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Preface 
The Clean Coal Technology Demonstration 

Program (also referred to as the CCT Program) is a 
government and industry cofunded technology 
development effort to demonstrate a new generation 
of innovative coal utilization processes in a series of 
full-scale, “showcase” facilities built across the 
country. The program will take the most promising 
of the advanced coal-based technologies and, over 
the next decade, move them into the commercial 
marketplace through demonstration. These demon- 
strations will be on a scale large enough to generate 
all the data, from design, consnuction, and opera- 
tion, that are necessary for the private sector to judge 
their commercial potential and make informed, 
confident decisions on commercial readiness. 

The goal of the program is to famish the U.S. 
energy marketplace with a number of advanced, 
more efficient, and environmentally responsive coal- 
using technologies. Clear evidence that this goal is 
ceing achieved is shown in Table I. In this table the 
34 projects currently in the program have been 
grouped according to the type of technology being 
developed as well as where in the overall coal 
utilization cycle they might be use. These technolo- 
gies will reduce and/or eliminate the economic and 
environmental impediments that limit the full 
consideration of coal as a viable future energy 
resource. 

When the projects are completed, the sponsors 
and participants will be in a position to use the 
information and experience gained during demon- 
strations to promote and market the technologies in 

commercial applications. The detailed data and 
experience will he vital to firms deciding to invest in 
and build, retrofit or repower plants using clean coal 
technologies. A variety 
of reports are being used to distribute these data 
to various audiences having an interest in the 
CCT Program. 

This report, Projecf Smru.~ 1991, is a review of 
the projects currently underway in the Clean Coal 
Technology Demonsuation Program. It is intended 
to be a mid-year companion report to the annual 
Program Update. It will be published midway 
between successive Program Updates and focus 
exclusively on the projects themselves. The reader is 
presented with the most current information avail- 
able on these projects. This information includes the 
process flow diagrams, significant project features, 
project objectives, a description of the process and 
its performance attributes, progress and accomplish- 
ments, NEPA status, and commercial applications. 

As in the Program Update the process diagrams 
shown are only illustrative of the concepts involved. 
Presented in this manner they prevent the release of 
project-specific information of a proprietary nature. 

For the convenience of the reader, Table II has 
been included to provide a Program overview of the 
status of all the projects. Table III will assist the 
reader correlate the abbreviations used in Table II 
with the Project Title and Industrial Participant. 
Finally Table IV and Table V will assist the reader 
locate a particular fact sheet for a specific project. 
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Table I 
CCT Demonstration Projects, by Technology Category 

Technology Category Project sponsor Demonstration Project 

Precombustion Cleaning 

Coal Preparation ABB Combustion Enginecting, Inc.. Development of the Coal Quality Expert 
and CQ, Inc. 

Western Energy company Advanced Coal Conversion Process Demonstration 

Clean Combustion 

Advanced Combustion Alaska Industrial Development and Hedy Clean Coal Project 
Export Authority 

The Babcock & Wilcox Company Demonstration of Coal Rebuming for Cyclone Boiler NO, Control 

The Babcock & Wilcox Company Full-Scale Demonstration of Low-Nor Cell-Burner Retrofit 

The Babccck & Wilcox Company LIMB Demonstration Reject Extension” 

Cod Tech Corporation Advanced Cyclone Combustor with Integral Sulfur, Nitrogen. and Ash Control 

Energy and Environmental Research Enhancing the Use of Coals by Gas Rebuming and Sorbat Injection 
Corporation 

Energy and Environmental Research Evaluation of Gas Rebuming and Low-NO, Burners cm a Wall-Fired Boiler 
Corporation 

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

Soulbern Company Services, Inc. 180.MWe Demonstration of Advanced Tangentially Fired Combustion 
Techniques for the Reduction of NO, Emissions for Coal-Fired Boilers 

TransAlta Resources investment Low-NOJSOz Burner Ret&it for Utility Cyclone Boilers 
Corporation 

Fluid&d-Bed Combustion 

Atmospheric Circulating ‘he City of Tallahassee Arvah B. Hopkins Circulating Fluidized-Bed Repowetig Project 

Colorado-Ute Electric Association, Inc. Nucla CFB Demonstration Project 

Pressuized The Ohio Power Company and The PFBC Utility Demonstration Project 
Appalachian Power Company 

The Ohio Power company Tidd PFBC Demonstntion Pmject 

DMEC-1 Limited Partnership FCFB Dcmanstration Project 

‘Two technologies are king dunmutated in this project: LIMB. which uses sorbnt injection in the boiler. and Coolside. which uses sorbent injection downstream of the boiler. 

Solicitation 

CCT-I 

CCT-I 

CCT-111 

CCT-II 

CCT-111 

CCT-I 

CCT-I 

CCT-I 

CCT-111 

CCT-II 

CCT-II 

CCT-Il 

CCT-I 

CCT-I 

CCT-11 

CCT-I 

CCT-111 

Project Status iii 



Table I (continued) 
CCT Demonstration Projects, by Technology Category 

Technology Category Project sponsor Demonstration Project Solicitation 

Postcombustion Cleaning 

Flue Gas Cleanup- ABB Combustion Engineering, Inc. WSA-SNOX Flue Gas Cleaning Demonstration Project CCT-II 
Combined SOJNOx 
COlloOl 

The Babcock &Wilcox Company LIMB Demonstration F’roject Extension (Coolside Onlyy CCT-I 

The Babccck & Wilcox Company SOX-NOX-ROX Box Flue Gas Cleanup Demonstration Project CC-I-II 

MK-Ferguson Company Commercial Demonstration of the NOXSO SOJNO, CCT-III 
Removal Flue Gas Cleanup System 

Public Service Company of Colorado Integrated Dry NOjS02 Emission Control System CCT-III 

Flue Gas Ceanup- Soutbem Company Services, Inc. Demonstration of Selective Catalytic Reduction Technology for the CCT-II 
NO= Control Control of NO, Emissions from High-Sulfur-Coal-Fired Boilers 

Flue Gas Cleanup- Airpol, Inc. IO-MW Demonstration of Gas Suspension Absorption CCT-III 

so, Control Be&e1 Corporation Conf4 Zone Dispersion Flue Gas Desulfuriz&m Demonseation CCT-IU 

Bethlehem Steel Corporation Innovative Coke Oven Gas Cleaning System for Retrofit Applications CCT-II 

LIFAC-North America LIFAC Sorbent Injection Desulfuization Demonstration F’mject CCT-III 

Passamaquoddy Tribe Cement Kiln Flue Gas Recovery Scrubber CCT-II 

Pure Air on the Lake, L.P. Advanced Flue Gas Desolfurization Demonstration Project CCT-II 

Southern Company Services, Inc. Demonstration of Innovative Applications of Technology for the CCCII 
CT-121 FGD F’rocess 

Coal Conversion 

Gasification Combined- 

Cycle Systems 

Mild Gasification 

Coal Liquefaction 

Direct Coal Use 
in Iron Making 

ABB Combustion Engineering, Inc. 

Clean Power Cogeneration Limited 
Partnership 

ENCOAL Corporation 

Air Products and Chemicals, Inc.. 
and Dakota Gasification Company 

Bethlehem Steel Corporation 

Combustion Engineering IGCC Repowerbtg Project 

Air-Blown/Integrated GasificationCombined-Cycle Project 

ENCOAL Mild Coal Gasification Project 

Commercial-Scale Demonstration of the Liquid-Phase Methanol 
(LPMEQH9 Process 

Blast Furnace GranulatedCoal Injection System Demonstration Project 

CCTII 

CCT-III 

CCT-III 

CCT-III 

CCT-III 
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Table II 
Overview Status of Projects 

Phase CCT-I CCT-II CCT-III Total 

Pm-Award 0 0 I 2 
C. Fact-Finding 
D. Pre-Neg @anel) 

AIR PRODUCTS 

E. Negotiate 
F. Post-Neg (Panel) 
G. Board Approve 
H. S-l Appmve 
I. Congress 
Post-Award 6 13 12 32 

1. Design TALLAHASSEE CE-IGCC 
SFQRN 

DAIRYLAND 

SCS-SCR 
B&W 
AIRFOL 
BETHLEHEM 
MKFERGLJSON 
CLEAN POWER 
ALASKA IDEA 

2. constntction ROSEBUD BETHLEHEM TRANSALTA ENCOAL 
PURE AlR SNRB LIFAC 
CHIYODA B&W REBLJRN BECHTEL 
WSA-SNOX EER 

PS COLORADO 

3. Operation CE-EXPERT scs-WF 
LIMB PASSQ 
TIDD scs-TF 
EER 

Completed 2 0 0 0 

COALTFCH 
COL-UTE 

p?rhd@d 9 3 0 12 

EI-UGC FWIGCC! CE-SI 
GE-IGCC TRW OTISCA 
WEIRTON OCF SWPSC 
MNDR UNIT!ZD COAL 
MWKIGCC 

Total Selected ~~ 17 16 13 46 
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CCT-I 
TIDD 

LIMB 

COAL TECH 

EER-SI 

COL-UTE 

WECO 

ABB CE-EXPERT 

COT 

Table III 
Listing of Projects in CCT Program 

Tidd PFBC Demonstration Project The Ohio Power Company 

LIMB Demonstration Project The B&cock & Wilcox Company 

Advanced Cyclone Combustor with Integral Sulfw, Ninogen, and Ash Control Coal Tech Corporation 

Enhancing the Use of Coals by Gas Rebuming and Sorbent Injection Energy and Environmental Research Corporation 

Nucla CFB Demonsnation Project Colorado-U&. Electric Association, Inc. 

Advanced Coal Conversion Process Demonstration Rosebud Syn Coal Partnership 

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

Arvah B. Hopkins Circulating Fluidized-Bed Repowering Project The City of Tallahassee 

CCT-II 
ABB CE-IGCC 

SPORN 

Combustion Engineering IGCC Repowering Project 

PFBC Utility Demonstration Project 

ABB Combustion Engineering, Inc. 

The Ohio Power Company and The Appalachian 
Power Company 

WSA SNOX 

SNRB 

TRANS 

CHIYODA 

WSA-SNOX Flue Gas Cleaning Demonsuation Project 

SOX-NOX-ROX Box Flue Gas Clean-Up Demonstration Project 

Low NOpOx Burner Reuofit for Utility Cyclone Boilers 

Demonstration of Innovative Applications of Technology for the 
CT-121 FGD Process 

ABB Combustion Engineering, Inc. 

The Babcock & Wilcox Company 

Transalta Resources Investment Corporation 

Southern Company Services, Inc. 

PURE-AIR Advanced Flue Gas Desulfuization (AFGD) Demonstration Projat 

PASSQ Cement Kiln Flue Gas Recovery Scrubber 

BETH-COG Innovative Coke Oven Gas Cleaning System for Retrofit Applications 

Pure Air on the Lake, L.P. 

Passamaquoddy Tribe 

Bethlehem Steel Corporation 
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Table Ill (continued) 
Listing of Projects in CCT Program 

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

SCS-SCR Demonstration of Selective Catalytic Reduction @CR) Technology for the Control of Southern Company Services, Inc. 
Nitrogen Oxide (NO*) Emissions from High-Sulfur-Coal-Fired Boilers 

scs-TF 180 MWe Demonstration of Advanced Tangentially-Fired Combustion Techniques Southern Company Services, Inc. 
for the Reduction of Nitrogen Oxide (NO,) Emissions from Coal-Fired Boilers 

REBURN Demonstration of Coal Rebuming for Cyclone Boiler NOx Control The Babcock &Wilcox Company 

CCT-III 
AIRPOL lo-MW Demonstration of Gas Suspension AirPol, 1°C. 

B&W Full-Scale Demonstration of Low-NOx Cell-Burner Retrofit The Babcock & Wilcox Company 

BECHTEL Confine Zone Dispersion Flue Gas Desulfuization Demonstration Bechtel Corporation 

AIDEA Healy Clean Coal Project Alaska Industrial Development and Export Authori 

cpc-IGCC Air-Blown/Integrated Gasification Combined-Cycle Project Clean Power Cogeneration, Inc. 

DMEC-1 PCFB Demonstration Project DMEC-1 Limited Partnership 

EER-WF Evaluation of Gas Rebuming and Low NOx Burners on a Wall-Fired Boiler Energy and Environmental Research Corporation 

LIFAC LIFAC Sorbent Injection Desulfwization Demonstration Project LIFAC-North America 

MK-FERG Commercial Demonstration of the NOXSO SOJNOx Removal Flue Gas Cleanup MKFerguson Company 
System 

PS COL Integrated Dry NOx/SOx Emission Control System Public Service Corporation of Colorado 

APROD Commmercial-Scale Demonstration of the Liquid-Phase Methanol Process Air Products and Chemicals, Inc. 

BETH-C1 Blast Furnace Granulated-Coal Injection System Bethlehem Steel Corporation 

ENCOAL ENCOAL Mild Gasification Project ENCOAL Corporation 
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Table IV 
Project Fact Sheets by Solicitation and Sponsor, in Alphabetical Order 

CCT-I Project Fact Sheets 

Page 

ABB Combustion Engineering, Inc., and CQ, Inc.-Development of the Coal Quality Expert 2 

The Babcock &Wilcox Company-LIMB Demonstration Project Extension 4 

The City of Tallahassee-Arvab B. Hopkins Circulating Fluidized-Bed Repowering Project 6 

Coal Tech Corporation-Advanced Cyclone Combustor with Integral Sulfur, Nitrogen, and Ash Control 8 

Colorado-Ute Electric Association, Inc.-Nucla CFB Demonstration Project 10 

Energy and Environmental Research Corporation-Enhancing the Use of Coals by Gas Reburning and 12 
Sorbent Injection 

CCT-II Project Fact Sheets 

The Ohio Power Company-Tidd PFBC Demonstration Project 14 

Rosebud Syn Coal PartnershipAdvanced Coal Conversion Process Demonstration 16 

ABB Combustion Engineering, Inc.-Combustion Engineering IGCC Repowering Project 20 

ABB Combustion Engineering, Inc.-WSA-SNOX Flue Gas Cleaning Demonstration Project 22 

The Babcock &Wilcox Company-Demonstration of Coal Reboming for Cyclone Boiler NO= Control 24 

The Babcock & Wilcox Company-SOX-NOX-ROX Box Flue Gas Cleanup Demonstration Projat 26 

Bethlehem Steel Corporation-Innovative. Coke Oven Gas Cleaning System for Retrofit Applications 28 

The Ohio Power Company and The Appalachian Power Company-PFBC Utility Demonstration Project 30 

Passamaquoddy Tribe-Cement Kiln Flue. Gas Recovery Scrubber 32 

Pure Air on the Lake, L.P.-Advanced Flue Gas Desulfurization Demonstration Project 34 

Southern Company Services, Inc.-Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler 36 

Southern Company Services, Inc.-Demonstration of Innovative Applications of Technology for the. 38 
CT-121 FGDProcess 
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Table IV (continued) 
Project Fact Sheets by Solicitation and Sponsor, in Alphabetical Order 

PO@ 

Southern Company Services, Inc.-Demonstration of Selective Catalytic Reduction Technology for the 40 
Control of NOx Emissions from High-Salfur-Coal-Fired Boilers 

Southern Company Services, Inc.-180-MWe Demonstration of Advanced Tangentially-Fired 42 
Combustion Techniques for the Reduction of NO, Emissions for Coal-Fired Boilers 

TmnsAIta Resources Investment Corporation-Law-NO,/SOx Burner Retrofit for Utility Cyclone Boilers 44 

CCT-III Project Fact Sheets Airpol, Inc.-10.MW Demonstration of Gas Suspension Absorption 48 

Air F’roducts and Chemicals, Inc., and Dakota Gasification Company-Commercial-Scale Demonstration 50 
of the Liquid-Phase Methanol (LPMEOH9 Process 

Alaska Indusaial Development and Export Authority-Healy Clean Coal Project 52 

The Babcwk &Wilcox Company-Full-Scale Demonstration of Low-NO- Cell-Burner Retrofit 54 

Bechtel Corporation-Confined Zone Dispersion Flue Gas Desulfarization Demonstration 56 

Bethlehem Steel Corporation-Blast Furnace Granulated-Coal Injection System Demonstration Project 58 

Clean Power Cogeneration Limited PartnershipAir-Blown/Integrated Gasification Combined-Cycle Project 60 

DMEC-1 Limited Partnership-PCFB Demonstration Project 62 

ENCOAL Corporation-ENCOAL Mild Coal Gasification Project 64 

Energy and Environmental Research Corporation-Evaluation of Gas Rebmning and Low-NOx 66 
Burners on a Wall-Fired Boiler 

LIFAC-North America-LIFAC Sortmt Injection Desulftization Demonsnation Project 68 

MK-Ferguson Company-Commercial Demonstration of the NOXSO SOJNO% Removal Flue Gas 70 
Cleanup System 

Public Service Company of Colorad-Integrated Dry NOJSO, Emission Control System 72 
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Table V 
Project Fact Sheets by Sponsor, in Alphabetical Order 

SpC”WX Project CCT Page 

ABB Combustion Engineering, Inc. 

ABB Combustion Engineering, Inc. 

ABB Combustion Engineering, Inc., and CQ, Inc. 

Airpol, 1°C. 

Air Products and Chemicals Inc., and 
Dakota Gasification Company 

Alaska Industrial Development and 
Export Authority 

Combustion Engineering IGCC Repowering Project 

WSA-SNOX Flue Gas Cleaning Demonstration Project 

Development of the Coal Quality Expert 

lo-MW Demonstration of Gas Suspension Absorption 

Commercial-Scale Demonstration of the Liquid-Phase 
Methanol (LPMEOHS) Process 

Healy Clean Coal Project 

II 20 

II 22 

I 2 

III 48 

III 50 

Ill 52 

The Babcock & Wilcox Company Demonstration of Coal Rebmning for Cyclone Boiler NO, Control 

The Babcock & Wilcox Company Full-Scale Demonstration of Low-NO, Cell-Burner Retrofit 

The Babcock &Wilcox Company LIMB Demonstration Project Extension 

The Babcock & Wilcox Company SOX-NOX-ROX Box Flue Gas Cleanup Demonstration Project 
Bechtel Corporation Confined Zone Dispersion Flue Gas Desulfmization Demonstration 

Bethlehem Steel Corporation Blast Furnace Granulated-Coal Injection System Demonstration Project 

Bethlehem Steel Corporation Innovative Coke Oven Gas Cleaning System for Reuofit Applications 

The City of Tallahassee Awah B. Hopkins Circulating FIuidized-Bed Repowering Project 

Clean Power Cogeneration Limited Partnership Air-Blown/Integrated Gasification Combined-Cycle Project 

Coal Tech Corporation Advanced Cyclone Combustor with Integral Sulfur, Nitrogen, and Ash Control 

Colorado-Ute Electric Association, Inc. Nucla CFB Demonstration Project 

DMEC-1 Limited Partnership PCFB Demonstration Project 

ENCOAL Corporation ENCOAL Mild Coal Gasification Project 

Energy and Environmental Research Corporation Enhancing the Use of Coals by Gas Rebuming and Sorbent Injection 

Energy and Environmental Research Corporation Evaluation of Gas Rebmning and Low-NOx Burners on a Wall-Fired Boiler 

LIFAC-North America LIFAC Sorbent Injection Desulfmization Demonstration Project 

II 24 

Ill 54 

I 4 

II 26 

Ill 56 

Ill 58 

II 28 

I 6 

Ill 60 

I 8 

I 10 

Ill 62 

Ill 64 

I 12 

Ill 66 

Ill 68 
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Table V (continued) 
Project Fact Sheets by Sponsor, in Alphabetical Order 

sponsor PrOj%i CCT Page 

MK-Ferguson Company 

The Ohio Power Company 

The Ohio Power Company and The Appalachian 
Power Company 

Passamaquoddy Tribe 

Public Service Company of Colorado 

Pure Air on the Lake, L.P. 

Rosebud Syn Coal Partnership 

Southern Company Services, Inc. 

Southern Company Services, Inc. 

Southern Company Services, Inc. 

Southern Company Services, Inc. 

TransAIta Resources Investment Corporation 

Commercial Demonstration of the NOXSO SOJNO, Removal Flue Gas 
Cleanup System 

Tidd PFBC Demonstration Project 

PFBC Utility Demonstration Project 

Cement Kiln Flue Gas Recovery Scrubber 

Integrated Dry NO/SO, Emission Control System 

Advanced Flue Gas Desulfwization Demonstration Project 

Advanced Coal Conversion Process Demonstration 

Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler 

Demonstration of Innovative Applications of Technology for the 
CT-121 FGD Process 

Demonstration of Selective Catalytic Reduction Technology for the Control of 
NOx Emissions from High-Sulfur-Coal-Fired Boilers 

180.MWe Demonstration of Advanced Tangentially-Fired Combustion 
Techniques for the Reduction of NO, Emissions for Coal-Fired Boilers 

Low-NOJSpBumer Retrofit for Utility Cyclone Boilers 

Ill 70 

I 14 

II 30 

II 32 
Ill 72 

II 34 

I 16 

II 36 

II 38 

II 40 

II 42 

II 44 
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Project Fact Sheets 



Development of the Coal 
Quality Expert 

Sponsor: 
ABB Combustion Engineering, Inc., and CQ, Inc. 

