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EXECUTIVE SUMMARY

INTRODUCTION

The PittsburghEnergy Technology Center of the U.S. Departmentof Energy (DOE) has contractedwith

Combustion Engineering, Inc. (ABB CE) to performwork on the "Engineering Development of Advanced Coal-

Fired Low-Emission Boiler Systems" Project and has authorized ABB CE to complete Phase I on a cost-

reimbursablebasis.

The overall objective of the Project is the expedited commercialization of advanced coal-fired low-emission

boiler systems. The specified primary objectives are:

- NOx emissions not greater than one-third NSPS.

- SOx emissions not greaterthan one-third NSPS.

- Particulate emissions not greater than one-half NSPS.

The specific secondary objectives are:

- Improvedash disposability and reduced waste generation.

- Reduced air toxics emissions.

- Increased generating efficiency.

The final deliverables are a design data base that will allow future coal-fired power plants to meet the stated

objectives and a preliminary design of a commercial generation unit.

The deliverables for Phase I are a Project WorkPlan covering all four phases, concept and component

evaluation and selection, an R, D & T Plan, a preliminary CommercialGenerating Unit design, and a Phase I

Report. The work in Phase I which will cover a 24-month period, is organized in the following six Tasks:

Task 1 - Prepare,and obtain DOE approvalof, a comprehensiveManagement Plan

and manage the Project as described therein. Prepare a detailed Project

Work Plan, Milestone Schedule/Plan, Cost Plan, Notice of Energy R&D

Project, QA/QC Plan, and Hazardous Substance Plan.
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Task 2 - A comprehensive assessment and system analysis of candidate

technologies which have the potential to achieve the primaryobjectives

and one or more of the secondary objectives. This work includes coal

selection, subsystem technical assessment, concept development and

evaluation, a Concept Selection Report, and preliminary engineering

design of subsystems to demonstrateuncertaintechnologies.

Task 3 - Produce the Research,Development and Test (R, D & T) Plan. The

process will involve preparationof a draft R, D & T Plan;preparationof

a Design Deficiency Analysis which identifies information and data

required, recommended approachto generating it, and estimated resources

and time required;preparationof a detailed R, D & T Plan to include

engineering analysis, component developmentvia generating design data

and experimental work, and finally subsystem testing.

Task 4 - Implement component definition with engineering analysis, modeling, and

experimental R&D and testing to supportpreliminarydesign of a low-

emission boiler system, design of the POC Test Facility, and the

Subsystem Test Design. An additional objective is to identify the POC

Test Facility site.

Task 5 - Using the results of the preceding activities, select one low-emission

boiler system concept from the Concept Selection Report and develop a

PreliminaryEngineering Design for a 350 MWe coal-fired unit. With this

design in view, the Design Deficiency analysisand the R, D & T Plan

will be reviewed to ensure that Phase IIR&D and testing ,_atisfysystem

development needs.

Task 6 - Issue a Phase I Report which will include a summary and descriptionof

the results of the work performed in Phase I, throughdocumentationof

the Commercial GeneratingUnit Design, a detailed documentationof all

R&D and testing conducted in Phase I, and a thorough descriptionof the

updatedProject Work Plan for Phases II and III.
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The Project will be managedby ABB CE as the contractor and the work will be accomplished and/orguided by

this contractorand the following team members:

DOE ContractingOfficer's Representative (COP,.)

- ABB EnvironmentalSystems, Inc. (ABBES)

- Energy and EnvironmentalResearch Corporation (EER)

- Raytheon Engineers and Constructors, Inc. (RE & C)

- Dr. Janos Be_r, MIT and Dr..Ion McGowan, U. of Mass.

- Association of Edison IlluminatingCompanies - Power GenerationCommittee (AEIC)

- Advanced Energy Systems Corporation (AES)

- Electric Power Research Institute (EPRI)

- Illinois Clean Coal Institute (ICC1)

- Peridot Chemicals, Inc.

- RichmondPower & Light

- SouthernCompany Services, Inc. (SCS)

-3-



SUMMARY

Workcontinued as planned and scheduled. Total expenditures are below budget. Tasks2 and 3 are complete.

