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Exhibit 3-6 (continued)
CCT Project Schedules and Funding, by Application Category

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 DC
Year

Tri-State--Nucla Advanced Electric Power Generation 17;
ACFB _Schedule being revised 74,
ADL--Coal Diesel :_Schedule being revised 19,
Clean Energy :-Schedule being revised 183,
ABB CE & CQ Inc. -- CQE ... A 44 | Coal Processing for Clean Fuels 10¢
Custom Coals |:_ 37¢
Air Products -- LPMEOH [ e 92
Coal Tech _ Industrial Applications ¢
Passamaquoddy |:_ 5¢

Program Update 1996-97
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stration of Low-NQ Cell Burner Retrofit (The Bab-

Recovery Of Government OutlaysCOCk & Wilcox Company); DeV6|Opment of the Coal
(Recou pment) Quality Expert™ (ABB Combustion Engineering,

Inc., and CQ Inc.); 10-MWe Demonstration of Gas
Suspension Absorption (AirPol, Inc.); and the Ad-

h vanced Flue Gas Desulfurization Demonstration
Project (Pure Air on the Lake, L.P.).

DOE's policy objective is to recover an amount
up to the government’s financial contribution to eac
project. Participants are required to submit a plan
outlining a proposed schedule for recovering the
government’s financial contribution. The solicitations
have featured different sets of recoupment rules.

Under the first solicitation, repayment was de-
rived from revenue streams that include net revenue
from operation of the demonstration plant beyond the
demonstration phase and the commercial sale, lease,
manufacture, licensing, or use of the demonstrated
technology. In CCT-Il, repayment was limited to
revenues realized from the future commercialization
of the demonstrated technology. The government'’s
share would be 2 percent of gross equipment sales and
3 percent of the royalties realized on the technology
subsequent to the demonstration.

The CCT-Ill repayment formula was adjusted to
% percent of equipment sales and 5 percent of royal-
ties. Limited grace periods were allowed on a project-
by-project basis. A waiver on repayment may be
sought from the Secretary of Energy if the project
participant determines that a competitive disadvantage
would result in either the domestic or international
marketplace.

The recoupment provisions for CCT-IV and
CCT-V were identical to those in CCT-III.

As of June 30, 1997, five projects have made
repayments to the federal government: Nucla CFB
Demonstration Project (Tri-State Generation and
Transmission Association, Inc.); Full-Scale Demon-
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4. CCT Program Accomplishments

ogies to resolve the competing, interrelated demandsProgram Update 1995nd the second mid-year

Introduction

for power and economic viability in the face of envi- update of project fact shee@lean Coal Technology

ronmental constraints to coal use in the post-2000 erBemonstration Program: Project Fact Sheets

The success of the CCT Program ultimately will

The program addressed the dynamic changes that will

be measured by the degree to which the technologiesresult from utility competition and industry restructur-
are commercialized and by the contribution the tech- ing, while considering the potential of evolving

nologies make to the resolution of energy, economic, foreign markets.
and environmental issues. This contribution can only

Marketplace Commitment

Throughout the year, the CCT Program staff
be achieved if those in the public and private sectors participated in over 15 domestic and international

The true measure of the CCT Program’s success

understand that clean coal technologies can increase events involving users and vendors of technologies, Will be the degree to which the clean coal technologies

the efficiency of energy use and enhance environment&gulators, financiers, environmental groups, and

quality at costs that are competitive with alternative
energy options.

theClean Coal Todayewsletter were published in

are adopted in the marketplace. The majority of the

other public and private institutions. Five issues of Projects involve demonstrations at full commercial
scale, providing the opportunity for the participants to

The CCT Program has continued efforts to define1996 and early 1997, along with the second annual leave the technologies in place and continue operation

and understand the potential domestic and internationedlition of theClean Coal
markets for clean coal technologies. Domestically thisToday Indexwhich cross-
activity involved interviews with electric utility execu- references all articles pub-
tives, public utility commissioners, and financiers. lished in the newsletter.
Analyses were made of regional electric capacity Publication of the firsClean
requirements, environmental compliance strategies, af@al Technology Program
the effects of electric utility restructuring on the de-  Bibliography of Publications,
mand for clean coal technologies. International activiPapers, and Presentations
ties continued, providing information on clean coal  highlighted efforts to docu-
technologies and technical support to trade agencies,ment demonstration projects
trade missions, and financial organizations. over the past 10 years. DOE
A highlight of the continuing CCT Program also continued expanded
outreach effort was the Fifth Annual Clean Coal Tech-coverage of the program by
nology Conference, held in Tampa, Florida, and attengublishing the 10th Anniversa-
ed by almost 400 people, including 70 representativesy issue of the annual report,
from 16 countries. This conference focused on strateClean Coal Technology
gies and approaches that will enable clean coal technBlemonstration Program:
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as part of their strategy to comply
with the Clean Air Act Amend-
ments of 1990.

The number of complex,
capital-intensive projects put in
place is unprecedented, as is the
degree of cost-sharing achieved in
this cooperative government and
private sector technology develop-
ment program. With government
serving as the risk-sharing partner,
industry funding has been lever-
aged to achieve the following
goals:

. Create jobs

. Improve the environment
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Reduce the cost of compliance with environ- options. Extensive air toxics testing was performed in
mental regulations conjunction with 10 of the environmental control
projects. To a great extent, the technologies were
retained for commercial service at the demonstration
sites and many have realized commercial sales.

SO, Control Technologies. All five SO, control
technology demonstrations have been completed,

evaluating three basic approaches to address the
Underlining the premise that success of the CCT iy erse pre-NSPS boiler population:

Program depends on adoption of the technologies in
the energy marketplace, project information is orga-
nized within four major product markets—environ-
mental control devices, advanced electric power
generation, coal processing for clean fuels, and indus-
trial applications. Thus, the CCT Program can be
viewed from a market perspective. This section high-
lights some of the program and project accomplish-
ments to date along with commercialization successes
by market sector.

Reduce the cost of electricity generation
Improve power generation efficiencies

Position U.S.-based industry to export innova-
tive services and equipment

Low-capital-cost sorbent injection systems,
sponsored by LIFAC—North America and
Bechtel Corporation, demonstrated S@pture
efficiencies in the range of 50-70 percent.
These systems hold particular promise for the
older, smaller pre-NSPS units, particularly
those with space constraints.

A moderate-capital-cost gas-suspension-
absorption system, sponsored by AirPol, Inc.,
demonstrated S@apture efficiencies in the
range of 60-90 percent. The system has
particular applicability to the small to mid-
range pre-NSPS units with some space limita-
tions.

Environmental Control Devices

Because control of S@nd NQ emissions from
existing coal-fired boilers was the initial thrust of the
program, 15 of the 19 environmental control device
projects, those dealing with retrofit of existing facili-

ties, are completed. The completed demonstrations Y SO, control technologies: AirPol (left),

Advanced flue gas desulfurization (AFGD)
systems, sponsored by Pure Air and Southern
Company Services and having somewhat higher
capital costs than the other two approaches,
demonstrated S@apture efficiencies in the
range of 90-95 percent. These systems are
primarily applicable to the larger, newer pre-
NSPS units that have some latitude in space
availability.

The AFGD projects proved that single absorber
modules of advanced design could process large
volumes of flue gas and provide the required availabil-
ity and reliability without the usual spares. This,
combined with integration of functions within the
absorber module and use of high throughput designs,
significantly reduced capital cost and space require-
ments. AFGD testing also established that wallboard-
grade gypsum could be produced in lieu of solid waste;
wastewater discharge could be eliminated; and, by
mitigating corrosion, fiberglass-reinforced-plastic
fabrication could eliminate process steps (e.qg., pre-
guenching for chloride removal and flue gas reheat).

Pure Air (center), and LIFAC (right).

proved commercial viability of a suite of cost-effective
SO, and NQ control options for the full range of coal-
fired boiler types. Risk in successfully applying the |
technologies commercially was significantly mitigated s
by the extensive databases and attendant predictive [
models developed through the demonstrations. Also, s
projects were leveraged to provide input in formulatingg
NO, control requirements under the CAAA and to
evaluate the impact of emerging issues, such as air
toxics on the existing boiler population and control
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The Chiyoda CT-121 AFGD demonstration by Commercialization successes to date are summa-  The database developed during Southern Company
Southern Company Services showed that the systemrized in Exhibit 4-1. Services’ evaluation of NGontrol on wall- and
could significantly enhance particulate control. NO, Control Technology. Five of the seven NO tangential-fired boilers at Plant Smith and Plant Ham-
Pure Air on the Lake, L.P., introduced an innova-control technology demonstrations have been successiond was used by the Environmental Protection
tive business concept whereby the company builds, fully completed. Actual testing was conducted on the Agency in formulating CAAA NQprovisions. Bab-
retains ownership, and operates scrubbers as a con-four major boiler types (wall-, tangential-, cyclone-  cock & Wilcox’s low-NQ, burner systems, ABB

tracted service to a utility. Relieving utilities of the  fired, and cell-burner boilers), representing over Combustion Engineering’s LNCFS™ for tangentially
burden of ownership and operation has proven to be 80 percent of the pre-NSPS boiler population. Applicdired boilers, and Foster Wheeler's low-Nurner
attractive approach. bility extends to all boiler types. system for wall-fired boilers have realized commercial
acceptance.
Integration of artificial intelligence, neural-net-
Exhibit 4-1 work systems into digital boiler controls, such as the

Generic NQ Control Intelligence System (GNOCIS)
installed at Plant Hammond, demonstrated effective
optimization of parameters for N@ontrol and boiler

Commercial Successes—SO , Control Technology

Project and Participant Commercialization Progress ) i
performance under load-following operations.

LIFAC Sorbent Injection Desulfurization Technology retained for commercial use at host site

Demonstration Project (LIFAC—North First high-sulfur coal application

America) 10 commercial units in operation or construction (Canada, China,

Finland, Russia, and U.S.)

10-MWe Demonstration of Gas Suspension Sale of 50-MWe unit to city of Hamilton, OH
Absorption (AirPol, Inc.) — Value—$10 million
— Employment benefit—70 person-years
Sale to U.S. Army for hazardous waste disposal
— Value—$1.3 million
Sale to Sweden for iron ore sinter plant (no value available)
Sales to Taiwan and India
— Combined value—$33 million
— Employment benefit—10 person-years

Advanced Flue Gas Desulfurization Technology retained for commercial use at host site
Demonstration Project (Pure Air on the First scrubber installed to comply with CAAA
Lake, L.P.) Wallboard manufacturer using all gypsum produced

Sale of 1,600 MWe of AFGD capacity to Florida Power & Light
— Value—$200 million

" A Low-NO_ burner technologies: Foster Wheeler's low-NO
— Employment benefit—1,400 person-years x - - X
pioy P y burner for wall-fired boilers (top left), ABB Combustion
Demonstration of Innovative Applications  Technology retained for commercial use at host site Engineering’s LNCFS™ for tangentially fired boilers (right),
of Technology for the CT-121 FGD Process Sale to Canada for tar sands extraction facility Babcock & Wilcox’s LNCB for cell-burner boilers (center),
(Southern Company Services, Inc.) Sales of 1,200 MWe of FGD capacity to Czech Republic and Korep and Babcock & Wilcox's DRB-XCE for down-fired boilers

(bottom).
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The Babcock & Wilcox Company’s coal reburn- to SCR). SNCR interacted synergistically with sorbent

ing technology proved not only to be an effective wayinjection to reduce ammonia slip and Nédnissions.
to control NQ on cyclone boilers, but a means to
avoid derating cyclone boilers when switching to low- SO, removal at high sorbent utilization rates.
sulfur, low-rank western coals. The Babcock & Wilcox Company’s SO, -Rox
The Babcock & Wilcox Company’s low-NGell
burner, LNCB™, provided an effective, low-cost plug-ture fabric-filter bag (for baghouse installation) with

Box™, integration of a newly developed high-tempera-

LIMB and Coolside demonstrations proved that
sorbent injection methods could achieve up to

Sodium-based sorbent injection achieved 70 percent 70 percent SQreduction while Babcock & Wilcox

DRB-XCL® advanced low-NQburners alone could
maintain NQ emission reductions of 45 percent.
Energy and Environmental Research Corporation’s
demonstration of gas reburning and sorbent injection

in NO, control system for cell-burner boilers known
for their inherently high NQemissions.

Energy and Environmental Research Corpora-
tion’s use of gas reburning with low-N®urners
introduced an alternative SCR for high Nédnission

SCR and sorbent injection, proved to be an easily
installed, high-efficiency control system for 380,
and particulates.

showed that NQreductions greater than 60 percent
could be achieved with only 13 percent gas heat input
and SQremoval could be greatly enhanced by use of
special sorbents.

reduction.

Comparative analyses conducted on a range of
SCR catalysts operated on high-sulfur U.S. coals
provided needed insight as to the environmental and

Exhibit 4-2
Commercial Successes—NO  Control Technology

economic performance potential of the approach and

Project and Participant Commercialization Progress

the various options tested under U.S. conditions.

Commercialization successes to date are summg
rized in Exhibit 4-2.

Combined SQ/NO, Control Technologies.

Five of seven combined SO, control technology
demonstrations have been successfully completed,
testing a multiplicity of complementary and synergisti
control methods to achieve cost-effective,8@d NQ
emissions reductions.

SNOX™, a catalytic process developed by Hald¢r
Topsoe a/s, consistently achieved 95 and 94 percen
SO, and NQ control, respectively, as well as excellen
particulate control, while producing a salable by-
product in lieu of solid waste.

In a project sponsored by Public Service Compa
ny of Colorado, complementary use of low-NO
burners with SNCR was shown to increase RQis-
sion reduction to greater than 80 percent (comparable

TJ

Demonstration of Coal Reburning for Cyclone
Boiler NO, Control (The Babcock & Wilcox
Company)

Technology retained for commercial use at host site

Full-Scale Demonstration of Low-N@sell
Burner Retrofit (The Babcock & Wilcox
Company)

Technology retained for commercial use at host site
Seven commercial contracts awarded for 144 burners
— Value—$27 million
— Employment benefit—27 person-years

Evaluation of Gas Reburning and Low-NO
Burners on a Wall-Fired Boiler (Energy and
Environmental Research Corporation)

Technology retained for commercial use at host site

Demonstration of Advanced Combustion
Techniques for a Wall-Fired Boiler (Southern
Company Services, Inc.)

Technology retained for commercial use at host site
Sales of Foster Wheeler's lovbit@ers
— Value—$20 million
— Employment benefit—140 person-years
Sales of 6 GNOCIS neural-network controls
Projected 11 additional GNOCIS sales by end of 1997
Organizations selected to market GNOCIS in U.S. and abrogd

180-MWe Demonstration of Advanced
Tangentially Fired Combustion Techniques
(Southern Company Services, Inc.)

Technology retained for commercial use at host site
Sales of 10 ABB Combustion Engineering LNCFS™ systems to
8 utilities
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Commercialization successes to date are summation that existing power generation sites had significarthe emphasis toward seeking very high-efficiency, very
rized in Exhibit 4-3. value and warranted investment given the permitting low-emission power generation technologies both for
problems associated with siting new plants. This led toepowering and new power generation. This was
award of two key repowering projects, now complet- deemed requisite to coal fulfilling its projected contri-

Early in the CCT Program, technologies were  ed—an atmospheric fluidized-bed combustion (AFBCpution to the nation’s energy mix well into the 21st
sought that could effectively repower those plants thaproject and a pressurized fluidized-bed combustion  century. Key to this was the growing concern over
were aging and faced with both the need to install ~ (PFBC) project. greenhouse gas emissions. In addition, &Dissions
pollutant controls and respond to growing power As the CCT Program unfolded, a number of had been capped under the CAAA at year 2000 levels;
demands. Contributing to this approach was recogni- energy and environmental issues combined to changeNO, continued to receive increased attention in ozone
nonattainment areas; and particulate emissions were
identified as carriers of air toxics. This prompted
follow-on projects in PFBC, initiation of projects in

Advanced Electric Power Generation

Exhibit 4-3 integrated gasification combined cycle (IGCC), and
Commercial Successes—Combined SO ,/NO,_ Control Technology projects in advanced combustion and heat engines.
The Tri-State Generation and Transmission
Project and Participant Commercialization Progress Assaociation, Inc., repowering project provided the
database and operating experience requisite to making
SNOX™ Flue Gas Cleaning Demonstration Technology retained for commercial use at host site AFBC a commercial technology option at utility scale.
Project (ABB Environmental Systems) 305-MWe unit operating in Denmark on coal At 110 MWe, the Nucla circulating fluidized-bed

30-MWe unit operating in Sicily on petroleum coke )
(CFB) unit was more than 40 percent larger than any

LIMB Demonstration Project Extension and Sale of LIMB to independent power project in Canada .
other AFBC at that time. The thrust of the effort was to

Coolside Demonstration (The Babcock &

Wilcox Company) fully evaluate the environmental, operational, and
Enhancing the Use of Coals by Gas Reburning lllinois Power retained gas reburning for commercial use Y Nucla Station, repowered with a circulating fluidized-
Sorbent Injection (Energy and City Water, Light & Power retained full technology for bed boiler, was the world’s first utility-scale AFBC unit in
Environmental Research Corporation) commercial use commercial service.

Milliken Clean Coal Technology Demonstration One sale of DHR Technologies’ Plant Emission Optimizati

Project (New York State Electric & Gas Advisor (PEOA™) and another 4 bids pending

Corporation) Derivative of SNCR system sold to Pennsylvania Electric

Company and Mitsubishi Heavy Industries of America
— Value—$1.9 million
U.S. company, SHN, established to market scrubber

Integrated Dry NQ/SO, Emissions Control Technology retained for commercial use at host site
System (Public Service Company of Colorado) Sale of Babcock & Wilcox DRB2X@i-NO, burners for
101 boilers (55 domestic and 46 international)
— Quantity—1,829 burners for 23,664 MWe capacity
— Value—$240 million
— Employment—1,670 person-years
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economic performance potential of AFBC. As aresult, Commercial configurations resulting fromthe  Coal Processing for Clean Fuels
the most comprehensive database on AFBC technologyrrent IGCC and PFBC demonstrations will typically
available to date was developed. From this knowledgél) have efficiencies at least 20 percent greater than
commercial units were offered and built. Up to conventional coal-fired systems (with like Cémission . . .

. : ) economic energy-option fuel for at least a portion of the
95 percent Sgremoval was achieved during the reductions), (2) remove 95-99 percent of thg, SO . ' . .

) o o ) existing coal-fired boilers, enabling them to comply
15,700 hours of demonstration and NgPnissions (3) reduce NOemissions to levels equivalent to 90 per-. . .
X X . o with the CAAA. In addition, coal processing creates the
averaged a very low 0.18 pound per million Btu. cent reduction, (4) reduce particulate emissions to L . o
) . capability to generate substitute liquid fuels from coal
Under the Ohio Power Company repowering of the/3 to 1/10 that currently allowed under the CAAA, antg]
) i at can replace petroleum and petroleum-based fuels
Tidd Plant (70 MWe), the potential of PFBC as a (5) produce salable by-products as opposed to waste . o . .
. . . ) _ in a wide range of applications, enhancing the nation’s
highly efficient, very low pollutant emission technolo- from solid residues. . . .
) . : o energy security. The solid products are easily transport-

gy was established and the foundation laid for commer- Commercialization successes to date are summa- L . .

o i : o able fuels, high in energy density and low in sulfur, ash,
cialization. The PFBC system constructed was the firgtzed in Exhibit 4-4. . - .

N i ) and moisture. The liquid fuels are low in sulfur and
utility-scale system in the United States. Efforts were : . .

i i suitable for the transportation sector, stationary power
focused on fully evaluating the performance potential. . .
) generation, or as chemical feedstocks. Both the prod-

Over 11,444 hours of operation, the technology suc-

cessfully demonstrated S@moval efficiencies up to

Physical and chemical processes can be applied to
abundant U.S. coal reserves to transform them to an

Y Three IGCC plants are in various stages of operation:
Tampa Electric (top), Pifion Pine (lower left), and Wabash ¥  Coal processing technologies remove barriers to the

95 percent with very high sorbent utilization (calcium- River (lower right). use of low-energy-density western coal resources:
Rosebud (top) and ENCOAIl(bottom).

to-sulfur molar ratio of 1.5) and N@missions in the
range of 0.15-0.33 pound per million Btu. Two ongo-
ing interrelated projects, Mcintosh 4A and Mclintosh
4B, will take PFBC to a larger scale than the Tidd
Plant and introduce second-generation PFBC.

By the end of 1996, three IGCC units were in
various stages of operation at three separate utilities.
PSI Energy’s 262-MWe Wabash River Generating
Station Unit 1 IGCC system began operation in No- .
vember 1995 and by year-end 1996 had produced ovj
360,000 MWh of electricity using coal-derived syngas
The Tampa Electric Company’s 250-MWe Polk Powe
Station Unit 1 IGCC system began operation in July
1996 and was placed into commercial service in Sep-
tember. Sierra Pacific Power Company’s 99-MWe
Tracy Station IGCC system initiated startup activities
during 1996, and the project began its operational
phase in February 1997.
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ucts and the processes have a great deal of market solid fuels averages 12,000 Btu per pound, and sulfur ~ Many high-energy-density, high-sulfur eastern/

potential both domestically and internationally. content averages 1.0 percent. ENCOALiquid fuel midwestern bituminous coals are amenable to signifi-
The barrier to using the nation’s vast low-sulfur, product is the equivalent of No. 6 fuel oil. Total salescant sulfur removal using an advanced separation
low-energy-density western coal resource is being  of Rosebud’s SynCdaproduct have exceeded process being demonstrated by Custom Coals Interna-
addressed through projects sponsored by ENCOAL 900,000 tons, with 130,000 tons delivered over an  tional. The process can remove up to 90 percent of the
and the Rosebud SynCoal Partnership. The resultanéxtended period to industrial users. ENCGAlas inorganic sulfur, which is an integral part of the ash.
fuels, undergoing test burns, have particular applicatidelivered 15 unit trains of solid fuel to 5 utilities and 3For coals in which the organically bound sulfur content
domestically for CAAA compliance and internationallymillion gallons of liquid fuel to 8 industrial users. is low, the process can produce a fuel that enables
for Pacific Rim Energy markets. Energy density for the users to comply with CAAA S{requirements. Addi-

tion of a sorbent and other additives to coals less
amenable to sulfur extraction also produces a compli-
ance fuel. Products are undergoing test burns.

ABB Combustion Engineering, Inc., and CQ Inc.
developed PC-based software, CQE™, to assist utili-

Exhibit 4-4
Commercial Successes—Advanced Electric Power Generation

Project and Participant Commercialization Progress ties in assessing environmental and operational perfor-
i ) ) ) - ) mance of their systems for the range of coal fuels

Tidd PFBC Demonstration Project First utility-scale PFBC in U.S. . . .

(The Ohio Power Company) — Laid foundation for commercialization of PFBC available to determine the least-cost option. The

Nucla CFB Demonstration Project Technology retained for commercial use at host site CQE™ software has been distributed to 41 utility

(Tri-State Generation and — World's first large utility-scale AFBC members of EPRI and is being marketed commercially

Transmission Association, Inc.) Demonstration commercialized utility-scale AFBC worldwide. Two U.S. utilities also have been licensed

— Quantity—22 AFBC units larger than 100 MWe planned, in construct

on . . .
! ™’ -
or in operation worldwide to use copies of CQE™'s stand-alone Acid Rain

— Estimated capacity—3,800 MWe Advisor.

— Estimated value—$5 billion Commercialization successes to date are summa-
Tampa Electric Integrated First greenfield IGCC unit in commercial service rized in Exhibit 4-5.
Gasification Combined-Cycle 400-MWe minemouth project proposed by Britain’s RIB Mining Plc.
Project (Tampa Electric Company) and Texaco, Inc.

o _ Industrial Applications
Texaco, Inc., and ASEA Brown Boveri sighed an agreement forming an bp

alliance to market IGCC technology in Europe There are significant environmental issues and

Wabash River Coal Gasification First repowered IGCC unit in commercial service barriers associated with coal use in industrial applica-
Repowering Project (Wabash — World's largest single train IGCC in commercial service i Producti f steel has b d dent

River Coal Gasification — Preferentially dispatched over other coal-fired units in PSI Energy’s lons. Froduction of stee _as_ een_ ependent upon
Repowering Project Joint Venture) system because of high efficiency coke. However, coke making is an inherently large
Pifion Pine IGCC Power Project Technology to be engaged in commercial service in 1997 producer of not only SCand NQ, but hazardous air
(Sierra Pacific Power Company) pollutants. Cement production often relies on coal fuel
Healy Clean Coal Project (Alaska Technology to be engaged in commercial service in 1998 because production costs are largely driven by fuel
Industrial Development and TRW offering licensing of combustor worldwide (China agreement in p ac%)O T .

Export Authority) sts, precipitating the need for effective,80ntrol

measures. Because of its low, stable price, coal is an
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A\ SO, emissions from this cement kiln are controlled by
Exhibit 4-5 the Passamaquoddy Technology Recovery Scrubber™.

Commercial Successes—Coal Processing for Clean Fuels

Project and Participant Commercialization Progress

Development of the Coal CQ Inc. and Black & Veatch working collaboratively to commercialize
Quality Expert™ (ABB Combustion CQE™ worldwide

Engineering, Inc., and CQ Inc.) CQE'’s Acid Rain Advisor licensed to 2 U.S. users

40 U.S. and 1 U.K. utilities have CQE™ through EPRI membership
Other foreign and domestic utilities pursuing access to CQE™
CQE™ Home Page posted on World Wide Web
(http://www.fuels.bv.com:80/cqe/cge.htm)

Self-Scrubbing Coal™: An Integrated Proposed agreement to purchase 1 million tons/yr in U.S.
Approach to Clean Air (Custom Coals Proposed agreement with China to build a coal-cleaning plant, slurr
International) pipeline, and port facility 90 percent of the SOproduce fertilizer and distilled

— Value—$450 million

Letter of intent for 3 additional pipelines in China water, and convert the kiln dust to feedstock. (No waste

— Value—$3 billion was generated.)
Letters of intent from Polish utilities for 5 million tons/yr Coal Tech Corporation moved closer to commer-
— Value—$50 million cializing a combustor for industrial boilers that slags
Advanced Qoal Conversion Process Total sales of Syﬁ(pp@diuct exceeds 900,000 Fons . . the ash in the combustor to prevent boiler tube fouling,
Demonstration (Rosebud SynCoal — 130,000 tons delivered over extended period to industrial users .
Partnership) A semi-commercial project being developed controls NQ (70-80 percent reduction) through staged
— Stand-alone minemouth design in Wyoming combustion, and controls $(®0 percent) with sorbent
ENCOAL® Mild Gasification Project 75,000 tons of solid fuel delivered to 5 major utilities and metallurgica)  injection.
(ENCOAL® Corporation) customers Commercialization successes to date are summa-

3 million gallons of liquid fuel delivered to 8 industrial users
ENCOAL Corporation’s newly formed company, NuCoal, L.L.C.,
signed a contract with Mitsubishi International Corporation for
construction of 15,000-metric-ton/day commercial plant in Wyoming
— Value—$460 million

Completed feasibility studies for two Indonesian projects

Completed first phase of feasibility study for Russian coal group U nderstanding the Domestic
Market

attractive substitute for oil and gas in industrial boilerssan be replaced with coal injected directly into a blast
but concerns over increased Md NQ emissions furnace where emissions from coal combustion/pro-
and boiler tube fouling have impeded coal use. cessing are effectively controlled.

Under a project with Bethlehem Steel Corporation, The Passamaquoddy Tribe successfully demon-
British Steel’s blast furnace granular-coal injection  strated a unique recovery scrubber that uses cement
technology demonstrated that 40 percent of the cokekiln dust otherwise disposed of as waste, to remove

rized in Exhibit 4-6.

Since the beginning of the program in 1985, there
have been a number of activities aimed at developing
an understanding of the commercial market for the
technologies and enhancing their entry into the com-
mercial marketplace. As a part of the response to the
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recommendations of the Special Envoys on Acid Rairrfecommendation that preference be given to projectsProgram and the Coal RD&D Program, including

the President directed the Secretary of Energy in Aprilocated in states that offer certain regulatory incentivefd) perspectives on the pending changes in the utility
1987 to establish a panel to advise him on innovativeto encourage such technologies. This recommendatiordustry and new opportunities for integrated advanced
clean coal technology activities. This panel was the was accepted and became part of the project selectidechnologies; (2) risk assessments and risk mitigation,

Innovative Control Technology Advisory Panel. As a considerations beginning with including the adoption of advanced technologies;
part of the panel’s activities, the state and federal CCT-Il. (3) potential incentives that could be implemented by
incentive subcommittee prepared a repBeort to An effort has been under way since 1992 to gain the government to accelerate commercial acceptance of

the Secretary of Energy Concerning Commercializa- greater understanding of the potential domestic markeidvanced technologies; and (4) potential impacts of
tion Incentive}on the actions that states could take tofor clean coal technologies and the organization and reduced R&D funding resulting from growing competi-
provide incentives for demonstrating and deploying factors that will influence what and when facilities get tion. Through 1996, three Executive Seminar series
clean coal technologies and their eventual commerciaiuilt as well as the technologies that are used. had been initiated, with two completed and a total of
successes and determined that demonstration and DOE has been conducting a series of Executive 60 seminars conducted with utilities, independent
deployment should be managed through both state asgminars with leaders in the utility, independent powgrower producers, power marketers, state regulators,
federal initiatives. production, regulatory, and financial communities.  financial institutions/investment bankers, equipment
In the same time frame, the Vice President’s TasK he objective of the Executive Seminar series isto manufacturers, insurance carriers, and associations.
Force on Regulatory Relief (later referred to as the establish and maintain a dialogue with corporate The focus of the current seminar series is on the im-
Presidential Task Force on Regulatory Relief) was officials and key decisionmakers to determine how  pacts of utility industry restructuring and its effect on
established. Among other things, the task force was DOE can enhance the climate wherein clean coal  clean coal technology deployment, the opportunities
asked to examine incentives and disincentives to the technologies and other advanced technologies will befor advanced technologies in international markets, and
commercial realization of new clean coal technologiegliven serious consideration in electric power genera-the outlook for environment compliance, particularly
and other cost-effective emissions reduction measureéon planning and implementation. The Executive  with respect to global climate change issues. Priorities
that might be inhibited by various federal, state, and Seminars seek to enlist the views of the key decisionfor participation in the seminars are (1) utilities with
local regulations. An outgrowth of this activity was thénakers on a number of issues relevant to the CCT  significant coal utilization, projected load growth, and
25 percent of their coal plants at least 30 years old or
older and (2) nonutility generators utilizing coal-based
Exhibit 4-6 technologies and plants up to 300 MWe of capacity.
Commercial Successes—Industrial Applications Representatives of states where coal is a major re-
source, growth is projected for electric power genera-
tion, or advanced regulatory issues predominate are

Project and Participant Commercialization Progress

also participants in the seminars.
Blast Furnace Granular-Coal Injection British Steel granted exclusive marketing rights to technolopy Additionally, a series of regional studies of key
System Demonstration Project co-developer, CPC-Macawber utilities and utility systems is under way. The purpose
(Bethlehem Steel Corporation) Commercial sale of technology to United States Steel Corp )ra%?rfhese studies is to gain a better understanding of the
Cement Kiln Flue Gas Recovery Scrubber Technology retained for commercial use at host site domestic markets for clean coal technologies and the
(Passamaquoddy Tribe) Completed feasibility study for Taiwanese cement plant

regional and state factors that have a bearing on com-
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mercial deployment. Regions selected for study ac- oration (PSD), New Source Performance Standards lead to a significant reduction in the U.S. balance-of-
count for most of the U.S. coal-fired generating capacfNSPS), the Acid Rain Program, and the air toxics trade deficit.
ty. The regional, utility-specific, state, and other data control program, as well as efforts to control global Further, the export of coal amounted to 89 million
are collected and analyzed for insights into environ- warming by reducing emissions of greenhouse gasestons in 1995 and contributed $3.5 billion to the U.S.
mental compliance strategies, capacity planning, Emission trends, proposed regulations, and options foralance of payments. By 2015, the Energy Information
industry restructuring, deregulation and competition, attaining regulatory compliance were considered for Administration has projected that U.S. coal exports will
and other stakeholder issues affecting the domestic the major air pollutants: SONO,, particulate matter, increase to more than 120 million tons. Thus, there is
power generation market and the deployment of clear€O,, and the various air toxics defined as hazardous amormous incentive to expand U.S. clean coal technolo-
coal technologies. pollutants. The report).S. Coal-Fired Plants and gy exports so that U.S. industry and the world markets it
Studies for three regions have been completed: Environmental Complianc@lso identifies the technol- serves can take advantage of the technical, environmen-
ogies for controlling SO NO,, and particulate matter tal, efficiency, and economic benefits of these coal-

» Region 3—Mid-Atlantic, encompassing ) ’ )
that have been installed at each U.S. coal-fired powebased technologies.

Pennsylvania, Delaware, Maryland, Virginia,

. . plant. During 1996, clean coal technologies gained
and West Virginia; published. L . . . . . . , .
The insights contributed by these efforts identify recognition as having an important role in enhancing
* Region 4—South Atlantic, encompassing many significant factors and trends affecting domesti¢environmental security.” This term describes a federal

Kentucky, Tennessee, North Carolina, South  markets for CCTs and relating to the contributions of interagency policy initiative to coordinate the resources
Carolina, Georgia, Alabama, Mississippi, and CCT demonstration projects to these markets, such asf the Departments of Defense and Energy and the
Florida; published. issues associated with restructuring the electric indusigvironmental Protection Agency to focus on selected
and new limits on environmental emissions. acute international environmental problems that, by
their serious nature, threaten to impact the local health
and welfare and hence may destabilize the political or
social structure to the detriment of American interests.

* Region 5—Midwest, encompassing Ohio,
lllinois, Indiana, Michigan, Minnesota, and
Wisconsin; updated in 1996.

Two studies are in progress: An Emerging International Because coal is available worldwide, clean coal tech-
- Region 6—Southeast, encompassing Texas, Market nologies are now viewed as essential to affordable and
Louisiana, Oklahoma, and Arkansas. reliable electrification that leads directly to sustainable

Internationally, clean coal technologies representevelopment and enhanced quality of life.
major opportunity for U.S. industries to improve their Activities in the Pacific Rim have been in support
position in world exports. Worldwide, the market for of the deployment of clean coal technology in this
power generation technologies could reach $1 trillionregion. The Pacific Rim represents the largest regional
by 2015. Capturing just 20 percent of this market  user of coal and the largest market for power generation

Also completed in 1996 was an assessment of thevould bring in revenues of $200 billion and support and other coal use technologies. Correspondingly, coal
impact of environmental compliance on coal-fired more than 100,000 jobs over three decades in the U.8se is the major source of the air and water pollution of
power plants. The assessment addressed various power equipment industry alone. Aggressive action bdhe region, and the Pacific Rim is rapidly becoming the
CAAA requirements, National Ambient Air Quality ~ U.S. companies to capture this market share with  largest source of pollution in the world. DOE’s Office
Standards (NAAQS), Prevention of Significant Deteri-technologies proven under the CCT Program would of Fossil Energy has developed a program to address

» Regions 1 and 2—Northeast, encompassing
Maine, Vermont, New Hampshire, Massachu-
setts, Rhode Island, Connecticut, New York,
and New Jersey.
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the needs of the region. The program was developed U.S. International Technical Assistance Program

process, improve financing mechanisms, and restruc-

in conjunction with the governments and multilateral 'dentifies opportunities for clean coal technologies in Brazil. .o gtate electricity boards to operate more indepen-

organizations active in the Pacific Rim. Activities in
the region have had three purposes: (1) education al
training in the performance and cost of clean coal
technologies as well as the issues pertaining to obtai
ing commercial financing for projects using these
technologies, (2) where possible to support the activi
ties of U.S. developers for projects using clean coal
technologies, and (3) when requested, to assist gove
ments with the development of responsible energy a
related environmental policy and practices.

DOE'’s Office of Fossil Energy continued its long
relationship with China by supporting the Ministry of

dently and speed privatization. In a related activity,
DOE'’s Office of Fossil Energy and the Electric Power
Research Institute cosponsored the Workshop on U.S.
Clean Coal Technologies at the Energy Summit ‘96
Conference and Exhibition in Madras, India, in Sep-
tember. Technical sessions were conducted on ad-
vanced power generation and advanced industrial and
clean fuels technologies. The sessions focused on
describing how U.S. coal and clean coal technologies
could contribute to economically meeting India’s
energy needs while addressing environmental issues.
Following the Energy Summit, DOE showcased the

Electric Power with an assessment of IGCC projects i%ge of 25-30 percent, could reduce emissions by splatest CCT Program information through an exhibit,

China. China issued a plan for sustainable develop- percent by taking advantage of the more efficient

technical session, and paper presented at the Power-

ment and identified IGCC and PFBC technologies as power generation inherent in these advanced systen@.en Asia Conference and Exhibition in New Delhi.

the top priorities for the future. China has showna  The main barrier to the introduction of clean coal

DOE'’s Office of Fossil Energy participated in a

keen interest in the U.S. clean coal technologies as atechnologies is capital costs. Through the efforts of number of other workshops and missions in 1996. A

means to reduce SOAt the Conference on Energy
and Sustainable Development held in Beijing, China
characterized its environmental issues as follows:

DOE'’s Office of Fossil Energy, the Asian Develop-

fact-finding mission to Australia was conducted to

ment Bank has become a participant in the develop- investigate opportunities and obstacles to U.S. exports
ment and the ultimate financing of the first projects in®f cléan coal technologies and to explore opportunities

pollution from coal use and heavy transport in urban cpina. for cooperation on R&D. The goal was to develop a
areas; serious acid rain in South China; and high A second round of the U.S.-India Bilateral Energ9trategy for a government/industry partnership to
overall CQ emissions. The importance of clean coal ¢gnsultations was held in New Delhi in August 1996 develop the Australian market for U.S. clean coal
technologies in addressing these issues is illustrated By, 4 resulted in the creation of a Coal Advisory Grour;echnologies. The Office of Fossil Energy cosponsored
the fact that SPemissions from China constitute 70 hat will serve as a sounding board, problem identifie® workshop with the United States Energy Association
percent of the SCemissions in Asia and 90 percent of 54 coordinating mechanism relating to coal and coait the Independent Power Production Conference in
these emissions are related to those from coal. A technology, including coal cleaning, power plant Rio de Janeiro, Brazil. This workshop dealt with the
similar situation exists for NO emissions from China efficiency improvement, and other technical issues. Joles, responsibilities, and regulatory functions of state
represent over 60 percent of the Nginissions in Asia unique feature of these bilateral talks was the privateumity commissions. Further, the Office of Fossil

with 70 percent of the Chinese emissions being relatedgtor input. A business roundtable was held prior tg=nergy continued to participate in a leadership capacity
to coal use. The introduction of clean coal technolo- ihe talks and developed recommendations for the in the Asia Pacific Economic Cooperation Expert

gies, which have a minimum power plant efficiency of government of India for reforms in the electric poWerWorking Group on Clean Coal Technology, which has

33-35 percent as compared to the current China aversgcior intended to streamline the energy permitting 2S its objective the development of multilateral policies
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for the development and implementation of clean coalncrease the efficiency of coal use and enhance envi- tors, public educators, environmental organizations,

technologies. ronmental quality at competitive costs. Further, the and export markets. Currently, the CCT Program has
A Clean Coal Technology Finance Seminar was outreach program underscores the commitmentto ~ more than 4,000 priority stakeholders/customers.

held in 1996 with the purpose of receiving views and commercial realization of the technologies. Specific Stakeholders represent about 275 organizations that

advice from the U.S. clean coal technology industry obbjectives of the outreach program follow: are participating in the CCT Program, about 15 of

the international marketplace, as well as gaining better _ . which provide independent and objective program

o . » Achieve public and government awareness of . :

insight and understanding on how to strengthen the assessments and guidance and/or provide cosponsor-

. . . . . advanced coal-using technologies as viable . . . .
relationship between the coal industry and the financial energy options g g ship and inputs to the formulation and planning of

community on technologies, markets, and projects. outreach materials and the annual conferences. Sup-
+ Provide potential technology users with port of this outreach program also comes from well
information that is timely and relevant to their  established relationships with major organizations
decision-making process representing the coal industry (e.g., Center for Energy
Market Communications . & Economic Development, Council of Industrial

Provide policy makers and regulators with
information about the advantages of clean coa
technologies

| Boiler Owners, Clean Coal Technology Coalition,

Public involvement has been a hallmark of the Electric Power Research Institute, and National

CCT Program since its inception. Programmatic Mining Association).

interest was evaluated, first at the direction of Con- * Increase the confidence of financial institutions  The CCT Program mails newsletters, annual
gress, in two informational solicitations preceding the that these technologies are viable options program updates, and a variety of other outreach
F:CT-I ar?d CCT-ll sol|(?|tat|0n§. Strong and broad A vigorous outreach program continues to be materials to almost 4,000 stakeholders/customers,
industry interest covering a wide range of clean coal pursued in the form of dissemination of program 80 percent of whom have indicated overall satisfaction

technologies was found to exist. Numerous public 0 mation publication of materials (including quar- With the information and data received from the
meetings were held prior to issuing each of the CCT-llg1y, newysletters and annual program reports), cosponProgram. These mailings are made on a periodic basis
through CCT-V project solicitations. The 12 public s, chin of the Annual Clean Coal Technology Confer- (Quarterly or annually) and as special publications
meetings that were held helped to sharpen the soliCitgg, e attendance at trade shows and other high- become available. The outreach program has partici-
tion objectives and procedures, enabling industry 0 ;qijity events, conduct of executive seminars, and Pated in over 185 technical conferences, professional
propose a technical agenda that met each of the SOIiC;S'roviding electronic access to project information via Meetings, and trade missions since 1991.
tations’ broad objectives. the Internet as well as a fax-on-demand systemanda  DOE’s outreach program has been implemented
The clean coal technology outreach program ., ter bulletin board. The outreach program has through the following mechanisms: publications,
continued to build a broad constituency for the CCT .o, expanded into the international arena through ~ @nnual clean coal technology conferences, presenta-
Program and to identify the needs of that Constituency, s qrship and participation in trade missions and  tions and exhibits, and international trade missions.
for information and data. The support of outreach wag o \ie conferences and more specifically as part of Additionally, project participants have been holding

reemphasized in the National Energy Strategy in 199, | Acia Pacific Economic Cooperation initiative. open houses, providing tours of demonstration facili-
As aresult, a formal outreach program was established 1o o treach activities conducted by DOE have ties, and publicizing projects through groundbreaking
with DOE's Office of Fossil Energy. been directed toward reaching targeted audiences, ~ceremonies. They also have been presenting technical

The purpose of the outreach program is to impart .y, ging ysers and vendors of the technology, regula-Papers at professional and industry conferences to
an understanding that clean coal technologies can
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report progress and results to potential users.

Outreach assets include four traveling exhibits,
interactive videos, broadcast videos, printed publica-
tions, an extensive photographic library, and a mailing
list of stakeholders/customers.

DOE has been disseminating information through
the distribution of published material about the program
and the projects. These reports include the annual
Program Update, Comprehensive Reports to Congress
for each solicitation and successfully negotiated
projects, théNew Coal Erathelnvestment Pays Off,
and a series of project-specific topical reports to high-
light project events or to capture progress at particular
points driven by project-specific considerations. The
following key publications were prepared and dissemi-
nated:

» Reducing Emissions of Nitrogen Oxides via
Low-NQ, Burner TechnologyTopical Report
Number 5) discusses CCT demonstration
projects that reduce N@missions by combus-
tion modifications using low-NCburners.

» The Tampa Electric Integrated Gasification
Combined-Cycle ProjecTopical Report
Number 6) describes the greenfield IGCC unit
at Polk Power Plant.

ing Project(Topical Report Number 7) de-

power plant.

» The Pifion Pine Power Proje€topical Report
Number 8) describes Sierra Pacific Power
Company’s IGCC unit at Tracy Power Station.

Five issues of th€lean Coal Todayewsletter
were published in 1996 and early 1997, along with the
second annual edition of ti@dean Coal Today Index
« The Wabash River Coal Gasification Repowerwhich cross-references all articles published in the
newsletter to date by both project title and participant.
scribes the world’s largest single-train IGCC ~ The newsletter is distributed to approximately 4,000
domestic and international readers. In 1996, the
newsletter was re-designed and coverage expanded 1
include regular features on international activities,
commercialization briefs, and information on state
activities relating to clean coal technologies.

Clean Coal Technology Demonstration Fossil Energy TechLine is a 24-hour fax-on-
Program: Program Update 199%hich marks demand system that can provide a wide variety of

the program’s 10-year anniversary, provides ainformation on DOE'’s fossil energy programs includ-
thorough review of the status of the program asng the CCT Program. The TechLine system offers

well as updates on each project. news announcements on clean coal projects, fact sheets
for individual projects, and monthly updated status
reports. A computer bulletin board also provides
updates.

DOE continued to expand its computer network,
CCT Program Bibliography of Publications,  accessible through the Internet, which provides infor-
Papers and Presentatiomentifies the mation on federal fossil energy programs and serves as
material published during the 10 years of the g “gateway” to other related information throughout the
CCT Program. United States and the world. Once into the network,

Clean Coal Technology Demonstration
Program: Project Fact Sheefgovides a mid-
year update on each project.

Fifth Annual Clean Coal Technology Confer-

ence: Powering the Next Millennium; Techni- v The CCT Program reports progress and accomplish-
cal Paperscontains the technical papers ments through several publications distributed to almost

submitted in advance of the conference. 4,000 stakeholders.

Fifth Annual Clean Coal Technology Confer-
ence: Powering the Next Millennium; Proceed
ings contains the papers presented during
plenary and panel sessions as well as the
luncheon addresses.
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Exhibit 4-7
How to Obtain Updated CCT Program Information

NO, control. This project is unique also in that it
recovered and converted some 1,500 acres of phos-
phate mining spoils to usable wetlands and uplands for

Media Description and Action

native plants and animals.
A tour also was given of Tampa Electric Compa-

Department of Energy, FE-22, Washington, DC 20585.
Fossil Energy TechLine Fax-on-demand system for news announcements and status re

(Call 202-586-6503 for additional TechLine information.)
Computer Bulletin Board Dial 202-586-6495 via modem.

Fossil Energy Home Page Primary gateway to extensive information on DOE’s Fossil Ene
Program and to relevant Web links: On the Internet, access
http://www.fe.doe.gov and use menu and/or search options.

Clean Coal Today Subscription to quarterly newsletter: Send name and address to U.S

Call (202) 586-4300 from a tone phone and follow voice instruction

ny’s Electric Technology Resource Center, which is
‘the only full-service demonstration facility displaying
)onig_teractive testing centers in advanced technology,
s.lighting display, and food service.

The conference program was designed to develop
sequentially four key conference issues: (1) Interna-
gytional Markets for CCTs, which focused on the oppor-
tunities and obstacles for CCTs to compete in the
international marketplace; (2) Role of CCTs in the

Evolving Domestic Electricity Market, which ad-

users can obtain general information and follow links theme, “Powering the Next Millennium,” focused on dressed the need to understand and follow the power
to increasingly detailed information, ultimately access{presenting strategies and approaches that will enabl@roduction industry as it moves into an era of deregula-

ing specific data on individual projects and facilities. clean coal technologies to resolve the competing,

tion and competition; (3) Environmental Issues Affect-

Internet electronic links allow users to move seamlessinterrelated demands for power, economic viability, ing CCT Deployment, which explored both domestic
ly between headquarters and field sites. Users can aland environmental constraints associated with the usend international requirements to broaden the under-

access technical abstracts and reports maintained by of coal in the post-2000 era. The conference providestanding of how clean coal technologies can be used to

DOE'’s Office of Scientific and Technical Information a forum to review the status of CCT projects here and
at Oak Ridge, Tennessee. The gateways link to moreabroad and provided an opportunity to evaluate CC
than a hundred energy-related computer servers and Program directions.
networks operated by private companies, trade associa- The conference was launched at an Internationa
tions, and other agencies worldwide. Exhibit 4-7 Business Forum Brunch, which provided an opportu+
provides instructions on how to obtain updates on thenity to meet and network with the international deleg
CCT Program. tions. This was followed by a panel on options for

The Fifth Annual Clean Coal Technology Confer- financing projects and feasibility studies. That after- ¢
ence was held in Tampa, Florida, in January 1997, andoon featured a tour of Tampa Electric Company’s
was cosponsored by the Center for Energy & Econom250-MWe IGCC project located near Mulberry,
ic Development, Council of Industrial Boiler Owners, Florida, which started operations in October 1996.
Electric Power Research Institute, and National Mining he project is using a Texaco pressurized, oxygen-
Association. There were almost 400 participants,  blown, entrained-flow gasifier, hot-gas and conven- A  The Fifth Annual Clean Coal TeChNO|09y Conference,
. . . . held in Tampa, FL, focused on issues affecting clean coal
including 70 representatives from 16 countries. The tional cold-gas cleanup, and an advanced gas t“rb'“ﬁ’eployment into the 21st century.

with nitrogen injection for power augmentation and
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ensure that solutions are available to accomplish Several parallel themes emerged from the panels. Y  Exhibits communicate the progress of the CCT

. . L . L . ., Program at worldwide conferences and trade shows.
environmental goals while achieving benefits that To encourage clean coal technologies internationally, it
outweigh the costs; and (4) Deployment—From Todayas recommended that businesses focus on a few key
into the Next Millennium, which focused on the oppor+egions, rather than over the entire globe. Greater
tunities and obstacles to clean coal technology deplogttention must be paid to understanding country-
ment as well as strategies and approaches to enhancgpecific barriers, be they economic, environmental,
deployment. political, or social; then strategies must be developed to

The four conference issues were developed overcome these barriers. On the domestic front,
through three steps over the course of three conferenglectric utility restructuring continues to pose great
days. First, the issues were identified and articulateduncertainties. However, coal is still seen as a major
in the opening plenary session. The next day consistedergy provider, and clean coal technologies, such ag &
of panel sessions during which the key issues were washing and beneficiation, can provide less variable
expanded and explored, and resolutions were formuldtiel suitable for standard power plant design. Blendi
ed. During this day, technical papers also were pre- coal with other fuels to mitigate the environmental
sented on the clean coal projects. On the final day, impact of coal and use of IGCC technology were othe|
during the closing plenary session, the issues were options emphasized at the conference.
summarized, and where possible, conclusions were The closing plenary session was followed by a
drawn. featured speaker, The Honorable Ralph Regula, who
chairs the House Appropriations
Subcommittee on Interior and
Related Agencies and is one of the

original supporters of the CCT O’Leary, who praised the CCT Program as the most
Program. Representative Regula  successful government/industry partnership—one that
(and other speakers) emphasized thRas become a model for government/industry coopera-
need for continued and greater tion that even GAO applauds. She noted that the
outreach efforts, interacting with  program has succeeded because it is environmentally
legislators to convince them of the  peneficial, industry-driven in terms of portfolio and
beneficial effects of CCT develop- performance standards, and awarded on the basis of
ment on jobs, economic growth, andcompetition.

U.S. competitiveness, and broaden-  From January 1996 through June 1997, DOE made
ing the reach of information dissemi-yse of exhibits and presentations as a means to high-
nation on clean coal technologies. [ight the activities and benefits of the CCT Program.

Another conference highlight  The exhibits were used in 20 domestic and internation-

A Then Energy Secretary Hazel O'Leary and Representative Ralph Regula,,, featur ran - . oAt
dedicate Tampa Electric’s 250-MWe IGCC plant following the Fifth Annual as a featured appearance by de- - al events: World Coal Conference, Coal Utilization and

Clean Coal Technology Conference. parting Secretary of Energy Hazel Fuel Systems Conference and Exhibition (1996 and
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1997), Annual American Power Conference (1996 and
1997), Power-Gen Asia '96, Energy Summit '96
Conference and Exhibition, Air & Waste Management
Association Annual Conference and Exhibition (1996
and 1997), ASME International Joint Power Genera-
tion Conference and Exhibition, Power-Gen Interna-
tional '96, Association of Energy Engineers Competi-
tive Power Congress, Virginia Coal Council
Conference & Exposition (1996 and 1977), NASA
Technology 2006, Fifth Annual Clean Coal Technolo-
gy Conference, Pacific Coal Forum, Power Projects in
Central and Eastern Europe Conference, NECA Power
Markets of the Future: Risks and Rewards Conference,
and U.S. DOE American Energy Month.
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5. CCT Projects

of advanced electric power generation options for  involve the production of high-energy-density solid

Summary both repowering and new power generation. These fuels, one of which also produces a liquid product
advanced options offer greater than 20 percent equivalent to No. 6 fuel oil. A fourth project is
CCT Program demonstrations provide a portfolio reductions in greenhouse gas emissions; 80O, demonstrating a new methanol production process. A
of technologies that will enable coal to continue to ~ and particulate emissions far below New Source fifth complementary effort to the process demonstra-
provide low-cost, secure energy vital to the nation’s Performance Standards (NSPS); and salable solid antlons has provided an expert computer software
economy while satisfying energy and environmental liquid by-products in lieu of solid wastes. Nearly system that enables a utility to assess the environmen-

goals well into the 21st century. This is being carried 900 MWe of new capacity and more than 800 MWe tal, operational, and cost impact of utilizing coals not
out by addressing four basic market sectors: (1) en- ©of repowered capacity are represented by 11 projectspreviously burned at a facility, including upgraded
vironmental control devices for existing and new valued at more than $3.2 billion. These projects coals and coal blends.
power plants, (2) advanced electric power generation include five fluidized-bed combustion (FBC) systems, Projects were undertaken as well to address
for repowering existing facilities and providing new  four integrated gasification combined-cycle (IGCC) pollution problems associated with coal use in the
generating capacity, (3) coal processing for clean fuelg8ystems, and two advanced combustion/heat engine industrial sector. These included dependence of the
to convert the nation’s vast coal resources to clean Systems. (In addition, a fact sheet for a twelfth projectsteel industry on coke and the inherent pollutant
fuels, and (4) industrial applications dependent upon the externally fired combined-cycle demonstration emissions in coke-making; reliance of the cement
coal use. project is included in this section even though the industry on low-cost indigenous, and often high-

In response to the initial thrust of the program, 15Project was concluded on May 31, 1997.) These sulfur, coal fuels; and the need for many industrial
of 19 projects have been completed that addregs SO projects will not only provide environmentally sound boiler operators to consider switching to coal fuels to
and NQ control for coal-fired boilers. The resultant electric generation in the mid- to late 1990s, but also reduce operating costs. The four industrial applica-

technologies provide a suite of cost-effective control will provide the demonstrated technology base tions projects have a combined value of nearly
options for the full range of boiler types. The 19 necessary to meet new capacity requirements in the $1.3 billion. Projects encompass substitution of coal
environmental control device projects are valued at  21st century. for 40 percent of coke in iron-making, integration of a
more than $704 million. These include seven NO Also addressed are approaches to converting rawdirect iron-making process with the production of
emission control systems installed in more than 1,700run-of-mine coals to high-energy-density, low-sulfur  electricity, reduction of cement kiln emissions and
MWe of utility generating capacity, five S@mis- products. These products have application domesticakolid waste generation, and demonstration of an
sions systems installed on approximately ly for compliance with the Clean Air Act Amendments industrial-scale slagging combustor. (A fifth industri-
770 MWe, and seven combined BID, emission of 1990. Internationally, both the products and al project fact sheet, the pulse combustor/gasifier
control systems installed on approximately 800 MWe Processes have excellent market potential. Valued at project, is included in this section even though it was
of capacity. more than $519 million, the five projects in the coal concluded on March 3, 1997.

To respond to load growth as well as growing ~ Processing for clean fuels category represent a Section 5 contains a discussion of the technolo-

environmental concerns, the program provides a rang@iversified portfolio of technologies. Three projects  gies being demonstrated and fact sheets for each
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project. Two types of facts sheets are provided: (1) a
brief, two-page overview for ongoing (or concluded)
projects and (2) an expanded four-page summary for
projects that have successfully completed operational
testing. The expanded fact sheets for completed
projects contain a summary of the major results from
the demonstration as well as sources for obtaining
further information, specifically, contact persons and
key references. Information provided in the fact
sheets includes the project participant and team
members, project objectives, significant project
features, process description, major milestones,
progress (if ongoing) or summary of results (if
completed), and commercial applications. A key to
interpreting the milestone charts is provided on the
right. 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. The portion
of the process or facility central to the demonstration
is demarcated by the shaded area.

An index to project fact sheets is provided in
Exhibit 5-1. Projects are listed by application
category and alphabetically by participant, and the
page numbers for each fact sheet are provided. In
addition, Exhibit 5-1 indicates the solicitation under
which the project was selected; its status as of
June 30, 1997; and the geographic location of the
demonstration. Exhibit 5-2 highlights those projects
that have successfully completed operational testing
and for which expanded, four-page fact sheets,
including a summary of results, are provided.
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Key to Milestone Charts in Fact Sheets

Each fact sheet contains a bar chart that highlights
major milestones—past and planned. The bar chart
shows a project’s duration and indicates the time period
for three general categories of project activities—
preaward, design and construction, and operation. The
key provided below explains what is included in each of
these categories.

Preaward

Includes preaward briefings, negotiations,
and other activities conducted during the
period between DOE'’s selection of the
project and award of the cooperative
agreement.

Design and Construction

Includes the NEPA process, permitting,
design, procurement, construction, preop-
erational testing, and other activities con-
ducted prior to the beginning of operation
of the demonstration.

MTF Memo-to-file
CX  Categorical exclusion
EA  Environmental assessment

EIS Environmental impact statement

- Operation

Begins with start-up of operation and in-
cludes operational testing, data collection,
analysis, evaluation, reporting, and other
activities to complete the demonstration
project.




Exhibit 5-1
Project Fact Sheets, by Application Category and Participant

Project Participant Solicitation/Status Page

Environmental Control Devices

SO, Control Technologies

10-MWe Demonstration of Gas Suspension Absorption AirPol, Inc. CCT-lll/completed 5-10
Confined Zone Dispersion Flue Gas Desulfurization Demonstration Bechtel Corporation CCT-lll/completed 5-14
LIFAC Sorbent Injection Desulfurization Demonstration Project LIFAC—North America CCT-lll/completed 5-18
Advanced Flue Gas Desulfurization Demonstration Project Pure Air on the Lake, L.P. CCT-ll/completed 5-22
Demonstration of Innovative Applications of Technology for the Southern Company Services, Inc. CCT-ll/completed H-26

CT-121 FGD Process
NO, Control Technologies

Demonstration of Coal Reburning for Cyclone Boiler NEontrol The Babcock & Wilcox Company CCT-ll/completed 5-32
Full-Scale Demonstration of Low-N@ell Burner Retrofit The Babcock & Wilcox Company CCT-lll/completed 5-36
Evaluation of Gas Reburning and Low-NBurners on a Wall-Fired Boiler Energy and Environmental Research Corporation CCT-lll/completed 540
Micronized Coal Reburning Demonstration for NControl New York State Electric & Gas Corporation CCT-IV/operational 5-44
Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler Southern Company Services, Inc. CCT-ll/operational 5-46
Demonstration of Selective Catalytic Reduction Technology Southern Company Services, Inc. CCT-ll/completed 5-48
for the Control of NQEmissions from High-Sulfur-Coal-Fired Boilers
180-MWe Demonstration of Advanced Tangentially Fired Combustion Southern Company Services, Inc. CCT-ll/completed 5-52

Techniques for the Reduction of NBmissions from Coal-Fired Boilers
Combined SQ/NO, Control Technologies

SNOX™ Flue Gas Cleaning Demonstration Project ABB Environmental Systems CCT-ll/completed 5158
LIMB Demonstration Project Extension and Coolside Demonstration The Babcock & Wilcox Company CCT-l/completed b-62
SO-NO -Rox Box™ Flue Gas Cleanup Demonstration Project The Babcock & Wilcox Company CCT-ll/completed 5-66
Enhancing the Use of Coals by Gas Reburning and Sorbent Injection Energy and Environmental Research Corporation CCT-l/completed 70 5-
Milliken Clean Coal Technology Demonstration Project New York State Electric & Gas Corporation CCT-IV/operational g-74
Commercial Demonstration of the NOXSO #00, Removal Flue NOXSO Corporation CCT-lli/restructuring 5-76

Gas Cleanup System
Integrated Dry NQJSO, Emissions Control System Public Service Company of Colorado CCT-lll/completed 5-Y8

Advanced Electric Power Generation
Fluidized-Bed Combustion

Mclintosh Unit 4A PCFB Demonstration Project City of Lakeland, Department of Electric & Water Utilities CCT-lll/design 5486
Mclintosh Unit 4B Topped PCFB Demonstration Project City of Lakeland, Department of Electric & Water Utilities CCT-V/design %-88
Tidd PFBC Demonstration Project The Ohio Power Company CCT-l/completed 5-90
ACFB Demonstration Project York County Energy Partners, L.P. CCT-l/restructuring 5-94
Nucla CFB Demonstration Project Tri-State Generation and Transmission Association, Inc. CCT-l/completed 5-96
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Exhibit 5-1 (continued)

Project Fact Sheets, by Application Category and Participant

Project

Participant

Solicitation/Status

Page

Integrated Gasification Combined Cycle

Clean Energy Demonstration Project Clean Energy Partners Limited Partnership CCT-V/restructuring b-100

Pifion Pine IGCC Power Project Sierra Pacific Power Company CCT-IV/operational 5-1L02

Tampa Electric Integrated Gasification Combined-Cycle Project Tampa Electric Company CCT-lll/operational 5-104

Wabash River Coal Gasification Repowering Project Wabash River Coal Gasification Repowering Project CCT-IV/operational 5-106

Joint Venture

Advanced Combustion/Heat Engines

Healy Clean Coal Project Alaska Industrial Development and Export Authority CCT-lll/construction 5-1.08

Clean Coal Diesel Demonstration Project Arthur D. Little, Inc. CCT-V/restructuring 5-1[L.0

Externally Fired Combined-Cycle Demonstration Project Pennsylvania Electric Company CCT-V/concluded b-112

Coal Processing for Clean Fuels

Coal Preparation Technologies

Development of the Coal Quality Expert™ ABB Combustion Engineering, Inc., and CQ Inc. CCT-l/completed 5-116

Self-Scrubbing Coal™: An Integrated Approach to Clean Air Custom Coals International CCT-IV/operational §-120

Advanced Coal Conversion Process Demonstration Rosebud SynCoal Partnership CCT-l/operational 5-122

Mild Gasification

ENCOAL® Mild Coal Gasification Project ENCOAICorporation CCT-lll/operational 5-124

Indirect Liquefaction

Commercial-Scale Demonstration of the Liquid-Phase Methanol Air Products Liquid Phase Conversion Company, L.P. CCT-lllfoperationa5-126
(LPMEOH™) Process

Industrial Applications

Blast Furnace Granular-Coal Injection System Demonstration Project Bethlehem Steel Corporation CCT-lll/operational 5-130

Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control Coal Tech Corporation CCT-l/completed 5-132

Clean Power from Integrated Coal/Ore Reduction (CPICOR™) CPICOR™ Management Company, L.L.C. CCT-V/design 5-136

Cement Kiln Flue Gas Recovery Scrubber Passamaquoddy Tribe CCT-ll/completed 51138

Demonstration of Pulse Combustion in an Application for Steam ThermoChem, Inc. CCT-IV/concluded 5-142

Gasification of Coal

5-4
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Exhibit 5-1 (continued)
Project Fact Sheets, by Application Category and Participant
Participant Project Location Page
ABB Combustion Engineering, Inc., and CQ Inc. Development of the Coal Quality Expert™ Homer City, PA 5-116
ABB Environmental Systems SNOX™ Flue Gas Cleaning Demonstration Project Niles, OH 558
Air Products Liquid Phase Conversion Company, L.P. Commercial-Scale Demonstration of the Liquid-Phase Methanol (LPMEOH™) t, KMgspor 5-126
Process
AirPal, Inc. 10-MWe Demonstration of Gas Suspension Absorption West Paducah, KY 5110
Alaska Industrial Development and Export Authority Healy Clean Coal Project Healy, AK 54108
Arthur D. Little, Inc. Clean Coal Diesel Demonstration Project Fairbanks, AK 5-110
The Babcock & Wilcox Company Demonstration of Coal Reburning for Cyclone BoileQ¥@trol Cassville, WI 5-32
The Babcock & Wilcox Company Full-Scale Demonstration of Low-E@ll Burner Retrofit Aberdeen, OH 5-36
The Babcock & Wilcox Company LIMB Demonstration Project Extension and Coolside Demonstration Lorain, OH b-62
The Babcock & Wilcox Company SO, -Rox Box™ Flue Gas Cleanup Demonstration Project Dilles Bottom, OH 5-66
Bechtel Corporation Confined Zone Dispersion Flue Gas Desulfurization Demonstration Seward, PA 5-14
Bethlehem Steel Corporation Blast Furnace Granular-Coal Injection System Demonstration Project Burns Harbor, IN 5-130
City of Lakeland, Department of Electric & Water Utilities ~ Mclntosh Unit 4A PCFB Demonstration Project Lakeland, FL 5-86
City of Lakeland, Department of Electric & Water Utilities ~ McIntosh Unit 4B Topped PCFB Demonstration Project Lakeland, FL 5-88
Clean Energy Partners Limited Partnership Clean Energy Demonstration Project East coast site 5-100
Coal Tech Corporation Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control Williamsport, PA 5-132
CPICOR™ Management Company, L.L.C. Clean Power from Integrated Coal/Ore Reduction (CPICOR™) Vineyard, UT 5-136
Custom Coals International Self-Scrubbing Coal™: An Integrated Approach to Clean Air Central City, PA b-120
Lower Mt. Bethel, PA
Richmond, IN
Astabula, OH
ENCOAL® Corporation ENCOAE Mild Coal Gasification Project Gillette, WY 5-124
Energy and Environmental Research Corporation Enhancing the Use of Coals by Gas Reburning and Sorbent Injection Hennepin, IL 5-70
Springfield, IL
Energy and Environmental Research Corporation Evaluation of Gas Reburning and L @&wiN&s on a Wall-Fired Boiler Denver, CO 5-40
LIFAC—North America LIFAC Sorbent Injection Desulfurization Demonstration Project Richmond, IN 5-18
New York State Electric & Gas Corporation Micronized Coal Reburning Demonstration foCdlrol Lansing, NY 5-44
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Exhibit 5-1 (continued)

Project Fact Sheets, by Application Category and Participant

Participant Project Location Page
New York State Electric & Gas Corporation Milliken Clean Coal Technology Demonstration Project Lansing, NY E
NOXSO Corporation Commercial Demonstration of the NOXSQ/BO, Removal Flue Gas NOXSO site under 5-76
Cleanup System negotiation
Charleston, TN
The Ohio Power Company Tidd PFBC Demonstration Project Brilliant, OH 5-9
Passamaquoddy Tribe Cement Kiln Flue Gas Recovery Scrubber Thomaston, ME L
Pennsylvania Electric Company Externally Fired Combined-Cycle Demonstration Project Not applicable
Public Service Company of Colorado Integrated Dry /8Q), Emissions Control System Denver, CO 5-78
Pure Air on the Lake, L.P. Advanced Flue Gas Desulfurization Demonstration Project Chesterton, IN
Rosebud SynCoal Partnership Advanced Coal Conversion Process Demonstration Colstrip, MT
Sierra Pacific Power Company Pifion Pine IGCC Power Project Reno, NV 5
Southern Company Services, Inc. Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler Coosa, GA
Southern Company Services, Inc. Demonstration of Innovative Applications of Technology for the CT-121 FGD Newnan, GA
Process
Southern Company Services, Inc. Demonstration of Selective Catalytic Reduction Technology for the Control of Pensacola, FL
NO, Emissions from High-Sulfur-Coal-Fired Boilers
Southern Company Services, Inc. 180-MWe Demonstration of Advanced Tangentially Fired Combustion Lynn Haven, FL
Techniques for the Reduction of NBmissions from Coal-Fired Boilers
Tampa Electric Company Tampa Electric Integrated Gasification Combined-Cycle Project Mulberry, FL L
ThermoChem, Inc. Demonstration of Pulse Combustion in an Application for Steam Gasification Not applicable
of Coal
Tri-State Generation and Transmission Association, Inc. Nucla CFB Demonstration Project Nucla, CO
Wabash River Coal Gasification Repowering Wabash River Coal Gasification Repowering Project West Terre Haute, IN
Project Joint Venture
York County Energy Partners, L.P. ACFB Demonstration Project To be determined 5

-74

-138
5-112

5-22
5-122
102
5-46
5-26

5-48

5-52

-104
5-142

5-96
5-106

94
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Exhibit 5-2

CCT Projects that Completed Operational Testing by June 30, 1997

Project Participant End Date Solicitation Page

Environmental Control Devices

SO, Control Technologies

10-MWe Demonstration of Gas Suspension Absorption AirPol, Inc. 3/94 CCT-ll 5-1p

Confined Zone Dispersion Flue Gas Desulfurization Demonstration Bechtel Corporation 6/93 CCT-ll 5t14

LIFAC Sorbent Injection Desulfurization Demonstration Project LIFAC—North America 6/94 CCT-ll 5-1B

Advanced Flue Gas Desulfurization Demonstration Project Pure Air on the Lake, L.P. 6/95 CCT-Il 522

Demonstration of Innovative Applications of Technology for the Southern Company Services, Inc. 12/94 CCT-Il 3-26
CT-121 FGD Process

NO, Control Technologies

Demonstration of Coal Reburning for Cyclone Boiler Nontrol The Babcock & Wilcox Company 12/92 CCT-ll 5-32

Full-Scale Demonstration of Low-N@ell Burner Retrofit The Babcock & Wilcox Company 4/93 CCT-ll 5-36

Evaluation of Gas Reburning and Low-NBurners on a Wall-Fired Boiler Energy and Environmental Research Corporation 1/95 CCT-ll 540

Demonstration of Selective Catalytic Reduction Technology Southern Company Services, Inc. 7195 CCT-ll b-48
for the Control of NQEmissions from High-Sulfur-Coal-Fired Boilers

180-MWe Demonstration of Advanced Tangentially Fired Combustion Southern Company Services, Inc. 12/92 CCT-ll 5-52
Techniques for the Reduction of NBmissions from Coal-Fired Boilers

Combined SQ/NO, Control Technologies

SNOX™ Flue Gas Cleaning Demonstration Project ABB Environmental Systems 12/94 CCT-ll 5458

LIMB Demonstration Project Extension and Coolside Demonstration The Babcock & Wilcox Company 8/91 CCT-l 5-62

SO-NO -Rox Box™ Flue Gas Cleanup Demonstration Project The Babcock & Wilcox Company 5/93 CCT-Il 5466

Enhancing the Use of Coals by Gas Reburning and Sorbent Injection Energy and Environmental Research Corporation 10/94 CCT-l 5-70

Integrated Dry NQJSO, Emissions Control System Public Service Company of Colorado 12/96 CCT-llI 5-718

Advanced Electric Power Generation

Fluidized-Bed Combustion

Tidd PFBC Demonstration Project The Ohio Power Company 3/95 CCT-l 5-90

Nucla CFB Demonstration Project Tri-State Generation and Transmission Association, Inc. 1/91 CCT-l $-96

Coal Processing for Clean Fuels

Coal Preparation Technologies

Development of the Coal Quality Expert™ ABB Combustion Engineering, Inc., and CQ Inc. 12/95 CCT-l 51116

Industrial Applications

Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control ~ Coal Tech Corporation 5/90 CCT-Il 3-132

Cement Kiln Flue Gas Recovery Scrubber Passamaquoddy Tribe 9/93 CCT-l 54138

Program Update 1996-97 5-7



SO, control devices embody those technologies achievable with the simpler sorbent injection systems.
Environmental COﬂtI’Ol Devices that condition and act upon the flue gas resulting fromLime, as opposed to limestone, is used and sulfur
combustion, not the combustion itself, for the purposecapture efficiencies up to 90 percent can be achieved
Environmental control devices are those technol-of removing only SQ Three basic approaches at a Ca/S of 1.3-2.0. This category of control device
ogies applied (retrofitted) to existing or new facilities evolved, driven primarily by different conditions that is called a spray dryer (because the solid by-product
for the purpose of controlling S@nd NQ emissions. exist within the pre-NSPS boiler population impacted from the reaction is dry).
Although boilers may be modified and combustion by the CAAA. There is a tremendous range in critical At the other end of the spectrum are the larger
affected, the basic boiler configuration and function factors, such as size, type, age, and space availability300-MWe and more) boilers with some latitude in
remains unchanged in retrofitting these technologies. ~ On one end of the spectrum are the smaller, oldeispace availability, as well as new capacity additions.
boilers with limited space for adding equipment. For For these, advanced flue gas desulfurization (AFGD)

these, sorbent injection techniques hold promise. wet scrubbers, with higher capital cost, but higher
Sorbent is injected into the boiler or the ductwork, andsulfur capture efficiency than other approaches,
802 Control Techno|ogy humidification is incorporated in some fashion to become cost effective. These systems apply larger and
properly condition the flue gas for efficient 30 somewhat more complex reactors that drive up the
Sulfur dioxide (SQ) is an acid gas formed capture. Equipment size and complexity are held to a capital cost. However, the sorbent is limestone and
during coal combustion, which oxidizes the inorgan- minimum to keep capital costs and space requirementS8O, removal efficiencies greater than 90 percent are
ic, pyritic sulfur (FgS), and organically bound sulfur  low. Both limestone and lime sorbents are used. achieved at a Ca/S of about 1.0, making operating

in the coal. Identified as a precursor to formation of Limestone costs are about one-third that of hydrated costs significantly lower than those of the other two
acid rain, SQwas targeted in Title IV of the Clean  lime; but limestone must be conditioned (calcined), approaches. Furthermore, although the initial AFGD
Air Act Amendments of 1990 (CAAA). Phase | of and even then it is less effective in S@pture (under  solid by-product is in slurry form, it is dewatered to
Title 1V, effective in 1995, affected 261 coal-fired simple sorbent injection conditions) than hydrated  produce gypsum—a salable product.
units nationwide. The required $@duction was lime. Where limestone is used, it is injected in the Under the CCT Program, two sorbent injection
moderate and largely met by switching to low-sulfur boiler to produce calcium oxide, which reacts with ~ systems, one spray dryer, and two AFGD processes were
fuels. In year 2000, Phase Il of Title IV will come SO, to form solid compounds of calcium sulfite and ~ successfully demonstrated. All have completed testing.
into effect, impacting all fossil-fuel-fired units, but  calcium sulfate. Both limestone and lime injection ~ Exhibit 5-3 briefly summarizes the characteristics and
most of all, the approximately 900 pre-NSPS coal- require the presence of water (humidification) and a performan.c? of the te.chnologies that are described in
fired units. Under the stricter Phase |l requirements, calcium-to-sulfur molar ratio (Ca/S) of about 2.0 for more detail in the project fact sheets.
compliance by fuel switching alone is unlikely. But, sulfur capture efficiencies of 50-70 percent.
the CAAA provides utilities flexibility in control In the mid-range of the spectrum are 100—-300-
strategies through SQ@illowance trading. This MWe boilers less than 30 years old and somewhat
permits a range of control options to be applied by a space constrained. For many of these, an increase in
utility, as well as allowance purchasing. Recognizing front-end control cost is justified by enhanced
this, the CCT Program has sought to provide a performance. The approach involves introduction of
portfolio of SQ control technologies. a reactor vessel in the flue gas stream to create

conditions to enhance SCapture beyond that
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Exhibit 5-3
CCT Program SO , Control Technology Characteristics
Coal Sulfur SO, Fact

Project Process Content Reduction Sheet
Confined Zone Dispersion Flue Gas Sorbent injection—in-duct lime sorbent injection and humidification 1.5-2.5% 50% 5-14
Desulfurization Demonstration
LIFAC Sorbent Injection Desulfurization Sorbent injection—furnace sorbent injection (limestone) with vertical 2.0-2.9% 70% 5-18
Demonstration Project humidification vessel and sorbent recycle
10-MWe Demonstration of Gas Suspension Spray dryer—uvertical, single-nozzle reactor with integrated sorbent 2.7-3.5% 60-90% 5-10
Absorption particulate recycle (lime sorbent)
Advanced Flue Gas Desulfurization AFGD—co-current flow, integrated quench absorber tower and reaction 2.25-4.7% 94% 5-22
Demonstration Project tank with combined agitation/oxidation (gypsum by-product)
Demonstration of Innovative Applications AFGD—forced flue gas injection into reaction tank (Jet Bubbling 1.2-3% 90+% 5-26
of Technology for the CT-121 FGD Process Re&gtfmr combined SQand particulate capture (gypsum by-product)

Y This side view of Pure Air's advanced flue gas desulfurization absorber module Y This view shows the sorbent (top) and water (bottom) inlet connections to the Pure
shows air inlet ducts and sorbent injection piping. Air absorber module.
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Environmental Control Devices
SO, Control Technologies

ABSORPTION REACTOR

10-MWe Demonstration of Gas w
Suspension Absorption Al

—

W

A
-

NI

Project completed. HYDRATED
PULSE JET

Participant BAGHOUSE

AirPol, Inc. RECYCLE

“

Additional Team Members

FLS miljo a/s (parent company of AirPol, Inc.)—
technology owner

Tennessee Valley Authority—cofunder and site owner

COAL
SUPPLY

ASH

Location
West Paducah, McCracken County, KY (Tennessee Vallgy
Authority’s Center for Emissions Research)

STACK

FLUE GAS
FROM BOILER ‘

Technology
FLS miljo a/s’ Gas Suspension Absorption (GSA) system
for flue gas desulfurization (FGD)

TO ASH POND

DRY ASH

Plant Capacity/Production
10-MWe equivalent slipstream of flue gas from a
175-MWe wall-fired boiler

CAAA SO, compliance on pulverized-coal-fired boilers is controlled by on-line measurements of the flue gas exit

Coals - using high-sulfur coal. temperature.

