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1.0 INTRODUCTION

• The contractstartdate (forPhase I) wasJune 11, 1987. Contractcompletion

date is November30, 1991.

Thisisthe sixthquarterlyreportcoveringworkonPhase!1of the project.The

periodcoveredisJanuarythroughMarch1991.

Thepurposeof thisprojectisto developanadvancedcoalcombustionsystem

for industrialboilers.Withthenewcombustionsystem,coalcouldbe usedto replace

oiland gasas fuelsformanyindustrialboilers.

The advanced coal combustionsystem concept includesthe following

components:

• a newburnerforultrafinecoalfuelswhichcouldreplaceexistingoiland/or

gas burners

• a coalinjectorthatcouldreplacetheoilguninexistingburners,asan

alternativetocompletereplacementof theburnerassembly

• a coalstorageand densephasecoalfeedsystem

• anautomaticcontrolsystem,basedoncomputercontrolwithfeedbackfrom

low-costcombustion-qualitytransducers

• ash removaland particulatecleanupequipment.

1.1 Phase I. Summaryof Results

During Phase I of the project,a coal injectorwas designed,fabricated, and

tested. It is a directreplacementforthe oilguninthe originalequipmentofa 200 hp

Cleaver-Brooksfire-tubeboiler.Thesystemwastestedatcoal-firingratesinthe range

of2 to 6 millionBtu'sperhour,firing UpperElkhomNo.3 (easternbituminous,"UE3")

1



t

coal suppliedby Energy International, Incorporated. For these tests, propane was

• usedto preheatthe boilerbefore initiationof coal firing. The propaneflowwas turned

off after coal combustionwas established. No combustionair preheat was used.

Duringthese tests, boilerefficiencywas typicallyabout85 to 86 percent,whilecarbon

conversionefficiencywas approximately94 percent. Concentrationsof CO were less

than 150 ppm. The NOxemissionswere lessthan0.6 poundsper millionBtu's.

Following a series of laser-illuminatedcold-flow-visualizationtests, a new

burneralso wasdesigned,fabricated,andtestedduringPhase I. It is a two-stage,swirl

burner which fits in the space previouslyoccupied by the original Cleaver-Brooks

burner, and uses the existing section of refractory. Air flow can be regulated

independentlyinto each of the two stages. Additionally,the angle is adjustablefor

individualswirlblades.

Upper ElkhornNo. 3 ultrafinecoal was usedas the standardfuel for most UTSI-

burnertests. Firing rates were in the range of 2 to 6 millionBtu'sper hour. Upper

EIkhornNo. 3 coals were testedwith three levelsof ash. These were approximately

1.4%, 2.7%, and 4.8%, on an as-fired basis. The 2.7%-ash UE3 coal was used for

most tests because it exhibiteda good balance between ash contentand ash-fusion

characteristics.The 2.7%-ash UE3 coal also servedas a referenceand establisheda

baseline for performance. Additionally,a 1.3 float fractionof a western Eagle Butte

subbituminouscoal was used as the fourthultra-finetest fuel. It contained4.4% ash

on an as-firedbasis.
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All four test coals were supplied by Energy International, Inc. with a mean

' particlesizeof about10 I_manda topsize of 44 _m. The coalsweredeliveredto UTSI

in plastic-lined,55-gallonsteel drums.

Followingthe same approachas previoustests, propanewas used to preheat

the boilerbefore initiationof coal firing. The propane flow was turned off after coal

combustionwas established. No combustionair preheat was used with the UTSI

burner. Boilerefficiencywas approximatelythree percenthigherwith UE3 coal than in

the previoustestseries,and typicallywas about88 to 89 percent. Carbon conversion

efficiencywas approximately97 to 99 percentfor UE3 coals. A very highvalueof 99.9

percentcarbon conversionwas attainedwith the 4.4%-ash Eagle Buttecoal. These

resultsare about 3 to 6 percent higherthan those measured when the UTSI coal

injectorwas used in the Cleaver-Brooksburner.

Forty to sixty percent of the ASTM coal ash remained in the boiler. However,

the deposits were powdery and easy to remove by increasing the fan speed after the

conclusion of each combustion test. The increased air velocity quickly re-entrained

and removed most of the previously-deposited ash.

Concentrations of CO were below 100 ppm. The NOx emissions ranged from

1.2 to 1.3 pounds per million Btu's with the UE3 coals. With the Eagle Butte coal, a

lower level of 0.86 pounds of NOx per million Btu's was measured.

In addition to the burner-development activities, a system was designed,

fabricated, tested, and used routinely for data acquisition and manual boiler/burner

control. The system is based upon a dedicated micro-computer based on the Intel



"286" cpu chip architecture using UTSI-developed software. In Phase II this

system wlll provide automation of system control and data acquisition.

1.2 Jnitiatiorlof Phase II

Phase II startedon October1,1989.

The main objective of the current work is to move ahead from the

primarily R&D oriented approach of Phase I toward commercialization of

a complete coal.retrofit system.

In orderto accomplishthis,ourplansincludethe followinggoalsand activities.

Goals

• DecreaseNOx emissionsto lessthan0.7 Ib/MBtu

Althoughthe UTSI commercialfire-tubeboileris firedat 6 MBtu/hourand,

therefore, is much smaller than steamgeneratorsusuallysubjectedto strict

NOx regulations, we have based our goal upon the value specified in

Performance Standards for Commercial/industrial/institutional Steam

Generation for coal-fired boilersin the 100 MBtu/h to 200 MBtu/h range. A

level of 0.6 Ib NOx/MBtu is specified for coal-fired electric utility steam

generators larger than 250 MBtu/hour by the Performance Standards for

Electric Utifity Steam Generating Units Commencing After September 18,
° _,B.