Additional Team Members: 
Black and Veatch-cofunder and expert system 

developer 
The Babcock & Wilcox Company--cofunder and pilot- 

scale testing 
Electric Power Research Institute-cofunder 
Elecuic Power Technologies, Inc.-field testing 
Expert-EASE Systems Inc.--expert system 

architecture developer 
University of North Dakota, Energy and Minerals 

4 aoUR 
DATA EVALUATION 
AND coRRELATK)N I 

Research Centel-bench-scale testing 
Alabama Power Company-host utility 
Duquesne Light Company-host utility 
Mississippi Power Company-host utility 
Northern States Power Company-host utility 
Pem~sylvaniaElectric Company and New York State 

Elecnic &Gas Corporation-host site 
Public Service of Oklahoma-host utility 

Locatlon: 
Windsor, Hartford County, CT (pilot-scale tests) 
Homer City, Indiana County, PA (Homer City, Unit 2) 
Alliance, Colmnbiana County, OH (pilot-scale tests) 
Wilsonville, Shelby County, AL (Catson, Unit 5) 
Bayport, Washington County, MN (King Station) 
Gulfport, Harrison County, MS (Watson, Unit 4) 
Oologah, Rogers County, OK (Northeastem, Unit 4) 
Springtie, Westmoreland County, PA (Cheswick 

Alliance, OH, 16th U.S. Congressional Disuict 
Wilsonville, AL, 2d U.S. Congressional District 
Bayport, MN, 6th U.S. Congressional District 
Gulfpor~ MS, 5th U.S. Congressional District 
Oologah, OK, 3d U.S. Congressional District 
Springdale, PA, 18th U.S. Congressional District 
Grand Forks, ND, 1st U.S. Congressional District 

Project Funding: 
Total project cost 
DOE 
Participants 

$17,382,258 100% 
8,691,129 50 
8,691,129 50 

Project Objective: 

Technology: 
CQ, lnc.‘s coal quality expen (CQE) computer model 

Station) 

To demonsuate an expert system that will run on a 
personal computer and provide coal-burning utilities 
with a predictive toal to assist in the selection of 
optiium quality coal for a specific boiler based on 
operational efficiency and environmental emissions. 

Grand Forks, Grand Forks County, ND (bench tests) 

Congressional District: 
Windsor, Cf. 1st U.S. Congressional District 
Homer City, PA, 41b U.S. Congressional District 

Plant Capactly/Production: 
Full-scale testing will take place at six utility sites 
ranging in size from 250 to 880 MWe. 

Technology/Project Description: 
Data derived from bench-, pilot-, and full-scale testing 
will be used to develop algorithms for inclusion 
into an expert computer model. Utilities may use the 

2 Project Status ABB Combustion Engineering and CQICQE Model 



Calendar Year 
,988 ,989 ,993 ,991 ,532 ,993 ,994 ,995 ,996 ,997 ,998 

3 4 1 234 1 234 1 234 1 234 1 2 3 4 ,234 1 234 1 234 1 234 12 

Design and Conslrucllon 

I I 

t 

t 
Cperation initiared 8190 

i 

t 
Project complefedflinal report issued 204’ 

Environmental monitoring plan completed 7/31190 Field testing completed c/93 

Cooperative agreement awarded c/14190 
NEW ,,mcess completed 463’190 

DOE setsued projea 1219188 

* Projected date 

information to predict the operating performance of 
coals not previously burned at a particular facility. 

Six large-scale field tests will consist of burning a 
baseline coal and an alternate coal over a Z-month 
period. The baseline coal, the one currently used as 
fuel, will be used to charactctize the operating pcrfonn- 
axe of the boiler. The alternate coal, a blended or 
cleaned coal of improved quality, till be burned in the 
boiler for the remaining test prriod. 

The baseline and altcmatc coals for each test site 
will also be burned in bench- and pilot-scale facilities 
under similar conditions. The alternate coal will be 
cleaned at CQ, Inc., to determine what quality levels of 
clean coal can be economically produced and then 
transported to the bench- and pilot-scale facilities for 
testing. All data from bench-, pilot-, and full-scale 
facilities will be evaluated and correlated to formulate 
algorithms that will be used to develop the model. 

The project will provide a computer model, “Coal 
Quality Expert,” that will run on a personal computer 
and predict reliably and inexpensively the operating 
performance of coals not previously burned at a facility 

ABB Comburtion Engineering md CQICQE Model 

Bench-scale testing will be performed at the 
University of North Dakota’s Energy and Mineral 
Research Ccntcr in Grand Forks, ND, pilot-scale testing 
will be done at ABB Combustion Engineering’s 
facilities in Windsor, CT, and Alliance, OH. The six 
field test sites arc: Watson, Unit 4 (250 MWe), 
Gulfport, MS; Gatson, Unit 5 (880 MWe), Wilsonville, 
AL; Northeastern, Unit 4 (445 MWe), Oologah, OK: 
Homer City, Unit 2 (600 MWc), Homer City, PA; King 
(560 MWe), Bayport, MN, and Chcswick (500 MWe), 
Springdale, PA. 

Project Status/Accomplishments: 
Half of six field tests are complete. The first test, 
conducted at Public Service of Okiahoma’s Northeast- 
cm Unit 4, used 100% Wyoming, 90% Wyoming/ 
lO%Oklahoma, and 70% Wyoming/30%0klahoma 
coals. The second test at Mississippi Power Company’s 
Watson Unit 4 used Illinois and West Kentucky 
coals. Test three was performed at Northern States 
Power Company’s King Station using a 70% Wyoming/ 
20% Montana/lO% petroleum coke blend. Pilot 

of the CQE managcmcnt software package is underway. 

Environmental Considerations: 
NEPA compliance has been satisfied by a memo-to-file 
approved on April 27, 1990. 

It is projected that by using the CQE model, SO, 
and NO% emissions can bc significantly reduced on a 
national basis relative to a no-action alternative. The 
expert system will enable coal-fired utilities to select the 
optimum quality coal for their specific boiler to reduce 
SO, and NO” emissions. 

Commercial Application: 
The CQE system is applicable to all electric power 
plants and indushial/institutional boilers that bum coal. 
The CQE will predict the operational and emission 
reduction benefits of using cleaned coal. Following the 
demonstration, CQ, Inc., will market the CQE system in 
the United States and abroad. 

Project Status 3 



LIMB Demonstration Project 
Extension 

Sponsor: 
The B&cock &Wilcox Company 

Additional Team Members: 
Ohio Coal Development Offic~ofundcr 
Consolidation Coal Company-zofunder and 

technology supplier 
Ohio Edison Company-host utility 

Location: 
Lorain, OH (Ohio Edison’s Edgewater Station) 

Congressional District: 
13th U.S. Congressional Disoict 

Technology: 
The B&cock & Wilcox Company’s limestone injection 

multistage burner (LIMB) system 
Consolidation Coal Company’s Coolsidc duct injection 

of lime sorbents 

Plant Capacity/Production: 
104 Mwe 

Project Funding: 
Total project cost $19,404,940 100% 
DOE 7597,026 39 
Participants 11,807,914 61 

Project Objective: 
To demonstrate, with a variety of coals and sorbents, the 
limestone injection multistage burner (LIMB) process as 
a retrofit system for simultaueous control of sulfur and 
nitrogen oxides in the combustion process, and that 
LIMB can achieve up to 60% NO. and SO, reductions. 
Additionally, using the Coolside duct injection process, 
to test alternate sorbat and coal combinations to 
demonstrate induct sorbcnt injection, upsneam of tic 

humiclificr and precipitator. to show SO, removal of 
up to 80%. 

Technology/Project Description: 
The LIMB process is expected to reducy SO2 by 
5CUXl% by injecting dry sorbent into the boiler at a 
point above the burners. The sorbent then travels 
through the boiler and is removed along with fly ash in 
the existing particulate removal equipment, either an 
electrostatic precipitator (ESP) or a baghouse. Humidi- 
fication of the flue gas before it enters an ESP i? 
necessary to maintain normal ESP operation and to 
enhance SO, removal. This project will test combia- 
tions of three coals, each with a different sulfur content 
(1.8%, 3.0%, and 3.8%). and Cour sorbcnts. The tests 
arc expected to provide commercial-scale operating and 

maintenance data on a variety of wal/sorbcnt combina- 
tions with diverse SO, removals and costs. Both 
limestone and hydrated lime (calcitic and dolomitic) 
sorbcnts will be tested. 

In the Coolside pxnxss, dry sorbent is injected into 
the flue gas after the boiler and before the ESP. The gas 
is humidified in this process to enhance both ESP 
performance and SO, absorption. Also, a chemical 
additive can be dissolved in the humidification water to 
improve SO, absorption. Because of these benefits, it 
is expected that humidification equipment will be part 
of most, if not all, commercial Coolsidc applications. 
The spent sorbcnt is also collected with the fly ash as 
in the LIMB process. Reduction of SO, by S&SO% 
is expected. 

4 Project Status B&WILlMB 



Calendar Year 
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Design completed 10189 

Ground 
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construction 
started BR6187 Environmental monitoring plan campleted 10119/88 

EPA process completed 6w37 

I 

I Cwperative agreement awarded W&25/87 

DOE seleaed projea 7124186 
* Projected date 

Both demonstrations will use the same low-NOx 
burners, which control NOx by injecting the coal and 
part of the combustion air simultaneously so that the 
first of the combustion reactions takes place in an 
oxygen-deficient environment. The balance of the 
combustion air is introduced in a second stage to 
complete the combustion process. Staged combustion 
has been found to reduce NOx emissions by 50-60%. 

This project is being conducted at Ohio Edison’s 
E!dgewater Plant in Lorain, OH, on a commercial, 
Babcock &Wilcox Carolina design, wall-fired 
104MWe boiler. 

Project Status/Accomplishments: 
The project has completed testing of the Coolside 
process. LIMB extension testing of lignosulfated 
hydrated calcitic lime was completed in June 1991 and 
testing initiated using calchic hydrated lime. 

Coolside testing results indicate that this process 
can retnove up to 70% of the SO, when using 3.0% 

B&WlLIMB 

results favorably confirmed the previous pilot-scale 

sulftu coal at a 2: I calcium-to-sulfur molar ratio using a 

testing. The hydrated lime source affected SO, removal 

commercially available hydrated lime, a 20 “F approach 

Recycling spent sorbent significantly increased sorbent 
utilization. The project clearly achieved its objectives 
to retrofit a Coolside system to an existing boiler and 

to adiabatic saturation, and an additive to the humidifi- 

reduce significantly the amount of SO, emitted without 

cation water at a 0.2~1 sodium-to-calcium ratio. These 

any adverse effects on the system. 

reductions of 30% and 11% respectively by 2010 are 
projected on a national basis, assuming maximum 

Environmental Considerations: 

commercializttion of the technology. (Source: Cm 

NFPA compliance was satisfied with a memo-to-file 

Programmatic Environmental Impact Statement) 

signed on June 2, 1987. 
Because of wide market application, SO, and NO, 

Commercial Application: 
Sorbent injection is applicable to most utility and 
industrial coal-fired units and can be retrofitted with 
modest capital investment and downtime. 

LIMB extension testing has shown similar SO, 
removal capabilities with the most reactive of the limes 
tested to date and heavy humidification (a 20 “F 
approach to adiabatic saturation). NOx removal has 
been in the 4&50% range throughout both Coolside and 
LIMB testing. 

Final reports describing Coolsidc and LIMB 
Extension testing are being prepared. 

The LIMB and Coolside processes both provide an 
alternative to conventional wet flue gas desulfuization 
(FGD) processes. Both are expected to be substantially 
less expensive than wet FGD, and their space rcquire- 
ments are also substantially less. These factors are 
important in retrofit applications. 

Projecrsrarus 5 



Arvah B. Hopkins Circulating 
Fluidized-Bed Repowering 
Project 

Sponsor: 
The City of Tallahassee 

Additional Team Members: 
Foster Wheeler Energy Corporation-technology 

supplier 
Bechtel Power Coqmratio~ngineer and constructor 
City of Tallahassee--host utility 

Tallahassee, Leon County, FL. (AI-&B. Hopkins 
station unit 2) 

Congressional District: 
2d U.S. Congressional District 

Technology: 
Foster Wheeler’s atmospheric circulating fluidized-bed 
combustor (ACFB) 

Plant Capacity/Production: 
250 Mwe 

Project Funding: 
Total project cost $276.791.974 100% 
DOE 74.733.833 27 
Participant 202,058,141 73 

Project Objective: 
To demonstrate ACFB at 250 MWe, representing a 
1.7: I scale-up from previously constructed facilities; to 
verify expectations of the technology’s economic, 
environmental, and technical performance in the 
repavering of an existing oil-/naNeJ gas-fired boiler at 
autility site; and to provide the utility industry with the 
data necessary for evaluating a 250.MWe ACFB as a 

6 Project Status 

commercial alternative to accomplish greater than 90% with some of the sorbent, is taxied out of the comhus- 
SO2 removal, to reduce NO” emissions by 60%, and to tar, collected in a particle separator, and recycled to the 
achieve a steam efficiency of 88%. lower portion of the combustor. 

Technology/Project Description: 
In this project, the circulating fluidized-bed combustor 
operates at atmospheric pressure. Coal, primary air, and 
a solid sorbent, such as limestone, xc introduced into 
the lower portion of a water-wall combustor where 
initial combustion occws. Combustion takes place at 
relatively low temperatures of 1,500&1,600 “F. As coal 
particles decrease in size due to combustion and 
breakage, they are carried higher in the combustor to an 
area where secondary air is intxduced. As the coal 
particles continue to be reduced in size, the coal, along 

Heat is removed by the water walls as well as by 
superheaters located witbin the circulating loop 
encompassing the combustor, particle separator, and 
solids recycle leg. Combustion gases that leave the 
panicle separator are cooled in a convective back pass 
containing additional superheaters, water walls, and an 
economizer. The steam produced is sent to the steam 
turbine to generate power. Sulfur is absorbed by the 
sorbent and removed with the ash. 

This pmject involves repowering an existing steam 
electric power plant by using a scaled-up ACFB boiler. 
A coal-fned ACFB steam-generating system will 

City of Tallaharsee 
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n 

! 

replace the existing oil-/gas-fired steam-generating mental document required for permitting, application 
system used to drive a steam turbine. The existing modification of State Cetication, was prepared by 
turbine generator and tbe balance of the equipment are COT and submitted to the Florida Department of 
being retained. !3tvironmental Regulation. 

Project Status/Accomplishments: 
F’relimina~y design and project deftition shxlies are in 
progress. The City of Tallahassee (COT) approved the 
circulating fluidized bed boiler contract with the tecbnol- 
ogy supplier, Foster Wheeler; and the COT Board 
approved moving into the next phase of design to mox 
fully defined equipment, interfaces, and work elements. 

The following are projected impacts from maxi- 
mum commercialisation of the ACFB technology on a 
natioml basis by 2010 relative to a no-action altema- 
tiVC 

. SO, reductiot+44% 

. NOz reduction-17% 

Environmental Considerations: 
The environmental information for the NEPA compliance 
process has been submitted by the panicipam. A scoping 
meeting to discuss the Envimmnental Impact Statement 
(EIS) to be prepared on this project was held October 30, 
1990. The EIS Implementation Plan has been approved 
and a draft EIS is in preparation. Also, a major envimn- 

. Solid waste increase, but in a dry, granular 
form amenable to some by-product markets 

. CO, reductio+5% 

(Source: ccl- Fmgrammatic !3nviroNnentaJ Impact 
Statement) 

Commercial Application: 
ACFB technology has good potential for application in 
bait the industrial and utility sectors, whether for use in 
repoweting existing plants or in new facilities. Coal of 
any sultin content can be used, and any type or size of a 
coal-fred boiler can be repavered. Because an 
existing plant area is used, and coal- and waste-handling 
equipment as well as steam turbine equipment arc 
retained, the life of a plant can be extended. 

In its commercial configuration, ACFB technology 
offers several potential beneiits when compared to 
conventional pulverized coal-fired systems: 

* Lower capital costs 

- Reduced SO, and NOx emissions at lower costs 

- Higher combustion efficiency 

. Dry, granularsolidwaste 

City ofToll&arsee Project Starus 7 



Advanced Cyclone 
Combusfor with Integral 
W&rq,Nltrogen, and Ash 

Sponsor: 
Coal Tech Corporation 

Additional Team Members: 
Commonwealth of Pennsylvania Energy Development 

Authority-wfunder 
Pennsylvania Power and Light Company-supplier of 

test coals 
Tampella K&w-host site 

Location: 
Williirt, Lycoming County, PA (Tampella Keela 
boiler manufachuing plant) 

Congressional District: 
17th U.S. Congressional District 

Technology: 
Coal Tech’s advanced, air-co&d, slagging combustor 

Plant Capacity/Production: 
23 million Bh& 

Project Funding: 
Total project cost 
DOE 
Participants 

Project Objective: 

$984,394 100% 
490,149 50 
494,245 50 

To demonstrate that an advanced cyclone combustor 
can be retrotitted to a small indusaial boiler and that it 
can simultaneously remove up to 90% of the SO, and 
90-95% of the ash within the combustor and reduce 
NO, by up to 100 ppm. 

Technology/Project Description: 
Coal Tech’s horizontal cyclone cotnbustor is internally 
lied with ceramic that is &cooled. Pulverized coal, 
air, and sorbent are injected toward the wall through 
tubes in the annular region of the combustor to cause 
cyclonic action. In this manner, coal particle combus- 
tion takes place in a swirling flame in a region favorable 
to particle retention in the combustor. Secondary air is 
used to adjust the overall combustor stoichiometry. The 
ceramic liner is cooled by the secondary air and 
maintained at a temperature high enough to keep the 
slag in a liquid, free-flowing state. The secondary air is 
preheated by the cotnbustor walls to attain efficient 
combustion of the coal particles in the fuel-rich 
combustor. The tine coal pulverization allows combus- 
tion of approximately two-thirds of the coal particles 

near the cyclone wall, with the balance being burned on 
or near the wall. This improves combustion in the fuel- 
rich chamber, as well as slag retention. The slag 
contains over 90% of the ash and sorbem fed to the 
combustor. For NOx control, the combustor is operated 
fuel rich, with final combustion taking place in the 
boiler furnace, to which the combustor is attached. 

The project features combustion of dry pulvetized 
coal in an advanced, air-cooled, cyclone coal combustor 
reuofitted on a 23.million Btujhr oil-designed package 
boiler located at the Tampella Keeler plant in 
Williamsport, PA. Pennsylvania. bituminous coals 
containing from 1% to approximately 4% sulfur were 
tested to demonstrate that this combustor is capable 
of burning most U.S. coals in an environmentally 
acceptable manner. 

8 Project Status Coal Tech 
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Project Status/Accomplishments: 
Coal Tech completed design, consuuction, and opera- 
tion by year-end 1990. The project was officially 
completed on February 28, 1991. Distribution of the 
Final Report is scheduled for August 1991. ‘Rte Coal 
Tech combustor was operated for approximately Loo0 
hours under varying loads and conditions simulating 
iudushial applications. Results indicate that Coal Tech 
has achieved most of the objectives that were set forth 
in the coqerative agreement during the 30.month test 
period. The test results indicate that Coal Tech’s air- 
cooled. coal-fued, slagging combustor can successfully 
(1) be retrofitted to and operate efficiently over a wide 
stoicbiometric range on previously oil- or gas-fired 
boilers, (2) reduce coal-derived NO, emissions by 
approximately 75%. (3) remove up to 90% of the coal 
slag at the combustor slag tap upsneam of the boiler, 
and (4) capture and remove with the slag about 10% of 
the sulfurcontained in the coal. Coal Tech also has test 
results indicating that over 80% sulfur removal can be 

Cool Tech 

achieved through a combination of sorbent injection at 
and downstream of the combustor. Coal Tech has 
concluded that this novel air-cooled combustor design 
concept is sound and that sufficient design and opera- 
tional information has been obtained from this CCT 
demonsnation to scale up to 100 MMBtu/br. 

Envlronmental Considerations: 
NEPA compliance was satisfied by a memo-to-file 
approved on March 26.1987. 