Western Kentucky bituminous— Technoloav/Proiect Descriotion A test program was structured to (1) optimize design
peabody Martwick, 3.05%6 sulfur The GSAgsy steriw consists Fc)Jf a vertical reactor in which of the GSA reactor for reduction of $@missions from
Emerald Energy, 2.61% sulfur ysten . ) boilers using high-sulfur coal and (2) evaluate the envi-
Andalax. 3.06% sulfur flue gas comes into contact with suspended solids consist- . . .

. g . . ing of lime, reaction products, and fly ash. About 99% 0r nmental control capability, economic potential, and

Warrior Basin, 3.5% sulfur (used intermittently) S ’ o . mechanical performance of GSA. A statistically designed

the solids are recycled to the reactor via a cyclone while . . . .

Project Funding . . Cparametrlc (factorial) test plan was developed involving

i the exit gas stream passes through an electrostatic pre s'fvariables Beyond evaluation of the basic GSA unit to
Total project cost $7,717,189 100% tator (ESP) or pulse jet baghouse (PIBH) before being - BeYC
DOE 2315.259 30 ) control SQ, air toxic control tests were conducted, and
- 1949 released to the atmosphere. The lime slurry, prepared the effectiveness of a GSA/ESP and GSA/PIBH to con
Participant 5,401,930 70 from hydrated lime, is injected through a spray nozzle at

trol both SQ and particulate were tested. Factorial tests
were followed by continuous runs to verify consistency of
performance over time.

Project Objective the bottom of the reactor. The volume of lime slurry is

To demonstrate the applicability of Gas Suspension Ab-regulated with a variable-speed pump controlled by the
sorption as an economic option for achieving Phase Il measurement of the acid content in the inlet and outlet

gas streams. The dilution water added to the lime slurry
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Calendar Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 4(1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4 2 3 4|11 2 3 2 3 4|1 2 3 2 3 1 2
12/89 10/90 10/92 6/95
| Preaward | Design and Construction Operation

A

T \
DOE selected project

(CCT-Ill) 12/19/89

NEPA process completed (MTF) 9/21/90

Cooperative agreement awarded 10/11/90

Operation initiated 10/92
Environmental monitoring plan completed 10/2/92

Preoperational tests initiated 9/92
Construction completed 9/92
Ground breaking/construction started 5/92

Design completed 12/91

Project completed/final report issued 6/95
Operation completed 3/94

Results Summary

Environmental

Ca/S molar ratio had the greatest effect o 120
moval, with approach-to-saturation temperature next,
followed closely by chloride content.

GSA/ESP achieved

— 90% sulfur capture at a Ca/S of 1.3 with 8 °F ap-
proach-to-saturation and 0.04% chloride,

— 90% sulfur capture at a Ca/S of 1.4 with 18 °F
approach-to-saturation and 0.12% chloride, and

— 99.9+% average particulate removal efficiency.
GSA/PJBH achieved

— 96% sulfur capture at a Ca/S of 1.4 with 18 °F
approach-to-saturation and 0.12% chloride,

— 3-5% increase in S@eduction relative to
GSA/ESP, and

— 99.99+% average particulate removal efficiency.

Environmental Control Devices

GSA/ESP and GSA/PJBH removed 98% of the hydrdsconomic

gen chloride (HCI), 96% of the hydrogen fluoride .
(HF), and 99% on more of most trace metals, except
cadmium, artimony, mercury, and selenium.
(GSA/PJBH removed 99+% of the selenium.)

The solid by-product was usable as low-grade cement.

Operational

GSA/ESP lime utilization averaged 66.1% and

Capital and levelized (15-year) costs for GSA installed
in a 300-MWe plant using 2.6% sulfur coal are com-
pared below to costs for a wet limestone scrubber with
forced oxidation (WLFO scrubber). EPRI’s cost meth-
odology was employed. Based on EPRI cost studies
of FGD processes, the capital cost (1990%) for a con-
ventional spray dryer was $172/kW.

GSA/PJBH averaged 70.5%.

The reactor achieved the same performance as a con-
ventional spray dryer, but dt"/s the size.

GSA generated lower particulate loading than a spra:
dryer, enabling compliance with a lower ESP effi-

Capital Cost Levelized Cost
(1990%/kW) (mills/kWh)
GSA—3unitsat  $149 10.35
50% capacity
WLFO $216 13.04

ciency.

Special steels were not required in construction, and
only a single spray nozzle is needed

High availability and reliability similar to other com-
mercial applications were demonstrated, reflecting
simple design.
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Project Summary

0.12%, and 18 °F approach-to-saturation temperature. A

The GSA capability of suspending a high concentration subsequent 14-day continuous run to evaluate the
of solids, effectively drying the solids, and recirculating GSA/PJBH configuration was performed under the saméhan 90%, very close to the set point of 91%, at an average
the solids at a high rate with precise control results in s@onditions as those of the 28-day run, except for adjust-Ca/S ratio of 1.40-1.45 moles Ca(Qjole inlet SQ. The

control comparable to that of wet scrubbers and high linfgents in flyash injection rate frofn5 to 1.0 gr/ft (actual).

utilization. The high concentration of solids pro-

vides the sorbent/S@ontact area. The drying en-

ables low approach-to-saturation temperature and
chloride usage. The rapid, precise, integral recycle
system sustains the high solids concentration. The
high lime utilization mitigates the largest operating

Exhibit 5-4
Variables and Levels Used in
GSA Factorial Testing

cost (lime) and further reduces costs by reducing tie Variable

amount of by-product generated. The GSA is disti

Level

guished from the average spray dryer by its modes}
size, simple means of introducing reagent to the

reactor, direct means of recirculating unused lime,
and low reagent consumption. Also, injected slurry
coats recycled solids, not the walls, avoiding corro
sion and enabling use of carbon steel in fabricatior].

Environmental Performance
Exhibit 5-4 lists the six variables used in the facto-

Approach-to-saturation temperature (°F), B3, 28

Ca/S (moles Ca(OH)mole inlet SQ) 1.00 and 1.30
Flyash loading (gr/f actual) 0.50 and 2.0
Coal chloride level (%) 0.04 and 0.12
Flue gas flow rate (£Gstd fé/min) 14 and 20
Recycle screw speed (rpm) 30 and 45

“8 °F was only run at the low coal chloride level.

rial tests and the levels at which they were applied.

Inlet flue gas temperature was held constant at
320 °F. Factorial testing showed that lime stoichi-
ometry had the greatest effect on,$@moval.

Exhibit 5-5
GSA Factorial Testing Results

Approach-to-saturation temperature was the next
most important factor, followed closely by chloride
levels. Although an approach-to-saturation tem-
perature of 8 °F was achieved without plugging the
system, the test was conducted at a very low chlo-
ride level (0.04%). Because water evaporation rate
decrease as chloride levels increase, an 18 °F ap-
proach-to-saturation temperature was chosen for the
higher 0.12% coal chloride level. Exhibit 5-5 sum-
marizes key results from factorial testing.
A 28-day continuous run to evaluate the

GSA/ESP configuration was made with bituminous
coals averaging 2.7% sulfur, 0.12% chloride levels

n

£ 100+

=

z 90

g

]

= 80

@)

5]

§ 70+

2 ’_"‘ * —O= 8 °F Approach - 0.04% Cl

e e = Lr 18 °F Approach - 0.04% CI

"_'g - & = 18°F Approach - 0.12% Cl

g 1 1 1 1 1
0.90 1.0 1.1 1.2 1.3 1.4

Fresh Lime Stoichiometry (moles Ca/mole SO, )

Note: All tests were conducted at a 320 °F inlet flue gas
temperature.
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The 28-day run on the GSA/ESP system showed that
the overall SQremoval efficiency averaged slightly more

system was able to adjust rapidly to the surge in inlgt SO
caused by switching to 3.5% sulfur Warrior Basin coal for a
week. Lime utilization averaged 66.1%. The particulate
removal efficiency averaged 99.9+% and emission rates
were maintained below 0.015 Ibf1Btu. The 14-day run on
the GSA/PJBH system showed that the, 8fnoval effi-
ciency averaged more than 96% at an average Ca/S ratio of
1.34-1.43 moles Ca(OHinole inlet SQ. Lime utilization
averaged 70.5%. The particulate removal efficiency aver-
aged 99.99+% and emission rates ranged from 0.001 to
0.003 Ib/106Btu.

All air toxic tests were conducted with 2.7% sulfur,
low-chloride coal with a 12 °F approach-to-saturation tem-
perature and a high flyash loading of 2.0 §(#&ttual). The
GSA/ESP arrangement indicated average removal efficien-
cies of greater than 99% for arsenic, barium, chromium,
lead, and vanadium; somewhat less for manganese; and less
than 99% for antimony, cadmium, mercury, and selenium.
The GSA/PJBH configuration showed 99+% removal effi-
ciencies for arsenic, barium, chromium, lead, manganese,
selenium, and vanadium; with cadmium removal much
lower and mercury removal lower than that of the GSA/ESP
system. The removal of HCl and HF was dependent upon
the utilization of lime slurry and was relatively independent
of particulate control configuration. The removal efficien-
cies were greater than 98% and 96% for HCI and HF, re-
spectively.

Operational Performance

Because the GSA system has suspended recycle solids to
provide a contact area for $@apture, multiple high-pres-
sure atomizer nozzles or high-speed rotary nozzles to
achieve uniform, fine droplet size are not required. Also,
recycle of solids is direct and avoids recycling material in

Environmental Control Devices



the feed slurry, which necessitates expensive abrasion-
resistant materials in the atomizer(s).

The high heat and mass transfer characteristics of {
GSA enable the GSA system to be significantly smaller
than a conventional spray dryer for the same capacity
Yato /s the size. This makes retrofit feasible for space-
confined plants and reduces installation cost. The GSA

reactor walls, avoiding direct wall contact and the need
for corrosion-resistant alloy steels. Furthermore, the hig
concentration of rapidly moving solids scours the reacto
walls and mitigates scaling. The GSA system generates|
significantly lower grain loading than a spray dryer—

2-5 gr/fé for GSA versus 6-10 griffor a spray dryer—
enabling compliance even with lower ESP particulate
removal efficiency. The GSA system produces a solid by
product containing very low moisture. This material con
tains both fly ash and unreacted lime. With the addition
water, the by-product undergoes a pozzolanic reaction,
essentially providing the characteristics of a low-grade

cement.

Economic Performance

Using the EPRI costing methodology applied to 30-35
other FGD processes, economics were estimated for a
moderately difficult retrofit of a 300-MWe boiler burning
2.6% sulfur coal. The design $e@moval efficiency was

90% at a lime feed rate equivalent to 1.30 moles of A AirPol successfully demonstrated the GSA system at

Ca/mole inlet SQ Lime was assumed to be 2.8 times thel VA’'s Center for Emissions Research.

cost of limestone. It was determined that (1) capital coSfme utilization than a spray dryer, the GSA will have a °

(19908%) was $149/kW with three units at 50% capacity |ower operating cost.
and (2) levelized cost (15-year) was 10.35 mills/lkWh with ) o
three units at 50% capacity. Commercial Applications

simplicity, and low dust loading, minimizing particulate
upgrade costs.

GSA market entry was significantly enhanced with
the sale of a 50-MWe unit to the city of Hamilton, OH,
subsidized by the Ohio Coal Development Office. This
will enable AirPoal, Inc., to refine the commercial design
and provide a solid design base for a 100-MWe unit,
which will be the module size for larger plants. In addi-
tion to positioning GSA for market penetration into larger
plant sizes, the experience at the first commercial site will
increase utility sector confidence in the GSA system. This
should be further bolstered by an award to FLS miljo of a
major project in Sweden for a high-performance GSA
system to remove 90-95% sulfur from the flue gas of a
4-million-ton/yr iron ore sinter plant.

Contacts

Frank E. Hsu, Vice President, Operations, (201) 490-6400
AirPol, Inc.
3 Century Drive
Parssippany, NJ 07054-4610

Lawrence Saroff, DOE/HQ, (301) 903-9483

Sharon K. Marchant, FETC, (412) 892-6008

References

¢ 10-MWe Demonstration of Gas Suspension Absorption
Final Project Performance and Economics Report
Report No. DOE/PC/90542-T9. AirPol, Inc. June
1995. (Available from NTIS as DE95016681.)

10-MW Demonstration of the Gas Suspension Absorp-
tion Final Public Design RepartReport No. DOE/
PC/90542-T10. AirPol, Inc. June 1995. (Available
from NTIS as DE960003270.)

A cost comparison run for a WLFO scrubber showed € oW capital cost, moderate operating cost, and high, SQ Removal Using Gas Suspension Absorption Tech-

the capital and levelized costs to be $216/kW and
13.04 mills/kWh, respectively. The capital cost listed in
EPRI cost tables for a conventional spray dryer at

SO, capture efficiency make the GSA system particularly
attractive as a CAAA compliance option for boilers in the
50-250-MWe range. Other major advantages include the

nology. Topical Report No. 4. U.S. Department of
Energy and AirPol, Inc. April 1995.

300 MWe and 2.6% sulfur coal was $172/kW (19903). modest space requirements comparable to duct injection

Also, because the GSA requires less power and has beft¥ptems, high availability/reliability owing to design

Environmental Control Devices
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Environmental Control Devices
SO, Control Technologies

Confined Zone Dispersion
Flue Gas Desulfurization
Demonstration

Project completed.

Participant
Bechtel Corporation

Additional Team Members
Pennsylvania Electric Company—cofunder and host

Pennsylvania Energy Development Authority—cofunder
New York State Electric & Gas Corporation—cofunder

Rockwell Lime Company—cofunder

Location
Seward, Indiana County, PA (Pennsylvania Electric
Company’s Seward Station, Unit No. 5)

Technology

Bechtel Corporation’s in-duct, confined zone dispersion

flue gas desulfurization (CZD/FGD) process

Plant Capacity/Production
73.5 MWe

Coal
Pennsylvania bituminous, 1.2-2.5% sulfur

Project Funding

Total project cost* $10,411,600 100%
DOE 5,205,800 50
Participant 5,205,800 50

Project Objective

To demonstrate S@emoval capabilities of in-duct
CZD/FGD technology; specifically, to define the opti-
mum process operating parameters and to determine

BOILER DOLOMITIC CALCITIC LIME

N\

WATER
2d STAGE
ELEGTROSIATIC ELECTROSTATIC
PRECIPITATOR AR PRECIPITATOR

PULVERIZED AR

COAL— PREHEATER -_*—A

AIR —>

SORBENT STACK
SLURRY

SOLID WASTE

=2

SOLID WASTE TO DISPOSAL

CZD/FGD's operability, reliability, and cost-effectiveness This project included injection of different types of

during long-term testing and its impact on downstream sorbents (dolomitic and calcitic limes) with several atom-

operations and emissions. izer designs using low- and high-sulfur coals to verify the

effects on SQremoval and the capability of the ESP to

In Bechtel's CZD/FGD process, a finely atomized slurry control parti.culates.. The demonstration was c.ond.ucted at
Pennsylvania Electric Company’s Seward Station in

of reactive lime is sprayed into the flue gas stream be- S 4. PA. One-half of the itv of th
tween the boiler air heater and the electrostatic precipita-ewar , PA. Dne-hall ot the Tlue gas capacity of e

tor (ESP). The lime slurry is injected into the center of 147-MWe Unit No. 5 was routed through a modified,

the duct by spray nozzles designed to produce a cone OIPnger duct between the first- and second-stage ESPs.

fine spray. As the spray moves downstream and expands,
the gas within the cone cools and the, &uickly ab-
sorbed in the liquid droplets. The droplets mix with the
hot flue gas, and the water evaporates rapidly. Fast drying
precludes wet particle buildup in the duct and aids the

Technology/Project Description

*Additional project overrun costs were funded 100% by the participant{lU€ gas in carrying the dry reaction products and the

for a final total project cost of $12,173,000.
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Calendar Year

1988

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

1998

Design and Construction

12/89 10/90 7/91
| Preaward |

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

Design start 6/90

NEPA process completed (MTF) 9/90

Cooperative agreement awarded 10/90
Design completed 10/90

6/94
Operation

T

Project completed/final report issued 6/94

Operation completed 6/93

Preoperational tests initiated 7/91
Operation initiated 7/91

Construction completed 6/91
Environmental monitoring plan 6/12/91

Ground breaking/construction started 3/91

Results Summary .

Environmental

Pressure-hydrated dolomitic lime proved to be a more
effective sorbent than either dry hydrated calcitic lime
or freshly slaked calcitic lime.

Sorbent injection rate was the most influential params
eter on SQcapture. Flue gas temperature was the
limiting factor on injection rate. For S@apture

For operating conditions at Seward Station, data indiEconomic

cated that for 40-50% §®emova|, a6-8% limeor .
dolomitic lime slurry concentration, and a stoichiomet-
ric ratio of 2—2.5 resulted in a 40-50% lime utilization
rate. Thatis, 2—2.5 moles of CaO or CaO*MgO were
required for every mole of S@emoved.

Assuming 92% lime purity, 1.9—2.4 tons of lime was
required for every ton of S@emoved.

efficiency of 50% or more, a flue gas temperature of Operational

300 °F or more was needed. .

Slurry concentration for a given sorbent did not in-
crease SPOremoval efficiency beyond a certain thresh-
old concentration. .

Testing indicated that S@emoval efficiencies of 50%
or more were achievable with flue gas temperatures of
300-310 °F (full load), sorbent injection rate of .
52-57 gal/min, residence time of 2 seconds, and a
pressure-hydrated dolomitic-lime concentration of
about 9%.

Environmental Control Devices

About 100 ft of straight duct was required to assure
the 2-second residence time needed for effective
CZD/FGD operation.

At Seward Station, stack opacity was not detrimentally
affected by CZD/FGD.
Availability of CZD/FGD was very good.

Some CZD/FGD maodification will be necessary to
assure consistent $@moval and avoid deposition of
solids within the ductwork during upsets.

Capital cost of a 500-MWe system operating on 4%

sulfur coal and achieving 50% $@duction was

estimated at less than $30/kW and operating cost at

$300/ton of SQremoved.

Program Update 1996-97
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Project Summary
The principle of the CZD/FGD is to form a
wet zone of slurry droplets in the middle of {
duct confined in an envelope of hot gas be-
tween the wet zone and the hot gas. The lif!
slurry reacts with part of the S@ the gas [
and the reaction products dry to form solid
particles. An ESP, downstream from the ||
point of injection, captures the reaction prod
ucts along with the fly ash entrained in the §
flue gas.
CZD/FGD did not require a special reac
tor, simply a modification to the ductwork.
Use of the commercially available Type S
pressure-hydrated dolomitic lime reduced
residence time requirements for CZD/FGD

Parametric tests indicated that 3@movals above
50% are possible under the following conditions: flue
gas temperature of 300—310 °F; boiler load of 145-147
MWe; residence time in the duct of 2 seconds; and lime
slurry injection rate of 52-57 gal/min.

Operational Performance

The percentage of lime utilization in the CZD/FGD sig-
nificantly affected the total cost of S@&moval. An
analysis of the continuous operational data indicated that
the percentage of lime utilization was directly dependent
on two key factors:

» Percentage of S@emoved
1 = = J ' i ' - ¢ Lime slurry feed concentration

For operating conditions at Seward Station, data

A Bechtel's demonstration showed that 50%, &®noval efficiency was gwdicated that for 40-50% S@moval, a 6-8% lime or

possible using CZD/FGD technology. The extended duct into which lim

and enhanced sorbent utilization. The in- q,rry was injected is in the foreground. dolomitic lime slurry concentration, and a stoichiometric

creased humidity of CZD/FGD processed flue I ratio of 2—2.5 resulted in a 40-50% lime utilization rate.
L freshly slaked calcitic lime, and pressure-hydrated dolo- . .

gas enhanced ESP performance, eliminating the need for That is, 2—-2.5 moles of CaO or CaO+MgO were required

mitic lime. All three reagents remove Si@om the flue
gas but require different feed concentrations of lime
slurry for the same percentage of $@noved. The most

upgrades to handle the increased particulate load.
Bechtel began its 18-month, two-part test program

for the CZD process in July 1991, with the first

12 months of the test program consisting primarily of

for every mole of SQremoved; or assuming 92% lime
purity, 1.9-2.4 tons of lime were required for every ton of

L . SO, removed. In summary, the demonstration showed the
efficient removals and easiest to operate system were 2

. . . following results:
. . . obtained using pressure-hydrated dolomitic lime.
parametric testing and the last 6 months consisting of - A50% SQ removal efficiency with CZD/FGD was
continuous operational testing. During the continuous Environmental Performance possible.

operational test period, the system was operated under Sorbent injection rate proved to be the most influential
fully automatic control by the host utility boiler operatorsfactor on SQcapture. The rate of injection possible was
The new atomizing nozzles were thoroughly tested bothlimited by the flue gas temperature. This impacted a
outside and inside the duct prior to testing. The SO  portion of the demonstration when air leakage caused flue
removal parametric test program, which began in Octobgas temperature to drop from 300-310 °F to 260280 °F. The fully automated system integrated with the power

Drying and SQabsorption required a residence time
of 2 seconds, which required a long and straight hori-
zontal gas duct of about 100 feet.

1991, was completed in August 1992. At 300310 °F, injection rates of 52-57 gal/min were plant operation demonstrated that the CZD/FGD pro-
Specific objectives were as follows: possible and SQeductions greater than 50% were cess responde.d. W?” to automated control operation.
- Achieve projected SQremoval of 50% achieved. At 260—280 °F, injection rates had to be However, modifications to the CZD/FGD were re-

dropped to 30-40 gal/min, resulting in a 15-30% drop in duired to assure consistent S®moval and avoid
SO, removal efficiency. Slurry concentration for a given deposition of solids within the gas duct during upsets.
* Eliminate negative effects on normal boiler operationsorbent did not increase $@moval efficiency beyond a « Availability of the system was very good.
without increasing particulate emissions and opacity certain threshold concentration. For example, with pres; - ¢ Seward Station, stack opacity was not detrimentally
The parametric tests included duct injection of atomSure-hydrated dolomitic lime, slurry concentrations above gaffected by the CZD/FGD system.
ized lime slurry made of dry hydrated calcitic lime, 9% did not increase S@apture efficiency.

* Realize SQremoval costs of less than $300/ton
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Economic Performance installed capacity, or approximately one-fourth the cost dReferences

The CZD/FGD process can achieve costs of $300/ton obuilding a conventional wet scrubber. In addition to low. cgonfined Zone Dispersion Project: Final Technical
SQ, removed when operating a 500-MWe unit burning - capital cost, other advantages include small space requireReport Bechtel Corporation. June 1994.

4% sulfur coal. Based on a 500-MWe plant retrofitted ments, ease of retrofit, low energy requirements, fully
with CZD/FGD for 50% SQremoval, the total capital automated operation, and production of only nontoxic,
cost is estimated to be less than $30/kW. disposable waste. The CZD/FGD technology is particu-
larly well suited for retrofitting existing boilers, indepen- *

Commercial Applications dent of t . The CZD/EGD installati
After the conclusion of the DOE-funded CZD/FGD dem- ent ot lype, age, or size. € instafiation

. . . does not require major power station alterations and can
onstration project at Seward Station, the CZD/FGD sys- . . ) . L i -
Proje ) ) YS"be easily and economically integrated into existing power tion- Report No. DOE/FE-0203P. U.S. Department of

tem was modified to improve S@moval during con-

plants Energy. September 1990. (Available from NTIS as
tinuous operation while following daily load cycles. ' DE91002564.)

Bechtel and the host utility, Pennsylvania Electric Com- Contacts
pany, continued the CZD/FGD demonstration foran ~ Joseph T. Newman, Project Manager, (415) 768-1189
additional year. Results showed that CZD/FGD operation Bechtel Corporation
at SQ removal rates lower than 50% could be sustained P.O. Box 193965
over long periods without significant process problems.  San Francisco, CA 94119-3965
CZD/FGD can be used for retrofit of existing plants Lawrence Saroff, DOE/HQ, (301) 903-9483
and installation in new utility boiler flue gas facilities to James U. Watts, FETC, (412) 892-5991
remove SQfrom a wide variety of sulfur-containing
coals. A CZD/FGD system can be added to a utility
boiler with a capital investment of about $25-50/kW of

Confined Zone Dispersion Project: Public Design
Report. Bechtel Corporation. October 1993.

Comprehensive Report to Congress on the Clean Coal
Technology Program: Confined Zone Dispersion Flue
Gas Desulfurization DemonstratioBechtel Corpora-

A This photo shows the CZD/FGD lime slurry injector control system.
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LIFAC Sorbent Injection
Desulfurization
Demonstration Project

Project completed.

Participant

LIFAC—North America (a joint venture partnership
between Tampella Power Corporation and ICF Kaiser
Engineers, Inc.)

Additional Team Members

ICF Kaiser Engineers, Inc.—cofunder and project
manager

Tampella Power Corporation—cofunder

Tampella, Ltd.—technology owner

Richmond Power and Light—cofunder and host utility

Electric Power Research Institute—cofunder

Black Beauty Coal Company—cofunder

State of Indiana—cofunder

Location
Richmond, Wayne County, IN (Richmond Power &
Light's Whitewater Valley Station, Unit No. 2)

Technology
LIFAC’s sorbent injection process with sulfur capture in
a unique, patented vertical activation reactor

Plant Capacity/Production
60 MWe

Coal
Bituminous, 2.0-2.8% sulfur

Project Funding

Total project cost $21,393,772 100%
DOE 10,636,864 50
Participants 10,756,908 50
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AGTIVATION
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AR ‘ STACK
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SORBENT
RECYCLE
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SOLID WASTE TO DISPOSAL

DRY
ASH

Project Objective SO, capture. After leaving the chamber, the sorbent is
To demonstrate that electric power plants—especially easily separated from the flue gas along with the fly ash in
those with space limitations and burning high-sulfur  the electrostatic precipitator (ESP). The sorbent material
coals—can be retrofitted successfully with the LIFAC from the reactor and electrostatic precipitator are recircu-
limestone injection process to remove 75-85% of thg S@ted back through the reactor for increased efficiency.
from flue gas and produce a dry solid waste product forThe waste is dry, making it easier to handle than the wet
disposal in a landfill. scrubber sludge produced by conventional wet limestone
scrubber systems.

The technology enables power plants with space
limitations to use high-sulfur midwestern coals by provid-
ing an injection process that removes 75-85% of the SO
from flue gas and produces a dry solid waste product
suitable for disposal in a landfill.

Technology/Project Description

Pulverized limestone is pneumatically blown into the
upper part of the boiler near the superheater where it
absorbs some of the $@ the boiler flue gas. The lime-
stone is calcined into calcium oxide and is available for
capture of additional S@Iownstream in the activation,
or humidification, reactor. In the vertical chamber, water
sprays initiate a series of chemical reactions leading to

Environmental Control Devices



Calendar Year

1988
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 2

1996 1998

12/89 11/90
| Preaward |

9/92

Design and Construction Operation

T Operation initiated 9/92
Preoperational tests initiated 7/92

Environmental monitoring plan
completed 6/12/92

Construction completed 6/92
Original design completed 7/91

Ground breaking/construction started 5/29/91

Cooperative agreement awarded 11/20/90

NEPA process completed (MTF) 10/2/90
DOE selected project (CCT-IIl) 12/19/89

Operation completed 6/94

9/97

!

Project completed/final
report issued 9/97*

*Projected date

Results Summary .
unaffected by LIFAC operation during steady-state

Environmental )
operation.

* SO, removal efficiency was 70% at a calcium-to-sulfur,
(Ca/S) molar ratio of 2.0, approach-to-saturation tem-
perature of 7-12 °F, and limestone fineness of 80%
minus 325 mesh.

Fly and bottom ash were dry and readily disposed of
at a local landfill. The quantity of additional solid
waste can be determined by assuming that approxi- ,
mately 4.3 tons of limestone is required to remove

» SO, removal efficiency with limestone fineness of 1.0 ton of SQ

80% minus 200 mesh was 15% lower at a Ca/S of 2.0 )

and 7-12 °F approach to saturation. Operational

When operating with fine limestone (80% minus

325 mesh), the soot-blowing cycle had to be reduced
from 6.0 to 4.5 hours.

« The four parameters having the greatest influence on’
sulfur removal efficiency were limestone quality, Ca/S
molar ratio, approach-to-saturation temperature, and

ESP ash recycle rate. « Automated programmable logic and simple design

ESP efficiency and operating levels were essentially Economic

Capital cost—$66/kW for two LIFAC reactors
(300-MWe); $76/kW for one LIFAC reactor
(150 MWe); $99/kW for one LIFAC reactor
(65 MWe).

Operating cost—$65/ton of S@&moval, assuming
75% SQ capture, Ca/S of 2.0, limestone composed of
95% CaCQ and $15/ton.

¢ ESP ash recycle rate was limited in the demonstration
system configuration. Increasing the recycle rate and
sustaining a 5 °F approach-to-saturation temperature®
was projected to increase S@moval efficiency to
85% at a Ca/S of 2.0 (fine limestone).

Environmental Control Devices

make the LIFAC system easy to operate in start-up,
shutdown, or normal duty cycles.

The amount of bottom ash increased slightly, but there
was no negative impact on the ash-handling system.

Program Update 1996-97 5-19



Project Summary rate. Total SQcapture was about 15% better when in-
The LIFAC technology was designed to enhance the  jecting fine limestone (80% minus 325 mesh) than it was
effectiveness of dry sorbent injection systems fof SO with coarse limestone (80% minus 200 mesh).
control and to maintain the desirable aspects of low capi- While injecting the fine limestone, the soot blowing
tal cost and compactness for ease of retrofit. Further- frequency had to be increased from 6- to 4.5-hour cyclej
more, limestone was used as the sorbent (about 1/3 of theriods. The coarse-quality limestone did not affect soqi
cost of lime) and a sorbent recycle system was incorpo-blowing but was found to be more abrasive on the feed §

rated to reduce operating costs. and transport hoses.

The process evaluation test plan was composed of Parametric tests indicated that a 70% 8uction
five distinct phases each having its own objectives. was achievable with a Ca/S molar ratio of 2.0. ESP as
These tests were as follows: containing unspent sorbent and fly ash was recycled fro

{he ESP hoppers back into the reactor inlet duct work.
Ash recycling is essential for efficient SCapture. The
large quantity of ash removed from the LIFAC reactor

. ) bottom and the small size of the ESP hoppers limited thes
* Parametric tests were designed to evaluate the MaANYESp ash recycling rate. As a result, the amount of matg=

possmlg combinations of LIFAC process parameters rial recycled from the ESP was approximately 70% less
and their effect on S@emoval.

than had been anticipated. However, this low recycling

« Optimization tests were performed after the parametrigte was found to affect S@apture. During a brief test, |;
tests to evaluate the reliability and operability of the it was found that increasing the recycle rate by 50% re- firm
LIFAC process over short, continuous operating peri-suited in a 5% increase in S@moval efficiency. It was [
ods. estimated that if the reactor bottom ash is recycled alon

¢ Long-term tests were performed to demonstrate with ESP ash, while sustaining a reactor temperature of]
LIFAC’s performance under commercial operating 5 °F above saturation temperature, ar) @Quction of
conditions. 85% could be maintained.

¢ Baseline tests characterized the operation of the hos
boiler and associated subsystems prior to LIFAC op-
erations.

¢ Post-LIFAC tests involved repeating the baseline testoperational Performance
to identify any changes caused by the LIFAC system.optimization testing began in March 1994 and was fol-

A The LIFAC system successfully demonstrated at
Whitewater Valley Station Unit No. 2 is being retained by
The coals used during the demonstration varied in lowed by long-term testing in June 1994. The boiler waRichmond Power & Light for commercial use with high-

sulfur content from 1.4% to 2.8%. However, most of theoperated at an average load of 60 MWe during long-terraulfur coal. There are 10 full-scale LIFAC units in Canada,
testing was conducted with the higher sulfur coals testing, although it fluctuated according to power de-  China, Finland, Russia, and the United States.

(2.0-2.8% sulfur). ma.md. The LIFAC process automatica.lly adjusted to tion, grind size of the high-calcium-content limestone,
boiler load changes. A Ca/S molar ratio of 2.0 was se- 44 recycle of spent sorbent from the ESP.

Environmental Performance lected to attain S{reductions above 70%. Reactor bot
During the parametric testing phase, the numerous LIFAG o > Long-term testing showed that S@ductions of

. . tom temperature was about 5 °F higher than optimum t intai i
process values and their effects on sulfur removal effi- __ _ | as[; builduo on the steam rehgeaters Atcl)omized 070% or more can be malntalne_d under normal boiler
ciency were evaluated. The four major parameters having " sizz was smaller than o tilem for the sa operating ranges. Stack opacity was low (about 10%) and
the greatest influence on sulfur removal efficiency were P P "ESP efficiency was high (99.2%). The amount of boiler

limestone quality, Ca/S molar ratio, reactor bottom tem- | o0 Other key process parameters held constant dyattom ash increased slightly during testing, but there was

perature (approach-to-saturation), and ESP ash recyclinlgr;g the long-term tests included the degree of humidificg;, negative impact on the power plant's bottom and
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located in the host utility’s control room.

Economic Performance

a LIFAC installation is lower than for either a spray dryer
or wet scrubber. Capital costs for LIFAC technology

vary, depending on unit size and the quantity of reactors
needed:

Station (65 MWe) .
e $76/kW for one LIFAC reactor at Shand Station

(150 MWe) .
e $66/kW for two LIFAC reactors at Shand Station

(300 MWe)

Crushed limestone accounts for about one half of
LIFAC’s operating costs. LIFAC requires 4.3 tons of
limestone to remove 1 ton of S@ssuming 75% SO
capture, a Ca/S ratio of 2.0, and limestone containing
95% CaCQ. Assuming limestone costs of $15/ton,
LIFAC'’s operating cost would be $65/ton of 5@-
moved.

Commercial Applications
There are 10 full-scale LIFAC units in operation or under
construction in Canada, China, Finland, Russia, and the

A The top of the LIFAC reactor is shown being lifted into United States. The LIFAC system at Richmond Power &
place. During 2,800 hours of operation, long-term testing Light is the first to be applied to a power plant using

showed that SQreductions of 70% or more could be

\ ¢ ! high-sulfur (2.0-2.9%) coal. The LIFAC system is being
sustained under normal boiler operation.

retained by Richmond Power & Light at Whitewater

flyash removal system. The solid waste generated was Valley Station, Unit No. 2. The other LIFAC installations
mixture of fly ash and calcium compounds and was on power plants are using bituminous and lignite coals
readily disposed of at a local landfill. having lower sulfur contents (0.6-1.5%).
The LIFAC system proved to be highly operable
because it has few moving parts and is simple to operate.
The process can be easily shut down and restarted. The
process is automated by a programmable logic system,
which regulates process control loops, interlocking, start-
up, shutdowns, and data collection. The entire LIFAC

Environmental Control Devices

The economic evaluation indicated that the capital cost of

L

process was easily managed via two personal computerSontacts
Jim Hervol, Project Manager, (412) 497-2235

ICF Kaiser Engineers, Inc.
Gateway View Plaza

1600 West Carson Street
Pittsburgh, PA 15219-1031

awrence Saroff, DOE/HQ, (301) 903-9483
James U. Watts, FETC, (412) 892-5991

« $99/kW for one LIFAC reactor at Whitewater Valley References

“LIFAC Nearing Marketability.” Clean Coal Today.
Report No. DOE/FE-0215P-21. Spring 1996.

Viiala, J., et al. “Commercialization of the LIFAC
Sorbent Injection Process in North Americahird
Annual Clean Coal Technology Conference: Techni-
cal Papers. September 1994.

Comprehensive Report to Congress on the Clean Coal
Technology Program: LIFAC Sorbent Injection
Desulfurization Demonstration Project.IFAC—North
America. Report No. DOE/FE-0207P. U.S. Depart-
ment of Energy, October 1990. (Available from NTIS
as DE91001077.)
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WASTEWATER
ELECTROSTATIC
| mﬂ;mmmog

Advanced Flue Gas

Desulfurization
Demonstration Project @‘
Project completed.

- OVER FLOW ABSORBER
Participant HEADERS ~——— MIST ELIMINATOR
Pure Air on the Lake, L.P. (a project company of Pure RE@?RSCOLTAETTON
Air, which is a general partnership between Air Products| Fp——_
and Chemicals, Inc., and Mitsubishi Heavy Industries GYPSUM .

America, Inc.) CENTRIFUGE ‘ STACK
SYSTEM
Additional Team Members P &
Northern Indiana Public Service Company—cofunder GYPSUM
AIR

. and_ ho.st . . DRY ROTARY
Mitsubishi Heavy Industries, Ltd.—process designer I;mgg%ﬁ SPARGER
United Engineers and Constructors (Stearns-Roger 4}

. Division)—facility de§|gner SLAKED ST TR
Air Products and Chemicals, Inc.—constructor and LIME TREATMENT

operator

Location

Chesterton, Porter County, IN (Northern Indiana Public
Service Company’s Bailly Generating Station, Units 7

and 8)
Technology

Pure Air's advanced flue gas desulfurization (AFGD)  create no new waste streams.

process

Plant Capacity/Production
528 MWe

Coal
Bituminous, 2.0—-4.5% sulfur

Project Funding

Total project cost $151,707,898
DOE 63,913,200
Participant 87,794,698
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HOT
FLUE GAS

Project Objective at a relatively high velocity compared to that in conven-
To reduce SCemissions by 95% or more at approxi-  tional scrubbers. These features all combined to yield a
mately one-half the cost of conventional scrubbing techstate-of-the-art SQabsorber that was more compact and
nology, significantly reduce space requirements, and less expensive than contemporary conventional scrubbers.
Other technical features included the injection of
pulverized limestone directly into the absorber, a device
called an air rotary sparger located within the base of the
absorber, and a novel wastewater evaporation system.
power plant. Although the largest capacity absorber  tpe air rotary sparger combined the functions of agitation

module of its time in the United States, space require- 5,y i gistribution into one piece of equipment to facili-

ments were modest because no spare or backup absorgL 1he oxidation of calcium sulfite to gypsum.

modules were required. The absorber performed three Pure Air also demonstrated a unique gypsum ag-

functions in a single vessel: prequenching, abso’be“”gglomeration process, PowerChipo significantly en-
100% and oxidation of sludge to gypsum. Additionally, the
42 absorber was of a co-current design, in which the flue
S8 gas and scrubbing slurry move in the same direction and

Technology/Project Description
Pure Air built a single SQabsorber for a 528-MWe

hance handling characteristics of AFGD-derived gypsum.

PowerChip is a registered trademark of Pure Air on the Lake, L.P.
Environmental Control Devices



Calendar Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 4|1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 2 3 1 2 3 4 1 2 3 2 3 4 2 3 1 2
9/88 12/89 6/92 6/96

| Preaward Design and Construction Operation

DOE selected project
(CCT-Il) 9/28/88

Cooperative agreement awarded 12/20/89

Environmental monitoring plan completed 1/31/91

NEPA process completed (EA) 4/16/90
Ground breaking/construction started 4/20/90

Design completed 9/92
Construction completed 9/92

Project completed/final report issued 6/96

Operation completed 6/95
Operation initiated 6/92

Preoperational tests initiated 3/92

Results Summary

Environmental

* AFGD design enabled a single 600-MWe absorber
module without spares to remove 95% or morg &0
availabilities of 99.5% when operating with high-

sulfur coals.

cially.

» The wastewater evaporation system (WES) mitigated
expected increases in wastewater generation associated
with gypsum production and showed the potential for

achieving zero wastewater discharge (only a partial-
capacity WES was installed).

» PowerChiffincreased the market potential for AFGD-
derived gypsum by cost effectively converting it to a
product with the handling characteristics of natural

rock gypsum.

Environmental Control Devices

o Operational
» Wallboard-grade gypsum was produced in lieu of solid

waste, and all gypsum produced was sold commer- *

Economic

« Air toxics testing established that all acid gases wereProject Summary

effectively captured and neutralized by the AFGD.  The project proved that single absorber modules of ad-
Trace elements largely became constituents of the  vanced design could process large volumes of flue gas
solids streams (bottom ash, fly ash, gypsum product)and provide the required availability and reliability with-
Some boron, selenium, and mercury passed to the out the usual spares. The major performance objectives
stack gas in a vapor state. were met.

Over the 3-year demonstration, the AFGD unit accu-
) ) ] mulated 26,280 hours of operation with an availability of
AFGD use of co-current, high-velocity flow; integra- 99.5%. Approximately 237,000 tons of S@ere re-

tion ofdf;m(t:)tlo;'s;hz?ndf? gnu:ue ?lrbrlotirytipargelr . moved, with capture efficiencies of 95% or more, and
prove . 9 e highly efiicient, reliable (to the exc USIoMyver 210,000 tons of salable gypsum were produced. The
of requiring a spare module), and compact. The co

ms . . . L.
AFGD continues commercial service, which includes sale

p_act_n_ess, combined with no nee_d for a spare moduleOf all by-product gypsum to U.S. Gypsum’s East Chicago,
significantly reduced space requirements. .
IN, wallboard production plant.

The own-and-operate contractual arrangement )
Environmental Performance

whereby Pure Air took on the turnkey, financing, ) ) )

operating and maintenance risks through performanc-gesung over t.he 3-_ye_ar .penod_clearly estabhshe(_j that

guarantees was successful. AFQP operating W|th|_n its deS|gq parameters (wnhout
additives) could consistently achieve 95%,3&luction

or more with 2.0-4.5% sulfur coals. The design range

» Capital costs and space requirements for AFGD werdor the calcium-to-sulfur stoichiometric ratio was

about half those of contemporary systems.
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1.01-1.07, with the upper value set by gypsum purity ciency of 94%. This was

requirements (i.e., amount of unreacted reagent allowed Exhibit 5-6 attributable to the simple,
in the gypsum). Another key control parameter was the 802 Removal Performance effective design and an
ratio (L/G) of the amount of reagent slurry injected into (100% Boiler Load) effective operating/mainte-
the absorber grid (L) to the volume of flue gas (G). The nance philosophy. Modifi-
design L/G range was 50-128 ga# 0. The lower end cations were also made to
was determined by solids settling rates in the slurry and 100 i 0t the AFGD system. An ex-
the requirement for full wetting of the grid packing. The | _ i ample was the implementa-
high end was determined by where performance leveled ’\:;(,5 T 957 tion of new alloy technology,
out. z H C-276 alloy over carbon

Five coals with differing sulfur contents were se- E B &E 00 steel clad material, to replace
lected for parametric testing to examine,$&noval % 90 Stoichiometric Ratio 1.045 E Liquid-to-Gas Ratio: 76% of Design alloy wallpaper construction
efficiency as a function of load, sulfur content, stoichio- § L w Sulfur Content 2.25% § r m Sulfur Content  2.25% within the absorber tower
metric ratio, and L/G. Loads tested were 33%, 67%, an| ~ [ 0 Sulfur Content 2.75% BT e wet/dry interface. Also, use
100%. High removal efficiencies, well above 95%, at s O Sulfur Content 4.5% [T SefrConent 43 of co-current rather than
loads of 33% and 67% were possible with low to moder . 80— —————— conventional counter-current

%3
S

60 70 80 90 100 1.010 1.025  1.040 1.055 1.070 1.085 1.100

Absorber Recirculation Rate Stoichiometric Ratio
(Moles Calcium/Mole SO, Removed)

ate stoichiometric ratio and L/G settings, even for 4.5% flow resulted in lower pres-
sulfur coal. Exhibit 5-6 summarizes the results of para- sure drops across the ab-
metric testing at full load. sorber and afforded the

In the AFGD procgss, chlorides that would h_ave transport and whether they can handle the gypsum by- . fI(_exibiIity to incr.e_ase gas
been released to the air are captured and potentially be'product. For these reasons, PowerChizhnology was flow without an abrupt drop in removal efficiency. AFGD
come a wastewater problem. This was mitigated by the demonstrated as part of the project. This technology uséssoz capture efficiency with limestone was comparable to
addition of the WES which takes a portion of the waste-a compression mill to convert the highly cohesive AFGDthat in wet scrubbers using lime, which is far more expen-
water stream with high chloride and sulfate levels and gypsum cake into a flaked product with handling charac-Sive' Twenty-four-hour power consumption was
injects it into the ductwork upstream of the ESP. The hoEeristics equivalent to natural rock gypsum. The proceSS5,275 kW, or 61% of expected consumption, and water

. . ! . 0
flue gas evaporated the water and the dissolved solids avoids use of binders, pre-drying or pre-calcining nor- consumption was 1,560 gal/min, or 52% of expected

Werle captu_r(:]d r']n t\r;veEiSP. Perbi!e-TS were ex%erlednced mally associated with briquetting and is 30-55% Cheapeq,onsumpnon.
early on, with the nozzles failing to provide ad- $2.50—$4.10/ton. Economic Performance

equate atom|zat|.on and p',“gg'”g_as weII..Thls was re.- Air toxics testing established that all acid gases are Exhibit 5-7 summarizes capital and levelized current
solved F)y replacing the On.gmal. single-fluid nOZZIGTC’ with effectively captured and neutralized by the AFGD. Tracedollar cost estimates for nine cases with varying plant
dual flid syst?ms employing air as the second fluid. - 1o ments largely become constituents of the solids capacity and coal sulfur content. A capacity factor of 65%
_ Cqmmerual-grade dypsum quality (95.6-99.7%) Wag,eamg (bottom ash, fly ash, gypsum product). Some and a sulfur removal efficiency of 90% were assumed.
maintained throughout testing, even at the lower sultur 1, seleniym, and mercury pass to the stack gas in aThe calculation of levelized cost followed guidelines

concentrations where the ratio of fly ash to sum in- . . . .
. y_ i gyp_ vapor state. established in the Electric Power Research Institute’s
creases due to lower sulfate availability. The primary . .
Technical Assessment Guide.

importance of producing a commercial-grade gypsum isOperational Performance The incremental benefits of the own-and-operate
avoidance of the environmental and economic conse- Availability over the 3-year operating period averaged arrangement, by-product utilization, and emission allow-
quences of disposal. The marketability of the gypsum is 99.5% while maintaining an average S@moval effi- ’ - .

. . ances were also evaluated. Exhibit 5-8 depicts the rela-
dependent upon whether users are in range of economic
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tive costs of a hypo- Pure Air of Manatee, L.P., entered into a contract
Exhibit 5-7 thetical 500-MWe  with Florida Power & Light Company to process 1,600
Estimated Costs for an AFGD System generating unitin ~ MWe of flue gas with two 800-MWe AFGD modules and
the Midwest burning incorporate WES.
Cases: 1 2 3 4 5 6 7 8 9 4.3% sulfur coal
. Contacts
] with a base case - .
Plant size (MWe) 100 100 100 300 300 300 500 500 RO . Don Wmazal, Manager, Contract Administration
conventional FGD
Coal sulfur content (%) 15 30 45 15 30 45 15 30 45 (601) 481-3687
system and four .
Capital cost ($/kW) 193 210 227 111 121 181 86 94 DL, ol oces Pure Air on the Lake, L.P.
Levelized cost ($/ton SP The horizontal lines 7201 Hamilton Boulevard
15-year life 1,518 840 603 720 401 294 536 302 2p3. Exhibit 5-8 sh Allentown, PA 18195-1501
20-year life 1,527 846 607 716 399 294 531 300 2p3 '?] xnioi f S °Wf Lawrence Saroff, DOE/HQ, (301) 903-9483
Levelized cost (mills/kwh) the range of costs for 1< u. Watts, FETC, (412) 892-5991
15-year life 16.39 18.15 1955 7.78 865 954 579 6.52 {.24 fuel-switching
20-year life 16.49 18.28 19.68 7.73 8.62 9.52 574 6.48 7.2Dption. The lower References
bar is the cost of fuel «  Advanced Flue Gas Desulfurization (AFGD) Demon-
o delivered to the stration Project: Final Technical Repoture Air on
EXh|'b|t 5_'8 _ hypothetical Midwest unit and the upper  the Lake, L.P. April 1996.
Flue Gas Desulfurization Economics bar allows for some pIan'F modifications to, Advanced Flue Gas Desulfurization Project: Public
accommodate the compliance fuel. Design ReportPure Air on the Lake, L.P. March
fgorlsg $/10° Btu Commercial Applications 1990.
| plant Modifications 12 AFGD is !oositioned well to compete in  « Comprehensive Report to Congress on the Clean Coal
0 Delivered Fuel the pollution control arena of year 2000 Technology Program: Advanced Flue Gas Desulfur-
w0 + T and beyond. AFGD has markedly reduced jzation (AFGD) Demonstration Projed®ure Air on
cost and demonstrated the ability to com-  the Lake, L.P.) DOE/FE Report No. 0150. U.S.
250 T -+ . . . .
KN o pete with fuel switching under certain Department of Energy. November 1989. (Available
200 T Los circumstances even with a first-generation  from NTIS as DE90004460.)
150 T system. Advances in technology, e'_g" n. Summary of Air Toxics Emissions Testing at Sixteen
o 4 T materials and components, should im- Utility Power Plants Prepared by Burns and Roe
1o, prove costs Tor AFGD. The own-and- Services Corporation for U.S. Department of Energy,
© T ' oper.a.te busllness approach has done much Pittsburgh Energy Technology Center. July 1996.
. . . . to mitigate risk on the part of prospective
o] 0 . . .
A ' B ' c ' D ' E users. High-S@capture efficiency places
500-MWe plant, 30-yr levelized costs, allowance value of $300/ton an AFGD user in the possible position of
Incremental cases: trading allowances or applying credits to
A—Conventional FGD (EPRI model) other units within the utility. WES and
B—AFGD, own-and-operate arrangement PowerChif mitigate or eliminate other-
C_Aggs gypsum Sa:les i o for 909 | wise serious environmental concerns.
D—Adds emission allowance credits at $300/ton, for 90% 18@ova AFGD effectively deals with hazardous air
E—Increases Sgremoval to 95%
pollutants.

Environmental Control Devices
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Environmental Control Devices
SO, Control Technologies

Demonstration of Innovative
Applications of Technology for
the CT-121 FGD Process

Project completed.

Participant
Southern Company Services, Inc.

Additional Team Members

Georgia Power Company—host

Electric Power Research Institute—cofunder

Radian Corporation—environmental and analytical
consultant

Ershigs, Inc.—fiberglass fabricator

Composite Construction and Equipment—fiberglass
sustainment consultant

Acentech—flow modeling consultant

Ardaman—gypsum stacking consultant

University of Georgia Research Foundation—
by-product utilization studies consultant

Location
Newnan, Coweta County, GA (Georgia Power
Company’s Plant Yates, Unit No. 1)

Technology

Chiyoda Corporation’s Chiyoda Thoroughbred-121
(CT-121) advanced flue gas desulfurization (FGD)
process

Plant Capacity/Production
100 MWe

Coals
Illinois No. 5 & No. 6 blend, 2.4% sulfur
Compliance, 1.2% sulfur

Jet Bubbling Reactor is a registered trademark of the Chiyoda
Corporation.
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Project Funding stone FGD reaction, forced oxidation, and gypsum crys-
Total project cost $43,074,996 100% tallization in one process vessel. The process is mechani-
DOE 21,085,211 49  cally and chemically simpler than conventional FGD
Participant 21,989,785 51 processes and can be expected to exhibit lower cost

characteristics.

Project Objective The fi ; q th th bbi |
To demonstrate 90% S@ontrol at high reliability with . e flue gas en_ers undernea © .scru Ing soit-
. . . . tion in the Jet Bubbling Reacfor The SQin the flue
and without simultaneous particulate control; to evaluate

use of fiberglass-reinforced-plastic (FRP) vessels to gas is absorbed and forms calcium sulfite (CA.S@Ir is

o _buhbled into the bottom of the solution to oxidize the
eliminate flue gas reheat and spare absorber modules; and . .

ctalcmm sulfite to form gypsum. The slurry is dewatered
to evaluate use of gypsum to reduce waste managemen > .
costs In a gypsum stack, which involves filling a dyked area

with gypsum slurry. Gypsum solids settle in the dyked
area by gravity, and clear water flows to a retention pond.
The clear water from the pond is returned to the process.

Technology/Project Description

The project demonstrated the CT-121 FGD process,
which uses a unique absorber design known as the Jet
Bubbling Reactdt (JBR). The process combines lime-

Environmental Control Devices



Calendar Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 4|1 2 3 4 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 2 3 4 1 2 3 4 1 2
9/88 4/90 10/92 9/97

| Preaward | Design and Construction Operation

Operation initiated 10/92

. Project completed/final
Construction completed 10/92

Environmental monitoring
report issued 9/97*

plan completed 12/18/90
Design completed 9/92

NEPA process
completed (EA) 8/10/90

Ground breaking/construction
started 8/23/90

DOE selected project Operation completed 12/94

(CCT-Il) 9/28/88 ) _
Preoperational tests initiated 5/92

Cooperative agreement awarded 4/2/90 .
*Projected date

+ Gypsum stacking proved effective for producing wallProject Summary
board/cement-grade gypsum. The CT-121 process differs from the more common spray
tower type of flue gas desulfurization systems in that a

. . single process vessel is used in place of the usual spray
FRP-fabricated equipment proved durable both struc: . . .

’ T tower/reaction tank/thickener arrangement. Pumping of
turally and chemically, eliminating the need for a flue

reacted slurry to a gypsum transfer tank is intermittent.
gas prescrubber and reheat. This allows crystal growth to proceed essentially uninter-
FRP construction combined with simplicity of design rupted resulting in large, easily dewatered gypsum crys-
resulted in 97% availability at low ash loadings and s (conventional systems employ large centrifugal
95% at high ash loadings, precluding the need for a pumps to move reacted slurry causing crystal attrition and
spare reactor module. secondary nucleation).
+ Simultaneous SCand particulate control were The demonstration spanned 27 months, including
achieved at flyash loadings reflective of an ESP with start-up and shakedown, during which approximately
marginal performance. 19,000 hours were logged. Exhibit 5-9 summarizes oper-

ating statistics. Elevated particulate loading included a

short test with the electrostatic precipitator (ESP) com-
Final results are not yet available. However, e"mi”a'pletely deenergized, but the long-term testing was con-
tion of the need for flue gas prescrubbing, reheat, angcted with the ESP partially deenergized to simulate
spare module requirement should resultin capital 5 more realistic scenario, i.e., a CT-121 retrofit to a boiler
requirements far below those of conventional FGD  \yith g marginally performing particulate collection
systems. device. The SQremoval efficiency was measured under

Results Summary

Environmental

- Over 90% SQremoval efficiency was achieved at o OPerational

inlet concentrations of 1,000-3,500 ppm with lime- *
stone utilization over 97%.

* JBR achieved particulate removal efficiencies of
97.7-99.3% for inlet mass loadings of 0.303-1.392 *
Ib/1CF Btu over a load range of 50—-100 MWe.

» Capture efficiency was a function of particle size:

>10 microns—99% capture

1-10 microns—90% capture

0.5-1 micron—negligible capture

<0.5 micron—90% capture Economic

+ Hazardous air pollutant (HAP) testing showed greater
than 95% capture of hydrogen chloride (HCI) and
fluoride (HF) gases, 80—98% capture of most trace
metals, less than 50% capture of mercury and cad-
mium, and less than 70% capture of selenium.
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five different inlet concentrations with coals averaging demonstrated verified that a spare JBR is not required ip a
2.4% and ranging 1.2— 4.3% sulfur (as burned). commercial design offering. Exhibit 5-10
Operating Performance Environmental Performance Soz Removal EﬁICIenCy
Use of FRP construction proved very successful. BecauBahibit 5-10 shows S{removal efficiency as a function
their large size precluded shipment, the JBR and lime- of pressure drop across the JBR for five different inlet 100
stone slurry storage tanks were constructed on site. Exconcentrations. The greater the pressure drop, the gregter
cept for some erosion experienced at the JBR inlet tranghe depth of slurry traversed by the flue gas. As thg SO /’//‘
tion duct, the FRP-fabricated equipment proved to be concentration increased, removal efficiency decreased, 9
durable both structurally and chemically. Because of théut adjustments in JBR fluid level could maintain the Inlet SO
high corrosion resistance, the need for a flue gas pre- efficiency above 90% and, at lower S&ncentration _
scrubber to remove chlorides was eliminated. Similarly,levels, above 98%. Limestone utilization remained aboye : 1000 ppm
the FRP-constructed chimney proved resistant to the  97% throughout the demonstration. 80 v 2200 ppm
corrosive condensates in wet flue gas, precluding the need Long-term particulate capture performance was ry j;gz ppm
for flue gas reheat. tested with a partially deenergized ESP (approximately At Ylt A 3500 ppm l
. o . . . . . e bove yales pm
Availability of the CT-121 scrubber during the low- 90% efficiency) and is summarized in Exhibit 5-11. 70 Deéigﬁ Basis o
ash test phase was 97%. It dropped to 95% under the Analysis indicated that a large percentage of the Al ‘i?fﬁ ;}Jﬁ_éwwe
elevated ash-loading conditions due largely to sparger outlet particulate matter is sulfate, likely a result of acid except 1000 ppm
tube plugging problems precipitated by flyash agglomeranist and gypsum carryover. This reduces the estimate ¢f 6 & 10 12 14 16 18 20
tion on the sparger tube walls during high ash loading ash mass loading at the outlet to approximately 70% of (ifgﬁegfffs‘sgfercé?ﬁ%sn)
when the ESP was deenergized. The high reliability  the measured outlet particulates.
Exhibit 5-9
Operation of CT-121 Scrubber o
P Exhibit 5-11
Low-Ash Elevated-Ash Cumulative PartICU|ate Captu re Performance
Phase Phase for Project (ESP Marginally Operating)
Total test period (hr) 11,750 7,250 19,000
Scrubber available (hr) 11.430 6.310 18.340 JBR Pressure Boiler Inlet Mass Outlet Mass Removal
Serubb na (h 8’ 500 5'210 13’810 Change (inches of Load Loading Loading* Efficiency
crubber operating (hr) : : ' water column) (MWe)  (Ib/10 ©Btu) (Ib/10°Btu) (%)
Scrubber called upon (hr) 8,800 5,490 14,290
o 18 100 1.288 0.02 97.7
Reliability 0.98 0.95 0.96
o 10 100 1.392 0.010 99.3
Availability® 0.97 0.95 0.97
L 18 50 0.325 0.005 98.5
Utilization® 0.73 0.72 0.75
I o 10 50 0.303 0.006 98.0
a  Reliability = hours scrubber operated divided by the hours called upon to operat¢
b Availability = hours scrubber available divided by the total hours in the period *Federal NSPS is 0.03 |b/i8tu for units constructed after September 18, 1978. Plant Yatés
¢ Utilization = hours scrubber operated divided by the total hours in the period permit limit is 0.24 Ib/1®Btu as an existing unit.
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For particulate sizes greater than 10 microns, captuvdth more than 20,000 MWe of coal-fired generating and existing generating capacity by the year 2010. A
efficiency was consistently greater than 99%. In the capacity, is expected to enhance confidence in the CT-120% reduction in SQemissions from only the retrofit
1-10- micron range, capture efficiency was over 90%. process among other large high-sulfur-coal boiler users. portion of this capacity represents more than 10,500,000

Between 0.5 and 1 micron, the particulate removal This process will be applicable to 370,000 MWe of new tons/yr of potential SQcontrol.

dropped at times to negligible values possi- Plant Yates continues to operate with the CT-121

bly due to acid mist carryover entraining scrubber as an integral part of the site’'s CAAA compli-
' - i i Contacts

over 90%. Calculated HAP removals across CT-121 Air Toxics Removal David P. Burford, Project Manager, (205) 992-6329

the CT-121 JBR, based on the measuremer] (JBR Components Only) ' ’ . ’

taken durina the d rati h ) Southern Company Services, Inc.

aken during the demonstration, are shown PO. Box 2625

=
(=]
o

EXh'i't t5-12.|_ 4s handling. th ek Birmingham, AL 35202-2625

1S 10S0lTs hancling, the gypsum stacky o | | | | Lawrence Saroff, DOE/HQ, (301) 903-9483

ing method proved effective in the long term < James U. Watts, DOE/FETC, (412) 892-5991

Although chloride content was initially high ::: ' ' '

in the stack due to the closed loop nature of| 2 AN ] B References

the process (with concentrations often ex- | = P O T = L I e « Final technical, economic, and public design reports
ceeding 35,000 ppm), a year later the chlo- é are expected to be available by September 1997.
ride concentration in T[he gypsum dropped tf @ ;|| — — — — — — — » A Study of Toxic Emissions from a Coal-Fired Power
less than 50_ppr_n, suitable for Wallpoard ang Plant Utilizing an ESP while Demonstrating the CCT
cement applications. The predominant caus 0

CT-121 FGD Project. Final ReportReport No.
DOE/PC/93253-T1. Radian Corporation. June 1994.
(Available from NTIS as DE94016053.)