Task 4 is currently slightly behind schedule but is projected to finish on or ahead of schedule. Task 5 was

started early. Task 6 will start in April.

The following majordeliverables were issued:

- Slides and narrativefor PETCAudio/Visual Combustion 2000 Exhibit.

- Technical Paper for the 19th International Technical Conference on Coal Utilization & Fuel

Systems.

- Draft of Technical Paper (for internal review) for the 1994 International Joint Power

Generation Conference.

Two advisors were added to the Team - Richmond Power & Light and Peridot Chemicals, Inc. RP&Lis an

excellent candidate for the POC host. Peridot has expertise in the production and marketing of sulfuric acid.

A regular QuarterlyReview Meeting was held with DOE-PETC.

No changes to the Work Plan are anticipated for the next quarter.
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TASK 1 - PROJECt PLANNING AND MANAGEMENT

All work in Task 1 and all Task 1 deliverables for the reporting period were completed on schedule. All

monthly Status, Summary, Milestone Schedule, and Cost Reports were submitted on schedule. Expenditures to

date are below budget. See Appendix A.

A meeting of DOE-PETC and the ABB LEBS Team was held in RE&C's Philadelphia offices on i

February 8, 1994. The primary objectives of the meeting were:

- Assess project status - schedule/budget/manpower/deliverables.

- Provide a status report of, and discuss, Task 4 and Task 5 activities.

These objectives were attained and several other topics were covered. See meeting agenda in Appendix C.

Technology transfer activities included:

- Prepared slides with narrative for PETC Combustion 2000 Exhibit.

- Organized a Technical Session titled "Technical Status of DOE's Combustion 2000 Program"

for the '94 International Joint Power Generation Conference. The five Combustion 2000

contractors and DOE-PETC each agreed to write and deliver paper.

- Drafted ABB's paper for this conference.

- Wrote and presented a paper for the 19th International Conference on COAL UTILIZATION &

FUEL SYSTEMS. (See Apprndix B.)

Two advisors were added to the Team:

Peridot Chamicals, Inc. Richmond Power & Light
1680 Route 23 North 2000 U.S. 27 South

Wayne, New Jersey 07470 P.O. Box 908
(Mr. Irwin Zonis) Richmond, Indiana 47375

(Mr. Dale Norris)

Peridot Chemicals, Inc. expertise is in the area of sulfuric acid production and marketing. They are involved in

by-product chemicals from utility FGD systems. They will provide guidance on the SNOx sulfuric acid

marketing.
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Richmond (Indiana) Power & Light is an excellent candidate for the POC host. A meeting was held at their

Whitewater Valley Plant on March 15. The meeting was attended by personnel from RP&L, DOE, RE&C and

ABB. A follow-up meeting is schedule for April 27.

Preliminary work on updating Phase II and llI cost estimates was completed and the approximate total cost was

given to DOE-PETC. ABB conditionally agreed to 25% cost share in these Phases.

Task 5 working meetings of the LEBS Team were held January 6 and March 3. Meeting agendas are included

in Appendix C and are discussed under Task 5 below.
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TASK 2 - CONCEPT DEVELOPMENT

No further activity is anticipated.
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TASK 3 - RESEARCH, DEVELOPMENT, AND TEST PLANS

No further aotivity is anticipated.
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TASK 4 - COMPONENT DEFINITION

Two Subtasks were focused on during this quarter: 4.2 - Experimental Research and 4.3 - Combustion

Modeling. Results are summarized below.

Expedmental Research

Preparation for the high temperature selective non-catalytic reduction (SNCR) of NOx was started. It was

decided that ammonia will be used as the reducing agent and that Illinois #6 coal firing will be the source of the

NOx. The effectiveness of this particular SNCR will be tested in the Multi-State Drop Tube-2 0VISDT-2) which

is shown in Figure 1. Testing will be conducted with air so as to best replicate actual flue gas compositions.

The preliminary test matrix is shown in Table 1. The goal of the experimental research is to quantify the

conditions (temperature, fuel/oxygen and NH3/NOx ratios) that result in the optimum reduction of NOx with the

least amount of ammonia slip.