The advanced cyclone wmbustor is expected to 
reduce emissions as follows: 

. so, reduction-lo% 

* NO, reduction-67% 

The SO, emissions are reduced through sorbent 
injection. Additionally, up to 90% Of the ash is 
removed with this process. 

Commercial Application: 
Coal Tech’s advanced, air-cooled, slagging combustor 
permits the combustion of a wide range of U.S. coals, 
including high-sulfur coals. This combustor can be 
used to retrofit boilers that currently operate with oil or 
gas fuing, due to the combustor’s ability to effectively 
eliminate coal solids upstream of the boiler and to 
control NOK and SO,emissions. 

Project Sratur 9 



Nucla CFB Demonstration 
Project 

Colorado-Ute Electric Association, Inc 

Additional Team Members: 
Py~opower Corpaatioc--technology supplier 
Technical Advisory Group (potential osers>--cofunder 
Electric Power Resexch hxtitutetecbnical support 

Location: 
Nucla, Montrose County, CO (Nwla Station) 

Congressional District: 
3d U.S. Congressional District 

Technology: 
Pymprower’s atmospheric circulating fhddized-bed 
combustion (ACF’B) system 

Plant Capacity/Production: 
110 MWe 

Pm@ct Funding: 
Total project cost $54,087,0oo 100% 
DOE 19,920,004 31 
Participants 34,167,om 63 

Project Objective: 
To demonstrate ACFB at a scale of 110 MWe, repre- 
senting a 2:l scale-up from previously demonstrated 
capacities. To verify expectations of tbe technology’s 
economic, environmental, and technical performance in 
a repowering application at a utility site. To accom- 
plish greater than 90% SO, removal, to reduce NO, 
emissions by 60%, and to achieve an efficiency of 34% 
in a qowering mode. 

Technology/Project Description: 
The Nucla circulating fluid&d-bed system operates at 
atmospheric pressure. In the combustion chamber, a 
weam of air fluidizes and entrains tbe bed material, 
which includes coal, coal ash, and a sulfur sorbent such 
as limestone. Combustion takes place at relatively low 
temperatures that limit NO, formation. Calcium in the 
sorbent combines with SO, gases, and solids exit the 
combustion chamber and flow into a hot cyclone. The 
cyclone separates the solids from the gases, and the 
solids are recycled for combustor temperature control. 
Continuous circulation of coal and sorbent improves 
mixing and extends the contact time of solids and gases, 
thus promoting high 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 bag house where the panicu- 
late matter is removed. The steam generated in the 
ACFB is used to generate power. 

Three small, coal-tired, stoker-type boilers at the 
Colorado-& Nucla Station were replaced with a single 
ACFB steam generator capable of driving a new 
14.MV?e turbine generator. Entraction steam from this 
turbine generator will power the three existing turbine 
generators of 12 MWe each. The majority of other 
existing plant equipment is being used to minimize costs 
and to demonstrate the suitability of ACFB technology 
forrepowering and life extension of existing units. 

IO Project Statu COlOrodo-UIe 
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Project Status/Accomplishments: 
The project was initially scheduled to be completed in 
August 1990 following a Z-year operational test 
program. Although some 15,700 hours of testing were 
accomplished, the test program could not be completed 
within the original schedule because of numerous plant 
outages for xpairs and plant moditications that were 
mostly unrelated to the ACFB technology. Therefore, 
testing was extended to complete the program and 
determine the optinxun operating conditions and 
pfOI”D”CC. 

To date, Nucla has met all NSPS requirements with 
better than 90% sulfur capture, has typically achieved 
NOz emissions less than 0.18 lb/MMBtu, and has 
removed 99.9% of the particulates. Cost information is 
promising, with estimated capital cost at $1050 actual/ 
kW and operating cost at $ZO/MW. This is competitive 
with pulverized coal units that are not limiting emissions 
as significantly as Nucla. Heat rates have averaged 
12,055 Btu/kWh, with the best monthly average being 

11,102 Btu/kWh. Both of these values are in excess of 
those projected. 

The project completion date has been extended to 
December 1991 to complete Economic Evaluation and 
Technical Reports. 

Environmental Considerations: 
NEPA compliance was satisfied April 14.1988, with a 
memo-to-file. The performance to date of the demon- 
stralion has met or exceeded the improved environ- 
mental performance projections for tbe ACFB. 

The following impacts are projected from 
maximum comrnercialization of the ACPB technology 
on a national basis by 2010 relative to a no-action 
alternative: 

. SO, reduction-U% 

. NO” reduction-17% 

* co, reduction-5% 

Although solid waste is expected to increase, it would be 
in a dry, granular form more amenable to alternative 
uses, such as construction aggregate, and requiring less 
land area for disposal than conventional scrubber sludge. 

(Source: CCT Programmatic Environmental Impact 
Statement) 

Commercial Application: 
ACFBs have good potential for both the industrial and 
utility sectors in repowering existing coal-fued plants or 
for new facilities. I” repowering applications, ACF’B can 
increase capacity by an incxment of approximately 15%. 
Coal of any sulfur content can be used. Because any 
type or size of boiler can be repowered by ACFB using 
the existing plant area, coal- and waste-handling equip- 
ment, and steam turbine equipment, the life of the plant 
can be extended. Benefits of ACFB include 90% SO, 
reduction, 60-80% NOz reduction, and control of 
pollutants at lower costs than are offered by existing 
technologies. 

Project Status II 



Enhancing the Use of Coals 
by Gas Reburning and 
Sorbent Injection 

Sponsor: 
Energy and Fnviromnental Research Corporation 

Additional Team Members: 
Gas Research Imtitute+cofnnder 
State of Illinois, Department of Energy and Natural 

Resowxs-cofundcr 
llliiois Power Company-host utility 
City Water, Light and Pow-host utility 
Central Illinois Light Company-host utility 

Locations: 
Hetmepin, Putnam County, IL (Illinois Power Company, 

Hennepin Plant) 
Springfield, Stmgamon County, IL (City Water, Light 

and Power, Lakeside Station) 

Congressional District: 
Hamepin, IL, 17th U.S. Congressional District 
Springfield, IL, 20th U.S. Congressional Disnict 

Technology: 
Energy and Environmental Research Corporation’s gas 
rebuking and sorbat injection process 

Plant Capacity/Production: 
Hennepin site: tangentially fired 80 MWe (nominal) 
Spring&Id site: cyclone-fired 40 MWe (nominal) 

Project Funding: 
Total project c.ost 
DOE 
Participants 

$29,998,253 100% 
14,998,253 50 
15,000,000 50 

t- 

H”M(OtFCA,ION WATEtl 

Project Objective: 
To demonstrate gar rebuming to attain 60% NO” 
reduction along with sorbem injection to capture 50% of 
the SO, on two different boiler configurations: tangen- 
tially and cyclone fired. 

Technology/Project Description: 
G&Y rebuming is a postcombustion technology that is 
being developed primarily for the removal of NOx. In 
this process, 8685% of the fuel is coal and is supplied 
to the main combustion zone. The remaining 1520% 
of the fuel, generally natural gas or a hydrocarbon, 
bypasses the main combustion zone and is injected 
above the main burners to form a reducing zone in 
which NO, is converted to niaogen. A calcium 
compound (sorb@ is injected in the form of dry, fine 

particulates above the rebumbtg zone in the boiler or 
even further downstream. The calcium compounds to be 
tested will be CaCO, (calcium carbonate) and Ca(OH), 
(lie). This project will demonstrate the gas rebuming 
and sorbent injection process on two separate boilers 
representing two diiferent firing coIdigl!Jations, a 
tangentially iired 80.MWe boiler and a cyclone-fired 
40.MWe boiler. 

The project is expected to achieve 60% NO, 
reduction and 50% SO, reduction on different boiler 
configurations at power planu; burning high-sulfur 
midwestem coal. 

The project will be conducted at the Illinois Power 
Company plant near Hennepin, IL, and the City Water, 
Light and Power plant in Springfield, IL. 

I2 Projed Sratu EERIGas Rebuming and Sorbenf Injection 
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t Prqed completedninal report issued 8/93 

Cmperatve grnTged 
Operatin completed. Springfield 8193’ 

DOE selected agreement operation completed, Hennepin S/92’ 

projed awarded Hennepin 

mm7 s/9/88 Cperatkm initiated. Springfield 12/91* 
7r24186 Construction mmplwed. Springfield 10191’ 

NEPA process completed, 
Springfield 6125189 

Design c-nnplemd. both sites g/*9 

invirmmental monlwing plan completed, Hennepin 10115189 

Construction completed, Hennepin 12B0 

operation initiated, Hennepin 12190 
COnstNdion staned. Springfield 6190 

Constructan started, Hennepin 1190 
Environmental monbing plan completed Lakeside 1111589 

Permitting and engineering design efforts were 
Project StatuslAccomplishments: 

completed in 1989 for the three original project sites, 
thus providing a more exact deftition of project 
requirements for the sites under consideration. In 1990 
plans to “se the third site (near Bartonville, IL) were 
suspended. Construction was completed and operation 
activities began for the tangentialy fired boiler at the 
Hennepin site in December 1990. A matrix of 32 gas 
rebum tests were completed with NO, reduction rates of 
6570% achieved. Evaluation of 20 Overiine Air tests 
indicated substantial NO, reduction was achievable at 
low loads with lesser reductions as load increased. 
Initial sorbent injection/humidification tests have shown 
promising results for SO, reduction. Construction 
activities continue on the cyclone fued unit at the 
Springfield site. Delivery of major equipment and 
instrumentation began in July 1991. Baseline testing is 
scheduled to begin in August 1991. 

NEPA compliance for the two active demonstration 
Environmental Considerations: 

sites has been satisfied: 

Impact Statement) 

Commercial Application: 

. Hennepin site-memo-to-file approved on 
May 9, 1988 

* Springfield site-environmental assessment approved 
and fading of no significant impact issued on 
June 25, 1989. 

Assuming maximum commercialization, significant 
SO, and NO,reductions (38% and 11% respectively) are 
projected to be achievable nationally by 2010 with 
enhancement of the “se of coals by gas rebuning and 
sorbent injection relative to a no-action alternative. Gas 
rebtrning will reduce emissions of NO,. and so&em 
injection will reduce emissions of SO,. The gas 
rebuking and wrbat injection process has wide 
applicability as it can be retrofitted to many coal-fiied 
boilers. (Source: CCT Programmatic Environmental 

Gas rebuking and sorbat injection is the unique 
combiition of these two separate technologies. The 
commercial application for these technologies, both 
combined and separately, extends to both utility 
companies and industry in the United States and abroad. 
In the United States alone., these two technologies can 
be applied to over 900 pre-NSPS utility boilers; 
additionally the technologies can be applied to new 
utility boilers. With 60% NOx removal and 50% SO2 
removal, these technologies have the potential to extend 
the life of a boiler or power plant and also provide a 
way to use higher suliiu coals without exceeding 
emission liits for NO, and SO, 

EERGas Reburning and Sorbenr Injeckm Project Srahd.9 13 



Tidd PFBC Demonstration 
Project 

Sponsor: 
The obio Power company 

Additional Team Members: 
American Electric Power Service Corporatiorr- 

design, construction, and management 
ABB Carbon and Babcock &Wilcox- 

technology supplier 
Ohio Coal Development Office--cofunder 

Location: 
Brilliant, Jefferson County, OH (Ohio Power 
Company’s Tidd plant) 

Congressional District: 
18th U.S. Congressional District 

Technology: 
ABB Carbon and Babcock & Wilcox’s pressurized 
fluidized-bed combustion (PFBCJ system 

Plant Capacity/Production: 
70 MWe 

Project Funding: 
Total project cost $167,500,000 100% 
DOE 60,200,000 36 
Participants 107,300,ooo 64 

Project Objective: 
To demonstrate PFBC at a 70.MWe scale, representing 
a 5:l scale-up from tbe pilot plant facility; to verify 
expectations of the technology’s economic. environ- 
mental, and technical performance in a combined-cycle 
repavering application at a utility site: and to accom- 
plish greater than 90% SO, removal, NO, emission level 
of 0.2 Ib/MMBtu, and an efficiency of 38% in a 
qmvetig mode using the existing steam system. 

I4 Project status 

Technology/Project Description: 
This PFBC technology uses a pressurized bubbling 
fluid&d bed operating at 175 lb/in2 atm. Pfessurized 
combustion air is supplied by the gas turbine compres- 
sor. In the PFBC, the air fluidizes the bed material, 
which consists of fuel (a coal-water paste), coal ash, and 
dolomite sorbent. The hot combustion gases exiting the 
bed vessel with entrained ash particles pass through 
cyclones to remove 98% of the particles. The gas exits 
the pressure vessel and is expanded in a gas turbine to 
produce I6 MWe. The gas exiting the turbine is cooled 
in a waste heat recovery step and cleaned further in an 
electrostatic precipitator prior to discharge into the 
atmosphere. Pressurized boiler feedwater is converted 
to superheated steam in the tubes in the boiler zone of 
the pressure vessel. The steam exits at 1,335 Ib/in’atm 

and 925 “F and passes through a steam turbine to 
produce 58 MWe. The dolomite in the bed reacts with 
the sulfur to form calcium sulfate, a dry, granular 
material, which is discharged with the ash for disposal 
or by-product recovery. The bed temperature of 1,600 
“F reduces the formation of NOx. 

The project will entail tbe replacement of the Unit 1 
boiler at the Tidd facility with tbe PFBC system and the 
addition of the gas cycle. The existing steam turbine, as 
well as condensate and feedwatcr systems, will be 
refurbished for use with tbe demonstration. 

The Ohio Power Company 



Gra”ndbreaking ceremony 
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COnStrUCtion started 1219187 

Environmental monitoring plan 
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Design completed w/31/89 
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I 
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DOE selected project 7,24186 
‘Projecteddale 

Project Status/Accomplishments: 
Project const~ction was completed in late 1990, and 
electricity was successfully generated for the fust time 
on December 6,1990, with the plant operating in a 
combined-cycle mode. Start-up proceeded through 
February 1991 with the three year operations phase 
formally starting in March 1991. The unit achieved full- 
bed height operation of 127 inches on April 21, 1991. 
Parametric operational testing continues. 

Much in the way of capital cost, design, and 
consmxtion information has been learned which will 
be applied to the commercial scale project awarded in 
Round 2 and other future projects. A topical report, 
Tidd: The Nation’s First PFBC Combined-Cycle 
Demonswation, covering the information learned 
through the design and early portion of consmxtion 
was published in March 1990. 

Environmental Considerations: 
NEPA compliance has been satisfied with a memo-to- 
file approved March 5.1987. 

The Ohio Power Company 

The following impacts are projected from maximum 
commercialization of the PFBC technology on a national 
basis by 2010 relative to a no-action alternative: 

* SO, reduction-48% 

. NO” reduction--17% 

* Solid waste increase, but in a dry, granular form 
more amenable to alternative uses, such as 
consrmction aggregate, and requiring less land area 
for disposal than conventional scrubber sludge 

(Source: CCT Programmatic !3nvironmental Impact 
Statement) 

Commercial Application: 
Combined-cycle PFBC permits use of a wide range of 
coals, including high-x& coals. It can be used to 
repower oil- and gas-fired boiler units, to repaver coal- 
tired power plants, and to build new PPBC units. 
Combined-cycle PFBC technology appears to be best 
suited for electric utility plants greater than 100 MW. In 

fact because of modular construction capability, PFBC 
generating plants will permit utilities to add increments 
of capacity economically to match load growth and to 
reduce utility financing requirements. Plant life can be 
extended by repowering with PFBC using the existing 
plant area, coal- and waste-handling equipment, and 
steam turbine equipment. 

The p=erformance potential of PFBC technology in 
its commercial configuration is cbaracterized below: 

. SO, reduction-95% 

* NO, reduction-SO% 

. Plant efficiency-up to 45% 

* Incremental power increase--40% 

. Fuel flexibility-permits use of wide range of coals 

* Compacmess-high process efficiency reduces space 
requirements per unit of energy generated 

Project Stotlrs I5 



Advanced Coal Conversion 
Process Demonstration 

sponsor: 
Rosebud Syn Coal Parmership 

Additional Team Member: 
Stone and Webster Engineering Company-engineer 
and wns!ructo~ 

Location: 
C&trip, Rosebud County, MT (adjacent to Western 
Energy’s Rosebud Mine) 

Congressional District: 
2d U.S. Congressional District 

Technology: 
Westem Energy Company’s advanced coal conversion 
process for upgratig low-rank subbituminous and 
lignite coals 

Plant Capacity/Production: 
45 towhI of coal product 

Project Funding: 
Total project cost $69,000,000 100% 
DOE 34,500,ooo 50 
Participants 34,500,@00 50 

Project Objective: 
To demonsuate Western Energy’s advanced coal 
conversion process to produce a stable coal product 
having moisture content as low as l%, sultk content as 
low as 0.3%, and a heating value up to 12,000 Btufib. 

t- 

LOW-RANK 

Technology/Project Description: 
This project will demonstrate an advanced thermal coal 
drying process coupled with physical cleaning tech- 
niques to upgrade high-moisture, low-rank coals to 
produce a high-quality, low-sulfur fuel. (The coal will 
be processed through two fluidized-bed reactors that 
will remove loosely held water and then chemically 
bound water, carboxyl groups, and volatile sulfur 
compounds. After drying, the coal will be put through a 
deep-bed stmtifier cleaning process to effect separation 
of the ash. 

coal product with a moisture content as low as 1%. 
sulfur content as low as 0.3%. and heating value up to 
12,000 Btufib. 

The 45tons~ unit will be located adjacent to a 
unit uain loadout facility at Western Energy Company’s 
Rosebud coal mine in MT. Although the demonstration 
plant will be one-tenth the size of a commercial facility, 
the process equipment will be at commercial scale 
because a full-sized commercial plant will have multiple 
process trains. 

The project, if successful, will enhance low-rank 
western coals, usually with a moisture content of 25- 
55%, sultix content of 0.5-1.5%, and heating value of 
5,500-9,000 Btu/lb by producing a stable, upgraded 
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12l88 I 
Preaward 

6/92 3/96 

11; 

t + 

f A 
Gandrudion compksd xx3 

Operation initiated 6192 
Preoperational tests initiated 5192 I ’ 

Projen completedhal report issued 396 

Environmental monitoring plan completed 11~91’ 
cperatkm mmpl&d 6,95 

Design completed 8191’ 

NEPA process completed WW31’ 

ound breaking/construction started 12190 

qerative agreement awarded 9mr90 

‘Projected date 

Project Status/Accomplishments: 
Design work is over 90% complete. A subcontract has 
been signed with Stone and Webster Engineering 
Company for major engineering work. A short-duration 
process demonstration run was accomplished at 
Western Energy’s pilot plant in Butte, MT, to verify 
preliminary process designs. 

On December 12.1990, Western Energy announced 
that it has joined with the NBG Group. a nonregulated 
subsidiary of Northern States Power Company based in 
Minneapolis, MN, to demonstrate end commercialize 
the technology. Ground breaking was performed on 
March 28, 1991, and all foundation work is completed. 
Consmxtion has begun on concrete silos, the adminis- 
tration building and substructure. Contracts have been 
issued for mechanical, electricalfinstmmenmtiation and 
control, and above ground fire protection subsystems. 

Environmental Considerations: 
An envircmmentaJ assessment and fmding of no 
significant impact have been prepared and are being 
reviewed by DOE. 

Because the advanced coal conversion process will 
produce a coal with a very low sulfnr content, high 
heating value, and stable physical/chemical characteris- 
tics, it could have significant impact on SO, reduction 
relative to a no-action alternative. 

Commercial Application: 
Western Energy’s advanced coal conversion process 
has 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 
cyclone boilers, which burn low-ash-fusion-temperature 
coals. Presently, most of these plants burn Illinois 
Basin high-sulfnr coal. Processed coal would be an 
ideal low-sulfnr coal substitute for these and other 

plams, because it will allow operation under more 
resuictive emissions guidelines without requiring 
derating of the units or the addition of costly flue gas 
desulfurization systems. Western Energy’s process, 
therefore, will be attractive to utilities because the 
upgraded fuel will be less costly to use then would the 
consunction and use of flue gas desulfurization equip- 
ment. This will allow plants that would otherwise be 
closed to remain in operation. 

Rosebud Syn Coal Partnership Project Status I7 
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Combustion Engineering 
IGCC Repowering Project 

Sponsor: 
ABB Combustion Engineering, Inc. 