¢ Comprehensive Report to Congress on the Clean Coal
Technology Program: Demonstration of Innovative
Applications of Technology for the CT-121 FGD Pro-
cess.Southern Company Services, Inc. Report No.
DOE/FE-0158. U.S. Department of Energy. February
1990. (Available from NTIS as DE9008110.)

of the initial high chloride content was attrib- Chloride  Fluoride  Arsenic  Cadmium  Mercury  Selenum  Vanadium
uted to rainwater washing the stack.

Economic Performance
Although the final economic analyses are nqf
yet available, it appears as though CT-121
technology offers significant economic ad-
vantages. FRP construction eliminates the [&
need for prescrubbing and reheating flue galf
High system availability eliminates the need {
for a spare absorber module. Particulate
removal capability precludes the need for
expensive (capital-intensive) ESP upgrades|-
to meet increasingly tough environmental
regulations.

Commercial Applications
Involvement of Southern Company (which
owns Southern Company Services, Inc.),

A The unique Jet Bubbling Reactdcenter) was constructed from
fiberglass-reinforced plastic.
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NO, Control Technology

Nitrogen oxides (NQ) are formed from oxidation
of nitrogen contained within the coal (fuel-bound
nitrogen) and oxidation of the nitrogen in the air at
high temperatures of combustion (thermal NO
Rapid formation of NQat the flame front can occur;
but usually, this reaction of hydrocarbon fragments

with atmospheric nitrogen represents a small fraction fired units (see Exhibit 5-13).

of total NO, emissions. To control fuel-NGorma-

tion, it is important to limit oxygen at the early stages
of combustion. To control thermal N@ is important
to limit peak temperatures.

NO,_was identified both as a precursor to acid
rain, targeted under Title IV of the CAAA, and as a
contributor to ozone formation, targeted under Title
I. Phase | of Title IV, effective in 1995, required
some 169 wall- and tangentially fired coal units to

reduce emissions to 0.50 and 0.45 pound per million|

Btu, respectively. In 2000, Phase Il of Title IV will
come into effect, impacting all fossil-fueled units, but
most of all, the balance of the 900 pre-NSPS coal-
The proposed new
NSPS for NQ emissions reduces the limit for new or
modified utility units to 1.35 pounds per megawatt-

hour, regardless of fuel type, or as an alternate, 0.15
In 1998, the largest sourceSgms

pounds per million Btu.
of NO_in 13 eastern states will be

Exhibit 5-13
Group | and 2 Boiler Statistics

and Phase Il NO . Emission Limits

required to monitor and report their
NO, emissions during ozone season,
and additional rules pertaining to
ozone transport are expected.
Further, final revisions to NAAQS

for ozone drop the limit to 80 parts
per billion over 8 hours. In anticipa-
tion of these stricter NQimits, the

http://www.epa.gov/docs/acidrain/noxfs3.html).

Phase I

No. of NO , Emission Limits
Boiler Types Boilers  (Ib/10 ¢ Btu)
Group 1
Tangentially fired 299 0.40
Dry-bottom, wall-fired 308 0.46
Group 2
Cell burner 36 0.68
Cyclone >155 MWe 55 0.86
Wet-bottom, wall-fired >65 MWe 26 0.84
Vertically fired 28 0.80

Source: Environmental Protection Agency, Nitrogen Oxides Emission Reduct
Program, Final Rule for Phase I, Group 1 and Group 2 Boilers (downloaded fron

CCT Program has sought to provide
a number of NQcontrol options to
cover the range of boiler types and
emission reduction requirements.
Control of NQ emissions can be
accomplished by either modifying
the combustion process or acting
upon the products of combustion (or
combinations thereof). Combustion
modification technologies include
low-NO_burners (LNBs), advanced
overfire air (AOFA), and reburning
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A A portion of ABB Combustion Engineering’s Low-
NO, Concentric Firing System (LNCFS™) is shown being
installed on a tangentially fired boiler.

processes using either gas or coal. Processes used to

act upon flue gas include selective catalytic reduction
(SCR) and selective noncatalytic reduction (SNCR).
LNBs regulate the initial fuel-air mixture,
velocities, and turbulence to create a fuel-rich flame
core and control the rate at which additional air
required to complete combustion is mixed. This
staging of combustion avoids a highly oxidized
environment and hot spots conducive to fuel;ld@d
thermal-NQ formation. LNBs alone typically can
achieve 40-50 percent N@duction. But no LNBs
have been developed for cyclone-fired boilers.
AOFA involves injection of air above the primary
combustion zone to allow the primary combustion to
occur without the amount of oxygen needed for
complete combustion. This oxygen deficiency
mitigates fuel-NQformation. AOFA injected at high

Environmental Control Devices



Exhibit 5-14
CCT Program NO Control Technology Characteristics
Boiler Size/ NO | Fact

Project Process Type Reduction Sheet

Demonstration of Coal Reburning for Cyclone Coal reburning—30% heat input 100 MWe/cyclone 52-62% 5-32

Boiler NO, Control

Evaluation of Gas Reburning and Low-N®urners LNB/gas reburning/AOFA—13-18% gas heat input 172 MWe/wall 37-65% 5-40

on a Wall-Fired Boiler

Micronized Coal Reburning Demonstration Coal reburning—30% heat input 148 MWe/tangential 50-60% (goal) 5-44

for NO, Control 50 MWe/cyclone

Full-Scale Demonstration of Low-N@ell Burner LNB—separation of coal and air ports on plug-in unit 605 MWe/cell burner 48-58% 5-36

Retrofit

Demonstration of Advanced Combustion Techniques LNB/AOFA—advanced LNB with separated AOFA 500 MWe/wall 50% (goal) 5-46

for a Wall-Fired Boiler and artificial intelligence controls

180-MWe Demonstration of Advanced Tangentially LNB/AOFA—advanced LNB with close-coupled 180 MWe/tangential 37-45% 5-52

Fired Combustion Techniques for the Reduction of NOand separated overfire air

Emissions from Coal-Fired Boilers

Demonstration of Selective Catalytic Reduction SCR—eight catalysts with different shapes and 8.7 MWel/various 80% 5148

Technology for the Control of NGEmissions chemical compositions

from High-Sulfur-Coal-Fired Boilers
velocity creates turbulent mixing to complete the rather than oxidizing zone). N@ntering this zoneis  applied attemperatures between 600-800 °F. General-
combustion in a gradual fashion at lower temperaturestripped of oxygen, forming elemental nitrogen. ly, SNCR and SCR systems alone can achieve NO
to mitigate thermal-Nformation. Usually, AOFA is Combustion is completed in a burnout zone where air emission reductions of 30-50 percent and 80-90+
used in combination with LNBs, but alone, AOFA can is injected by an AOFA system. Reburning has percent, respectively.
achieve 10-25 percent N@mission reductions. application to all boiler types, including cyclone Under the CCT Program, seven Néantrol
LNB/AOFA systems generally can achieve NO boilers, and can achieve N@mission reductions of  technologies were addressed, encompassing LNBs,
emission reductions of 60-67 percent. 50-67 percent. AOFA, reburning, SNCR, SCR, and combinations

In reburning, a percentage of the fuel input to the SCR and SNCR can be used alone or in combi- thereof. Five of the projects have been completed, one
boiler is diverted to injection ports above the primary nation with combustion modification. These process-is nearing completion, and one is in construction.
combustion zone. Either gas or coal is typically used ass use ammonia or urea in a reducing reaction with Exhibit 5-14 briefly summarizes the characteristics
the reburning fuel to provide 10-30 percent of the heaNO, to form elemental nitrogen and water. SNCR  and performance of the technologies that are de-
input to the boiler. The reburning fuel is injected to  can only be used at high temperatures (1,600—-2,200 °Bgribed in more detail in the project fact sheets.
create a fuel-rich zone deficient in oxygen (a reducing where a catalyst is not needed. SCR is typically
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Environmental Control Devices
NGO, 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 lllinois, Department of Energy and Natural
Resources—cofunder

Utility companies (14 cyclone boiler operators)—
cofunders

Location

Cassville, Grant County, WI (Wisconsin Power and Light

Company’s Nelson Dewey Station, Unit No. 2)

Technology
The Babcock & Wilcox Company’s coal-reburning
system, Coal Reburn

Plant Capacity/Production
100 MWe

Coals
lllinois Basin bituminous (Lamar), 1.15% sulfur,
1.24% nitrogen

Powder River Basin (PRB) subbituminous, 0.27% sulfurequivalent fuel input to the boiler and slightly less than

0.55% nitrogen

Project Funding

Total project cost $13,646,609 100%
DOE 6,340,788

Participant 7,305,821 54
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BOILER

ELECTROSTATIC
PRECIPITATOR

OVERFIRE
AR —
COAL REBURN AR
BURNERS PREHEATER
A'ﬁ STACK

PULVERIZED —*
COAL

—_—
T
AIR PRIMARY
“— AR

MAIN CYCLONE m

COMZ%J,f’ET ION BURNER
DRY WASTE TO DISPOSAL
WATER

SLAG TO DISPOSAL

Project Objective with the resultant reducing flue gas and is converted into
To demonstrate the technical and economic feasibility ofitrogen in this zone. The completion of the combustion
achieving greater than 50% reduction in Nfnissions process occurs in the third zone, called the burnout zone,
with no serious impact on cyclone combustor operation,where the balance of the combustion air is introduced.
boiler performance, or other emission streams. Coal Reburn can be applied with the cyclone burners
e W o e s
Babcock & Wilcox Coal Reburn reduces Ni@ the fur- ' y d any .

. . reburn on the cyclone combustor and boiler performance.
nace through the use of multiple combustion zones. The This proiect involved retrofitting an existin
main combustion zone uses 70-80% of the total heat- 'S project inv V . Ting X! . o

100-MWe cyclone boiler that is representative of a large

normal combustion air input. The balance of the coal population of cyclone units.

(20-30%), along with significantly less than the theoreti-
cally determined requirement of air, is fed to the reburning
zone above the cyclones to create an oxygen-deficient
condition. The NOformed in the cyclone burners reacts
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Calendar Year

1988
3 4|1 2 3 4|1 2 3 4|1 2 3 4

1998

9/88
| Preaward

4/90
| Design and Construction

12/91

DOE selected project
(CCT-Il) 9/28/88

Cooperative agreement
awarded 4/2/90

Operation
initiated 12/91

Construction completed 11/91

Preoperational tests initiated 11/91

Environmental monitoring plan completed 11/18/91
Design completed 6/91

NEPA process completed (EA) 2/12/91

Ground breaking/construction started 11/90

3/94
Operation
Project completed/final report issued 3/94
Operation

completed 12/92

Results Summary .

Environmental

+ Coal Reburn achieved greater than 50% R@uction
at full load with Lamar bituminous and PRB subbitu-
minous coals.

» Reburn-zone stoichiometry had the greatest effect on
NO, control.

(]
» Gas recirculation was vital to maintaining reburn-zone
stoichometry while providing necessary burner cool-
ing, flame penetration, and mixing.

» Opacity levels and electrostatic precipitator (ESP)
performance were not affected by Coal Reburn with |
either coal tested.

» Optimal Coal Reburn heat input was 29-30% at full
load and 33—-35% at half to moderate loads.
Operational

* No major boiler performance problems were experi-
enced with Coal Reburn operations.

Environmental Control Devices

Boiler turndown capability was 66%, exceeding the Economic
50% goal. .

ESP efficiency improved slightly during Lamar coal
testing and did not change with PRB coal.

Capital costs for 110- and 605-MWe plants were
$66/kW and $43/kW, respectively. Levelized 10- and
30-year busbar power costs for a 110-MWe plant were

Coal fineness levels above the nominal 90% through 2.4 and 2.3 mills/kWh, respectively. Levelized 10-

200 mesh were maintained, reducing unburned carbon and 30-year busbar power costs for a 605-MWe plant
losses (UBCL). were 1.6 and 1.5 mills/lkWh, respectively.

UBCL was the only major contributor to boiler effi-
ciency loss, which was 0.1%, 0.25%, and 1.5% at
loads of 110-, 82-, and 60-MWe, respectively, when
using Lamar coal. With PRB coal, the efficiency loss
ranged from zero at full load to 0.3% at 60 MWe.

Superior flame stability was realized with PRB coal,
contributing to better NQcontrol than with Lamar
coal.

Expanded volumetric fuel delivery with reburn burners
enabled switching to PRB low-rank coal without
boiler derating.
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Project Summary

boilers are targeted for N@eduction under the CAAA

and state implementation plans. However, at the time ofvell within expected levels, and emissions with Coal
this demonstration, there was no cost-effective combustBeburn were comparable to baseline operation. No ma

modification available for NOcontrol.

Babcock & Wilcox Coal Reburn offers an economicible. None of the 16 targeted polynuclear aromatic sem
and operationally sound response to the environmental volatile organics (controlled under Title Il of CAAA) was

impetus. This technology avoids cyclone combustor

modification and associated performance complications1.2 parts per billion.

and provides an alternative to other cyclone boilef-NO
control options having relatively higher capital and/or
operating costs.

The majority of the testing was performed firing

the most critical factor in changing N@missions levels.
Although cyclone boilers represent only 15% of the pre-The reburn-zone stoichiometry can be varied by alternatgs
NSPS coal-fired generating capacity, they contribute 21989 the air flow quantities (oxygen availability) to the
of the NQ formed by pre-NSPS coal-fired units. This is reburn burners, the percent reburn heat input, the gas
due to the cyclone combustor’s inherent turbulent, high-recirculation flow rate, or the cyclone stoichiometry.
temperature combustion process. Consequently, cyclone

Hazardous air pollutant (HAP) testing was performe
using Lamar test coal. HAP emissions were generally

effect of reburn on trace-metals partitioning was discern

present in detectable concentrations, at a detection limit®8

A Wisconsin Power and Light Company’s Nelson Dewey
Station hosted the successful demonstration of Coal Reburn.
Operational Performance

For Lamar coal, the full-, medium-, and low-load UBCL During Coal Reburn operation with Lamar coal, the
were 0.1%, 0.25%, and 1.5% higher, respectively, than teerators continually monitored boiler internals for in-
baseline. Full-, medium-, and low-load UBCL with PRB creased ash deposition and the on-line performance moni-

Illinois Basin bituminous coal (Lamar), asitis typlcal of C_Oal were 0.0%, 0.2%, and 0.3% higher, respectively, thwﬂng System for heat transfer Changes_ At no time

the coal used by many utilities operating cyclones. SUblﬂ’fe baseline. Coal Reburn burner flame stability im-
tuminous PRB coal tests were performed to evaluate th%roved with PRB coal

throughout the system optimization or long-term opera-
tion period were any slagging or fouling problems ob-

effect of coal switching on reburn operation. Wisconsin

Power and Light’s strategy to meet Wisconsin’s sulfur

E)rwsssljﬁzrhg:?tlons as of January 1, 1993, was to fire Exhibit 5-15
' Coal Reburn Test Results

Environmental Performance
Three sequences of testing of Coal Reburn used Lamar| Boiler Load
coal. Parametric optimization testing was used to set up 110 MWe 82 MWe 60 MWe
the automatic controls. Performance testing was run wifh
the unit in full automatic control at set load points. Long- Lamar coal
term testing was performed with reburn in operation NO, (Ib/10° Btu/% reduction)  0.39/52 0.36/50 0.44/36
while the unit followed system load demand require- Boiler efficiency lossesdueto 0.1 0.25 1.5
ments. PRB coal was tested by parametric optimizatior] Unburned carbon (%)
and performance modes. Exhibit 5-15 shows changes in Powder River Basin coal
NO, emissions and boiler efficiency using the reburn NO, (Ib/1°Btu/% reduction) 0.34/55 0.31/52 0.30/53
system for various load conditions and coal types. Boiler efficiency losses due 0.0 0.2 0.3

Coal Reburn tests on both the Lamar and PRB coals to unburned carbon (%)
indicated that variation of reburn-zone stoichiometry was
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served. In fact, during scheduled out-
ages, internal boiler inspections re-
vealed that boiler cleanliness had actu-
ally improved. Extensive ultrasonic
thickness measurements were taken of
the furnace wall tubes. No observable
decrease in wall tube thickness was
measured.

Another significant finding was
that Coal Reburn minimizes and possi-
bly eliminated a 0—25% derating nor-
mally associated with switching to
subbituminous coal in a cyclone unit.
This derating was a result of using a
lower Btu fuel in a cyclone with a
limited coal feed capacity. The reburn
system transferred about 30% of the

Environmental Control Devices



take into account any fuel savings from use of low-rank
coal. The pulverizers and associated coal handling were
taken into account. Site-specific parameters that can
significantly impact these retrofit costs included the statg

of the existing control system, availability of flue gas
recirculation, space for coal pulverizers, space for reburi

burners and overfire air ports within the boiler, scope of
coal-handling modification, sootblowing capacity, ESP

capacity, steam temperature control capacity, and boiler
circulation considerations.

Commercial Applications
Coal Reburn is a retrofit technology applicable to a widg
range of utility and industrial cyclone boilers. The cur-
rent U.S. Coal Reburn market is estimated to be approx|
mately 26,000 MWe and to consist of about 120 units
ranging from 100 to 1,750 MWe with most in the

Exhibit 5-16
Coal Reburn Economics
Plant Size
' Costs 110 MWe 605 MWe
Total capital cost ($/kW) 66 43
Levelized busbar power
cost (mills/lkwh)
10-year life 2.4 1.6
30-year life 2.3 15
Annualized cost
($/ton of NQ removed)
" 10-year life 1,075 408
30-year life 692 263

100-300-MWe range.

sin Power and Light for commercial use.

Contacts
Tony Yagiela, (216) 829-7403
The Babcock & Wilcox Company

A The coal pulverizer is part of Babcock & Wilcox Coal 1562 Beeson Street
Reburn. This system has been retained by Wisconsin Power Alliance, OH 44601

and Light for NQ emission control at the Nelson Dewey Lawrence Saroff, DOE/HQ, (301) 903-9483
Station. John C. McDowell, FETC, (412) 892-6237
coal feed out of the cyclone to the reburn burners, bringroterences

ing the cyclone feed rate down to a manageable level,
while maintaining full-load heat input to the unit.

Demonstration of Coal Reburning for Cyclone Boiler
NOQ, Controkt Final Project Report.Report No. DOE/
PC/89659-T16. The Babcock & Wilcox Company.
An economic analysis of total capital and levelized rev-  February 1994. (Available from NTIS as

enue requirements was conducted using the “Electric DE94013052, Appendix 1 as DE94013053,

Power Research Institute Economic Premises” for retrofit Appendix 2 as DE94013054.)

of 110- and 605-MWe plants. In addition, annualized
costs per ton of NOremoved were developed for 110- Boiler NO Control. The Babcock & Wilcox Com-
and 605-MWe plants over both 10 and 30 years. The pany. Auxgust 1991. (Available from NTIS as
results of these analyses are shown in Exhibit 5-16. TheseDE92012554_)

values assumed typical retrofit conditions and did not

Economic Performance

Public Design Report: Coal Reburning for Cyclone

Environmental Control Devices

The project technology has been retained by Wiscon-

Comprehensive Report to Congress on the Clean Coal
Program: Demonstration of Coal Reburning for Cy-
clone Boiler NQControl (The Babcock & Wilcox
Company). Report No. DOE/FE-0157. U.S. Depart-
ment of Energy. February 1990. (Available from

NTIS as DE90008111.)
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Environmental Control Devices
NGO, Control Technologies

Full-Scale Demonstration of
Low-NOX 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 System—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-N@ell burner
(LNCB®) system

Plant Capacity/Production
605 MWe

Coal
Bituminous, medium sulfur

Project Funding

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

Project Objective
To demonstrate, through the first commercial-scale full
burner retrofit, the cost-effective reduction of N@m a
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large baseload coal-fired utility boiler with LNECBech-  gen compounds are converted to nitrogen gas, and the
nology; to achieve at least a 50% N@duction without  reduced flame temperature minimizes the formation of
degradation of boiler performance at less cost than thattbérmal NQ.

conventional low-NQburners. The demonstration was conducted on a Babcock &
Wilcox-designed, supercritical, once-through boiler
0?quipped with an electrostatic precipitator (ESP). This
irunit, which is typical of cell burner boilers, contained 24
two-nozzle cell burners arranged in an opposed-firing
configuration. Twelve burners (arranged in two rows of

€s. .
six burners each) were mounted on each of two opposing

Technology/Project Description
The LNCB® technology replaces the upper coal nozzle
the standard two-nozzle cell burner with a secondary a
port. The lower burner coal nozzle is enlarged to the
same fuel input capacity as the two standard coal nozzl
The LNCB® operates on the principle of staged combus
. P . P P . " walls of the boiler. All 24 standard cell burners were
tion to reduce NQemissions. Approximately 70% of the )

. . X o . removed, and 24 new LNCRBvere installed. Alternate
total air (primary, secondary, and excess air) is supplied

. LNCB® on the bottom rows were inverted, with the air
through or around the coal-feed nozzle. The remainder ort then beind on the bottom o ensure complete com
of the air is directed to the upper port of each cell to P 9 P

. .._bustion in the lower furnace.
complete the combustion process. The fuel-bound nitro-

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

Environmental Control Devices



Calendar Year

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

initiated 12/91

Construction completed 11/91
Preoperational tests initiated 11/91

NEPA leted (MTF) 8/10/90
process completed ( ) Ground breaking/construction started 9/91

Environmental monitoring plan
completed 8/9/91

Cooperative agreement
awarded 10/11/90

Design completed 10/90

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 4|11 2 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 2 3 4|1 2 3 4| 1 2
12/89 10/90 Design and 12/91 12/95
| Preaward | Construction Operation
A A
Project completed/final report issued 12/95
Operation Operation completed 4/93

Results Summary Operational

Environmental Unit efficiency remained essentially unchanged.

Unburned carbon losses (UBCL) increased by appro
mately 28% for all tests, but boiler efficiency loss wa
offset by a decrease in dry gas loss due to a lower
boiler economizer outlet gas temperature.

Short-term optimization testing (all mills in service)
showed NQreductions in the range of 53.0-55.5%,
52.5-54.7%, and 46.9-47.9% at loads of 605 MWe,
460 MWe, and 350 MWe, respectively.

Long-term testing at full load (all mills in service)
showed an average N@duction of 58% (over
8 months).

Boiler corrosion with LNCB was roughly equivalent
to boiler corrosion rates prior to retrofit.

Economic

Long-term testing at full load (one mill out of service). Capital cost for a 600-MWe plant was $9/kW (1994$)
showed an average N@duction of 60% (over

8 months).

Levelized cost for a 600-MWe plant was estimated at

0.284 mills/kWh and $96.48/ton of N@moved.
CO emissions averaged 28-55 ppm at full load with

LNCB® in service.

Fly ash increased, but ESP performance remained
virtually unchanged.

Environmental Control Devices

S

Project Summary
Utility boilers equipped with cell burners currently com-

)g[ise 13% or approximately 23,000 MWe of pre-NSPS

coal-fired generating capacity. Cell burners are designed
for rapid mixing of the fuel and air. The tight burner
spacing and rapid mixing minimize the flame size while
maximizing the heat release rate and unit efficiency.
Combustion efficiency is good, but the rapid heat release
produces relatively large quantities of NO

To reduce NQemissions, the LNCBhas been

designed to stage mixing of the fuel and combustion air.

A key design criterion was accomplishing delayed fuel-air

mixing with no modifications to waterwall panels. A
plug-in design reduces material costs and outage time
required to complete the retrofit, compared to installing
conventional, internally staged low-N@urners. LNCB
provides a lower cost alternative to address M@uction
requirements for cell burners.
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Average NQreduction at
intermediate load (about
460 MWe) ranged from 52.5% to
54.7%. At low loads (about
350 MWe), average NQeduction
ranged from 46.9% to 47.9%.

NO,_emissions were moni-
tored over the long-term at full
load for all mills in service and
one mill out of service. Each test
spanned an 8-month period. NO
emission reductions realized were
58% for all mills in service and
about 60% for one mill out of
service.

Complications arose in as-
sessing CO emissions relative to
baseline because baseline calibra-
A Dayton Power and Light Company’s J.M. Stuart Plant hosted the successful tion was not refined enough.
demonstration of LNCBtechnology. However, accurate measurements
were made with LNCBin ser-

Environmental Performance . .
- . . . . vice. CO emissions were corrected to 3.0%aad mea-
The initial LNCB® configuration resulted in excessive CO

o . ) sured at full, intermediate, and low loads. The range of
and HS emissions. Through modeling, a revised con-

fiquration was devel d to addr the problem with CO emissions at full load with all mills in service was
guration was developed fo address the proble 0 8-55 ppm and 20-38 ppm with one mill out of service.

compromising boiler performance. The modification wag,, intermediate loads (about 460 MWe), CO emissions

Incorporate_d and vallda_ted deeI Capablll_tles. . were 28-45 ppm and at low loads (about 350 MWe), A The LNCP’ is viewed from within the boiler.
Following parametric testing to establish optimal 5-27 ppm

operating modes, a series of optimization tests were con- ~ L L oo minimally impacted. Th Operational Performance
ducted on the LNCBto assess environmental and opera- - '""Eurnace exit gas temperature, or secondary superheater

. . o
tional performance. Two sets of measurements were LNCB? had litte effect on flyash resistivity, largely due ;o temperature, initially decreased by 100 °F but even-

taken, one by Babcock & Wilcox and the other by an o SC.% injection, ?nd theref(?re ESP removgl efflc!e.ncy. tually rose to within 10 °F of baseline conditions.
. ' . remained very high. Baseline ESP collection efficiencies
independent company, to validate data accuracy. Cons?- . S . .

or full load with all mills in service, full load with one

guently, the data provided is a range reflecting the two
measurements.
The average NCemissions reduction achieved at

The UBCL increased by approximately 28% for all
tests. The most significant increase from baseline data

mill in service, and intermediate load with one mill out Ofoccurred for a test with one mill out of service. A 52%

i 0, 0, 0 I
service were 99'5/?’_ 99'4_9 %, and 99.81%, rESpec_t'Vely'increase in UBCL resulted in an efficiency loss of 0.69%.
For the same conditions, in the same sequence with

i ills i i 0 Boiler efficiency showed very little change from
full load with all mills in service ranged from 53.0% to LNCB® in operation, ESP collection efficiencies were Yy y 9

55.5%. With one mill out of service at full load, the ) baseline. The average for all mills in service increased by
! 0, 0 0,
average NQreduction ranged from 53.3% to 54.5%. 99.43%, 99.12%, and 99.35%, respectively. 0.16%. The higher post-retrofit efficiency was attributed
to a decrease in dry gas loss with lower economizer gas
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outlet temperature (and subsequent lower air heater gafontacts
outlet temperature), offsetting UBCL and CO emission Tony Yagiela, (216) 829-7403
losses. Also, increased coal fineness mitigated UBCL.  The Babcock & Wilcox Company

Because sulfidation is the primary corrosion mecha- 1562 Beeson Street
nism in substoichiometric combustion of sulfur-contain-  Alliance, OH 44601
ing coal, HS levels were monitored in the boiler. After Lawrence Saroff, DOE/HQ, (301) 903-9483
optimizing LNCB® operation, levels were largely at the John C. McDowell, FETC, (412) 892-6237
lower detection limit. There were some higher local

. ) . References
readings, but corrosion panel tests established that corro-
sion rates with LNCB were roughly equivalent to pre-
retrofit rates.

Ash sample analyses indicated that ash deposition
would not be a problem. The LNCBsh was little dif-
ferent from baseline ash. Furthermore, the small varia-*
tions observed in furnace exit gas temperature between
baseline and LNCBindicated little change in furnace
slagging. Start-up and turndown of the unit were unaf-
fected by conversion to LNCB

Final Report: Full-Scale Demonstration of Low-NO
Cell Burner Retrofit. Report No. DOE/PC/90545-T2.
The Babcock & Wilcox Company. December 1995.
(Available from NTIS as DE96003766.)

Public Design Report: Full-Scale Demonstration of
Low-NQ, Cell Burner Retrofit Report No. DOE/PC/
90545-T4. The Babcock & Wilcox Company. August
1991. (Available from NTIS as DE92009768.)

Economic Performance
The economic analyses were performed for a 600-MWe
nominal unit size and typical location in the midwest
United States. A medium-sulfur, medium-volatile bitu-
minous coal was chosen as the typical fuel. For a
baseline NQemission level of 1.2 Ib/2Btu and a 50%
reduction target, the estimated capital cost was $9/kW
(1994%). The levelized cost of electricity was estimated
at 0.284 mills/kWh or $96.48/ton of N@emoved.

Commercial Applications
The low cost and short outage time for retrofit make the
LNCB® design the most cost-effective Nebntrol tech- [l
nology available today for cell burner boilers. The
LNCB® system can be installed at about half the cost a
time of other commercial low-NGurners. Dayton
Power & Light has retained the LNCBEor use in com-
mercial service. There have been eight commercial sal
of LNCB®.

Comprehensive Report to Congress on the Clean Coal
Technology Program: Full-Scale Demonstration of
Low-NQ Cell-Burner Retrofit. The Babcock & Wil-

cox Company. Report No. DOE/FE-0197P. U.S.
Department of Energy. July 1990. (Available from
NTIS as DE90018026.)

A The connections to the LNCBre viewed from outside the boiler.

Environmental Control Devices
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Environmental Control Devices
NGO, Control Technologies

Evaluation of Gas Reburning
and Low-NO . Burners on a
Wall-Fired Boller

Project completed.

Participant
Energy and Environmental Research Corporation

Additional Team Members
Public Service Company of Colorado—cofunder and hos
Gas Research Institute—cofunder

Colorado Interstate Gas Company—cofunder
Electric Power Research Institute—cofunder
Foster Wheeler Energy Corp.—technology supplier

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

Technology

BOILER

ECONOMIZER

OVERFIRE AIR —» [
BAGHOUSE

NATURAL GAS —— [
RECIRCULATED

FLUE GAS STACK
WINDBOX —
N
! i =
LOW-NO, / m
BURNERS

TO DISPOSAL

ASH

Energy and Environmental Research Corporation’s
gas-reburning (GR) system
Foster Wheeler Energy Corp.’s low-NGurners (LNB)

Plant Capacity/Production
172 MWe

Coal
Western bituminous, 0.35-0.66% sulfur

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 gf NO
from an existing wall-fired utility boiler firing low-sulfur
coal using both gas reburning and low-Nfdrners
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A series of parametric tests were performed on the
gas reburning system, varying operational control param-
eters, and assessing the effect on boiler emissions, com-

fpleteness of combustion (carbon-in-ash), thermal effi-
Icr%ency, and heat rate. A 1-year long-term testing program
was performed in order to judge the consistency of system
outputs, assess the impact of long-term operation on the
boiler equipment, gain experience in operating GR-LNB
in a normal load-following environment, and develop a
database for use in subsequent GR-LNB applications.
Both first- and second-generation gas-reburning tests were

Egrformed.

(GR-LNB); and to assess the impact of GR-LNB on
boiler performance.

Technology/Project Description

Gas reburning involves firing natural gas (up to 25% o
total heat input) above the main coal combustion zone
a boiler. This upper-level firing creates a slightly fuel-
rich zone. NQdrifting upward from the lower region of
the furnace is “reburned” in this zone and converted to
molecular nitrogen. Low-NCburners positioned in the
coal combustion zone retard the production of QD
staging the burning process so that the coal-air mixture
can be carefully controlled at each stage. The synergis
effect of adding a reburning stage to wall-fired boilers
equipped with low-NQburners was intended to lower
NO, emissions by up to 70%. Gas reburning was dem-
onstrated with and without the use of recirculated flue

gas and with optimized overfire air.
Environmental Control Devices



Calendar Year

1988
3 4|1 2 3 4|1 2 3 4|1 2 3 4

1998

12/89 10/90

Design and Construction

10/92 8/97

Operation

| Preaward |

A A AA

Operation initiated 10/92
Preoperational tests initiated 6/92
Construction completed 6/92
Design completed 8/91
Ground breaking/construction started 6/91
Cooperative agreement awarded 10/13/90
NEPA process completed (MTF) 9/6/90
Environmental monitoring plan completed 7/26/90
DOE selected project (CCT-I1l) 12/19/89

Operation completed 1/95

Long-term operations started 4/93

Restoration
completed 11/95

Project completed/final
report issued 8/97*

*Projected date

Results Summary

Environmental

Operational
 Boiler efficiency decreased by approximately 1.0%.

¢ There was no measurable boiler tube wear and only

LNB alone achieved a 37% N@eduction. _
small amount of slagging.

First-generation GR, which incorporated flue gas
recirculation, in combination with LNB achieved a
65% NQ reduction at an 18% gas heat input rate.

Economic

Capital cost for GR was approximately $15/kwW

Second-generation GR, without flue gas recirculation,

in combination with LNB achieved 64% N@educ- 100-MWe plants or larger.

Project Summary

The demonstration established that GR-LNB offers a
5ost-effective option for deep N@eduction on wall-fired
boilers. GR-LNB NQcontrol performance approached
that of selective catalytic reduction (SCR) but at signifi-
cantly lower cost. SCR typically achieves 70-80% NO
reduction at capital costs in the range of $100-$150/kW

(1993$) plus the gas pipeline cost, if not in place, for for retrofit applications. GR-LNB achieved 60-70% NO

reduction at a capital cost of approximately $35-$45/kW

tion at 13% gas heat input. .

Both first- and second-generation GR with LNB were
capable of reducing N@missions by up to 70%.

After modifying the overfire air system to enhance
penetration and turbulence (as part of second-genera-
tion GR), CO emissions were controlled to acceptable
levels at low gas heat input rates (5—-10%).

SO, emissions and particulate loadings were reduced
by the percentage heat input supplied by GR.

Environmental Control Devices

Operating costs were related to the gas/coal cost dif-(derived from GR capital cost of $15/kW according to the

ferential and the value of S@mission allowances
(because GR reduces sSénissions when displacing
coal).

demonstration and $20-30/kW for low-NBurners
according to the literature). The importance of cost-
effective technology for deep N@eduction is reflected

in ongoing deliberations on the need for N@duction in
ozone nonattainment areas beyond what is currently pro-
jected in Title 1V of the CAAA. Title | of the CAAA

deals with ozone nonattainment and is currently the driv-
ing force for deep NOreduction in many regions of the
country.
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GR-LNB was installed and evaluated on a 172-MWenvironmental Performance
(gross) wall-fired boiler—a balanced-draft pulverized- At a constant load (150 MWe) and a constant oxygen
coal unit supplied by Babcock & Wilcox. The GR sys- level at the boiler exit, both N@&nd SQemissions de-
tem, including an overfire air system, was designed andcreased when natural gas was introduced in the GR opgra-
installed by Energy and Environmental Research Corpotion. In general, the NGemissions were reduced with

Exhibit 5-17

NO _Data from Cherokee

Station, Unit 3

ration. The LNBs were designed and installed by Fostemcreasing gas heat input. At gas heat inputs greater th
Wheeler Energy Corp. 10%, NQ emissions were reduced marginally as gas hesat

GR Generation

Parametric testing was begun in October 1992 andinput increased. Natural gas also reducegeB@ssions First Second
completed in April 1993. The parametric tests were  in proportion to the gas heat input. At Cherokee Station;
conducted by changing the process variables (such as low-sulfur (0.35-0.66%) coal was used, and typica) SO | Baseline (Ib/10Btu) 0.73 0.73
zone stoichiometric ratio, percent gas heat input, percer@missions were 0.65 Ib/ABtu. With a gas heat input of Avg NO, reduction (%)
overfire air, and load) and the effects of these variables 200, SQemissions decreased by 20% to 0.52 IbAiD. LNB 37 37
NO, reduction, SQreduction, CO emissions, carbon-in- The CQemissions were also reduced as a result of GR-LNB 65 64
ash, and heat rates were analyzed. The baseline conditismg natural gas because it has a lower carbon-to-hydrp- Avg gas heat input (%) 18 13
of the LNB was also established. gen ratio than coal. At a gas heat input of 20%, the CO

emissions were reduced by 8%.

Long-term testing was initiated in April 1993 and
completed in January 1995. The objectives of the test
were to obtain operating data over an extended period

determine the effect of GR—LNB operation on the unit,

The removal of the flue gas recirculation system re-
quired installation of high-velocity injectors, which
made greater use of available natural gas pressure. *
(This modification reduced natural gas usage and thus

A A worker inspects the support ring for the Foster
Wheeler low-NQ burner installed in the boiler wall.
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< Natural gas injection was optimized at 10% gas heats Gas availability at the site
input compared to the initial design value of 18%. . Gas/coal cost differential

SO, removal requirements

Value of SQ emission credits

Environmental Control Devices

Overfire air ports were modified to provide higher jet
momentum, especially at low total flows.
Over 4,000 hours of operation were achieved, with

when the unit was under routine commercial service, the results as shown in Exhibit 5-17.
Although the NQ reduction performance of LNB

and obtain incremental maintenance and operating cost&37% NQ reduction) was less than the expected 45%, the

with GR. overall objectives of the demonstration were met. Boiler
During long-term testing, it was determined that flueefficiency decreased by only 1% during gas reburning due
gas recirculation had minimal effect on N@nissions. to increased moisture in the fuel resulting from natural

A second series of tests were added to the projectto  9as use. Further, there was no measurable tube wear, and

evaluate a modified or second-generation system. ModRnly small amounts of slagging occurred during the
fications are summarized below: GR-LNB demonstration.

« The flue gas recirculation system, originally designedEconomic Performance
to provide momentum to the natural gas, was removeaR—LNB is a retrofit technology in which the costs are
(This change significantly reduced capital costs.) dependent on the following site-specific factors:

Based on the demonstration, GR—LNB is expected to
operating costs.) achieve at least 60% N@ontrol with a gas heat input of
10-15%. The capital cost estimate for a 100-MWe or




larger installation was about $15/kW (1993$) plus gas
pipeline costs, if required. Operating costs were almost
entirely related to the differential cost of natural gas and
coal as reduced by the value of the, 8@ission credits
received due to absence of sulfur in the gas. R

Commercial Applications

Public Service Company of Colorado, the host utility,

decided to retain the low-N®urners and the gas-

reburning system for immediate use; however, a restora-

tion was required to remove the flue gas recirculation

system. .
Current estimates indicate that about 35 existing

wall-fired utility installations, plus industrial boilers,

could make immediate use of this technology. The tech-

nology can be used in retrofit, repowering, or greenfield

installations. There is no known limit to the size or scope ber 1990. (Available from NTIS as DE9100253.)

of the application of this technology combination.

GR-LNB is expected to be less capital intensive, or
less costly, than a scrubber, selective catalytic reduction,
or other technologies. GR-LNB functions equally well
with any kind of coal.

Contacts

Blair A. Folsom, Senior Vice President, (714) 859-8851
Energy and Environmental Research Corporation
18 Mason
Irvine CA 92718

Lawrence Saroff, DOE/HQ, (301) 903-9483

Jerry L. Hebb, FETC, (412) 892-6079
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» Evaluation of Gas Reburning and Low N&urners
on a Wall-Fired Boiler (Optimization Testing, Novem-
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ber 1992—April 1993).Report No. DOE/PC/90547-
T19. Energy and Environmental Research Corpora-
tion. June 1995. (Available from NTIS as
DE95017754.)

Reduction of NOand SQ Using Gas Reburning,
Sorbent Injection and Integrated Technologi&spi-

cal Report No. 3, Revision 1. U.S. Department of
Energy and Energy and Environmental Research Co
poration. September 1993. (Available from NTIS as|
DE94007444.)

Comprehensive Report to Congress on the Clean Cd
Technology Program: Evaluation of Gas Reburning
and Low-NQBurners on a Wall-Fired BoilerEnergy |
and Environmental Research Corporation. Report N

A The Public Service Company of Colorado has retained the
gas-reburning and low-N®urner system for commercial use.
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Environmental Control Devices
NO, Control Technologies

Micronized Coal Reburning
Demonstration for NO § Control

Participant
New York State Electric & Gas Corporation

Additional Team Members

Eastman Kodak Company—host and cofunder

Consolidation Coal Company— tester

D.B. Riley—technology supplier

Fuller Company—technology supplier

Energy and Environmental Research Corporation—rebu
system designer

ABB Combustion Engineering, Inc.—technology supplie

Locations

Lansing, Tompkins County, NY (New York State Electric
& Gas Corporation’s Milliken Station, Unit 1)

Rochester, Monroe County, NY (Eastman Kodak
Company’s Utility Power House, Unit 15)

Technology

ABB Combustion Engineering’s Low-NGConcentric
Firing System (LNCFS™)

D.B. Riley’s MPS mill (at Milliken Station)

Fuller’s MicroMill™ technologies for producing
micronized coal (at Eastman Kodak)

Plant Capacity/Production
Milliken Station: 148-MWe tangentially fired boiler
Eastman Kodak Company: 50-MWe cyclone boiler

Project Funding

Total project cost $9,096,486 100%
DOE 2,701,011 30
Participant 6,395,475 70

MicroMill is a trademark of the Fuller Company.
LNCFS is a trademark of ABB Combustion Engineering, Inc.
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Project Objective loss, boiler efficiency, and NGormation are affected by
To reduce NQemissions by 50-60% using micronized coal fineness.

coal as the reburning fuel combined with advanced coal- The combination of micronized coal, supplying 30%
reburning technology. of the total furnace fuel requirements, and advanced
reburning, utilizing that requirement in conjunction with

Technology/Project Description tuel/air staai ides flexibl i for sianificant
The reburning coal, which can comprise up to 30% of the  oir Staging, provides fiexible opfions for significan

L . combustion operations and environmental improvements.
total fuel, is micronized (80% below 325 mesh) and P P

. . . ) These options can prevent higher operating costs or fur-
injected into a pulverized-coal-fired furnace above the . . .
. ) . nace performance derating often associated with conven-
main burner, the region where Nformation occurs. : _
. . tional environmental controls.
Micronized coal has the surface area and combustion . ) )
L . . . At the Milliken site, coal will be reburned for NO
characteristics of an atomized oil flame, which allows i . X
. o control using the following methods: (1) close-coupled
carbon conversion within milliseconds and release of ) i .. .
. . . overfire air (CCOFA) reburning in which the top burner
volatiles at a more even rate. This uniform, compact o .
. . ?f the existing LNCFS™ burners are used for burning the
combustion envelope allows for complete combustion of . i . .
micronized coal and the remaining burners are re-aimed,

the coal/air mixture in a smaller furnace volume than . .
. . (2) use of the burners in a deep stage combustion mode
conventional pulverized coal because heat rate, carbon

Environmental Control Devices



Calendar Year

DOE selected
project (CCT-IV)
9/12/91

NEPA process completed
(CX) 8/13/92

Cooperative agreement awarded 7/28/92

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 411 2 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 2 3 4 1 2 3 4 1 2
9/91 7/92 3/97 4/99
| Preaward | Design and Construction Operation

A AA A

Ground breaking/construction started (Lansing) 3/15/96
Ground breaking/construction started (Rochester) 9/8/96

Preoperational tests initiated (Rochester) 1/97

Preoperational tests initiated (Lansing) 1/97

1

T Project completed/final report issued 4/99*
Operation completed (Lansing) 11/98*

Design completed (Rochester) 9/96
Operation completed (Rochester) 3/98*

. Construction completed (Lansing) 10/97*
Construction completed (Rochester) 1/97

Environmental monitoring plan completed (Lansing) 8/97*
Environmental monitoring plan completed (Rochester) 8/97*

Operation initiated (Lansing) 3/97

Operation initiated (Rochester) 4/97 *Projected date

and re-aiming them to create burn and reburn zones, an@ommercial Applications

(3) a more standard method using injectors to input mi-

cronized coal into the boiler. At the Eastman Kodak sitegexisting and greenfield cyclone-fired, wall-fired, and

the Fuller MicroMill™ will be used to produce the mi-
cronized coal, and injectors or burners, depending on
boiler characteristics, will be used for the reburning.
Overfire air also will be installed. Both the injectors/
burners and the overfire air will be installed at the opti-
mal point downstream of the cyclone burners.

Project Status/Accomplishments

Construction at the Kodak site in Rochester continued
into 1997. Operational testing began in April 1997 and
will continue into March 1998.

Preoperational testing of the reburn system at
Milliken Station near Lansing began in March 1997. In
late 1997, testing of CCOFA reburning at Milliken will
be completed, and injector reburn testing will begin.
Reburn testing at Milliken is scheduled to be completed
in late 1998.

Environmental Control Devices

without consuming expensive auxiliary fuel. Existing

Micronized-coal-reburning technology can be applied topulverizers can be operated on a variety of coals with

improved performance. The combination of micronized-

tangential-fired pulverized coal units. The technology coal-reburning fuel and better pulverizer performance will

reduces NQemissions by 50-60% with minimal furnaceincrease overall pulverized-fuel surface area for better

modifications for existing units. For greenfield units, thearbon burnout.

technology can be designed as an integral part of the This demonstration will provide methods for NO

system. Either way, the technology enhances boiler pecontrol at a low capital cost for utilities and industrial

formance with the improved burning characteristics of users to meet the current and upcoming, iéQulations.

micronized coal. About 25% of the more than 1,000  Utilities that install low-NQburners to meet CAAA

existing units could benefit from use of this technology. Title | requirements and must also meet Title IV require-
The availability of a coal-reburning fuel, as an ments will have a low-cost option. Industrial users being

additional fuel to the furnace, solves several problems pressured by states to reduce JdfSo will be provided a

concurrently. Existing units unable to switch fuels low-cost option, particularly cyclone boiler users who

because of limited mill and burner capacity would be abtave been without low-N®urners.

to reach their maximum continuous rating. Nis-

sions reductions will enable lost capacity to be restored,

creating a very economic source of generation. For both

retrofit and greenfield facilities, reburn burners also can

serve as low-load burners, and commercial units can

achieve a turndown of 8:1 on nights and weekends
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Environmental Control Devices
NGO, Control Technologies

Demonstration of Advanced
Combustion Techniques for a
Wall-Fired Boiler

Participant
Southern Company Services, Inc.

Additional Team Members

Electric Power Research Institute—cofunder

Foster Wheeler Energy Corporation—technology
supplier

Georgia Power Company—host

Location
Coosa, Floyd County, GA (Georgia Power Company’s
Plant Hammond, Unit No. 4)

Technology

Foster Wheeler’s low-NCburner (LNB) with advanced
overfire air (AOFA)

EPRI's Generic NQControl Intelligence System
(GNOCIS) for plant optimization

Plant Capacity/Production
500 MWe

Project Funding

Total project cost $15,853,900 100%
DOE 6,553,526 41
Participant 9,300,374 59

(Of the total project cost, $523,680 is for toxics
testing.)

Project Objective

To achieve 50% N@reduction with the AOFA/LNB
system; to determine the contributions of AOFA and the
LNB to NQ, reduction and the parameters determining
optimal AOFA/LNB system performance; and to assess
the long-term effects of AOFA, LNB, and combined
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AOFA/LNB and advanced digital controls on N@duc-
tion and boiler performance.

Technology/Project Description
AOFA involves (1) improving the mixing of overfire air

with the furnace gases to achieve complete combustion,

(2) depleting the air from the burner zone to minimize
NO, formation, and (3) supplying air over furnace wall
tube surfaces to prevent slagging and furnace corrosio
The AOFA technique was expected to reduce, Bi@is-
sions by about 35%.

In an LNB, fuel and air mixing is controlled to
preclude the formation of NO This is accomplished by
regulating the initial fuel-air mixture, velocities, and
turbulence to create a fuel-rich flame core and by con-
trolling the rate at which additional air required to com-
plete combustion is mixed with the flame solids and

gases so as to maintain a deficiency of oxygen. Typical
results for utilities indicate that LNB technology is ca-
pable of reducing NOemissions by about 45%.

Based on earlier experience, the use of AOFA in
conjunction with LNB can reduce N@missions by as
much as 65% compared with conventional burners.

The demonstration is located at the Georgia Power
Company’s Plant Hammond, Unit No. 4. The boiler is a

n.

nominal 500-MWe pulverized coal, opposed wall-fired
unit, which is representative of many existing pre-NSPS
wall-fired utility boilers in the United States. The project
also includes installation and testing of an advanced
digital control system that optimizes LNB/AOFA perfor-
mance using artificial intelligence techniques. The
project is using bituminous coal containing 3% sulfur.

Environmental Control Devices



Calendar Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
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 2 3 41 2 3 4 1 2 3 4 1 2

Design and Construction

9/88 12/89 6/90 9/97
| Preaward | Operation

A A AAAA ¢ A T *
Operation initiated, LNB  4/91 Project completed/final report
Construction completed, LNB 4/91 Operation initiated, LNB/AOFA . -is.s-ued 9/97*
r?r(c))jEecste(lg((::t‘?E’II) Construction started, LNB 3/01 with digital control system 6/94 GNOCIS testing initiated 2/96
9/28/88 Operation completed, AOFA 3/91 Operation completed, LNB/AOFA 8/93
Environmental monitoring plan completed 9/14/90
NEPA process Operation initiated, AOFA 6/90 Operation initiated, LNB/AOFA 5/93
completecé/(zl\/g'gg Construction completed, AOFA 5/90 Operation completed, LNB 1/92
Construction started, AOFA 4/90
Design completed 3/90 *Projected date
Cooperative agreement awarded 12/20/89
Project Status/Accomplishments effectiveness of the AOFA system (beyond the use of th€ommercial Applications
Baseline, AOFA, LNB, and LNB/AOFA test segments LNB) was approximately 17% with additional reductionsThe technology is applicable to the 422 existing pre-
have been completed. Analysis of more than 80 days ofesulting from other operational changes. NSPS wall-fired boilers; these boilers burn a variety of

AOFA operating data has provided statistically reliable GNOCIS testing for optimizing NOeduction and  coals. The GNOCIS technology is applicable to all fossil-
results indicating that, depending upon load, Kluc-  boiler efficiency began in February 1996. Although nar-fuel-fired boilers.

tions of 24% are achievable under normal long-term op-+ow parameters were placed on the recommendations that Based on the success of GNOCIS at Georgia Power’s
eration. Analysis of the 94 days of LNB long-term data GNOCIS could provide, preliminary data analysis is en- Plant Hammond and the early demonstrations at
collected show the full-load N@mission levels to be couraging, with an observed efficiency gain of 0.5%, a PowerGen’s Kingsnorth 1 and Alabama Power’s Gaston
approximately 0.65 Ib/E®Btu. This NQ level represents reduction in LOI levels of 1-3%, and a reduction in NO 4, Southern Company has installed GNOCIS software in
a 48% reduction when compared to the baseline, full-lo&nissions by 10-15% at full load. Short-term testing of six other power plants, including several of its own units,
value of 1.23 Ib/10Btu. These reductions were sustain- the GNOCIS, in both open- and closed-loop configura- i.e., Georgia Power’s Branch 3 and Wansley 1 and Ala-
able over the long-term test period and were consistent tions, and long-term closed-loop testing were planned fdrama Power’s Gaston 3. The three other installations
over the entire load range. Full-load, flyash loss-on-  early fall 1996; however, low dispatch priority and prob- include Duquesne Light & Power’s Cheswick unit,
ignition (LOI) values in the LNB configuration were nearlems with the unit have impacted GNOCIS testing. The Entergy’s Nelson Unit 4, and PowerGen'’s Kingsnorth 3.

8%, compared to 5% for baseline. Results from final project report and a report on testing of several on-Of the 9 current installations, 5 units burn coal; 1, gas;
LNB/AOFA testing indicate that full-load N@missions line carbon-in-ash monitors are being prepared. 2, a combination of coal and gas; and 1, a combination of
were approximately 0.41 Ib/i@tu with a corresponding Pre-retrofit LNB air toxics testing was performed  coal and oil. The units encompass a wide variety of

flyash loss-on-ignition value of nearly 8%. Full-load, to establish a baseline. Additional air toxics testing boiler types and all major U.S. vendors. A total of
long-term NQ emission reductions in the LNB/AOFA  with the combined LNB/AOFA configuration has been 20 installations is anticipated by year-end 1997, including
configuration were about 63%. However, analysis of completed. A report was issued in December 1993.  several in foreign countries.

emissions data showed that the incrementa] f¢@uction
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Environmental Control Devices
NGO, Control Technologies

Demonstration of Selective
Catalytic Reduction
Technology for the Control of
NO_ Emissions from High-
Sulfur-Coal-Fired Boilers

Project completed.

Participant
Southern Company Services, Inc.

Additional Team Members

Electric Power Research Institute—cofunder
Ontario Hydro—cofunder

Gulf Power Company—host

Location

Pensacola, Escambia County, FL (Gulf Power Company|

Plant Crist, Unit 4)

Technology
Selective catalytic reduction (SCR)

Plant Capacity/Production
8.7-MWe equivalent (three 2.5-MWe and six 0.2-MWe
equivalent SCR reactor plants)

Coal
Illinois bituminous, 2.7% sulfur

Project Funding

Total project cost $23,229,729 100%
DOE 9,406,673 40
Participant 13,823,056 60

Project Objective
To evaluate the performance of commercially available
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Technology/Project Description The project demonstrated, at high- and low-dust

The SCR technology consists of injecting ammonia intoloadings of flue gas, the applicability of SCR technology

boiler flue gas and passing it through a catalyst bed  to provide a cost-effective means of reducing Biis-

where the NQand ammonia react to form nitrogen and sions from power plants burning high-sulfur U.S. coal.

water vapor. The demonstration plant, which was located at Gulf
In this demonstration project, the SCR facility con- Power Company’s Plant Crist near Pensacola, FL, utilized

sisted of three 2.5-MWe-equivalent SCR reactors, sup- flue gas from the burning of 2.7% sulfur coal under vari-

plied by separate 5,000 sté/ftin flue gas slipstreams, ous NQ and particulate levels.

and six 0.20-MWe-equivalent SCR reactors. These reac-

tors were calculated to be large enough to produce design

data that will allow the SCR process to be scaled up to

commercial size. Catalyst suppliers (two U.S., two Euro-

pean, and two Japanese) provided eight catalysts with

SCR catalysts when applied to operating conditions fOur{garious shapes and chemical compositions for evaluation

in U.S. pulverized coal-fired utility boilers using high-

sulfur U.S. coal under various operating conditions whilet

achieving as much as 80% N@moval.
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of process chemistry and economics of operation during
he demonstration.
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Calendar Year

1988
3 4|1 2 3 4 1

1998

9/88
| Preaward

| Design and Construction

Operation

completed

DOE selected project
(CCT-Il) 9/28/88

NEPA process
(MTF) 8/16/89

Cooperative agreement
awarded 6/14/90

Project completed/final

Operation initiated 7/93 report issued 11/96

Operation completed 7/95
Preoperational tests initiated 3/93
Environmental monitoring plan completed 3/11/93

Construction completed 2/93

Design completed 12/92

Ground breaking/construction started 3/92 *Projected date

Results Summary

Environmental

Operational

NO, reductions of over 80% were achieved at an am-
monia slip well under the 5 ppm acceptable for com-

mercial operation.

Flow rates could be increased to 150% of design with-
out exceeding the ammonia slip design level of 5 ppm

at 80% NQ reduction.

While catalyst performance increased above 700 °F,
the benefit did not outweigh the heat rate penalties.

The increase for ammonia slip, a sign of catalyst dea&conomic
tivation, went from less than 1 ppm to approximately Levelized costs for various N@moval levels for a
3 ppm over 12,000 hours of operation, thus demon- 250-MWe unit at 0.35 Ib/®®Btu inlet follow:

strating deactivation in coal-fired units was in line

with worldwide experience.
SO, oxidation was within or below the design limits

necessary to protect downstream equipment.

Environmental Control Devices

Project Summary

The demonstration tests were designed to address several
uncertainties, including potential catalyst deactivation due
Catalyst erosion was not considered to be a problem?0 poisoning by trace metals species in U.S. coals, perfor-

mance of technology and effects on the balance-of-plant

Air preh_eatgr performance was degraded becaus_e Ofequipment in the presence of high amounts of S
ammonia slip and subsequent by-product formation

) k . ; SO, and performance of the SCR catalyst under typical
however, problem solutions were identified. U.S. high-sulfur coal-fired utility operating conditions.
The SCR process does not significantly affect the  catalyst suppliers were required to design the catalyst
results of toxicity-characteristic-leaching-procedure - paskets to match predetermined reactor dimensions, pro-
analysis of the fly ash. vide a maximum of four catalyst layers, and meet the
following reactor baseline conditions:

Fouling of catalysts was controlled by adequate
sootblowing procedures.

Parameter Minimum Baseline Maximum
Temperature®F) 620 700 750
40% 60% 80% NH,/NO,_ molar ratio 0.6 0.8 1.0
1996 levelized cost (mills/kwWh) 239 257 279 Space velocity
1996 levelized cost ($/ton) 3,502 2,500 2,036 (1% design flow) 60 100 150
Flow rate (std ffmin)
Large reactor 3,000 5,000 7,500
Small reactor 240 400 600

Program Update 1996-97 5-49



exhibited fairly significant improvements
in overall performance as temperatures
increased from 620 °F to 700 °F but rela-
tively little improvement as temperature
increased from 700 °F to 750 °F. The
conclusion was that the benefits of high-

Exhibit 5-18
Catalysts Tested

Catalyst Reactor Size* Catalyst Configuration

Nippon/Shokubai Large Honeycomb temperature operation probably do not
Siemens AG Large Plate outweigh the heat rate penalties involved *
W.R. Grace/Noxeram Large Honeycomb in operating SCR at the higher tempera-
W.R. Grace/Synox Small Honeycomb turesc.: st d o I
Haldor Topsoe Small Plate atalyst ea.lctlvatlon_was gene_r a y

) ) observed by an increase in ammonia slip *
Hitachi/Zosen Small Plate . . .

_ over time, assuming the N@duction

Cormetech/High dust  Small Honeycomb efficiency was held constant. Over the
Cormetech/Low dust ~ Small Honeycomb 12,000 hours of the demonstration tests,

* Large = 2.5 MWe; 5,000 std*finin ~ Small = 0.2 MWe; 400 stc*/inin the ammonia slip did, in fact, increase from
less than 1 ppm to approximately 3 ppm.

These results demonstrated the maturity of

The catalysts tested are listed in Exhibit 5-18. Cata-

as temperature increases; however, measurements
showed the relationship to be linear with little differ-
ence in SQoxidation between 620 °F and 700 °F.
However, between 700 °F and 750 °F, the 8xida-
tion increased more significantly.

Other Findings

Pressure Drop. Overall reactor pressure drop was a
function of the catalyst geometry and volume, but tests
to determine which one was controlling were incon-
clusive.

Fouling. The fouling characteristics of the catalyst
were important to long-term operation. During the
demonstration, measurements showed relatively level
pressure drop over time, indicating that sootblowing
procedures were effective. The plate-type configura-
tions had somewhat less fouling potential than did the
honeycomb configuration, but both were acceptable

lyst suppliers were given great latitude in providing the catalyst design and that deactivation was in line with prior for application.

amount of catalyst for this demonstration. worldwide experience. .

Environmental Results that results in NQreduction often contributed to $O

Erosion. Catalyst erosion was not considered to be a

It has been observed that the catalytic active species sjgnificant problem because most of the erosion was

Ammonia slip, the controlling factor in the long-term e . . .
. P . 9 9 oxidation (i.e., SQformation), which can be detrimental
operation of commercial SCR, was usuaf/ppm be- . .
. . ” to downstream equipment. In general, N€xuction can
cause of plant and operational considerations. Ammonlg . X
e increased as the tolerance for, 8lso increased.

tS“p Wastdepe':deert)o; Cﬁtslz,St expodSL’J\lre’Ellge, ft)w rate”I'he upper bound for S@xidation for the demonstration
emperature, NMINO, distribution, and NHINO, ratio catalyst was set at 0.75% at baseline conditions. The

Exhibit 5-19
Avg SO, Oxidation Rate

(Baseline)

(Ng:ltrledlticugg' c?gsniiZ;glFmrooarT;caigg fnoc:]sstes-' average SQoxidation rate for each of the catalysts is
q.u. y NG redu . on g . y.p u . 9 shown in Exhibit 5-19. These data reflect baseline cong
nificant changes in ammonia slip. The ammonia slip at . . .
) N tions over the life of the demonstration. All of the cata-
60% NQ reduction was at or near the detection limit of - Lo . i
X ) ) lysts were within design limits, with most exhibiting
1 ppm. As NQreduction was increased above 80%, - S
X i ] oxidation rates below the design limit. Other factors
ammonia slip also increased and remained at reasonable,, . S . ]
i affecting SQ oxidations are listed below:
levels up to NQreductions of 90%. Over 90%, the am-
monia slip levels increased dramatically.

The flow rate and temperature effects on Méuc-
tion were also measured. In general, flows could be
increased to 150% of design without the ammonia slip
exceeding 5 ppm at 80% N@duction and design tem- < Temperature. Theoretically the relationship between

« Flow Rate. Most of the catalysts exhibited fairly
constant SQoxidation with respect to flow rate (i.e.,
space velocity). In theory, SOxidation should be
inversely proportional to flow rate.

Average SQOxidation (%)
i-

NH,/NO, = 0.8, 700°F, design flow

1.2

High
1.0 —— Averagg
Low
08 base-line design value
0.6
0.4 e
0.2
0 L I | I
Noxeram Siemens Corm. HD Hitachi
Synox Haldor Corm. LD

perature. With respect to temperature, most catalysts SO, oxidation and temperature should be exponentia
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attributed to aggressive sootblowing. system with a NQremoval efficiency of 60% follow:

« Air Preheater Performance. The demonstration Results of the economic analysis of capital, O&M,
showed that the SCR process exacerbated performafgg levelized cost for various N@moval efficiencies
degradation of the air preheaters mainly due to ammd@r & 250-MWe unit with 0.35 Ib of inlet NOL.0° Btu
nia slip and subsequent by-product formation. Regen
erator-type air heaters outperformed recuperators in
SCR applications in terms of both thermal perfor-
mance and fouling.

40% 60% 80%
Capital cost ($/kW) 52 54 57
Operating costs ($) 926,000 1,045,000 1,181,000

Ammonia Volatilization. The ammonia volatilized 1996 levelized cost

from the SCR flyash when a significant amount of ”;i"/kWh 5282 gggo 222%6
water was absorbed by the ash. This was caused by $iton ' ' '
the formation of a moist layer on the ash with a pH

. . . Lollow:
high enough to convert the ammonia compounds in the

ash to gas-phase ammonia.

»  Toxicity-Characteristic-Leaching-Procedure tion and the difficulty and scope of the retrofit. The
(TCLP) Analysis. TCLP analyses were performed Onjg\gjized costs for the retrofit applications were
flyash samples. The SCR process did not significantly

affect the toxics leachability of the fly ash.

Economic Results

An economic evaluation was performed for full-scale
applications of SCR technology to a new 250-MWe pul-
verized coal-fired plant located in a rural area with mini-

Exhibit 5-20
Design Criteria

mal space limitations. The fuel considered was high- Parameter Specification
sulfur lllinois No. 6 coal. Other key base case design
o . . y 9 Type of SCR Hot side
criteria are shown in Exhibit 5-20.
Number of reactors One

Results of the economic analysis of capital, operat-
ing and maintenance (O&M), and levelized cost based ¢n
a 30-year project life for various unit sizes for an SCR

Reactor configuration 3 catalyst support layer:

Initial catalyst load 2 of 3 layers loaded

35-100% boiler load

Range of operation

For retrofit applications, the estimated capital costs
were $59-112/kW, depending on the size of the installa-

125 MWe 250 MWe 700 MWe NO, inlet concentration 0.35 Ib/i®tu
Capital cost ($/kW) 61 54 45 Design NQ reduction 60%
Operating cost ($) 580,000 1,045,000 2,667,000 Design ammonia slip 5 ppm
1996 levelized cost Catalyst life 16,000 hr
mills/lkWh 2.89 2.57 2.22 Ammonia cost $250/ton
$/ton 2811 2500 2165 SCR cost $400/t

Environmental Control Devices

$1,850-5,100/ton (current $).

Commercial Applications

As a result of this demonstration, SCR technology has
been shown to be applicable to existing and new utility
generating capacity for removal of Nfom the flue gas
of virtually any size boiler. There are approximately
1,041 coal-fired utility boilers in active commercial ser-
vice in the United States; these boilers represent a total
generating capacity of 296,000 MWe.

Contacts

Robert R. Hardman, (205) 257-7772
Southern Company Services, Inc.

P.O. Box 2625

Birmingham, AL 35202-2625

Lawrence Saroff, DOE/HQ, (301) 903-9483
Arthur L. Baldwin, FETC, (412) 892-6011

References

« Maxwell, J. D., et al. “Demonstration of SCR Tech-
nology for the Control of NOEmissions from High-
Sulfur Coal-Fired Utility Boilers.”Fifth Annual Clean
Coal Technology Conference: Technical Papers,
January 1997.

» Demonstration of SCR Technology for the Control of
NO, Emissions from High-Sulfur Coal-Fired Utility
Boilers: Final Report.Vol. 1. Southern Company
Services. October 1996. (Appendixes in Vol. 2-3.)

» Economic Evaluation of Commercial-Scale SCR Ap-
plications for Utility Boilers. Southern Company
Services. September 1996.

Program Update 1996-97 5-51



Environmental Control Devices
NO, Control Technologies

180-MWe Demonstration of
Advanced Tangentially Fired
Combustion Techniques for the
Reduction of NO , Emissions
from Coal-Fired Boilers

Project completed.

Participant
Southern Company Services, Inc.

Additional Team Members

Gulf Power Company—cofunder and host

Electric Power Research Institute—cofunder

ABB Combustion Engineering, Inc.—cofunder and tech-
nology supplier

Location
Lynn Haven, Bay County, FL (Gulf Power Company’s
Plant Lansing Smith, Unit No. 2)

Technology

ABB Combustion Engineering’s Low-NQConcentric
Firing System (LNCFS™) with advanced overfire air
(AOFA), clustered coal nozzles, and offset air

Plant Capacity/Production
180 MWe

Coal
Eastern bituminous, high reactivity

Project Funding

Total project cost $9,153,383 100%
DOE 4,440,184 49
Participant 4,713,199 51

LNCFS is a trademark of ABB Combustion Engineering, Inc.
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STACK
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Project Objective

To demonstrate in a stepwise fashion the short- and
long-term NQ reduction capabilities of Low-NQCon-
centric Firing System levels 1, Il, and Ill on a single
reference boiler.

Technology/Project Description
Technologies demonstrated included the LowIOn-
centric Firing System (LNCFS™), levels I, II, and IlI.

Each level of the LNCFS™ used different combinations

of overfire air and clustered coal nozzle positioning to
achieve NQreductions. With the LNCFS™, primary air
and coal are surrounded by oxygen-rich secondary air
that blankets the outer regions of the combustion zone.
LNCFS™ | used a close-coupled overfire air (CCOFA)

the combustion zone was featured in the LNCFS™ ||
system. This was an advanced overfire air system that
incorporates back pressuring and flow measurement
capabilities. CCOFA and SOFA were both used in the
LNCFS™ |l tangential-firing approach.

Carefully controlled short-term tests were conducted
followed by long-term testing under normal load dispatch
conditions. Long-term tests, which typically lasted 2—3
months for each phase, best represent the true emissions
characteristics of each technology. Results presented are
based on long-term test data.

system integrated directly into the windbox of the boiler.

A separated overfire air (SOFA) system located above

Environmental Control Devices



Calendar Year

1988 1989 1991 1992 1993 1994 1995 1996 1997 1998

3 411 2 3 3 411 2 3 4|1 2 3 4 2 3 2 3 2 3 411 2 3 4|1 2 3 41| 1 2
Design and Construction

9/88 9/90 5/91 6/94

| Preaward

DOE selected
project
(CCT-Il)
9/28/88

Cooperative agreement awarded 9/20/90

NEPA process
completed (MTF)
7/21/89

A A T

Ground breaking/construction started 11/90

Operation

Operation initiated 5/91

Construction
completed 5/91

Design completed 4/91

Environmental monitoring
plan completed 12/27/90

A

Project completed/final report issued 6/94

Operation completed 12/92

Results Summary

Environmental

Environmental Control Devices

At full load, the NQ emissions using LNCFS™ |, I,

and Ill were 0.39, 0.39, and 0.34 |IbfEu, respec-

tively, which represent reductions of 37%, 37%, and

45% from the baseline emissions.