The Fourier Transform Infra-Red (FTIR) spectrometer was used last quarter to measure the concentrations of

hydrocarbons and nitrogenous species released from Illinois #6 coal. The analysis of these measurements has

been completed and the results can be found in Table 2.

Modeling

Case and grid files for the conceptual furnace design have been generated for the Fluent computational code (the

computational grid has approximately 220,000 nodes). The code is currently up and running; however

limitations in computer hardware had been slowing the work but this difficulty has been resolved.

In order to better plan the experimental research, CHEMKIN and Jasper computer models have been utilized to

help identify the most advantageous temperature and stoichiometry regions for ammonia induced NOx reduction.

Preliminary results indicate that regions with very low O 2 concentrations and high temperatures (>2450 °F) are

most advantageous.

The pyrolysis/tar yield data and spectrometer results from the coal characterization performed on Illinois #6 coal

are used as inputs into the Fluent, Jasper and CHEMKIN computer codes.

Work Next Quaffer

The high temperature SNCR experiments are scheduled to take place in May. Work on the improvement of the

conceptual furnace design and the validation of the combustion modeling will continue.
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Figure I Schematicof ABB Combustion Engineering'sMulti-Stag¢
Drop Tube-2 (MSDT-2)
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• Table 1 Preliminary Test Matrix for the Study of High Temperature
- Selective Non-CatalyticReduction (SNCR)

.....Test Temperature ' "
Number *F Stoichiometry NH3/NO Ratio

2650 0.6 1.0
2 245o o.s 1.o
3 215o.......... 0.6 1.0

.....2650 0.8 ....... 1.0
,,,=,, i , i , , , ill

5 2450 0.8 1.0
6 ....... 2iso 0_B _.o.......

,i , ,,,, , , , i i i , | ,

,,, ,*

7 2650 1.0 1.0
8 2450 " i.() 1.0
'9 2150 ..... 1.0 1.0

i i-i

10 2650 1.2 1.0
11 2450 .... 1.2 1.0

12 2150 1.2 1.0

13 ' -- 1.o
i

14 ° " 1.5
is ......... * ...." ' '_.o

' ' " " i ,, ,,i,, i i ,' ,, 1,ill II1,1 i ii ..

• OptimumTemperaturebaleduponMaximumNOxReduction

•* OptimumStoichiomeWbaseduponMaximumNOxReduction
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Table2 SelectedFourierTransformInfra-Red(FTIR)SpectrometerResults
it °

from the Analysisof Illinois#6 Coal
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TASK 5 COMMERCIALGENERATINGUNIT DESIGN

Boiler and SNOx Design:

The preliminaryboiler and SNOxTM design were finalized and integrated. This included design and selection of

the following components and systems:

1. circulation system
2. start-upsystem
3. superheatersand high and low pressurereheaters
4. economizer and associated piping
5. low NOx firing system including pulverizerswith classifiers
6. air and gas ductwork
7. air preheater
8. forced draft and primary air fans
9. CeraMernTMfilter
10. SO_reactor
! 1. WSA condenser
12. induced draft fan

13. air/condensateheat exchanger

Performanceat 100%and part loads was es_hnated. Specification sheets for majorcomponentswere developed

for pricing. The general arrangementdrawingsand flow schematics were made and were transmittedto other

members of the Team. Work on modularizationis in progress.

Plant Design:

Workon the Commercial GeneratingUnit accelerated during the quarter. The preliminaryplant layout from

Task 2 was revised and finalized. Processand equipment conceptual design proceeded for the balanceof plant

systems.

Reliability analysis was finalized and draftreportpreparedand reviewed. Final comments will be incorporated

as part of the Task 5 Report.

A modularizationmeeting was held in January. Results were factored into the plant arrangement.

Equipment sizing and vendor inquiries were included to obtain dimensional, performanceand cost information

on the pieces of equipment. Alternate condenser arrangementswere examined to assess the impact on plant

modularization.