Additional Team Members: 
City Water, Light and Power+ofunder and host utility 
State of Illinois, Department of Energy and Natural 

Resources-funding 

Location: 
Springfield, Sangamon County, IL (City Water, Light 
and Power’s Lakeside Station) 

Congressional Disttict: 
20th U.S. Congressional District 

Technology: 
ABB Combustion Engineering’s integrated gasification 
combined-cycle (ICC0 system 

Plant Capacity/Production: 
65 MWe 

Project Funding: 
Total project cost $270,700,000 100% 
DOE 129,357,204 48 
Participants 14L342.796 52 

Project Objective: 
To demonstrate an advanced dry-feed, air-blown, 
two-stage entrained-flow coal gasifier with limestone 
injection and the moving-bed zinc ferrite hot gas 
cleanup system: to evaluate a kinetic coal extmder; and 
to assess long-term reliability, availability, and main- 
tainability at sufficient scale to determine commercial 
potential. 

L 

Technology/Project Description: 
Pressurized pulverized coal is pneumatically transported 
to the gasifw. The gasifier essentially consists of a 
bottom combustor section and a top redactor section. 
Coal is fed into both sections. A slag tap at the bottom 
of the combustor allows molten slag to flow into a 
water-filled quench tank. 

The raw, low-Btu gas and char leave the gasifier at 
approximately 2,000 “F and are reduced in temperature 
to about 1,000 “F by various beat exchange surfaces and 
by water spray prior to gas cleanup. Char in tbe gas 
stream is captured by a high-efficiency cyclone, as well 
as by subsequent tine particulate removal systems, and 
recycled back to the gasifier. 

A newly developed process is being used to 
remove sulfur from the hot gas: a moving bed of zinc 

ferrite sorbent and a limestone sorbent injection system 
provide in-bed desulfurization. Particulate emissions 
are removed from the coal-handling system and gas 
stream by a combination of cyclone separators and 
baghouses, and a high percentage of particulates are fed 
back to the gasitier for more complete reaction and 
ultimate removal with tbe slag. 

The cleaned low-Btu gas is routed to a combined- 
cycle system for electric power production. Approxi- 
mately 40 MW are generated by a gas turbine. Ex- 
tracted air from the gas turbine is used to meet the high- 
pressure air requirements of the gasitier and the zinc 
ferrite desulfurization system. Exhaust gases from the 
gas turbine arc used to produce steam which is fed to a 
bottoming cycle to generate an additional 25 MWe. 
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calendar Year 
1988 1989 1990 ,991 1982 1993 ,594 1995 1996 ,997 ,998 

3 4 1 234 1234 1234 1234 1 234,234 1234 1234 1 234 1t 

Construction started 

Environmen,a, monitoring plan completed ,119, 

NEPA process completed 11191’ 

esign completed 2% 

Construction mmpleted 2%’ 
Operation initiated 2~96 

I 
DOE selected projec4 9128/88 

Cwperative agreement awarded 1 lR0190 

The demonstration project is converting 600 tons/ * SO, reduction-37% 

* NO” reduction-17% day of coal into 65 MWe. This is being accomplished 
through the installation of an entrained-flow coal gasifies 
and the integration of a currently deactivated 25.MWe 
want turbine with a 40.MWe gas turbine at City Water, 
Light and Power’s Lakeside Station located in 
Springfield, IL. 

. Solid waste reduction-5% 

. CO, reduction-6% 

(Source: CCT Programmatic Environmental Impact 
Statement) 

Project Status/Accomplishments: 
Preliminary design and engineering continue with 
emphasis on cold flow modeling of the gasifier internals 
and the dry coal feed system. 

Commercial Application: 

Environmental Considerations: 
DOE review of the Environmental Assessment is 
complete and revisions are being initiated. 

In recent years, IGCC has become a rapidly emerging 
alternative for new electicily generating plants. IGCC 
plants require 15% less land area than pulvetircd coal 
plants with flue gas desulfmization. IGCC technology 
also can be used in repowering, where a gasifier, gas 
stream cleanup unit, gas turbine, and waste heat 

recovery boiler arc added to replace the existing coal 
boiler. The remaining equipment is left in place, 
including the steam ttubinc and electrical generator. 

The performance potential of IGCC technology in 
its commercial configuration is charactetized as follows: 

* so, reduction-99% 

. NO, reduction-95% 

. Plant efficiency-up to 48% 

- Incremental power increase-230% 

. Fuel flexibility-permits use of wide range of coals 

. Compactness-high process efficiency reduces space 
requirements per unit of energy generated 

. Modular construction-lends itself to economic 
addition of capacity increments to match load 
growth 

Assuming maximum commercialisation of the 
IGCC technology on a national basis by the year 2010 
relative to a no-action alternative, the following impacts 
are projected: 
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WSA-SNOX Flue Gas 
Cleaning Demonstration 
Project 

Sponsor: 
ABB Combustion Engineering. Inc. 

Additional Team Members: 
Ohio Coal Development Office--cofunder 
Ohio Edison Company--cofunder and host utility 
Haldor Topsw-patent owner for process technology, 

catalysts, and WSA Tower 
Snamprogeui, U.S.A.-coftmder and process designer 

Location: 
Niles, Trumbull County, OH (Ohio Edison’s Niles 
Station, Unit No. 2) 

Congressional District: 
17th U.S. Congressional District 

Technology: 
Haldor Topsoe’s WSA-SNOX catalytic advanced flue 
gas cleanup system 

Plant Capacity/Production: 
35-MWe equivalent slip-stream from a I 15-MWe boiler 

Project Funding: 
Total project cost $3 L438.408 100% 

DOE 15.719.200 so 
Participants 15,719,208 so 

Project Objective: 
To demonstrate on U.S. coals at an electric power plant 
that WSA-SNOX technology will catalytically ranove 
95% of the NO, and SO, from flue gas and produce a 
salable. by-product of concentrated sulfuric acid. 

_.~~ 
METHANE + 

Technology/Project Description: 
In the WSA-SNOX process, the stack gas leaving the 
boiler is cleaned of fly ash in a high-efficiency fabric 
filter baghouse to minimize the cleaning frequency of 
the sulfuric acid catalyst in the downstream SO2 
converter. The ash-free gas is reheated, and NOx is 
reacted with small quantities of ammonia in the fust of 
two catalytic reactors where the NOx is converted to 
harmless nitrogen and water. The SO, is oxidized to 
SO3 in a second catalytic converter. ‘Ibe gas then 
passes through in a novel glass-htbe condenser called 
the WSA Tower, which allows SO, to hydrolyze to 
concentrated sulfuric acid. 

accomplished without the use of sorbents and with no 
waste by-producu. 

The demonstration unit is being installed at Ohio 
Edison’s Niles Station in Nile, OH. The process will 
treat a 35.MWe equivalent slip-stream of flue gas from 
the 115MWe Unit No. 2 boiler that bums a 3.4% sulfur 
coal. The process steps are virtually the same as for 
a full-scale plant, and commercial-scale components 
will be used. 

The technology, while using U.S. coals, is expected 
to retnove 95% of the NOx and SO,from flue gas and 
produce a salable s&uric acid by-product. This is 
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calendar Year 
3’“, 1 2’“; 4 1 234 ,990 1 234 1991 1 234 1992 1 2 ~1993 3 4 1 234 ,994 1 2”; 4 1 234 ,996 1 234 1997 12 ,990 

_I I 

11 

t 
t 

t 
t 

Cperation inltiatad 11/91’ Projed campleted~inal rep-xi issued 1 l/93* 

Prmperational tests initiated 9/W’ Gpmiin completed 8193 
Construclion mmplemd 8191’ 

Design completed 7191’ 

Ground breaking/construction started 1191 

NEPA process completed Zl/90 

CxQerative agreement avIsed 12r.389 

DOE selecfed pmjed 9/28/88 

’ Projected dam 

Project Status/Accomplishments: relative to a no-action alternative, the following impacts 
Design has been completed and all major equipment are projected: 

coal, oil, or gas. The high removal efficiency for NOx 
and SO, will make the process attractive in many 

and materials have been procured. Construction work 
began in early 1991 and continues. A 35MWe duct tie- 
in connection was installed to tmnspat the flue gas to 
the high-efficiency baghouse. 

Significant work has been completed on founda- 
tions, the gas/gas heat exchanger, fabric filter and 
support towers. The electrical tie-in work at the switch 
yard is complete, and the SCR and SO, converter have 
beat set. The laying of the WSA condenser acid brick 
bottom has begun. 

Environmental Considerations: 
NEPA compliance has been satisfied by amemo-to-file 
approved on February 1.1990. 

Assuming maximum cotnmercialization on a 
national basis by 2010 for the WSA-SNOX process 

* so, reductio~38% applications. Elimination of solid waste atbattces the 

. NO, reductio~l5% 
marketability in urban and other areas where solid waste 

The significant reductions of SO, and NO, are projected 
disposal issues are a significant impediment. 

to be achievable nationally due to the 95% removal of 
SO, and NO, emissions from coal-fued boilers with the 
WSA-SNOX process and the wide applicability of the 
process. Moreover, the sulfuric acid produced is a 
salable by-product. No change in solid waste is 
anticipated because the technology produces no solid 
waste by-product. (Source: CCT Programmatic 
Environmental Impact statement) 

Commercial Application: 
The WSA-SNOX technology is applicable to all electric 
power plants and indusnial~mstitutional boilers firing 
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Demonstration of Coal 
Reburning for Cyclone Boiler 
NO, Control 

Sponsor: 
The BaLxock &Wilcox Company 

Additional Team Members: 
Wisconsin Power and Light Company-cofunder and 

host utility 
Sargent and Lundy--engineer for coal handling 
Electric Power Research Institut+cofonder 
State of Illionois, Department of Energy and Natural 

Resources-cofonder 
Utility companies (IO cyclone boiler operators)- 

cofunders 

Location: 
Cassville, Grant County, WI (Nelson Dewey Station, 
Unit No. 2) 

Congressional District: 
3d U.S. Congressional District 

Technology: 
The Babcock &Wilcox Company’s coal rebutting 
system 

Plant Capacity/Production: 
100 MWe 

Project Funding: 
Total project cost $13,338,418 100% 
DOE 6,340,789 48 
Participanu 6,997,629 52 

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

Technology/Project Description: 
The coal rebuming process reduces NOx in the main 
furnace through the use of multiple combustion zones. 
The main combustion zone uses 7&80% of the total 
heat equivalent fuel input to the boiler and slightly less 
than normal combustion air input. The balance of the 
coal (Z&30%), along with significantly less then the 
theoretically determined requirement of air, is fed to the 
boiler above the cyclones in the rebuming zone to create 
an oxygen-deficient condition. The NOx formed in the 
cyclone burners reacts with the resultant reducing flue 

gas to be converted into nitrogen and water in this zone. 
The completion of the combustion process occurs in the 
third zone, called the burnout zone., where the balance of 
the combustion air is introduced. 

The coal rebuming technology can be applied with 
the cyclone burners operating within their normal, non- 
corrosive, oxidizing conditions, thereby minimizing the 
effects of rebum on the cyclone combostar and boiler 
performance. 

This project iovolves retrofitting an existing 
IOO-MWe cyclone boiler that is representative of a large 
population of cyclone units. The cyclone bailer being 
retrofitted is presently in commerci~ operation at 
Wisconsin Power and Light’s Nelson Dewey Station in 
Cassville, WI. 

B&WIRebming 



calendar Yeal 
,988 ,989 1990 ,591 ,532 ,993 ,994 ,995 19% ,997 ,998 

3 4 1 234 1 2 3 4 1234 1 2 3 4 1234123412341 234 1 234 12 

? 

1 * AA]/ 

t 
?L Project completedninal report issued 4193 

WE selected 
operation completed 12192 

PW+d 
Operation iniliated 12191* 

W&88 

Canstruction completed 1 t/91 * 
Preoperational tests initiated IV31 

Design 
Stan 

Envimnmental monitoring plan wmplekd 10191’ 

m9 Design completed 6191’ 

Ground breaking/construction started 3191’ 

NEPA p- comp,eted 2.W’ 
Caperative agreement award-32 412190 

‘Projected date 

Project Status/Accomplishments: 
Design work is ahnost complete. Short- and long-term 
boiler baseline cbencterization testing and performance 
modeliog both with and without the pmposed rebum 
retrofit is complete. Boiler performance results have 
beeo analyzed and incorporated into both physical and 
numerical models of the boiler. The modeling has 
demonstrated the need for a change from three to four 
rebornas and over-fke air ports to assure adequate 
NOx reduction. 

Cons~~ction work continues, including the 
fabrication of flues, ducts, and stmctual steel. Pulver- 
izer installation began in July 1991. The reborn system 
is slated for installation during the scheduled boiler 
outage in September 199 1. 

Environmental Considerations: 
An environmental analysis and a fmding of no 
significant impact have been prepared and are being 
reviewed by DOE. 

Significant reductions of NO” (11%) are projected 
to be achievable nationally by 2010 due to the capability 
of the cyclone coal-rebuming process to remove 50% of 
NOx emissions from coal-fued boilers and the wide 
potential applicability of the process. Negligible 
changes in effluents are anticipated. The technology 
produces no solid waste product. (Source: CCf 
Progmtnmatic Environmental Impact Statement) 

Commercial Application: 
Currently, no proven retrofit combustion technology 
exists for reducing NO, emissions from cyclone boilers. 
Coal rebuming for cyclone boilers is expected to be a 
viable option as a retrofit combustion technology for 
NO” control at reasonable capital and operating costs. 
All of the approximately 26,ooO MWe of comxtly 
installed cyclone boilers are expected to require NOx 
control to comply with the Clean Air Act Amendments 
of 1990. 
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SOX-NOX-ROX Box Flue Gas 
Cleanup Demonstration 
Project 

Sponsor: 
Tbe Babcock & Wilcox Company 

Additional Team Members: 
Ohio Edison Company-zofunder and host utility 
Obio Coal Development Officwofunder 
Electric Power Research Institut-funder 
Norton Company--cofunder and SCR catalyst supplier 
Minneapolis Mining and Manufacturing Company- 

cofunder and filter bag supplier 

Location: 
Dilles Bottom, Belmont County, OH (R. E. Burger 
Plant, Unit No. 5) 

Congressional District: 
18th US. Congressional District 

Technology: 
The Babcock &Wilcox Company’s SOX-NOX-ROX 
box (SNRB) process 

Plant Capacity/Production: 
5-MWe equivalent slip-stream from a 156-MWe boiler 

Project Funding: 
Total project cost $11,419,087 100% 
DOE 5,264,643 46 
Participants 6,154,444 54 

Project Objective: 
To demonstrate that the SOX-NOX-ROX box process, 
used in retrofitting a high-sulfur-coal-fired power plant, 
can wnove high levels of all pollutants using a single 
processing unit for treating flue gas, thereby lessening 
on-site space requiremenu; and capital costs. 

MAI 
*,P. 

Technology/Project Description: 
The SNRB process will combine the removal of SO,, 
NO, and particulates in one unit-a high-temperature 
baghouse. SO, removal is accomplished using either 
calcium- or sodium-based sorbent injected into the flue 
gas. NO, removal is accomplished by injecting 
ammonia (NHJ to selectively reduce NOx in the 
presence of a selective catalytic reduction, or SCR, 
catalyst. Particulate removal is accomplished by high- 
temperature ceramic fiba bag filters. 

The project will demonstrate the technical and 
economic feasibility of achieving 7&90% SO, removal, 
up to 90% NO, removal, and 99% particulate removal 
at lower capital and operating and maintenance costs 
than other conventional systems. The demonstration 
will be conducted at Ohio Edison’s R. E. Burger Plant, 
Unit No. 5, in Dilles Bottom, OH. 

The SNRB demonsnation unit is sized at 5 MWe 
and is large enough to demonstrate a commercial-scale 
baghouse module. while minimizing the demonstration 
cost. Additionally, at this scale, the flue gas tempera- 
hue can readily be con!rolled to determine the optimum 
tenpmture for maximum SO, and NOx reductions. 
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calendar Year 
,988 1989 ,880 ,991 ,992 1995 19% ,995 1996 ,997 ,398 

3 4 12341 234 1 234 1 234 1 234 1 234 1 234 1 234 1 234 12 

Operation completed 3/43* 

Operatbn hiiiated 1192 

NEPA procass 
mmpletod Qmm 

DOE s&&d Preaperational tests inliafed II/S’ 

projed e/28/88 oesincompkted &et 

Gmund breakin#~s,ruction stated 5,9,’ 

’ Projected date 
L 

Project StatWAccomplishments: 
Design work is over 90% complete. General arrange- 
ment of major equipment has been resolved, and bid 
packages have been issued for all of the major equip 
tnent. Testing of commercial-sized bags in the pilot 
baghouse. “nit is complete. with NO,and SO$xpture 
rates approaching 80%. 

Assuming maximum commercialisation, the 
following impacts are projected on a national basis by 
2010 for the SNRB process relative to ano-action 
altemative: 

. SO2 reductio~k-38% 

. NO, reductiorr-15% 

Consauction work continues. Installation of * Solid waste increase-8% 
several major process items is complete, including The sign&ant reductions of SO, and NOx are projected 
baghouse st~chral steel, access platforms, baghouse to be. achievable nationally due to the 7&90% removal 
modules, flue gas plenums, and the inlet flue gas cc&r. of SO2 and NO, emissions from coal-fired boilers with 
The reagent and ash storage silos, propane storage tank, the SNRB process and the wide applicability of the 
and amnmnia skid have been set in place. Ammonia process. Negligible changes in liquid effluents are 
and propane piping and flue ductwork has been anticipated. (Source: Cm Programmatic Environ- 
initiated. Catalyst delivery is scheduled for mental lnlpact statenleut) 
November 1.1991. Commercial Application: 

lower capital and opemting costs and smaller space 
requirements than conventional flue gas cleanup 
technology. In addition, SNTU3 offers the potential for 
increasing boiler efficiency. The SNFlB process can be 
used to retrofit a wide range of utility and industrial 
coal-fued boilers that we without scrubbiig systems in 
order to achieve a high level of emissions conuol at 
favorable capital end operating costs. 

Environmental Considerations: 
NEF’A compliance has been satitied by a memo-to-file 
approved on September 19.1989. 

The SNRB process, upon being commercially demon- 
suated, offers removal of up to 90% of the SO, and NOx 
and at least 99% of the particulates in a single “nit with 
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Innovative Coke Oven Gas 
Cleaning System for Retrofit 
Applications 

sponsor: 
Bethlehem Steel Corporation 

Addltional Team Member: 
Davy/Still-Otto-technology developer 

Location: 
Spartows Point Baltimore County, MD (Bethlehem 
Steel Corporation’s Sparrows Point Plant, Coke Oven 
Batteries A, 11, and 12) 

Congressional District: 
2d U.S. Congressional District 

Technology: 
Davy/Still-Otto’s process for precombustion cleaning of 
coke oven gas (COG) 

Plant Capacity/Production: 
14 million std ftf/day of COG 

Project Funding: 
Total project Cost $45,239,781 100% 
DOE 13,500,000 30 
Participant 31.739.781 70 

Project Objective: 
To demonstrate a fust-of-a-kid novel integration of 
commercially available process steps for simultaneous 
removal of hydrogen sultide and ammonia from COG, 
recovery of hydrogen sulfide and ammonia, destruction 
of ammonia, and recovery of sulfur in a commercial- 
sized application; and to reduce SOI emissions by at 
least 80% accompanied by substantially reduced 
volatile organic compound emissions and ammonia 
discharge to wastewater treatment. 

28 Project Skztw 

TechnolcgylProJect Description: 
This project will demonswte an innovative technology 
developed by Davylstill-Ono for removing hydrogen 
sulfide @I$, and ammonia (NH,) from COG. The 
process uses contaminated water produced in the coke 
oven batteries to absorb the hydrogen sulfide and 
ammonia contained in the COG. Both hydrogen sulfide 
and ammonia are steam stripped from the absorption 
liquor. The ammonia is destroyed in a catalytic reactor: 
the hydrogen suliide is converted to elementrd sulfur in 
a conventional Claus plant, and the sulfur is recovered 
as a salable by-product. 

‘he technology is expected to reduce the hydrogen 
sulfide concentration in the cleaned COG by 84% and 
the ammonia concentration by approximately 99%. 

Because the reagents used are indigenous in COG, costs 
associated with the purchase and handling of feed 
reagents, the handling and treatment of by-products, 
labor, and utilities are reduced. 

This project involves the modification of the COG 
processing units at Bethlehem Steel’s Sparrows Point 
Plant in Baltimore County, MD. The demonstration 
facility will process the entire COG stream from 
Coke Oven Batteries A, 11, and 12, which amounts to 
74 million std f@/day. Currently, only 60% of this 
COG stream is desulfurized. The remaining 40% is 
used directly for under-firing the coke ovens. 