Emissions with LNCFS™ were not sensitive to power
outputs between 100- and 200-MWe, but emissions *

increased significantly below 100 MWe, reaching
baseline emission levels at 70 MWe.

Because of reduced effectiveness at low loads,

LNCFS™ proved marginal as a compliance option for
peaking load conditions.

Average CO emissions increased at full load.

Air toxics testing found LNCFS™ to have no clear-cut

Operational

» Loss-on-ignition (LOI) was not sensitive to the

Project Summary
At the time of the demonstration, specific L\I@nission

LNCFS™ retrofits but very sensitive to coal fineness.regulations were being formulated under the CAAA. The

Furnace slagging was reduced but back-pass fouling

was increased for LNCFS™ |l and IlI.

» Boiler efficiency and unit heat rate were impacted

minimally.

Economic

Unit operation was not significantly affected, but
operating flexibility of the unit was reduced at low
loads with LNCFS™ |l and III.

The capital cost estimate for LNCFS™ | was
$5-15/kW and for LNCFS™ Il and IIl, $15-25/kW.

data developed over the course of this project provided
needed real-time input to regulation development.
LNCFS™ technology was designed for tangentially
fired boilers, which represent a large percentage of the
pre-NSPS coal-fired generating capacity. The technology
reduces NOby staging combustion in the boiler verti-
cally by separating coal and air injectors and horizontally
by creating fuel-rich and lean zones with offset air
nozzles. The objective was to determine @ission
reductions and impact on boiler performance over the
long-term under normal dispatch and operating condi-
tions. By using the same boiler, the demonstration pro-

* The cost effectiveness for LNCFS™ | was $103/ton ofjged direct comparative performance analysis of the

effect on the emissions of trace metals or acid gases. ||, $400/ton.

\olatile organic compounds (VOCs) appeared to be
reduced and semi-volatile compounds increased.

NO, removed; LNCFS™ Il, $444/ton; and LNCFS™

three configurations. Short-term parametric testing en-
abled extrapolation of results to other tangentially fired
units by evaluating the relationship between, @is-
sions and key operating parameters.
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Economic Performance
Exhibit 5-21 Exhibit 5-22 LNCFS™ |l was the only complete retrofit (LNCFS™ |
LNCFS™ Conﬁgurations Concentric Firing Concept and Il were modifications of LNCFS™ 1), and therefore
capital cost estimates were based on the Lansing Smith
Unit No. 2 retrofit as well as other tangentially fired
Fuel-Rich LNCFS™ retrofits. The capital cost ranges follow:
Separated Separated \ Zone =
Overfire Air Overfire Air \ Burner P ) e LNCFS™ |—$5-15/kW
~
CEED Air o A A \ - Primary Air ¢ LNCFS™ II—$15-25/kW
lose- Couple
] Coal = Coal = OverfireAir \ Z and Coal . LNCFSTM |“—$15—25/|(W
Air EEEE Offset Air I-iii \ ] - ) ) o
i T omans = \ Site-specific considerations have a significant effect
) = coal \ \ on capital costs; however, the above ranges reflect recent
T . omet A LI offet Boiler M \ Offset Air experience and are plannlng estlmgtes. The actual capital
[T77] Air T omecair 717 offet i <+ wall \ cost for LNCFS™ |l at Lansing Smith Unit No. 2 was $3
E Coal Coal = \ million, or $17/ kW, which falls within the projected
ESEERN Offset Air H otmet Air = range.
L A HH offer Air Offset Air e \ The cost effectiveness of the LNCFS™ technologies
E Coal — coal Coal o \ is based on the capital and operating and maintenance
F=H Air Offset Air [ Offset Air z Fuel-Lean Zone costs and the NGemoval efficiency of the technologies.
cH A —{] Offset Air - Offset Air The cost effectiveness of the LNCFS™ technologies is
A
— —] coal —] Coal listed below (based on a levilization factor of 0.144):
) Air U Air = Air
BASELINE ~ LNCFS1 LNCFS II LNCFS 111 Environmental Performance * LNCFS™ |—$103/ton of NQremoved

At full load, LNCFS™ I, II, and Ill reduced N@mis-
sions by 37%, 37%, and 45%, respectively.

Exhibit 5-21 shows the various LNCFS™ configura-  Exhibit 5-24 presents the N@mission estimates
tions used to achieve staged combustion. In addition toobtained in the assessment of the average annyal No Commercial Applications
overfire air, as shown in Exhibit 5-22, the LNCFS™ LNCFS™ technology has been adopted by eight other
incorporates other N@educing techniques into the Air toxics testing found LNCFS™ to have no clear- utilities in eight separate retrofits over a range of capaci-
combustion process. Using offset air, two concentric  cut effect on the emission of trace metals or acid gases.ties' Further, potential commercial applications of this
circular combustion regions are formed. The majority ofThe data provided marginal evidence for a decreased technology include nearly 600 U.S. pulverized coal, tan-
the coal is contained in the fuel-rich inner region. This emission of chromium. The effect on aldehydes/ketonegemia”y fired utility units. These units are 25-950 MWe
region is surrounded by a fuel-lean zone containing contould not be assessed because baseline data were conipryZ€ and fire a wide range of coals, from low-volatile
bustion air. The size of this outer annulus of combustiomised. VOCs appeared to be reduced and semi-volatiidituminous through lignite.
air can be varied using adjustable offset air nozzles.

* LNCFS™ Il—$444/ton of NQremoved
* LNCFS™ III—$400/ton of NQremoved

emissions for three dispatch scenarios.

compounds increased. The increase in semi-volatile
compounds was deemed to be consistent with increases in

Operational Performance i
the amount of unburned carbon in the ash.

Exhibit 5-23 summarizes the impacts of LNCFS™ on
unit performance.

5-54  Program Update 1996-97 Environmental Control Devices



Exhibit 5-23
Unit Performance Impacts Based on Long-Term Testing
Baseline LNCFS™ | LNCFS™ I LNCFS™ 11l
Avg CO at full load (ppm) 10 12 22 33
Avg excess Qat full load (%) 3.7 3.2 45 4.3
LOI at full load (%) 4.8 4.6 4.2 5.9
0, (%) 4.0 3.9 5.3 4.7
Steam outlet conditions Satisfactory at full  Full load: 590 Same as baseline 160-200 MWe: OK
load; low temper- lower than baseline 80 MWe: 15935
patures at low loads Low loads: 10-30 °F lower than baseling
lower than baseline
Furnace slagging and Medium Medium Reduced slagging, Reduced slagging
backpass fouling but increased fouling but increased foulin
Operating flexibility Normal Same as baseline  More care required  More difficult to
at low loads operate than other
systems
Boiler efficiency (%) 920 90.2 89.7 89.85
Efficiency change N/A +0.2 -0.3 -0.15
Turbine heat rate (Btu/kwh) 9,000 9,011 9,000 9,000
Unit net heat rate (Btu/kWh) 9,995 9,986 10,031 10,013
Change (%) N/A -0.1 +0.36 +0.18
Exhibit 5-24

Average Annual NO Emissions and % Reduction

Boiler Duty Cycle  Units Baseline LNCFS™ | LNCFS™ Il LNCFS™ Il
Baseload Avg NQemissions (Ib/11Btu) 0.62 0.41 0.41 0.36
(161.8 MWe avg) Avg reduction (%) 38.7 38.7 42.2
Intermediate load Avg NCemissions (Ib/10Btu) 0.62 0.40 0.41 0.34
(146.6 MWe avg) Avg reduction (%) 39.2 35.9 45.3
Peaking load Avg NQemissions (Ib/10Btu) 0.59 0.45 0.47 0.43
(101.8 MWe avg) Avg reduction (%) 36.1 20.3 28.0

Environmental Control Devices

Contacts
Robert R. Hardman, Project Manager, (205) 877-7772

Southern Company Services, Inc.
P.O. Box 2625
Birmingham, AL 35202-2625

Lawrence Saroff, DOE/HQ, (301) 903-9483
Scott M. Smouse, FETC, (412) 892-5725
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tember 1993. (Available from NTIS as DE94000218.)
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Combined SONO, Control
Technology

Combined SQNO, control systems encompass
those technologies that combine previously de-
scribed control methods and those that apply other, [
synergistic techniques. Three of the projects "
combine either LNBs or gas reburning with sorbent
injection. In one of these, SNCR is used with LNBs to
enhance performance. Another project combines a
number of techniques to improve overall system
performance, such as LNBs with SNCR, unique . . - o . . I .

. . A New York State Electric & Gas Corporation’s Milliken Station is hosting the demonstration of a combination of unique
space-saving and durable wet-scrubber design, SO, and NQ control technologies.
sorbent additive, and artificial intelligence controls.

The balance of the seven projects use synergistic g Unit. The system produces no solid waste.
methods not previously described. NOXSO uses a single, regenerable adsorber

SO-NO_-Rox Box™ incorporates an SCR (spherical alumina beads impregnated with sodium
carbonate) to capture both S&hd NQ. The adsorber
is used in a fluidized bed to achieve effective mixing
with the flue gas. The flue gas is then processed
through a regenerator system to release theds@®
SO, before return to the fluidized bed.

Five of the seven combined 38O, control

catalyst in a high-temperature filter bag for NO

control and applies sorbent injection for SOntrol.

The high-temperature filter bag, operated in a
standard pulsed jet baghouse, protects the SCR
catalyst, allows operation at optimal Néntrol
temperatures, forms a sorbent cake on the surface to

enhance S@capture, and provides high-efficiency ~ t€chnology projects have been completed, one is in
particulate capture. operation, and one is in the project definition and

SNOX™ uses SCR followed by catalytic design phase. Exhibit 5-25 briefly summarizes the
oxidation of SQto SQ with condensation of the SO characteristics and performance of the technologies
in the presence of water to produce sulfuric acid. that are described in more detail in the project fact
Following the SCR with the catalytic oxidation allows SN€ets.
the SCR to operate at optimal ammonia concentration
without worry of ammonia slip (ammonia passing to
the second catalyst is broken down). Furthermore,
most particulates passing through the upstream
baghouse are captured in the sulfuric acid condens-
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Exhibit 5-25
CCT Program Combined SO ,/NO, Control Technology Characteristics

Coal Sulfur SO ,/NO, Fact
Project Process Content Reduction Sheet
LIMB Demonstration Project Extension and LNB/sorbent injection—furnace and duct injection, calcium-base®-3.8% 60-70%/40-50% 5-62
Coolside Demonstration sorbents
Integrated Dry NSO, Emissions LNB/SNCR/sorbent injection—calcium- and sodium-based 0.4% 70%/62—-80% 5-78
Control System sorbents used in duct injection
Enhancing the Use of Coals by Gas Reburning Gas reburning/sorbent injection—calcium-based sorbents usg@@%h 50-60%/67% 5-70
and Sorbent Injection duct injection
Milliken Clean Coal Technology Demonstration LNB/SNCR/wet scrubber—sorbent additive and space-saving.l.5-4.0% 95%/53-58% (goal) 5-74
Project durable scrubber design
SO-NO_-Rox Box™ Flue Gas Cleanup SCR/high temperature baghouse/sorbent injection—SCR in hig% 80-90%/90% 5-66
Demonstration Project temperature filter bag and calcium-based sorbent injection
SNOX™ Flue Gas Cleaning Demonstration SCR/oxidation catalyst/sulfuric acid condenser—synergistic 3.4% 95%/94% 5-58
Project catalyst effect and no solid waste
Commercial Demonstration of the NOXSO Regenerable adsorbent—spherical alumina beads impregnat&d4% 98% (goal)/75% (goal) 5-76
SO/NO, Removal Flue Gas Cleanup System with sodium carbonate in fluidized-bed adsorber (planned)
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Environmental Control Devices
Combined SO,/NO, Control Technologies

SNOX™ Flue Gas Cleaning
Demonstration Project

ELECTROSTATIC
PRECIPITATOR

BOILER

STACK

NN N
COO'—'NG% SUPPORT
AR TO DISPOSAL BURNER

Project completed.
/ P FLUE GAS CLEAN FLUE GAS
Participant ——HOT-AIR DISCHARGE
CONDENSER (WSA TOWER)

FLUE GAS
HEATER

ABB Environmental Systems

SULFURIC ACID

Additional Team Members

Ohio Coal Development Office—cofunder

Ohio Edison Company—cofunder and host

Haldor Topsoe a/s—patent owner for process technolog ASH /‘
catalysts, and WSA Tower SUPPORT

D —

BAGHOUSE

ACID
COLLECTOR

CATALYTIC

Snamprogetti, U.S.A.—cofunder and process designer BURNER REACOTZOR ( )
Location ASH TO DISPOSAL NATURAL —
Niles, Trumbull County, OH (Ohio Edison’s Niles GAS %%F;‘P&F;T
Station, Unit No. 2) Cl
ACID STORAGE
Technology TANK
Haldor Topsoe’s SNOX™ catalytic advanced flue gas
cleanup system
Plant Capacity/Production
35-MWe equivalent slipstream from a 108-MWe boiler Technology/Project Description by-product. This was accomplished without using sor-
In the SNOX™ process, the stack gas leaving the boiler isents and without creating waste by-products.
CO?I L cleaned of fly ash in a high-efficiency fabric filter The demonstration was conducted at Ohio Edison’s
Ohio bituminous, 3.4% sulfur S . . o . .
baghouse to minimize the cleaning frequency of the sul- Niles Station in Niles, OH. The demonstration unit
Project Funding furic acid catalyst in the downstream Sfnverter. The treated a 35-MWe equivalent slipstream of flue gas from
Total project cost $31,438,408 100% ash-free gas is reheated, and N&reacted with small the 108-MWe Unit No. 2 boiler, which burned a 3.4%
DOE 15,719,200 50 quantities of ammonia in the first of two catalytic reactorssulfur Ohio coal. The process steps were virtually the
Participant 15,719,208 50 where the NQis converted to harmless nitrogen and same as for a commercial full-scale plant, and commer-
water vapor. The SQs oxidized to SQin a second cial-scale components were installed and operated.

Project Objective .
. . catalytic converter. The gas then passes through a novel
To demonstrate at an electric power plant using U.S. coaré

. . -tub d that all drolyze t
that SNOXM technology will catalytically remove 95% of gois(fenlf[raet:;)r;ui‘zfiiracsj allows, §hydrolyze to
SO, and more than 90% of N@om flue gas and pro- '

duce a salable by-product of concentrated sulfuric acid The technology, while using U.S. coals, was de-
P “signed to remove 95% of the Shd more than 90% of

the NQ from flue gas and produce a salable sulfuric acid
SNOX is a trademark of Haldor Topsoe a/s.
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Calendar Year

1988 1989
3 4|1 2 3 4 1 2 3 4 1 2 3 4

1994 1998

9/88 12/89

| Preaward | Design and Construction

7/96

3/92 )
| Operation

DOE selected
project (CCT-II)
9/28/88

Cooperative agreement
awarded 12/20/89

AA A A T

Dedication ceremony held 10/17/91
Environmental monitoring plan completed 10/31/91

Design completed 8/91
Construction started 1/91

NEPA process completed (MTF) 1/31/90

f

Operation initiated 3/92
) Project completed/
Construction completed 12/91 final report issued 7/96

Preoperational tests initiated 12/91 .
Operation completed 12/94

Results Summary .

Environmental

SO, removal efficiency was normally in excess of 95%
for inlet concentrations averaging about 2,000 ppm.

NO,_ reduction averaged 94% for inlet concentrations
of approximately 500—700 ppm.

Particulate removal efficiency for the high-efficiency *
fabric filter baghouse with SNOX™ system was
greater than 99%.

Sulfuric acid purity exceeded federal specifications for
Class | acid.

Air toxics testing showed high capture efficiency of
most trace elements in the baghouse. A significant «
portion of the boron and almost all of the mercury
escaped to the stack. But selenium and cadmium,
normally a problem, were effectively captured in the
acid drain, as were organic compounds.

Environmental Control Devices

Operational

Economic

Absence of an alkali reagent contributed to having n(Project Summary
secondary pollution streams or increases i) @Qis-
sions.

Because the SNOX™ process utilized an oxidation cata-
lyst to convert SQto SQ and ultimately to sulfuric acid,
SO, catalyst virtually eliminated CO and hydrocarbonno reagent was required for the $émoval step. As a
emissions. result, the process produced no other waste streams.

In order to demonstrate and evaluate the performance
of the SNOX™ process, general operating data were
SO, catalyst downstream of the N@atalyst elimi- collected and parametric tests conducted to characterize
nated ammonia slip and allowed the SCR to functionthe process and equipment. The system has operated for
more efficiently. approximately 8,000 hours and produced more than
Heat developed in the SNOX™ process was used t05,600 tons of commercial-grade sulfuric acid. Many tests
enhance thermal efficiency. for the SNOX™ system were conducted at three loads—
75%, 100%, and 110% of design capacity.

Capital cost was estimated at $305/kW for a Envi_ronmental_Pgrformance

500-MWe unit firing 3.2% sulfur coal. The levelized Particulate emissions from the process were very low
incremental cost was estimated at 6.1 mills/kwh or (<1 mg/Nnf) due to the characteristics of the 3f@ta-
$21/ton of SQremoval on a constant dollar basis. lyst and the sulfuric acid condenser (WSA Condenser).

Comparable current dollar costs were 7.8 mills/kwh Although the Niles SNOX™ plant was fitted with a
and $284/ton of SO baghouse (rather than an ESP) on its inlet, this was not

necessary for low particulate emissions, but the baghouse

Program Update 1996-97 5-59



was needed to maintain an acceptable cleaning frequency The SCR portion of the SNOX™ process was able
of the SQ catalyst. At operating temperature, the,SO  operate at higher than typical ammonia stoichiometries
catalyst, because of its sticky surface, retained about due to its location ahead of the S@talyst beds. Nor-
90% of the dust that entered the catalyst vessel. Dust tiaél operating stoichiometries for the SCR system were
passed through was subsequently removed in the WSAthe range of 1.02—-1.05 and system reduction efficiencie}:
Condenser, which acted as a condensing particulate re-averaged 94% with inlet NQevels of approximately '
moval device (utilizing the dust particulates as nuclei). 500-700 ppm.

Minimal or no increase in C@missions by the Sulfuric acid concentration and composition has me
process was tied to two features—the lack of a carbonat@-exceeded the requirements of the federal specificatig' =
based alkali reagent that releases @@ the fact that the for Class | acid. During the design and construction of
process recovered additional heat from the flue gas to the SNOX™ demonstration, arrangements were made [
offset its parasitic energy requirements. This heat recowvith a sulfuric acid supplier to purchase and distribute t ._FFT ]
ery, under most design conditions, results in the net heaacid from the plant. The acid has been sold to the agri-|
rate of the boiler being the same or better after addition aidlture industry for the production of diammonium phos
the SNOX™ process, and consequently no increase in phate fertilizer and to the steel industry for pickling.

CO, generation per unit of power. Ohio Edison has also used a significant amount in boile i |

With respect to CO and hydrocarbons, the 8fa-  water demineralizer systems throughout its plants. /o |
lyst acted to virtually eliminate these compounds as well.  Air toxic testing conducted at the Niles SNOX™ l
This aspect also positively affected the interaction of theplant measured the following substances: ! i
NO, and SQcatalysts. Because the S€atalyst fol- » Five major and 16 trace elements including mercury, .
lowed the NQ catalyst, any unreacted ammonia (slip) chromium, cadmium, lead, selenium, arsenic, beryl- 5 il
was oxidized in the S(atalyst to nitrogen, water vapor,  |iym, and nickel ks

and a small amount of NOAs a result, downstream

» Acids and corresponding anions (hydrogen chloride,
fouling by ammonia compounds was eliminated and the ! ponding ani (hydrog !

hydrogen fluoride, chloride, fluoride, phosphate,

SCR was operated at slightly higher than typical ammonia sulfate) Es)
stoichiometries. These higher stoichiometries allowed ) i A The bottom portion of the S@onverter catalyst, with
smaller SCR catalyst volumes and permitted the attain- * Ammonia and cyanide the catalyst dust collector hopper mounted on steel rails
ment of very high reduction efficiencies (>95%). + Elemental carbon (center), is shown.

Sulfur dioxide removal in the SNOX™ process was. Radionuclides

controlled by the efficiency of the S@-SQ, oxidation, Operational Performance

. . Volatile organic compounds Heat recovery was accomplished by the SNOX™ process.
which occurred as the flue gas passes through the oxida- i i i i In a commercial configuration, it can be utilized in the
tion catalyst beds. The efficiency was controlled by two Sen_u-volanle compounds including polynuclear aro- g_ '
matic hydrocarbons thermal cycle of the boiler. The process generated recov-

factors—space velocity and bed temperature. Space
velocity governed the amount of catalyst necessary at * Aldehydes

design flue gas flow conditions, and gas and bed tempera- Most trace elements were captured in the bagho
ture had to be high enough to activate thg &idation,  along with the particulate. A significant portion of the
reaction. During the test program, 3@moval efficiency boron and almost all of the mercury escaped to the stac
was normally in excess of 95% for inlet concentrations But selenium and cadmium, normally a problem, were
averaging about 2,000 ppm. effectively captured in the acid drain, as were organic

compounds.
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erable heat in several ways. All of the reactions that took
Us é)lace with respect to N@nd SQremoval were exother-
mic and increased the temperature of the flue gas. This
Eeat plus fuel-fired support heat added in the high-tem-
perature SCR/S(atalyst loop was recovered in the
WSA Condenser cooling air discharge for use in the
furnace as combustion air. Because the WSA Condenser



lowered the temperature of the flue gas to about 210 °F,Contacts .

compared to approximately 300 °F for a typical power

Paul Yosick, Project Manager, (423) 653-7550

plant, additional thermal energy was recovered along with ABB Environmental Systems

that from the heats of reaction.

Economic Performance

The economic evaluation of the SNOX™ process showe
a capital cost of approximately $305/kW for a 500-MWe
unit firing 3.2% sulfur coal. The levelized incremental
cost was 6.1 mills’kWh on a constant dollar basis and
7.8 mills/lkWh on a current dollar basis. The equivalent
costs per ton of SOemoved were $219/ton (constant
dollars) and $384 (current dollars).

Commercial Applications
The SNOX™ technology is applicable to all electric
power plants and industrial/institutional boilers firing
coal, oil, or gas. The high removal efficiency for N@d  «
SO, makes the process attractive in many applications.
Elimination of additional solid waste (except ash) en-
hances the marketability in urban and other areas where
solid waste disposal is a significant problem.

The host utility, Ohio Edison, is retaining the
SNOX™ technology as a perma-
nent part of the pollution control
system at Niles Station to help
Ohio Edison meet its overall SO R el
NO, reduction goals.

Commercial SNOX™ plants
also are operating in Denmark and
Sicily. In Denmark, a 305-MWe
plant has operated since August
1991. The boiler at this plant _
burns coals from various suppliers|
around the world, including the
United States; the coals contain
0.5-3.0% sulfur. The plantin
Sicily, operating since March
1991, has a capacity of about 30
MWe and fires petroleum coke.

Environmental Control Devices

1400 Center Port Boulevard
Knoxville, TN 37932

Ldawrence Saroff, DOE/HQ, (301) 903-9483
James U. Watts, FETC, (412) 892-5991 R
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<« The SNOX™ demonstration at Ohio Edison’s
Niles Station Unit No. 2 achieved $@moval
efficiencies exceeding 95% and N®duction
effectiveness averaging 94%. Ohio Edison is retaining
the SNOX™ technology as part of its environmental
control system.
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Environmental Control Devices
Combined SO,/NO, Control Technologies LIMB COOLSIDE LIMB/COOLSIDE
SORBENT
INJECTION  HUMIDIFICATION
LIMB Demonstration Project BOILER .
. : LIMB '
Extension and Coolside SORBENT || Ot s
Demonstration 'NJE|CIT'°N = VPSS buCT
pAMPERs BYPASS DUCT
Project completed. TH
Participant ‘
The Babcock & Wilcox Company WINDBOX\ 11 eectRosTaTc
. I PRECIPITATOR
Additional Team Members COAL "
Ohio Cpal Pevelopment Office—cofunder e . e — STACK
Consolidation Coal Company—cofunder and technology AIR DAMPERS
supplier
Ohio Edison Company—host A
Location T
Lorain, Lorain County, OH (Ohio Edison’s Edgewater
Station, Unit 4)
ASH
Technology WASTE HANDLING
The Babcock & Wilcox Company’s (B&W) limestone AND DISPOSAL
injection multistage burner (LIMB) system; Babcock &
Wilcox DRB-XCL® low-NO, burners . L . .
X Project Objective necessary to maintain normal ESP operation and to en-

Consolidation Coal Company’s Coolside duct injection of . . o _
lime sorbents To demonstrate, with a variety of coals and sorbents, thehance SQremoval. Combinations of three bituminous

LIMB process as a retrofit system for simultaneous con- coals (1.6%, 3.0%, and 3.8% sulfur) and four sorbents

Plant Capacity/Production trol of NO,_and SQin the combustion process, and that were tested. Other variables examined were stoichiom-
105 MWe LIMB can achieve up to 70% N@nd SQreductions; to  etry, humidifier outlet temperature, and injection level.
Coal test alternate sorbent and coal combinations using the In the Coolside process, dry sorbent is injected into

Coolside process; to demonstrate in-duct sorbent injectitire flue gas downstream of the air preheater, followed by

Ohio bituminous, 1.6%, 3.0%, and 3.8% sulfur o o e S
upstream of the humidifier and precipitator; and to showflue gas humidification. Humidification enhances ESP

Project Funding SO, removal of up to 70%. performance and S@bsorption. SQabsorption is im-

Total project cost $19,404,940 100% . - proved by dissolving NaOH or NaO, in the humidifica-
Technology/Project Description , 23 .

DOE 7,597,026 39 The LIMB process reduces Sby injecting dry sorbent tion water. The spent sorbent is collected with the fly ash,

Participant 11,807,914 61 P SEUNG Cry as in the LIMB process. Bituminous coal with 3.0%

into the boiler at a point above the burners. The sorbent ) i
. . .. sulfur was used in testing.
then travels through the boiler and is removed along with )
Babcock & Wilcox DRB-XCL® low-NO, burners,

fly ash in an electrostatic precipitator (ESP) or baghouse. | . .
—_— ) i e . . which control NQ through staged combustion, were used
DRB-XCL is a registered trademark of The Babcock & Wilcox Comparlumidification of the flue gas before it enters an ESP is . ) ] )
. ) ) in demonstrating both LIMB and Coolside technologies.
TAG is a trademark of the Electric Power Research Institute.
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Calendar Year

1986 1989

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

1996

7/86

Cooperative agreement

6/87 7/89

| Preaward | Design and Construction

A

DOE selected
project (CCT-I)
7124186 Ground breaking/
NEPA process construction
completed (MTF) started 8/87
6/2/87

awarded 6/25/87

Environmental monitoring plan
completed 10/19/88

11/92
Operation

T Project completed/final report issued 11/92

LIMB operational tests
initiated 4/90

Coolside operational tests
completed 2/90

Construction completed 9/89

Coolside operational tests initiated 7/89

LIMB operational tests completed 8/91

Results Summary

Environmental

LIMB SO, removal efficiencies at a calcium-to-sulfur
(Ca/S) molar ratio of 2.0 and minimal humidification
across the range of coal sulfur contents were 53-61%
for ligno lime, 51-58% for calcitic lime, 45-52% for
dolomitic lime, and 22—25% for limestone ground to
80% less than 44 microns (325 mesh).

LIMB SO, removal efficiency increased to 32% using*®
limestone ground to 100% minus 325 mesh and in-
creased an additional 5-7% when ground to 100%
less than 10 microns.

LIMB SO, removal efficiencies were enhanced by
about 10% when humidification down to 20 °F ap-
proach-to-saturation temperature was used.

LIMB, which incorporated Babcock & Wilcox DRB-
XCL® low-NO, burners, achieved 40-50% N@duc-
tion.

Environmental Control Devices

molar ratio of 2.0, a sodium-to-calcium (Na/Ca) ratio ,
of 0.2, and 20 °F approach-to-adiabatic-saturation
temperature using commercial hydrated lime and
2.8-3.0% sulfur coal.

Sorbent recycle tests demonstrated the potential to
improve sorbent utilization. .

Operational

Humidification enhanced ESP performance, which
enabled opacity levels to be kept well within limits.

LIMB availability was 95%. Coolside did not undergo
testing of sufficient length to establish availability.

Humidifier performance indicated that operation in a
vertical rather than horizontal mode would be better.

+ Coolside SQremoval efficiency was 70% at a Ca/S Economic

LIMB capital costs were $31-102/kW for plants
100-500 MWe and coals with 1.5-3.5% sulfur, with a
target SQreduction of 60%. Annual levelized costs
(15-year) for this range of conditions were $392—-791/
ton of SQ removed (1992%).

Coolside capital costs were $69-160/kW for plants
100-500 MWe and coals with 1.5-3.5% sulfur, with a
target SQreduction of 70%. Annualized levelized
costs (15-year) for this range of conditions were
$482-943/ton of SOremoved (19923).
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Project Summary
The initial expectation with LIMB technology was that
limestone calcined by injection into the furnace would Environmental Performance (LIMB)

achieve adequate SCapture. Use of limestone in lieu OfLIMB tests were conducted over a range of Ca/S ar

sodium hydroxide (NaOH) or sodium carbonate
(Na,CO,) in the humidification water.

Exhibit 5-26
LIMB SO, Removal Efficiencies

(Percent)

the significantly more expensive lime would keep operaty migification conditions while burning Ohio coals

Nominal Coal Sulfur Content

ing costs relatively low. However, the demonstration with nominal sulfur contents of 1.6%, 3.0%, and

showed that even with fine grinding of the limestone an%_S% by weight. Each of four different sorbents wa Sorbent 38% 3.0% 1.6%

deep humidification, performance with limestone was injected while burning each of the three different ¥ i

marginal. As a result, a variety of hydrated limes were coals. Other variables examined were stoichiometr oo Ime. - ol 03 >3

evaluated in the LIMB configuration, demonstrating humidifier outlet temperature, and injection level. Comm.e_rujdl calcitic fime >8 > >1

enhanced performance. Although LIMB performance Exhibit 5-26 summarizes S@emoval efficiencies Dolomitic lime 52 48 45
Limestone NT 25 22

was enhanced by applying humidification to the point offor the range of sorbents and coals tested.

approaching adiabatic saturation temperatures, perfor- While injecting commercial limestone with 80%

mance did not rely on this deep humidification. of the particles less than 44 microns in size, remova
Coolside design was dependent upon deep humidifléfﬁciencies of about 22% were obtained at a stoich

gatlon to mpro_vg so_rbent reactivity and use of hydrated ometry of 2.0 while burning 1.6% sulfur coal. How-
lime. Sorbent injection was downstream of the furnace.ever’ removal efficiencies of about 32% were

In addition, sorbent activity was enhanced by dissolving achieved at a stoichiometry of 2.0 when using a limestone The continued use of the low-N®urners resulted in
an overall average N@missions level of 0.43 Ib/10

(80% <44 microns)

NT = Not tested
Test conditions: injection at 181 ft, Ca/S of 2.0, minimal
humidification.

with a smaller particle size (i.e., all particles were less o . )
than 44 microns). A third limestone with essentially all Btu, which is about a 45% reduction.
particles less than 10 microns was used to determine QOperational Performance (LIMB)

what might be the removal efficiency limit. The I’emOVB.Long-term test data showed that the LIMB system was
efficiency for this very fine limestone was approximatelyavailable about 95% of the time it was called upon to
5-7% higher than that obtained at similar conditions folpperate. Even with minimal humidification, ESP perfor-
limestone with particles all sized less than 44 microns. mance was adequately enhanced to keep opacity levels

During the design phase, it was expected that injeawell below the permitted limit. Opacity was generally in
tion at the 181-ft plant elevation level inside the boiler the 2-5% range while the limit was 20%.
would permit the introduction of the limestone at close ) .
to the optimum furnace temperature of 2,300 °F. TestinEnVIronmental Performance (Coolside)

confirmed that injection at this level, just above the nos-(!:(-ghe Coolside process was tested while burning compli-

_ 0, 1 . 0
of the boiler, yielded the highest S@moval. Injection ance (1.2-1.6% sulfur) and noncompliance (2.8-3.2%

was also performed at the 187-ft level and similar remO\S/l-Jlfur) coals. Objectives of the full-scale test program

als were observed. Removal efficiencies while injecting\j'vere to verify short-term process operability and to de-

at these levels were about 5% higher than while injectirYgeIOp a gleS|gn perfo'rmance database to ?Stab“Sh process
economics for Coolside. Key process variables—Ca/S,
sorbent at the 191-ft level.

L . Na/Ca, and approach-to-adiabatic-saturation—were
Removal efficiencies were enhanced by approxi- luated in short-t 6-8-h i test q
mately 10% over the range of stoichiometries tested evaluated in short-term (6-8-hour) parametric tests an

when humidification down to a 20 °F approach-to-satunljlo-nger term (1-11-day) process operability tests.
tion temperature was used.

A Water mist sprayed into the flue gas enhanced sulfur
capture by the sorbent by approximately 10% in the LIMB
process when 20 °F approach-to-saturation was used.
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Exhibit 5-27
Capital Cost Comparison
($/kW)

Coal (%S) LIMB Coolside LSFO LIMB Coolside LSFO

100 MWe 150 MWe
1.5 93 150 413 66 116 312
2.5 95 154 421 71 122 316
35 102 160 425 73 127 324

250 MWe 500 MWe
1.5 46 96 228 31 69 163
2.5 50 101 235 36 76 169
3.5 54 105 240 40 81 174

Exhibit 5-28
Annual Levelized Cost Comparison
($/Ton of SO , Removed)

Coal (%S) LIMB Coolside LSFO LIMB Coolside LSFO

100 MWe 150 MWe
1.5 791 943 1418 653 797 1098
2.5 595 706 895 520 624 692
3.5 525 629 665 461 570 527

250 MWe 500 MWe
15 549 704 831 480 589 623
2.5 456 567 539 416 502 411
3.5 419 526 413 392 482 321

The test program demonstrated that the Coolside mance were Sgremoval efficiencies of 60%, 70%, and .
95% for LIMB, Coolside, and LSFO, respectively. EPRI
conditions of 2.0 Ca/S, 0.2 Na/Ca, and 20 °F approach-TAG™ methodology was used. Exhibits 5-27 and 5-28

process routinely achieved 70% g@moval at design
adiabatic-saturation temperature using commercially  summarize results.

Environmental Control Devices

available hydrated lime. Coolside Commercial Application

SO, removal depended on Ca/S, Both LIMB and Coolside technologies are applicable to
Na/Ca, approach-to-adiabatic-  most utility and industrial coal-fired units and provide
saturation, and the physical prop- alternatives to conventional wet flue gas desulfurization
erties of the hydrated lime. Sor- processes. LIMB and Coolside can be retrofitted with
bent recycle showed significant modest capital investment and downtime, and their space
potential to improve sorbent utili- requirements are substantially less than for conventional
zation. The observed $@e- flue gas sulfurization processes.

moval with recycled sorbent alone
was 22% at 0.5 available Ca/S
and 18 °F approach-to-adiabatic-
saturation. The observed 5O
removal with simultaneous re-
cycle and fresh sorbent feed was
40% at 0.8 fresh Ca/S, 0.2 fresh
Na/Ca, 0.5 available recycle, and
18 °F approach-to-adiabatic- References

saturation. « T.R. Goots, M.J. DePero, and P.S. Nol&atviB Dem-
onstration Project Extension and Coolside Demon-
stration: Final Report. Report No. DOE/PC/79798-
T27. The Babcock & Wilcox Company. November
1992. (Available from NTIS as DE93005979.)

D.C. McCoy et al.The Edgewater Coolside Process
Demonstration: A Topical ReporReport No. DOE/
PC/79798-T26. CONSOL, Inc. February 1992.
(Available from NTIS as DE93001722.)

Coolside and LIMB: Sorbent Injection Demonstra-
tions Nearing CompletionTopical Report No. 2.

U.S. Department of Energy and The Babcock & Wil-
cox Company. September 1990.

Public Design ReportReport No. DOE/PC/79798-
T2. The Babcock & Wilcox Company. December
1988. (LIMB/Coolside demonstration.) (Available
from NTIS as DE92016131.)

Comprehensive Report to Congress on the Clean Coal
Technology Program: LIMB Demonstration Project
Extension.The Babcock & Wilcox Company. Report
No. DOE/FE-0085. U.S. Department of Energy. April
1987. (Available from NTIS as DE87009793.)
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Contacts
Paul Nolan, (216) 860-1074
The Babcock & Wilcox Company
P.O. Box 351
Barberton, OH 44203-0351
Lawrence Saroff, DOE/HQ, (301) 903-9483
James U. Watts, FETC, (412) 892-5991

Operational Performance
(Coolside)

Floor deposits experienced in the
ductwork with the horizontal
humidification led designersto  *
consider a vertical unit in a com-
mercial configuration. Short-term
testing did not permit evaluation

of Coolside system availability.

Economic Performance

(LIMB & Coolside)

Economic comparisons were

made between LIMB, Coolside, *
and a wet scrubber with limestone
injection and forced oxidation
(LSFO). Assumptions on perfor-
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Environmental Control Devices
Combined SO,/NO, Control Technologies
|
HOT BAGHOUSE
SO,-NO,-Rox Box ™ Flue Gas PREHEATER
Cleanup Demonstration BOILER
Project STACK
Project completed. HIGH-TEMPERATURE
L FILTER BAG
Participant
The Babcock & Wilcox Company
AMMONIA
Additional Team Members A'-th'g,'\lo"'
Ohio Edison Company—cofunder and host 2 SURFACE
Ohio Coal Development Office—cofunder COAL— WA | SCR
Electric Power Research Institute—cofunder AR—* lﬁgggﬁg‘ CATALYST
Norton Company—cofunder and SCR catalyst supplier
3M Company—cofunder and filter bag supplier
Owens Corning Fiberglas Corporation—cofunder and
filter bag supplier
Location BOTTOM
Dilles Bottom, Belmont County, OH (Ohio Edison ASH
Company'’s R.E. Burger Plant, Unit No. 5) DRY WASTE TO DISPOSAL
Technology . - . .
Technology/Project Description baghouse operating temperatures. Thus several different

The Babcock & Wilcox Company’s S@IO,-Rox Box™

™ . ) - .
(SNRB™) process The SNRB™ process combines the removal of, SO arrangements for potential commercial installations could

NO,, and particulates in one unit—a high-temperature be simulated.
Plant Capacity/Production baghouse. SQemoval is accomplished using either The SNRB™ process was operated for approxi-
5-MWe equivalent slipstream from a 156-MWe boiler  calcium- or sodium-based sorbent injected into the flue mately 2,300 hours. Through this effort, SNRB™ dem-
gas. NQremoval is accomplished by injecting ammo- onstrated the technical and economic feasibility of
nia (NH,) to selectively reduce NOn the presence of a  achieving more than 80% S@moval, more than 90%
selective catalytic reduction, or SCR, catalyst. Particu- NO, removal, and 99% particulate removal at lower

Coal
Bituminous coal blend, 3.7% sulfur avg

Project Funding late removal is accomplished by high-temperature fiber capital, operating, and maintenance costs than those for a
Total project cost $13,271,620 100% pag filters. combination of conventional systems. The demonstra-
DOE 6,078,402 46 The 5-MWe SNRB™ demonstration unit is large  tion was conducted at Ohio Edison Company’s R.E.
Participant 7,193,218 54 enough to demonstrate commercial-scale components Burger Plant, Unit No. 5, in Dilles Bottom, OH.

Project Objective while minimizing the demonstration cost. Operation at

To achieve greater 70% S@moval and 90% or higher  this scale also permitted cost-effective control of the flue
reduction in NQ emissions while maintaining particulate gas temperature, which allowed for evaluation of perfor-
emissions below 0.03 1b/i@tu. mance over a wide range of sorbent injection and

SO-NO,-Rox Box and SNRB are trademarks of The Babcock &
5-66  Program Update 1996-97 Wilcox Company. Environmental Control Devices



Calendar Year

1988

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

1998

9/88 12/89

| Preaward | Design and Construction

| Operation

A T A A

Cooperative agreement

DOE selected awarded 12/20/89

project (CCT-II)

T

Operation

Operati leted 5/93
initiated 5/92 peration compiete

Construction completed 12/91
Environmental monitoring plan completed 12/31/91

9/95

Project completed/final report issued 9/95

9/28/88 Preoperational tests initiated 11/91
Design completed 8/91
Ground breaking/construction started 5/9/91
NEPA process completed (MTF) 9/22/89
Results Summary * NO, reduction of 90% was achieved with an JNHDX Economic
ratio of 0.9 and temperature of 800-850 °F. « Capital cost for a 250-MWe retrofit was $233/kW,

Environmental

+ Air toxic removal efficiency was comparable to that of assuming 3.5% sulfur coal and baseline lgénera-

SO, removal efficiency of 80% was achieved with
commercial-grade lime at a calcium-to-sulfur (Ca/S)
molar ratio of 2.0 and temperature of 800—850 °F.

SO, removal efficiency of 90% was achieved with
sugar hydrated and lignosulfonate hydrated lime at a
Ca/s ratio of 2.0 and temperature of 800—-850 °F. .

SO, removal efficiency of 80% was achieved with
sodium bicarbonate at a sodium-to-sulfur {Sa .
molar ratio of 1.0 and temperature of 425 °F.

SO, emissions were reduced to less than 1.2 fB10
with 3—-4% sulfur coal with a Ca/S molar ratio as low
as 1.5 and NéXS ratio of 1.0. i

Injection of calcium-based sorbents directly upstream
of the baghouse at 825-900 °F resulted in higher over-
all SQ,removal than injection further upstream at
temperatures up to 1,200 °F.

Environmental Control Devices

an electrostatic precipitator (ESP), except that hydro-
gen fluoride (HF) was reduced by 84% and hydrogen
chloride (HCI) by 95%.

Operational

Calcium utilization was 40-45% for S@movals of
85-90%.

Norton Company’s NC-300 zeolite SCR catalyst
showed no appreciable physical degradation or change
in catalyst activity over the course of the demonstra-
tion.

No excessive wear or failures occurred with the filter
bags tested: 3M’s Nextel ceramic fiber filter bag and
Owens Corning Fiberglas’s S-Glass filter bag.

tion of 1.2 Ib/10 Btu.
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Project Summary coal were reduced to less than 1.2 It with a Ca/S NO, emissions reduction of 90% was readily
SNRB™ incorporates two successful technology developolar ratio as low as 1.5 and {&vratio less than 1.0. achieved with ammonia slip limited to less than 5 ppm.
ment efforts that offer distinct advantages over other To capture NQ) ammonia was injected between the This performance reduced N@missions to less than
control technologies. High-temperature filter bags and sorbent injection point and the baghouse. The ammoni®.10 Ib/10 Btu. NO, reduction was insensitive to tem-
circular monolith catalyst developments enabled multipl@nd NQ reacted to form nitrogen and water in the pres- peratures over the catalyst design temperature range of
emission control in a single component with a low plantence of Norton Company’s NC-300 series zeolite SCR 700-900 °F. Catalyst space velocity (volumetric gas flow/
area space requirement. As a postcombustion control catalyst. With the catalyst being located inside the filter catalyst volume) had a minimal effect on N®@moval

system, it is simple to operate. The high-temperature bd@gs, it was well protected from potential particulate
provides a clean, high-temperature environment compaterosion or fouling. The sorbent reaction products,

over the range evaluated.
Turndown capability for tailoring the degree of NO

ible with effective SCR operation and a surface for en- unreacted lime, and fly ash were collected on the filter reduction by varying the rate of ammonia injection was

hanced S@sorbent contact (creates a sorbent cake on ti@gs and thus removed from the flue gas.
surface). Particulate control, which is receiving increas
ing attention, is typical of the superior performance of-
fered by pulsed jet baghouses.

N

Environmental Performance

Four different sorbents were tested for,8@pture. Cal- |||.|I '.
cium-based sorbents included commercial-grade-hydra | |
lime, sugar-hydrated lime, and lignosulfonate-hydrated ||
lime. In addition, sodium bicarbonate was tested. The ||
optimal location for injecting the sorbent into the flue ga

was immediately upstream of the baghouse. Effectively
the SQ was captured by the sorbent in the form of a filtg
cake on the filter bags (along with fly ash).

With the baghouse operating above 830 °F, injectioj=
of commercial-grade hydrated lime at Ca/S molar ratio ¢
1.8 and above resulted in g@movals of over 80%. At '
a Ca/S of molar ratio of 2.0, performance of the sugar- [
hydrated lime and lignosulfonate-hydrated lime increas :
performance by approximately 8%, for overall removal
approximately 90%. S@emoval of 85-90% was ob-
tained with calcium utilization of 40-45%. Injection of
the calcium-based sorbents directly upstream of the
baghouse at 825-900 °F resulted in higher overaJl SO
removal than injection further upstream at temperature
up to 1,200 °F.

SO, removal using sodium bicarbonate was 80% at
an Na/S ratio of 1.0 and 98% at an & ratio of 2.0
at a significantly reduced baghouse temperature of
450-460 °F. SQemissions while burning a 3—4% sulfur

prior to lifting it into the penthouse.
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demonstrated for a range of 50-95% Ne€Xuction. No
appreciable physical degradation or change in the catalyst
activity was observed over the duration of the test pro-
gram. The degree of oxidation of S0 SQ over the

zeolite catalyst appeared to be less than 0.5%,, ¢SO
dation is a concern for SCR catalysts containing vana-
dium.) Leach potential analysis of the catalyst after
completion of the field test showed that the catalyst re-
mained nonhazardous for disposal.

Particulate emissions were consistently below NSPS
standards of 0.03 Ib/t®tu, with an average over 30
baghouse particulate emission measurements of
0.018 Ib/10 Btu, which corresponds to a collective effi-
ciency of 99.89%. Hydrated lime injection increased the
baghouse inlet particulate loading from 5.6 to 16.5 fb/10
Btu. Emissions testing with and without the SCR catalyst
installed revealed no apparent differences in collection
efficiency. On-line cleaning with a pulse air pressure of
30-40 Ib/it was sufficient for cleaning the bag/catalyst
assemblies. Typically, one of five baghouse modules in
service was cleaned every 30-150 minutes.

A comprehensive air toxics emissions monitoring
test was performed at the end of the SNRB™ demonstra-
tion test program. The targeted emissions monitored
included trace metals, volatile organic compounds, semi-
volatile organic compounds, aldehydes, halides, and

A The demonstration baghouse is installed on the back si@dionuclides. These species were a subset of the 189
of the power plant. Workers stand by the catalyst holder tulseibstances identified in the CAAA. Measurements of

mercury speciation, dioxins, and furans were unique

Environmental Control Devices



features of this test program. The emissions control efficommercial Applications
ciencies achieved for various air toxics by the SNRB™ Commercialization of the technology is expected to
system were generally comparable to those of the convelevelop with an initial larger scale application equivale
tional ESP at the power plant. However, the SNRB™ to 50-100 MWe. The focus of marketing efforts is being
system did reduce HCI by an average of 95% and HF tailored to match the specific needs of potential indus-
emissions by an average of 84%, whereas the ESP hadtnal, utility, and independent power producers for both
effect on these constituents. retrofit and new plant construction. SNRB™ is a flexibl
Operation of the SNRB™ demonstration resulted intechnology that can be tailored to maximize control of
the production of approximately 830 tons of fly ash and SQ,, NO,, or combined emissions to meet current perfo
by-product solids. An evaluation of potential uses for thenance requirements while providing flexibility to addres,
by-product showed that the material might be used for future needs.
agricultural liming (if pelletized). Also, the solids poten-
tially could be used as a partial cement replacement to
lower the cost of concrete.

Contacts
Kevin Redinger, (330) 829-7719

The Babcock & Wilcox Company
Operational Performance 1562 Beeson Street
A 3,800-hour durability test of three fabric filters was Alliance, OH 44601
completed at the Filter Fabric Development Test FacilityLawrence Saroff, DOE/HQ, (301) 903-9483
in Colorado Springs in December 1992. No signs of  John C. McDowell, FETC, (412) 892-6237
failure were observed. All of the demonstration tests

) . References

were conducted using the 3M Company Nextel ceramic
fiber filter bags or the Owens Corning Fiberglas S-Glass’
filter bags. No excessive wear or failures occurred in
over 2,000 hours of elevated temperature operation.

SQO-NO-Rox Box" Flue Gas Cleanup Demonstra-
tion Final Report Report No. DOE/PC/89656-T1.
The Babcock & Wilcox Company. September 1995.
(Available from NTIS as DE96003839.)

¢« 5 MWe SNRB' Demonstration Facility: Detailed
Design Report.The Babcock & Wilcox Company.
November 1992.

Economic Performance
For a 250-MWe boiler fired with 3.5% sulfur coal and
NO, emissions of 1.2 Ib/2®tu, the projected capital

cost of an SNRB™ system is approximately $233/kW .
including various technology and project contingency * COomprehensive Report to Congress on the Clean Cal  Workers lower one of the catalyst holder tubes into a
Technology Program: SE@NO-Rox Box™ Flue Gas mounting plate in the penthouse of the high-temperature

factors. A combination of fabric filter, SCR, and wet bagh
Cleanup Demonstration ProjecThe Babcock & aghouse.

scrubber for achieving comparable emissions control has
been estimated at $360—-400/kW. Variable operating costs Wilcox Company. Report No. DOE/FE-0145. US
are dominated by the cost of the S@rbent for a system Department of Energy. November 1989. (Available
designed for 85-90% S@moval. Fixed operating costs from NTIS as DE90004458.)

primarily consist of system operating labor and projected

labor and material for the hot baghouse and ash-handling

systems.
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Environmental Control Devices
Combined SO,/NO, Control Technologies
| SORBENT
Sito
Enhancing the Use of Coals by } BOILER
Gas Reburning and Sorbent ECONOMIZER
Injection N
HUMIDIFICATION

Project completed. OVEATFF; IRE l WATER
Participant |i| — i ELECTROSTATIC
Energy and Environmental Research Corporation — PRECIPITATOR  £un
Additional Team Members __T )l PREI)-A\IIIEF}ATE STACK
Gas Research Institute—cofunder [ NAG;QAL
State of lllinois, Department of Commerce & Community| C(i\‘l\'R-:

Affairs—cofunder
lllinois Power Company—host FLY ASH: '
City Water, Light and Power—host RECIRCULATED

FLUE GAS

Locations m
Hennepin, Putnam County, IL (lllinois Power Company’s TO WASTE DISPOSAL

Hennepin Plant, Unit 1)
Springfield, Sangamon County, IL (City Water, Light and BOTTOM ASH

Power’s Lakeside Station, Unit 7)
Technology
Energy and Environmental Research Corporation’s gas 50% of the SQon two different boiler configurations— a tangentially fired, 80-MWe (gross) boiler at lllinois
reburning and sorbent injection (GR-SI) process tangentially fired and cyclone-fired—while burning Power Company’s Hennepin Plant in Hennepin, IL, and a

high-sulfur midwestern coal. cyclone-fired, 40-MWe (gross) boiler at City Water, Light

Plant Capacity/Production
Hennepin: tangential-fired 80 MWe (gross), 71 MWe (net)Technology/Project Description

Lakeside: cyclone-fired 40 MWe (gross), 33 MWe (net) In this process, 80-85% of the fuel was coal and was
supplied to the main combustion zone. The remaining

and Power’s Lakeside Station in Springfield, IL. lllinois
bituminous coal containing 3% sulfur was the test coal for
both Hennepin and Lakeside.

Cf)al_ o 15-20% of the fuel, provided by natural gas, bypassed A comprehenswe t_est prograrT] was conducteq at each
lllinois bituminous, 3.0% sulfur . . . of the two sites, operating the equipment over a wide
the main combustion zone and was injected above the . - .

. . . . . . range of boiler conditions. Over 1,500 hours of operation
Project Funding main burners to form a reducing (reburning) zone in as achieved. enabling a substantial amount of data to be
Total project cost $37,588,955 100% which NQ, was converted to nitrogen. A calcium com- Wbt . dl \: t’ . ng asu tl tuk ¢ i
DOE 18,747,816 50 pound (sorbent) was injected in the form of dry, fine ?h am(;e .t' 3 er.13|\l:l(;rinedazurem(.en §werteh a. en otquan ity
Participant 18,841,139 50 particulates above the reburning zone in the boiler. Th e reductions in NEand SQemissions, the impact on

calcium compound tested was Ca(Qgijme). This ; oiler equipment and operability, and all factors influenc-
ing costs.

project demonstrated the GR—SI process on two separat
boilers representing two different firing configurations—

Project Objective
To demonstrate gas reburning to attain at least 60% NO
reduction along with sorbent injection to capture at least

PromiSORB is a trademark of Energy and Environmental Research
5-70  Program Update 1996-97 Corporation. Environmental Control Devices



Calendar Year

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
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 2 3 41 2 3 4 1 2 3 4 3 4

7/86 7187 1/91 8/97
| Preaward | Design and Construction Operation |
A M A A A
NEPA 1 on initiated
. eration initiate :
DOE selected Cooperative process peral ' Restoration completed,
project (CCT-l)  agreement completed, Lakeside 5/93 Lakeside 12/95
7124186 awarded Hennepin Operation completed, )
7/14/87 (MTF) 5/9/88 Hennepin 1/93 Project completed/
) ) final report issued 8/97*
Design completed, both sites 5/89 Construction completed, Lakeside 5/92
Construction started, Hennepin 5/89 Construction completed, Hennepin 8/91 (L)a’:lfergitcli%n i:(c))/n;gleted,
. Operation initiated, Hennepin 1/91
NEPA process completed, Lakeside (EA) 6/25/89— Restoration completed
. o Construction started, Lakeside 6/90 Hennepin 12/93 !
Environmental monitoring plan— p
completed, Hennepin 10/15/89  L—Environmental monitoring plan completed,
Lakeside 11/15/89 *Projected date
Results Summary ¢ Particulate emissions were not a problem on either Economic

unit undergoing demonstration, put humidification Capital cost for gas reburning (GR) was approximately
had to be introduced at Hennepin to enhance ESP $15/kW plus the gas pipeline cost, if not in place.

* On the tangentially fired boller, GRS heeductions performance. » Operating costs for GR were related to the gas/coal

of up to 75% were achieved, and an average 67% . .
' « Three advanced sorbents tested achieved higher SO i i issi .
reduction was realized at an average gas heat input of L ) . ghe cost differential and the value of §é)n|53|or.1 allow .
18% capture efficiencies than the baseline Linwood hy- ances (because GR replaces some coal with gas, it also
' drated lime. PromiSORB™ A achieved 53%,SO reduces SQemissions).

* GR-SI SQremoval efficiency on the tangentially fired  capture efficiency and 31% utilization without GR at .
boiler averaged 53% with hydrated lime at a calcium- 5 ca/S molar ratio of 1.75. Under the same condi-
to-sulfur (Ca/S) molar ratio of 1.75 (corresponding to @ tions, PromiSORB™ B achieved 66% Sexduction
sorbent utilization of 24%). and 38% utilization, and High-Surface-Area Hydrated OPerating costs for Sl were dominated by the cost O_f

+ On the cyclone-fired boiler, GR-SI N@ductions of Lime achieved 60% S@eduction and 34% utiliza- sorbent and sorbent/ash disposal costs. Sl was esti-
up to 74% were achieved, and an average 66% reduc- tion. mated to be competitive at $300/ton of,3€moved.
tion was realized at an average gas heat input of 22‘Vb .

perational

Environmental

Capital cost for sorbent injection (SI) was approxi-
mately $50/kW.

» GR-SI SQremoval efficiency on the cyclone-fired
boiler averaged 58% with hydrated lime at a Ca/S
molar ratio of 1.8 (corresponding to a sorbent utiliza-
tion of 24%).

Boiler efficiency decreased by approximately 1% as a
result of increased moisture formed in combustion
from natural gas use.

¢ There was no change in boiler tube wastage, tube
metallurgy, or projected boiler life.
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Project Summary emissions less than 0.025 IbfBlu were measured even
The GR-SI project demonstrated the success of gas  With an increase in inlet particulate loading resulting fro
reburning and sorbent injection technologies in reducingsorbent injection. These levels were comparable to me
NO, and SQemissions. The process design conducted sured baseline emissions of 0.035 I5/B6 and a collec-
early in the project combined with the vast amount of  tion efficiency greater than 99.5%.

data collected during the testing created a database ca- ~ Following the completion of the long-term tests,

configurations (tangential-, cyclone-, and wall-fired) on manufactured by the participant and contained proprietg
both utility and industrial units. The emissions control additives to increase their reactivity toward,$0d were |
and performance can be accurately projected as can théeferred to as PromiSORB™ A and B. The lllinois Statej:
capital and operating costs. Geological Survey developed the other sorbent—High- |
Surface-Area Hydrated Lime in which alcohol is used to

form a material that gives rise to a much higher surface
area than that of conventionally hydrated limes.

Environmental Performance (Hennepin)

Operational testing, which included optimization testing
and long-term testing, was conducted between January The SQ capture without GR, at a nominal 1.75 Ca/g
1991. and January 1993. The GR-SI long-term demon-moIar ratio, was 53% for PromiSORBAM 66% for e
stration tests were carried out from January 1992 to OCtB:  miSORB™ B. 60% for High-Surface-Area Hydrated B

ber 1992 “? verify the s_ystem performance over an ex- Lime, and 42% for Linwood lime. Ata 2.6 Ca/S molar
tendeq period. The unit was operated at cgnstant loadsratio, the PromiSORB™ B yielded 81% S@moval
and with the system under dispatch operation where Ioagfficiency.
was varied to meet plant power output requirements.

With the system under dispatch, the load fluctuated oveEavironmental Performance (Lakeside)
wide range from 40 MWe to a maximum load of 75 MWe?arametric tests were conducted in three series: GR
Over the long-term demonstration period, the average parametric tests, Sl parametric tests, and GR-SI optimiz

gross power output was 62 MWe. tion tests. A total of 100 GR parametric tests were con-A  The flexible lime-sorbent distribution lines lead from
For long-term demonstration testing, the average ducted at boiler loads of 33, 25, and 20 MWe. Gas heatthe sorbent splitter to the top of the cyclone-fired boiler at

NO, reduction was approximately 67%. The average S@put varied from 5% to 26%. The GR parametric tests Lakeside Station.

removal efficiency was over 53% at a Ca/S molar ratio oichieved a NQreduction of approximately 60% at a gas In the GR-SI optimization tests, the two technolo-
1.75. (Linwood hydrated lime was used throughout thedeeat input of 22-23%. Additional flow modeling and  gies were integrated. Modifications were made to the
tests except for a few days when Marblehead lime was computer modeling studies indicated that smaller reburirapyrning fuel injection nozzles based on the results of
used.) CO emissions were below 50 ppm in most casedng fuel jet nozzles could increase reburning fuel mixingihe injtial GR parametric tests and flow modeling studies.

but were higher during operation at low load. and thus improve the N@eduction performance. The total cross-sectional area of the reburning jets was

A significant reduction in CQwas also measured. A total of 25 Sl parametric tests were conducted t0 gecreased by 32% to increase the reburning jet's penetra-
This was due to partial replacement of coal with natural isolate the effects of sorbent on boiler performance andjon characteristics. The decrease in nozzle diameter
gas having a lower C/H ratio. This cofiring with 18%  operability. Results showed that S@duction level increased NQreduction by an additional 3-5% compared

natural gas resulted in a theoretical @issions reduc- varied with load because of the effect of temperature onyg the initial parametric tests. With GR-SI, total,SO

tion of nearly 8% from the coal-fired baseline level. Witfihe sulfation reaction. Ata Ca/S of 2.0, 44% &luc-  reductions resulted from partial replacement of coal with

flue gas humidification, electrostatic precipitator (ESP) tion was achieved at full load (33 MWe); 38% 3€duc-  natyral gas and sorbent injection. At a gas heat input of

collection efficiencies greater than 99.8% and particulatéion was achieved at mid-load (25 MWe); and 32% SO 2204, and Ca/S molar ratio of 1.8, average N@luction
reduction was achieved at low load (20 MWe).
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during the long-term testing of
GR-SI was 66% and the average
SO, reduction was 58%.

Operational Performance
(Hennepin/Lakeside)

Sorbent injection increased the
frequency of sootblower operation
but did not adversely affect boiler
efficiency or equipment perfor-
mance. Gas reburning decreased
boiler efficiency by approximately
1.0% because of the increase in
moisture formed with combustion
of natural gas. Examination of the
boiler before and after testing
showed no measurable change in |§
tube wear or metallurgy. Essen-
tially, the scheduled life of the
boiler was not compromised.

The ESPs adequately accom- A The natural gas injector was installed
modated the changes in ash load- on the corner of Hennepin Station’s

ing and resistivity with the pres-  tangentially fired boiler.

The capital cost estimate for References

Sl was $50/kW. Operating costs
for SI were dominated by the cost
of the sorbent and sorbent/ash
disposal costs. Sl was projected to
be cost competitive at $300/ton of
SO, removed.

Commercial Applications

The GR-SI process is a unique
combination of two separate tech-
nologies. The commercial appli-
cations for these technologies,
both separately and combined,
extend to both utility companies
and industry in the United States
and abroad. In the United States
alone, these two technologies can
be applied to more than 900 pre-
NSPS utility boilers; the technolo- .
gies also can be applied to new
utility boilers. With NQ and SQ
removal exceeding 60% and 50%,

ence of sorbent in the ash. No adverse conditions wererespectively, these technologies have the potential to

found to exist. But as mentioned, humidification had to extend the life of a boiler or power plant and also provide

be added at Hennepin to achieve acceptable ESP perfoaway to use higher sulfur coals.

mance with GR-SI.

Contacts
Blair A. Folsom, Senior Vice President, (714) 859-8851
Energy and Environmental Research Corporation

Economic Performance (Hennepin/Lakeside)

Capital and operating costs depend largely on site-spe-
cific factors, such as gas availability at the site, coal/gas
cost differential, SQremoval requirements, and value of

Irvine, CA 92718

SO, allowances. It was estimated that for most installa- Lawrence Saroff, DOE/HQ, (301) 903-9483
tion, a 15% gas heat input will achieve 60% Néxuc- Jerry L. Hebb, FETC, (412) 892-6079

tion. The capital cost for such a GR installation was
estimated at $15/kW for 100-MWe and larger plants plus
the cost of the gas pipeline (if required). Operating costs
were almost entirely related to the differential cost of the
gas over the coal as reduced by the value gfed@ssion
allowances.

Environmental Control Devices

Enhancing the Use of Coals by Gas Reburning—Sorbent
Injection; Long Term Testing Period, September 1,
1991-January 15, 1993Report No. DOE/PC/79796-
T40. Energy and Environmental Research Corporation.
February 1995. (Available from NTIS as DE95011481.)

Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection; Volume 2: Gas Reburning—Sorbent
Injection at Hennepin Unit 1, lllinois Power Company.
Report No. DOE/PC/79796-T38-Vol. 2. Energy and
Environmental Research Corporation. October 1994.
(Available from NTIS as DE95009448.)

Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection; Volume 3: Gas Reburning—Sorbent
Injection at Edwards Unit 1, Central lllinois Light Com-
pany. Report No. DOE/PC/79796-T38-Vol. 3. Energy
and Environmental Research Corporation. October
1994. (Available from NTIS as DE95009447.)

Clean Coal Technology: Reduction of Nd SQ

Using Gas Reburning, Sorbent Injection, and Integrated
Technologies.Topical Report No. 3, Revision 1. U.S.
Department of Energy and Energy and Environmental
Research Corporation. September 1993. (Available
from NTIS as DE94007444.)

Comprehensive Report to Congress on the Clean Coal
Technology Program: Enhancing the Use of Coals by
Gas Reburning and Sorbent InjectioBnergy and Envi-
ronmental Research Corporation. Report No. DOE/FE-
0087. U.S. Department of Energy. May 1987. (Avail-
able from NTIS as DE87010815.)
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Milliken Clean Coal
Technology Demonstration
Project

Participant
New York State Electric & Gas Corporation

Additional Team Members

New York State Energy Research and Development
Administration—cofunder

Empire State Electric Energy Research Corporation—
cofunder

Consolidation Coal Company—technical consultant

Saarberg-Hoélter-Umwelttechnik, GmbH—technology
supplier

The Stebbins Engineering and Manufacturing
Company—technology supplier

Nalco Fuel Tech—technology supplier

ABB Air Preheater, Inc.—technology supplier

DHR Technologies, Inc.—operator of advisor system

Location

Lansing, Tompkins County, NY (New York State Electric

& Gas Corporation’s Milliken Station, Units 1 and 2)

Technology

Flue gas cleanup using Saarberg-Holter-Umwelttechnik’s
(S-H-U) formic-acid-enhanced, wet limestone scrubber

technology; ABB Combustion Engineering’s Low-NO
Concentric Firing System (LNCFS™) Level III; Nalco
Fuel Tech’'s NOxOUT urea injection system; Stebbins’

tile-lined split-module absorber; and ABB Air Preheater

heat-pipe air-heater system

Plant Capacity/Production
300 MWe

NOxOUTis a registered trademark of Nalco Fuel Tech.
LNCFS is a trademark of ABB Combustion Engineering, Inc.
PEOA is a trademark of DHR Technologies, Inc.
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UNIT #2 HEAT-PIPE

COAL BOILER AIR-HEATER SYSTEM
| ELECTROSTATIC
HOT PRECIPITATOR
HOT FLUE COMBUSTION |
GAS INLET| | AIR OUTLET FLUE FLUE GAS
GAS out
OF STACK
AIR— — SPLIT
000 | | | MODULE
v L1, ABSORBER
ooo —=0 BELOW STACK
COOL FLUE
3§ GASOUTLET
ASH LIMESTONE
COLD COMBUSTION PREPARATION
AIR INLET
UNIT #1 H ,G\ NE,NG
COiA'- BOILER ELECTROSTATIC AND
UREA PRECIPITATOR
INJECTION

GYPSUM e g
DEWATERING/
HANDLING

COMMERCIAL-GRADE
FGD BLOWDOWN

GYPSUM
TREATMENT
& RECYCLE

Y S|
finw' /sl

AR
PREHEATER
(REFURBISHED)

COMMERCIAL-GRADE
CALCIUM CHLORIDE

Project Funding in very high SQremoval with low energy consumption
100% and the production of commercial-grade gypsum.

28 The flue gas desulfurization absorber is a Stebbins
72 tile-lined split-module vessel, which has superior corro-
sion and abrasion resistance, leading to decreased life-
Igycle costs and reduced maintenance. The split-module

design is constructed below the stack to save space and

$158,607,807
45,000,000
113,607,807

Total project cost
DOE
Participant

Project Objective

To demonstrate at a 300-MWe utility-scale a combinatio
of cost-effective and innovative emission reduction and - ) o
efficiency improvement technologies, including the provide operational flexibility.

§-H-U wet scrubber system enhanced with formic acid to The Nalco ,F%Je' Tech NO.XOU’Tsyste.m is used to
remove NQ by injecting urea into the boiler flue gas.

This facet of the project, in conjunction with other com-
bustion modifications, including LNCFS™ Level Il (low-
NO, burner system), reduces N@missions and produces
Technology/Project Description marketable fly ash.

The S-H-U wet flue gas desulfurization process is a for- A heat_pipe air-heater System by ABB Air Preheater,
mic-acid-enhanced, wet limestone process, which resultgic., reduces both air leakage and the air heater’s flue gas

increase SQremoval in a Stebbins tile-lined scrubber,
Iow-NOx burner, urea injection for NX(DemovaI, and a
heat-pipe air preheater.