Construction cost informationfor laborandmaterials in the Kenosha area was accumulated. Cost estimating

methodology based on modification of the EEDB models was begun. Preparationof the LEBS cost estimating

structurewas begun. Workbegan on a mock-up of the draftreport for Task 5.
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PLANS FOR NEXT QUARTER

TASK I - Project Manning and Management

Continue to execute the Management Plan, the Project Work Plan and the QA/QC Plan as written. Continue to

issue all reports as scheduled. Conduct a Project Review with DOE-PETC. Closely monitor funds and

manpower expenditures. Continue video teleconferences between ABB CE and R,E&C.

Finalize technical papers for the Eleventh Annual International Pittsburgh Coal Conference, the 1994

International Joint Power Generation Conference, and the Tenth Annual Coal Preparation, Utilization and

Environmental Control Contractors Conference.

TASK 2 - Concept Development

No work planned.

TASK 3 - Research, Development, and Test Ham

No work planned.

TASK 4 - Component Definition

Complete the engineering analysis, experimental work and modeling and issue a report.

TASK S - Commen_lal Cenemtlng Unit Design

Complete the design effort and prepare a draft report.

TASK 6 - Phase I Report

Commence work on the Phase I Report.

-14-
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MEETING- DOE LEBS PROJECT

Date: January 6, 1994, 8:30 a.m.

Place: Raytheon Philadelphia Offices
I

Attendeet: Raytheon - Bast
ABB ES
ABB CB

Agenda; 1. Open ACTION Items

2. ABBESRAMAnalysis

3. Task $
- Status Review
- Cost Targets
- Equipment Layout
- Window 12/27/93 letter
- F..PPUpdate

4. Task 6

- CGU Rendering

5. Quartedy Project Review Meeting 1/27/94

- Agenda
- Arrangements

6. Miscellaneous Topics

- Minutes from Dec,ember 2 and 16, 1993 meetings
- Approve Boiler RAM Analysis
- Sulfur Institute's "SulfurOutlook"

93-157.jwr
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MEETINGAGENDA
DOELEBSPROJECT

ZZme: 8:30 AM to approximately3:30 PM, February8, 1994.

Place: RaytheonEngineers & Constructors- 30 South I'P Street, Philadelphia

Attendees: DOE PETC - John Winslow, Michael Izsakr
ABB Team - Richard Borio, RobertKaminsld(and others from RE & (2),
Mark Palkes, John Regan, James Wesnor

Schedule * : 1. - Introductionsand Agenda Review (Regan) . 8:30

2. - Project Statusand ManagementActivities (Regan) 8:40 - 9:30

- Schedule/Cost/Manpower
- Team Meetings
- Project Advisors
- POC Host
- QA/Q(:
- Technology Transfer

3. - Task 4 Report(Borio) 9:30- 10:15

- Work Plan
- ExperimentalResearch

• - Modeling
- RemainingWork

Break 10:15 - 10:30

4. - Task 5 Report 10:30 - 12:00

• - Boiler, SNOX Integration(Paikes)
- SNOX, Acid 0Hesnor)
- CGU Design Basis, Layout (gaminski, et al)
. RAM (gaminski, et al)
- Cost Estimating(gaminski, et al)

Lunch 12:00- 1:00
..

5. - GeneralDiscussion and Planned Activities (All) 1:00.2:00

6. - Review, Action Items, Wrap-up (Regan) 2:00 - Conclusion

* Timing is flexible. January28, 1994
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MEETING- DOE LEBS PROJECT

Date: March 15, 1994 8:00 am

Place: Richmond, Indiana Power & Light

Attendees: Richmond P&L - ( * )
DOE-PErC - John C. Winslow, Project Manager
ABB CB- John W. Regan, Project Manager
RE&C . Robert S. Kaminski, Project Manager

William Swegler, Chief Engineer - Fossil Projects

Agenda: 1. Project summary. (Regan, Winslow)

2. Richmond P&L objectives. ( * )

3. Desired site characteristics. (Kaminski, Regan)

4. Review existing installation - fuel, steam requirements, load
characteristics, etc. Preliminary discussion only.(all)

5. Tour of facilities. (all)
• ,

6. The next step. (all)
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