Bethlehem Steel/Coke Oven Gas 
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completion is scheduled for September 1991 followed 

Project Status/Accomplishments: 

by cold commissioning activities. The Preliiinary 

Detailed design for the project is completi. Constroc- 

Public Design Report is currently being reviewed by 
DOE/PETC. 

tion continnes and is approaching 70% completion. All 
major mechanical equipment is installed and piping 
erection will be completed in mid 1991. Construction 

Environmental Considerations: 
The envimnmental assessment with a fmdirtg of 
no significant impact was approved by DOE on 
December 22.1989. Background environmental 
sampling has begun. The Environmental Monitoring 
Plan has been reviewed by DOE and comments have 
been incorpwated. 

Commercial Appkatlon: 
The design for this innovative COG cleaning system is 
based on operating data that have been collected from 
individual process steps or combiitions of individual 
process steps that have been successfnlly operated at 
commercial-sized COG treatment facilities. The novel 
integration of commercially available process steps is 
expected to reduce the overall cost of desulfurization, 
ensure reliable operation in applications exceeding 
20 years, and provide a viable alternative to conven- 
tional technologies. Because the demonstration is 
designed to treat 74 million std ft’lday of COG 
(a commercial size), the project will demonstmte that it 
is possible to retrofit any existing coke-makiig facility 
in the United States with essentially no scale-up 
involved and without significant downtime. 

The expected performance characteristics and 
applicable market of the pmposed COG cleaning system 
were used to estimate the environmental impacts that 

the technology were. installed in all 24 plants, the SO2 

may occur if this technology reaches full commerciali- 

emissions could be reduced by 160,000 tons&. The 
ammoniun sulfate, which is difficult to market and 

zation. The existing 30 coke oven plants in the U.S. 

usually is disposed of as a solid waste, would be 
elimhmed. Every 5-8 years, 5 tons of spent nickel 

emit about 3CQGOO tons/r of SO,. This COG cleaning 

catalyst would need to be returned to the vendor or 

process could be applicable to 24 plants with corre- 

disposed of as a hazardous waste, and 10 tons of spent 
ahnnhn catalyst would need to be disposed of as a 
nonhazardous solid waste. Depending on the confgura- 

spading emission levels of 2Ml,OOtl tons& of SO,. If 

tion of the coke oven facility where the technulogy is 
being implemented, the amount of water needed for 
coding purposes would remain the same or be reduced, 
and the amount of pollutants in the washwater would 
remain the same or be reduced. 
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PFBC Utility Demonstration 
Project 

The Ohio Power Company--cosponsor 
The Appalacbian Power Company-cosponsor 

Additlonal Team Members: 
American Elecnic Power Service Corporation- 

ABB Carbon and B&cock & Wilcox-technology 

Location: 
New Haven, Mason County, WV (Ohio Power’s and 
Appalacbian Power’s Philip Spom Plant, Units 3 and 4) 

Congreeelonal District: 
3d U. S. Congressional District 

Technology: 
ABB Carbon’s presswized fluidized-bed combustion 
(PFBC) system 

Plant CapacitylProductlon: 
330 Mwe 

Project Fundlng: 
Total project cost $659,86CNOO 100% 
DOE 184,800,000 28 
Participants 475,060,ooa 72 

Project Objective: 
To demonstrate PFBC at 330 MWe, a large utility scale 
representing a four-fold scale-up of the technology, the 
world’s largest PFBC, and the fmc commercial applica- 
tion of PFBC in the United States; to assess long-term 
reliability, availability, and maintainability of PFBC in a 
commercial operating mode and the integration of a 
reheat steam cycle; and to achieve 95% SO2 reduction, 
at least 70% NOx reduction, and an efficiency of 39% in 
a repowering mode using the existing steam system. 

30 Project SI0tu.v 

Technology/Project Description: 
Tbis FFBC technology uses a bubbling fluidized-bed 
boiler enclosed in a pressure vessel operated at 16 atxn 
to produce combustion gases with sufficient energy to 
drive a gas mbiie. The gas mrbiie exhaust is wed to 

preheat boiler water, and the fluidized-bed boiler 
develops steam for the steam turbine. Because pressure 
in the boiler enhances combustion and heat uansfer, the 
size of the vessel needed is reduced. Pressure also 
enhances sdfu capture by the so&ant. Sorbent 
(limestone M dolomite) is injected into the boiler and 
reacts with SO, to form unreactive calcium sulfate, a 
dry, granular material. 

As originally proposed the project entails replace- 

ment of two 150~MWe units, Units 3 and 4 at the Philip 

Spom Plant, with a single 33!l-MWe unit. Nearly one- 
fourth of the power from the plant is to be produced 
through a new gas hrbine with the balance generated 
through the existing steam turbiies. A@ is performing 
technical, economic, and business studies to determine 
the merits of building a “greenfield” plant. Results Of 
these studies will be factored into AEP’s “ContinuatiOII 
Application.” 

Ohio Power dAppo[ochim PowerlPFBC 
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ProJect Status/Accomplishments: * Solid wale increase, but in dry, gmnular form, fwcing requirements. Plant life can be extended by 
Project is nearing completion of prelii engineering which has more amenable alternative uses, such as repavering with PFBC using the existing plant area, 
studies, which will incorporate an analysis addressing ccmmmion aggregate, and requires less land area for coal and waste handling equipment, and steam turbine 
the merits of using the same technology for a greenfield disposal than conventional scrubber sludge equipment. 
plant. Project management and evaluation plans have 
been established, and significant progress has been 
made toward completing preliminary englneaing 
studies that will set the stage. for detailed design. 

Envlronmental Conslderstions: 
The environmental information volume is beiig 
prepared by the participant as requisite input to the 
NEPA compliance process. 

Assuming maximum commacializaticm of the 
PFE3C technology on a national basis by 2010 relative to 
a no-action alternative, the following impacts are 
projected: 

* SO, reduction-48% 

* NO, reduction-17% 

(Source: ccr Pmgrammatic I3nvimnmental Impact 
Statement) 

Commercial Application: 
Combiiedxycle PFBC allows for the combustion of a 
wide range of coals, including high-sulftu coals. It can 
be used to repower oil- and gas-fired bailer units while 
switching them to high-sulfw coal, to repower coal-fired 
power plants, and to build new PPBC units. Combined- 
cycle PFBC technology appears to be best suited for 
elecuic utility applications for medium (100-400 MWe) 
and large (> 400 MWe) plants. In fact, because of 
modular consm~ction capability, PPBC generating 
plants will enable utilities to add increments of capacity 
eccnomlcally to march load grLw7.h and to reduce utility 

The performance potential of PFBC technology in 
its commercial configuration is cbaracterized as follows: 

0 so, reduction-95% 

. NOx reduction-80% 

* Plant effkiency-up to 45% 

* Incremental paver iIlcrease-40% 

* Fuel flexibility--permits use of wide range of coals 

* Compactness-high process efficiency reduces space 
requirements per unit of energy generated 

* Modular consuuction-lends itself to economic 
additions of capacity increments to match load growth 
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Project completedninal repon issued 6192’ 

DOE selected 
p@.Xl 
%28/E* 

I Mnsvudion completed, LNB w31* 
consl,“dion started, LNS 3/91* 
Operation completed. AOFA 3191’ 

Envimnmental monitoring plan annpleted 9/13190 
Operation initiated AOF. 6190 

Construdion mmpleted, AOFA 5/!&l 
Construdion started. AOFA 4190 

kifm wmdeted 3190 I Lkzccpe,atG agreement awarded 1zma~ NEPA Drwess CamDleted s/17,89 Trojecteddafe 

Proiect Status/Accomplishments: 
Design activities are complete. Constmction activities 
am underway, with the AOFA system designed and 
installed. The AOFA diagnostic and perfo”“a”ce testing 
is complete, and long-tam AOFA testing begun in 
October 1990 is completed. 

More than 80 days of data was collected with 
prelbninay results indicating NOx reductions in excess of 
20%. No signiticant change in boiler operation and 
combustion stability was experienced while operating 
with the AOFA system dampers. 

The 24 new controlled-flow, split-flame LNBs are 
designed and installed. The new LNBs wem fust tired on 
May 1, 1991: with turbine roll being achieved the same 
day. Optimization testing for LNB operation without the 
AOPA system was completed on June 21.1991. Com- 
plete coal fineness, LNB diagnostic and perfmmance 
tests are scheduled for late 1991. 

Environmental Considerations: . Relatively easy reuofit 
NEYA compliance has been satisfied with a memo-to- 
file, which was approved on May 17. 1989. 

- Little a no derating of the boiler 
. . 

Significant reductions of NO, (11%) tue projected - Use of commercially available components 
nationally by 2010 from maximum commercialisation 
of the technology due to the 60% removal capability 
forecasted and the wide applicability of the process. 
No changes in liquid effluents or solid wastes are 
anticipated. (Source: CCT Progmmma~c Eaviror- 
mental Impact Statement) 

Commercial Application: 
This technology is applicable for retrofitting the 422 
pre-NSPS wall-fired boilers existing in the United 
states. 

Commercialization of the technology will be aided 
by the following characteristics: 

- Reduced shon-tam Nor emissions by up to 60% 

- Competitive. capital and operating costs 
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Demonstration of innovative 
Applications of Technology 
for the CT-121 FGD Process 

Sponsor: 
Southern Company Services, Inc. 

Additional Team Members: 
Georgia Power Company-host utility 
Elecnic Power Research Institute+cof”“der 
Radian Corpcmtion+nvital and analytical 

c0”su1ta”t 
Ershigs, Inc.-fiberglass fabricator 
University of Georgia Research Fomxlation- 

by-product utilization SNdieS 

Location: 
Newtan, Coweta County, GA (Georgia Power Com- 
pany’s Plant Yates, Unit No. 1) 

Congressional District: 
6th U.S. Congressional District 

Technology: 
Chiycda Corporation’s Chiyoda Thoroughbred-121 
(CT-121) advanced flue gas desulfuization (FGD) 

pro== 

Plant Capacity/Production: 
100 MWe 

Project Funding: 
Total project cost $35.843.678 100% 
DOE 17,546,M6 49 
Participants 18,297,032 51 

Project Objective: 
To demonswte the o-121 flue gas desulfmization 
system, including several design innovations, at the 
IlW-MWe scale; more specifically, to demonstrate 
90% SO, control at high reliability with and without 

38 Project Status 

simukatteous particulate control with possible additional 

Technology/Project Description: 
The project will demonstrate the CT-121 FGD process. 

reductions in operating costs. 

This process uses a unique absorber design known as 
the jet-bubbling reactor, which combines limestone 
FGD reaction, forced oxidation, and gypsum crystalliza- 
tion in a one-process vessel. As a result the process is 
mechanically and chemically simpler than conventional 
FGD processes and can be expected to exhibit lower 
cost characteristics. 

Gypsum solids settle in the dyked area, and clear water 

calcium suifite, which forms gypsum. The shxry is 

overtlows to a retention pond. The clear water from the 
pond is reurned to the process. 

dew&red in a gypsum stack. Tbe stacking technique 
involves tilling a dyked area with gypsum slurry. 

As part of the project, innovations to the process will 
be evaluated to determine whether costs can be reduced 
further by using fiberglass-reinforced plastic absorbers, 
eliminating flue gas reheat and spare absorber module, 
and stacking gypsum to reduce waste management 
costs. The ability of this technology sbn”lta”eo”sly to 
capmre SO2 and paticulates will also be evaluated. 

A 2.5% &fur coal will be used to demonstrate 
90% SO, control with high reliability, with aid without 
si”“dtaneotls partic”late control. 

In this process, the flue gas em&the scrubbing 
solution on the jet-bubbling reactor. The SO, in the flue 
gas is absorbed and fornw calcium white (CaSO,). Aii 
is bubbled into the bottom of the solution to oxidize the 

Southern Company Services/CT-121 
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Georgia Power Company’s lOOMWe Plant Yates Assuming maximum commercialisation of the 
Unit 1, near Nevmao, GA (about 40 miles from CT-121 process on a national basis by 2010 relative to a 
Atlanta), will be retrofitted with the Chiyoda scrubber. no-action alternative, a 48% reduction of SO, could be 

Prom Status/Accomplishments: 
Following successful on-site spitming of the tiberglas 
jet-bubbling reactor (JBR) and limestone slurry tank 
shells, work continues on the vessel internals and 
ancillary equipment. The .lBR inlet and outlet flanges. 
deck and sparger grid beams, lower deck ledge and 
dome top have been installed. Pomp foundations and 
sluty somps are completed, as is tbe main power bus 
duct in the turbine room. Tbe project has also obtained 
approval from the Georgia Geological Survey for the 
gypsum stack. 

achieved. The significant national reductions of SO, are 
attributable to tbe 9&95% SO2 removal capability 
forecasted for the CT-121 process and the wide 
potential applicability of the process. Although solid 
waste would increase by 9%. the waste is readily 
disposable. The greatest environmental benefits may be 
achieved in the Northeast because of tbe large amount 
of coal-fred capacity in this region that can be retrofit- 
ted with the CT-121 process. (Source: ccl- Program- 
matic Fmiromental Impact Statement) 

other large, high-sulfu coal bailer users in the CT-121 
process. By the year 2010, this process would be 
applicable to 370,000 MWe of new and existing 
geneming capacity. A 90% reduction in SO, emissions 
from only the retrofit portion of this capacity represems 
ova 10,500,000 tons/year of potential so, cotmol. 

Envlronmental Considerations: 
An envirmmental assessmen: with a fmding of 
no significant impact was approved by DOE on 
August 10.1990. 

Commercial Application: 
Involvement of the Southem Company (which owns 
Soutltem Company Services, Inc.), with its utility 
system that has owr 20,OcHl Mwe of coal-fued generat- 
ing capacity, is expected to enhance. the confidence of 
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Demonstration of Selective 
Catalytic Reduction 
Technology for the Control 
of NOx Emissions from 
High-Sulfur-Coal-Fired Boilers 

Sponsor: 
Southern Company Services, Inc. 

Additional Team Members: 
Electric Power Research Institute--cofundc? 
Gulf Power Company-host utility 

Locatlon: 
Pcnsacola, Fscambia County, FL (Gulf Power Com- 
pany’s Plant Crist) 

Congressional Dlstrlct: 
1st U.S. Congressional District 

Technology: 
Selective catalytic reduction @CR) 

Plant Capacity/Production: 
8.7~MWe equivalent (three 2.5~MWe and six 0.2.MWe 
equivalent SCR reactor plants) 

Project Funding: 
Total project cost 
DOE 
Paticipants 

$15,574,355 100% 
7,525,338 48 
8,049,017 52 

Project Objective: 
To evaluate the pcrfonance of commercially available 
SCR catalysts when applied to operating conditions 
found in U.S. pulverized coal-fucd utility boilers using 
U.S. high-sultiu coal under various operating conditions 
while achieving as much as 80% NOx removal. 

XlAL 
AIR 

Technology/Project Deecrlption: 
The SCR technology consists of injecting ammonia 
(NHJ into boiler flue gas and passing it through a 

In this demonstration project, the SCR facility 

catalyst bed where the NO” and w react to form 

consists of three 2.5~MWe SCR reactors, supplied by 
separate 5,ooO std ftl/min flue gas slip-streams, and six 

nitrogen and water vapor. 

0.20~MSVe SCR reactors. These reactors were calcu- 
lated to be large enough to produce design data that will 
allow the SCR process to bc scaled up to commercial 
size. Catalyst suppliers (three U.S., two European, and 
two Iapancsc) will provide nine catalysts with various 
shapes and chemical compositions for evaluation of 
process chemistry and economics of operation during 
the operation. 

The project is demonstrating, at high- and low-dust 
loadings of flue gas, the applicability of SCR technol- 
ogy to provide a costeffective means of reducing NOr 

The demonstration plant, located at Gulf Power 
Company’s Plant Crist near Pcnsawla, FL, ha access 

emissions from power plants burning US. high-sulfur 

to flue gas from burning approximately 3% sulfu coal 
under various NOx and particulate levels. 

Od. 
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Prolect Status/Accomplishments: 
Design activities are under way. Detailed measwe- 
ments of baseline flue gas conditions at Plant Crist are 
complete and are under review. Fii, detailed catalyst 
specifications have been received from each catalyst 
supplier. A review of these specifications is under way 
in order to ftiize SCR reactor internal design. 

Detailed design is in progress on the slip stream 
ductwork and internals. Laboratory results of the 
catalyst testing program have been released to the seven 
catalyst suppliers for comments and recommendations. 
The flue gas and air fan bid packages have been 
awarded, and design specification and bid review are 
ongoing for several project subsystems. 

Environmental Considerations: 
NEPA compliance has been satisfied by amemo-to-file 
approved on August 16.1989. 

Assuming maximum commercialisation of the SCR 
process on a national basis by 2010 relative to a no- 

action alternative could achieve a 15% NO% reduction. 
The significant national reductions of NOx are amibut- 
able to the 80% NO, removal capability forecasted for 
the SCR process and the wide potential applicability of 
the process. There will be no additional solid waste 
because the spent catalyst will be retuned to the 
respective catalyst suppliers. (Source: CCT Pmgmm- 
matic Environmental Impact Statement) 

154,560 MWe (642 boilers). In addition, SCR 
technology could be applicable to 34,700 MWe (70 
boilers) of new firm (i.e., announced, sited, and 
committed in terms of service date or under consUuc- 
tion) and 144,500 MWe (290 boilers) of planned dry- 
bottom electric generating capacity in the United 
SC3teS. 

Commercial Application: 
SCR technology can be applied to retrofit and new utility 
applications for removal of NOx From flue gas. There are 
approximately 1,041 coal-fiid utility boilers in active 
commercial service in the United States; these boilers 
represent a total generating capacity of 296,000 hIWe. 
Assuming that SCR technology is installed on dry- 
bottom boilers that are not equipped with low-NO, 
combustion technologies (i.e., low-NOx burners, over- 
fue air, and atmospheric fluidized-bed combustion), the 
potential total retrofit market for SCR technology is 
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180.MWe Demonstration of 
Advanced Tangentially-Fired 
Combustion Techniques for 
the Reduction of NOx 
Emissions for Coal-Fired 
Boilers 

Sponsor: 
Southern Company Services, Inc. 

Additional Team Members: 
Gulf Power Company-cofundcr and host utility 
Ekctiic Power Research Institute--cofunder 
ABB Combustion Engineering, Inc.-burner/ 

technology supplier 

Location: 
Lynn Haven, Bay County, FL (Gulf Power Company’s 
Plant Smith, Unit No. 2) 

Congressional District: 
1st U.S. Congressional District 

Technology: 
ABB Combustion Bngineering, Jnc.‘s lawNOx conccn- 
tic-fuing system (LNCFS) and concenuic clustered 
tan&mial-firing system (CCTFS); advanced over-fire air 
(AOFA) system 

Plant Capacity/Production: 
180 MWe 

Project Funding: 
Total project cost 
DOE 
Participants 

$8,555,303 100% 
4.150.055 49 
4,405,248 51 

tangential-tiring system separately and in combination 

Project Oblective: 

on a single reference boiler under typical dynamic 

To demonstrate advanced over-tire air, a low-NO, 

operating conditions; and to achieve a 60% reduction in 
NOx emission levels. 

concentric-firing system, and a concentric clustered 

Technology/Project Description: 
The AOFA process involves the mixing of ova-tire air 
with the furnace gases to achieve complete combustion 
and the depletion of air from the burner zone to mini- 
mize NO, formation. 

The low-NO, wncennic firing system, or LNCFS, 
was developed solely for applications to tangcn- 
tially fired steam generators and uses a technique of 

NOx is reduced, and furnace wall slagging is decreased. 

separating the fuel and air stauns in the tangential- 

Jn an LNCFS, fuel and primary air is surrounded 
with a layer of secondary or offset air. 

fling arrangement. LNCFS has two significant 

This air is 
directed into the furnace through offset air nozzles. 

advantages over the standard tangential arrangement: 

Improvements to the tangentially fred combustion tech- 
nique include (1) the addition of adjustable turning 
vanes to the secondary air nozzles, (2) the addition of 
horizontally adjustable offset air nozzle tips to the main 
auxiliay compamncnts and end auxiliary compan- 
mans, (3) the reduction in free area available in the coal 
compartments through which the fuel-air mixture can 
pass, and (4) the addition of divergent coal nozzle tips. 
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The concetttrlc clustered tangential-ftig system, demonsnation include bituminous coals from IL, WV, 
or CCTFS, combine.? several established NO% reduction AL, and KY in the Z&3.1% sulfw range. 
techniques that are applicable to tangentially fved coal 
bailers. The concept is based on the premise that both 
ova-fire air sta@t~ and final furnace oxygen content 
dominate in controlling the foal liOx levels. Clustered 
coal nozzles have been included to provide better NO, 
control over rbe load range. Extensions from the 
LNCFS occur as different levels of NO, reduction can 
be achieved through combinations of coal nozzle 
clustering close-coupled with ova-tire air systems and 
separated over-fm air systems. Local fuel-rich zones in 
the furnace burner zone reduce NO, fot-mation. 