Environmental Control Devices



Calendar Year

1991 1992 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 2 3 41 2 3 4 1 2 3 4 1 2

9/91 10/92 6/95 8/98
| Preaward | Design and Construction Operation
A A
DOE selected Environmental Project completed/final report issued 8/98*
project (CCT-1V) monitoring
9/12/91 plan completed ) . ] . Operation completed 7/98*
12/1/94 Fully integrated operation of Units 1 and 2 initiated 6/95
NEPA process completed Construction completed 6/95
(EA) 8/18/93 Operation initiated on Unit 2 1/95

Ground breaking/construction started 4/93
Design completed 4/93

Cooperative agreement awarded 10/20/92 *Projected date

exit temperature. DHR Technologies, Inc., is providinga  Pittsburgh, Freeport, and Kittanning coals, with Mist eliminator testing is complete; a report is ex-
state-of-the-art boiler and plant artificial-intelligence-  sulfur contents of 1.5%, 2.9%, and 4.0%, are being usegected to be issued in mid-1997.
based control system, PEOA™, to enhance emissions in the demonstration.

reductions a,nd boiler eff|C|enc.|es. . Project Status/Accomplishments The S-H-U SQremoval process, the Nalco NOxOUT
The project has been designed for “total environ- . . . . . S .
tal and £ ‘ The split module scrubber at Milliken Station began noncatalytic reduction process, Stebbins’ tile-lined split-
,men alan .er.lergy management,” a con(.:ep .encompasgcrubbing operations for Unit 2 in January 1995. Full module absorber, and ABB Air Preheater’s heat-pipe air-
ing low emissions, low energy consumption, improved . . o . . . .
] . _é)lant operation with Unit 1 incorporated into the split-  heater technology are applicable to virtually all power
combustion, upgraded boiler controls, and reduced soli . . ) ' S
. . module scrubber began in June 1995. plants, in both retrofit and greenfield applications, at any
waste. The system has been designed to achieve at least . . . . . .
- o eat pipe performance testing at various loads wassize. The space-saving design features of the technolo-
95% SQ removal efficiency (or up to 98%) using lime- . . . . . .
. ) i ) completed in July 1996. Further testing on a cleaned heagés, combined with the production of marketable by-
stone while burning high-sulfur coal. N@ductions . . o . . .
. . . X . ,p||£|)e was completed in November 1996. Test data are products, offer significant incentives to generating sta-
have been achieved using selective noncatalytic reduction . . . . IR
technol q ‘ busti dificati Nobemg compiled, and a report is being prepared. tions with limited space.
ec. n(_) 00y and separate combustion moditications, Design coal FGD testing began in May 1996. How- Wheelabrator is marketing NOxO@Through a
emissions have been reduced from 0.65 to 0.4091B10 . . .
389%) by retrofitting the two boilers with low-NGurm ever, the sulfur content of coal received was below desi@ioense agreement with Nalco Fuel Tech. DHR Technolo-
(38%) by I s W ! W W N n specifications for the scrubber. Testing was halted in  gies’ Plant Emission Optimization Advisor (PEOA™) has
ers. NOxOUT is expected to reduce N@®missions . . ; L . .
. - X September 1996 due to plugging of some slurry spray been sold to City Public Service in San Antonio, TX;
from Unit 1 by an additional 15-20%. The system has - . . L .
] nozzles. Milliken does not expect to receive any coal three bids are outstanding in Korea and one in Israel.
zero wastewater discharge and produces marketable by- . . .
duct o q lci hi with the design sulfur percentage until late summer 1997.
procuicts (e.g. commercial-grade gypsum, caicium ¢ OTesting has been delayed until design coal can be deliv-
ride, and fly ash), minimizing solid waste.

ered, after which testing will continue for 6 months.

Commercial Applications
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CLEAN FLUE GAS

BOILER l'):IFJI;( TO STACK
. . BAGHOUSE

Commercial Demonstration of O B aoaon_ L~
the NOXSO SO,/NO, Removal
Flue Gas Cleanup System ] 7 "avsbreen ~|S“gARKBEEUNPT|
Participant
NOXSO Corporation COAL —+ t

- AR ﬁ SORBENT
Additional Team Members HEATER
Olin Corporation—cofunder and host DISPOSAL

Gas Research Institute—cofunder
Electric Power Research Institute—cofunder
W.R. Grace and Company—cofunder

ASH

Morrison Knudsen-Ferguson—engineer

Calabrian Corporation—burn-in-oxygen
technology supplier

Advanced Petrogas Systems—Iliquid,Sant
fabrication

NO, RECYCLE

Location
NOXSO Plant: site under negotiation
SO, Plant: Charleston, Bradley County, TN (Olin

AIR
HEATER

METHANE
REGENER-
ATOR

SORBENT
COOLER
OFFGAS

AIR SULFUR [SULFUR| LIQUID
RECOVERY [ S0,
UNIT PLANT

Corporation’s Chlor-alkali facility) Project Objective

Technology To demonstrate removal of 98% of the 2@d 75% of

NOXSO Corporation’s dry, regenerable flue gas cleanughe NQ from a coal-fired boiler’s flue gas using the
process NOXSO process.

Calabrian Corporation’s burn-in-oxygen technology for

) - Technology/Project Description
production of liquid SQ

Plant Capacity/Production
NOXSO Plant: 50-100 MWe
SO, Plant: 45,000 tons/yr of liquid SO

Project Funding

Total project cost $82,812,120 100% . . L cOo
spherical beads of high-surface-area alumina impregnated
DOE 41,406,060 50 . .
Particinant 41 406.060 with sodium carbonate. Cleaned flue gas then passes
articipan U through a baghouse to the stack.
The NQ is desorbed from the NOXSO sorbent whe
heated by a stream of hot air. Hot air containing the des-
5-76  Program Update 1996-97

The NOXSO process is a dry, regenerable system capat()jl
of removing both S@and NQ in flue gas from coal-fired
utility boilers burning medium- to high-sulfur coals. |
the basic process, the flue gas passes through a fluidized-
bed adsorber located downstream of the precipitatay; S
and NQ are adsorbed by the sorbent, which consists of

n

orbed NQ is recycled to the boiler where equilibrium
processes cause destruction of the NThe adsorbed
sulfur is recovered from the sorbent in a regenerator
where it reacts with methane at high temperature to pro-
duce an offgas with high concentrations of, %@d hy-
rogen sulfide (5B). This offgas is processed to produce
elemental sulfur, which is further processed to produce
liquid SQ,, a higher valued by-product.

The process is expected to achieveg &ductions of
88% and NQreductions of 75%.

A full-scale design based on data from the proof-of-
ncept facility at Ohio Edison’s Toronto power plant is
In preparation.

The project will also demonstrate a 45,000-ton/yr
liquid SQ, plant at Olin Corporation’s Charleston, TN,
acility. The liquid SQ plant will use Calabrian’s burn-

Environmental Control Devices



Calendar Year

1989
3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2

1999

12/89

| Preaward | Design

Novation of cooperative agreement with NOXSO Corp. 8/94
Selected new host site 8/94

Project definition phase completed 10/94

Cooperative agreement
NEPA process completed (EA) 6/26/95

awarded 3/11/91

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

A Note: Milestone schedule pending

project restructuring

Alcoa Generating Corp. cancelled
host site agreement 2/97

SO, plant operations initiated 12/96

SO, plant construction completed 9/96

SO, plant construction started 10/95

in-oxygen technology. This technology is a substantial coal-fired boilers of 50 MWe or larger. The process is
improvement over other existing technologies for produ@daptable to coals with medium- to high-sulfur content.
ing liquid SQ. By manufacturing liquid S@vith oxy- The process produces one of the following as a sal-
gen rather than air, by-product streams are eliminated, able by-product: elemental sulfur, sulfuric acid, or liquid
making the technology environmentally friendly. StorageSO,. A readily available market exists for these products.
requirements are minimal because the product can be The technology is expected to be especially attractive
made virtually on demand. to utilities that require high removal efficiencies for both
SO, and NQ, need to eliminate solid wastes, and/or have

Project Status/Accomplishments .
inadequate water supply for a wet scrubber.

NOXSO is searching for a new host site to demonstrate
the NOXSO process. Alcoa Generating Corporation
chose to cancel the host site agreement when NOXSO
was unable to obtain full project financing by January 31,
1997, as specified in the agreement.

In June 1997, the court accepted NOXSO'’s petition
for voluntary bankruptcy. NOXSO will continue the
process of selecting a new host site for demonstrating the
NOXSO technology.

Commercial Applications
The NOXSO process is applicable for retrofit or new
facilities. The process is suitable for utility and industrial

Environmental Control Devices
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Environmental Control Devices
Combined SO,/NO, Control Technologies

Integrated Dry NO ,/SO,
Emissions Control System

Project completed.

Participant
Public Service Company of Colorado

Additional Team Members

Electric Power Research Institute—cofunder

Stone and Webster Engineering Corp.—engineer

The Babcock & Wilcox Company—burner developer

Fossil Energy Research Corporation—operational
tester

Western Research Institute—flyash evaluator

Colorado School of Mines—bench-scale engineering
researcher and tester

NOELL, Inc.—urea-injection system provider

Location

Denver, Denver County, CO (Public Service Company o

Colorado’s Arapahoe Station, Unit No. 4)

Technology

The Babcock & Wilcox Company’s DRB-XClLow-NO,
burners, in-duct sorbent injection, and furnace (urea)
injection

Plant Capacity/Production

100 MWe

Coal
Colorado bituminous, 0.4% sulfur
Wyoming subbituminous (short test), 0.35% sulfur

Project Funding

Total project cost $27,411,462 100%
DOE 13,705,731 50
Participant 13,705,731 50

AIR COAL
LOW-NO, l l CALCIUM
BURNERS ~ INJECTION

HUMIDIFICATION

SODIUM
INJECTION

BOILER i

4

b\ A i
UREA

INJECTION

%
SR
OVERFIRE ﬁ
AIR —[] ’

FABRIC FILTER
DUST COLLECTOR

STACK

REE

11N

TO DISPOSAL

Project Objective (SNCR) system was tested to determine how much addi-
To demonstrate the integration of five technologies to tional NO, can be removed from the combustion gas.
achieve up to 70% reduction in N@nd SQ emissions; Two types of dry sorbents were injected into the
more specifically, to assess the integration of a down- ductwork downstream of the boiler to reduce, 8@is-

fired low-NQ, burner with in-furnace urea injection for ~sions. Either calcium was injected upstream of the boiler
additional NQ removal and dry sorbent in-duct injection economizer or sodium downstream of the air heater.

with humidification for SQremoval. Humidification downstream of the dry sorbent injection
was incorporated to aid S©@apture and lower flue gas
temperature and gas flow before entering the fabric filter
dust collector.

The systems were installed on Public Service Com-
pany of Colorado’s Arapahoe Station Unit No. 4, a
100-MWe down-fired, pulverized-coal boiler with roof-
mounted burners.

Technology/Project Description

All of the testing used Babcock & Wilcox's low-NO
DRB-XCL® down-fired burners with overfire air. These
burners control NOby injecting the coal and the com-
bustion air in an oxygen-deficient environment. Addi-
tional air was introduced via overfire air ports to com-
plete the combustion process and further enhance NO
removal. A urea-based selective noncatalytic reduction

DRB-XCL is a registered trademark of The Babcock & Wilcox Company.
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Calendar Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 401 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4 2 3 4|1 2 3 1 2 3 4|1 2 3 4|1 2 3 4| 1 2
12/89 3/91  pesignand  8/92 12/97
| Preaward | Construction Operation
A A A A

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

Design initiated 6/90

NEPA process completed (MTF) 9/27/90

A A T

Environmental
monitoring plan
completed
8/5/93

Operation initiated 8/92
Construction completed 8/92

Preoperational tests initiated 6/92

Design completed 3/92

Ground breaking/construction started 5/21/91

Cooperative agreement awarded 3/11/91

Project completed/
final report issued
12/97*

Operation completed 12/96

*Projected date

Results Summary .

Environmental

With maximum overfire air (24% of total combustion
air), a NQ reduction of 62-69% was achieved across,
the 50-110-MWe load range.

DRB-XCL® burners with minimum overfire air re-
duced NQ emissions by more than 63% under steady
state conditions.

NO, reductions were decreased by 10-25% under
load-following conditions.

The SNCR system, using both stationary and retract-
able injection lances in the furnace, provided NO
removal of 30-50% at an ammonia (ilip of

10 ppm, thus increasing performance of the tota] NO
control system to greater than 80% Neduction.

SO, removal with calcium-based dry sodium injection®

into the boiler at approximately 1,000 °F was less than combustion modifications were complete.

10%, and with injection into the fabric filter duct, S5O .
removal was less than 40% at a Ca/S ratio of 2.0.

Environmental Control Devices

Sodium bicarbonate injection before the air heater
demonstrated a long-term S@moval of approxi- .
mately 70% at a normalized stoichiometric ratio
(NSR) of 1.0.

Sodium sesquicarbonate injection ahead of the fabrig
filter achieved 70% SQremoval at an NSR of 2.0.

NO, emissions were generally higher when using
sodium biocarbonate than when using sodium ses-
quicarbonate.

Integrated SNCR and sodium dry sorbent injection
tests showed reduced ljEind NQ emissions.
During four series of air toxics tests, the fabric filter

successfully removed nearly all trace metal emissions
and 80% of the mercury.

Operational

Arapahoe 4 operated more than 34,000 hours after

Availability factor was over 91%.

Operational test objectives were met or exceeded.

Control system modifications and additional operator
training may be necessary to improve NOntrol
under load-following conditions.

Buildup of a hard ash cake on the fabric filter occurred
during operation of dry sorbent injection of calcium
hydroxide with humidification.

Temperature differential between the top and bottom
surfaces of the Advanced Retractable Injection Lances
(ARIL) caused the lances to bend downwards

12-18 inches. Alternative designs corrected the
problem.

Concurrent operation of SNCR and the dry sodium
injection system caused an Netor problem around
the ash silo, which appeared to be related to the rapid
change in pH due to the sodium in the ash.

Economic

Data not available.
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Project Summary

The Integrated Dry N@SO, Emissions Control System
combines five major control technologies to form an
integrated system to control both Nend SQ. The low-

84 I-Jet nozzles that can inject up to 80 gal/min into the
flue gas duct work.

Environmental Performance
The combined DRB-XCRburner and minimum overfire
air reduced NQemissions by over 63% under steady-
state conditions and with carefully supervised operations.
Under load-following conditions, NG&missions were
about 10-25% higher. At maximum overfire air (4% of
total combustion air), the low-N@ombustion system
reduced NQemissions by 62-69% across the load range
(50-110 MWe). The results indicated that the low-NO
burners were responsible for most of the N&luction.

The original design of two rows of injector nozzles

cox DRB-XCL®low-NO, burners installed on the roof.
The low-NQ combustion system also incorporated three|
Babcock & Wilcox dual-zone N(orts added to each
side of the furnace approximately 20 ft below the boiler
roof. These ports injected up to 25% of the total comb
tion air through the furnace sidewalls.

Additional NQ, control was achieved with the urea-
based SNCR system. The SNCR when used with the

lOVZ'NOx combu.stlon system would allow the goal of proved relatively ineffective because one row of injectors
70% NQ reduction to be reached. Further, the SNCR was in a region where the flue gas temperature was too

system was an important part of the integrated system, A pyplic Service Company of Colorado demonstrated lowow for effective operation. At full load, the original
interacting synergistically with the dry sorbent injection NO, burners, induct injection, and SNCR at Arapahoe Stati‘a'%sign achieved NQeduction of 45%. However. the

i ia slip. near Denver. -
(DS) system to reduce N@rmation and ammonia slip. performance decreased significantly as load decreased; at

, Initially the SNCR Wa.s.designeq and i.ns.talled ©  ow of nine injection nozzles. Each injection nozzle 60 MWe, NQ removal was limited to about 11% with an
Incorporate tv.vo levels of |nject(?rs W't,h L0injectors at .\ cisted of a fixed air orifice and a replaceable liquid ammonia slip of 10 ppm. The addition of the retractable
each level, W_Ith the exa(_:t Iocatl_on bemg. pased on tem_— orifice. The ability to change orifices allowed not only lances improved low-load performance of the urea-based
perature profiles that emsted_ with the or|g|nal_ combustlo%r removal and cleaning but adjustment of the injectionSNCR injection system. The ability to follow the tem-
system. HOV\{ever, the retroflt Iow-l\)j@om_bustlon SYys- pattern along the length of the lance in order to compenperature window by rotating the ARIL lances proved to
tem resultfad In a decrease in furna.ce exit gas temperatifge for any significant maldistributions of flue gas velodse an important feature in optimizing performance. As
by approximately 200 °F, thus moving one |nject.or level ity, temperature, or baseline NGoncentration. One of  a result, the SNCR system obtained Né@noval of
out of Fhe temperature regime ngedeo! fF)r effective SNC he key features of the ARIL sxystem was its ability to  30-50%, at a NEislip limited to 10 ppm at the fabric
operation. _W'th only one operational |njec_tor level, the rotate, thus providing a high degree of flexibility in opti- filter inlet, thus increasing the total N©ontrol system
load-following perfgrmance was_ comprom|seg|. mizing SNCR performance. reduction to greater than 80%, significantly exceeding the
In order to achlevg the desirable xN@duct_mn gt The SQ control system was a DSI system that couldgoal of 70%.
low loads, two alter.natlves were explqred. First, it was inject either calcium- or sodium-based reagents into the ~ Testing of calcium hydroxide injection at the econo-
shown that am.moma was more effectlve tha.n urea at IO\{‘Yue gas upstream of the fabric filter. Sorbent was in- mizer without humidification resulted in S@moval in
Ioadg An on-line urea-to-gm.moma conversion system jected into three locations: (1) air heater exit where the the range of 5-8% at a Ca/S molar ratio of 2.0. Higher
was installed ar?d resulted in improved low-load perfo_r- temperature was approximately 260 °F, (2) entrance of t86), removal was achieved with duct injection of calcium
mance, but the improvement was not as large as desired, o oo \yhere the temperature was approximately 60@ydroxide and humidification, with S@emovals ap-
for. the IO\_N?St Ioad_ (60 MWe). The second appr_oach Wa"?:, or (3) the boiler economizer region where the flue gagroaching 40% at a Ca/S molar ratio of 2.0 and approach-
to install |njgctors in thg higher t.empe.rature regions of tqgmperature was approximately 1,000 °F. To improvg S®-saturation temperature of 20-30 °F. Sodium-based
furnace. Th'? was achieved by installing two NOELL removal with calcium hydroxide, a humidification systenreagents were found to be much more effective than
ARIL lances into the furnace through tW,O unusgd _ capable of achieving 20 °F approach-to-saturation was calcium-based sorbents and achieved significantly higher
sootblower ports. Each lance was nominally 4 inches Minstalled approximately 100 ft ahead of the fabric filter. SO, removals during dry injection. Sodium bicarbonate
diameter and approximately 20 ft in length with a single

The system designed by Babcock & Wilcox included . .
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injection before the air heater demonstrated short-time It was found that control system modifications and related to the wetting of the fly ash necessary to minimize
SO, removals of 80%. Long-term reductions of 70%  additional operator training may be necessary to more fugitive dust emissions during transportation and han-
were achieved with an NSR of 1.0. Sodium sesquicar- accurately control NOreductions using low-NCburners  dling. Handling ash in dry transport trucks solved this
bonate achieved 70% removal at an NSR of 2.0 when under load-following conditions. problem.
injected ahead of the fabric filter. A disadvantage of the During the operation of the duct injection of calcium .

. . . . e . Economic Performance
sodium-based process was that it converted some existimgdroxide and humidification under load-following con- Economic analysis is under way.
NO to NQ.. Even though 5-10% of the N@as reduced ditions, fabric filter pressure-drop significantly increased.
during the conversion process, the net,giting at the  This was caused by the buildup of a hard ash cake on tlgommercial Applications
stack was increased. While NO is colorless, small quantibric filter bags that could not be cleaned under normaFEither the entire Integrated Dry NSO, Emissions Con-

ties of brown/orange Nraused a visible plume. reverse-air cleaning. The heavy ash cake was caused Byol System or the individual technologies are applicable
A major objective was the demonstration of the  the humidification system, but it was not determined  to most utility and industrial coal-fired units and provide
integrated performance of the N@missions control whether the problem was due to operation at 30 °F ap- lower capital-cost alternatives to conventional wet flue
systems and the S@moval technologies. The results proach-to-saturation temperature or an excursion causedas desulfurization processes. They can be retrofitted
showed that a synergistic benefit occurred during the by a rapid decrease in load. with modest capital investment and downtime, and their

simultaneous operation of the SNCR and the sodium DSI  The performance of the ARIL lances in N@moval space requirements are substantially less. They can be
system in that the N}blip from the SNCR process sup- was good; however, the location created some operatioagplied to any unit size but are mostly applicable to the
pressed the NCemissions associated with NO to NO  problems. A large differential heating pattern between older, small- to mid-size units.
oxidation by dry sodium injection. the top and bottom of the lance caused a significant Contacts
Four series of air toxic tests were completed. Resulisnount of thermal expansion along the upper surface Otl'erry Hunt, Project Manager, (303) 571-1113
indicated that the fabric filter successfully removed nearthe lance. This caused the lance to bend downwards Public Service Company of Colorado
all trace metal emissions and nearly 80% of the mercuryapproximately 12—18 inches after 30 minutes of exposure. 550 15th Street, Suite 880
emissions. Radionuclides, semi-volatile organic com- Eventually the lances become permanently bent, thus Denver, CO 80202
pounds, and dioxins/furans were below or very near theimaking insertion and retraction difficult. The problem Lawrence Saroff, DOE/HQ, (301) 903-9483
detectable limits. was partially resolved by' adding coollr)g slots fat the endJerry L. Hebb, FETC, (412) 892-6079
of the lance. An alternative lance design provided by
Diamond Power Specialty Company (a division of Bab- References
cock & Wilcox) was tested and found to have less bend- Hunt, Terry, et al. “Integrated Dry NSO, Emissions

Operating Performance
Construction began in July 1991 and was completed in

August 1992. The test program began in August 1992 . . .
ing due to evaporative cooling, even though its & Control System: Performance Summaryifth An-

and was scheduled for completion in June 1994. How- duct 4 NHs ; iahtly | th _ )
ever, the addition of the new SNCR injection location anduc lon and Njslip performance were slightly less than  nual Clean Coal Technology Conference: Technical

alternative lance design tests extended the test progran"fOr the ARIL lance. . Papers January 1997.
through December 1996. The Arapahoe Unit 4 operated When the SNCR and dry sodium systems were 0pe[- comprehensive Report to Congress on the Clean Coal
more than 34,000 hours after combustion modifications ated concurrently_, an Né,lﬂdo.r problem was encguntered Technology Program: Integrated Dry NOQ, Emis-
were completed. The availability factor during the perioirounOI the ash silo. Reducing the Jéip set points 1o jon Control SystemPublic Service Company of

was over 91%. the range of 4-5 ppm reduced the ammonia concentration ~|orado. Report No. DOE/FE-0212P. U.S. Depart-

The operational test objectives were met or ex- in the fly ash to the 100-200 ppm range but the odor ment of Energy. January 1991. (Available from NTIS

ceeded. However, there were operational lessons Iearn%?irSISted' Itwas found that the problem was related to 55 pEg1008624.)

during the demonstration that will be useful in future the rapid change in pH due to the presence of sodium in

. B , the ash. The rapid development of the high pH level and
deployment of the technologies. These “lessons” are )
. the attendant release of the ammonia vapor appear to be
summarized below.
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parameters and by injecting a sorbent (such as induced NQis formed. In fact, fluidized-bed NO
Advanced Electric Power crushed limestone) into the combustion chamber  emissions are about 70—-80 percent lower than those
: along with the coal. Pulverized coal mixed with the for at conventional pulverized coal boilers. Thus,
Generation Technology limestone is fluidized on jets of air in the combustion fluidized-bed combustors substantially reduce both
Advanced electric power generating systems chamber. Sulfur released from the coal ag iSO SO, and NQ emissions. Also, fluidized-bed combus-
employ the technologies that enable the efficient andcaptured by the sorbent in the bed to form a solid  tion has the capability of utilizing high-ash coal,

environmentally superior generation of electric pOWer_caIC|um compound that is removed with the ash. Thewhereas conventional pulverized coal units must

The advanced electric power generation projects resultant waste is a dry, benign solid that can be limit ash content to relatively low levels.

selected under the CCT Program are responsive to thgisposed of easily or used in agricultural or construc- Two parallel paths were pursued in fluidized-bed

long-term capacity expansion needs requisite to tion applications. More than 90 percent of the, SO development—bubbling and circulating beds.
released can be captured this way. Bubbling beds use a dense fluid bed and low fluidiza-

meeting long-term demand and offseting nuclear
retirements and to the stringent CAAA emission
limits effective in 2000. These technologies are
characterized by high thermal efficiency, very low
pollutant emissions, reduced C@missions, few
solid waste problems, and enhanced economics.
Advanced electric power generation systems may be e
deployed in modules, allowing phased construction t
match demand growth more predictably and to meet
the requirements of smaller municipal, rural, and
nonutility generators.

There are five generic technology approaches [
being used to demonstrate advanced electric power
generation systems under the CCT Program. The
characteristics of these five technologies are outlined:;
here, and the specific projects and technologies are | :
presented in more detail in the fact sheets. A sixth
generic technology project, externally fired com-
bined-cycle, was selected as part of the CCT-V
solicitation. Even though this project ended in May
1997, its fact sheet is included for completeness.

At combustion temperatures of 1,400-1,600 °F, tion velocity to effect good heat transfer and mitigate
the fluidized mixing of the fuel and sorbent enhances erosion of an in-bed heat exchanger. Circulating
both combustion and sulfur capture. The operating fluidized beds use a relatively high fluidization
temperature range is about half that of a conventionalelocity (entrained bed) in conjunction with hot
boiler and below the temperature which thermally  cyclones to separate and recirculate the particulate
from the flue gas before it passes to a heat exchanger.
Hybrid systems have since evolved from these two
basic approaches.

Fluidized-bed combustion can be either atmo-
spheric (AFBC) or pressurized (PFBC). AFBC
operates at atmospheric pressure while PFBC
operates at pressure 6-16 times higher. PFBC offers
potentially higher efficiency and, consequently,
reduced operating costs and waste relative to AFBC.

Second-generation PFBC integrates the combus-
tor with a pyrolyzer (coal gasifier) to fuel a gas
turbine (topping cycle), the waste heat from which is
used to generate steam for a steam turbine (bottom-
ing cycle). The inherent efficiency of the gas turbine
and waste heat recovery in this combined-cycle mode
significantly increases overall efficiency. Such

advanced PFBC systems have the potential for

o ) A Tri-State Generation and Transmission Association's  efficiencies of over 50 percent.
Fluidized-bed combustion (FBC) reduces Nucla Station was host to demonstration of the world’s first

emissions of Spand NQ by controlling combustion  utility-scale AFBC.

Fluidized-Bed Combustion
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Integrated Gasification Combined Cycle Integrated gasification combined-cycle (IGCC) High levels of nitrogen removal are also possi-
. e . systems are among the cleanest and most efficient oble. Some of the coal’s nitrogen is converted to
The integratd coal gasification combined-cycle . ) . .
. i . 'E§1e emerging clean coal technologies. Sulfur, ammonia, which can be almost totally removed by
process has four basic steps: (1) fuel gas is generated, . _ . )
. . nitrogen compounds, and particulates are removed commercially available chemical processes, NO
by coal reacting with high-temperature steam and an i ) i : i i X
. L . . before the fuel is burned in the gas turbine, that is, formed by the combustion air can be held to well
oxidant (oxygen or air) in a reducing atmosphere; ) o i o L
o . before combustion air is added. For this reason, theravithin allowable levels by staged combustion in the
(2) gas is either passed directly to a hot-gas cleanup ) . . ;
. . is a much lower volume of gas to be treated than in aturbine or by adding moisture to hold down flame
system to remove particulates and sulfur and nitrogen .
) rPostcombusnon scrubber. temperature.
compounds or first cooled to produce steam and the

cleaned conventionally; (3) clean fuel gas is combust- The gas stream must be cleaned to a high degree, St
. . ' ... not only to achieve low emissions, but to protect Integrated Gasification Fuel Cell
ed in a gas turbine generator to produce electricity;

and (4) residual heat in the hot exhaust gas from thedowhstream comp(?nents, suchas th? gas turbine, Trom A typical fuel cell system using coal as fuel
erosion and corrosion. In a coal gasifier, the sulfur in includes a coal gasifier with a gas cleanup system, a

turbine is recovered in a heat recovery steam genera-
tor, and the steam is used to produce additional
electricity in a steam turbine generator.

the coal is released in the form of hydrogen sulfide  fuel cell to use the coal gas to generate electricity
rather than as SOwhich is the case in coal combus-  (direct current) and heat, an inverter to convert direct
tion. In some IGCC systems, much of the sulfur- current to alternating current, and a heat-recovery
containing gas is captured by a sorbent injected into system. The heat-recovery system would be used to
the gasifier. Others use existing commercial hydrogenproduce additional electric power in a bottoming
sulfide removal processes, which remove up to steam cycle.

99 percent of the sulfur but require the fuel to be Energy conversion in fuel cells is potentially
cooled, with some efficiency penalty. Therefore, hot- more efficient (up to 60 percent, depending on fuel
gas cleanup systems are being demonstrated. In thesgnd type of fuel cell) than traditional energy conver-
cleanup systems, the hot coal gas is passed through &jon devices. Fuel cells directly transform the

bed of metal oxide particles, such as supported zinc chemical energy of a fuel and an oxidant (air or
oxides. Zinc oxide can absorb sulfur contaminants atoxygen) into electrical energy instead of going
temperatures in excess of 1,000 °F, and the com-  through an intermediate step (i.e., burner, boiler,
pound can be regenerated and reused with little lossturbines, and generators). Each fuel cell includes an
of effectiveness. Produced during the regeneration anode and a cathode separated by an electrolyte layer.
stage are salable sulfur, sulfuric acid, or sulfur- In a typical fuel cell, coal gas is supplied to the anode
containing solid waste, which may be used to produceand air is supplied to the cathode to produce electrici-
useful by-products, such as gypsum. The technique igy and heat.

capable of removing more than 99.9 percent of the

sulfur in the gas stream. With hot-gas cleanup, IGCC Coal-Fired Diesel

A Tampa Electric Company’s Polk Power Station Unit 1, SYStems have the potential for efficiencies of over The diesel-engine-driven electric generation
a 250-MWe IGCC greenfield installation, is currently in 50 percent. system is fueled with a coal-oil or coal-water slurry.

operation. It is one of the world’s cleanest and most . L
advanced coal power plants. The hot exhaust from the diesel engine is routed
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through a heat-recovery unit to produce steam for a Injecting limestone into the combustion chamber hasproject definition and design phase. Of the four
steam-turbine electric generating system (combined the potential to reduce sulfur emissions by 90 percentGCC projects, three are in operation and one is in
cycle). Environmental control systems for S8O,, in combination with a spray-dryer absorber. Advancedhe project definition and design phase. Of the two
and particulate removal treat the cooled exhaust slagging combustors could replace oil-fired units in  remaining advanced combustion/heat engine

before release to the atmosphere. The diesel systemlimth utility and industrial applications or be used to  projects, the advanced slagging combustor project is

expected to achieve 45-48 percent thermal efficien- retrofit older, conventional cyclone boilers. in the last stages of construction, and the coal diesel
cies. The 10-100-MWe capacity range of the technol- ] project is in the project definition and design phase.
ogy would be most applicable to small utilities Status of Projects Exhibit 5-29 summarizes the process character-
(municipalities and rural cooperatives) and industrial There are 11 advanced electric power generatingistics and size of the advanced electric power
cogeneration. projects in the CCT Program of which five are generating technologies presented in more detail in

fluidized-bed combustion systems, four are IGCCs, the project fact sheets.
and two are advanced combustion/heat engine

Many new coal-burning technologies are de- systems (coal diesel and advanced slagging combus-
signed to remove the coal ash as molten slag in the tor). Of the five fluidized-bed combustion projects,
combustor rather than the furnace. Most of these  two have successfully completed demonstration (one
slagging combustors are based on a cyclone combusPFBC and one AFBC), and the other three are in the
tor concept. In a cyclone combustor, coal is burned in
a separate chamber outside the furnace cavity. The
hot combustion gases then pass into the boiler where
the actual heat exchange takes place.

The advantage of a cyclone combustor is that the
ash is kept out of the furnace cavity where it could
collect on boiler tubes and lower heat transfer
efficiency. To keep ash from being blown into the
furnace, the combustion temperature is kept so hot
that mineral impurities melt and form slag, hence the
name slagging combustor. A vortex of air (the
cyclone) forces the slag to the outer walls of the

Slagging Combustor

of boiler tube surfaces to reduce boiler efficiency over
time.

Results to date show that by positioning air
injection ports so that coal is combusted in stages, A Golden Valley Electric Association is adding capacity to

. its Healy Plant with a 50-MWe slagging combustor unit
NO, emissions can be reduced by 70-80 percent. using 65% waste coal.
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Exhibit 5-29

CCT Program Advanced Electric Power Generation Technology Characteristics

Project Process Size Fact Sheet

Fluidized-Bed Combustion

Mclintosh Unit 4A PCFB Demonstration Project Pressurized circulating fluidized-bed combustion 157 MWe 5-86

MclIntosh Unit 4B Topped PCFB Mclintosh 4A with pyrolyzer and topping combustor 157 MWe + 12 MWe 5-88

Demonstration Project

Tidd PFBC Demonstration Project Pressurized bubbling fluidized-bed combustion 70 MWe 5-90

ACFB Demonstration Project Atmospheric circulating fluidized-bed combustion 250 MWe 5-94

Nucla CFB Demonstration Project Atmospheric circulating fluidized-bed combustion 100 MWe 5-96

Integrated Gasification Combined Cycle

Clean Energy Demonstration Project Oxygen-blown, slagging fixed-bed gasifier with cold 477 MWe 5-100
gas cleanup, fuel cell slipstream

Pifion Pine IGCC Power Project Air-blown, fluidized-bed gasifier with hot gas cleanup 99 MWe 5-102

Tampa Electric Integrated Gasification Oxygen-blown, entrained-flow gasifier with hot and 250 MWe 5-104

Combined-Cycle Project cold gas cleanup

Wabash River Coal Gasification Oxygen-blown, two-stage entrained-flow gasifier with 262 MWe 5-106

Repowering Project cold gas cleanup

Advanced Combustion/Heat Engines

Healy Clean Coal Project Advanced slagging combustor, spray dryer with sorbent 50 MWe 5-108
recycle

Clean Coal Diesel Demonstration Project Coal-fueled diesel engine 4.2 MWe 5-110

Externally Fired Combined-Cycle Externally fired combined-cycle system 5.0 MWe 5-112

Demonstration Project

(slipstream)

Advanced Electric Power Generation
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Advanced Electric Power Generation
Fluidized-Bed Combustion

Mclntosh Unit 4A PCFB
Demonstration Project

Participant

City of Lakeland, Department of Electric & Water
Utilities

Additional Team Members

Foster Wheeler Energy Corp.—supplier of high-

temperature combustor and heat exchanger; engineef

Westinghouse Electric Corporation—supplier of PCFB,
hot gas filter, gas turbine, and steam turbine

Location
Lakeland, Polk County, FL (Lakeland’s McIntosh Power
Station, Unit 4)

Technology

Foster Wheeler's PCFB technology integrated with
Westinghouse’s hot gas filter and power generation
technologies

Plant Capacity/Production
157 MWe(net)

Project Funding
Total project cost
DOE

Participant

$186,588,000
93,252,864
93,335,136

100%
50
50

Project Objective
To demonstrate Foster Wheeler's PCFB technology
coupled with Westinghouse’s hot gas filter and power

generation technologies, which represent a cost-effective,
high-efficiency, low-emissions means of adding generatpaste, which is pumped into the combustion chamber by
ing capacity at greenfield sites or in repowering applica-

tions.
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COMPRESSED AIR
TO PCFB COMBUSTOR

SORBENT GAS
STORAGE PRESSURE TURBINE
VESSEL HIGH-
TEMPERATURE
T FILTER
CYCLONE

WATER

VITIATED AIR

Y

STORAGE CRUSHER

PCFB
COMBUSTOR

FLY ASH

STEAM TURBINE

COAL PASTE PUMP

L0

BOTTOM ASH
EXHAUST

HEAT RECOVERY
STEAM GENERATOR

STEAM

STACK

Technology/Project Description bine, which is based on a standard Westinghouse 251B12,
The project resulted from a restructuring of the DMEC-1single-shaft, cold-end-drive industrial machine. The gas
PCFB Demonstration Project awarded under the third inlet temperature of less than 1,650 °F allows for a sim-
solicitation. The project’s pressurized fluidized-bed plified turbine shaft and blade-cooling system. The hot
combustor will also serve for demonstrating the integra-gas leaving the gas turbine passes through a heat recovery
tion of a gasifier and topping combustor (topping cycle) unit used to generate steam. Heat recovered from both
with the PCFB technology. This integration will be dem-the combustor and heat recovery unit is used to generate
onstrated in the Mcintosh Unit 4B Topped PCFB Demorsteam to power a reheat steam turbine. Approximately
stration Project. 15% of the gross power is derived from the gas turbine,
Coal and limestone are mixed with water to form a with the steam turbine contributing the remaining 85%.
The unit is being designed to burn a range of coals,
piston pumps commonly used in the cement industry. including the current Eastern Kentucky coal burned in
Combustion takes place at approximately 1,560-1,600 nit 3 and high-ash, high-sulfur coals that are expected to
at a pressure of about 200 psig. The resulting flue gas be available at a lower cost. Limestone will be purchased
and fly ash leaving the combustor pass through a cyclorfeom nearby Florida quarries. Ash will be disposed of in
and hot gas filter where the particulates are removed. Theadfills or sold to others.
hot gas leaving the filter is expanded through a gas tur-
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Calendar Year

1991 |** 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
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 2 3 41 2 3 4 1 2 3 4 1 2

12/89 Preaward
8/91 11/01 11/03
Design and Construction Operation
A A
NEPA leted
Design initiated 11/97* (EIS) fé?gcgefs complete
Novation to Lakeland approved Groundbreaking/construction Operation initiated 11/01*
10/97* started 9/99* Preoperational tests initiated 11/01* Project completed/
Design completed 9/99* Construction completed 11/01* final report issued 11/03*

Cooperative agreement ) o
awarded 8/1/91 Environmental monitoring plan

completed 8/01*

Operation completed 11/03*

DOE selected project
(CCT-Illy 12/19/89

*Projected date
**Years omitted

Project Status/Accomplishments system. PCFB can be used to repower or replace conven-
Approval by all participants of the transfer of the coop- tional power plants. Because of modular construction
erative agreement to the City of Lakeland, Department afapability, PCFB generating plants permit utilities to add
Electric & Water Utilities, is expected to be completed ineconomical increments of capacity to match load growth
late fiscal year 1997. The project schedule anticipates thad/or to repower plants using existing coal- and waste-
start of commercial operation of the PCFB (Mcintosh 4A)andling equipment and steam turbines. Another advan-
in the winter of 2001. In parallel with the first 2 years oftage for repowering applications is the compactness of the
operation of the PCFB will be the design, fabrication, angrocess due to pressurized operation, which reduces space
construction of the topped PCFB technology (Mcintosh requirements per unit of energy generated.
4B), with a planned start of operation in late 2003. The projected net heat rate for the system is approxi-

. L mately 8,100 Btu/kWh (based on HHV), which equates to
Commercial Applications

. . er 42% efficiency.
The project serves as a stepping stone to move the PCI%I ,° 4 . . L
. . . Environmental attributes include in-situ sulfur re-
technology to readiness for widespread commercial de-

: . . . moval of 95%, NOemissions less than 0.3 |Ibf1Bxu,
ployment in the post-2000 time frame. The project will ) X i
. . . . and particulate matter discharge less than 0.034IB10
include the first commercial applications of hot-gas par-

. . Solid waste will increase slightly as compared to conven-
ticulate cleanup and one of the first to use a non- gntly P

ruggedized gas turbine in a pressurized fluidized-bed tional sygtems, but the dry material is readily disposable
L or potentially usable.
application.

The combined-cycle PCFB system permits the com-
bustion of a wide range of coals, including high-sulfur
coals, and would compete with the bubbling-bed PCFB

Advanced Electric Power Generation Program Update 1996-97 5-87



Advanced Electric Power Generation
Fluidized-Bed Combustion
STORAGE AND PCFB COMBUSTOR

Mcintosh Unit 4B Topped PCFB TEME*I'E'L‘TSZ\;URE s OTUELEAS e | s
Demonstration Project hor TN | TVESSEL . TEMPERATURE|

o CYCLONE HoT FILTCHR
Participant CARBONIZER CYCLONE ‘
City of Lakeland, Department of Electric & Water WATER
Uiiles 0 e Y

" TOPPING
Additional Team Members Ii* MCINPI:?:SE';H A COMBUSTOR
Foster Wheeler Energy Corp.—supplier of carbonizer; COAL COMBUSTOR FLY ASH

. STORAGE CRUSHER
engineer | | CHAR
Westinghouse Electric Corporation—supplier of topping ’—H
combustor and high-temperature filter STEAM TUHMBINE

Location COAL PASTE PUMP
Lakeland, Polk County, FL (Lakeland’s McIntosh Power m CONDENSER

. : BOTTOM ASH
Statlon, Unit 4) EXHAUST

GAS
Techrlology _ _ STEAM
Fully integrated second-generation PCFB technology with HEAT RECOVERY
L A . STEAM GENERATOR

the addition of a carbonizer island that includes STACK
Westinghouse’s multi-annular swirl-burner (MASB)
topping combustor
Plant Capacity/Production Technology/Project Description ated during the mild gasification process. After cooling
12 MWe (net) addition to the 157 MWe (net) Mcintosh The project resulted from a restructuring of the Four  the syngas to about 1,200 °F, the char and limestone
4A project Rivers Energy Modernization Project awarded under theentrained with the syngas are removed by a hot gas filter.

fifth solicitation. The Four Rivers project was to demonThe char and limestone are then transferred to the PCFB
100% strate the integration of a gasifier and topping combustozombustor for complete carbon combustion and limestone
(topping cycle) with the PCFB technology. By utilizing autilization. The hot, cleaned, filtered syngas is then fired
segmented approach, Lakeland will be able to demon- in the MASB topping combustor to raise the turbine inlet
strate both PCFB (Mclintosh 4A) and topped PCFB temperature to approximately 2,000 °F. The gas is ex-
Project Objective (Mclntosh 4B) technologies. panded through the turbine, cooled in a heat recovery
To demonstrate topped PCFB technology in a fully com-  The project involves the addition of a carbonizer  unit, and exhausted to the stack. The net impact of the
mercial power generating setting, thereby advancing thejsland to the PCFB demonstrated in the Mcintosh 4A  addition of the topping cycle is an increase in power
technology for future plants that will operate at higher gasroject. Dried coal and limestone are fed via a lock hopeutput of 12 MWe and an associated improvement in
turbine inlet temperatures and that are expected to achipég system to the carbonizer together with part of the ggslant heat rate of approximately 600 Btu/kWh. The coal
cycle efficiencies in excess of 45%. turbine discharge air. The coal is partially gasified at  and limestone used in Mclntosh 4B are the same as those
about 1,700 °F to produce syngas and char solids streaosed in Mcintosh 4A.
The limestone is used to absorb sulfur compounds gener-

Project Funding

Total project cost $218,741,300
DOE 109,204,000 50
Participant 109,537,300
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Calendar Year

8/1/94

(CCT-V) 5/4/93

DOE selected project

Novation to Lakeland approved 10/97*

Cooperative agreement
awarded 7/28/94; effective

NEPA process completed (EIS) 10/99*

Design initiated 11/01*

Environmental monitoring plan completed 8/03*

Project completed/
final report issued 11/05*

Operation completed 11/05*

Operation initiated 11/03*
Preoperational tests initiated 11/03*
Construction completed 11/03*

Groundbreaking/construction started 9/02*
Design completed 9/02*

1994 [** 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
3 411 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 2 3 2 3 4 2 3 4 1 2 3 4 1 2
/93 Preaward

8/94 11/03 11/05

| Design and Construction Operation
A A A

*Projected date
**Years omitted

Project Status/Accomplishments
Approval by all participants of the transfer of the coop- amenable to shop fabrication.

erative agreement to the City of Lakeland, Department of
Electric & Water Ultilities, is expected to be completed incost for fuels and a reduction in C@missions. Other
late fiscal year 1997. The project schedule anticipates thavironmental attributes include in-situ sulfur retention
start of commercial operation of the PCFB (McIntosh 4Athat can meet 95% removal, N@mission that will be

in the winter of 2001. In parallel with the first 2 years oflower than 0.3 Ib/10Btu, and particulate matter dis-
operation of the PCFB will be the design, fabrication, ancharge of approximately 0.03 Ibf1Btu. Although the
system will generate a slight increase in solid waste as

construction of the topped PCFB technology

(Mcintosh 4B), with a planned start of operation in late compared to conventional systems, the material is dry,
readily disposable, and potentially usable material.

2003.

Commercial Applications
The commercial version of the topped PCFB technology
will have a greenfield net plant efficiency of 45% (which
equates to a heat rate approaching 7,500 Btu/kWh, based
on HHV). In addition to higher plant efficiencies, the
plant will (1) have a cost of electricity that is projected to
be 20% lower than that of a conventional pulverized-coal-
fired plant with flue gas desulfurization, (2) meet emis-
sion limits that are half those allowed by NSPS, (3) oper-

Advanced Electric Power Generation

ate economically on a wide range of coals, and (4) be

The benefits of improved efficiency include reduced

Program Update 1996-97
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Advanced Electric Power Generation
Fluidized-Bed Combustion
FLUIDIZED-BED BOILER
. . PRESSURE
Tidd PFBC Demonstration VESSEL
PijeCt /S(COMPRESSED
AR
Project completed.
Participant vt
The Ohio Power Company |
. COAL — -'I'-
Additional Team Members WATER —» )
American Electric Power Service Corporation— o S
designer, constructor, and manager ID}
. . v \ BED WATER RECOVERY
The Babcock & Wilcox Company—technology supplier PREHEATER CONDENSER
Ohio Coal Development Office—cofunder
ELECTROSTATIC
. ASH PRECIPITATOR
Location COOLER STACK
Brilliant, Jefferson County, OH (Ohio Power FLY ASH ;
o T . CYCLONE
Company’s Tidd Plant, Unit 1) BED ASH ASH m
FEED WATER
Technology INLET TO DISPOSAL
The Babcock & Wilcox Company'’s pressurized fluidized
bed combustion (PFBC) system (under license from ABR
Carbon)
Technology/Project Description which is easily disposed of or is usable as a by-product.

Plant Capacity/Production Tidd was the first large-scale operational demonstrationAflow bed-temperature of about 1,600 °F limits NO

70 Mwe PFBC in the United States and one of only five world- formation.
Coal wide. The boiler, cyclones, bed reinjection vessels, and The hot combustion gases exit the bed vessel with
Ohio bituminous, 2—4% sulfur associated hardware were encapsulated in a pressure entrained ash particles, 98% of which are removed when
vessel 45 ft in diameter and 70 ft high. The facility was the gases pass through cyclones. The cleaned gases are
Project Funding designed so that one-seventh of the hot gases producedhen expanded through a 15-MWe gas turbine. Heat from
Total project cost $189,886,339 100% could be routed to a slipstream to test advanced filtratiothe gases exiting the turbine, combined with heat from a
DOE 66,956,993 35 devices. tube bundle in the fluid bed, generates steam to drive an
Participant 122,929,346 65 The Tidd facility is a bubbling fluidized-bed combusexisting 55-MWe steam turbine.

tion process operating at 12 atm (175 psi). Pressurized

. . ) . ombustion air is supplied by the turbine compressor to
To verify expectations of PFBC economic, envwonment% PP y P

. . . uidize the bed material, which consists of a coal-water
and technical performance in a combined-cycle repower- . .
. . . . fuel paste, coal ash, and a dolomite or limestone sorbent.
ing application at utility scale; and to accomplish greater . . . .
. Dolomite or limestone in the bed reacts with sulfur to
than 90% SQremoval and NQemission level of

0.2 Ib/16 Btu, at full load. form calcium sulfate, a dry, granular bed-ash material,

Project Objective

5-90 Program Update 1996-97 Advanced Electric Power Generation



Calendar Year

Construction started 12/9/87

Cooperative agreement awarded 3/20/87
NEPA process completed (MTF) 3/5/87

DOE selected project (CCT-1) 7/24/86

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
3 4 2 3 1 2 3 4 1 2 3 4 1 2 3 1 2 3 2 3 2 3 4 2 3 1 2 3 4 1 2
Preaward
7186 3/87 3/91 12/95
| | Design and Construction Operation
A A T T T
Environmental monitoring I .
plan completed 5/25/88 Operation initiated 3/91 Ec;%%(l:éted/
Groundbreaking ceremony 4/6/88 Preoperational tests started 12/90 final report

Construction completed 12/90

Design completed 12/90

issued 12/95

Operation completed 3/95

Results Summary .

Environmental

+ S0, removal efficiency of 90% was achieved at full
load with a calcium-to-sulfur molar ratio (Ca/S) of 1.1
and temperature of 1,580 °F. *

+ S0, removal efficiency of 95% was achieved at full
load with a Ca/S of 1.5 and temperature of 1,580 °F.

* NO, emissions were 0.15-0.33 Ibf1Bxu.
» CO emissions were less than 0.01 I1B/R€u.

High-temperature particulate filtration system, a sili- Project Summary
con carbide candle filter array, achieved 99.99% filtraThe Tidd PFBC technology is a bubbling fluidized-bed

tion efficiency on a mass basis.
PFBC boiler demonstrated commercial readiness.

ASEA Stal GT-35P gas turbine proved capable of
operating commercially in a PFBC flue gas environ-

ment.

Economic
Because the Tidd plant was a comparatively small-scalecantly to system efficiency because of the high efficiency

combustion process operating at 12 atmospheres

(175 psi). Fluidized combustion is inherently efficient. A
pressurized environment further enhances combustion
efficiency, allowing very low temperatures that mitigate
thermal NQ generation, flue gas/sorbent reactions that
increase sorbent utilization, and flue gas energy that is
used to drive a gas turbine. The latter contributed signifi-

facility, economic performance would not be representa-f gas turbines and the availability of gas turbine exhaust

» Particulate emissions were less than 0.02 fdAtQ.

Operational
» Combustion efficiency was 99.6%.

* Heat rate was 10,280 Btu/kWh based on higher heat-
ing value of the fuel and gross electrical output, or
33.2% efficiency, because of the small-scale retrofit
application.

Advanced Electric Power Generation

tive of a larger utility-scale plant using PFBC technologyheat that can be applied to the steam cycle. A bed design

temperature of 1,580 °F was established because it was
the maximum allowable temperature at the gas turbine
inlet and was well below temperatures for coal ash fusion,
thermal NQ formation, and alkali vaporization.

Coal crushed to ¥ inch or less was injected into the
combustor as a coal/water paste containing 25% water by
weight. Crushed sorbent, either dolomite or limestone,
was injected into the fluidized bed via two pneumatic
feed lines, supplied from two lock hoppers. An alterna-

Program Update 1996-97 5-91



tive sorbent feed system was added in 1993, which pro-evidenced by a 10% improvement in heat
vided the capability of injecting sorbent of various sizes transfer rate and an approximately 30% |
directly into the coal-water paste feed system. The systé@mrease in sorbent utilization. In addition,
provided the means to assess a wet-feed sorbent systemtie process was much more stable as indi
while providing the opportunity to better control sorbent cated by reductions in temperature varia-
size. tions in both the bed and the evaporator
In 1992, a 10-MWe advanced hot gas cleanup systdabes. Further, post-bed combustion and £
was installed and commissioned as part of a research asiditering were effectively eliminated.
development program and not part of the CCT demonstra- The process demonstrated Nébnis-
tion. This system used ceramic candle filters to clean sions in the range of 0.15-0.33 IbfBju. .
one-seventh of the exhaust gases from the PFBC systefhese emissions were inherent to the pro-
The hot gas cleanup system unit replaced one of the seeess, which was operating at approximately
cyclones that was normally used for final gas cleanup. 1,580 °F. No NQcontrol enhancements,
The Tidd PFBC demonstration plant accumulated such as ammonia injection, were required.
11,444 hours of coal-fired operations during its Emissions of carbon monoxide and particu
54 months of operation. The unit completed 95 paramelates were less than 0.01 and 0.02 1B/10
ric tests, including continuous coal-fired runs of 28, 29, Btu, respectively.
30, 31, and 45 days. Ohio bituminous coals having sulf% erational Performance
contents of 2-4% were used in the demonstration. P

Except for localized erosion of the in-bed
Environmental Performance tube bundle and the more general erosion|
Testing showed that 90% $Capture was achievable of the water walls, the Tidd boiler per- il
with a Ca/S molar ratio of 1.1 and that 95%,%@pture  formed extremely well and was considereds  The PFBC demonstration at the repowered 70-MWe unit at Ohio
was possible with a Ca/S molar ratio of 1.5, provided tha commercially viable design. The in-bed Power’s Tidd Plant led to significant refinements and understanding of the
size gradation of the sorbent being utilized was opti-  tube bundle experienced no widespread technology.
mized. This sulfur retention was achieved at a bed tem-erosion that would require significant could operate in a PFBC flue gas environment, and it was
perature of 1,580 °F and full bed height. Limestone main- tenance. While the tube bundle was in good conzgncluded that erosion was manageable with a scheduled
proved ineffective as a sorbent, and as a result, testing dition, a significant amount of erosion on each of the fouf,sintenance program.
focused on dolomite. The testing showed that sulfur  water walls was observed. While no operational failure The efficiency of the PFBC combustion process was
capture as well as sintering was sensitive to the finenessccurred during the demonstration, remedial action, sucfy . iated during the testing from the amount of un-
of the dolomite sorbent (Plum Run Greenfield dolomite)as the use of refractory coatings utilized successfully ony, ,-nad carbon in the cyclone ash and bed ash together
Sintering of fluidized-bed materials, a fusing of the matetwo commercial PFBC units, was deemed to be war-
rials rather than effective reaction, had become a seriousanted. ide in the flue gas. Tests showed combustion efficiencies
problem that required operation at bed temperatures be-  The gas turbine experienced both structural and ¢ 99.6%, surpassing the design or expected efficiency of
low the optimum for effective boiler operation. Tests  erosion problems and was the leading cause of unit un-gq o,
were conducted with sorbent size reduced from minus 6availability during the first 3 years of operation. How- Using data for typical full-load operation, a heat rate
mesh to a minus 12 mesh. The result with the finer matever, design changes instituted over the course of the 10,280 Btu/kWh (HHV basis) was calculated. This
rial was a major, positive impact on process performancdemonstration proved effective in addressing the prob- corresponds to a cycle thermodynamic efficiency of
without the expected excessive elutriation of sorbent. lems. The Tidd demonstration showed that a gas turbings 5o/ 4t point where the cycle produced 70 MWe of
The finer material increased the fluidization activity as

with the measurements of the amount of carbon monox-
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gross electrical power while burning Pittsburgh No. 8

can be extended by repowering with PFBC using the
coal. Because the Tidd plant was a repowering applica-existing plant area, coal- and waste-handling equipment,
tion at a comparatively small scale, the measured effi- and steam turbine equipment. Another advantage for

A Study of Hazardous Air Pollutants at the Tidd PFBC
Demonstration PlantReport No. DOE/MC/26042-
4083. American Electric Power Service Corporation.

ciency does not represent what would be expected for arepowering applications is the compactness of the processOctober 1994. (Available from NTIS as DE95009729.)
larger utility-scale plant using Tidd technology. Studies due to pressurized operation, which reduces space re- « Tidd PFBC Demonstration Project Topical Report—

conducted under the PFBC Utility Demonstration Projecquirements per unit of energy generated.

showed that efficiencies of over 40% are likely for a

larger utility-scale PFBC plant. include in-situ sulfur removal of 95% and N@mission
In summary, the Tidd PFBC Demonstration Project levels less than 0.1 Ib/i8tu. Although the system

showed that the PFBC system could be applied to electgenerates slightly more solid waste compared to conven-
power generation. Further, the demonstration project letional systems, the dry material is either readily dispos-

to significant refinements and understanding of the techable or potentially usable.
nology in the areas of turbine erosion, sorbent utiIizationc
ontacts

The environmental attributes of a mature system

First Eighteen Months of OperatiorReport No.
DOE/MC/24132-3746. The Ohio Power Company.
March 1994. (Available from NTIS as DE94004120.)

Tidd PFBC Demonstration Project: Public Final
Design Report.Report No. DOE/MC/24132-3195.
The Ohio Power Company. October 1992. (Available
from NTIS as DE93000234.)

Comprehensive Report to Congress on the Clean Coal

sintering, post-bed combustion, and boiler materials.
Testing of advanced ceramic candle filtration ele-

ments on a slipstream of one-seventh of the exhaust 93se§ piverside Plaza

for over 5,800 hours of coal-fired operation showed that
the design of the particulate filter was structurally ad-
equate. However, results also showed that cIay-bondedD0
silicon carbide lost 50% of its strength after 1,000-2,000
hours of exposure and that a buildup of ash in the filter Re

Mario Marrocco, (614) 223-2460

Technology Program: Tidd PFBC Demonstration
Project The Ohio Power Company. Report No.

DOE/FE-0078. U.S. Department of Energy. February
1987. (Available from NTIS as DE87005803.)

American Electric Power Service Corporation

Columbus, OH 43215

George Lynch, DOE/HQ, (301) 903-9434

nald W. Geiling, FETC, (304) 285-4784

ferences

vessel caused breakage of the candles. The filter operatedidd PFBC Hot Gas Clean Up Program Final Report

at a pressure drop on the order of 100 inches of water
column and a filtration efficiency (mass basis) of 99.99%.

Economic Performance

Because the Tidd plant was a comparatively small-scale®
facility, economic performance would not be representa-
tive of a larger utility-scale plant using PFBC technology.

Commercial Applications

Combined-cycle PFBC permits use of a wide range of
coals, including high-sulfur coals. Bubbling PFBC tech-
nology, along with other advanced technologies, will
compete with circulating PFBC systems to repower or
replace conventional power plants. PFBC technology
appears to be best suited for applications of 50-MWe or"
larger. Capable of being constructed modularly, PFBC
generating plants permit utilities to add increments of
capacity economically to match load growth. Plant life

Advanced Electric Power Generation

Company. October 1995. (Available from NTIS as
DE96000650.)

Tidd PFBC Demonstration Project Final Report,
Including Fourth Year of OperationThe Ohio Power
Company. August 1995. (Available from DOE
Library/Morgantown, 1-800-432-8330, ext. 4184 as
DE96000623.)

Tidd PFBC Demonstration Project Final Report,
March 1, 1994—March 30, 199Report No. DOE/
MC/24132-T8. The Ohio Power Company. August
1995. (Available from NTIS as DE96004973.)

of Operation. Report No. DOE/MC/24132-5037-vol.
1 and 2. The Ohio Power Company. April 1995.

A (_30a| and _sorbent conveyors can be seen just after
(Available from NTIS as DE96000559 for vol. 1 and €ntering the Tidd Plant.

DE96003781 for vol. 2.)
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Fluidized-Bed Combustion

. . CIRCULATING
N HEAT

ACFB Demonstration Project FLUIDIZED-BED BOILER ﬂ o
Participant WaTen
York County Energy Partners, L.P. COAL  LIMESTONE FABRIC

T ECONOMIZER FILTER
Additional Team Member I B :( §—H
Foster Wheeler Energy Corp.—technology supplier AIR =

» STACK

Location

To be determined

% PARTICULATES

TEAM
s ( CONDENSER

Technology
Foster Wheeler’s atmospheric circulating fluidized-bed Al PROCESS STEAM (Srommnan
(ACFB) combustor BOTTOM

Plant Capacity/Production
235 MWe (net)
GEN.

Project Funding SOLID WASTE STEAM TURBINE

Total project cost $379,645,000 100%

DOE 74,733,833 20

Participant 304,911,167 80

Project Objective Technology/Project Description placed downstream of the cyclone particulate separator to

To demonstrate ACFB at 235 MWe, representing a scaldh this project, the circulating fluidized-bed combustor protect against erosion. The steam is then used to pro-
up from previously constructed facilities; to verify ex- operates at atmospheric pressure. Coal and coal-refusduce power in a conventional steam cycle.
pectations of the technology’s economic, environmental,f”e|3' primary air, and a solid sorbent, such as limestone, The heat rate for this cogeneration plant is expected
and technical performance to provide utility and are introduced into the lower portion of the combustor to be 9,200 Btu/kWh (37% efficiency). $@missions
nonutility power producers with the data necessary for where initial combustion occurs. As coal particles de- are expected to be below 0.24 I/Bdu. This technol-
evaluating a large-scale ACFB as a commercial alterna- Créase in size due to combustion and breakage, they amegy operates at lower temperatures than conventional
tive to accomplish greater than 90%_,3@moval and to carried higher in the combustor to an area where seconbilers, thus reducing NGormation.
reduce NQemissions by 60% when compared with ary air is introduced. As the coal particles continue to be
conventional technology. reduced in size, the coal, along with some of the sorbent,

is carried out of the combustor, collected in a particle

separator, and recycled to the lower portion of the com-

bustor. The sorbent in the bed removes sulfur during the

combustion process, eliminating the need for scrubbers.

Steam is generated in tubes placed along the
combustor’s walls and superheated in tube bundles
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Calendar Year

3 4|1 2

1989 1990

1992

2001

6/89

11/90

Design

Preaward |

T A A A

DOE selected
project (CCT-I)
6/23/89

Note: Milestone schedule pending project restructuring

Project resited
(York) 6/93

NEPA process completed (EIS; York site) 8/11/95

Project restructured 6/92

Cooperative agreement

awarded 11/30/90 **Years omitted

Project Status/Accomplishments In its commercial configuration, ACFB technology
All activities have been put on hold while resiting of the offers several potential benefits when compared to con-
project is considered. On September 26, 1995, York ventional pulverized coal-fired systems: lower capital
County Energy Partners and Metropolitan Edison Com- costs; reduced S@nd NQ emissions at lower costs;
pany announced their joint decision to restructure the higher combustion efficiency; and dry, granular solid
power-purchase agreement, thus removing York Countymaterial that is easily disposed of or potentially salable.
as a site for this project.

Commercial Applications

ACFB technology has good potential for application in
both the industrial and utility sectors, whether for use in
repowering existing plants or in new facilities. ACFB is
attractive for both baseload and dispatchable power appli-
cations because it can be efficiently turned down to 25%
of full load. Coal of any sulfur or ash content can be
used, and any type or size of a coal-fired boiler can be
repowered. In repowering applications, an existing plant
area is used, and coal- and waste-handling equipment as
well as steam turbine equipment are retained, thereby
extending the life of a plant.
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Fluidized-Bed Combustion

ATMOSPHERIC CIRCULATING
FLUIDIZED-BED BOILER

Nucla CFB Demonstration =
’ CYCLONE HEAT
P roj ect EXCHANGER
FABRIC
Project completed. FILTER
Participant
Tri-State Generation and Transmission Association, Inc.

. o COAL  LIMESTONE
(formerly Colorado-Ute Electric Association, Inc.) WW
Additional Team Members

Foster Wheeler Energy Corp.—technology supplier
Technical Advisory Group (potential users)—cofunder
Electric Power Research Institute—technical consultant

STACK

I FLY ASH

COMBUSTOR
CHAMBER
PARTITION

STEAM

Location

Nucla, Montrose County, CO (Nucla Station)
Technology ‘ ﬂ

SOLID WASTE TO DISPOSAL
Foster Wheeler’'s atmospheric circulating fluidized-bed
(ACFB) combustion system

TO BOILER
FEED WATER

STEAM TURBINE

Plant Capacity/Production
100 MWe (net)

Coals Technology/Project Description baghouse where the particulate matter is removed. The
Western bituminous— Nucla’s circulating fluidized-bed system operates at  steam generated in the ACFB is used to generate electric

Salt Creek, 0.5% sulfur, 17% ash atmospheric pressure. In the combustion chamber, a power.

Peabody, 0.7% sulfur, 18% ash stream of air fluidizes and entrains a bed of coal, coal Three small, coal-fired, stoker-type boilers at Nucla

Dorchester, 1.5% sulfur, 23% ash ash, and sorbent (e.g., limestone). Relatively low com-Station were replaced with a new 925,000-Ib/hr ACFB
Project Funding bustion temperatures limit N@ormation. Calcium in steam generator capable of driving a new 74-MWe turbine
Total project cost $46,512,678 1009 the sorbent combines with $@ases to form calcium generator. Extraction steam from this turbine generator
DOE 17,130,411 37 sulfite and sulfate solids, and solids exit the combustiorpowers three existing turbine generators
Participant 29.382.267 g3 Cchamber and flow into a hot cyclone. The cyclone sepa12 MWe each).

rates the solids from the gases, and the solids are recycled In 1992, Colorado-Ute Electric Association, Inc., the

Project Objective for combustor temperature control. Continuous circula- owner of Nucla Station, was purchased by Tri-State Gen-

To demonstrate the feasibility of ACFB technology at  tjon of coal and sorbent improves mixing and extends tiegation and Transmission Association, Inc.
utility scale and to evaluate the economic environmentalgontact time of solids and gases, thus promoting high

and operational performance at that scale. utilization of the coal and high-sulfur-capture efficiency.
Heat in the flue gas exiting the hot cyclone is recovered
in the economizer. The flue gas passes through a

5-96  Program Update 1996-97 Advanced Electric Power Generation



Calendar Year

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
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 2 3 41 2 3 4 1 2 3 4 1 2

10/87 10/88 4/92
| Preaward Operation

A

Cooperative agreement awarded 10/3/88
Operation test program initiated 8/88
NEPA process completed (MTF) 4/18/88

Environmental monitoring Project completed/final report issued 4/92

plan completed 2/27/88 Operation

completed 1/91

DOE selected
projecT (CCT-I)

10/7/187
Results Summary Operational Project Summary
Environmental « Boiler efficiency ranged from 85.6—-88.6% and com- Fluidized-bed combustion evolved from efforts to find a
bustion efficiency ranged from 96.9-98.9%. combustion process conducive to controlling pollutant
* Bed temperature had the greatest effect on pollutant. A 3:1 boiler turndown capabilit q trateq. €Missions without external controls. Fluidized-bed com-
emissions and boiler efficiency. ' pabiity was cemonsiraled:  pustion enables efficient combustion at temperatures of

Heat rate at full load was 11,600 Btu/kWh and was

» At bed temperatures below 1,620 °F, sulfur capture
12,400 Btu/kWh at half load.

efficiencies of 70 and 95% were achieved at calcium-

1,400-1,700 °F, well below the thermal Ng@neration
temperature (2,500 °F), and high S@apture efficiency

to-sulfur (Ca/S) molar ratios of 1.5 and 4.0, respec- Economic through effective sorbent/flue gas contact. ACFB differs
tively. . Capital cost for the Nucla retrofit was $1,123/kW andom the more traditional fluid-bed combustion. Rather

» During all tests, NQemissions averaged 0.18 Ib710 a normalized power production cost was 64 mills/ than submerging a heat exchanger in the fluid bed, which
Btu and did not exceed 0.34 |bf1Btu. KWh. dictates a low-fluidization velocity, ACFB uses a rela-

tively high fluidization velocity, creating a more turbulent
bed. Hot cyclones capture and return the solids emerging
from the turbulent bed to control temperature and extend
the gas/solid contact time and to protect a downstream

* CO emissions varied between 70 and 140 ppmv.

» Particulate emissions ranged from 0.0072 to 0.0125 Ib/
10 Btu, corresponding to a removal efficiency of

99.9%. heat exchanger.

» Solid waste was essentially benign and showed poten- Interest and participation of the Department of En-
tial as an agricultural soil amendment, soil/road bed ergy, Electric Power Research Institute, and Technical
stabilizer, or landfill cap. Advisory Group (potential users) in the project involved

evaluating ACFB potential for broad utility application
through a comprehensive test program. Ovéf-g&ar
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period, 72 steady-state performance tests were conduct&®.5-MWe turbines in the overall steam cycle, the nun

and 15,700 hours logged. The result was a database thagr of unit restarts, and part-load testing. Exhibit 5-30

fg\Faénts tr;]e rrlmst comprehensive, available resource oM, vironmental Performance Effect of Bed Temperature
echnology. As indicated above, bed temperature had the greatest on Ca/S Requirement

Operational Performance impact on ACFB performance, including pollutant

6.5

Between July 1988 and January 1991, the plant operategimissions. Exhibit 5-30 shows the effect of bed tem-
with an average availability of 58% and an average capgeratures on the Ca/S requirement for 70% sulfur retgn-
ity factor of 40%. However, toward the end of the dem-tion. Ca/S ratios were calculated based on the calciun
onstration, most of the technical problems had been overentent of the sorbent only and do not account for the

6.0

55

5.0

(=}
come. During the last 3 months of the demonstration, calcium content of the coal. While a Ca/S of about 1.% § :z
average availability was 97% and the capacity factor, was sufficient to achieve 70% sulfur retention in the | & 3:5
66.5%. 1,500 °F to 1,620 °F range, the Ca/S requirement 10
Over the range of operating temperature at which jumped to 5.0 or more at 1,700 °F or greater. 25 "

testing was performed, bed temperature was found to be  Exhibit 5-31 shows the effect of Ca/S molar ratio
the most influential operating parameter. With the excepn sulfur retention at average bed temperatures below 15
tion of coal-fired configuration and excess air at elevated,620 °F. Salt Creek and Peabody coals contain 0.59 10
temperatures, bed temperature was the only parameter and 0.7% sulfur, respectively. To achieve 70% SO
that had a measurable impact on emissions and efficiengduction, or the 0.4 |b/2®Btu emission rate required
Combustion efficiency, a measure of the quantity ofby the licensing agreement, a Ca/S molar ratio of ap-
carbon that is fully oxidized to COranged from proximately 1.5 is required. To achieve an,&&luction
96.9-98.9%. Of the four exit sources of incompletely of 95%, a Ca/S molar ratio of approximately
burned carbon, the largest was carbon contained in the #y0 is necessary. Dorchester coal, averaging Exhibit 5-31
ash (93%). The next largest (5%) was carbon contained..5% sulfur content, required a somewhat . .
in the bottom ash stream, and the remaining feed-carbolower Ca/S for a given retention. Calcium ReqUIrementS and
loss (2% ) was incompletely oxidized CO in the flue gas.  NO_emissions measured throughout the Sulfur Retentions for Various Fuels
The fourth possible source, hydrocarbons in the flue gaslemonstration were less than 0.34 16/&€u,
was measured and found to be negligible. which is well below the regulated value of
Boiler efficiencies for 68 performance tests varied 0.5 Ib/10 Btu. The average level of NO

[ [

1450 1500 1550 1600 1650 1700 1750
Mean Bed Temperature (°F)

from 85.6-88.6%. The contributions to boiler heat loss emissions for all tests was 0.18 ¥ Biu. 9

were identified as unburned carbon, sensible heat in dryNO,_ emissions indicate a relatively strong g

flue gas, fuel and sorbent moisture, latent heat in burningprrelation with temperature, increasing from ‘§

hydrogen, sorbent calcination, radiation and convection40 ppmv (0.06 Ib/10Btu) at 1,425 °F to 2 Comelaion ||
and bottom-ash cooling water. Net plant heat rate de- 240 ppmv (0.34 Ib/10Btu) at 1,700 °F. éi y S

creased with increasing boiler load, from 12,400 Btu/kWhimestone feed rate was also identified asa | “ B Peabody ..

at 50% of full load to 11,600 Btu/kWh at full load. The variable affecting NQemissions, i.e., some- [ 10 [

lowest value achieved during a full-load steady-state tesivhat higher NQ emissions resulted from 0

was 10,980 Btu/kWh. These values were affected by thimcreasing calcium-to-nitrogen (Ca/N) ratios. 0 1 2 3 4 5 6
absence of reheat, the presence of the three older The mechanism was believed to be oxidation Ca/S Ratio
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of volatile nitrogen in the form of . References

ammonia (NH) catalyzed by calcium + “Field Study of Wastes from Fluidized Bed Combus-
oxide. tion Technologies.” Andrew Weinberg, Larry

CO emissions decrease as tem- Holcomb, and Ray Butlerl991 11th International
perature increases, from 140 ppmv at Conference on Fluidized Bed Combustion—\Volume 2

1,425 °F to 70 ppmv at 1,700 °F. page 865. Available from American Society of Me-
At full load, the hot cyclones chanical Engineers.

removed 99.8% of the particulates.
With the addition of baghouses, re-
moval efficiencies achieved on Pea-
body and Salt Creek Coals were
99.905% and 99.959%, respectively.
This equated to emission levels of
0.0125 Ib/18 Btu for Peabody coal 5 - ] . H
and 0.0072 Ib/10Btu for Salt Creek T i | ues 2R ™ - i ﬂrl -
coal, well below the required . P ' g ‘ I .
0.03 Ib/10 Btu.

» Colorado-Ute Nucla Station Circulating Fluidized-
Bed (CFB) Demonstration—\Volume 2: Test Program
ResultsEPRI Report No. GS-7483. October 1991.

» Demonstration Program Performance Test: Summary
ReportsReport No. DOE/MC/25137-3104. Colorado-
Ute Electric Association, Inc. March 1992. (Available

from NTIS as DE92001299.)

Economic Evaluation Report: Topical Repdreport
No. DOE/MC/25137-3127. Colorado-Ute Electric

. A The 110-MWe Nucla ACFB demonstration enabled Pyropower Corporation Association, Inc., March 1992. (Available from NTIS
ECO”Pm'C Pelrformance . ~ (now owned by Foster Wheeler) to save almost 3 years in establishing a as DE93000212.)
The final capital costs associated with commercial line of ACFB units.

the engineering, construction, and

start-up of the Nucla ACFB system were $112.3 million. well positioned to compete for the estimated 32 GWe of : T
This represents a cost of $1,123/net kW. Total power additional coal-based power generation and cogeneration Colorado-Ute Electric Association, Inc., December
costs associated with plant operations between Septembeeded between 2000 and 2015. The international powerlggo' (Available from NTIS as DE91002081.)

1988 and January 1991 were approximately $54.7 mil- generation market is expected to substantially over- ~ * Clean Coal Reference Plants: Atmospheric CFB (Topi-

* Nucla CFB Demonstration Project: Detailed Public
Design Report.Report No. DOE/MC/25137-2999.

lion, resulting in a normalized cost of power production shadow the domestic market, particularly in the near- cal Report, Task 1)Report No. DOE/MC/25177-3307.

of 64 mills’kWh. The average monthly operating cost term, and the attributes of ACFB make it particularly Gilbert/Commonwealth, Inc. June 1992. (Available

over this period was about $1,888,000. Fixed costs repgeitable for worldwide deployment. from NTIS as DE93000251.)

sent about 62% of the total and include interest (47%), Contacts » Comprehensive Report to Congress on the Clean Coal
0, iati 0, i 0 . 1

taxes (4.8%), depreciation (6.9%), and insurance (2.7%), sl |, Pendergrass, Assistant General Manager Technology Program: Nucla CFB Demonstration

Variable costs represent more than 38% of the power (303) 249-4501 Project. (Colorado-Ute Electric Association, Inc.).

production costs and include fPG' expenses (26.2%), non- Tri-State Generation and Transmission Association, Report No. DOE/FE-0106. U.S. Department of En-

fuel expenses (6.8%), and maintenance expenses (5.5%). Inc ergy. July 1988.

Commercial Applications P.O. Box 1149

ACFB could play a role in near-term electric power gen- Montrose, CO 81402

eration markets, in which the Energy Information AdminGeorge Lynch, DOE/HQ, (301) 903-9434
istration estimates that 4 GWe of new coal-based capacMglson F. Rekos, FETC, (304) 285-4066
will be needed between 1996 and 2000 to replace retiring

utility units. In the post-2000 time frame, ACFB will be
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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
Lurgi Energie and Umwelt GmbH—qgasification
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 cell (MCFC)

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

5-100 Program Update 1996-97

BRITISH GAS
LCURGI
COAL AND OAL —
BRIQUETTES GASIFIER
I CONVENTIONAL GAS-POLISHING
OXYGEN GAS AND
PLANT CLEANUP MOISTURIZATION 1.25 MWe
PRODUCT FUEL CELL
_ GAS
COOLER
N, TO FUEL
COMBUSTOR
oIS
GRATE PARTICULATES
L 1
STEAM I J STEAM GAS TURBINE |HOT GAS
AND :
oxvGEN SHACNPARTICULATES EXgﬁgST
ngﬁgR SULFUR HEAT RECOVERY
SEPARATOR RECOVERY STEAM GENERATOR
TO DISPOSAL
AQUEOUS
EFFLUENT

limestone to produce a raw coal gas rich in hydrogen and
100%carbon monoxide. Raw coal gas exiting the gasifier is
22 washed and cooled. Hydrogen sulfide and other sulfur
78 compounds are removed. Elemental sulfur is reclaimed
and disposed of as a by-product. Tars, oils, and dust are

Project Objective . . .
o I rgcycled to the gasifier. The resulting clean, medium-Btu
To demonstrate and assess the reliability, availability, a . o
uel gas is used to fuel the gas turbine in the IGCC power

maintainability of a utility-scale IGCC system using high- ) .
o . . island. A small portion of the clean gas is used for the
sulfur bituminous coal in an oxygen-blown, fixed-bed,

slagging gasifier and the operability of a molten carbon-MCFC'
ggng g P y The MCFC is composed of a molten carbonate elec-

ate fuel cell fueled by coal gas, by an independent power .
. . trolyte sandwiched between porous anode and cathode
producer under commercial terms and conditions.

plates. Fuel (desulfurized, heated medium-Btu gas) and
Technology/Project Description steam are fed continuously into the cathode. Electrical
The BG/L gasifier is supplied with steam, oxygen, lime-reactions produce direct electric current, which is con-
stone flux, and coals having a high fines content. Duringerted to alternating power in an inverter.

gasification, the oxygen and steam react with the coal and

Project Funding
Total project cost
DOE

Participant

$841,096,189
183,300,000
657,796,189

Advanced Electric Power Generation



Calendar Year

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
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 2 3 41 2 3 4 1 2 3 4 1 2

5/93 12/94
| Preaward | Design

A Note: Milestone schedule pending project restructuring

Cooperative agreement
awarded 12/2/94

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

The project is demonstrating the use of eastern U.S.  The heat rate of the IGCC demonstration facility is
bituminous coal in a commercial-scale IGCC system an&,560 Btu/kWh (40% efficiency) and the commercial
integrated MMCFC module. 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 Btu/kWh (46.2% efficiency). These efficiencies
Commercial Applications represent greater than 20% reduction in emissions gf CO

The IGCC system being demonstrated in this project is When compared to a conventional pulverized coal plant
suitable for both repowering applications and new powegduipped with a scrubber. $€missions from the IGCC
plants. The technology is expected to be adaptable to £ystem are expected to be less than 0.1 (B0

wide variety of potential market applications because of(99% reduction); NQemissions, less than 0.15 IbiBlu
several factors. First, the BG/L gasification technology (90% reduction).

has successfully used a wide variety of U.S. coals. Also, Also, the slagging characteristic of the gasifier pro-
the highly modular approach to system design makes théices a nonleaching, glass-like slag that can be marketed
BG/L-based IGCC and molten carbonate fuel cell com- as a usable by-product.

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.

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

Advanced Electric Power Generation Program Update 1996-97 5-101



Advanced Electric Power Generation
Integrated Gasification Combined Cycle
STEAM TO HRSG

GASIFIER
Pifon Pine IGCC Power ot
CLEANUP /
GAS
COOLER SULFUR

P roj ect COAL & LIMESTONE
REMOVAL

HANDLING

Participant
Sierra Pacific Power Company

Additional Team Members

AR
Foster Wheeler USA Corporation—architect, engineer, }BB HHE )
and constructor l ﬁ—(
The M.W. Kellogg Company—technology supplier COMP. . . GEN.
GAS TURBINE
Location STEAM FROM HOT GAS
Reno, Storey County, NV (Sierra Pacific Power GAS COOLER  fE T RECOVERY
Company'’s Tracy Station) GEﬁTEER':“T"OR
FEED
Technology water ~ STEAM

Integrated gasification combined-cycle (IGCC) using the m
STEAM

KRW air-blown pressurized fluidized-bed coal

gasification system Aggtgmvéézﬂlé S . , &N
STEAM TURBINE

Plant Capacity/Production
99 MWe (net)

Technology/Project Description sulfur are removed by reaction with metal oxide sorbent in
Project Funding Dried and crushed coal and limestone are introduced irgdransport reactor.
Total project cost $335,913,000 100% 4 pressurized, air-blown, fluidized-bed gasifier. Crushed The hot, cleaned gas then enters the GE Model
DOE 167,956,500 50 limestone is used to capture a portion of the sulfur and MS6001FA combustion turbine, which is coupled to a
Participant 167,956,500 50 inhibit conversion of fuel nitrogen to ammonia. The  generator designed to produce 61 MWe (gross). Exhaust

sulfur reacts with the limestone to form calcium sulfide gas is used to produce steam in a heat recovery steam
which, after oxidation, exits as calcium sulfate along generator. Superheated high-pressure steam drives a
IGCC technology incorporating hot gas cleanups to wit.h the coal ash_ in the form of agglomerated particles condensing steam turbine-generator designed to produce
evaluate a low-Btu gas combustion turbine; and to assesssL"t"mIe for lanafil . » about 46 MWe (gros_s). .
long-term reliability, availability, maintainability, and Hot, low-Btu coaligas leaving the gasifier pafsses .I.Due to the rglgtlvgly low opera'tlng temperature.of the
environmental performance at a scale sufficient to deter-thro,ljgh cyclones, which retl{r.n most of the enjfralned gasifier and the |nject|(?n .Of steam into the combustion
mine commercial potential. partlculfa'.[e matter to the ga5|f|§r. The gas, which leaveguel str.eam, the Ng)a-mlssmnsj arg 0.069 IbABtu (94%

the gasifier at about 1,700 °F, is cooled to about 1,100 tEduction). Due to the combination of in-bed sulfur cap-
before entering the hot gas cleanup system. During ture and hot gas cleanup, sS&nissions are 0.069 IbfL0
cleanup, virtually all of the remaining particulates are Btu (90% reduction).
removed by ceramic candle filters, and final traces of

Project Objective
To demonstrate air-blown, pressurized, fluidized-bed
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Calendar Year

A A T

DOE selected Operation initiated 2/97

project (CCT-1V)
9/12/91

Environmental monitoring plan
completed 10/31/96

Design completed 8/95

Ground breaking/construction started 2/95

Cooperative agreement awarded 8/1/92
NEPA process completed (EIS) 11/8/94

Construction completed 2/97

Preoperational tests initiated 12/96

Project completed/final report issued 7/00*
Operation completed 7/00*

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 41 2 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 3 3 4 1 2
9/91 8/92 2/97 7100

| Preaward | Design and Construction | Operation

*Projected date

In the demonstration project, 880 tons/day of coal at®ommercial Applications

significant process waste streams that require remedia-

converted into 107 MWe (gross), or 99 MWe (net), for The Pifion Pine IGCC system concept is suitable for netion. The only solid waste from the plant is a mixture of

export to the grid. Southern Utah bituminous coal
(0.5—-0.9% sulfur) is the design coal; tests using applications. The net effective heat rate for a proposed
midwestern or eastern high-sulfur bituminous coal greenfield plant using this technology is projected to be
(2—3% sulfur) also are planned. The integrated gasifica-7,800 Btu/kWh (43.7% efficiency), representing a 20%
tion system is located at Sierra Pacific Power Company’sncrease in thermal efficiency as compared to a conven-
Tracy Station, near Reno, NV. tional pulverized coal plant with a scrubber and a compa-
_ _ rable reduction in CQemissions. The compactness of a
Project Status/Accomplishments IGCC system reduces space requirements per unit of

Construction activities, which began in early 1995, were energy generated relative to other coal-based power
completed in February 1997. Start-up efforts began dur-,

) ! generation systems, and the advantages provided by
ing the second half of 1996 and continued through Junepodular construction reduce the financial risk associated
1997. The GE Frame 6FA (Model MS6001FA) combus-

) _ i ) ntel with new capacity additions.
tion turbine at the unit is the first of its kind in the world The KRW IGCC technology is capable of gasifying
and was successfully fired for the first time on August 1

) } Sall types of coals, including high-sulfur and high-swell-
1996, using natural gas. The combined-cycle part of theyg coals; as well as bio- or refuse-derived waste, with
plant began commercial operation on natural gas in No-

minimal environmental impact. This versatility provides
vember 1996.

numerous economic advantages for the depressed min-
eral extraction and cleanup industries. There are no

Advanced Electric Power Generation

power generation, repowering needs, and cogenerationash 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 Members

Texaco Development Corporation—gasification
technology supplier

General Electric Company—combined-cycle technology
supplier

G.E. Environmental Systems—hot-gas cleanup
technology supplier

TECO Power Services, Inc.—project manager and
marketer

Bechtel Power Corporation—architect and engineer

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

Technology

Integrated gasification combined-cycle (IGCC) system
using Texaco's pressurized, oxygen-blown, entrained-
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 $303,288,446 100%

DOE 150,894,223 49
Participant 152,394,223 51
5-104 Program Update 1996-97

PRODUCT GAS COOLER

SLURRY ENTRAINED-

PLANT FLOW GASIFIER

COAL
SLURRY

MWWV
\
90%
10%

RAW
SYNGAS

- -

PRODUCT
GAS
COOLER

OXYGEN
PLANT

TEXACO
GASIFIER

N,

RAW
SYNGAS

TO COMBUSTOR

FEED WATER

RADIANT
SYNGAS
COOLER

-

RAW
SYNGAS

HIGH-PRESSURE
STEAM

:

BLACK WATER
RECYCLED

SULFUR
REMOVAL

SLAG STEAM

DISPOSAL

SULFURIC |
ACID

- |

STEAM

PLANT

SULFURIC ACID

SYNGAS

CLEAN
SYNGAS

GAS TURBINE

HOT EXHAUST
GAS

HEAT RECOVERY
o STEAM
GENERATOR

STACK

e

STEAM TURBINE

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 Néntrol.

Technology/Project Description
Texaco’s pressurized, oxygen-blown, entrained-flow

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

gasifier is used to produce a medium-Btu fuel gas. Coall,sr |evels below 0.21 Ib/$®tu (96% capture). The

water slurry and oxygen are reacted at high temperature
and pressure to produce a high-temperature syngas.
Molten coal-ash flows out of the bottom of the vessel
and into a water-filled quench tank where it is turned

cleaned gases are then routed to a combined-cycle sys-
tem for power generation. A GE MS 7001F gas turbine
generates about 192 MWe (gross). Thermally generated
NO,_ is controlled to below 0.27 Ib/i®tu by injecting
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Calendar Year

**
1988 1989 1990 1991 1994 1995 1996 1997 1998 1999 2000
3 41 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 2 3 4 2 3 2 3 4 2 3 4 1 2
12/89 3/91 10/96 10/01
| Preaward | Design and Construction Operation |

Project completed/final report
issued 10/01*

Operation completed 10/01*

Operation initiated 10/96

Construction completed 8/96
Preoperational tests initiated 6/96
Environmental monitoring plan completed 5/96
Design completed 8/94
NEPA process completed (EIS) 8/17/94
Construction started 8/94
Cooperative agreement awarded 3/11/91
DOE selected project (CCT-IIl) 12/19/89

*Projected date
**Years omitted

nitrogen as a dilutent in the turbine’s combustion sectionProject Status/Accomplishments focusing on improving the unit’s reliability, reducing

A heat-recovery steam-generator uses heat from the gasFhe first syngas was produced on July 19, 1996. The operating costs, improving heat rate, commissioning the

turbine exhaust to produce high-pressure steam. This first gasifier run lasted 21.5 hours, which set the longevhot gas cleanup system, and beginning alternate coal

steam, along with the steam generated in the gasificatioiity record for first fire on a solid-fuel Texaco gasifier. ~ testing. The unit was dedicated on January 10, 1997.

process, is routed to the steam turbine to generate an Ten gasifier runs totalling 174 hours were completed byThe project was presented the 1997 Powerplant Award by

additional 121 MWe (gross). The IGCC heat rate for thishe end of September. All plant systems had been suc-Powermagazine.

demonstration is expected to be approximately cessfully commissioned, so Unit 1 was placed in com- ) o

8,600 Btu/kWh (40% efficient). mercial operation on September 30, 1996. Commercial Appl|cat|9ns o o
The demonstration project involves only the Another 10 gasifier runs totaling 701 hours were Th_e IGCC system be|r_19 demonstrated_m this prOJec_:t IS

first 250 MWe (net) of the planned 1,150-MWe Polk made in October and November 1996, prior to a pIanne%|“"table for new electr.lc power ge.neratlon, feF’O"Ve””Q

Power Station. Being used in the demonstration are Illi-outage, which began December 5 for routine mainte- "€€ds. and cogeneration applications. The net effective

nois 6 and Pittsburgh 8 bituminous coals having sulfur nance, inspection, and some minor improvements. In th§at rate for the Texaco-based IGCC is expected to be

contents ranging 2.5-3.5%. 30 days preceding the outage, the gasifier was on-line below 8,500 B_tU/k_Wh’ which makgs it very attractive for
By-products from the process—sulfuric acid and  67% of the time and the gas turbine was on 100% syngggs?load applications. Commercial _IGCCS ShOP'd

slag—can be sold commercially. Sulfuric acid by-prod- fuel 59% of the time, exceeding target expectations for a_chleve bettgr than 98% Seapture with a NQemis-

ucts can be used as a raw material to make agricultural this period. Efforts in late 1996 were geared toward sions reduction of 90%.

fertilizer and the nonleachable slag used in roofing keeping the unit on line as much as possible to obtain The Texaco-based system has already been proven

shingles and asphalt roads and as a structural fill in con-operating experience. During December 1996 and Jan§2Pable of handling both subbituminous and bituminous

struction projects. ary 1997, the combined-cycle system operated for 40 089als. This demonstration project is scaling up the tech-

of 45 days, while achieving a maximum load of nology from a 100-MWe pilot unit (Cool Water plant)

310 MWe (gross) on clean syngas. Efforts in 1997 are tested without full system integration.
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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 Terre 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
DOE

Participant

100%
50
50

$438,200,000
219,100,000
219,100,000

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,
and maintainability of the system at a fully commercial
scale.

*Destec Energy, Inc., merger with NGC is expected to be completed in

August 1997.
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Technology/Project Description
Coal is ground, slurried 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-

The process has the following subsystems: a coal-
grinding and slurry system, an entrained-flow coal gasifier,
a syngas heat recovery system, a cold gas cleanup system
that produces a marketable sulfur by-product,

a combustion turbine capable of using coal-derived fuel

changers and passed through a conventional cold gas gas, a heat recovery steam generator, and a repowered
cleanup system which removes particulates, ammonia, steam turbine.

and sulfur. The clean, medium-Btu gas is then reheated

One of six units at Wabash River Generating Station

and burned in an advanced 192-MWe (gross) GE 7FA was repowered. The demonstration unit generates
gas turbine. Hot exhaust from the gas turbine is passe@62 MWe (net) using 2,544 tons/day of high-sulfur
through a heat recovery steam generator to produce higB-3-5.9% sulfur) Illinois Basin bituminous coal. The
pressure steam. High-pressure steam is also producedanticipated heat rate for the repowered unit is approxi-

availability,from the gasification plant and superheated in the heat mately 9,000 Btu/kWh (38% efficiency). Using high-

recovery steam generator. The combined high-pressursulfur bituminous coal, SGemissions are expected to be

steam flow is supplied to an existing, refurbished
104-MWe (gross) steam turbine.

less than 0.1 Ib/2@Btu (98% reduction). NQemissions
are expected to be less than 0.1 IbBi 90% reduction).
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Calendar Year

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 4 1 2 3 2 3 4 1 2 3 4 1 2 3 4 1 2 3 2 3 2 3 1 2 3 2 3 4 1 2
9/91 7192 11/95 2/99

| Preaward | Design and Construction Operation

T A A

DOE selected
project (CCT-1V)
9/12/91

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

Design completed 5/94 Project completed/final report issued 2/99*

. o Demonstration completed 11/98*
Environmental monitoring plan completed 7/9/93

Groundbreaking ceremony 7/7/93

NEPA process completed (EA) 5/28/93

Cooperative agreement awarded 7/28/92 *Projected date

The project represents the world’s largest single-train
IGCC plant currently in operation.

facilities on the basis of environmental emissions and fuel supplies to meet increasingly stringent air quality
efficiency, with a demonstrated heat rate of better than regulations.
9,000 Btu/kWh (HHV). CINergy Corp./PSI Energy, Inc., Given the advantages of modularity, rapid and staged

Project Status/Accomplishments received the 1996 Powerplant Award fr@tmwermaga-  on-line generation capability, high efficiency, fuel flex-

The plantis in its second year of operation, which began;,e ibility, environmental controllability, and reduced land
in November 1995. Through June 30, 1997, the plant has and natural resource needs, the IGCC system is also a
operated for about 3,500 hours on syngas in combined-Commercial Applications strong contender for new electric power generating facili-

cycle mode and has produced about 700,000 MWh of Throughout the United States, particularly in the Midwestas  commercial offerings of the technology will be

electricity using syngas. The combustion turbine has and East, there are more than 95,000 MWe of existing posed on a 300-MWe train, which is ideally suited to

demonstrated 192 MWe (100% of nameplate) and the coal-fired utility boilers over 30 years old. Many of thes%tility-scale power generation applications. The system

gasifier has demonstrated 1,825 million Btu/hr, HHV  aging plants are without air pollution controls and are

(103% of nameplate). The gasifier has operated about candidates for repowering with IGCC technology. Re-

4,000 hours on coal and produced over 6 trillion Btu (drygowering these plants with IGCC systems will improve

of syngas by processing over 350,000 tons of coal. Gagplant efficiencies and reduce S®IO,, and CQ emis- fired plant with flue gas desulfurization. The improved

ifier operation has attained over 74% cold gas efficiencysions. The modularity of the gasifier technology will system efficiency also results in a similar decrease in
The project has completed the first 1¥2 years of a permit a range of units to be considered for repowering, 'CO, emissions.

three-year demonstration period. Early operation has and the relatively short construction schedule for the

demonstrated the ability to run at full-load capability ~ technology will allow utilities greater flexibility in

while meeting the environmental requirements for sulfurdesigning strategies to meet load requirements. Also, the

and NQ emissions. CINergy, PSI's post-merger parent high degree of fuel flexibility inherent in the gasifier

company, dispatches the project second behind its hydrdesign will provide utilities with more choice in selecting

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-
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Advanced Electric Power Generation
Advanced Combustion/Heat Engines

|
Healy Clean Coal Project

Participant
Alaska Industrial Development and Export Authority

Additional Team Members

Golden Valley Electric Association—host

Stone and Webster Engineering Corp.—engineer

TRW Inc., Space & Technology Division—combustor
technology supplier

The Babcock & Wilcox Company (which has acquired
assets of Joy Environmental Technologies, Inc.)—
spray-dryer absorber technology supplier

Usibelli Coal Mine, Inc.—coal supplier

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

Technology

TRW'’s advanced entrained (slagging) combustor

Babcock & Wilcox's spray-dryer absorber with sorbent
recycle

Plant Capacity/Production
50 MWe (nominal electric output)

Project Funding
Total project cost
DOE

Participant

$242,058,000
117,327,000
124,731,000

100%
48
52

Project Objective
To demonstrate an innovative new power plant design

featuring integration of an advanced combustor and healP/10° Btu, and SQremoval greater than 90%. The

recovery system coupled with both high- and low-tem-
perature emissions control processes.
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Technology/Project Description TRW slagging combustors are bottom-mounted on the
The project is to be a nominal 50-MWe facility consistindpoiler hopper. The main slagging combustor consists of a
of two pulverized-coal-fired combustor systems. Emis- water-cooled cylinder that slopes toward a slag opening.
sions of SQand NQ will be controlled using TRW's The precombustor burns 25-40% of the total coal input.
slagging combustion systems with staged fuel and air, ar'he remaining coal is injected axially into the combustor,
boiler that controls fuel- and thermal-related conditions,rapidly entrained by the swirling precombustor gases
and limestone injection. Additional S@ill be removed and additional air flow, and burned under substoichio-
using Babcock & Wilcox’s activated recycle spray-dryer metric (fuel-rich) conditions for NQcontrol. The ash
absorber system. Performance goals argéi@ssions  forms molten slag, which accumulates on the water-
of less than 0.2 Ib/2®tu, particulate emissions of 0.015 cooled walls and is driven by aerodynamic and gravita-
tional forces through a slot into the slag recovery section.
performance testing of coal consists of 35% run-of-miné\bout 70-80% of the coal’s ash is removed as molten
and 65% waste coal, with the waste coal having a loweslag. The hot gas is then ducted to the furnace where, to
heating value and significantly more ash. ensure complete combustion, additional air is supplied

A coal-fired precombustor increases the air inlet  from the tertiary air windbox to N(ports and to final
temperature for optimum slagging performance. The overfire air ports.
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Calendar Year *k
1990 1991 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 4|1 2 3 4 2 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 2 3 4| 1 2
12/89 4/91 1/98 6/99 6/01
| Preaward | Design and Construction Operation No-Cost Data Collection
A A A A A
Project completed/final
. o report issued 6/99*
Environmental monitoring DOE cost-shared operation
Cooperative plan completed 4/11/97 completed 6/99* p
agreement
awarded 4/11/91 Operation initiated 1/98*
Design 2 yrs of operational
started 7/90 Ground breaking/construction Construction completed 9/97* data provided at no
DOE selected ject started 5/30/95 Preoperational tests initiated 8/97* additional cost
*
(CCT_slﬁ)eagllglré)éec NEPA process completed (EIS) 3/10/94 P 6/01
Design completed 10/93 *Projected date
**Years omitted

Pulverized limestone (CaCYXor SQ, control is fed ~ and waste coal. The project will collect performance  and its performance testing was completed. Construction
into the combustor where most is flash calcined. The data for 3% years, with 2 years of data being provided a@s on schedule for completion in September 1997.
mixture of this lime (CaO) and the ash not slagged, calledo cost to DOE. A hazardous air pollutant monitoring
flash-calcined material, is removed in the fabric filter ~ program will also be implemented.
(baghouse) system. A small part of the flash-calcined To address concerns about potential impact to the
material is disposed of, but most is conveyed to a mixingnearby Denali National Park and Preserve, DOE, the aPPropriate for any size utility or industrial boiler in new
tank where water is added to form a 45% flash-calcined-National Park Service, GVEA, and the project participar"f‘cnd retrofit uses. It can be used in coal-fired boilers as
material solids slurry. The slurry leaving the mixing tank entered into an agreement to reduce the emissions fronjvell as in oil- and gas-fired boilers because of its high
is pumped to a grinding mill where it is mechanically ~ Unit #1 so that the combined emissions from the two 2Sh-removal capability. However, cyclone boilers may be
activated by abrasive grinding. Feed slurry is pumped units will be only slightly greater than those currently € Most amenable type to retrofit with the slagging com-
from the feed tank to the spray-dryer absorber where theemitted from Unit #1 alone. Total site emissions will bePustor because of the limited supply of high-Btu, low-
slurry is atomized using Babcock & Wilcox's dry scrub- further reduced to current levels if necessary to protect SUlfur, low-ash-fusion-temperature coal that cyclone

bing technology. Sn the flue gas reacts with the slurry the park. boiIer; require. _The commercial availability of CO_St'
droplets as water is simultaneously evaporated, iSO _ _ effective anq rghable systems for_§Ox, and particu-
further removed from the flue gas by reacting with the dr?rOJect Status/Accomplishments late control is important to potential users planning new

flash-calcined material on the baghouse filter bags. By June 30, 1997, engineering efforts were complete amdpacity, repowering, or retrofits to existing capacity in
The project site is adjacent to the existing Healy unifonstruction was 91% complete. The erection of struc-order to comply with CAAA of 1990 requirements.

#1 near Healy, AK, and to the Usibelli coal mine. powertural steel and on-site fabrication and installation of all TRW is offering licensing of its technology world-

will go to the Golden Valley Electric Association major equipment was complete, and startup and commiside and already has a licensing agreement in place in

(GVEA). The plant will use a nominal 900 tons/day of sioning of individual plant systems was under way. TheChina.
subbituminous coal, containing a nominal 0.2% sulfur, retrofit of Unit No. 1 (low-NQ burners with overfire air)

Commercial Applications
This technology has a wide range of applications. Itis
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Advanced Electric Power Generation
Advanced Combustion/Heat Engines

Clean Coal Diesel
Demonstration Project

Participant
Arthur D. Little, Inc.

Additional Team Members

University of Alaska at Fairbanks—host and cofunder
R.W. Beck—architect/engineer, designer, and constructd
Usibelli Coal Mine, Inc.—coal supplier

Proposed Team Members

Alaskan Science & Technology Foundation—cofunder
Coltec—diesel engine technology vendor

EERC—fuel preparation technology vendor

Location
Fairbanks, AK (University of Alaska facility)

Technology

Coal-fueled diesel engine
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SHAFT (
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Plant Capacity/Production
4.2 MWe (net)

Project Funding

Total project cost $38,309,516 100%
DOE 19,154,758 50
Participant 19,154,758 50

Project Objective

Technology/Project Description
The project is based on the demonstration of a 12-cylinUsibelli's mine in Healy, Alaska. In addition to its use in
der, heavy duty engine (4.2 MWe) modified to operate die coal-fueled diesel engine, the low-rank coal-water
Alaskan subbituminous. The clean coal diesel technol-fuel is expected to be an alternative to fuel oil in conven-
ogy, which uses a coal slurry (specifically, low-rank coaltional oil-fired industrial boilers.

water fuel), is expected to have very low Nfbd SQ

emission levels (50-70% below current New Source

Performance Standards). In addition, the demonstration

that will utilize local coal brought by truck from

To prove the design, operability, and durability of the codplant is expected to achieve 41% efficiency, while future
diesel engine during 6,000 hours of operation and verify Plant designs are expected to reach 48% efficiency. This

the design and operation of an advanced drying/slurryingVill result in a 25% reduction in C@ompared to con-

process for subbituminous Alaskan coals and for testingventional coal-fired plants.
The low-rank coal-water fuel is prepared using an

the coal slurry in the diesel and a retrofitted oil-fired
boiler.

advanced coal drying process that allows dried coal to be

slurried in water. The University of Alaska will assemble
and operate a 5-ton/hr coal-water-fuel processing plant
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Calendar Year

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
3 41 2 3 4 2 3 1 2 3 i1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4 2 3 4 2 3 1 2
5/93 7194
| Preaward Design

Note: Milestone schedule pending project restructuring

Cooperative agreement awarded 7/12/94

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

NEPA process completed (EA) 6/2/97

Project Status/Accomplishments
Easton Utilities, the original host, withdrew from the

ronmental emissions from commercial diesel systems
should be reduced to levels between 50% and 70% below

project after reevaluating its long-term need for power. NSPS. The estimated installation cost of a mature com-
DOE has approved the participant’s plans to resite the mercial unit is approximately $1,300/kW.

project at the University of Alaska in Fairbanks, where
the engine will operate on subbituminous Alaskan coals.
An extension until September 30, 1997, has been granted
to complete restructuring activities, obtain firm financial
commitments, and establish the schedule and milestones
for the project.

Project definition and design activities are ongoing.
NEPA requirements have been satisfied by an environ-
mental assessment, which was completed June 2, 1997.

Commercial Applications

The coal-fueled diesel engine is particularly suited for
nonutility new capacity, small utility repowering, and
exports to developing countries. The net effective heat
rate for the mature diesel system is expected to be 6,830
Btu/kWh (48%), which makes it very competitive with
similarly sized coal- and fuel-oil-fired installations. Envi-

Advanced Electric Power Generation
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Advanced Electric Power Generation
Advanced Combustion/Heat Engines

Externally Fired Combined-
Cycle Demonstration Project

COMBUSTOR

i SLAG WARM

Project concluded. COAL @ SCREEN GAS HEAT RECOVERY FABR,C]
i STEAM FGD ]—[

ici ‘ / GENERATOR FILTER STACK
Participant
Pennsylvania Electric Company

. SLAG
Additional Team Members (H;%
Hague International—technology developer and supplie SRR
Black & Veatch—engineer and construction manager [ HEAT STEAM

9 9 EXCHANGER TURBINE
Location HOT
Site under negotiation AR
Technology GAS TURBINE
Hague International’s externally fired combined-cycle .
(EFCC) system using a novel, high-temperature, cerami ,?m
gas-to-air heat exchanger
Plant Capacity/Production
5 MWe slipstream
Technology/Project Description duce electricity. The product gas is finally passed through

Project Fundin
J g In this project, an existing coal-fueled steam plantis a gas cleanup system consisting of a flue gas desulfurizer

-I;(Z;?El project cost $;§ifgzoggo ;8 0% being repowered by adding an externally fired gas turbiaed a fabric filter before exiting to the atmosphere
Participant 73,416,000 50 to form a combined-cycle system. The central feature dhrough the stack. The hot air from the Cetlitxpassed
the EFCC is a ceramic air heater or heat exchanger through a gas turbine to produce additional electricity
Project Objective (CerH») and an atmospheric combustor, which togethebefore being fed to the combustor.
To demonstrate an externally fired combined-cycle sys- replace a conventional combustion system in an open- The attractiveness of the EFCC lies in its ability to
tem through the use of a novel ceramic heat exchanger cycle gas turbine. eliminate the need for a hot gas cleanup system to protect
and to assess the system’s environmental and economic ~ Coal is first combusted in a staged combustor for the costly gas turbine gas-path components from the
performance for meeting future energy needs. NO, control. Particulate-laden gases exit the combustocorrosive and abrasive elements in the combustion prod-
and enter the slag screen where all particles larger tharuct gas. Instead, the gas turbine operates on indirectly
about 10 microns are collected. Air from the turbine heated clean air and the gas path is never exposed to the
compressor is heated by exchange with the hot productorrosive elements in the fuel or product gas. The
gas in the CerHX The product gas is then passed CerHx raises the temperature of the air to the turbine
through a heat recovery steam generator, where more lielgt conditions using tube elements that are manufactured
CerHx is a registered trademark of Hague International. is extracted to drive a steam turbine generator and pro-from corrosion-resistant, toughened, ceramic materials.
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Calendar Year

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
3 4(1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 2 3 2 3 4 2 3 4 2 3 1 2
5/93 8/94 5/97
| Preaward | Design |

Project concluded 5/31/97

NEPA process completed (EA; Warren Station site) 5/18/95

Cooperative agreement awarded 8/1/94

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

Potential SQrelease is reduced by more than 90% Commercial Applications

through capture in the flue gas desulfurization system.
NO, emissions are expected to be less than 0.13°Ib/10

Btu.

Project Status/Accomplishments

In May 1995, Pennsylvania Electric stopped all project
activity due to lack of progress in resolving technical
issues relating to the ceramic heat exchanger. In June
1996, the utility announced it would not pursue the full-
scale EFCC at Warren Station. The utility did propose a
demonstration of a scaled down EFCC in a 5-MWe
slipstream at Seward Station. However, Hague Interna-
tional did not complete developmental testing of the

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

scrubber.

ceramic heat exchanger at the Kennebunk facility. Be- |4 |ass than 0.015 Ib/ABtu.
cause a successful 50-hour coal-fired test at the pilot-

plant

was not completed, the project was concluded on

May 31, 1997.

Advanced Electric Power Generation

net effective heat rate for a 300-MWe greenfield plant
using this technology is projected to be 7,790 Btu/kwh.
This represents a 20% increase in thermal efficiency
compared to a conventional pulverized coal plant with a

S0, emissions are expected to be less than 0.081
Ib/1C° Btu, which is a reduction of more than 90% for
most coals. NQemissions are expected to be less than
0.15 Ib/16Btu, and particulate emissions are expected to

Program Update 1996-97
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Coal Processing for Clean Fuels
Technology

This category includes a range of technologies
designed to produce high-energy-density, low-sulfur
solid and clean liquid fuels, as well as systems to
assist users in evaluating impacts of coal quality on
boiler performance.

In the case of the Customs Coals International
project, advanced physical-cleaning techniques are
applied to bituminous coal with an already high Btu
content to remove the ash, which contains sulfur in
the form of pyrite, an inorganic iron compound. A
dense-medium cyclone using finely sized magnetite
effectively separates 90 percent of the pyritic sulfur.
But, because physical methods cannot remove the
organically bound sulfur, dense-medium-cyclone

processed coals can only be considered compliance Significantly beneficiated to produce a 12,000-Btu-

coals (meeting CAAA SOrequirements) if the
organic sulfur content is very low. This processed

spontaneous combustion) in transport and handling. an IGCC system and fuel characteristics of the
In the process, coal with 5,500-9,000 Btu per poundunrefined product. Construction on the project was
25-40 percent moisture content, and 0.5-1.5 percentcompleted in January 1997. Operation began in April
sulfur is converted to a 12,000-Btu-per-pound productl997. The LPMEOH™ demonstration unit logged
with 1.0 percent moisture and as low as 0.3 percent over 500 hours of stable operation in the first month
sulfur. Test burning of processed coal at utilities is  on stream—an availability of over 90 percent.
continuing. CQ Inc. has developed a personal computer
The ENCOAL® project uses mild gasification to  software package that will serve as a predictive tool
convert low-Btu, low-sulfur-content subbituminous  to assist utilities in selecting optimal quality coal for
coal to a high-energy-density, low-sulfur solid a specific boiler based on operational efficiency, cost,
product and a clean liquid fuel comparable to No. 6 and environmental considerations. Algorithms were
fuel oil. Mild gasification is a pyrolysis process developed and verified through comparative testing
(heating in the absence of oxygen) performed at at bench, pilot, and utility scale. Six large-scale field
moderate temperatures and pressures. It produces tests were conducted at five separate utilities. The
condensable volatile hydrocarbons in addition to software has been released for use.
solids and gas. The condensable fraction is drawn off  Exhibit 5-32 summarizes the process character-
as a liquid product. Most of the gas is used to providestics and size of the coal processing for clean fuels
on-site energy requirements. The process solid is  technologies presented in more detail in the project
fact sheets.
per-pound low-sulfur solid fuel. The demonstration
plant is processing 500 tons per day of subbituminous

compliance coal is called Carefree Coal™. For coals€0@l and producing 250 tons per day of solid process-
with significant organic sulfur content, sorbents and derived fuel (PDF™) and 250 barrels per day of coal-

other additives must be added to capture the sulfur
released upon combustion and bring the coal into
compliance. This second product is called Self-
Scrubbing Coal™.

The Rosebud SynCoal Partnership’s advanced
coal conversion project applies mostly physical-
cleaning methods to low-Btu, low-sulfur subbitumi-

derived liquids (CDL™). Both the solid and liquid
fuels are undergoing test burns at utility and industrial
sites.

The liquid-phase methanol (LPMEOH™) process
being demonstrated is an indirect liquefaction process
using synthesis gas from a coal gasifier. The unique
aspect of the process is the use of an inert liquid to

nous coals, primarily to remove moisture and second-Suspend the conversion catalyst. This removes the

arily to remove ash. The objective is to enhance the
energy density of the already low-sulfur coal. Some
conversion of the surface properties of the coal is
required, however, to provide stability (prevent
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heat of reaction and precludes the need for an
intermediate water-gas shift conversion. Also
addressed in the project are the load-following
capability of the process by simulating application in
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Exhibit 5-32
CCT Program Coal Processing for Clean Fuels Technology Characteristics

Project Process Size Fact Sheet
Development of the Coal Quality Expert™ Coal Quality Expert™ computer software Tested at 250-880 MWe 5-116
Self-Scrubbing Coal™: An Integrated Approach to Clean Air Dense-medium cyclones with finely sized magnetite and 500 tons/hr 5-120
sorbent addition for bituminous coals
Advanced Coal Conversion Process Demonstration Advanced coal conversion process for upgrading 45 tons/hr 5-122
low-rank coals
ENCOAL® Mild Gasification Project Liquids-from-coal (LFC™) mild gasification to 1,000 tons/day 5-124
produce solid and liquid fuels
Commercial-Scale Demonstration of the Liquid-Phase Methanol Liquid-phase methanol (LPMEOH™) process for 80,000 gal/day 5-126
(LPMEOH™) Process methanol production from coal syngas
Y Rosebud SynCoal Partnership’s advanced coal Y The ENCOAL® mild gasification plant near Gillette, Y  Custom Coals International’s advanced coal-cleaning
conversion process plant in Colstrip, MT has produced overWY, has operated more than 13,000 hours and processed plant in Central City, PA, can process 500 tons/hr of raw
a million tons of SynCoélproducts. more than 210,000 tons of raw coal. coal.
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Coal Processing for Clean Fuels
Coal Preparation Technologies

Development of the Coal
Quality Expert™

Project completed.

Participants
ABB Combustion Engineering, Inc.
CQ Inc.

Additional Team Members

Black & Veatch—cofunder and software
developer

Electric Power Research Institute—cofunder

The Babcock & Wilcox Company—cofunder and
pilot-scale tester

Electric Power Technologies, Inc.—field tester

University of North Dakota, Energy and Environmental
Research Center—bench-scale tester

Alabama Power Company—host

Mississippi Power Company—host

New England Power Company—host

Northern States Power Company—host

Public Service Company of Oklahoma—host

Locations
Grand Forks, Grand Forks County, ND (bench tests)
Windsor, Hartford County, CT (bench- and pilot-scale
tests)
Alliance, Columbiana County, OH (pilot-scale tests)
Wilsonville, Shelby County, AL (Gatson, Unit 5)
Gulfport, Harrison County, MS (Watson, Unit 4)
Somerset, Bristol County, MA (Brayton Point,
Units 2 and 3)
Bayport, Washington County, MN (King Station)
Oologah, Rogers County, OK (Northeastern, Unit 4)

Coal Quality Expert, CQE, CQIS, and CQIM are trademarks of the
Electric Power Research Institute.
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COALS

ANTHRACITE LIGNITE ﬁ
SUBBITUMINOUS BITUMINOUS

l

=
1

CLEAN COAL

PILOT-SCALE
BENCH-SCALE
TESTING =ellEs
l FULL-SCALE
BOILER

( DATAEVALUATION ) |
| AND CORRELATION |

COMPUTER EXPERT
MODEL

Technology
CQ Inc.’s EPRI Coal Quality Expert™ (CQE™) com-
puter software

while producing the lowest cost electricity. Specifically
the project was to (1) enhance the existing Coal Quality
Information System (CQIS™) database and Coal Quality
Impact Model (CQIM™) to allow assessment of the
effects of coal-cleaning on specific boiler costs and per-
formance and (2) develop and validate CQE™, a method-
ology that allows accurate and detailed prediction of coal
quality impacts on total power plant operating cost and

Plant Capacity/Production
Full-scale testing took place at six utility sites ranging in
size from 250 to 880 MWe.

Project Funding

Total project cost $21,746,004 100% performance.
DOE 10,863,911 50 Technoloav/Proiect D o
Participants 10,882,093 5o . cennologyrrroject bescription

The CQE™ is a software tool that brings a new level of
Project Objective sophistication to fuel decisions by integrating the system-
The objective of the project was to provide the utility  wide effects of fuel purchase decisions on power plant
industry with a PC software program to confidently and performance, emissions, and power generation costs.
inexpensively evaluate the potential for coal-cleaning, CQE™ can be used on a stand-alone computer or as a
blending, and switching options to reduce emissions  network application for utilities, coal producers, and

Coal Processing for Clean Fuels



Calendar Year

Preaward

»
>

Operation

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
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 2 3 2 3 2 3 1 2
Development
12/88 6/90| 8/90 8/97

T A M

DOE selected
project (CCT-I)
12/9/88

Operation initiated 8/90

Environmental monitoring
plan completed 7/31/90

Field testing completed 4/93

NEPA process completed
(MTF) 4/27/90

Cooperative agreement awarded 6/14/90

Project completed/final
report issued 8/97*

CQE Release 1.0
issued 8/97*

CQE Release 1.1 beta issued 6/96
CQE CD-ROM issued 12/95

*Projected date

equipment manufacturers to perform detailed analyses dfions: new flexibility and application, advanced technical

The six large-scale field tests consisted of burning a

the impacts of coal quality, capital improvements, operamodels and performance correlations, and advanced uskaseline coal and an alternate coal over a 2-month period.

tional changes, and/or environmental compliance altern@aterface and network awareness.
tives on power plant emissions, performance, and produg- .
. P P P i P ,&IPorlthm Development
tion costs. CQE™ can be used as an organized methocB) - . . .

. . . . ata derived from bench-, pilot-, and full-scale testing
ogy for systematically evaluating all such impacts or it
may be used in modules with some default data to per-

form more strategic or comparative studies. facilities in Windsor, CT, and the University of North

Project Summary Dakota’s Energy and Environmental Research Center

Grand Forks, ND; pilot-scale testing was performed at
ABB Combustion Engineering’s facilities in Windsor, C
and Alliance, OH. The six field test sites were Alabama

Background

CQE™ began with EPRI’'s Coal Quality Impact Model
(CQIM™), developed for EPRI by Black & Veatch and
introduced in 1989. CQIM™
of capabilities, including evaluating Clean Air Act com-

Power’s Gatson, Unit 5 (880 MWe), Wilsonville, AL;

MS; New England Power’s Brayton Point, Unit 2

were used to develop the CQE™ algorithms. Bench-scale
testing was performed at ABB Combustion Engineering’s

was endowed with a Va”etX/Iississippi Power’s Watson, Unit 4 (250 MWe), Gulfport,

The baseline coal was used to characterize the operating
performance of the boiler. The alternate coal, a blended
or cleaned coal of improved quality, was burned in the
boiler for the remaining test period.

The baseline and alternate coals for each test site also
were burned in bench- and pilot-scale facilities under

insimilar conditions. The alternate coal was cleaned at CQ

Inc. to determine what quality levels of clean coal can be

Tproduced economically and then transported to the

bench- and pilot-scale facilities for testing. All data from
bench-, pilot-, and full-scale facilities were evaluated and
tcorrelated to formulate algorithms used to develop the
model.

pliance strategies, evaluating bids on coal contracts, 00?285 MWe) and Unit 3 (615 MWe), Somerset, MA: NorthSQE™ Capability

ducting test-burn planning and analysis, and providing

techno-economic analyses of plant operating strategies.
™ i i ™ 1 1eti

CQE™, which combines CQIM™ with other existing Unit 4 (445 MWe), Oologah, OK.

software and databases, extends the art of model-based

fuel evaluation established by CQIM™ in three dimen-

Coal Processing for Clean Fuels

ern States Power’s King Station (560 MWe), Bayport, MNlhe PC-based program evaluates coal quality, transporta-
and Public Service Company of Oklahoma'’s Northeastetion system options, performance issues, and alternative

emissions control strategies for utility power plants.
CQE™ is composed of technical tools to evaluate perfor-
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mance issues, environmental models to evaluate emis- new objects to be added and old objects to be deleted or

EPRI owns the software and distributes CQE™ to

sions and regulatory issues, and economic models to enhanced easily. For example, if modeling advancemenEPRI members for their use. CQE™ is available to oth-
determine production cost components, including con- are made with respect to predicting boiler ash depositiorers in the form of three types of licenses: user, consultant,
sumables (e.g., fuel, scrubber additives), waste disposa{i.e., slagging and fouling), the internal calculations of thand commercializer. CQ Inc. is EPRI’s licensing agent.
operation and maintenance, replacement energy costs, object that provides these predictions can be replaced oiCQ Inc. and Black & Veatch have each signed commer-

cialization agreements, which give both companies non-

and operational and maintenance costs for coal-cleaningugmented. Other objects affected by ash deposition
processes, power production equipment, and emissionge.g., ash collection and disposal systems, soot blower exclusive worldwide rights to sell user’s licenses and to
control systems. CQE™ has four main features: systems) do not need to be altered; thus the integrity of tbffer consulting services that include the use of CQE™

+ Fuel Evaluator—Performs system-, plant-, and/or unitinderlying system is maintained.

level fuel quality, economic, and technical assess-
ments.

System Requirements
» Plant Engineer—Provides in-depth performance

in the Fuel Evaluator.

tion and presentation capabilities of the Acid Rain
Advisor.

» Coal-Cleaning Expert—Establishes the feasibility o
cleaning a coal, determines cleaning processes, and
predicts associated costs. Commercial

Applications

él’he CQE™ system is

applicable to all elec-

tric power generation
plants and large indus-
trial/institutional

boilers that burn pul-

verized coal. Potential

Software Description
CQE™ includes more than 100 algorithms based on th
data generated in the six full-scale field test.

CQE™’s design philosophy underscores the impor-
tance of flexibility by modeling all important power plant
equipment and systems and their performance in real-
world situations. This level of sophistication allows new

applications to be added by assembling a model of howusers include fuel RAM 16 MB 32 MB
objects interact. Updated information records can be ubpliers. environ- Disk space 200 MB 1GB
readily shared among all affected users because CQET'§ iEPIErS, Monitor SVGA color SVGA color

mental organizations,
%vernment and regu-
latory institutions, and

network-aware, enabling users throughout an organiza-
tion to share data and results. The CQE™ object-orien
design, coupled with an object database management

system, allows different views into the same data. As a?nrlglrr:]:taig:glﬂr::l-(ets Mouse Reqtflred Requ.|red

result, staff efficiency is enhanced when decisions are o , Keyboard Required Required

made. for CQE™ are being Printer Access to high-speed printer Access to laser printer
CQE™ also can be expanded without major revi- explored by both CQ Operating system OS/2 Version 2.0 WARP (3.0)

sions to the system. Object-oriented programming aIIov{/%:a'ltiﬂd Black &
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software. Two U.S. utilities have been licensed to use
copies of CQE™'’s stand-alone Acid Rain Advisor. Over

t%eir EPRI membership. Proposals are pending with
several non-EPRI-member U.S. and foreign utilities to
license their software.

The CQE™ team has a Home Page on the World
Wide Web (http://www.fuels.bv.com:80/cqe/cge.htm) to
promote CQE™, facilitate communications between
CQE™ developers and users, and eventually allow soft-
ware updates to be distributed over the Internet. It also

- ” ™
CQE™ currently uses the OS/2 operating system, but th40 U.S. utilities and one U.K. utility have CQE™ through

developers are planning to migrate to a Windows-based

evaluations with a more focused scope than provideglatform. CQE™ can operate in stand-alone mode on a

single computer or on a network. The system require-

« Environmental Planner—Provides access to evalua- Ments for stand-alone operation are listed in Exhibit 5-33,
Technical support is available from Black & Veatch by
sending an e-mail message to cqe@bv.com or phoning

¢ (913) 458-9772, Monday through Friday, 8:00 a.m. to

5:00 p.m. (central time).

was developed to provide an on-line updatable user’s

CQE™ Stand-Alone System Requirements

Exhibit 5-33

Item

Minimum

Preferred

Hardware speed

Graphics card
External drives

486 PC, 33 Mhz

Capable of 1024x768 mode
1.44 MB 3.5-inch; CD-ROM

Pentium PC, market stock

Capable of 1024x768 mo
1.44 MB 3.5-inch; CD-ROM

Coal Processing for Clean Fuels



S ezl Bualile s

manual. The Home Page also helps attract the interest|Qls “appeatios spedal liele  #ind .
international utilities and consulting firms that are unabl :

Hazeaga Lorta”

Pl Anlzd an prowills Fedstn

to be reached by Black & Veatch and CQ Inc. ) e T i s oy

CQE™ was recognized by then Energy Secretary Tl \ B L o s R A e
Hazel O’Leary and EPRI President Richard Balzhiser in s | O e e e
1996 as the best of nine DOE/EPRI cost-shared utility i Enginaer

research and development projects under the “Sustaina
Electric Partnership” program.

Contacts Emircrmentsl
Clark D. Harrison, President, (412) 479-6016
CQ Inc.
One Quality Center
P.O. Box 280
Homer City, PA 15748-0280
Douglas Archer, DOE/HQ, (301) 903-9443
Scott M. Smouse, FETC, (412) 892-5725

AZ 38 Phd

References A CQE™, a PC-based software tool, can be used to determine the complete

« Harrison, Clark D., et at.Recent Experience with the costs of various fuel options by seamlessly integrating the effects of fuel purchase
CQE™!" Fifth Annual Clean Coal Technology Confer-decisions on power plant performance, emissions, and power generation costs.

. ™ ! .
ence: Technical Paperdanuary 1997. Portions of the CQE™ User’s Manual are available on the Internet.

 CQE™ Users ManualCQE™ Home Page at
http://www.fuels.bv.com:80/cge/cge.htm.

» Comprehensive Report to Congress on the Clean Coal
Technology Program: Development of the Coal Qual-
ity Expert. ABB Combustion Engineering, Inc., and
CQ Inc. Report No. DOE/FE-0174P. U.S. Department
of Energy. May 1990. (Available from NTIS as
DE90010381.)
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Coal Processing for Clean Fuels
Coal Preparation Technologies

Self-Scrubbing Coal™: An
Integrated Approach to Clean
Air

Participant

Custom Coals International (a joint venture between
Genesis Coals Limited Partnership and Genesis Resear
Corporation)

Additional Team Members

Pennsylvania Power & Light Company—host
Richmond Power & Light—host

Centerior Service Company—host

Locations

Central City, Somerset County, PA (advanced
coal-cleaning plant)

Lower Mt. Bethel Township, Northampton County, PA
(combustion tests at Pennsylvania Power & Light's
Martin’s Creek Power Station, Unit 2)

RUN-OF-MINE COAL

ADVANCED
TECHNOLOGY
COAL CLEANING
PLANT

[odv

CLEANED COAL

COMPLIANCE
COAL

COAL
BREAKER

CYCLONE T .\ oN
()

COAL

ULTRA-
FINE
COAL
——————»

I

MAGNETITE R

o

ASH & PYRITIC
SULFUR

g,

ASH j

SORBENT
ADDITION

TO
POWER STATION

SELF-SCRUBBING COAL

Richmond, Wayne County, IN (combustion tests at
Richmond Power & Light's Whitewater Valley
Generating Station, Unit No. 2)

Ashtabula, Trumbull County, OH (combustion tests at
Centerior Energy’s Ashtabula C)

Technology

Coal preparation using Custom Coals’ advanced physical

coal-cleaning and fine magnetite separation technology
plus sorbent addition technology

Plant Capacity/Production
500 tons/hr

Project Funding

Total project cost $87,386,102 100%
DOE 37,994,437 43
Participant 49,391,665 57

Project Objective priced, high-Btu fuel that can be used without major plant
To demonstrate advanced coal-cleaning unit processesnmdifications or additional capital expenditures. While
produce low-cost compliance coals that can meet full many utilities can use Carefree Coal™ to comply with
requirements for commercial-scale utility power plants t&0, emissions limits, others cannot due to the high con-
satisfy provisions of the CAAA. tent of organic sulfur in their coal feedstocks. When
compliance coal cannot be produced by reducing pyritic
sulfur, Self-Scrubbing Coal™ can be produced to achieve
compliance.

Self-Scrubbing Coal™ is produced by taking Care-
free Coal™, with its reduced pyritic sulfur and ash con-
tent, and adding to it sorbents, promoters, and catalysts.
Self-Scrubbing Coal™ is expected to achieve compliance
with virtually any U.S. coal feedstock through in-boiler
absorption of SPemissions. The reduced ash content of
the Self-Scrubbing Coal™ permits addition of relatively

Technology/Project Description
An advanced coal-cleaning plant has been designed,
blending existing and new processes, to produce, from
high-sulfur bituminous feedstocks, two types of compli-
ance coals—Carefree Coal™ and Self-Scrubbing Coal
Carefree Coal™ is produced by breaking and
screening run-of-mine coal and by using innovative
dense-medium cyclones and finely sized magnetite to
remove up to 90% of the pyritic sulfur and most of the
ash. Carefree Coal™ is designed to be a competitively

Self-Scrubbing Coal and Carefree Coal are trademarks of Custom Coals

International.
5-120  Program Update 1996-97
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Calendar Year

1991 1992 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 2 3 41 2 3 4 1 2 3 4 1 2

9/91 10/92 2/96 12/97
| Preaward | Design and Construction Operation

Project completed/final report issued 12/97*

Er(gjlzcste(lg((::t'?'?w) Enviror'1mental monitoring plan completed 12/97*
9/12/91 Operation completed 12/97*

Operation initiated 2/96
Preoperational tests initiated 11/95
Construction completed 11/95
Design completed 12/94
NEPA process completed (EA) 2/14/94
Construction started 12/93
Cooperative agreement awarded 10/29/92 *Projected date

large amounts of sorbent without exceeding ash specifithe test was consistent with the current quality of the plasgnts more than 38% of the bituminous coal burned in
tions of boilers or overloading electrostatregpitators.  feed coal. The unit experienced some opacity problems50-MWe or larger U.S. generating stations.

Two medium- to high-sulfur coals—Illinois No. 5  due to the low sulfur in the coal and a marginal electro- The technology produces coal products that can be
(2.7% sulfur) and Lower Freeport (3.9% sulfur)—are  static precipitator. Data analysis is under way. used to reduce a utility or industrial power plant’s total
being used to produce Self-Scrubbing Coal™. Carefree  High organic sulfur in the raw coal created problemsulfur emissions by 80—-90%.

Coal™ is being made using Lower Kittanning (1.8%  with the ability to produce compliance quality clean coal. = A U.S.-led consortium with Custom Coals as the
sulfur). Lower Kittanning coal is being tested at Martin’sFurther, difficulties with the plant resulted in an excessiverincipal partner has signed a cooperative agreement
Creek Power Station; lllinois No. 5 coal is being tested aaimount of material going to the refuse pond, and plant worth $450 million with China to build a coal-cleaning

Whitewater Valley Generating Station; and Lower operation was suspended in February 1997. Activities plant, a 500-mile underground slurry pipeline, and port
Freeport Seam coal is being tested at Ashtabula C. needed for the plant to resume operation have been defacility. The pipeline will bring coal from the northwest
layed due to financial problems. Shanxi province to the coastal province of Shandong. A

Project Status/Accomplishments In June 1997, Custom Coals International tedetter of intent for three additional pipelines in Chi
Start-up began in late December 1995, and the first coal n June , custom Coals International acceptedletter ot intent 1or tnree additional pipelines in Ina was

was processed in February 1996. In May 1996, the tacif" oﬁer from a coal suppller to purchase the facility 'andS|gned in August 1996. . .

. . . . . .. continue the demonstration project. DOE is evaluating Custom Coals is aggressively marketing the technol-

ity reached its design capacity. Equipment and circuit . . ) . i
N . . . the offer to continue the demonstration. ogy in Eastern Europe and has received letters of intent

optimization testing began immediately thereafter and

continued throughout 1996. Commercial Applications l;;c;rg/ Procl,lfsg:;:gzscgjreé:,i?;:] Fggggcg:goshr;]!l:nro
The Carefree Coal™ test burn (cleaned Lower Commercialization of Self-Scrubbing Coal™ has the y o . . P
. . . . . S . . posed agreement with domestic coal-marketing compa-
Kittanning coal) at Martin’s Creek Power Station was  potential of bringing into compliance about 164 million nies for 1 million tons of compliance coal annuall
conducted in mid-November 1996. Although plant opti- tons/yr of bituminous coal that cannot meet emissions P Y-
mization was not completed, the overall product made fdimits through conventional coal-cleaning. This repre-
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> FLUE GAS

DUST
. COLLECTOR
TWO-STAGE

Advanced Coal Conversion ST WO-STAGE FAN
Process Demonstration HEATER

N 77 z COAL COOLING
Participant i i HOT INERT GAS TOWER
Rosebud SynCo#lartnership (a partnership between COOL INERT GAS
Western Energy Company and the NRG Group, a FAN
nonregulated subsidiary of Northern States Power COOLERS L, COOLED [ DUS-T—'

AL
Company) o COLLECTOR
Additional Team Member m VIBRATING m
SCREENS COARSE
None STRATIFIERS =
. vl

Location FEED COAL

Colstrip, Rosebud County, MT (adjacent to Western

Energy Company’s Rosebud Mine) FLUIDIZED-BED

SEPARATORS
Technology
Rosebud SynCo#lartnership’s advanced coal

SYNCOAL"

conversion process for upgrading low-rank
subbituminous and lignite coals

e

ASH

Plant Capacity/Production

45 tons/hr of SynCo@lproduct (300,000 tons/yr) Technology/Project Description

The 45-ton/hr unit is located adjacent to a unit train

Being demonstrated is an advanced thermal coal conveloadout facility at Western Energy Company’s Rosebud

Project Funding
Total project cost
DOE

Participant

sion process coupled with physical cleaning technique
100% 4 upgrade high-moisture, low-rank coals to produce a
41 high-quality, low-sulfur fuel. The coal is processed
through two fluidized-bed dryer/reactors that remove
loosely held water and then chemically bound water,
carboxyl groups, and volatile sulfur compounds. After

$105,700,000
43,125,000
62,575,000

Project Objective

To demonstrate Rosebud SynCoal’s advanced coal con-
version process to produce SynCoal stable coal prod-
uct having a moisture content as low as 1%, sulfur con-
tent as low as 0.3%, and heating value up to 12,000
Btu/lb.

cleaning process to effect separation of the ash.
The technology enhances low-rank western coals,

tent of 0.5-1.5%, and heating value of 5,500-9,000
Btu/lb, by producing an upgraded SynCoptoduct with

s coal mine in Colstrip, MT. The demonstration plant is
one-tenth the size of a commercial facility. However, the
process equipment is ‘#—/> commercial scale because
a full-sized commercial plant will have multiple process
trains.

conversion, the coal is put through a deep-bed stratifier

usually with a moisture content of 25—40%, sulfur con-

a moisture content as low as 1%, sulfur content as low as

SynCoal is a registered trademark of the Rosebud Sy®aaaership.  0.3%, and heating value up to 12,000 Btu/lb.
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Calendar Year

*k

1988 1989 1990 1991 1992 1993 1994 1996 1997 1998 1999
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 2 3 4 1 2 3 4 1 2 3 4 1 2
12/88 9/90 ) 6/92 ) 12/98
| Preaward | Design and Construction Operation

A

DOE selected project
(CCT-I) 12/9/88

Cooperative agreement
awarded 9/21/90

Design completed 8/91

Ground breaking/construction started 3/28/91
NEPA process completed (EA) 3/27/91

1

Test operation initiated 6/92

Environmental monitoring plan completed 4/7/92 Operation completed 7/98*

Construction completed 2/92 Project completed/final report

. . issued 12/98*
Preoperational tests initiated 12/91

*Projected date
**Year omitted

Project Status/Accomplishments
The demonstration facility continues reliable operation.

sions. Also, SynCo8ls being sent to Montana Power’s costly flue gas desulfurization systems. The advanced coal
Colstrip Project Units 1 and 2, where tests will provide conversion process produces Syn€dlaht has a consis-

It has processed more than 1.5 million tons of coal, andinformation on boiler efficiency, output, and air emissiongently low moisture content, low sulfur content, high

on April 19, 1997, the plant produced its one millionth
ton of SynCodl. Total sales of SynCdaproduct have
exceeded 900,000 tons.

SynCodt products totaling nearly 130,000 tons
have been delivered over an extended period of time to
several industrial customers, including Ash Grove Ce-
ment, Bentonite Corporation, Wyoming Lime, Continen-
tal Lime, and Empire Sand and Gravel. In May 1997,
tests were performed on several coke/SynTColainds.

A SynCodttest burn was completed at Montana
Power’s J.E. Corette in April 1996. The test involved
both handling and combustion of SynCaala variety of
blends ranging from 15% to 85% SynCbaDverall
results indicated that a 50% SynC@aw coal blend
provides improved results. S@missions were reduced

In November 1996, 25 tons of specific-sized uncleaned heating value, and high volatile content. Because of these
SynCoafwas sent to Morgantown for use in DOE’s coal characteristics, SynC&atould have significant impact on
gasification test program. SO, reduction and provide a clean, economical alternative

The main product issue continues to be the spontarieel to many regional industrial facilities and small utili-
ous combustion tendency of the SynCodtfforts also ties being forced to use fuel oil and natural gas. Rosebud
are continuing to reduce operational costs per ton. SynCoal’s process, therefore, will be attractive to industry
and utilities because the upgraded fuel will be less costly
Wa%se than would the construction and use of flue gas
desulfurization equipment.

SynCoaPtechnology is being marketed actively
worldwide. The partnership has been working on a po-
tential semi-commercial project located in Wyoming. The
r1oartnership has been working closely with a Japanese

equipment and technology company to expand into Asian
markets. Prospects also are being pursued in Europe.

Commercial Applications

Rosebud SynCoal’'s advanced coal conversion process
the potential to enhance the use of low-rank western
subbituminous and lignite coals. Many of the power
plants located throughout the upper Midwest have cy-
clone boilers, which burn low-ash-fusion-temperature
coals. Currently, most of these plants burn Illinois Basi
high-sulfur coal. SynCo&lis an ideal low-sulfur coal
substitute for these and other plants because it allows

by 21% overall, generation increased at normal operating . _ _ -
peration under more restrictive emissions guidelines

loads, and there was no noticeable impact o éfs-

Coal Processing for Clean Fuels

without requiring derating of the units or the addition of
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Mild Gasification /\
| o OLFURIZA
/ r DESULFURIZATION
ENCOAL® Mild Coal & = [S =5 sionen STAGK
Gasification Project
RAW
DRYER
. COAL FINES TO
Participant PROCESS-DERIVED COMBUSTOR
® i idi FUEL STORAGE ;
ENCOAL® Corporation (a su_bsg:hary of Blueg_rass Coal PRODUCT DRYER GAS .7
Development Company, which is a unit of Zeigler Coal GAS VROLYZER
Holding Company) PROCESS HEAT
" COOLER
Additional Team Members PROCESS- PYROLYZER
Bluegrass Coal Development Company (formerly nameg FINES TO SERIEs CRLLTS el
ini . PROCESS-DERIVED

SMC Mining Company) cofunder _ SURL e : STORAGE
TEK-KO.L. (partner§h|p between SQI International and a — T CETTS souns |

subsidiary of Zeigler Coal Holding Company)— PRECIPITATORS

technology owner, supplier, and licenser DERNVED FRCEEES ER (5 F
SGI International—technology developer RE%%R’,'ERY COAL-DERIVED BLOWER
Triton Coal Company—host and coal supplier e e
The M.W. Kellogg Company—engineer and @

constructor LIQUIDS

TO TRUCK AND RAIL LOADOUT
Location
Near Gillette, Campbell County, WY (Triton Coal
Company's Buckskin Mine) Project Objective dence time are controlled to achieve desired properties of
Technology To demonstrate the integrated operation of a number othe fuel products. During processing in the pyrolyzer, all
SGI International's liquids-from-coal (LFC™) process ~ "OVel processing steps to produce two higher value fuetlemaining free water is removed, and a chemical reaction
forms from mild gasification of low-sulfur subbitumi-  occurs that results in the release of volatile gaseous mate-

Plant Capacity/Production nous coal; to provide sufficient products for potential rial. Solids exiting the pyrolyzer are cooled and trans-
1,000 tons/day of subbituminous coal feed end users to conduct burn tests. ferred to a process-derived fuel (PDF™) storage bin.
Project Funding Technology/Project Description The gas produced in the p_yrolyzer is sent through a
Total project cost $00,664.000 1009 The ENCOAL® mild coal gasification process involves cyclone for remoyal gf the particulates and then .cooled
DOE 45,332,000 50 heating coal under carefully controlled conditions. Coaf.0 cpndenseTt;me liquid-fuel products, or coal-derived )
Participant 45,332,000 5o isfedinto arotary grate dryer where it is heated by a h&qmds (CDL™). Most of the gas from the condensation

unit is recycled to the pyrolyzer. The rest of the gas is
rRurned in combustors to provide heat for the pyrolyzer
and the dryer. NOemissions are controlled by staged air
injection.