Project Status/Accomplishments: 
Baseline diagnostic and performance tests were 
completed in late March 1991 with the collection of 
about 70 days of long-term data Installation of LNCFS 
equipment, including separated over& air and offset 
air nozzles, piping, and controls, took place during a 
scheduled 21 day plant outage in April 1991. Prelii- 
nay results of operating this equipment indicated NO, 
reductions of up to 35% compared to the baseline 
emissions data. Long term testing of this system will 
continue through September 1991, when another outage 
is planned to install equipment that will allow further 
testing with close coupled overfiie air. 

Assuming maximum commercialisation of the 
technology, significant reductions of NOx (11%) are 
projected to be achievable nationally by 2010, due to the 
60% removal capability forecasted and the wide 
applicability of the process. Negligible changes in 
liquid effluents are anticipated, and the technology 
produces no additional dry solid waste. (Source: CCI’ 
Programmatic EttvironmentaJ Jmpact Statement) 

The planned coofiguration is expected to reduce 
NO% by 60% and decrease furnace wall slagging. 

These low-NOz technologies are being tested 
separately and then in combbmtion on the 180.MWe 
tangentially fued Unit No. 2 coal boiler at Gulf 
Power’s Plant Smith. Coals being tested during the 

Environmental Considerations: 
NJZPA compliance has been satisfied by a memo-to-file 
approved by DOE on July 17.1989. 

Commercial Application: 
Commercial applications include a wide range of 
tangentially fired utility boilers throughout the United 
States and abroad. As an example, the Southern 
Company (which owns Southern Company Services, 
Inc.) has, within its system of electric utilities, over 
20,000 h4We of coal-fmd generating capacity. 
Approximately two-thirds of this capacity is based on 
pulverized-coal tangentially fved boilers. 
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Low-NOJSO, Burner Retrofit 
for Utility Cyclone Boilers 

Sponsor: 
TGI~SA~KI Resources Invesrment Corporation 

Additional Team Members: 
State of Illinois, Depamxnt of Energy and Natural 

Resourcescofunder 
Electric Power Research I”tit”te-cof”nd.z 
Southern Illiiis Power Cooperative-host utility 
Bechtel Power Corporation-engineer and com!nxtor 
Riley Stoker Gqaation-boiler contractor 

Location: 
Mario”, Williin County, JL (Southern Jllinois Power 
C”“peratlve’s Marion Plant, unit 1) 

Congressional District: 
22d U.S. Cnngmsional Disnict 

Technology: 
TmnsAlta’s advanced slagging coal combustor, which is 
a low-NO,. low-SO, (LNS) burner 

Plant Capaclty/Productlon: 
33 Mwe 

Project Fundlng: 
Total project cost $15,300,000 ltX% 
DOE 6,788,KNl 44 
Participants 8,512,ooO 56 

Project Objective: 
To demonstrate a low-NO,, low-SO, (LNS) burner 
retrofitted to a utility cyclone boiler; and to achieve at 
least 70% SO, reduction on high-s”& Illinois 
bituninous coals and control of Nor emissions to 
less than 150 ppm. 

St&3 TO “lsP(XUL 

Technology/Project Descrlptlon: 
The LNS bwner is a pulverized coal-fmd, entrained- 
flow combustion system with staged combustion. 
Classed as a slagging combustor, the LNS burner 
involves high-temperatue, fuel-rich combustion for the 
control of both SO2 and NO%. High-sulfu bihlminous 
coal, mixed with limestone, is burned in a refractory- 
lined, air- and water-cooled chamber. Using one-half of 
the total combustion air, the burner creates a hot fuel- 
rich gas. During combustion, sulf”r is captured by the 
calcium from the limestone and is retained as a solid in 
the melted coal ash. Nitrogen chemically bound in the 
coal is convened to harmless molecular nitrogen due to 
the creation of a reducing zone. All of these operations 
are carried o”t in the burner. 

The staged combustion is expected to achieve very 
low NO, emissions, and injection of the limestone 
sorb-at in the entraine&flow system is expected to 
achieve SO, reductions in excess of 70%. Because ash 
remm.l eff?ziency is high, there is no dating of the 
boiler, no added fly ash handling, and no degradation of 
boiler tube w-faces. 

I” this project, a cyclone-fued boiler is being 
retrofitted with LNS burners and a coal pulverizer 
system at the 33.MWe Unit 1 of Southern Illinois Power 
Cooperative’s Marion Plant. Two LNS burners rated at 
200 MMBh& are being used to remfit the existing 
cyclone boiler. 
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Project Status/Accomplishments: 
Consbwtion activities began in late 1990 and are now 
50% complete. Major equipment is beiig procured. 
Test plans are being fdized. Baseline tests were 
completed in Novemta 1990. Work continues on 
Start-up Plan, operation and Maintenance Manuals, 
System Descriptions, and Training Program. 

Environmental Considerations: 
The environmental assessment with a fmding of no 
significant impact has been prepared and is beiig 
reviewed by DOE. 

Assuming maximum commercialisation of the 
technology, significant reductions of SOz and NO, 
(45% and 18% respectively) are projected to be 
achievable nationally by 2010 due to the capability of 
the LNS burner process to remove 7040% of SOz and 
NO, emissions from coal-fued boilers and the wide 
potential applicability of the process. Negligible 
changes in liquid effluents are anticipated, and although 

there is a 17% increase in solid waste, it is dry and 
readily disposable. The slag produu may be used as 
road grit and/or sand blast grit, thereby mhknizing 
disposal issues. (Source: CCT Programmatic Environ- 
mental Impact Statement) 

Commercial Appllcatlon: 
Coal-f& utility cyclone boilers represent a total 
capacity of 26,000 MWe. Because mpst cyclone units 
are pre-NSPS, very few units use scrubbers for SO, 
control. Cyclone units also typically generate high NO, 
emissions. The LNS burner has the potential to reduce 
both SOzand NO, emission levels. 
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lo-MW Demonstration of Gas 
Suspension Absorption 

Sponsor: 
Ail-pal, Inc. 
Additional Team Members: 
FL.7 miljo a/s (parent company of Airpol, Inc.)- 

Tennessee Valley Authority--cofunder and site owner 

Location: 
West Paducah, McCracken County. KY (Tstness.% 
Valley Authority’s Shawnee Fossil Plant) 

Congressional Dietrkt: 
1st U.S. Congressional District 

Technology: 
FLY miljo a/s’ gas suspension absorption (GSA) system 
for flue gas desulfurization (FGD) 

Plant Capacity/Production: 
IO-MWe equivalent slip-swam of flue gas from a 
15~MWe boila 

Project Funding: 
Total project cat 
DOE 
Participants 

$6320,679 100% 
u-w~ 29 
4.920.679 71 

Profecl Objective: 
To demonstrate the applicability of gas suspension 
absorption for flue gas dwlfurization using high-sulfw 
U.S. coals by installiig and testing a lo-MWe GSA 
demonstration system. 

c 

1 

Technology/Project Deecrlption: 
The GSA system consists of a venical reactor in which 
flue gas comes into muact with suspended solids 
consisting of lime, reaction products, and ny ash. 
About 99% of the solids are recycled to the reactor via a 
cyclone while the exit gas stream passes through an 
electrostatic precipitator before being released to the 
atmosphere. The lime slurry, prepared from hydrated 
lie, is injected through a spray nozzle at the bottom of 
the reactor. The volume of lime slurry is regulated with 
a variable-speed pump controlled by the measurement 
of the acid content in the inlet and outlet gas streams. 
The dilution water added to the lime slurry is controlled 
by on-line measurements of the flue gas exit tempera- 
ture. Solids collected from the cyclone and particulate 

ccnuol device are combined and disposed in an existing 
site disposal area. 

GSA has the potential to remove in excess of 90% 
of the SO, as well as to increase lie utilization 
effkiency with solids recycle. 

This demonstration is utilizing a IO-MWe slip- 
stream of flue gas from a I50-MWe coal-fired boiler at 
the Tennessee. Valley Authority’s Shawnee Fossil Plant 
in West Paducah, KY. 
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Project Status/Accomplishments: 
Process flow diagrams WE fmalized, and general 
arrangement drawings and sizing and layout of major 
equipment were completed. 

Piping and instmtne~~tation diagmms for the conuol 
system are complete, as are preliminary assembly 
speciiicatlons for the recycled lime feeder box. Com- 
bustor material and energy balances are complete, 
enabling det ermination/specification of GSA design 
conditiotLs. 

Environmental Considerations: 
NJYA compliance has been satisfied by a memo-to-file 
approved by DOE on September 12.1990. 

Assuming maximum commercialisation of this 
technology, significant reductions of SO, (45%) are 
achievable nationally by 2010 due to the capability of 
the GSA process to remove at least 90% of the SO2 
emissions from coal-fued boilers and the wide potential 

applicability of the process. (Source: CCT Program- 
matic Environmental Impact Statement) 

Commercial Application: 
The GSA process offers several advantages over 
conventional FGD technologies. Airpol estimates that 
GSA is 40% cheaper than wet FGD and 20% cheapa 
than spray drying. Moreover, GSA is much simpler to 
build and operate than wet FGD and regenerable 
processes and requires much less space. Space require- 
ments, operability, and eax of installation are cornpa- 
Table to spray dryers and duct injection. Howeva, the 
SO, removal capability of the GSA technology (90%) 
compares to that of wet FGD and the regenerable 
processes, while dry injection processes and spray 
dryers generally remove about 50% and 90% respec- 
tively. This high removal rate makes the GSA process 
suitable for use with high-sulfu coal, unlike the spray 
dryer or dry injection processes, which are suitable only 

for low- and medium-sulk coals. 
In summary, GSA is expected to fmd commercial 

acceptance because it is the only semidry process that 
offers SO2 removal rates comparable to the more costly 
and complex wet FGD systems. In addition, GSA 
offers relatively low sorbem consumption rates and may 
perform better than dry systems; it is both less costly 
and more effective than spray dryers. 

Projec: Statm 49 



Commercial-Scale 
Demonstration of the Liquid- 
Phase Methanol (LPMEOH@) 
Process 

Sponsor: 
Air products and Chemicals, Inc., and Dakota 
Gasification Company 

AddItional Team Member: 
Chem Systems, Inc.-technology developer 

Location: 
Beulah, Mercer County, ND (Dakota Gasification 
Company’s Great Plains Gasification Plant) 
(An altet’na~ site is being considered.) 

Congressional District: 
At-large U.S. Congressional District 
(An alternate site is being considered.) 

Technology: 
Chem Systems’ liquid-phase methanol (LPMEOW 
pm== 

Plant Capacity/Production: 
500 tons/day of methanol (or about 50 mil!ion 
g~lm/Ye 

Project Funding: 
Total pmject cost $213,701,857 
DOE 92,701,297 
Participants 121,000,560 
(Funding is subject to negotiation.) 

100% 
43 
57 

Project Objective: 
To demonstrate on a commercial scale the production of 
methanol from coal-derived synthesis gas using the 
LPhfEOH’prwess; and to determine the suitability of 

LPMEOH is a E+stned Odcmark of arm syasms, Ioc 

methanol produced during this demonstration for use as 
a low-SO,, low-NO, alternative fuel in boiler, turbine, 
and transportation applications. 

Technology/Project Description: ) 
This project will demonstrate the LPMEOHm process to 
produce methmol from coal-derived synthesis gas on a 
commercial scale. The combined reactor and heat 
removal system in the LPMEOHm process differentiates 
it significantly from other commercial methanol 
processes. The liquid phase not only supports Ihe 
catalyst, but functions as an efficient means to remove 
the heat of reaction away from the catalyst surface. 
This feature alone directly permits the use of a low ratio 
of hydrogen to carbon monoxide in the synthesis gas 

streams produced from coal gasification facilities as feed 
to the reactor without the need for shift conversion. 

The performance of the LPMEOH’ process for the 
synthesis of methanol is characterized as follows: 

- Carbon monoxide conversion to methanol-13% per 
reactor per pass in a hydrogen-rich feed 

* Methanol productivity comparable to gas-phase 
systems-6,000 kg of methanol per 1 kg of catalyst 

* Raw methanol parity-95.6% (fuel-grade) 

* Feed gas flexibility-permits the use of synthesis gas 
produced by any commercial coal gasification system 
to be used without shift conversion 
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I 
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Cooperative ageamenl awarded 1 l/w 

I 
Project completed 
1zmo 

‘Pmjeded date: mileStoneS are subjen 10 negotiation. 

- Diversity--can be integrated in coal gasification 
combined-cycle applications 

Original plans sited the 5Wton/day LPMEOH’ 
demonstration facility at Dakota Gasification Cotn- 
pany’s Great Plains Gasification Plant in Beulah, ND. 
A portion of the methanol produced at the LPMEOH’ 
demonstration facility would be used in tests to deter- 
mine. its suitability in boiler, turbiie, and transportation 
fuel applications. The remainder would be sold 
commercially. However, an alternate site is under 
consideration. 

Project Status/Accomplishments: 
The project is in negotiation. Several issues related to 
the business and management s!~ctore of the project 
have affected the schedule for negotiation of the 
cwpcrative agreement. 

DOE was notified by the sponsors that the Great 
Plains Gasification Plant located in Badah, ND, was 

unavailable for use as the project site. Subsequently, 
DOE granted an extension to October 18. 1991, for a 
new site to be identified and to develop the demonsua- 
tion project at a suitable alternate site. 

Environmental Conslderatlons 
Environmental information is beiig prepared for use in 
the NEPA process. 

Viially all of the sulfur (>99%) can be removed 
in the manufacuing process and converted into salable 
elemental sulfu or sulfuric acid. Nitrogen compounds 
(principally ammonia) generated in the gasification 
process are. easily removed by cleanup systems and 
subsequently recovered as salable ammonia for fenilizer 
manufacture. The principal solid waste from the gas&r 
is coal ash, which is suitable for landfill disposal. 

the integration of the LPMEOH’process in integrated 
gasification combined-cycle (XXX) applications. 
Currently recognized as one of the cleanest technologies 
for generating electric power from coal, IGCC can 
economically satisfy the most shingent environmental 
limits for SO, and NO,. In an IGCC facility, LPMBOHO 
technology is expected to reduce capital costs and 
improve electric power generating flexibility by storing 
energy in the form of methanol. Because of the variety 
of fuel products produced by the indirect liquefaction 
process, the technology can be used to supply fuels for a 
wide range of applications in the utility or indusuial 
sector. Virtually any size boiler that uses coal, distil- 
late, residual oil, or natural gas can use the fuels. The 
technology can be used in both new and retrofit 
applications. 

Commercial Appllcatlon: 
LPMEoH”technology can be used in several types of 
commercial applications. Of particular importance is 
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Healy Clean Coal Project 

Sponsor: 
Alaska Industrial Development and Expon Authority 

Addldonal Team Members 
Golden Valley Elecnic Association-host utility 
Stone and Webster Engineering Company- 
engineer and constrttctor 

TRW, Inc.-technology supplier 
Joy Technologies-technology supplia 

Locallon: 
Healy. AK (Area is unincorpaated and without 
COWltiEX) 

Congressional Dlstrlct: 
At-large U.S. Congressional District 

Technology: 
TRW’s advanced en!i-ain~ (slagging) cornbustor 
Joy Technologies’ spray dryer absorber with sorbent 

Plant Capaclty/Productlon: 
50 MWe (net) 

Ptr#zcl Fundlng: 
Total project cost $193,407,oc0 100% 
DOE 93,862,GiXl 48 
Participants 99,545,ooo 52 

Project objective: 
To demonstrate an innovative new power plant design 
featuring integration of an advanced combostar and heat 
recovery system coupled with both high- and low- 
temperature emission cam301 processes. 

52 Project Stotlrr 

Technology/Project Descrlptlon: 
‘Ike heart of the system to be demonstrated is an all- 
metal combustor that consists of two cylindrical sections 
followed by a short duct that connects the combostar to 
the boiler. A separate precombustor bums about 25% 
of the coal, and the combustion air to the maio (or 
slagging-stage) combustor is preheated by mixing it with 
the hot gases exhausted from the precombustor. The 
preheated air enters the main combustor section tangen- 
tially to impart a swirling motion to the coal and air. The 
balance of the coal is injected axially at the front end of 
this cyliidrical section. 

Molten slag collects on the walls of the combustor 
and flows toward an opening in the bottom of the main 
combustor where. it falls into a water-fdled slag tank. 
The slagging combustor declines slightly from horizontal 

to aid in the flow of the molten slag. Some slag 
solidifies on the water-cooled surface and serves to 
insulate and protect the metal walls from erosion and 
excessive temperatures. 

The main combustion section operates at a slight 
air deficiency to reduce the amount of NO, produced. 
Combustion products mix with sufficient air to complete 
the combustion reactions that take place in the boiler. 
The combustors are coupled with a specially designed 
boiler that, in addition to its heat recovery function, 
pmdttces low NOx levels, functions as a limestone 
cakiner. and accomplishes first-stage SO2 removal. 

The pmcess also uses a single spray dryer absorber 
vessel for second-stage sulfur removal and a lie 
activation system that recovers unused reagent from the 
particulate collected by the baghouse. 
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The slagging combustor with specially designed Environmental Considerations: 
boiler and the spray dryer/recycle system should be The envimomental inform&on is being prepared for use 
capable of reducing NOx by 70% and SO2 by at least in the NEPA compliance process. DOE has published 
90%. in the Federal Register a “Notice of Intent” to prepare. 

The project involves design, cons!ruction, and an environmental impact statement and to conduct 
operation of the slagging combustor spray dryer/so&at public scoping meetings for this project. 
recycle system at a greenfield site near H&y, AK, The following impacts are projected for the Healy 
to provide power to the Golden Valley Electric demonstration on a national basis by 2010 with maxi- 
Association. mum commercialization of this technology: 

Prolsct Status/Accomplishments: 
The Cooperative Agreement was awarded on April 11, 
1991. Preparation of ADNR land use and EPA NPDES 
permit applications, and project design and cons!ntction 
schedule activities continued. The Advanced Slagging 
Combustor was successfully operated using Healy 
Project fuel at TRW’s Cleveland facility. 

- SO, reduction45% 

* NO, reduction-18% 

Ash removal efficiencies in the combustor range from 
70% to 80%. Much of the coal’sash content is removed 
as a molten slag by cyclonic action in the combustor 
and, when cool, is a dry, coarse solid suitable for a 
la&ill. (Source: CCI Programmatic BnviromnentaJ 
Impact statement) 

Commercial Application: 
This technology has a wide range of applications. It is 
appropriate for any size utility or indusuial boiler in 
new and retrofit uses. It can be used in coal-fired 
boilem as well as in oil- and gas-f& boilers because of 
its high ash removal capability. However, cyclone 
boilers may be the most amenable type to retrofit with 
the slagging combustor because of the limited supply of 
highdtu, low-sulfur, low-ash-fusion-temperahue coal 
that cyclone boilers require. Furthermore, coal of any 
sulfur content can be used as long as the minimum ash 
content is 5%. The commercial availability of cost- 
effective and reliable systems for SO, and NOx and 
particulate control is important to potential users 
planning new capacity, repowering, or retrofits to 
existing capacity in order to meet the Clam Air Act 
Amendments of 1990. 
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Full-Scale Demonstration of 
Low-NOx Cell-Burner Retrofit 

SpOIlSOr: 
The Babccck & Wilcox Company 

Additional Team Members: 
The Dayton Power and Light Company-c&under and 

host utility 
Electric Power Research Institute-cofunder 
Ohio coal Development Offic+-cofunder 
Tennessee Valley Authority-cofunder 
New England Power Company-cofunda 
Duke Power Company-cofuttder 
Allegheny Power System-cofunder 
Cent&x Energy Company~funder 

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

Congressional District: 
6th U.S. Congressional District 

Technology: 
The Babcock & Wilcox Company’s low-NO, cell 
burner (LNCB) system 

Plant Capacity/Production: 
605 Mwe 

Project Funding: 
Total project cost 
DOE 
Participants 

Project Objective: 

$9,796,204 100% 
4,746,204 48 

5,050,w.l 52 

To demonstrate through the first commercial-scale full 
burner retrofit the cost-effective reduction of NO, from 
a large base-load coal-fired utility boiler with low-NO, 
cell burners; and to achieve at least a 50% NOx 

54 Project Status 

reduction without degradation of boiler pe.tiotm?.~.e at reduced flame temperawe minim&s the fa’mation of 
less cost than conventional low-NOx burners. thermal NO,. 

Technology/Project Description: 
The LNCB technology replaces the upper coal nozzle of 
the standard cell burner with a secondary-air pat. The 
lower burner throat is enlarged to accomtnodatc a large 
coal nozzle that has the same fuel input capability as 
two standard coal nozzles. The LNCB qxmtes on the 
principle of staged combustion to reduce NOx emis- 
sions. Approximately 70% of the total air @ii, 
secondary, and excess air) is supplied through or around 
the coal feed nozzle. The remainder of the air is 
directed to the upper pat of each cell to complete 
the combustion process. The fuel-bound nitrogen 
compounds are converted to nitrogen gas, and tithe 

The net effect of this technology is a 50% reduction 
in Nor formation with minimal or no boiler pressure 
pan changes and no impact on boiler operation or 
pafmmance. In addition, the technology is compatible 
with tnc~st commercial and emerging SO, control 
technologies, including conIined zone dispersion, gas 
suspension absorption, duct injection, and advanced wet 
scrubbers. 

The demonstration project will be conducted at a 
large-scale power plant operated by the Dayton Power 
and Light Company and jointly owned with the 
Cincinnati Gas and Electric Company and the Southern 
Ohio Elecuic Company. The boiler unit is a B&W- 
designed, supercritical, once-through boiler equipped 
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with an elecnostatic precipitator. This unit contains 
24 two-nozzle cell butners arranged in an opposed firing 
configuration. Twelve burners (arranged in two rows of 
six burners each) are mounted on each of two opposing 
walls of the boiler. The proposed demonsuation will 
require the removal of all 24 standard cell burners and 
the installation of 24 new LNCBs. 

Project Status/Accomplishments: 
Detailed design for thereuofit was completed in 
October 1990. Pre-retrofit testing was fnished in 
November 1990 and the data analysis is complete. 
Numerical boiler flow mcdeling for both the pre-retrofit 
baseline and retrofit cases are complete. 

Ceramic piping installation was completed during 
mid 1991, and all ancillaries are scheduled for site 
delivery by late summer 1991. Fabrication of the 2x! 
new LNCBs is complete. The burners have been 
delivered to the site and will be installed during the 
scheduled six week outage in September 1991. 

B&WKow-NO, Cell-Bumer 

Environmental Conslderatlons: 
NEPA compliance has been satisfied by a memo-to-file 
approved by DOE on August 1.1990. 

This technology can be retrofitted only with boilers 
configured with cell-type burners. The reuoftt market is 
limited to approximately 37 boilers that emit an 
estimated 728,00&1,312,000 tons/p of NO”. 

Assuming maximum cotmnercialization nationally 
of the LNCB technology by the year 2010, NOx emis- 
sions could be reduced by 364,000656,000 tons& 
relative to a no action alternative. (Source: CCT 
Programmatic EnvirotunentaJ Impact Statement) 

Commercial Application: 
This retrofit technology is applicable to approximately 
37 coal-fired boilers that are equipped with cell-type 
burners, representing a total generating capacity of 
approximately 26,CGO MWe. 
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Confined Zone Dispersion 
Flue Gas Desulfurization 
Demonstration 

Sponsor: 
Bechtel Corporation 

Additional Team Members: 
PennSylvania Elecnic Company-cofunder and host 

utility 
Pennsylvania Energy Development Authority- 

cofunda 
New York State Electric and Gas Corporation- 

wfunder 
Rockwell Lime Company-coftmder 

Location: 
Seward, Jndiana County, PA (Pennsylvania Electric 
Company’s Seward Station, Unit No. 15) 

Congressional Dlstrlct: 
4th U.S. Congressional District 

Technology: 
Bechtel Corporation’s induct confined zone dispersion 
flue gas desulfurization (CZD/FGD) process 

effectiveness during long-term testing and its impact on 
downs!matn operations and emissions. 

Plant Capacity/Production: 
13.5 Mwe 

Project Funding: 
Total project cost 
DOE 
Participants 

Project Objective: 

$9,211,6oLl 100% 
4,605,800 50 
4,605,800 50 

The CZD/FGD process is expected to retnove 50% 
of SO, emissions from coal-fued boilers. If success- 
fully demonstrated, this technology would be an 
alternative to conventional FGD processes, requiring 
less physical space and lower capital, operating, and 
maintenance costs. 

To demonstrate SO, removal capabilities of induct 
CZD/FGD technology; more specifically, to define the 
optimum process operating parameters and to deter- 
mine CZD/FGD’s operability. reliability, and cost- 

Technology/Project Description: 
In Bechtel’s CZD/FGD process, a freely atomizcd slurry 
of reactive lime is sprayed into the flue gas stream 
between the boiler air heater and the elecuostatic 
precipitator @SP). The lime slurry is injected into the 
center of the duct by spray nozzles designed to produce 
a cone of fme spray. As the spray moves downstream 
and expands, the gas within the cone cools and the SO, 
is rapidly absorbed 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 flue gas in carrying the dry 
reaction pmducts and the unreacted lime to the ESP. 

This project includes injection of different types of 
sorbents (dolotnitic, calcitic, etc.) with several atomizer 
designs using low- and high-sulfur coals to verify the 
effects on SO, removal and the capability of the ESP to 
control particulates. The demonstration is located at 
Pennsylvania Electric Company’s Seward Station in 
Seward, PA. One-half of the flue gas capacity of the 
147-MWe Unit No. 15 is beiig routed through a 
modified duct between the first and second ESP. 
Pennsylvania bituminous coal (approximately 1.2-2.5% 
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sulfur) is being used in the project. After the variable 
test program is complete, continuous, fully automated 
and integrated (with the regular power plant) operation 
is planned for a year. 

Projact Status/Accomplishments/ 
Consuwtion is nearly complete. Equipment installation 
is complete except for the data, acquisition and analysis 
system and temperature recording insimments. Water 
testing/calibration of the atomizing nozzles outside the 
duct was started in July 1991. Constmction and pre- 
operational testing is scheduled for completion in 
November 1991, and full-scale operations will com- 
mence in early 1992. 

Environmental Considerations: 
NEPA compliance has been satisfied by a memo-to-file 
approved by WE on September 20,199O. 

Sorbent injection technologies such as the 
CZD/FGD process could reduce national emissions of 

SO, by as much as 38% by 2010. assuming maximum 
commercialisation of the technology. NSPS levels of 
SO, reduction could be satisfied with low-sulk coal. 
Although the volume of solid waste is increased 8%. 
it is dry, nontoxic, and easily disposable. 

content). The CZD installation does not require major 
power station alterations and can be easily and eco- 
nomically integrated into existing power plants. 

Commerclel Appllcatlon: 
CZD can be used for retrofit of and installation in new 
utility boiler flue. gas facilities to remove SO, derived 
from a wide variety of U.S. suhiu-comaining coals. 

A CZD system can be added to a utility boiler with 
a minimal capital investment of $25-55/kW of installed 
capacity, or one-third the cost of building a conventional 
wet scrubber. In addition to low capital cost, other 
advantages include small space requirements, ease of 
retrofit, and production of only nontoxic, disposable 
waste. Tbe CZD technology is particularly well suited 
forretrofitdng onto existing boilers, independent of 
type, age, size, or coal burned (e.g., type, sulfm 
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Blast Furnace Granulated- 
Coal Injection System 
Demonstration Project 

Sponsor: 
Bethlehem Steel Corporation 

Addltional Team Members: 
British Steel Consultants Overseas Services, Inc. 

(marketing arm of British Steel&technology owner 
Simon Macawber, Ltd.-equipment supplier 
ATSI, Inc.-architect and engineer 

Locatlon: 
Burns Habar, Porter County, IN (Blast Furnace Units C 
and D) 

Congressional Dletrtct: 
1st U.S. Congressional District 

Technology: 
British Steel’s blast furnace granulated-coal injection 
(BFGCI) process 

Plant Capacity/Production: 
7.ooO net tons/day of hot metal (each blast furnace) 

Project Funding: 
Total project cost $143,800,000 100% 
DOE 31,259,530 22 
Participants 112S40.470 78 

Project Objective: 
To demonsnate that existing iron-making blast furnaces 
can be reuotitted with blast furnace granulated-coal 
injection technology; and to demonstrate sustained 
operation with a variety of coal particle sizes, coal 
injection rates. and coal types and to assess the interac- 
tive nature of these parameters. 

& POR PUNT tK.E 

TO ROLlmING MILL 

and reductant (reducing agent), on approximately a 
pound-for-pound basis. Because coke production 
results in significant SOI and NOx emissions and coal 
could replace up to 40% of the coke requirement, 
BFGCI technology has significant potential to reduce 
emissions and enhance blast furnace production. 

Emissions generated by the blast furnace itself 

Technology/Project Deecrlptlon: 
In the BFGCI process, both granulated and pulverized 
coal is injected into the blast furnace in place of natural 
gas (or oil) as a blast furnace fuel supplement. The coal 
along wirh heated air is blow into the Liarrel-shaped 
section in the lower part of the blast furnace through 
passages called tuyeres, which creates swept zones in 
the furnace called raceways. The size of the raceway is 
importmu and is dependent upon many factors including 
temperature. Lowering of the raceway temperature, 
which can occur with gas injection. reduces blast 
furnace production rates. Coal, with a lower hydrogen 
content than either gas or oil, does not cause as severe a 
reduction in raceway temperatures. In addition to 
displacing injected natural gas, the cord injected through 
the myeres displaces coke, the primary blast furnace fuel 

remain virhxdly unchanged by the injected cord; the gas 
exiting the blast furnace is clean, containing no measur- 
able SO, or NOx. Sulfur from the coal is removed by 
the limestone flux and bound up in the slag, which is 
readily salable as a consuuction aggregate material 
and rock wool. In addition to the net SO, and NO, 
reduction real&d by coke displacement, blast furnace 
prcxluction is increased by maintaining high racoway 
temperatures. 
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calendar Year 
1988 1989 ,990 1991 1992 ,994 ,935 ,996 ,997 ,938 

3 4 1234 1 234 1 234 1 234 1 F3 4 1 234 1 234 1 234 1 234 12 

I I 

t 

t 

A 

Design completed 6/92 Operation completed 9196’ 

Ground breaking/mmtrudion started Project canplefedtiinal repon 
11,91’ issued 9/99 

NEPA process completed 11/91’ 

‘Construdion mmpleted 1194’ 
Prawerational tests initiated I/94 
Cpsration initiated I,%%* 

‘Projected date 

Two high-capacity blast furnaces, Units C and D at amount of coke required for blast furnaces would 
Bethlehem Steel Corporation’s Bums H&a Plans are 
beiig retrofitted with BFCCI technology. Each unit has 
a prcduction capacity of 7,000 net tonsNay of hot metal. 

ProJect Status/Accomplishments: 
The conceptual design of the blast furnace granulated- 
coal injection system is completed; detailed design work 
and production of subsystem bid packages continue. 

Environmental Considerations: 
Environmental information for use in the NZPA 
compliance process has been completed. Biological 
assessments of impacts on local lakeshore areas was 
completed and approved by the U.S. Department of 
Interior Fish and Wildlife Service. 

The largest reductions in emissions resulting from 
commercialization of the BFGCI technology are. 
expected to occur in the coke-making process. As the 
BFGCI technology reaches full market penetration, the 

decrease, thus reducing the emissions associated with 
its production. Although a slight increase in slag can be 
expected from the coal ash, the slag is readily salable as 
consuuction aggregate. or rock wool. 

Commercial Application: 
‘This technology can be applied to essentially all blast 
furnaces in the United States. It is anticipated that a 
wide variety of coals can be used. 
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Air-Blown/Integrated 
Gasification Combined-Cycle 
Project 

Sponsor: 
Clean Power Cogeneration Liiited Partnership 

Additlonal Team Member: 
City of Tallabawx-host utility 

Tallahassee, Leon County, FL (City of Tal!abassee’s 
Arvah B. Hopkins Station) 

Congreeelonal Dletrlctz 
2nd U.S. Congressional District 

Technology: 
Lttrgi-based integrated gasification combiied-cycle 
(Imc) system 

Plant Capacity/Production: 
120 Mwe 

Prolect Fundlng: 
Total project cost $241,458,W 100% 
DOE 120,729,cuo 50 
Participants 120,729,CKX1 50 

Project Objectbe: 
To demonstrate air-blown fixed-bed integrated gasitica- 
tion combined-cycle technology and to assess long-tam 
reliability, availability, and maintainability at sufficient 
scale to determine commercial potential. 

SULFUR BY-PRODUCT 

q HEATRECOVERY ..- _ K+kYA - STEAL- . 
1 GENWATKIN .k 

k 

----I 
.-5=-%x aa FTNE c-AT.0 

WASTE DlSPOSAL 

-P 
STEAM TURBINE 

Technology/Projecl Deecrlptlon: 
Coal is gasified in a preswized, air-blown, fixed-bed 
g&fin. The low-Btu coal gas leaves the gasifier at 
approximately l,GOO “F and goes to a hot gas cleanup 
system where the removal of sulfur compamds is 
accomplished in a moving bed of solid so&au. The 
cleaned gas is delivered to a combustor, which is on 
board the gas turbiie frame. The gas turbine is inte- 
grated with the coal conversion system through 
pressurized air extraction, which is used as gasifier air 
supply. The steam generated in the heat recovery 
genaator is used both for driving a convemional steam 
turbine generator set producing additional electricity 
and for gas&r blast. The project has the following 
sttbsystems: fixed-bed coal gasification (Lurgi), hot gas 
cleam~p, a combustion turbine capable of using lowB@.t 

coal gas, selective catalytic reduction for NOx control, a 
briquettor to utilize coal fmes. and the balance of plant. 

In the demonstration project, a nominal 1,270 tons/ 
day of coal is converted into 120 MWe. The base feed 
coal for the project is ahigh-sulfur Illinois Basin 
bituminous coal. The proposed site is the City of 
Tallahassee’s Awah B. Hopkins Station, which is 
located in Tallabassee, FL. 
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Calendar Year 
,998 1989 ,990 1931 199.2 ,993 1934 199s 19% ,997 1998 
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I I 

t 
operation ink3ted 3194 

Preoperati~al test8 initiated 9493’ 

NEPA p-s completed 7,X?’ 
Consnudion inliated 7192’ 

Cooperative agreement awarded 319m 

DOE sekted pro@3 12/19/89 

t 
opraliin completed 3196’ 
Project ca3mpletedflinal report issued 31% 

‘Projected date 

Project Status/Accomplishments: plants require 15% less land area than p”lvtized coal - Incremental power increase-230% 
The Coqaative Agreentent was awarded March 18, 
1991. Prelhnii design and engineenhg activities 
are wtdenvay. 

EnvIronmental Considerations: 
Aswming maximum commercializatio” of IGCC 
technology on a national basis by 2QlO relative to a “o- 
action alternative, the following impacts are projected: 

- so, redlKxion-37% 

. NOx reduction-17% 

- Solid waste reduction-S% 

. CO, reduction-6% 

(source: CCT Proglamt”atic E”viro”“x”tal Inlpact 
statem~t) 

Commerckl Appllcatlon: 
In recent years, IGCC has become a rapidly emerging 
alternative for new electricity generating plants. Such 

plants with flue gas deuhittization. IGCC technology 
also can be used in qmwing, where a gasifler. gas 

. Fuel flexibility--permits use of wide range of coals 

stream cleanup ““it, gas turbine. and waste heat - Compacmess-high process effkiency reduces space 

recowy boiler are added to replace the existing coal- tvqlhalents pa ““it of energy generated 

fved boiler. The. re”tal”i”g equipment is left in place, * Modular co”shwtlo”- lends itself to economic 
including the steam turbine and elecuical generator. addition of capacity innements to match load 
Because of its advimtages of modularity, rapid and growrh 
staged on-line generation capability. high efficiency. 
envlro”“x!ntal conuollability, a”d reduced land and 
natural resource needs. another imp”rta”t application for 
IGCC is cogenemtion under the PURPA Qualified 
Facility regulations. 

The perfOr”ta”~ potential of IGCC tech”ology i” 
iu commercial configuration is charactetized as follows: 

. SO, reduction-99% 

. NO, reduction-95% 

* Plant efficiency-up to 48% 
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PCFB Demonstration Project 
I 

PRESSJRIZED ClRCUl.ATlNG 
FLUIDIZEDSEO BOILER 

B’RESSEDAIR ,, fi 
* 

OAS TURBINE EXHAUST 
.>m , - 

Sponsor: 
DMEC-1 Limited Parbwship (Pattnership of Dairyland 
Power Cooperative and Iowa Power Inc.) 

Additional Team Members: 
~powa corporation-tecbn010gy supplier 
Black and Veatcb-architect and enginea 

OOiDMMlMESTO~E \ pq 

COMSUSTOA 
V 

Location: II --..- J- WATER +Y ~ 
Pleasant Hill, Polk County, JA (Des Moines Energy 
Chter) 

Congressional Dlstrkt: 
4th U.S. Congressional District 

Technology: 
Pyropower corporation’s pymflow pressuized 
circulating floidized-bed combustion (PCFB) combiied- 
cycle system 

HIGH-PRESURE STEAM 
GAS TURBINE 

Plant Capacity/Ptiuctlon: 
70 Mwe k 
Project Funding: 
Total project cost $202,959,0al 
DOE 93,253,ooo 
Participants 109,706,ooo 
(Funding is subject to negotiation.) 

100% 
46 
54 

Project Objective: 
To demonstrate PCFB at sufficient scale to evaluate 
environmental, cost, and plant performance and to 
obtain the technical data requisite to wmmercialization 
of the technology; to assess efficiency improvements 
associated with integration of a hot gas cleanup system 
using a ceramic btier filter and inclusion of a topping 
combostor; to achieve SO, reduction in excess of 90% 
and NO, reduction of 70%; and to improve plant 
efficiency by up to 15% of its current rating. 

Technology/Project Dsscrlptlon: 
In the PCFB process, coal is cornbusted at about 
1,600 OF in a circulating fluidized bed contained within 
a pressure vessel. Limestone is used within the bed to 
absorb sulfu compounds. Particulates born the hot, 
pressttrized combustion gases are removed by a ceramic 
filter. The clean gas is then expanded through a gas 
turbine. During peak load demand periods, the topping 
combustor is fued with fuel oil to raise the inlet 
temperature of the gases entering the gas turbine. 
Higher turbine operating temperahue increases the 
turbine efficiency and power output. Steam generated 
withii the PCFB combustor and the heat recovery steam 
generator downstream from the gas hrbiie are used to 
generate power in two existing steam turbines. 

The Alma project would be the world’s first large- 
scale demonstration of PCFB technology. The project 
provides for repowering an existing pulverized coal- 
fxed boiler with a single PCFB combustor integrated 
with an oil/gas-fred topping combustor and a gas 
hxbine module operating in a combiied<ycle mode. 
The rcpowered plant will have a capacity of about 70 
MWe. The unit is part of the Des Moines Energy 
Center located southeast of Des Moines, Iowa. 
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I Canstrudion started T/Q3 

Coaperative agreement awarded 8191’ 

DOE seledad projsl 12/w/89 

I 
Operation initiated 6&W 

I 
Pro@3 completed 
6/97’ 

*Pmjedad date: milestOnes are subject to negotiation. 

Project Status/Accomplishments: 
The Cooperative Agreement was awarded August 1, 
1991. Preliinary design and project defiition studies 
are underway. 

Envlronmental Conslderatlons: 
Environmental information is being compiled for “se in 
the NEPA compliance process. 

Assuming maximum commercialisation of the 
technology on a national basis by 2010 relative to a “o- 
action altemaive, the following impacts are projected: 

. SO, red”ction48% 

. NOx reduction-17% 

. Solid waste dexxase4%, with the solid waste in a 
dry, granular form amenable to altemative uses such 
as co”stnlcti0” aggregate 

. CO, reduction-S% 

(Source: ccr ProgJmlnlatic E”vim”“le”ml Inlpact 
Statement) 

Commercial Application: 
The combhwkycle PCFB system pennits the combus- 
tion of a wide range of coals. including high-sulfur 
coals, and would compete with the bubbling-bed PFBC 
system. Like the bubbling-bed system PCFB can be 
used to repower oil- and gas-fmd boiler tits, while. 
switching than to high-solfur coal; to repower coal- 
fred power plants; and to build new PCFB units. 
Combined-cycle PCFB technology appears to be best 
suited for electric utility plants larger than 100 MWe. 
Because of modular consmxtion capability, PCPB 
generating plants permit utilities to add economical 
inaemenw of capacity to match load growth and to 
repower with PCFB using the existing plant area, coal- 
and waste-handling equipment, and steam turbine 
equipment. 