The offgas from the dryer is treated in a wet venturi
scrubber to remove particulates and a horizontal scrubber

gas stream to reduce the coal’s moisture content. The

solid bulk temperature is controlled so that no significal

amounts of methane, CO, or care released from the
LFC, CDL. and PDF are trademarks of TEK-KOL. coal. The solids from the dr_yer are convgyed toa pyro-
ENCOAL is a registered trademark of TEK-KOL. lyzer where the rate of heating of the solids and resi-
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Calendar Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
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 2 3 41 2 3 4 1 2 3 4 1 2

Preaward
12/89 9/90 7192 7197
| | Design and Construction Operation
AAA *
Operation initiated 7/92 Project completed/final
Constructi leted 6/92 report issued 7/97*
DOE onsiruction compiete Operation completed 7/97*
selected Environmental monitoring plan completed 5/29/92
project ; e
(CCT-I1l) . Preoperational tests initiated 4/92
12/19/89 Design completed 7/91
Ground breaking/construction started 10/26/90
Cooperative agreement awarded 9/17/90

NEPA process completed (EA) 8/1/90 .
*Projected date

to remove SQ both using a sodium carbonate solution. PDF™ unit trains have been delivered to two separate stock, and the production of low-sulfur liquid products
The treated gas is vented to a stack, and the spent soluutilities for test burns. At Indiana-Kentucky Electric requiring no further treatment for the fuel oil market. The
tion is discharged into a pond for evaporation. Cooperative’s Clifty Creek Station, blends of 70-90% product fuels are expected to be used economically in
The ENCOAL® project is located within Campbell PDF™ with Ohio high-sulfur coal indicated that unit commercial boilers and furnaces and to reduce signifi-
County, WY, at Triton Coal Company’s Buckskin Mine, capacity was increased significantly relative to the base cantly SQ emissions at industrial and utility facilities

10 miles north of Gillette. The plant makes use of the blend, and there was at least a 20% N@Quction be- currently burning high-sulfur bituminous coals or fuel oils.
present coal-handling facilities at the mine. Subbitumi- cause of a more stable flame. Several unit trains were ENCOAL® Corporation’s newly formed company,
nous coal with 0.4-0.9% sulfur content is being used. sent to Union Electric. NuCoal, L.L.C., has signed a contract with Mitsubishi
Project Status/Accomplishments Commercial Applications Internatlonal_ Corporation to _construcf[ a $46°'”.‘".".°”’
The plant is processing 500 tons/day of coal and producFhe liquid products from mild coal gasification can be 15,0_00-metr|c-ton/day plant in Wyoming. Fea5|blllty
ing 250 tons/day of PDF™ and 250 barrels/day of used in existing markets in place of No. 6 fuel oil. The studies also have been completed for two Indonesian

CDL™. The plant has been in operation for 4% years solid product can be used in most industrial or utility projects and one Russian project.

and has delivered 15 unit trains of PDF™ to five major boilers and also shows promise for iron ore reduction
utilities. More than 3 million gallons of CDL™ has also applications. The feedstock for mild gasification is being
been delivered to seven industrial fuel users and one stéiehited to high-moisture, low-heating-value coals.

mill blast furnace. By the end of June 1997, the plant The potential benefits of this mild gasification tech-
had operated nearly 13,000 hours and processed more nology in its commercial configuration are attributable to
than 210,000 tons of raw coal. the increased heating value (about 12,000 Btu/lb) and

In 1996, ENCOAL began shipping unit trains con- lower sulfur content (per unit of fuel value) of the new
taining 100% PDF™ for the first time. Several 100%  solid-fuel product compared to the low-rank coal feed-
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Coal Processing for Clean Fuels
Indirect Liquefaction

Commercial-Scale
Demonstration of the Liquid-
Phase Methanol (LPMEOH™)
Process

Participant

Air Products Liquid Phase Conversion Company, L.P.
(a limited partnership between Air Products and
Chemicals, Inc., the general partner, and Eastman
Chemical Company)

Additional Team Members

Air Products and Chemicals, Inc.—technology supplier
and cofunder

Eastman Chemical Company—host; operator; synthesis
gas and services provider

Acurex Environmental Corporation—fuel methanol
tester and cofunder

Electric Power Research Institute—fuel methanol test

OXYGEN CHEMICAL
l SYNTHESIS GAS > [ PRODUCTION '
COAL/ g ———
SLURRY SULFUR-FREE
METHANOL SYNTHESIS GAS
RECOVERY

STEAM

CYCLONE
SEPARATOR

— — 0
Seop
R R
PRIMARY CARBONYL ME;%';?{;/E ME METHANOU%
CLEANUP DME
SYSTEM

«—— MAKEUP

SLURRY OIL
[sTEAM.] CATALYST
E MAKEUP PREPARATION
FEED | CATALYST
WATER
MET[')",G\E' oy CATALYST SLURRY
SYNTHESIS RECOVERY
REACTOR

advisor

Location
Kingsport, Sullivan County, TN (Eastman Chemical
Company’s Integrated Coal Gasification Facility)

Technology
Air Products and Chemicals’ liquid-phase methanol
(LPMEOH™) process

Plant Capacity/Production
80,000 gallons/day of methanol (nominal)

Project Funding
Total project cost
DOE

Participant

$213,700,000
92,708,370
120,991,630

100%
43
57

LPMEOH is a trademark of Air Products and Chemicals, Inc.
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Project Objective the catalyst but functions as an efficient means to re-
To demonstrate on a commercial scale the production of move the heat of reaction away from the catalyst sur-
methanol from coal-derived synthesis gas using the face. This feature permits the direct use of synthesis
LPMEOH™process; and to determine the suitability of gas streams as feed to the reactor without the need for
methanol produced during this demonstration for use as ghase-shift conversion.
chemical feedstock or as a low-g@w-NO, alternative The Eastman Chemical Company’s integrated coal
fuel in stationary and transportation applications. If gasification facility at Kingsport, TN, has operated
practical, the production of dimethyl ether (DME) asa  commercially since 1983. At this site, it will be pos-
mixed coproduct with methanol also will be demon- sible to ramp up and down to demonstrate the unique
strated. load-following flexibility of the LPMEOH™ unit for
application to coal-based electric power generation
facilities. Methanol fuel testing will be conducted in
off-site stationary and mobile applications, such as fuel
cells, buses, and distributed electric power generation.
Design verification testing for the production of DME
Sas a mixed coproduct with methanol for use as a stor-

Technology/Project Description

This project is demonstrating, at commercial scale, the
LPMEOH™ process to produce methanol from coal-
derived synthesis gas. The combined reactor and heat
removal system is different from other commercial
methanol processes. The liquid phase not only suspend

Coal Processing for Clean Fuels



Calendar Year

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

3 4/1 2 3 4 1 2 3 4 1 2 3 4 2 3 4 1 2 3 4 1 2 3 2 3 2 3 2 3 4 1 2
12/89 10/92 4/97 12/01
| Preaward | Design and Construction Operation |

DOE selected Operation initiated 4/97
g_)rzejle;/tsg)CCT_m) Preoperational tests initiated 1/97

Construction completed 1/97

Operation completed 3/01*

Project completed/final report issued 12/01*
Environmental monitoring plan completed 8/29/96

Design completed 6/96

Construction started 10/95

NEPA process completed (EA) 6/30/95

Cooperative agreement awarded 10/16/92 *Projected date

able fuel is planned, and a decision on whether or not tamperation was logged. A continuous operating period of Methanol also has a broad range of commercial applica-
demonstrate will be made. Eastern high-sulfur bitumi- over 351 hours was also achieved. Eastman has acceptighs, can be substituted for conventional fuels in station-
nous coal (Mason seam) containing 3% sulfur (5% maxall of the 1.67 million gallons of product methanol from ary and mobile combustion applications, is an excellent
mum) and 10% ash will be used. the initial run for use in its onsite chemicals production. fuel for utility peaking units, contains no sulfur, and has
A recent economic study of the LPMEOH™ processexceptionally low-NQcharacteristics when burned.

as an add-on to an IGCC power plant indicates that costMethanol can be produced from coal as a coproduct in an
savings are realized when utilities manufacture and sell IGCC facility.
ttwo products: electricity and methanol. Based on these DME has several commercial uses. In a storable
economics, a commercial-scale IGCC coproduction facilblend with methanol, the mixture can be used as peaking
ity generating 426 MWe of electric power could also fuel in IGCC electric power generating facilities. Blends
manufacture 152,000 gal/day of methanol at a cost of of methanol and DME can also be used as a chemical
o . about 46.5 cents/gal. This compares favorably to new feedstock for the synthesis of chemicals or new, oxygenate
distillation system and catalyst preparation areas was ; " .

world-scale (700,000-900,000 gal/day) chemical-grade fuel additives. Pure DME has been gaining acceptance as

also performed at normal operating temperatures and i . . ) .
o methanol plants having a U.S. Gulf Coast delivered costan environmentally friendly aerosol in personal products.
pressures. Activation of the methanol catalyst was com- ) ) i
Typical commercial-scale LPMEOH™ units are

pleted and methanol production in the LPMEOH™ of 55-60 cents/gal. .

. . . . L expected to range in size from 50,000 to 300,000 gal/day
process demonstration unit began on April 2, 1997. Th&€ommercial Applications of methanol produced when associated with commercial
first stable operation of the LPMEOH™ process demon-The LPMEOH™ process has been developed to enhance produ . W . ! w i !

. . . . e . IGCC power generation trains of 200-500 MWe. Air
stration unit at nameplate capacity of 80,000 gal/day integrated gasification combined-cycle (IGCC) power )
. o . ; . . . .. Products and Chemicals expects to market the
occurred on April 6, 1997. The initial operating period generation by producing a clean burning, storable liquid

™ 1 i i -
continued until May 9, 1997; over 700 hours of stable fuel—methanol—from the clean coal-derived gas. LF_)MEOH tgchnology through licensing, owning/oper
ating, and tolling arrangements.

Project Status/Accomplishments

Construction was completed and commissioning and
start-up began in January 1997. All utility and control
systems were commissioned, and a functional checkou
of the liquid-phase reactor system using coal-derived
synthesis gas at operating temperatures and pressures
was performed. Functional checkout of the methanol
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sions, convert the sulfur and chloride

Industrial Applications acid gases to fertilizer, return the

solid by-product as cement kiln
Technology feedstock, and produce distilled Iil
dll &

Technologies applicable to the industrial sector Water- No new wastes are generate
address significant environmental issues and barriers"’md cement kiln dust waste is
associated with coal use in industrial processes. ThegPnverted to feedstock. This technol
technologies are directed at both continued coal use ©9Y @lso has application for control-
and introduction of coal use in various industrial ling pollutant emissions in paper
Sectors. production and waste-to-energy

One of the critical environmental concerns has to 2Pplications.
do with pollutant emissions resulting from producing In many industrial boiler
coke from coal in steelmaking. Two approaches to applications, the relatively low,

mitigate or eliminate this problem are being demon- Stable price of coal makes it an

strated. In one, about 40 percent of the coke is attractive substitute for oiland gas A shown here is the granular-coal injection system.
feedstock. However, drawbacks to

conversion of oil/gas-fired units to

displaced through direct injection of granular coal

into a blast furnace system. The coal is essentially

burned in the blast furnace where the pollutant coal include addition of S{and NQ

emissions are readily controlled (as opposed to first controls, tube fouling, and the need F

coking the coal). The other approach precludes the fOr & coolant water circuit for the

need for coke making by using a direct iron-making combustor. Oil/gas-fired units are no

process, COREX In this process, raw coal is high SQ or NG, emitters, use

introduced into a melter-gasifier to produce reducing€/atively tight tube spacing in the

gas and heat for a unique reduction furnace; no coke?PSence of the potential for ash

is required. Excess reducing gas is cleaned and usdgling, and the flow of oil or gas

to fuel a gas turbine for electric power generation. ~ €00IS the combustor, precluding the
Because production costs are largely driven by N€€d for water cooling. For these

fuel cost, coal is often the fuel of choice in cement ~ M€aSons, the CCT Program demon-

production. Faced with the need to control, SO strated an advanced air-cooled,

emissions and also to address growing solid waste S!299ing combustor that could avoid

management problems, industry sponsored the these potential problems. The

demonstration of an innovative S&rubber. The cyclone combustor stages introduc-

. . . A Shown here is the completed Bethlehem Steel Corporation facility to
successfully demonstrated Passamaquoddy Technold!o" of air to control NQ injects demonstrate the injection of granulated coal directly into two blast furnaces at

sorbent to control SPslags the ash  Burns Harbor, IN.
in the combustor to prevent tube

gy Recovery Scrubber™ uses cement kiln dust,
otherwise discarded as waste, to contro] &@is-
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Exhibit 5-34
CCT Program Industrial Applications Technology Characteristics

Project Process Size Fact Sheet
Blast Furnace Granular-Coal Injection System Blast furnace granulaingaalon for reduction of coke use 7,000 net tons/day of hot 5-130
Demonstration Project metal/furnace
Advanced Cyclone Combustor with Internal Advanced slagging combustor with staged combustion and sorbent 23 million Btu/hr 5-132
Sulfur, Nitrogen, and Ash Control injection
Clean Power from Integrated Coal/Ore CORElirect reduction iron-making process to eliminate coke; 195 MWe 5-136
Reduction (CPICOR™) combined-cycle power generation 3,300 tons/day of hot metal
Cement Kiln Flue Gas Recovery Scrubber Cement kiln dust used to captuduSizonverted to feedstock; 1,450 tons/day of cement 5-138

and fertilizer and distilled water produced
Demonstration of Pulse Combustion in an Advanced combustion using pulse combustor/gasifier 170 million Btu/hr of medium-Btu 5-142
Application for Steam Gasification of Coal fuel

10 tons/hr of low-sulfur char
4,500 Ib/hr of hydrocarbon liquids

fouling, and uses air cooling to preclude the need for
water circuitry.

The cement kiln and slagging combustor projects
are completed. The project demonstrating granular-
coal injection into a blast furnace is in operation.
Demonstration of the COREXlirect iron-making
process is in the project definition and design phase.

A fifth project to demonstrate a pulse combustor
in an application for steam gasification of coal was
concluded in March 1997, when the project was
unable to be restructured.

Exhibit 5-34 summarizes process characteristics
and size for the industrial applications technologies
presented in more detail in the project fact sheets.
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Industrial Applications

Blast Furnace Granular-Coal
Injection System

IRON ORE

ml—' CYCLONE
-

i i COKE HOT LOW-BTU | &
Demonstration Project LIMESTONE FURNAGE OAS | | ooy OFFGAS
Participant B'A‘I\F?T J EHEATE
. PREHEATER
Bethlehem Steel Corporation
it COAL SOl PARTICULATE
Additional Team Members PREPARATION TO REMOVAL
British Steel Consultants Overseas Services, Inc. GRANULATED RECYCLE WET SCRUBBER
. - . COAL
— CLEANED

(marketing arm of British Steel Corporation) INJECTION LT Ty

BFGCI technology owner FURNACE SREHEATED BLAST FURNACE
CPC-Macawber, Ltd. (formerly named Simon- BLAST AIR Pf:ﬁTFSQE

Macawber, Ltd.)—equipment supplier (world rights

to sublicense BFGCI) BLAST FURNACE
Fluor Daniel, Inc.—architect and engineer OFFGAS

S . : MOLTEN SLAG MOLTEN

ATSI, Inc.—injection equipment engineer IRON

(North America BFGCI licensee)

Location
Burns Harbor, Porter County, IN (Bethlehem Steel’s
Burns Harbor Plant, Blast Furnace Units C and D)

Technology

FGID T aub'Y

TO STEELMAKING

British Steel and CPC-Macawber blast furnace granular-Technology/Project Description

coal injection (BFGCI) process

Plant Capacity/Production
7,000 net tons/day of hot metal (each blast furnace)

Project Funding
Total project cost $194,301,790
DOE 31,824,118 16

(reducing agent), on approximately a pound-for-pound
In the BFGCI process, either granular or pulverized coal basis. Because coke production results in significant
is injected into the blast furnace in place of natural gas emissions of N} SQ, and air toxics and coal could

(or oil) as a blast furnace fuel supplement. The coal
along with heated air is blown into the barrel-shaped
section in the lower part of the blast furnace through
100% passages called tuyeres, which creates swept zones in the Emissions generated by the blast furnace itself

replace up to 40% of the coke requirement, BFGCI
technology has significant potential to reduce pollutant
emissions and enhance blast furnace production.

furnace called raceways. The size of a raceway is imporremain virtually unchanged by the injected coal; the gas
tant and is dependent upon many factors including tem- exiting the blast furnace is clean, containing no measur-
Project Objective perature. Lowering of a raceway temperature, which carable SQor NO,. Sulfur from the coal is removed by the
To demonstrate that existing iron-making blast furnaces 0ccur with gas injection, reduces blast furnace produc- limestone flux and bound up in the slag, which is a

can be retrofitted with blast furnace granular-coal injec- tion rates. Coal, with a lower hydrogen content than salable by-product. In addition to the net pollutant emis-
tion technology; and to demonstrate sustained either gas or oil, does not cause as severe a reduction irsions reduction realized by coke displacement, blast
operation with a variety of coal particle sizes, coal injec- faceway temperatures. In addition to displacing injectedfurnace production is increased by maintaining high

tion rates, and coal types, and to assess the interactive Natural gas, the coal injected through the tuyeres dis-  raceway temperatures.

nature of these parameters. places coke, the primary blast furnace fuel and reductant

Participant 162,477,672 84
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Calendar Year

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
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 2 3 41 2 3 4 1 2 3 4 1 2

12/89 11/90 . ) 11/95 9/98
| Preaward | Design and Construction Operation

Operation initiated 11/95

DOE selected Preoperational tests initiated 2/95
rl)rzejle;/thCCT_m) Construction completed 2/95

Environmental monitoring plan completed 12/23/94

Design completed 12/93

Construction started 9/93 Project completed/final report
issued 9/98*

Operation completed 9/98*

NEPA process completed (EA) 6/8/93

Cooperative agreement awarded 11/26/90
*Projected date

Two high-capacity blast furnaces, Units C and D at injection rates 10% above the design rate of 180 Ib/net States that has a moisture content no higher than 12%.
Bethlehem Steel’s Burns Harbor Plant, were retrofitted ton and has operated at an average coke rate of 715 Ib/The environmental impacts of commercial application

with BFGCI technology. Each unit has a production ton of hot metal. are primarily indirect and consist of a significant reduc-

capacity of 7,000 net tons/day of hot metal. The two A comparison of high- and low-volatile coals as tion of emissions resulting from diminished coke-making

units use about 2,800 tons/day of coal during full opera-injectants showed that low-volatile coal replaces more requirements.

tion. Bituminous coals with sulfur content of 0.8-2.8% coke and results in better blast furnace operation than The BFGCI technology was developed jointly by

from West Virginia, Pennsylvania, lllinois, and Kentucky high-volatile coal. The replacement ratio with low- British Steel and CPC-Macawber (then named

are being used. A western subbituminous coal having volatile coal is 0.96 Ib coke/lb coal. A major conclusion Simon-Macawber). British Steel has granted exclusive

0.4-0.9% sulfur is being tested also. of the work to date was that granular-coal injection rights to market BFGCI technology worldwide to
performs very well on large blast furnaces. CPC-Macawber. CPC-Macawber also has the right to

Project Status/Accomplishments

The plant is now fully operational in a commercial
mode. Furnace C has been operated with an average
coal injection rate of 264 Ib/net ton of hot metal, using

Further testing of different coals will include a high- sublicense BFGCI rights to other organizations through-
ash coal and a direct comparison of granular versus  out the world. British Steel and CPC-Macawber have
pulverized coal injection. Bethlehem Steel plans to recently installed a similar facility at a United States
increase substantially the coal feed rate through all Steel blast furnace.

low-volatile bituminous coals. Coal injection rates 52 t ; : ith the baseli tandard of
reached 270 Ib/ton by mid-1996 and 300 Ib/ton for short Uyeres for comparison wi € baseline standard o
275 Ib/net ton of hot metal on Furnace C.

periods. Furnace C continued to operate with a coke rate

of approximately 660 Ib/net ton of hot metal, down from Commercial Applications

770 Ib/net ton. Permeability was stabilized at 1.19 with BFGCI technology can be applied to essentially all U.S.
the addition of moisture to produce more hydrogen in  blast furnaces. The technology should be applicable to
the bosh gas. Furnace D commonly has achieved coal any rank coal commercially available in the United
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Industrial Applications

Advanced Cyclone Combustor
with Internal Sulfur, Nitrogen,
and Ash Control

Project completed.

Participant
Coal Tech Corporation

Additional Team Members

Commonwealth of Pennsylvania, Energy Development
Authority—cofunder

Pennsylvania Power and Light Company—supplier of
test coals

Tampella Power Corporation—host

Location
Williamsport, Lycoming County, PA (Tampella Power
Corporation’s boiler manufacturing plant)

Technology
Coal Tech’s advanced, air-cooled, slagging combustor

Plant Capacity/Production
23 million Btu/hr

Coal
Pennsylvania bituminous, 1.0-3.3% sulfur

Project Funding

Total project cost $984,394 100%
DOE 490,149 50
Participant 494,245 50

Project Objective

To demonstrate that an advanced cyclone combustor cagtry. Tertiary air is injected at the combustor/boiler

AIR-COOLED CERAMIC

LINER
PRIMARY AIR, COAL, 3 o« o
AND SORBENT o~ T .
F { . y
START-UP £ = (R
OIL/GAS VA, ' A
"\ . A
. . TO
. . BOILER
[ )
. .
. . y
. ()
. °,°
. . TERTIARY
9% . . AR
o S
SECONDARY & >

AIR

SLAG TAP

SLAG

Technology/Project Description tor was designed to retain as slag a high percentage of
Coal Tech’s horizontal cyclone combustor is internally  the ash and sorbent fed to the combustor. Fqrdd-

lined with ceramic that is air-cooled. Pulverized coal, trol, the combustor is operated fuel rich, with final com-
air, and sorbent are injected tangentially toward the wall bustion taking place in the boiler furnace to which the
through tubes in the annular region of the combustor to combustor is attached. $@ captured by injection of
cause cyclonic action. In this manner, coal-particle limestone into the combustor. The cyclonic action inside
combustion takes place in a swirling flame in a region the combustor forces the coal ash and sorbent to the
favorable to particle retention in the combustor. Secondwalls where it can be collected as liquid slag. Under
ary air is used to adjust the overall combustor stoichiom-optimum operating conditions, the slag contains a sig-
nificant fraction of vitrified coal sulfur. Downstream

be retrofitted to an industrial boiler and that it can simul-interface. The ceramic liner is cooled by the secondary sorbent injection into the boiler provides additional

taneously remove up to 90% of the SMd 90-95% of
the ash within the combustor and reduce KO100 ppm.

5-132  Program Update 1996-97

air and maintained at a temperature high enough to keepulfur removal

the slag in a liquid, free-flowing state. The secondary aircapacity.

is preheated by the combustor walls to attain efficient In Coal Tech’s demonstration, an advanced, air-

combustion of the coal particles in the fuel-rich combus-cooled, cyclone coal combustor was retrofitted to a

tor. Fine coal pulverization allows combustion of most 23-million-Btu/hr, oil-designed package boiler located at

of the coal particles near the cyclone wall. The combus-the Tampella Power Corporation boiler factory in
Industrial Applications



Calendar Year

1986

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

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

1991 1992 1993 1994 1995 1996

7/86 3/87
|Preaward |

Design and Construction
11/87

A T
Construction completed 11/87
Operation initiated 11/87

Design completed 7/87

Operation

Operation
completed 5/90

Environmental monitoring plan completed 9/22/87

Ground breaking/construction started 7/87

Cooperative agreement awarded 3/20/87
NEPA process completed (MTF) 3/26/87

DOE selected project (CCT-1) 7/24/86

8/91

Project completed/final report issued 9/91

Williamsport, PA.

Results Summary

Environmental

* SO, removal efficiencies of over 80% were achieved .
with sorbent injection in the furnace at various cal-

cium-to-sulfur molar ratios (Ca/S).

e Combustor slag was essentially inert.

* Ash/sorbent retention in the combustor as slag aver-

the coal combustor in lieu of oil or gas systems are
$100-$200/kW.

aged 72% and ranged from 55% to 90%. Under morproject Summary

fuel lean conditions, retention averaged 80%.

Operational

+ SO, removal efficiencies up to 58% were achieved

with sorbent injection in the combustor at a Ca/S of

2.0.

» A maximum of 1/3 of the coal’s sulfur was retained
in the dry ash removed from the combustor (as slag)

and furnace hearth.

* At most, 11% of the coal’s sulfur was retained in the
slag rejected through the combustor’s slag tap.

bustor and furnace and to 160 ppm with the addition

of a wet particulate scrubber.

Industrial Applications

Meeting local particulate emissions standards re-
quired the addition of a wet venturi scrubber.

* Combustion efficiencies of over 99% were achieved.

The novel features of Coal Tech’s patented ceramic-lined,
slagging cyclone combustor included its air-cooled walls
and environmental control of NC5Q, and solid waste
emissions. Air cooling took place in a very compact
combustor, which could be retrofitted to a wide range of
industrial and utility boiler designs without disturbing the

* A 3-to-1 combustor turndown capability was demon- hoiler's water-steam circuit. In this technology, NO

strated. Protection of combustor refractory with slag reduction was achieved by staged combustion, and SO
was shown to be possible.

was captured by injection of limestone into the combus-

« A computer-controlled system for automatic combus-tor and/or boiler. Critical to combustor performance was

Economic

tor operation was developed and demonstrated.

removal of ash, as slag, which would otherwise erode
boiler tubes. This was particularly important in oil fur-
nace retrofits where tube spacing is tight (made possible

NO, emissions were reduced to 184 ppm by the com-. Because the technology failed to meet commercial- by the low-ash content of ail-based fuels).
ization criteria, economics were not developed during
the demonstration. However, subsequent efforts

The test effort consisted of 800 hours of operation,
including five individual tests, each of 4 days duration.

indicate that incremental capital costs for installing  an additional 100 hours of testing was performed as part
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nia bituminous coals with sulfur contents
ranging from 1.0% to 3.3% and volatile
matter contents ranging from 19% to 37%
were tested.

i
§
H

Environmental Performance

A maximum of over 80% SQeduction
measured at the boiler outlet stack was
achieved using sorbent injection in the fur-
nace at various Ca/S molar ratios. A maxi- [
mum SQ reduction of 58% was measured at=
the stack with limestone injection into the
combustor at a Ca/S of 2. A maximum of
one-third of the coal’s sulfur was retained in
the dry ash removed from the combustor and furnace
hearths, and as much as 11% of the coal’s sulfur was
retained in the slag rejected through the slag tap. Addi-
tional sulfur retention in the slag is possible by increas-
ing the slag flow rate and further improving fuel-rich
combustion and sorbent-gas mixing.

With fuel-rich operation of the combustor, a three- Combustion efficiencies exceeded 99% after proper
fourths reduction in measured boiler outlet stack NO  operating procedures were achieved. Combustor turn-
was obtained, corresponding to 184 ppm. An additionaldown to 6 million Btu/hr from a peak of 19 million
5-10% reduction was obtained by the action of the wet Btu/hr (or a 3-to-1 turndown) was achieved. The maxi-
particulate scrubber, resulting in atmospheric, M@is- mum heat input during the tests was around 20 million
sions as low as 160 ppm. Btu/hr, even though the combustor was designed for

All the slag removed from the combustor produced 30 million Btu/hr and the boiler was thermally rated at
trace metal leachates well below EPAs Drinking Water around 25 million Btu/hr. This situation resulted from
Standard. facility limits on water availability for the boiler and for

Total ash/sorbent retention as slag in the combustorcooling the combustor. In fact, due to the lack of suffi-
under efficient combustion operating conditions aver- ~ cient water cooling, even 20 million Btu/hr was border-
aged 72% and ranged from 55% to 90%. Under more line, so that most of the testing was conducted at lower
fuel-lean conditions, the slag retention averaged 80%. rates.

In post-CCT-project tests on flyash vitrification in the Different sections of the combustor had different

A  The slagging combustor, associated piping, and control panel for
Coal Tech’s advanced ceramic-lined slagging combustor are shown.

combustor, modifications to the solids injection system

and increases in the slag flow rate produced substantial

particulate emission standards, a wet venturi particulate
scrubber was installed at the boiler outlet.

Operational Performance
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materials requirements. Suitable materials for each
section were identified. Also, the test effort showed that
operational procedures were closely coupled with mate-
rials durability. As an example, by implementing certain
procedures, such as changing the combustor wall tem-
perature, it was possible to replenish the combustor
refractory wall thickness with slag produced during
combustion rather than by adding ceramic to the com-
bustor walls.

The combustor’s total operating time during the life
of the CCT project was about 900 hours. This included
approximately 100 hours of operation in two other flyash
vitrification tests projects. Of the total time, about one-
third was with coal; about 125 tons of coal were con-
sumed.

Developing proper combustor operating procedures
was also an objective. Not only were procedures for
properly operating an air-cooled combustor developed,
but the entire operating data base was incorporated into a
computer-controlled system for automatic combustor

increases in the slag retention rate. To meet local stack operation.

Commercial Applications

In conclusion, the goal of this project was to validate the
performance of the air-cooled combustor at a commer-
cial scale. While the combustor was not yet fully ready
for sale with commercial guarantees, it was believed to
have commercial potential. Subsequent work was un-
dertaken, which has brought the technology close to
commercial introduction.

Contacts

Bert Zauderer, President, (215) 667-0442
Coal Tech Corporation
P.O. Box 154

Industrial Applications



Merion, PA 19066
William E. Fernald, DOE/HQ, (301) 903-9448
Arthur L. Baldwin, FETC, (412) 892-6011
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¢ The Coal Tech Advanced Cyclone Combustor Dem-
onstration Project-A DOE AssessmenReport No.
DOE/PC/79799-T1. U.S. Department of Energy.
May 1993.

¢ The Demonstration of an Advanced Cyclone Coal
Combustor, with Internal Sulfur, Nitrogen, and Ash
Control for the Conversion of a 23 MMBtu/Hour Oil
Fired Boiler to Pulverized Coal; Vol. 1: Final Techni-
cal Report; Vol. 2: Appendixes I-V; Vol. 3: Appendix
VI. Coal Tech Corporation. August 1991. (Available
from NTIS as DE92002587 and DE92002588.)

* Comprehensive Report to Congress on the Clean ﬂ:r__\ 5’
| N —

Coal Technology Program: Advanced Cyclone Com- g
bustor with Integral Sulfur, Nitrogen, and Ash Con-

trol. Coal Tech Corporation. Report No. DOE/FE- A Coal Tech'’s slagging combustor demonstrated the capability to retain, as slag, a high

0077. U.S. Department of Energy. February 1987. percentage of the non-fuel components injected into the combustor. The slag, shown on the

(Available from NTIS as DE87005804.) conveyor, is essentially an inert glassy by-product with value in the construction industry as
aggregate or in the manufacture of abrasives.
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Clean Power from Integrated
Coal/Ore Reduction
(CPICOR™)

Participant

CPICOR™ Management Company, L.L.C. (a limited
liability company composed of subsidiaries of Centerior
Energy Corporation, Air Products and Chemicals, Inc.,
and the Geneva Steel Company)

Additional Team Members

Geneva Steel Company—cofunder and host; constructo
and operator of COREXunit

Centerior Energy Corporation—cofunder

Air Products and Chemicals, Inc.—cofunder; designer,
engineer, constructor, and operator of air separation
and combined-cycle units

Deutsche Voest-Alpine Industrieanlagenbau GmbH—
COREX® developer/supplier; designer and engineer
of COREX® unit

IRON ORE, LIMESTONE FUEL GAS N,FROMAIR
COMPRESSOR ~ SEPARATION UNIT |
e |
—» ~ EXPORTGAS v
COAL S ~ COMBUSTOR
—5 | w |71
AIR
o> g3 K
1 | 55 GAS TURBINE | HOT GAS
Ragii=t=
oL EXHAUST
< GAS
I HEAT RECOVERY
COAL FEED @ A - }j 4@@ i
& 1 REDUCTIO! STEAM
SYSTEM 3::: . l L i si fl:ga;: e STACK
SCRUBBER -
\ N _ |
— | T -«
VIELTER : S STEAM TURBINE
GASIFIER RAW ¢ COOLING
GAS | GAS
|« COMPRESSOR
f ‘—L o all
HOT
METAL/SLAG 0,
TO GAS N, AIR WATER TO
TURBINE *~ SEPARATION SCRUBBERS
UNIT SLUDGE

Location
Vineyard, Utah County, UT (Geneva Steel Company’s
mill)

Technology

Integration of Deutsche Voest-Alpine
Industrieanlagenbau’s COREXron-making process
with a combined-cycle power generation system

Plant Capacity/Production
195 MWe (net) or 250 MWe (gross) and 3,300 tons/day
of hot metal (liquid iron)

COREX is a registered trademark of Deutsche Voest-Alpine
Industrieanlagenbau GmbH.

CPICOR is a trademark of the CPICOR Management Company, L.L.C.
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Project Funding
Total project cost
DOE

Participant

100%
14
86

$1,065,805,000
149,469,242
916,335,758

Project Objective

To demonstrate the integration of a direct iron-making
process (COREX with the co-production of electricity
using various U.S. coals in an efficient and environmen-
tally responsible manner.

Technology/Project Description

The clean power from integrated coal/ore reduction
(CPICOR™) process integrates two historically distinct
processes—iron making and electric power generation.
COREX® is a novel iron-making technology that elimi-
nates the need for coke production. The key innovative

features of the COREXprocess include the reduction
shaft furnace, which is used to reduce the iron ore to
iron, and the melter-gasifier, located beneath the reduc-
tion furnace, which gasifies the coal and melts the iron.
The gasification process generates the reducing gas for
use in the reduction furnace as well as sufficient heat to
melt the resulting iron in the melter-gasifier.

Excess reducing gas exiting the reduction furnace is
cooled, cleaned, compressed, mixed with air, and burned
in a gas turbine generator system capable of combusting
low-Btu gas to make electric power. The hot exhaust
from the turbine is then delivered to a heat recovery
steam generator where process steam is made for utiliza-
tion in a steam turbine generator system to produce
additional electric power.

Industrial Applications



Calendar Year

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
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 2 3 41 2 3 4 1 2 3 4 1 2

5/93 10/96 9/00 1/03
| Preaward | Design and Construction Operation

Project completed/final report issued 1/03*
Operation completed 1/03*
NEPA process completed (EIS) 4/98* Operation initiated 9/00*
Construction started 4/98* Environmental monitoring plan completed 9/00*
Construction completed 9/00*

Cooperative agreement awarded 10/11/96
DOE selected project
(CCT-V) 5/4/93

*Projected date

During the demonstration, the facility will utilize efficient control systems within the combined-cycle naces, all of which have been operating for more than
approximately 3,400 tons/day of a western bituminous power generation facility, and use of oxygen in place of 10 years, with some originally installed up to 90 years
coal blend containing about 0.5% sulfur. The project air. The COREXprocess releases no air toxics from theago. Worldwide, more than 300 blast furnaces with
will produce 3,300 tons/day of hot metal and 195 MWe. high-temperature gasifier into the environment, and mostapacities of 0.3—1.2 million net tons/yr could be re-
Project Status/Accomplishments tra(.:e elements are captured in the slag.. The predominapiaced by COREX . o

. solid by-product of the CORE>process is a usable slag, The CPICOR™ project exceeds the individual pro-
The cooperative agreement was awarded on October 11, "~ 7 " . .

L . L which is similar to blast furnace slag and can be sold asduction rates of 75% of domestic blast furnaces. Further,
1996. Permitting and project definition are under way. . . .
construction balast. a utility facility scale-up by only 150% would exceed

Commercial Applications The energy efficiency of the CPICOR™ technology production rates of 90% of existing U.S. blast furnaces.
The CPICOR™ technology is a direct replacement for is over 30% greater than the competing commercial
existing blast furnace and coke-making facilities with thetechnology when considering only the effective produc-
additional benefit of combined-cycle power generation. tion of hot metal and electric power. CPICOR™
A full-scale commercial plant based on the CPICOR™ technology’s higher efficiency is due to the more effec-
demonstration project will produce 195 MWe (net ex-  tive use of sensible heat and volatile matter than the
portable) and 1,200,000 tons/yr of hot metal while ex-  coke-making/blast furnace process. In addition, com-
panding the type of coals that can be used to produce hafined-cycle power generation achieves energy efficien-
metal into the much larger noncoking range. cies of nearly 50%.

Al criteria pollutants, particularly SCand NQ, are Of the existing 79 U.S. coke oven batteries, half
reduced by more than 85%. This reduction is due largelyre 30 years of age or older and are due for replacement
to the desulfurizing capability of the COREprocess, or major rebuilds. There are about 60 U.S. blast fur-
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Cement Kiln Flue Gas
Recovery Scrubber

Project completed.

Participant
Passamaquoddy Tribe

Additional Team Members

Dragon Products Company—project manager and host
HPD, Incorporated—designer and fabricator of tanks

and heat exchanger
Cianbro Corporation—constructor

Location
Thomaston, Knox County, ME (Dragon Products
Company’s coal-fired cement kiln)

Technology
Passamaquoddy Technology Recovery Scriliber

Plant Capacity/Production
1,450 tons/day of cement; 250,000 skhftn of kiln
gas; and up to 274 tons/day of coal

Coal
Pennsylvania bituminous, 2.5-3.0% sulfur

Project Funding
Total project cost

Participant 11,817,408

Project Objective

To retrofit and demonstrate a full-scale industrial scrub-
ber and waste recovery system for a coal-burning wet
process cement kiln using waste dust as the reagent to

accomplish 90-95% S@eduction using high-sulfur

eastern coals; and to produce a commercial by-product

potassium-based fertilizer.

$17,800,000 100%
DOE 5,982,592 34
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Technology/Project Description the wet process used at the Dragon Products Plant. The
The Passamaquoddy Technology Recovery Scrilbber liquid fraction is passed to a crystallizer that uses waste
uses cement kiln dust (CKD), an alkaline-rich (potas-  heat in the flue gas to evaporate the water and recover
sium) waste, to react with the acidic flue gas. This CKD, dissolved alkali metal salts. A recuperator lowers the
representing about 10% of the cement feedstock other- incoming flue gas temperature to prevent slurry evapora-
wise lost as waste, is formed into a water-based slurry tion, enables the use of low-cost fiberglass construction
and mixed with the flue gas as the slurry passes over a material, and provides much of the process water
perforated tray that enables the flue gas to percolate  through condensation of exhaust gas moisture.

through the slurry. The S@n the flue gas reacts with The Passamaquoddy Technology Recovery Scrub-
the potassium to form potassium sulfate, which stays in ber™ was constructed at the Dragon Products

solution and remains in the liquid as the slurry undergoe€ompany’s cement plant in Thomaston, ME, a plant that
separation into liquid and solid fractions. The solid can process approximately 450,000 tons/yr of cement.

'fraction, in thickened slurry form and freed of the potas- The process was developed by the Passamaquoddy In-

sium and other alkali constituents, is returned to the kiln dian Tribe while it was seeking ways to solve landfill
as feedstock (it is the alkali content that makes the CKD problems, which resulted from the need to dispose of

Passamaquoddy Technology Recovery Scrubber is a trademark of the ynysable as feedstock). No dewatering is necessary for waste kiln dust from the cement-making process.

Passamaquoddy Tribe.
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Calendar Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
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 2 3 41 2 3 4 1 2 3 4 1 2

9/88 12/89 8/91 2/94
| Preaward | Design and Construction Operation

Fr 1 ¢

Operation initiated 8/91 Operation

Construction completed 5/91 completed 9/93

Preoperational tests initiated 5/91

Design completed 4/90 Project completed/final report issued 2/94
DOE
selected Environmental monitoring plan
project completed 3/26/90
(CCT-I) NEPA process completed (EA) 2/16/90
9/28/88
Cooperative agreement awarded 12/20/89
Construction started 6/89
Results Summary « On three different runs, VOC (as represented by Project Summary
, alpha-pinene) removal efficiencies of 72.3%, 83.1%, The Passamaquoddy Technology Recovery Scrubber™ is
Environmental o ; . . - .
and 74.5% were achieved. a unigue process that achieves efficient acid gas and
. 1CI 0, i . .
The SQremoval efficiency averaged 94.6% during A reduction of approximately 2% in G@missions particulate control through effective contact between
i 0, . .
the last several months of operation and 89.2% for was realized through recycling of the CKD. flue gas and a potassium-fich slurry composed of waste

the entire operating period. kiln dust. Flue gas passes through the slurry as it moves

» The NQ removal efficiency averaged nearly 25% Operational over a special sieve tray. This results in high &
during the last several months of operation and * During the last operating interval, April to September particulate capture, some Neduction, and sufficient
18.8% for the entire operating period. 1993, recovery scrubber availability (discounting hostyptake of the potassium (an unwanted constituent in

« Al of the 250-ton/day CKD waste produced by the site downtime) steadily increased from 65% in April - cement) to allow the slurry to be recycled as feedstocks.
plant was renovated and reused as feedstock. This 1993 10 99.5% in July 1993. Waste cement kiln dust, exhaust gases (including waste
resulted in reducing the raw feedstock requirement byEconomic heat), and wastewater are the only inputs to the process.

Renovated cement kiln dust, potassium-based fertilizer,
scrubbed exhaust gas, and distilled water are the only

10% and eliminating solid waste disposal costs. Capital costs are approximately $10,090,000 (1990$)

+ Particulate emission rates of 0.005-0.007 gr/8td ft for a recovery scrubb&s control emissions from a .
about 1/10 that allowed for cement kilns, were 450,000-ton/yr wet process plant, with a simple pay- proven outputs. There is no waste. . .
achieved with dust loadings of approximately back estimated in 3.1 years. Operating and mainte- . The sgrubber Was_evaluated over 3 basp operating
0.04 gristd ft nance costs, estimated at $500,000/yr. plus capital intervals dictated by winter shutdowns for maintenance

and inventory and 14 separate operating periods (within
these basic intervals) largely determined by unforeseen
host-plant maintenance and repairs and a depressed

« Pilot testing conducted at U.S. Environmental Protec- and interest costs, are generally offset by avoided
tion Agency laboratories under Passamaquoddy Tech- costs associated with fuel, feedstock, and waste dis-
nology, L.P., sponsorship showed 98% HCl removal.  posal and with revenues from the sale of fertilizer.
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cement market. Over the period August 1991 to Septemfeedstock and mixed with about 90 tons/hr of fresh feed moval efficiency. For SQinlet loads in the range of
ber 1993, more than 5,300 hours was logged, 1,400  to make up the required 100 tons/hr. The alkali in the 100 Ib/hr or less, recovery scrubber removal efficiency
hours in the first operating interval, 1,300 hours in the CKD was converted to potassium-based fertilizer, elimi- averaged 82.0%. For S@let loads in the range of
second interval, and 2,600 hours in the third interval.  nating all solid waste. Exhibit 5-35 lists the number of 100-200 Ib/hr, removal efficiency increased to 94.1%
Sulfur loadings varied significantly over the operating  hours per operating period, $é&nhd NQ inlet and outlet ~ and up to 98.5% for loads greater than 200 Ib/hr.
periods due to variations in feedstock and operating readings in pounds per hour, and removal efficiency asa  In compliance testing for the state of Maine’s De-
conditions. percentage for each operating period. partment of Environmental Quality, the recovery scrub-
. Average removal efficiencies during the demonstra- berwas subjected to dust loadings of approximately
Operational Performance . ] i o

. . tion period were 89.2% for S@nd 18.8% for NOQ 0.04 gr/std ftand demonstrated particulate emission
Several design problems were discovered and corrected” ™ " o .

emissions. No definitive explanation for the Nfontrol  rates of 0.005-0.007 gr/std-ftless than 1/10 the cur-

during start-up. No further problems were experienced in . . . -
. . mechanics was available at the conclusion of the demorrent allowable limit.
these areas during actual operation.

. . . stration.
Two problems persisted into the demonstration . . ) .
. . o . . Aside from the operating period emissions data, an
period. The mesh-type mist eliminator, which was in-

. . assessment was made of inle d impact on re-
stalled to prevent slurry entrainment in the flue gas, %2 P

experienced plugging. Attempts to design a more effi-

cient water spray for cleaning failed. However, replace- Exhibit 5-35

ment with a chevron-type mist eliminator prior to the Summary of Emissions and Removal Efficiencies

third operating interval was effective. Potassium sulfate

Ezﬂzzzvtgzne\?:]ﬁ:lsigsljt:jogi(;j:‘fgl(jﬁg forobbeleen;;:e?;; Operating Operating Inlet (Ib/hr) Outlet (Ib/hr) % Removal Efficiency
water entrainment due to carry-over of gypsum and Period Time (o) 50 MO >0 MO 50 MO
syngenite. Hydroclones were installed in the crystallizer| 1 211 73 320 10 279 87.0 12.8
circuit to separate the very fine gypsum and syngenite 2 476 71 284 1 260 84.6 08.6
crystals from the much coarser potassium sulfate crys- 3 464 87 292 13 251 85.4 14.0
tals. Although the correction was made, it was not in 4 259 131 252 16 165 87.6 345
time to realize pellet production during the demonstra- 5 304 245 293 28 243 88.7 17.1
tion period. After all modifications were completed, the | 6 379 222 265 28 208 87.4 21.3
recovery scrubber entered into the third and final operat{ 7 328 281 345 28 244 90.1 29.3
ing interval—April to September 1993. During this 8 301 124 278 10 188 91.8 32.4
interval, recovery scrubber availability (discounting host | g 314 47 240 7 194 85.7 19.0
site downtime) steadily increased from 65% in April to 10 402 a1 244 6 218 86.1 105
99.5% in July. 11 460 36 315 6 267 83.4 15.0
Environmental Performance 12 549 57 333 2 291 95.9 124
An average 250 tons/day of CKD waste generated by th{ 13 464 86 288 4 223 95.0 22.6
Dragon Products plant was used as the sole reagent in 14 405 124 274 9 199 92.4 27.4
the recovery scrubber to treat approximately 250,000 stq  Total 5,316

ft3/min of flue gas. All the CKD, or approximately Weighted Avg 109 289 12 234 89.2 18.8
10 tons/hr, were renovated and returned to the plant as
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Commercial Applications » Comprehensive Report to Congress on the Clean
Of the approximately 2,000 Portland cement kilns in the ~ Coal Technology Program: Cement Kiln Flue Gas
world, about 250 are in the United States and Canada. Recovery ScrubbePassamaquoddy Tribe). Report
These 250 kilns emit an estimated 230,000 tons/yr of No. DOE/FE-0152. U.S. Department of Energy.
SQ, (only three plants have SControls, one of which is November 1989. (Available from NTIS as

the Passamaquoddy Technology Recovery Scrihber DE90004462.)

The applicable market for SOontrol is estimated at

75% of the 250 installations. If full penetration of this

estimated market were realized, approximately

150,000 tons/yr of SQreduction could be achieved.

Contacts

Thomas N. Tureen, Project Manager, (207) 773-7166
Passamaquoddy Technology, L.P.
1 Monument Way
Portland, ME 04101

William E. Fernald, DOE/HQ, (301) 903-9448

A The Passamaquoddy Technology Recovery ScubberT'V'JOhn C. McDowell, FETC, (412) 892-6237
was successfully demonstrated at Dragon Products References
Company’s cement plant in Thomaston, ME.

« Passamaquoddy Technology Recovery ScruM¥ber

Economic Performance Final Report. Volumes 1 and 2 (Appendi-
The estimated “as built” capital cost to reconstruct the ces A-M. Passamaquoddy Tribe. Febru-
Dragon Products prototype, absent the modifications, is  ary 1994. (Vol. 1 available from NTIS as
$10,090,000 in 1990 dollars. DE94011175, Vol. 2 as DE94011176.)

Annual operating and maintenance costs are esti- . passamaquoddy Technology Recovery
mated at $500,000. Long-term annual maintenance costs gcryphef™: Public Design ReportRe-
are estimated at $150,000. Power costs, estimated at port No. DOE/PC/89657-T2.
$350,000/yr, are the only significant operating costs. Passamaquoddy Tribe. October 1993.
There are no costs for reagents or disposal, and no dedi- (ayajlable from NTIS as DE94008316.)
cated staffing or maintenance equipment are required.

Considering various revenues and avoided costs that
may be realized by installing a recovery scrulsiailar
in size to the one used at Dragon Products, simple pay-
back on the investment is projected in as little as
3.1 years. In making this projection, $6,000,000 was
added to the “as built” capital costs to allow for contin-
gency, design/permitting, construction interest, and li-

Passamaquoddy Technology Recovery
Scrubbef™: Topical Report.Report No.
DOE/PC/89657-T1. Passamaquoddy == .
Tribe. March 1992. (Available from NTIS§ L )
as DE92019868.) o

censing fees. A The Passamaquoddy Technology Recovery Scrubber™ became a
permanent part of the Dragon Products facility at the project’s end.
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H,-RICH
. FUEL GAS
Demonstration of Pulse — _—

CYCLONE

Combustion in an Application
for Steam Gasification of Coal

l <a@mm SORBENT
Project concluded.
Participant
FLUID-BED
ThermoChem, Inc. GASIFIER

Additional Team Member
Manufacturing and Technology Conversion
International, Inc.—technology supplier

FLUE
l GAS
EXPORT

PULSE SULFUR CAKE STEAM
COMBUSTORS

Location COAL FEED
Silver Bay, Lake County, MN (Northshore Mining
Company facility)

Technology STEAM é
Advanced combustion using Manufacturing and \_/

Technology Conversion International’s (MTCI) pulse WASTE-HEAT BOILER
combustor/gasifier m

Plant Capacity/Production CHAR TO PROCESS
170 million Btu/hr of 280 Btu/std fimedium-Btu fuel
gas plus 10 tons/hr of low-sulfur char and 4,500 Ib/hr of

—

PULSE COMBUSTOR EXHAUST

L Technology/Project Description SO, emissions are controlled by scrubbing the prod-
hydrocarbon liquids s o . . . .
The MTCI fluidized-bed gasifier incorporates an innova- uct gas using commercially available processes. A mar-
Project Funding tive indirect heating process for thermochemical steam ket for the by-product sulfur is being sought, and dis-
Total project cost $37,333,474 100% gasification of coal to produce hydrogen-rich, clean, posal methods are being evaluated.
DOE 18,666,737 50 medium-Btu fuel gas without the need for an oxygen
Participants 18,666,737 50  plant. The indirect heat transfer is provided by MTCl's

multiple resonance tube pulse combustor technology
with the resonance tubes comprising the heat exchanger
immersed in the fluidized-bed reactor. Heat transfer is
3-5 times greater than other indirectly heated gasifier
concepts, allowing the heat transfer surface to be
minimized.

The demonstration plant’s overall efficiency is
expected to be 72% or more. In major commercial ap-
plications, char combustion and heat recovery operations
can be included to enhance overall plant efficiency.

Project Objective

To demonstrate the MTCI pulse combustor in an applica
tion for steam gasification of coal to produce a medium-
Btu fuel gas and char from subbituminous coal.
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Calendar Year

1991 1992

3 4|1 2 3

411 2 3

2001

9/91
| Preaward

10/92
I

Design

DOE selected
project (CCT-1V)

Cooperative agreement

awarded 10/27/92

Project relocation
requested 10/26/94

Project concluded 3/3/97

9/12/91

in industrial coal gasification because of its modularity
and ability to produce a medium-Btu gas without requir-
ing an oxygen plant.

Project Status/Accomplishments tion process, thereby assuring that N@issions are

The cooperative agreement was awarded on October 27substantially below acceptable limits.

1992. Fabrication of the design-verification—scale Because of its potential for reducing emissions
253-tube pulse combustor has been completed. On  while producing a clean-burning, hydrogen-rich fuel gas,
October 26, 1994, ThermoChem, Inc., requested that the MTCI fluidized-bed gasifier is expected to have
DOE consider relocating the project to Silver Bay, MN. considerable commercial potential. Some of the early
ThermoChem was unable to restructure the project at thandustrial applications of this technology are expected to
new site, and on March 3, 1997, the project was con- be waste-to-energy or waste and coal cofired facilities
cluded. for power and steam generation. One of the more prom-
ising non-coal applications is processing of kraft black
liquor.

The processing of pulp results in the production of
about 88 million tons of by-product black liquor. The
current practice of using black liquor recovery boilers to
produce steam and electricity is inefficient. Replacing
these boilers with MTCI gasifiers would significantly
improve the conversion efficiency. The estimated mar-
ket for MTCI gasifiers in this application alone is
28 units annually.

Another potential application for the technology is

Commercial Applications

The MTCI fluidized-bed gasifier is expected to provide
the exceptional environmental performance exhibited by
coal gasification in general. S@missions are con-
trolled by removing hydrogen sulfide from the product
gas prior to combustion; removal efficiencies approach-
ing 99% are possible. Particulate emissions are also
controlled in highly efficient scrubbers. Finally, the
MTCI pulse combustion technology that provides the
required gasifier heat is an inherently low-N€@mbus-
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Appendix A: Historical Perspective and Relevant
Legislation

In The Process of Being Updated.
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Appendix B: Program History

technologies capable of being commercialized in the

Solicitation History 1990s. These technologies were to be capable of (1) Sa|ection and Negotiation
achieving significant reductions in emissions of, SO H iStory

The objective of the CCT-I solicitation, issued and/or NQ from existing facilities to minimize envi-
February 17, 1986, was to seek cost-shared projects f®nmental impacts, such as transboundary and inter-
demonstrate the feasibility of clean coal technologies State air pollution, and/or (2) providing for future July 1986
for commercial applications. The Program Opportuni-€nergy needs in an environmentally acceptable man- Nine projects were selected under CCT-I (14 alter-
ty Notice (PON) elicited 51 proposals. Nine projects Ner. DOE received 48 proposals and selected 13 pate projects selected if negotiations for original
were selected and 14 projects were placed on a list ofProjects as best furthering the goals and objectives ofg ynsuccessful).
alternatives in the event negotiations on the original gthe PON.
projects were unsuccessful; 8 alternate projects were ~ The CCT-IV PON, issued January 17, 1991,
eventually selected as replacement projects. Projectssolicited proposals to conduct cost-shared clean coal
were selected from the list of alternates on three technology projects to demonstrate innovative, ener-
separate occasions. gy-efficient, economically competitive technologies.

The CCT-Il PON, issued February 22, 1988, These technologies were to be capable of (1) retrofit-
solicited cost-shared, innovative clean coal technologying. repowering, or replacing existing facilities while
projects to demonstrate technologies that were capabf€hieving significant reductions in the emissions of
of being commercialized in the 1990s, more cost SO, and/or NQ and/or (2) providing for future energy
effective than current technologies, and capable of ~Needs in an environmentally acceptable manner. A june 1987

March 1987

DOE signed cooperative agreements with two CCT-|
participants, Coal Tech Corporation (Advanced
Cyclone Combustor with Internal Sulfur, Nitrogen,
and Ash Control) and The Ohio Power Company
(Tidd PFBC Demonstration Project).

achieving significant reductions in S@nd/or NQ total of 33 proposals were submitted in response to theOE signed a cooperative agreement with CCT-|
emissions from existing coal-burning facilities, partic- PON. Nine projects were selected; however, 3 have participant, The Babcock & Wilcox Company (LIMB
ularly those that contribute to transboundary and been withdrawn. Demonstration Project Extension and Coolside

interstate air pollution. The CCT-Il PON was the first ~ The objective of the CCT-V PON, issued July 6, Demonstration).
solicitation implementing the recommendations of the 1992, was to solicit proposals to conduct cost-shared
U.S. and Canadian Special Envoys’ report on acid demonstration projects that significantly advance the
rain. DOE received 55 proposals and selected 16 as €fficiency and environmental performance of coal-
best furthering the goals and objectives of the PON  using technologies and are applicable to either new o
(no alternates were selected). existing facilities. In response to the solicitation,
The objective of the CCT-IIl PON, issued May 1, DOE received proposals for 24 projects and selecte
1989, was to solicit cost-shared clean coal technologyP Projects.
projects to demonstrate innovative, energy-efficient

July 1987

IDOE signed a cooperative agreement with CCT-|
participant, Energy and Environmental Research
d Corporation (Enhancing the Use of Coals by Gas
Reburning and Sorbent Injection).

Program Update 1996-97 B-1



September 1987 September 1988 September 1989

General Electric Company withdrew its proposal Sixteen projects were selected under CCT-II. United Coal Company withdrew its CCT-I project,
(Integrated Coal Gasification Steam Injection Gas Coal Waste Recovery Advanced Technology Demon-
Turbine Demonstration Plants with Hot Gas Cleanup) stration.

‘October 1988
DOE signed a cooperative agreement with CCT-I

October 1987 participant, Colorado-Ute Electric Association, Inc. November 1989
Weirton Steel Corporation withdrew its proposal, (Nucla CFB Demonstration Project). DOE signed a cooperative agreement with CCT-II
Direct Iron Ore Reduction to Replace Coke Oven/ participant, Bethlehem Steel Corporation (Innovative

Blast Furnace for Steelmaking, from further Coke Oven Gas Cleaning System for Retrofit Applica-

November 1988

consideration. DOE signed a cooperative agreement with CCT-I tions).

Four more CCT-I projects were selected: Colorado- participant, TRW, Inc. (Advanced Slagging Coal Combustion Engineering, Inc., (CCT-II) withdrew its
Ute Electric Association, Inc. (Nucla CFB Demonstra- Combustor Utility Demonstration Project). Postcombustion Sorbent Injection Demonstration
tion Project); TRW, Inc. (Advanced Slagging Coal Project.

Combustor Utility Demonstration Project); Minnesota December 1988
Department of Natural Resources (COREX

) . : Negotiations were terminated with Minnesota Depart- December 1989
Ironmaking Demonstration Project); and Foster

Wheeler Power Systems, Inc. (Clean Energy IGCC ment of Natural Resources under CCT-I. Thirteen projects were selected under CCT-III.

Demonstration Project). DOE selected three more CCT-I projects: ABB DOE signed cooperative agreements with five CCT-lI
Combustion Engineering, Inc., and CQ Inc. participants: ABB Combustion Engineering, Inc.

December 1987 (Development of the Coal Quality Expert); Western (SNOX™ Flue Gas Cleaning Demonstration Project);

DOE signed cooperative agreements with two more Energy C[(; mpanyt(Atc.jvar.me?jioil Cc:jogvelrsclon The Babcock & W'::AOX Company

CCT-l participants, Ohio Ontario Clean Fuels, Inc., rocess Demonstration); and United Coal Company (SO-NO,-Rox Box™ Flue Gas Cleanup Demonstra-
(Coal Waste Recovery Advanced Technology tion Project); Passamaquoddy Tribe (Cement Kiln

(Prototype Commercial Coal/Oil Coprocessing
Project) and Energy International, Inc. (Underground
Coal Gasification Demonstration Project).

Demonstration). Flue Gas Recovery Scrubber); Pure Air on the Lake,
L.P. (Advanced Flue Gas Desulfurization Demonstra-

June 1989 tion Project);. and Southern Company Services, I.nc.

The City of Tallahassee CCT-I project, ACFB (Demonstration of Advanced Combustion Techniques

January 1988 _ _ -Fi '
y Repowering, was selected from the alternate list. for a Wall-Fired Boiler).

DOE signed a cooperative agreement with The
M.W. Kellogg Company and Bechtel Development  The M.W. Kellogg Company and Bechtel Develop- Energy International, In.c.., W_lthdrew its CCT—I project,
Company for a CCT-I project, The Appalachian ment Company withdrew their CCT-I project, Clean "d€rground Coal Gasification Demonsiration

IGCC Demonstration Project. Energy IGCC Demonstration Project. Project.
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February 1990 Techniques for the Reduction of NBmissions from  December 1990

Foster Wheeler Power Systems, Inc., withdrew its ~ Coal-Fired Boilers); and one CCT-Ill participant, Negotiations terminated with CCT-II participant,
CCT-l proposal, Clean Energy IGCC Demonstration ENCOAL® Corporation (ENCOAE Mild Coal Otisca Industries, Ltd. (Otisca Fuel Demonstration
Project. Gasification Project). Project).

Negotiations terminated with CCT-II participant,

April 1990 Southwestern Public Service Company (Nichols CFB March 1991

DOE signed cooperative agreements with three CCT-Repowering Project). DOE signed cooperative agreements with three CCT-
Il participants: The Appalachian Power Company Il participants: MK-Ferguson Company (Commercial
(PFBC Utility Demonstration Project); The Babcock Demonstration of the NOXSO S@IO, Removal Flue

& Wilcox Company (Demonstration of Coal October 1990

) ] ) Gas Cleanup System); Public Service Company of
Reburning for Cyclone Boiler NGControl); and DOE S|gned_ c_ooperatl\_/e agreements with four Colorado (Integrated Dry NG5O, Emissions Control
Southern Company Services, Inc. (Demonstration of CCT_'”I participants: A'”?OI’ Inc. (10.-MWe Demon- System); and Tampa Electric Company (formerly
Innovative Applications of Technology for the stration of Gas Suspension Absorption); The I?"’JIbCOCKCIean Power Cogeneration Limited Partnership;

CT-121 FGD Process). & Wilcox Company (FuII—Scf':\Ie Demonstration OT Tampa Electric Integrated Gasification Combined-
Low-NO, Cell Burner Retrofit); Bechtel Corporation Cycle Project)

(Confined Zone Dispersion Flue Gas Desulfurization

June 1990 Demonstration); and Energy and Environmental TRW, Inc., withdrew its CCT-I project (Advanced
DOE signed cooperative agreements with the co-  Research Corporation (Evaluation of Gas Reburning Slagging Coal Combustion Utility Demonstration
participants of one CCT-I project, ABB Combustion  and Low-NQ Burners on a Wall-Fired Boiler). Project).

Engineering, Inc., and CQ Inc., (Development of the

Coal Quality Expert™) and with two CCT-II partici- )
pants: Southern Company Services, Inc. (Demonstra-l\lovember 1990 April 1991

tion of Selective Catalytic Reduction Technology for DOE _&gned coopt_eratwe agreements with one CCT-I DOE _&gned a cooperauve_ agreement with CCT-llI
the Control of NOEmissions from High-Sulfur-Coal- participant, The City of Tallahassee (Arvah B. participant, Alaska Industrial Development and
* Hopkins Circulating Fluidized-Bed Repowering Export Authority (Healy Clean Coal Project).

Fired Boilers) and TransAlta Resources Investment
Corporation (LNS Burner for Cyclone-Fired Boilers
Demonstration Project).

Project); one CCT-Il participant, ABB Combustion
Engineering, Inc. (Combustion Engineering IGCC
Repowering Project); and two CCT-Ill participants,
Bethlehem Steel Corporation (Blast Furnace Granu-
September 1990 lar-Coal Injection System Demonstration Project) and
DOE signed cooperative agreements with one CCT-I ||IFAC—North America (LIFAC Sorbent Injection

participant, Rosebud SynCoal Partnership (formerly - Desulfurization Demonstration Project).
Western Energy Company; Advanced Coal Conver-

sion Process Demonstration); one CCT-II participant,
Southern Company Services, Inc. (180-MWe Demon-
stration of Advanced Tangentially Fired Combustion

June 1991
DOE withdrew its sponsorship of the Ohio Ontario
Clean Fuels, Inc., CCT-I project, Prototype Commer-

cial Coal/Oil Coprocessing Plant.
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August 1991 July 1992 Demonstration Project); and ThermoChem, Inc.
DOE signed a cooperative agreement with CCT-1ll  DOE signed cooperative agreements with two (Demonstration of Pulse Combustion in an Applica-
participant, DMEC-1 Limited Partnership (formerly  CCT-IV participants: Tennessee Valley Authority tion for Steam Gasification of Coal).
Dairyland Power Cooperative; PCFB Demonstration (Micronized Coal Reburning Demonstration for NO
Project). Control on a 175-MWe Wall-Fired Unit) and Wabash

ject ) November 1992

River Coal Gasification Repowering Project Joint . .
P grro The Babcock & Wilcox Company’s CCT-I project,

TransAlta Resources Investment Corporation with- ; . ;
Venture (Wabash River Coal Gasification Repowerin : . . :
( P gLIMB Demonstration Project Extension and Coolside

drew its CCT-Il project, LNS Burner for Cyclone-

Project). . .
Fired Boilers Demonstration Project. Demonstration, was completed; final reports have
been issued.
August 1992
S_eptember 1991 DOE signed a cooperative agreement with CCT-IV Mav 1993
Nine projects were selected under CCT-IV. participant, Sierra Pacific Power Company (Pifion _ y .
Pine IGCC Power Proiect Five projects were selected under CCT-V: Four
Coal Tech Corporation’s CCT-I project, Advanced ject). Rivers Energy Partners, L.P. (Four Rivers Energy

Cyclone Combustor with Internal Sulfur, Nitrogen, o416 Mining Company withdrew from negotiations Modernization Project; previously, Calvert City

an Ash Cc:jntrol, was completed; final reports have o o1y project, Cordero Coal-Upgrading Demon- Advanced Energy Project); Duke Energy Corp.
een issued.

stration Project. (Camden Clean Energy Demonstration Project);
Centerior Energy Corporation, on behalf of
April 1992 At the participant’s request, Union Carbide Chemicalscpjcor™ Management Company L.L.C. (Clean

and Plastics Company Inc. (CCT-IV) was granted an power from Integrated Coal/Ore Reduction
extension of 1 year to the DOE deadline for complet- ([cpjcOR™]); Arthur D. Little, Inc. (Clean Coal

ing negotiations of its Demonstration of the Union Combined-Cycle Project; previously Demonstration

. . . . Carbide CANSOLV™ System at the Alcoa Generat- i ilitiag):
Demonstration Project; final reports have been issued. y of Coal Diesel Technology at Easton Utilities); and

Tri-State Generation and Transmission Association,
Inc., (formerly Colorado-Ute Electric Association,
Inc.) completed its CCT-I project, Nucla CFB

ing Corporation Warrick Power Plant. Pennsylvania Electric Company (Warren Station
Externally Fired Combined-Cycle Demonstration
June 1992 i
October 1992 Project).

The City of Tallahassee project (CCT-I) was restruc-
tured and transferred to York County Energy Partners
L.P. (York County Energy Partners Cogeneration
Project).

OE signed cooperative agreements with one CCT-II
participant, Air Products and Chemicals, Inc. (Com- July 1993

mercial-Scale Demonstration of the Liquid-Phase  ynjon Carbide Chemicals and Plastics Company, Inc.,
Methanol [LPMEOH™] Process) and with four CCT- jithdrew its CCT-IV proposal, Demonstration of the
IV participants: Custom Coals International (Self- Union Carbide CANSOLV™ System at the Alcoa

Scrubbing Coal™: An Integrated Approach to Clean  Generating Corporation Warrick Power Plant.
Air); New York State Electric & Gas Corporation

(Milliken Clean Coal Technology Demonstration
Project); TAMCO Power Partners (Toms Creek IGCC
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December 1993 DOE signed cooperative agreements with two CCT-V Sorbent Injection Desulfurization Project, was
The Babcock & Wilcox Company’s CCT-Il project,  participants, Four Rivers Energy Partners, L.P. (Four completed; final reports are in preparation.

SO-NO_-Rox Box™ Flue Gas Cleanup Demonstra-  Rivers Energy Modernization Project); and Pennsyl-
tion Project, was completed; final reports have been vania Electric Company (Warren Station Externally
issued. Fired Combined-Cycle Demonstration Project).

The Babcock & Wilcox Company’s CCT-Il project,  The CCT-Ill project, Commercial Demonstration of
Demonstration of Coal Reburning for Cyclone Boiler the NOXSO SQNO, Removal Flue Gas Cleanup
NO, Control, was completed; the final technical reportSystem, was relocated and transferred to NOXSO
has been issued. Corporation.

Bechtel Corporation’s CCT-III project, Confined
Zone Dispersion Flue Gas Desulfurization DemonstraSeptember 1994
tion, was completed:; final reports have been issued. The Air Products and Chemicals CCT-IlI project,

ABB Environmental Systems’ CCT-Il project,
SNOX™ Flue Gas Cleaning Demonstration Project,
was completed; final reports are in preparation.

Energy and Environmental Research Corporation’s
CCT-I project, Enhancing the Use of Coal by Gas
Reburning and Sorbent Injection, was completed; final
reports for Hennepin and Edwards have been issued
and the final report for Lakeside is in preparation.

Southern Company Services’ CCT-Il project, Demon-

Commercial-Scale Demonstration of the Liquid-PhaseStration of Innovative Applications of Technology for

Methanol (LPMEOH™) Process, was transferred to
February 1994

The Passamaquoddy Tribe’s CCT-IlI project, Cement
Kiln Flue Gas Recovery Scrubber, was completed,;

final reports have been issued. December 1994
DOE signed a cooperative agreement with CCT-V

participant, Clean Energy Partners Limited Partner-
ship (formerly Duke Energy Corp.; Clean Energy
Demonstration Project).

June 1994

DOE signed a cooperative agreement with CCT-V
participant, Arthur D. Little, Inc. (Coal Diesel
Combined-Cycle Project). The Babcock & Wilcox Company’s CCT-Il project,
Full-Scale Demonstration of Low-N@ellBurner
Retrofit, was completed (operational testing was
completed April 1993; project was extended to
complete the boiler water-wall corrosion examination
during the fall 1994 boiler outage); final reports have
been issued.

Southern Company Services’ CCT-Ill project,
180-MWe Demonstration of Advanced Tangentially
Fired Combustion Techniques for the Reduction of
NO, Emissions from Coal-Fired Boilers, was com-
pleted; final reports have been issued.

AirPol’'s CCT-Ill project, 10-MWe Demonstration of
Gas Suspension Absorption, was completed; final
reports have been issued.

August 1994

LIFAC—North America’s CCT-lll project, LIFAC

the CT-121 FGD Process, completed operational

Air Products Liquid Phase Conversion Company, L.P.testing; final reports are in preparation.

January 1995

Energy and Environmental Research Corporation’s
CCT-Ill project, Evaluation of Gas Reburning and
Low-NO, Burners on a Wall-Fired Boiler, completed
operational testing; final reports are in preparation.

March 1995

The Ohio Power Company’s CCT-I project, Tidd
PFBC Demonstration Project, completed operational
testing; final reports have been issued.

TAMCO Power Partner's CCT-IV project, Toms
Creek IGCC Demonstration Project, was not granted a
further extension and the project was ended.

April 1995
Bethlehem Steel Corporation’s CCT-II project,
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Innovative Coke Oven Gas Cleaning System for
Retrofit Applications, was terminated by mutual
agreement with DOE because coke production was
suspended at the demonstration facility.

June 1995

Pure Air on the Lake’s CCT-Il project, Advanced
Flue Gas Desulfurization Project, completed opera-
tional testing; final reports have been issued.

July 1995

The Arthur D. Little, Inc., CCT-V project was
restructured and retitled as the Clean Coal Diesel
Demonstration Project.

September 1996
The Appalachia Power Company CCT-II project,
PFBC Utility Demonstration Project, was ended.

October 1996
DOE signed a cooperative agreement with CCT-V
participant, CPICOR™ Management Company,

Southern Company Services’ CCT-Il project, Demon-L.L.C. (Clean Power from Integrated Coal/Ore
stration of Selective Catalytic Reduction Technology Reduction [CPICOR™]).

for the Control of NQEmissions from High-Sulfur
Coal-Fired Boilers, completed operational testing;
final reports have been issued.

December 1995

The DMEC-1 Limited Partnership project (CCT-III)
was restructured and transferred to the City of
Lakeland, Department of Electric & Water Utilities
(MclIntosh Unit 4A PCFB Demonstration Project).

The Tennessee Valley Authority and New York State The Four Rivers Energy Partners, L.P., project

Electric & Gas Corporation finalized an agreement to (CCT-V) was restructured and transferred to the City
of Lakeland, Department of Electric & Water Utilities

allow the project, Micronized Coal Reburning
Demonstration for NOControl, to be conducted at
both Milliken Station in Lansing, NY, and Eastman
Kodak Company in Rochester, NY.

May 1996
The ABB Combustion Engineering, Inc., CCT-II

(MclIntosh Unit 4B Topped PCFB Demonstration
Project).

December 1996

The ABB Combustion Engineering, Inc., and CQ Inc.

CCT-I project, Development of the Coal Quality

March 1997

The ThermoChem, Inc., CCT-IV project, Demonstra-
tion of Pulse Combustion in an Application for Steam
Gasification of Coal, was concluded.

May 1997

The Pennsylvania Electric Company CCT-V project,
Externally Fired Combined-Cycle Demonstration
Project, was concluded.

project, Combustion Engineering IGCC Repowering Expert™, was completed; final reports are in prepara-

Project, was ended.

August 1996
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The Public Service Company of Colorado’s CCT-IlI

project, Integrated Dry N@5O, Emissions Control

System, completed operational testing; final reports

are in preparation.



Appendix C: Environmental Aspects

for 1 project, MTFs for 17 projects, EAs for 18 ii.
projects and EISs for 4 proposed projects (actions  iv.

Introduction

exceed 33 because of project terminations, withdraw-

DOE employs a three-step process to ensure thatdls, and restructuring).
the CCT Program and its projects comply with the For each project cofunded by DOE under the
environmental requirements of the National Environ- CCT Program, the industrial participant is required to
mental Policy Act (NEPA) and the regulations for ~ develop an environmental monitoring plan (EMP) that
NEPA compliance promulgated by the Council on will ensure operational compliance and that significant
Environmental Quality (CEQ) (40 CFR Parts 1500— technical and environmental data are collected and
1508) and by DOE (10 CFR Part 1021). This proceséjisseminated. Data to be collected include compli-
includes (1) preparation in 1989 of a programmatic ~ ance data to meet federal, state, and local require-

alternatives to the proposed action,

the relationship between local short-term uses of man’s
environment and the maintenance and enhancement of
long-term productivity, and

any irreversible and irretrievable commitments of
resources which would be involved in the proposed
action should it be implemented.

... (E) study, develop, and describe appropriate
alternatives to recommended courses of action in any
proposal which involves unresolved conflicts concern-
ing alternative uses of available resources.

NEPA created the CEQ, which has promulgated

environmental impact statement (PEIS); (2) prepara- ments and performance data to aid in future commer-égulations that ensure compliance with the act.

tion of preselection, project-specific environmental ~ cialization of the technology.

reviews; and (3) preparation of postselection, site-
specific NEPA documentation. Several types of
NEPA documents have been used in the CCT Pro-
gram, including memoranda-to-file (MTF; discontin- The Role of NEPA in the CCT
ued as of September 30, 1990), environmental asses$? rogram

ments (EA), and environmental impact statements
(EIS). DOE’s NEPA regulations also provide for
categorical exclusions (CX) for certain classes of

NEPA was initially enacted in 1969 as Public
Law 91-190 and has since been amended, most rece
actions. ly by Public Law 94-83 in 1975. The applicability of

Exhibit C-1 shows the progress made through NEPA to the CCT Program is encapsulated in the
June 30, 1997, to complete NEPA reviews of projectsfollowing provision (Section 102):
in the CCT Program. By June 30, 1997, NEPA [A]ll agencies of the Federal Government shall . . . (C)
reviews were completed for 33 of the 39 CCT projectg’nclude in every recommendation or report on proposals for
remaining in the program (two NEPA reviews were Iegislgtion and other major Federal ac.tions significantly

. . affecting the quality of the human environment, a detailed
completed for one project, Enhancing the Use of statement by the responsible official on—
Coals by Gas Reburning and Sorbent Injection—an i. the environmental impact of the proposed action,
MTF was completed for the Hennepin site and an EA i
for the Lakeside site). From 1987 through June 30,
1997, NEPA requirements were satisfied with a CX

any adverse environmental effects which cannot be
avoided should the proposal be implemented,

Compliance with NEPA

In November 1989, a PEIS was completed for the

entire CCT Program. This PEIS addressed issues
such as potential global climatic modification and the
r(?tc_:ological and socioeconomic impacts of the CCT
Program. The PEIS evaluated the following two
alternatives:

* “No action,” which assumed that conventional
coal-fired technologies with conventional flue
gas desulfurization controls would continue to
be used

« “Proposed action,” which assumed that
successfully demonstrated clean coal technolo-
gies would undergo widespread commercial-
ization by the year 2010
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Exhibit C-1
NEPA Reviews Completed through June 30, 1997

Number of Projects
14

12

10

» ] i \
N

0 T T T T T T T T T
1987 1988 1989*°1990 1991 1992° 1993 1994 1995° 1996 1997

@ Includes an MTF (1988) and an EA (198%)Includes an EA for a project that wasIncludes an EA for a
required for one project withdrawn

] Memoranda-to-file [ Categorical exclusions

project that was terminated

AN Environmental assessments - Environmental impact statements
In preselection project-specific environmental ing projects, the strengths and weaknesses of each

reviews, DOE evaluates the environmental aspects of proposal are compared with the environmental evalua-
each proposed demonstration project. Reviews are tion criteria. To the maximum extent possible, the
provided to the Source Selection Official for consider-environmental impacts of each proposed project and
ation in the project selection process. The site- practical mitigating measures are considered. Also,
specific environmental, health, safety, and socioeco- list of necessary permits is prepared, to the extent
nomic issues associated with each proposed project known; these are permits that would need to be

are examined during the environmental review. As obtained in implementing the proposed project.

part of the comprehensive evaluation prior to select-
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Upon selection, project participants are required
to prepare and submit additional environmental
information. This detailed site- and project-specific
information is used, along with independent informa-
tion gathered by DOE, as the basis for site-specific
NEPA documents which are prepared by DOE for
each selected project. These NEPA documents are
prepared, considered, and published in full conform-
ance with CEQ and DOE regulations for NEPA
compliance.

Categorical Exclusions

“Subpart D—Typical Classes of Actions” of the
DOE NEPA regulations provide for categorical
exclusions as a class of actions that DOE has deter-
mined do not individually or cumulatively have a
significant effect on the human environment. One
project, Micronized Coal Reburning Demonstration
for NO, Control, was covered by a categorical exclu-
sion (NEPA review was completed August 13, 1992).

Memoranda-to-File

The MTF was established when DOE’s NEPA
guidelines were first issued in 1980. The MTF was
intended for circumstances when the expected impacts
of the proposed action were clearly insignificant, yet
the action had not been specified as a categorical
exclusion from NEPA documentation. The use of the
MTF was terminated as of September 30, 1990.
Exhibit C-2 lists the 17 projects for which an MTF
was prepared.



Environmental Assessments
An EA has the following three functions:

1. To provide sufficient evidence and analysis for
determining whether a proposed action
requires preparation of an EIS or a finding of
no significant impact (FONSI)

2. To aid an agency’s compliance with NEPA
when no EIS is necessary, i.e., to provide an
interdisciplinary review of proposed actions,
assess potential impacts, and help identify
better alternatives and mitigation measures

3. To facilitate preparation of an EIS when one is
necessary

An EA'’s contents are determined on a case-by-
case basis and depend on the nature of the action. If
appropriate, a DOE EA also includes any floodplain
or wetlands assessment that has been prepared and
may include analyses needed for other environmental
determinations.

If an agency determines on the basis of an EA
that it is not necessary to prepare an EIS, a FONSI is
issued. CEQ regulations describe the FONSI as a
document that briefly presents the reasons why an
action will not have a significant effect on the human
environment and for which an EIS therefore will not
be prepared. The FONSI includes the EA, or a
summary of it, and notes any other related environ-
mental documents. CEQ and DOE regulations also
provide for notification of the public that a FONSI has
been issued. Also, DOE provides copies of the EA
and FONSI to the public on request.

Exhibit C-3 lists the 18 projects for which an EA
has been prepared. The exhibit includes EAs for one

Exhibit C-2
Memoranda-to-File Completed

Project and Participant Completed
CCT-I

Development of the Coal Quality Expert (ABB Combustion Engineering, Inc., and CQ Inc.) 4/27/90
LIMB Demonstration Project Extension and Coolside Demonstration 6/2/87
(The Babcock & Wilcox Company)

Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control 3/26/87
(Coal Tech Corporation)

Nucla CFB Demonstration Project (Colorado-Ute Electric Association, Inc.; now Tri-State 4/18/88
Generation and Transmission Association, Inc.)

Enhancing the Use of Coals by Gas Reburning and Sorbent Injection (Hennepin site) 5/9/88
(Energy and Environmental Research Corporation)

Tidd PFBC Demonstration Project (The Ohio Power Company) 3/5/87
CCT-lI

SNOX™ Flue Gas Cleaning Demonstration Project (ABB Environmental Systems) 1/31/90
SO-NO, -Rox Box™ Flue Gas Cleanup Demonstration Project 9/22/89
(The Babcock & Wilcox Company)

Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler 5/22/89
(Southern Company Services, Inc.)

Demonstration of Selective Catalytic Reduction Technology for the Control of NO 8/16/89
Emissions from High-Sulfur-Coal-Fired Boilers (Southern Company Services, Inc.)

180-MWe Demonstration of Advanced Tangentially Fired Combustion Techniques for the 7121/89
Reduction of NQEmissions from Coal-Fired Boilers (Southern Company Services, Inc.)

CCT-lll

10-MWe Demonstration of Gas Suspension Absorption (AirPol, Inc.) 9/21/90
Full-Scale Demonstration of Low-N@ell Burner Retrofit (The Babcock & Wilcox Company) 8/10/90
Confined Zone Dispersion Flue Gas Desulfurization Demonstration (Bechtel Corporation) 9/25/90
Evaluation of Gas Reburning and Low-NBurners on a Wall-Fired Boiler (Energy and 9/6/90
Environmental Research Corporation)

LIFAC Sorbent Injection Desulfurization Demonstration Project (LIFAC—North America) 10/2/90
Integrated Dry NQJSO, Emissions Control System (Public Service Company of Colorado) 9/27/90
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Exhibit C-3
Environmental Assessments Completed

Project and Participant Completed
CCT-I

Enhancing the Use of Coals by Gas Reburning and Sorbent Injection (Lakeside site) (Energy and Environmental Research)Corporatio 6/25/89
Advanced Coal Conversion Process Demonstration (Rosebud SynCoal Partnership) 3/27/91
CCT-Il

Combustion Engineering IGCC Repowering Project (ABB Combustion Engineering, Inc.) (project terminated) 3/27/92
Demonstration of Coal Reburning for Cyclone Boiler N&dntrol (The Babcock & Wilcox Company) 2/12/91
Innovative Coke Oven Gas Cleaning System for Retrofit Applications (Bethlehem Steel Corporation) (project terminated) 12/22/89
Cement Kiln Flue Gas Recovery Scrubber (Passamaquoddy Tribe) 2/16/90
Advanced Flue Gas Desulfurization Demonstration Project (Pure Air on the Lake, L.P.) 4/16/90
Demonstration of Innovative Applications of Technology for the CT-121 FGD Process (Southern Company Services, Inc.) 8/10/90
Low-NO,/SO, Burner Retrofit for Utility Cyclone Boilers (TransAlta Resources Investment Corporation) (project withdrawn) 3/21/91
CCT-lll

Commercial-Scale Demonstration of the Liquid-Phase Methanol (LPMEOH™) Process (Air Products Liquid Phase Conversion CBrpany, L. 6/30/95

Blast Furnace Granulated-Coal Injection System Demonstration Project (Bethlehem Steel Corporation) 6/8/93
ENCOAL® Mild Coal Gasification Project (ENCOZALCorporation) 8/1/90
Commercial Demonstration of the NOXSO @00, Removal Flue Gas Cleanup System (NOXSO Corporation) (Warrick Power Plant site) 6/26/95
CCT-IV

Self-Scrubbing Coal™: An Integrated Approach to Clean Air (Custom Coals International) 2/14/94
Milliken Clean Coal Technology Demonstration Project (New York State Electric & Gas Company) 8/18/93
Warren Station Externally Fired Combined-Cycle Demonstration Project (Pennsylvania Electric Company) (Warren Statiojesitédr(pioated) 5/18/95
Wabash River Coal Gasification Repowering Project (Wabash River Coal Gasification Repowering Project Joint Venture) 5/28/93
CCT-V

Clean Coal Diesel Demonstration Project (Arthur D. Little, Inc.) 6/2/97
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project that was subsequently withdrawn from the

program—TransAlta Resources Investment Corpora- Exhibit C-4

tion’s Low-NO/SO, Burner Retrofit for Utility Cy- Environmental Impact Statements Completed

clone Boilers project—and three that were terminat-

ed—ABB Combustion Engineering’s Combustion Project and Participant Completed *

Engineering IGCC Repowering Project, Bethlehem

Steel Corporation’s Innovative Coke Oven Gas Clean ccr-l

ing System for Retrofit Applications, and Pennsylva- York County Energy Partners Cogeneration Project (York County site) 8/11/95

. . . . York County E Partners, L.P.
nia Electric’'s Warren Station Externally Fired Com- (vork County Energy Pa )

bined-Cycle Demonstration Project. cCT-N
The list of completed EAs includes one for the

original site c_)f NOXSO qupora_tlon S prOJeCt. How- Tampa Electric Company Integrated Gasification Combined-Cycle Project 8/17/94

ever, relocation of the project will require a new (Tampa Electric Company)

NEPA compliance document (see Exhibit C-4).

Healy Clean Coal Project (Alaska Industrial Development and Export Authority) 3/10/94

CCT-IV
Environmental Impact Statements Pifion Pine IGCC Power Project (Sierra Pacific Power Company) 11/8/94

The primary purpose of an EIS is to serve as an
action-forcing device to ensure that the policies and
goals defined in NEPA are infused into the programs
and actions of the federal government. An EIS con- With the proposed action. Consequently, before a

tains a full and fair discussion of all significant envi- ~ record of decision is issued, DOE may nottake any  Environmental Monitoring
ronmental impacts. The EIS should inform decision action that would have an adverse environmental

* Completion is the date DOE issued a record of decision.

makers and the public of reasonable alternatives that effect or limit the choice of reasonable alternatives. CCT project participants are required to develop

would avoid or minimize adverse impacts or enhance EISs for three projects were completed in 1994. In  and implement an environmental monitoring plan

the quality of the human environment. 1995, DOE issued a record of decision on the EIS  (EMP) which addresses both compliance and supple-
The CEQ regulations state that an EIS is to be  prepared for the York County Energy Partners projectmental monitoring. Exhibit C-6 lists the status of

more than a disclosure document; it is to be used by located in York county, Pennsylvania. However, EMPs for all 39 projects in the CCT Program. The

federal officials in conjunction with other relevant because this project is being restructured, a new EMP is intended to ensure collection and dissemina-
material to plan actions and make decisions. AnalysifNEPA compliance document will be required for the  tion of the significant technology-, project-, and site-
of alternatives is to encompass those to be consideredeW site. (See Exhibit C-4). specific environmental data necessary for evaluation
by the ultimate decision-maker, including a complete . . of impacts upon health, safety, and the environment.

- : .NEPA Actions in Progress . :
description of the proposed action. In short, the EIS is Further, the data are used to characterize and quantify
a means of assessing the environmental impacts of a Exhibit C-5 lists the status of projects for which  the environmental performance of the technology in
proposed DOE action, rather than justifying decisionsthe NEPA process has not yet been completed. order to evaluate its commercialization and

already made, prior to making a decision to proceed deployment potential. In addition to regulatory
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Exhibit C-5 . )
i i Air Toxi
NEPA Reviews in Progress OXICS

Title 11l of the CAAA of 1990 lists known haz-
Project and Participant Status ardous air pollutants (HAPs) and, among other things,
calls for the Environmental Protection Agency (EPA)

CCT-I

ACFB Demonstration Project (York County Energy Partners, L.P.) (new site) To be determined to establish categories of sources that emit these
pollutants. Exploratory analyses suggest that HAPs

CCT-l may be released by conventional coal-fired power

Mclintosh Unit 4A PCFB Demonstration Project (City of Lakeland, EIS planned (10/99) plants and, presumably, by plants utilizing clean coal

Department of Electric & Water Uiilities) technologies. It is expected that emissions standards

will be proposed for the electric-power-production-
source categories. However, there are many uncer-

Commercial Demonstration of the NOXSO 80D, Removal Flue Gas To be determined
Cleanup System (NOXSO Corporation) (new site)

CCT-V tainties as to which HAPs will be regulated, their
Mclntosh Unit 4B Topped PCFB Demonstration Project (City of Lakeland, EIS planned (10/99) prevalence in various types and sources of coal, and
Department of Electric & Water Utilities) their nature and fate as functions of combustion
Clean Power from Integrated Coal/Ore Reduction (CPICOR™) (CPICOR™ Management EIS planned (4/98) characteristics and the particular clean coal technolo-
Company, L.L.C.) gy utilized.

Clean Energy Demonstration Project (Clean Energy Partners Limited Partnership) To be determined The CCT Program recognizes the importance of

monitoring HAPS in achieving widespread commer-
cialization in the late 1990s and beyond. For all

compliance data, further monitoring is required to « Provide the essential data on the environmen- projects with existing cooperative agreements, DOE
fulfill the following: tal performance of the technology needed to  sought to include HAPs monitoring. A total of 24
. . evaluate the potential impact of future com-  projects contain provisions for monitoring HAPs.
» Ensure that emissions, ambient levels of R ) - .
. . mercialization, including the ability of the The CCT-V PON acknowledged the importance
pollutants, and environmental impacts do not ) o .
. ) . technology to meet requirements of the Clean of HAPs throughout the solicitation, including them as
exceed expectations projected in the NEPA i .
Air Act and the 1990 amendments an aspect of proposal evaluation. The PON addressed

documents . . .
the control of air toxics as an environmental perfor-

mance criterion. Also, in the instructions on proposal
preparation, the PON directed proposers as follows:

The objective of the CCT Program’s environmen-
tal monitoring efforts is to ensure that, when commer-
« Verify the implementation of any mitigative  cjally available, clean coal technologies will be

« Identify any need for corrective action

measure that may have been identifiedina  capable of responding fully to air toxics regulations A \I’Z“h re?ged to ?hmiSSi(if‘ °If air ItOXiCS't PrOF(’joserS .
.- . . . snould consider . . . the particular elements and compounds

mitigation action plan pursuant to the provi-  that emerge from the CAAA of 1990, and, to the [listed in Table 5-1 of thepPON “Specific Air Toxics té)be

sions of an EA or EIS extent possible, are in the vanguard of cost-effective Monitored”]. Proposers should present any information

solutions to concerns about public health and safety known concerning the reduction of emissions of these
toxics by [the proposed] technology. Some of the toxics for
related to coal use.

C-6 Program Update 1996-97



which the proposed technology may offer control are likely process configurations, furnace types, and pollution
unregulated in the target market at present. The signifi- control methods.

cance and importance of the additional control afforded by
the proposed technology for the continued use of coal The second phase of the DOE/EPRI effort cur-

should be explained. An example of this kind would be onerently in progress will conduct sampling at other sites,
or more particular air toxic_ compounds conFroIIed by a including the CCT Program’s Wabash River integrat-
technology meant for use in power generation. L . .

ed gasification combined-cycle (IGCC) project.

The CCT-V PON also stipulates that information Fyrther, the results from the first phase will be used to
on air toxics be presented in the environmental infor- determine what configuration and coal types require
mation required by DOE. Exhibit C-7 lists the 23 further assessment.
projects that provide for HAPs monitoring. Ten of In October 1996, EPA submitted to Congress an
these projects have completed the HAPs monitoring jnterim version of its technical assessment of toxic air
requirements. The objective of the HAPs monitoring pollutant emissions from power plangtpdy of
program is to improve the quality of HAPs data being Hazardous Air Pollutant Emissions from Electric
gathered and to monitor a broader range of plant  ytility Steam Generating Units, Interim Final Report.
configurations and emissions control equipment. EPA plans to continue evaluating the potential expo-

The CCT Program is coordinating with organiza- syres and potential public health concerns from
tions such as the Electric Power Research Institute  mercury emissions from utilities. In addition, the

(EPRI) and the Ohio Coal Development Office in agency will evaluate information on various potential
activities focused on HAPs monitoring and analysis. control technologies for mercury. If EPA decides that
Further, under the DOE Coal R&D Program, two HAPs pose a risk, then the agency must propose air

reports summarizing the source, distribution, and fate tgxic emissions controls by November 15, 1998, and
of HAPs from coal-fired power plants were published make them final 2 years later.

in 1996. A report released in July 198gmmary of However, the results of the HAPs program have
Air Toxics Emissions Testing at Sixteen Utility Plants, significantly mitigated concerns about HAPSs emission
provided assessment of HAPs measured in the coal, from coal-fired generation and focused attention on
across the major pollution control devices, and the  pyt a few flue gas constituents. The results have the
HAPs emitted from the stack. A second repért, potential to make the forthcoming EPA regulations
Comprehensive Assessment of Toxics Emissions fronkss strict, which could avoid unnecessary control
Coal-Fired Power Plants: Phase | Results from the ¢gsts and thus save consumers money on electricity
U.S. Department of Energy Stuayas released in bills.

September 1996 and provided the raw data from the

emissions testing. Emissions data were collected from

16 power plants, representing nine process configura-

tions, operated by eight different utilities; several

power plants were sites for CCT projects. The power

plants represented a range of different coal types,

Program Update 1996-97
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Exhibit C-6
Status of Environmental Monitoring Plans for CCT Projects

Project and Participant Status
CCT-I
Development of the Coal Quality Expert (ABB Combustion Engineering, Inc., and CQ Inc.) Completed 7/31/90
LIMB Demonstration Project Extension and Coolside Demonstration (The Babcock & Wilcox Company) Completed 10/19/88
Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control (Coal Tech Corporation) Completed 9/22/87
Nucla CFB Demonstration Project (Colorado-Ute Electric Association, Inc.; now Tri-State Generation and Transmission Adsacjation Completed 2/27/88
Enhancing the Use of Coals by Gas Reburning and Sorbent Injection (Energy and Environmental Research Corporation) Comfdatédehbvdpin)
Completed 11/15/89 (Lakeside)
Tidd PFBC Demonstration Project (The Ohio Power Company) Completed 5/25/88
Advanced Coal Conversion Process Demonstration (Rosebud SynCoal Partnership) Completed 4/7/92
ACFB Demonstration Project (York County Energy Partners, L.P.) To be determined
CCT-lI
SNOX™ Flue Gas Cleaning Demonstration Project (ABB Environmental Systems) Completed 10/31/91
Demonstration of Coal Reburning for Cyclone Boiler Ngdntrol (The Babcock & Wilcox Company) Completed 11/18/91
SO-NO_-Rox Box™ Flue Gas Cleanup Demonstration Project (The Babcock & Wilcox Company) Completed 12/31/91
Innovative Coke Oven Gas Cleaning System for Retrofit Applications (Bethlehem Steel Corporation) (project terminated) Cabsigleted
Cement Kiln Flue Gas Recovery Scrubber (Passamaquoddy Tribe) Completed 3/26/90
Advanced Flue Gas Desulfurization Demonstration Project (Pure Air on the Lake, L.P.) Completed 1/31/91
Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler (Southern Company Services, Inc.) Completed 9/14/90
Demonstration of Innovative Applications of Technology for the CT-121 FGD Process (Southern Company Services, Inc.) Cortploed 12
Demonstration of Selective Catalytic Reduction Technology for the Control pEN@sions from High-Sulfur-Coal-Fired Completed 3/11/93
Boilers (Southern Company Services, Inc.)
180-MWe Demonstration of Advanced Tangentially Fired Combustion Techniques for the Reductigremhis§ions from Completed 12/27/90

Coal-Fired Boilers (Southern Company Services, Inc.)
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Exhibit C-6 (continued)

Status of Environmental Monitoring Plans for CCT Projects

Project and Participant

Status

CCT-ll

Commercial-Scale Demonstration of the Liquid-Phase Methanol (LPMEOH™) Process (Air Products Liquid Phase Conversion CBmhpanyCampleted 8/29/96

10-MW Demonstration of Gas Suspension Absorption (AirPol, Inc.)

Healy Clean Coal Project (Alaska Industrial Development and Export Authority)

Full-Scale Demonstration of Low-N@ell Burner Retrofit (The Babcock & Wilcox Company)

Confined Zone Dispersion Flue Gas Desulfurization Demonstration (Bechtel Corporation)

Blast Furnace Granulated-Coal Injection System Demonstration Project (Bethlehem Steel Corporation)
Mclintosh Unit 4A PCFB Demonstratiétroject (City of Lakeland, Department of Electric & Water Utilities)
ENCOAL Mild Coal Gasification Project (ENCOAL Corporation)

Evaluation of Gas Reburning and Low-NBurners on a Wall-Fired Boiler (Energy and Environmental Research Corporation)
LIFAC Sorbent Injection Desulfurization Demonstration Project (LIFAC-North America)

Commercial Demonstration of the NOXSO S0, Removal Flue Gas Cleanup System (NOXSO Corporation)
Integrated Dry NQ'SO, Emissions Control System (Public Service Company of Colorado)

Tampa Electric Integrated Gasification Combined-Cycle Project (Tampa Electric Company)

Completed 10/2/92
Completed 4/11/97
Completed 8/9/91
Completed 6/12/91
Completed 12/23/94
Projected 8/01
Completed 5/29/92
Completed 7/26/90
Completed 6/12/92
To be determined
Completed 8/5/93
Completed 5/96

CCT-IV

Self-Scrubbing Coal™: An Integrated Approach to Clean Air (Custom Coals International)

Micronized Coal Reburning Demonstration for NControl (New York State Electric & Gas Corporation)

Milliken Clean Coal Technology Demonstration Project (New York State Electric & Gas Corporation)

Pifion Pine IGCC Power Project (Sierra Pacific Power Company)

Wabash River Coal Gasification Repowering Project (Wabash River Coal Gasification Repowering Project Joint Venture)

Projected 12/97
Projected 8/97
Completed 12/1/94
Completed 10/31/96

Cargseted 7/

CCT-V

Clean Coal Diesel Demonstration Project (Arthur D. Little, Inc.)

Clean Power from Integrated Coal/Ore Reduction (CPICOR™) (CPICOR™ Management Company, L.L.C.)
Clean Energy Demonstration Project (Clean Energy Partners Limited Partnership)

Mclintosh Unit 4B Topped PCFB Demonstration Project (City of Lakeland, Department of Electric & Water Utilities)

To be determined
Projected 9/00
To be determined
Projected 8/03

Program Update 1996-97

C-9



Exhibit C-7
CCT Projects Monitoring Hazardous Air Pollutants
Application Category Participant Project Status
Advanced Electric Alaska Industrial Development and Export Authority Healy Clean Coal Project Planned
Power Generation Arthur D. Little, Inc. Clean Coal Diesel Demonstration Project Planned
Clean Energy Partners Limited Partnership Clean Energy Demonstration Project Planneg
City of Lakeland, Department of Electric & Mclintosh Unit 4B Topped PFBC Demonstration Project Planned
Water Utilities
The Ohio Power Company Tidd PFBC Demonstration Project Completefl
Sierra Pacific Power Company Pifion Pine IGCC Power Project Planned
Tampa Electric Company Tampa Electric Integrated Gasification Combined-Cycle Project Planned
Wabash River Coal Gasification Repowering Wabash River Coal Gasification Repowering Project In progress
Project Joint Venture
York County Energy Partners, L.P. ACFB Demonstration Project Planned
Environmental ABB Environmental Systems SNOX™ Flue Gas Cleaning Demonstration Project Completed
Control Devices AirPol, Inc. 10-MWe Demonstration of Gas Suspension Absorption Completefd
The Babcock & Wilcox Company Demonstration of Coal Reburning for Cyclone Boile¢@trol Completed
The Babcock & Wilcox Company SO, -Rox Box™ Flue Gas Cleanup Demonstration Project Completed
New York State Electric & Gas Corporation Milliken Clean Coal Technology Demonstration Project In progrgss
Public Service Company of Colorado Integrated Dry, /80, Emissions Control System Completed
Pure Air on the Lake, L.P. Advanced Flue Gas Desulfurization Demonstration Project Completed
Southern Company Services, Inc. Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler Completed
Southern Company Services, Inc. Demonstration of Innovative Applications of Technology for the Complgted
CT-121 FGD Process
Southern Company Services, Inc. 180-MWe Demonstration of Advanced Tangentially Fired Combustion Completed
Techniques for the Reduction of NBmissions from Coal-Fired Boilers
Coal Processing for Custom Coals International Self-Scrubbing Coal™: An Integrated Approach to Clean Air In progress
Clean Fuels ENCOAL® Corporation ENCOAER Mild Coal Gasification Project In progress
Industrial CPICOR™ Management Company, L.L.C. Clean Power from Integrated Coal/Ore Reduction (CPICOR™) Planngd
Applications
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Appendix D: CCT Project Contacts

Listed below are contacts for obtaining further

information about specific CCT Program

demonstration projects. Listed are the name, title,
phone number, fax number, mailing address, and
e-mail address for the participant’s contact person.
In those instances where the project participant
consists of more than one company, a partnership, or
joint venture, the mailing address listed is that of the

contact person. In addition, the names, phone

numbers, and e-mail addresses for contact persons at

DOE Headquarters and the Federal Energy
Technology Center are provided.

Environmental Control Devices—SO , Control

Technologies

10-MWe Demonstration of Gas Suspension
Absorption

Participant:
AirPol, Inc.

Contacts:

Frank E. Hsu,Vice President, Operations
(201) 490-6400
(201) 538-8066 (fax)

AirPol, Inc.
3 Century Drive
Parsippany, NJ 07054-4610

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hg.doe.gov

Sharon K. Marchant, FETC, (412) 892-6008
marchant@fetc.doe.gov

Confined Zone Dispersion Flue Gas
Desulfurization Demonstration

Participant:
Bechtel Corporation

Contacts:

Joseph T. Newman, Project Manager
(415) 768-1189

(415) 768-3580 (fax)

Bechtel Corporation
P.O. Box 193965
San Francisco, CA 94119-3965

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hq.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

LIFAC Sorbent Injection Desulfurization
Demonstration Project

Participant:
LIFAC—North America

Contacts:

Jim Hervol, Project Manager
(412) 497-2235
(412) 497-2298 (fax)

ICF Kaiser Engineers, Inc.
Gateway View Plaza

1600 West Carson Street
Pittsburgh, PA 15219-1031

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

Advanced Flue Gas Desulfurization Demonstration

Project

Participant:
Pure Air on the Lake, L.P.

Contacts:

Don C. Vymazal, Manager, Contract Administration

(610) 481-3687

Pure Air on the Lake, L.P.
7201 Hamilton Boulevard
Allentown, PA 18195-1501

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hq.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

Demonstration of Innovative Applications of
Technology for the CT-121 FGD Process

Participant:
Southern Company Services, Inc.

Contacts:
David P. Burford, Project Manager
(205) 992-6329

Southern Company Services, Inc.
P.O. Box 2625
Birmingham, AL 35202-2625

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

Program Update 1996-97
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Environmental Control Devices—NO
Technologies

. Control

Demonstration of Coal Reburning for Cyclone
Boiler NO, Control

Participant:
The Babcock & Wilcox Company

Contacts:
Tony Yagiela
(330) 829-7403

The Babcock & Wilcox Company
1562 Beeson Street
Alliance, OH 44601

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

John C. McDowell, FETC, (412) 892-6237
mcdowell.fetc.doe.gov

Full-Scale Demonstration of Low-NQ CellBurner
Retrofit

Participant:
The Babcock & Wilcox Company

Contacts:
Tony Yagiela
(330) 829-7403

The Babcock & Wilcox Company
1562 Beeson Street
Alliance, OH 44601

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

John C. McDowell, FETC, (412) 892-6237
mcdowell@fetc.doe.gov
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Evaluation of Gas Reburning and Low-NQ
Burners on a Wall-Fired Boiler

Participant:
Energy and Environmental Research Corporation

Contacts:

Blair A. Folsom, Senior Vice President
(714) 859-8851
(714) 859-3194 (fax)

Energy and Environmental Research
Corporation

18 Mason

Irvine, CA 92718

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

Jerry L. Hebb, FETC, (412) 892-6079
hebb@fetc.doe.gov

Micronized Coal Reburning Demonstration of NQ
Control

Participant:
New York State Electric & Gas Corporation

Contacts:
Dennis O'Dea, Project Manager
(607) 729-2551

New York State Electric & Gas Corporation
120 Chenango Street
Binghamton, NY 13902

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

Demonstration of Advanced Combustion
Techniques for a Wall-Fired Boiler

Participant:
Southern Company Services, Inc.

Contacts:

John N. Sorge, ICCT Project Manager
(205) 877-7426
john.sorge@scsnet.com

Southern Company Services, Inc.
P.O. Box 2625
Birmingham, AL 35202-2625

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hq.doe.gov

Scott M. Smouse, FETC, (412) 892-5725
smouse@fetc.doe.gov

Demonstration of Selective Catalytic Reduction
Technology for the Control of NO, Emissions from
High-Sulfur-Coal-Fired Boilers

Participant:
Southern Company Services, Inc.

Contacts:

Robert R. Hardman, Project Manager
(205) 257-7772
rob.hardman@scsnet.com

Southern Company Services, Inc.
P.O. Box 2625
Birmingham, AL 35202-2625

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

Arthur L. Baldwin, FETC, (412) 892-6011
baldwin@fetc.doe.gov



180-MWe Demonstration of Advanced
Tangentially Fired Combustion Techniques for the
Reduction of NO, Emissions from Coal-Fired
Boilers

Participant:
Southern Company Services, Inc.

Contacts:

Robert R. Hardman, Project Manager
(205) 257-7772
rob.hardman@scsnet.com

Southern Company Services, Inc.
P.O. Box 2625
Birmingham, AL 35202-2625

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

Scott M. Smouse, FETC, (412) 892-5725
smouse@fetc.doe.gov

Environmental Control Devices—Combined
SO,/NO, Control Technologies

SNOX™ Flue Gas Cleaning Demonstration
Project

Participant:
ABB Environmental Systems

Contacts:
Paul Yosick, Project Manager
(423) 653-7550

ABB Environmental Systems
1400 Center Port Boulevard
Knoxville, TN 37932

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

LIMB Demonstration Project Extension and
Coolside Demonstration

Participant:
The Babcock & Wilcox Company

Contacts:

Paul Nolan
(216) 860-1074
(216) 860-2045 (fax)

The Babcock & Wilcox Company
20 South Van Buren Avenue
P.O. Box 351

Barberton, OH 44203-0351

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

SO-NO, -Rox Box™ Flue Gas Cleanup
Demonstration Project

Participant:
The Babcock & Wilcox Company

Contacts:
Kevin Redinger
(330) 829-7719

The Babcock & Wilcox Company
1562 Beeson Street
Alliance, OH 44601

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

John C. McDowell, FETC, (412) 892-6237
mcdowell@fetc.do.gov

Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection

Participant:
Energy and Environmental Research Corporation

Contacts:

Blair A. Folsom, Senior Vice President
(714) 859-8851
(714) 859-3194 (fax)

Energy and Environmental Research
Corporation

18 Mason

Irvine, CA 92718

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hq.doe.gov

Jerry L. Hebb, FETC, (412) 892-6079
hebb@fetc.doe.gov

Milliken Clean Coal Technology Demonstration
Project

Participant:
New York State Electric & Gas Corporation

Contacts:
Dennis O'Dea, Project Manager
(607) 729-2551

New York State Electric & Gas Corporation
120 Chenango Street
Binghamton, NY 13902

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov
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Commercial Demonstration of the NOXSO
SO/NO, Removal Flue Gas Cleanup System

Participant:
NOXSO Corporation

Contacts:

James B. Black
(412) 854-12007
(412) 854-5729 (fax)
noxso@city-net.com

NOXSO Corporation
2414 Lytle Road
Bethel Park, PA 15102-2704

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

Jerry L. Hebb, FETC, (412) 892-6079
hebb@fetc.doe.gov

Integrated Dry NO /SO, Emissions Control System

Participant:
Public Service Company of Colorado

Contacts:

Terry Hunt, Project Manager
(303) 571-7113
(303) 571-7868 (fax)
thunt@msp.psco.com

Public Service Company of Colorado
550 15th Street, Suite 880
Denver, CO 80202

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hg.doe.gov

Jerry L. Hebb, FETC, (412) 892-6079
hebb@fetc.doe.gov
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Advanced Electric Power Generation—
Fluidized-Bed Combustion

Mclintosh Unit 4A PCFB Demonstration Project

Participant:
City of Lakeland, Department of Electric & Water
Utilities
Contacts:
Alfred M. Dodd, Project Manager
(941) 499-6461
(941) 499-6344 (fax)

Lakeland Electric & Water Utilities
501 E. Lemon Street
Lakeland, FL 33801-5079

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Donald W. Geiling, FETC, (304) 285-4784
dgeili@fetc.doe.gov

Mclintosh Unit 4B Topped PCFB Demonstration
Project

Participant:
City of Lakeland, Department of Electric & Water
Utilities
Contacts:
Alfred M. Dodd, Project Manager
(941) 499-6461
(941) 499-6344 (fax)

Lakeland Electric & Water Ultilities
501 E. Lemon Street
Lakeland, FL 33801-5079

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Donald W. Geiling, FETC, (304) 285-4784
dgeili@fetc.doe.gov

Tidd PFBC Demonstration Project

Participant:
American Electric Power Service Corporation as
agent for The Ohio Power Company

Contacts:

Mario Marrocco
(614) 223-2460
(614) 223-3204 (fax)

American Electric Power Service Corporation
1 Riverside Plaza
Columbus, OH 43215

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Donald W. Geiling, FETC, (304) 285-4784
dgeili@fetc.doe.gov

ACFB Demonstration Project

Participant:
York County Energy Partners, L.P.

Contacts:

Bradley F. Hahn, Project Manager
(610) 481-3955
(610) 481-2393 (fax)

York County Energy Partners, L.P.
25 South Main Street
Spring Grove, PA 17362

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Jerry L. Hebb, FETC, (412) 892-6079
hebb@fetc.doe.gov



Nucla CFB Demonstration Project

Participant:
Tri-State Generation and Transmission
Association, Inc.

Contacts:

Pifion Pine IGCC Power Project

Participant:
Sierra Pacific Power Company

Contacts:
Sherry Dawes, Project Manager

Marshall L. Pendergrass, Assistant General Manager (702) 343-0816

(303) 249-4501

Tri-State Generation and Transmission
Association, Inc.

P.O. Box 1149

Montrose, CO 81402

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Nelson F. Rekos, FETC, (304) 285-4066
nrekos@fetc.doe.gov

Advanced Electric Power Generation—
Integrated Gasification Combined Cycle

Clean Energy Demonstration Project

Participant:
Clean Energy Partners Limited Partnership

Contacts:

Victor Shellhorse, Vice President
(704) 373-2474
(704) 382-9325 (fax)

Duke Energy Corp.
400 S. Tryon Street
Charlotte, NC 28202

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hqg.doe.gov

Gary A. Nelkin, FETC, (304) 285-4216
gnelki@fetc.doe.gov

(702) 343-0407 (fax)
sherry@sppco.sppco.com

Sierra Pacific Power Company
6100 Neil Road
Reno, NV 89520-0400

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Douglas M. Jewell, FETC, (304) 285-4720
djewel@fetc.doe.gov

Web Site:
http://www.sierrapacific.com/utilserv/electric/pinon

Tampa Electric Integrated Gasification Combined-
Cycle Project

Participant:
Tampa Electric Company

Contacts:

Donald E. Pless, Director, Advanced Technology
(813) 228-1332
(813) 228-4802 (fax)

TECO Power Services, Inc.
P.O. Box 111
Tampa, FL 33601-0111

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Nelson F. Rekos, FETC, (304) 285-4066
nrekos@fetc.doe.gov

Web Site:
http://www.teco.net/teco/TEPIkPwrStn.html

Wabash River Coal Gasification Repowering
Project

Participant:
Wabash River Coal Gasification Repowering Project
Joint Venture

Contacts:
Phil Amick

(713) 735-4178
(713) 735-4837 (fax)
amick@destec.attmail.com

Destec Energy, Inc.
2500 CityWest Boulevard, Suite 150
Houston, TX 77042

George Lynch, DOE/HQ, (301) 903-9434

george.lynch@hg.doe.gov

Gary A. Nelkin, FETC, (304) 285-4216

gnelki@fetc.doe.gov
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Advanced Electric Power Generation—
Advanced Combustion/Heat Engines

Healy Clean Coal Project

Participant:
Alaska Industrial Development and Export Authority

Contacts:

John B. Olson, Deputy Director (Development)
(907) 269-3000
(907) 269-3044 (fax)
jolson@aidea.alaska.net

Alaska Industrial Development and Export
Authority

480 West Tudor Road

Anchorage, AK 99503-6690

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Robert M. Kornosky, FETC, (412) 892-4521
kornosky@fetc.doe.gov

Clean Coal Diesel Demonstration Project

Participant:
Arthur D. Little, Inc.

Contacts:

Robert P. Wilson, Vice President
(617) 498-5806
(617) 498-7206 (fax)

Arthur D. Little, Inc.
200 Acorn Park
Cambridge, MA 02140

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Nelson F. Rekos, FETC, (304) 285-4066
nrekos@fetc.doe.gov
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Externally Fired Combined-Cycle Demonstration
Project

Participant:
Pennsylvania Electric Company

Contacts:

Kenneth Gray, Project Manager
(814) 533-8044
(814) 533-8108 (fax)

Pennsylvania Electric Company
1001 Broad Street
Johnstown, PA 15907

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Donald W. Geiling, FETC, (304) 285-4784
dgeili@fetc.doe.gov

Coal Processing for Clean Fuels—
Coal Preparation Technologies

Development of the Coal Quality Expert™

Participants:
ABB Combustion Engineering, Inc., and CQ Inc.

Contacts:
Clark D. Harrison, President
(412) 479-6016

CQ Inc.

One Quality Center

P.O. Box 280

Homer City, PA 15748-0280

Douglas Archer, DOE/HQ, (301) 903-9443
douglas.archer@hg.doe.gov

Scott M. Smouse, FETC, (412) 892-5725
smouse@fetc.doe.gov

Web Site:
http://ww.fuels.bv.com:80/cge/cge.htm

Self-Scrubbing Coal™: An Integrated Approach
to Clean Air

Participant:
Custom Coals International

Contacts:
Robin Godfrey, President and CEO
(412) 642-2625

Custom Coals International
100 First Avenue, Suite 500
Pittsburgh, PA 15222

Douglas Archer, DOE/HQ, (301) 903-9443
douglas.archer@hg.doe.gov

Joseph B. Renk, FETC, (412) 892-6249
renk@fetc.doe.gov

Advanced Coal Conversion Process Demonstration

Participant:
Rosebud SynCoal Partnership

Contacts:
Ray W. Sheldon, P.E., Director of Development
(406) 748-2366 or (406) 252-2277

Rosebud SynCoal Partnership
P.O. Box 7137
Billings, MT 59103-7137

Douglas Archer, DOE/HQ, (301) 903-9443
douglas.archer@hg.doe.gov

Joseph B. Renk, FETC, (412) 892-6249
renk@fetc.doe.gov




Coal Processing for Clean Fuels—
Mild Gasification

ENCOAL ® Mild Coal Gasification Project

Participant:
ENCOAL® Corporation

Contacts:

Brent A. Knottnerus, Project Manager
(307) 686-5486
(307) 682-7938 (fax)
bknottnerus@vcn.com

ENCOAL® Corporation
P.O. Box 3038
Gillette, WY 82717

Douglas Archer, DOE/HQ, (301) 903-9443
douglas.archer@hg.doe.gov

Douglas M. Jewell, FETC, (304) 285-4720
djewel@fetc.doe.gov

Coal Processing for Clean Fuels—Indirect Industrial Applications

Liquefaction
Blast Furnace Granular-Coal Injection System

Commercial-Scale Demonstration of the Liquid- Demonstration Project
Phase Methanol (LPMEOH™) Process Participant:
Participant: Bethlehem Steel Corporation
Air Products Liquid Phase Conversion Company, L.P.cqntacts:
Contacts: Robert W. Bouman, Project Director
Edward C. Heydorn, Project Manager (610) 694-6792
(610) 481-7099 (610) 694-2981 (fax)

(610) 706-7299 (fax)

g Bethlehem Steel Corporation
heydorec@apci.com

Homer Research Laboratory

Air Products and Cemicals, Inc. Building C, Room 211

7201 Hamilton Boulevard Bethlehem, PA 18016

Allentown, PA 18195-1501 Douglas Archer, DOE/HQ, (301) 903-9443
Edward Schmetz, DOE/HQ, (301) 903-3931 douglas.archer@hg.doe.gov

edward.schmetz@hg.doe.gov Douglas M. Jewell, FETC, (304) 285-4720
Robert M. Kornosky, FETC, (412) 892-4521 djewel@fetc.doe.gov

k fetc.doe.
ornosky@fetc.doe.gov Advanced Cyclone Combustor with Internal

Sulfur, Nitrogen, and Ash Control

Participant:
Coal Tech Corporation

Contacts:
Bert Zauderer, President
(215) 667-0442

Coal Tech Corporation
P.O. Box 154
Merion, PA 19066

William E. Fernald, DOE/HQ, (301) 903-9448
william.fernald@hqg.doe.gov

Arthur L. Baldwin, FETC, (412) 892-6011
baldwin@fetc.doe.gov
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Clean Power from Integrated Coal/Ore Reduction

(CPICOR™)

Participant:
CPICOR™ Management Company, L.L.C.

Contacts:

Brian O’Neil
(610) 481-5683
(610) 481-2576 (fax)

Air Products and Chemicals, Inc.
7201 Hamilton Boulevard
Allentown, PA 18195-1501

William Fernald, DOE/HQ, (301) 903-9448
william.fernald@hqg.doe.gov

Douglas M. Jewell, FETC, (304) 285-4720
djewel@fetc.doe.gov

Cement Kiln Flue Gas Recovery Scrubber

Participant:
Passamaquoddy Tribe

Contacts:

Thomas N. Tureen, Project Manager
(207) 773-7166
(207) 773-8832 (fax)
ttureen@gwi.com

Passamaquoddy Technology, L.P.
1 Monument Way
Portland, ME 04101

William E. Fernald, DOE/HQ, (301) 903-9448

william.fernald@hqg.doe.gov
John C. McDowell, FETC, (412) 892-6237
mcdowell@fetc.doe.gov
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Demonstration of Pulse Combustion in an
Application for Steam Gasification of Coal

Participant:
ThermoChem, Inc.

Contacts:
William Steedman, Project Manager
(410) 997-9671

ThermoChem, Inc.
5570 Sterrett Place, Suite 210
Columbia, MD 21044

William Fernald, DOE/HQ, (301) 903-9448
william.fernald@hq.doe.gov

Douglas F. Gyorke, FETC, (412) 892-6173
gyorke@fetc.doe.gov



Appendix E: Acronyms and Abbreviations

Acronyms

ABBCE
ABBES
ACFB
AFBC

AFGD
AIDEA

AOFA
AR&TD

BFGCI

BG

BGIL

B&W

CAAA

CAPI

CCOFA

CCT

CCT Program

CDL
CEQ
CFB
CKD
CoP
CT-121
CQE

ABB Combustion Engineering, Inc.
ABB Environmental Systems
atmospheric circulating fluidized bed
atmospheric fluidized-bed
combustion

advanced flue gas desulfurization
Alaska Industrial Development and
Export Authority

advanced overfire air

advanced research and technology
development

blast furnace granular-coal injection
British Gas

British Gas/Lurgi

The Babcock & Wilcox Company
Clean Air Act Amendments of 1990
Clean Air Power Initiative
close-coupled overfire air

clean coal technology

Clean Coal Technology
Demonstration Program
coal-derived liquid

Council on Environmental Quality
circulating fluidized bed

cement kiln dust

Conference of Parties

Chiyoda Thoroughbred-121

Coal Quality Expert

CX

CZD
DER
DME

DOE/HQ

EFCC
EIA
EIS
EMP
EPA

EPAct
EPRI
ESP
EWG
FBC
FCCC

FERC
FETC

FGD
FONSI

DEUEP:
o

categorical exclusion
confined zone dispersion
discrete emissions reduction
dimethyl ether

U.S. Department of Energy
U.S. Department of Energy
Headquarters

environmental assessment

GHG
GNOCIS

GPM

R
GR-LNB
GR-SI
GSA

Energy and Environmental Research HAP(s)

Corporation

externally fired combined cycle
Energy Information Administration
environmental impact statement
environmental monitoring plan
U.S. Environmental Protection

Agency

Energy Policy Act of 1992

Electric Power Research Institute
electrostatic precipitator

exempt wholesale generator
fluidized-bed combustion
Framework Convention on Climate
Change

Federal Energy Regulatory
Commission

Federal Energy Technology Center
flue gas desulfurization

finding of no significant impact
fiberglass-reinforced plastic

fiscal year

General Electric

HHV
HRSG
IEA
IGCC

JBR
LHV
LIMB

LNB
LNCFS
LOI
LSFO
MASB
MCFC
MTCI

MTF
NAAQS

NEPA
NOPR
NSPS

greenhouse gases

Generic NQControl Intelligence
System

gallons per minute

gas reburning

gas reburning and low-N®urner
gas reburning and sorbent injection
gas suspension absorption
hazardous air pollutant(s)

high heating value

heat recovery steam generator
International Energy Agency
integrated gasification combined
cycle

Jet Bubbling Reactor

low heating value

limestone injection multistage
burner

low-NO, burner

Low-NO, Concentric-Firing System
loss on ignition

limestone forced oxidation
multi-annular swirl burner

molten carbonate fuel cell
Manufacturing and Technology
Conversion International
memorandum (memoranda)-to-file
National Ambient Air Quality
Standards

National Environmental Policy Act
Notice of Proposed Rulemaking
New Source Performance Standards
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NTIS

NYSEG

O&M
OTAG

oTC

PCFB
PDF
PEIA

PEIS

PEOA

PEP
PFBC

PJBH
PM
PON
PRB
PSCC
PSD

PUHCA

PURPA

QF
RAM
R&D
RD&D

National Technical Information
Service
New York State Electric & Gas
Corporation
operating and maintenance
Ozone Transport Assessment
Group
Ozone Transport Commission
personal computer
pressurized circulating fluidized bed
process-derived fuel
programmatic environmental impact
assessment
programmatic environmental impact
statement
Plant Emission Optimization
Advisor
progress evaluation plan
pressurized fluidized-bed
combustion
pulse jet baghouse
particulate matter
program opportunity notice
Powder River Basin
Public Service Company of Colorado
Prevention of Significant
Deterioration
Public Utility Holding Company Act
of 1935
Public Utility Regulatory Policies
Actof 1978
qualified facilities
random access memory
research and development
research, development, and
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REA
SBIR
SCR
SCS
SFC
Sl

SIP
SNCR
SOFA
STTR

SVGA
TCLP

TVA
UARG
UBCL

UK.
us.
VOC
WES
WLFO

demonstration
Rural Electrification Administration

Small Business Innovation Research

selective catalytic reduction

Southern Company Services, Inc.

Synthetic Fuels Corporation
sorbent injection

state implementation plan
selective noncatalytic reduction
separated overfire air

Small Business Technology
Transfer Program

super video graphics adapter
toxicity-characteristics leaching
procedure

Tennessee Valley Authority
Utility Air Regulatory Group
unburned carbon boiler efficiency
losses

United Kingdom

United States

volatile organic compound
wastewater evaporation system
wet limestone, forced oxidation

Abbreviations

States are abbreviated using two-letter postal codes.

atm
avg
Btu
CH
CaCQ

CaO
Ca(OH),

Ca(OH)*MgO
Ca/N
Ca/S
CasSQ
CasQ
CO

CO,

°F

ft, ft?, ft®
gal

GB

GW
GWe
H,S
H,SO,
HCI

HF

hr

in,in, in®

KCl

atmosphere(s)

average

British thermal unit(s)

molar ratio of carbon to hydrogen
calcium carbonate (calcitic
limestone)

calcium oxide (lime)

calcium hydroxide (calcitic hydrated
lime)

dolomitic hydrated lime

molar ratio of calcium to nitrogen
molar ratio of calcium to sulfur
calcium sulfite

calcium sulfate

carbon monoxide

carbon dioxide

degrees Fahrenheit

foot (feet), square feet, cubic feet
gallon(s)

gigabyte(s)

gigawatt(s)

gigawatt(s)-electric

hydrogen sulfide

sulfuric acid

hydrogen chloride

hydrogen fluoride

hour(s)

inch(es), square inches, cubic
inches

potassium chloride



K,SO,
kw
kWh

MB
MgCQ,
MgO
Mhz
min

mo
MW
MWe
MWt

Na/Ca
Na/S
NaOH
Na,CO,
NH

NO
NO,

ppm
ppmv
psi
rpm

SO
SO
std fé

yr

potassium sulfate
kilowatt(s)

kilowatt-hour(s)

pound(s)

megabyte(s)

magnesium carbonate
magnesium oxide
megahertz

minute(s)

month(s)

megawatt(s)
megawatt(s)-electric
megawatt(s)-thermal
atmospheric nitrogen
molar ratio of sodium to calcium
molar ratio of sodium to sulfur
sodium hydroxide

sodium carbonate
ammonia

nitrogen dioxide

nitrogen oxides

oxygen

parts per million (mass)
parts per million by volume
pound(s) per square inch
revolutions per minute
sulfur

sulfur dioxide

sulfur trioxide

standard cubic feet

year(s)
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Index of CCT Projects

ABB Combustion Engineering, Inc.’s Combustion
Engineering IGCC Repowering Project  B-3, B-6,
C-4, C-5

ABB Combustion Engineering, Inc.’s and CQ Inc.’s
Development of the Coal Quality Expert™  ES-7,
ES-9, ES-11, 2-6, 3-7, 3-8, 4-7, 4-8, 5-4, 5-5, 5-7,
5-114, 5-115, 5-116-5-119, B-2, B-3, B-6, C-3, C-8,
D-6

ABB Environmental Systems’ SNOX™ Flue Gas
Cleaning Demonstration Project  ES-5, ES-8, 2-6,
3-6, 4-4, 4-5, 5-3, 5-5, 5-7, 5-57, 5-58-5-61, B-2,
B-5, C-3, C-8, C-10, D-3

Air Products Liquid Phase Conversion Company,
L.P.’s Commercial-Scale Demonstration of the
Ligquid-Phase Methanol (LPMEOH™) Process
ES-12, 2-6, 2-12, 3-7, 5-4, 5-5, 5-114, 5-115,
5-126-5-127, B-5, C-4, C-9, D-7

AirPol, Inc.’s 10-MWe Demonstration of Gas
Suspension Absorption

C-9, C-10, D-1

Alaska Industrial Development and Export
Authority’s Healy Clean Coal Project ES-12, 2-3,
2-6, 3-7, 4-7, 5-4, 5-5, 5-84, 5-85, 5-108-5-109, B-3,
C-5, C-9, C-10, D-6

The Appalachian Power Company's PFBC Utility
Demonstration Project

Arthur D. Little, Inc.’s Clean Coal Diesel
Demonstration Project
5-110-5-111, B-6, C-4, C-9, C-10, D-6

2-7, 3-7, 5-4, 5-5, 5-85,

The Babcock & Wilcox Company’s Full-Scale
Demonstration of Low-NQCell Burner Retrofit

ES-5, ES-8, ES-11, 2-6, 3-6, 3-8, 4-4, 5-3, 5-5, 5-7,
5-31, 5-36-5-39, B-3, B-5, C-3, C-9, D-2

The Babcock & Wilcox Company’s LIMB
Demonstration Project Extension and Coolside
ES-5, 2-6, 3-6, 4-4, 4-5, 5-3, 5-5,
5-7, 5-57, 5-62-5-65, B-1, B-4, C-3, C-8, D-3

Demonstration

ES-3, ES-4, 2-6, 3-6, 3-8, The Babcock & Wilcox Company’s SQIO,-Rox

4-2, 4-3,5-3, 5-5, 5-7, 5-9, 5-10-5-13, B-3, B-5, C_3,BoxTM Flue Gas Cleanup Demonstration Project
ES-5, 2-6, 3-6, 4-4, 5-3, 5-5, 5-7, 5-57, 5-66-5-69,
B-2, B-5, C-3, C-8, C-10, D-3

Bechtel Corporation’s Confined Zone Dispersion
Flue Gas Desulfurization Demonstration  ES-4,
2-7, 3-6, 5-3, 5-5, 5-7, 5-9, 5-14-5-17, B-3, B-5, C-3,
C-9, D-1

Bethlehem Steel Corporation’s Blast Furnace
Granulatar-Coal Injection System Demonstration

The Babcock & Wilcox Company’s Demonstration of Project ES-9, 2-7, 3-7, 4-8, 4-9, 5-4, 5-5, 5-128,
Coal Reburning for Cyclone Boiler N@ontrol

ES-5, 2-6, 3-6, 4-4, 5-3, 5-5, 5-7, 5-31, 5-32-5-35,
B-3, B-5, C-4, C-8, C-10, D-2

5-129, 5-130-5-131, B-3, C-4, C-9, D-7

City of Lakeland, Department of Electric & Water
Utilities’ Mclntosh Unit 4A PCFB Demonstration
Project 2-7, 3-7, 4-6, 5-3, 5-5, 5-85, 5-86-5-87,
B-6, C-6, C-9, D-4

City of Lakeland, Department of Electric & Water
Utilities” Mcintosh Unit 4B Topped PCFB
Demonstration Project 2-7, 3-7, 4-6, 5-3, 5-5, 5-85,
5-88-5-89, B-6, C-6, C-9, C-10, D-4

Clean Energy Partners Limited Partnership’s Clean
Energy Demonstration Project  2-7, 3-7, 5-4, 5-5,
5-85, 5-100-5-101, B-5, C-6, C-9, C-10, D-5

Coal Tech Corporation’s Advanced Cyclone
Combustor with Internal Sulfur, Nitrogen, and Ash
Control  ES-7, 2-6, 3-7, 4-8, 5-4, 5-5, 5-7, 5-129,
5-132-5-135, B-1, B-4, C-3, C-8, D-7

Colorado-Ute Electric Association, In@ee Tri-State
Generation and Transmission Association, Inc.)
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CPICOR™ Management Company, L.L.C.’s Clean
Power from Integrated Coal/Ore Reduction
(CPICOR™)  2-7, 3-7, 5-4, 5-5, 5-129,
5-136-5-137, B-4, B-6, C-6, C-9, C-10, D-8

Custom Coals International’'s Self-Scrubbing Coal™:
An Integrated Approach to Clean Air  ES-9,
ES-10, 1-12, 2-7, 2-12, 3-7, 4-8, 5-4, 5-5, 5-114,
5-115, 5-120-5-121, B-4, C-4, C-9, C-10, D-6

ENCOAL® Corporation’s ENCOAE Mild Coal
Gasification Project  ES-9, ES-10, 2-7, 2-12, 3-7,
4-6, 4-7, 4-8, 5-4, 5-5, 5-114, 5-115, 5-124-5-125,
B-3, C-4, C-9, C-10, D-7

Energy and Environmental Research Corporation’s
Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection  ES-6, 2-6, 3-6, 4-4, 4-5, 5-3,
5-5, 5-7, 5-57, 5-70-5-73, B-1, B-5, C-3, C-4, C-8,
D-3

Energy and Environmental Research Corporation’s
Evaluation of Gas Reburning and Low-NBurners

on a Wall-Fired Boiler  ES-5, ES-11, 2-7, 3-6, 4-4,
5-3, 5-5, 5-7, 5-31, 5-40-5-43, B-3, B-5, C-3, C-9,
D-2

LIFAC—North America’s LIFAC Sorbent Injection
Desulfurization Demonstration Project  ES-4,
ES-8, 2-7, 3-6, 4-2, 4-3, 5-5, 5-7, 5-9, 5-18-5-21,
B-3, B-5, C-3, C-9, D-1

New York State Electric & Gas Corporation’s
Micronized Coal Reburning Demonstration for NO
Control  ES-10, 2-7, 2-12, 3-6, 5-3, 5-5, 5-31,
5-44-5-45, B-6, C-2, C-9, D-2
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New York State Electric & Gas Corporation’s
Milliken Clean Coal Technology Demonstration
Project ES-8, 1-4, 2-7, 3-6, 4-5, 5-3, 5-6, 5-56,
5-57, 5-74-5-75, B-4, C-4, C-9, C-10, D-3

NOXSO Corporation’s Commercial Demonstration
of the NOXSO SONO, Removal Flue Gas Cleanup
System  2-7, 3-6, 5-3, 5-6, 5-57, 5-76-5-77, B-5,
C-4, C-6, C-9, D4

The Ohio Power Company’s Tidd PFBC
Demonstration Project
2-6, 3-7, 4-6, 4-7, 5-3, 5-6, 5-7, 5-85, 5-90-5-93,
B-1, B-5, C-3, C-8, C-10, D-4

Passamaquoddy Tribe’s Cement Kiln Flue Gas
Recovery Scrubber ES-7, 2-6, 3-7, 4-8, 4-9, 5-4,

5-6, 5-7, 5-128, 5-129, 5-138-5-141, B-2, B-5, C-4, CT-121 FGD Process

C-8, D-8

Pennsylvania Electric Company’s Externally Fired
Combined-Cycle Demonstration Project
5-4, 5-6, 5-85, 5-112-5-113, B-7, C-4, D-6

Public Service Company of Colorado’s Integrated
Dry NO/SQO, Emissions Control System  ES-6,

2-7, 3-7,

Rosebud SynCoal Partnership’s Advanced Coal
Conversion Process Demonstration  ES-9, 2-6, 3-7,
4-6, 4-7, 4-8, 5-4, 5-6, 5-114, 5-115, 5-122-5-123,
B-3, C-4, C-8, D-6

Sierra Pacific Power Company’s Pifion Pine IGCC
Power Project ES-9, ES-10, 1-9, 2-7, 2-12, 3-7,
4-6, 4-7, 4-13, 5-4, 5-6, 5-85, 5-102-5-103, B-4, C-5,
C-9, C-10, D-5

Southern Company Services, Inc.’s Demonstration of

ES-1, ES-6, ES-8, ES-11, Advanced Combustion Techniques for a Wall-Fired

Boiler ES-10, 2-6, 2-12, 3-6, 4-4, 5-3, 5-6, 5-31,
5-46-5-47, B-2, C-3, C-8, C-10, D-2

Southern Company Services, Inc.’s Demonstration of
Innovative Applications of Technology for the

ES-2, ES-4, ES-8, ES-11,
1-4, 1-5, 2-6, 3-6, 4-3, 5-3, 5-6, 5-7, 5-9, 5-26-5-29,
B-3, B-5, C-4, C-8, C-10, D-1

Southern Company Services, Inc.’s Demonstration of
Selective Catalytic Reduction Technology for the
Control of NQ Emissions from High-Sulfur-Coal-
Fired Boilers  ES-5, 2-6, 3-6, 5-3, 5-6, 5-7, 5-31,
5-48-5-51, B-3, B-6, C-3, C-8, D-2

ES-8, 2-7, 3-6, 4-4, 4-5, 5-3, 5-6, 5-7, 5-57, 5-78-81,

B-3, B-6, C-3, C-9, C10, D-4

Pure Air on the Lake, L.P.’s Advanced Flue Gas
Desulfurization Demonstration Project  ES-3,
ES-4, ES-11, 1-4, 2-6, 3-6, 3-8, 4-2, 4-3, 5-3,

5-6, 5-7, 5-9, 5-22-5-25, B-2, B-6, C-4, C-8, C-10,
D-1

Southern Company Services, Inc.’s 180-MWe
Demonstration of Advanced Tangentially Fired
Combustion Techniques for the Reduction of NO
Emissions from Coal-Fired Boilers  ES-5, 2-6, 3-6,
4-4, 5-3, 5-6, 5-7, 5-31, 5-52-5-55, B-3, B-5, C-3,
C-8, C-10, D-3



Tampa Electric Company’s Tampa Electric
Integrated Gasification Combined-Cycle Project
ES-1, ES-9, ES-11, 1-9, 2-7, 3-7, 4-6, 4-7, 4-13,
4-14, 4-15, 5-4, 5-6, 5-83, 5-85, 5-104-5-105, B-3,
C-5, C-9, C-10, D-5

ThermoChem, Inc.’s Demonstration of Pulse
Combustion in an Application for Steam Gasification
of Coal 2-7, 3-7, 5-4, 5-6, 5-129, 5-142-5-143,
B-4, B-6, D-8

Tri-State Generation and Transmission Association,
Inc.’s Nucla CFB Demonstration Project ES-7,
ES-9, 2-6, 3-7, 3-8, 4-5, 4-7, 5-3, 5-6, 5-7, 5-82,
5-85, 5-96-5-99, B-2, B-4, C-3, C-8, D-5

Wabash River Coal Gasification Repowering Project
Joint Venture’'s Wabash River Coal Gasification
Repowering Project  ES-8, ES-9, ES-11, 1-4,

1-7, 1-8, 1-9, 2-7, 3-7, 4-6, 4-7, 4-13, 5-4, 5-6, 5-85,
5-106-5-107, B-4, C-4, C-9, C-10, D-5

York County Energy Partners, L.P.'s ACFB
Demonstration Project  2-6, 3-7, 5-3, 5-6, 5-85,
5-94-5-95, B-4, C-6, C-8, C-10, D-4
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