The paformance potential of PCFB technology is 
characterized as follows: 

- so, reduction-95% 

- NO. reduction-80% 

* Pkmt efficiency increase--up to 45% 

- Jncremental plant efficiency--improved g-15% 

* Fuel flexibility--pennits “se of wide range of coals 

- Compacmess-high process efficiency reduces space 
requiremenu pa unit of energy generated 

* Modular construction-lends itself to economic 
additions of capacity incremenu to match load growth 
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ENCOAL Mild Coal 
Gasification Project 

Sponsor: 
ENCOAL Corporation (subsidiary of Shell Mining 
CO”w”Y) 

Additional Team Members: 
Shell Mining Coqany-cofunda 
TEK-KOL (partnership between Shell Mining Company 

and SGI International-technology owna, supplier, 
and licensa 

SGI Jntemationa-ao1ogy developa 
Ttiton coal Company (subsidiary of Shell Miig 

Company&host facility and coal supplia 
The M. W. Kellogg Compa”y-e”gineer and 

CO”SUUCt”I 

Location: 
Near Gillette. Campbell County, WY (Buckskin Mine) 

Congressional Dlstrlct: 
At-large U.S. Congressional District 

Technology: 
SGI International’s liquids from coal (LFC) process 

Plant Capacity/Production: 
1,000 tons/day of subbitominous coal feed 

Project Funding: 
Total project cost 
DOE 
Participanui 

$72,564,0CQ 100% 
36,282,ooO 50 
36,282,OOO 50 

Project Objective: 
To demonstrate the integrated operation of a number of 
novel operating steps to produce two higher value fuel 
forms from mild gasiiication of low-&for subbimmi- 
nous coal; and to provide wfficient products for 
potential end users to conduct bum tests. 

COAL FEED STACK 

COMUSTOR 

COAL- 
DERIVED 

TO TRUCK AND RAIL LOADOUT 

Technology/Project Description: 
The FNCOAL mild coal gasification process involves 
heating coal under carefully contmlled conditions. Coal 
is fed into a rotary grate dryer where it is heated by a hot 
gas stream to reduce the moisture content of the coal. 
‘Ihe solid bulk temperature is controlled so that “a 
significant amounts of methane, carbon monoxide, or 
cabn dioxide are released from the coal. The solids 
from the dryer are conveyed to the pymlyzer where the 
rate of heating of the solids and residence time are 
controlled to achieve desired properties of the fuel 
products. During processing in the pyrolyzer, all 
remaining free water is removed, and a chemical 
reaction occurs that results in the release of volatile 
gaseous material. Solids exiting the pyrolyzer are 
quenched cooled, and uansferred to a surge bin. 

The gas produced in the pyrolyzer is Sent through a 
cyclone for removal of the particulates and the” coaled 
to condense the liquid fuel products. Most of the gas 
from the condensation ““it is recycled to the pyrolyzer. 
The rest of the gas is burned in combustors to provide 
heat for the pymlyzer and the dryer. NO” emissions are 
controlled by staged air injection. 

The offgas from the dryer is treated in a venturi 
scrubber to remove particulates and a horizontal scrubber 
to remove SO,, both using a sodium carbonate solution. 
The treated gas is vented to a stack, and the spent 
solution is discharged into a pond for evaporation. 

The site of the ENCOAL project is located within 
Campbell County, WY, at Triton Coal Company’s Buck- 
skin Mine. 10 miles north of Gillette. The plant makes 
use of the present coal-handling facilities at the mine. 
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Preaward 

*. 111 ’ 

t 
Construdion completed 9192 
Operation initiated %92 

Prmperafwnal t**ts iniiiated St32 
Design completed 591’ 

Construdion Started 10190 

Ccqxrativw agreement awarded 90 A90 

NEPA prccess complefed 8/1/90 
DOE selected project 12r19/89 

Project completedninal repal issued 994’ 

Project StatuslAccompllshments: 
Both design and construction activities are ahead of 

schedule with mechanical and structural design com- 
plete, construction of all silos complete, mine expansion 
tasks complete, quench tcwer in place, and steel erection 
begun. 

(source: ccl- Fkxgmmatic Eitwirlmmental Impact 
Statement) 

Commercial Application: 

Environmental Considerations: 
NEF’A compliance has been satisfied by an environ- 
mental assessment with a finding of no significant 
impact approved by DOE on August 1, 1990. 

The liquid products from mild coal gasiticatimt can be 
used in any market in place of No. 6 fuel oil. The solid 
product can be used in any scale indusbial or utility 
boiler. The f&stock for mild gasification facilities is 
being limited to lower sulfw, low-heating-value coals. 

Assuming maximum commercialisation of the mild 
coal gasification technology on a national basis by 2010 
relative to a no-action alternative, the following impacts 
are projected: 

* so, reduction-S% 

. NO, reduction-Z% 

. Solid waste increase-14%; however, this is 
a dry, salable by-product. 

The potential benefits of this mild gasification 
technology in its commercial configuration are atnibut- 
able to the increased heating value and lower sulfur 
content of the new solid fuel product, compared to 
the subbituminous feed stwk and the production of 
liquid products requiring limited hydmueating. The 
product fuels are expected to be used economically in 
commercial bailers and furnaces and to significantly 
reduce sulfur emissions at industriial and utility facilities 
currently burning high-sulti bituminous fuels or fuel 
oils. 
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Evaluation of Gas Reburning 
and Low-NO Burners on a 
Wail-Fired B6iler 

Sponsor: 
Energy and Fnvironmental Research Corporation 

Additional Team Members: 
Public Service Company of Colomdo-cofunder and 

host utility 
Gas Research Institute-cofunder 
Colorado Interstate Gas Coqany-zofunder 
Electric Power Research Institute--cofunder 

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

Congressional District: 
1st U.S. Congressional District 

Technology: 
Energy and Environmental Research Corporation’s gas 
rebutting and low-NO= burner system 

Plant Capacity/Production: 
172 MWe 

Project Funding: 
Total project cost 
DOE 
Participants 

$14,472,117 100% 
7,236,058 50 
7,236,059 50 

Project Objective: 
To attain up to a 75% decrease in the emissions of NOx 
from an existing wall-f& utility boiler ftig low- 
sulfw coal using both gas rebuming and low-NO, 
burners. 

OVER-FIRE AIR 
sAGHO”SE 

RECIRCULATED 
FLUE GA8 

WlNOeOX, 1 

COAL-+ 
MR--+ 

Technology/Project Descrlptlon: 
Gas rebuming involves fting natural gas (up to 20% of 
total fuel input) above the main coal combustion zone in 
a boiler. This upper-level fuing creates a slightly fuel- 
rich zone. NOx drifting upward from the lower region 
of the furnace is “rebut&” in this zone and converted 
to harmless molecular nitrogen. Low-NOx burners 
positioned in the coal combustion zone retard the 
production of NOx by staging the burning process so 
that the coal-air mixture can be carefully controlled at 
each stage. The synergistic effect of adding a rebuming 
stage. to wall-fued bailers equipped with low-NOx 
burners is projected to lower NOx emissions by as much 
as 75%. 

The project site is Public Service Company of 
Colorado’s Cherokee Station, Unit No. 3, in Denver, 
CO. This project combines gas reburning and low-NO= 
burners on a 172~MWe wall-fired utility boiler. West- 
em bituminous coal is being used. 
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Calendar Year 
,988 ,989 ,990 ,991 1992 1994 ,995 ,996 1997 ,998 
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T” Project cnmpletedninal report issued 594 
CQertion completed 3/94 

CanStNdion mmpletad 9/92 

operation Inlialed 9192 
Design completed 8191* 

Ground breakingImnstru&n started 7191* 

Coaperarive agreement awarded 10/13/90 

NEPA p-s mmplefed W31190 

Environmental monitoring plan completed i’R6/90 

DOE seleded project IZlgiEg * Projeaed date 

ProJect Status/Accomplishments: 
Permitting activities are complete and detailed design 
continues. Process specifications for the Gas Rebwning 
installation are complete and long lead-time items are 
on order. Consm~ctionbegan in mid 1991, end retrofit 
work is slated to proceed during the scheduled August 
through October 1991 boiler outage. Demolition of the 
old electrostatic precipitator has begun and asbestos is 
being removed. 

Environmental Considerations: 
NFPA compliance has been satisfied by a memo-to-file 
approved on August 31,199O. 

Assuming maximum commercialization of gas 
reboming and low-NOx burners on a wall-fired boiler on 
a national basis by 2010 relative to a no-action altema- 
tive, NOx emissions could be reduced by 13%. The 
substitution of gas for coal results in a 10% reduction of 
SO, on a national basis. No changes in liquid effluents 

OI solid wastes are anticipated. (Source: CCT Program- 
matic Environmental Impact Statement) 

Commercial Application: 
Gas rebuming in combination with low-NO, bornas is 
applicable to wall-fred utility boilers. The technology 
can be used in both new and pre-NSPS wall-fued 
boilers. 

Specific features of this technology that increase its 
potential for commex.ialization are as follows: 

* Can be retrofitted readily to existing onits 

- Reduces NO, emissions by more than 70% 

- Suitable for use with a wide range of coals 

- Has the potential to improve boiler operability 

* Has the potential to reduce the cost of electricity 

* Consists of commercially available components 

- Requires minimal space 
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LIFAC Sorbent Injection 
Desulfurization 
Demonstration Project 

Sponsor: 
LIFAC-North America (a joint venture between 
Tampella Keeler, a subsidiary of Tampella, Ltd., of 
Finland, and ICF Kaiser Engineers, Inc.) 

Additional Team Members: 
ICF Kaiser Engineers, Inc.--cofunder and project 

Tampella, Ltd.--cofunder and technology owner 
Richmond Power and Light--cofuder and host utility 
El~ttic Power Research I”stit”t-f”nder 
Peabody Coal Compa”y-coft”tdex 
Black Beauty Coal Company-cofttnder 
LaFarge corpomtio”-coflmda 

Location: 
Richmond, Wayne County, IN (Richmond Power and 
Light’s Whitewater Valley Station, Unit No. 2) 

Congressional Dietrlct: 
2d U.S. Congressional District 

Technology: 
LIFAc’s sorbent injection process with sulfu capture in 
a unique, patented vertical activation *eactor 

Plant Capacity/Production: 
mMwe 

Project Funding: 
Total project cost $17,018.982 loo% 
DOE 8.509.491 50 
Participants 8,50?2,491 50 

Project Objective: 
To demonstrate that &chic power plants-especially 
those with space lbnitationsburning high-stdfw 

68 Project stmw 

Indiana coals, can be retrofitted successfully with the 
LIFAC limestone injection process to r~ove 7>85% 
of the SO, from flue gas and produce a dry solid waste 
product for disposal in a landfill. 

Technology/Project Deecrlptlon: 
Ptdverized limestone is pneumatically blown into the 
upper part of the boiler near the superheater where it 
absorbs some of the SO, in the boiler flue gas. The 
limestone is calcined into calcium oxide and is available 
for capture of additional SO, downstream in the 
activation, or hwniditication, reactor. I” the vertical 
chatttba, water sprays initiate a series of chemical 
reactions leading to SO, capture. After leaving the 
chamber, the sorbent is easily separated from the flue 
gas along with the fly ash in the electrostatic 

precipitator. The waste is dry, making it easier to 
handle than the wet scrubber sludge produced by 
conventional wet limestone scntbba systems. 

The technology enables power plants with space 
limitations to “se high-sulk midwestem coals by 
providing a” injection process that removes 7%85% of 
the SO, from flue gas and produces a dry solid waste 
product suitable for disposal in a landiill. 

The process is being demonstrated at Whitewater 
Valley Station, a coal-fued power plant owned and 
operated by Richmond Power and Light and located in 
Richmond, IN. The 60-MWe Unit No. 2 is being 
retrc-fitted. The activation or humidification chamber 
is being located next to the boiler building “ear Unit 
No. 2. 

LJFAC 
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Project Status/Accomplishments: 
All design activities are complete except review of 
vendor drawings. All plant tie-ins were successfully 
completed during the scheduled March 1991 outage. 
The balance of the LlFAC equipment can be. installed 
without impacting plant operations. All long-lead 
procurement activities are completed. Formal ground 
breaking for the new equipment occurred on May 29, 
1991. 

Envlronmental Conslderatlons: 
NEF’A compliance has been satisfied by a memo-to-file 
approved on September 27, 1990. DOE has provided 
comments on the Draft Envimmnental Monitoring Plan. 

Assuming maximum commercialisation, significant 
reductions of SO, (45%) are projected to be achievable 
nationally by 2010 with the LIFAC process relative to a 
no-action alternative. The LIFAC process has wide 
applicability as it can be. reuoiitted to many coal-fired 

bailers. (Source: CCT Programmatic Environmental * It is relatively simple to operate. 
Impact Statement) 

‘Ihe benign waste material can be disposed ht a 
- It pmduces a dry, readily disposable waste. 

landiill along with the fly ash. The material also may 
be. used as a road bed or excavation fdl material. 
Commercial use of the LIFAC by-product in the 
manufachm of constmction materials is currently being 
investigated in Finland. 

Commercial Application: 
‘Ihis process is suitable for application to all coal-fired 
utility or indusbial boilers, especially those with tight 
space limitations. The LIFAC process offers the 
following advantages: 

- It is less expensive to install than c4mventional 
wet flue gas desulforization processes. 

- It uses dry liiestotte instead of the more expensive 
linle. 
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Commercial Demonstration of 
the NOXSO SOJNO, Removal 
Flue Gas Cleanup System 

Sponsor: 
MK-Ferguson Company 

Additional Team Members: 
NOXSO Corporation-cofunder and technology 

supplier 
W. R. Grace and Company-cofunder 
Ohio Edison Company-coftmder and host utility 
Ohio Coal Development Oftice-+ofmtder 
Gas Research Institote~funder 
Electric Power Research Institute-coftmder 
East Ohio Gas Coqany-cofunder 

Location: 
Niles. Tmmbull County, OH (Ohio Edison’s Niles 
station, unit 1) 

Congressional District: 
17th U.S. Congressional Disuict 

Technology: 
NOXSO Corporation’s dry, regenerable flue gas 
cleanup process 

Plant Capacity/Production: 
108 MWe 

Proiect Funding: 
Total project cost LwQ49.696 100% 
DOE 33,124,848 50 
Participants 33.124.848 50 

Project Objective: 
To demonshate SO2 and NO, removal from a coal-fired 
boiler flue gas using the NOXSO process and to remove 
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BOILER CLEAN FLUE GAS 
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97% of the SO2 and 70% of the NO, from the flue gas 
exhausted to the atmosphere. 

Technology/Project Description: 
The NOXSO process is a dry, regenera?$e system 
capable of removing both SO, and NOx in flue gas from 
coal-fred utility boilers. In the basic process, the flue 
gas passes tbmugh a fluidized-bed adsorber located 
downstream of the precipitator; the SO, and NO, are 
adsorbed by the sorbat. The sorbent consists of 
spherical beads of high-surface-area alumina impreg- 
nated with sodium carbonate. The cleaned flue gas then 
passes to the stack. 

The NOXSO sorbent regenerates with heating, 
which causes the NO, to desorb and pattially decom- 
pose. The hot air containing the desorbed NO, is 

recycled to the boiler where equilibrium processes cause 
destruction of this NO,. The adsorbed sulfur is recov- 
ered from the sorbent in a regenerator where it reacts 
with methane at high temperature to produce an offgas 
with high concenuations of SO2 and hydrogen sultide 
@I$). This offgas is processed in a Claus plant to 
produce elemental sulfur, a salable by-product. 

The process is expected to achieve SO, reductions 
of 91% and NO, reductions of 70%. 

The NOXSO process is being demonstrated at Ohio 
Edison’s Niles Station, Unit 1, a 108.MWe cyclone 
boiler. MK-Ferguson will design, construct, and 
operate a full-scale commercial NOXSO unit to 
demonstrate process feasibility. The project is being 
structured so that data from the proof-of-concept facility 
b&g consrmcted at Ohio Edison’s Toronto Station can 
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be available before the end of the project definition 
activity. 

Project Status/Accomplishments: 
The Cooperative Agreement was awarded on March 11, 
1991. Evaluation is in progress on recent data and 
results of the proof-of-concept development work 
essential to establishing the design baseline. 

Environmental Considerations: 
Environmental information is being compiled for use in 
the NEPA process. 

By 2010, national emissions of SO, could be 
reduced by as much as 48% and NO, by 11%. assuming 
maximum commercialization of this technology relative 
to a no-action alternative. Also, the process results in 
essentially no increase in solid waste and produces a 
salable by-product (sulfw). (Source: Programmatic 
Environmental Impact Statement) 

Commercial Appllcatlon: 
The NOXSO process is applicable for retrofitting 
existing coal-fired power plants o* for use in new 
facilities. The demonstration is expected to use 
southeastern Ohio and western Pennsylvania coal (3.2- 
3.5% sulfur average). The process is adaptable to coals 
with higher sulfur content. 

Commercial-grade sulfur, a salable by-product, is 
produced. The technology is expected to be. especially 
attractive to utilities that require high removal efficien- 
cies for both SO, and NO‘ and/or need to eliminate solid 
wastes. 

MK-Ferguron Company Project Status 71 



Integrated Dry NO, /SO, 
Emission Control System 

Sponsor: 
Public Service Company of Colorado 

Additional Team Members: 
E&tic Power Research Instituteafundex 
Stone and Webster Engineering Company~ngineer 
‘The B&-xx& &Wilcox Company--bumer developer 
Fossil Energy Research Corporaticm~pzationzd 

testing 
Western Research Institute+fly ash evaluator 
Colorado School of Mines-enginezting reseat& 

and testing 
Vendor (to be determined)-urea system provider 

Location: 
Denva, Denver County, CO (Public Service Company 
of Colorado’s Arapahoe Station, Unit No. 4) 

Congressional District: 
1st U.S Congressional District 

Technology: 
The B&cock & Wilcox Company’s low-NO, burners, 
induct s&rent injection, and furnace (mea) injection 

Plant Capacity/Production: 
loo MWe 

Project Funding: 
Total project cost 
DOE 
Participants 

$26.477.878 100% 
13.238.939 50 
13,238,939 50 

Project Objective: 
To demonstrate the integration of three technologies to 
achieve up to 70% reduction in NO, and SO, emissions; 
more specifically, to assess the integration of a down- 
f& low-NOx burner with in-furnace urea injection for 
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additional NOx removal and dry sorbem induct b&g tested to determine how much additional NO, can 
injection with humidification for SO, removal. be removed from the combustion gas. 

Technology/Project Description: 
All of the testing will use B&cock & Wilcox’s low-NOx 
XCL down-f& burners with over-fue air. These 
burners control NO% by injecting part of the coal and 
part of the combustion air in an oxygen-deficient 
environment. Additional fuel and combustion air ale 
introduced in a second stage to advance the combustion 
process. Additional air is inuoduced to complete the 
combustion process and further enhance NO, removal. 
The low-NO, burners are expected to reduce up to 50% 
of the NO, and with added air, the system is expected 
to reduce NO, emissions by up to 70%. To reduce NOx 
emissions even further, in-furnace urea injection is 

Two types of dry sorbems are being injected into 
the ductwork downstream of the boiler to reduce SO, 
emissions. Either calcium is injected upstream of the air 
heater or sodium or calcium is injected downstream of 
the air heater. Humidification downstream of the dry 
sorbent injection enables the electrostatic precipitator to 
maintain performance. Humidification aids SO2 capture 
and lowers flue gas temperature and gas flow, which 
improves particulate collection efficiency. 

The three basic technology systems are being 
installed on Public Service Company of Colorado’s 
Ampahoe Station Unit No. 4, a 100.MWe down-fred, 
pulverized-coal boiler with roof-mounted burners. 

Public Service Company ofColorado 
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Project Status/Accomplishments: 
The Cooperative Agreement was awarded March 11, 
1991. Work condnues on design of all major systems 
and preparing equipment specifications. Review of 
drawings for the humidification system and the burners 
continues and bid documents were issued for the 
humidification system ah compressor. Design work 
continues cm the urea system. The Colorado School of 
Mines has begun preliminary work on the test reactor. 

Environmental Considerations: 
NFPA compliance has been satisfied by the signing of a 
memo-to-file approved by DOE on September 27.1990. 

SO, reduction is in the range of 5g75%. Although 
the volume of solid waste is considerably increased, it is 
dry, easily disposed of, and nontoxic. From a national 
perspective, a 38% SO, reduction is projected by 2010, 
assuming maximum commercialisation of the sorbat 
injection technology. Urea injection should enhance 

NO, reduction. thereby increasing low-NOx 
burner impact on national reductions from the 
presently projected 11%. (Source: CCT 
Pmgrammatic Environmental Impact Statement) 

Commercial Application: 
Urea injection and sorbem injection are both 
applicable to most utility and industrial coal- 
fned units and can be retrofitted with modest 
capital invesrment and downtime. 
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