1978. As a supplemental goal, we will attempt to obtain this lower level of

emissions with NOx less than 0.6 Ib/MBtu.
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• Decreaseparticulateemissionsto lessthan 0.6 Ib/MBtu

This is based uponthe currentUTSI site permit issued by the state of

Tennessee; otherwise,Tennessee particulate limit is 0.8 Ib/MBtu for a 6

MBtu/hboilersuch as the UTSI unit.

• Increase carbon burnoutso all test coals exceed 99% efficiencyat a firing

rate of approximately6 MBtu/h

This is basedupona stated DOE goal.

° Increasethe turn-downratiofromthe present3:1 capability

This is baseduponextension of previous achievement of the statedDOE

goalof 3:1.

Planned Activities

• Investigate the effects on reducing NOx emissions by deep-staging

combustionair or reburning

• Add on-line cleaning capabilities for removal of powdery fireside

deposits

• Add particulate-removalequipmentto reducestack emissions

• Develop higherefficiencythree-stageburner

• Add air pre-heaterandevaluateeffects

• Add low-cost combustion-qualitytransducer for automated control of

boilerefficiency

° Develop simple, reliable, and inexpensive on-line dense-phase flow-

controlcapabilitywith storagehopperoperatingat atmosphericpressure

5
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and suitable for reloadingwith coal at any time during extendedperiods

. " of operation

• Automate the boilercontrolsystem

• Evaluate potentialof bulk bags for receiving,storing,and unloadingultra

fine coal

• Develop a commercially acceptable ultra-fine coal storage and dense-

phase feed system

• Demonstrateperformanceof new three-stageburner

• Make an economicevaluationand develop a commercializationplan

• Demonstrate commercial feasibility of the integrated system with a 100-

hour test operation

1.3 Phase I1.Summary of PreviousResults

Work in Phase II has concentrated on' a.) adapting a commercially available

automotive oxygen sensor for use in the boiler control system; b.) developing a

commercially oriented dense-phase coal transport system; c.) designing, fabricating,

testing, and fine tuning an improved burner for better combustion efficiency; and d.)

adding deep-air-staging capabilities to the new burner to decrease NOx emissions to

slightly above 0.4 Ib-NOx/MBtu with ultra fine coal. This performance is considerably

better than the DOE goal for Phase II work. • •

Reburning tests were conducted using ultra fine coal and propane in the

external, water-cooled 15-foot long test duct. When propane supplied approximately

14% of the heat input, NOx levels were as low as 0.295 Ib-NOx/MBtu. Initial testing of

the UTSl boiler control and automation system was successful. Normally-pulverized

6



coal (PC) with approximately70% passingthrougha number200 sieve was burned in

the externaltest 3uct. Initialflame-visualizationtests withPC were successful,and the

burnerwas able to handlecoal withoutbeingmicronizedto the ultrafine level.

An improvedcombustorsecond-stage assemblywas fabricated and installed

insidethe 200 hpfire-tubeboiler.

2.0 TECHNICAL PROGRESS IN PHASE II DURING JANUARY-MARCH
1991

QUARTERLYSUMMARY:

Duringthis quarter,work continuedwith testing,developingand improvingthe

new Iow-NOxcoal combustorand associatedboilersystem. Significantprogresswas

made toward completionof the overall system. The new coal-feed sub-systemwas

completed. With the on-line refillable coal hopper operating in air at atmospheric

pressure, long-durationoperationis feasible with coal being loaded periodicallyinto

the hopperfrom bulk bags.Thistechniquewillbe used duringthe upcoming100-hour

demonstrationtest.

Carbon burnout of 99.1 percent was achieved in the Cleaver-

Brooks fire-tube boiler with NOx emlsslon of 0.44 Ib/MBtu during testing

with micronized Upper Elkhorn #3 coal with 2.4% ash, as fired.

Normally-pulverizedcoal (,=70% passing through a number 200 sieve) also

was burned in the Cleaver-Brooks boiler. Although the coal feed rate was less

consistentthan desiredduringthis initialtest usingPC withthe newcoal feed system,

carbonburnoutwas verypromisingusingthiseconomicalfuel.

7
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2.1 Task 3; IntegratedCombustionSystemDevelopment

Quarterlyactivitydetailsfollow.

2.1.1 Coal Feed System

Electricians completed their work on the atmospheric-pressurecoal hopper,

includingwiringthe bin-dischargermotorand connectingload cells. The external test

ductwas setup and usedfor shakedownof the newcoalfeed system.

During February, we modifiedthe coal dischargetank weighing assemblyto

improvethe signal-to-noiseratio. A screenwas added to remove oversizedmaterial

from the coal as it is loaded. (Althoughultra fine coal nominally has a top size of

approximately44 I_m,the coal suppliedto UTSI by Energy Internationalhas sometop-

end coal chunks that exceed one inch!) Initial performance of the coal-feed system

during combustion testing in the external duct indicated that we had achieved

controlled ultra-finecoal flow rates in the range from 2.0 to 6.5 pounds per minute

(approximately 1.8 to 5.8 MBtu/h)withburner-eductorair pressuresin the range from

20 to 80 psig. Concurrentburnerperformance(turndownratio)exceedsthe fuel range

of 3.25 to 1..This performance el_0 exceeds the DOE _oal, which Is _>3to 1

.for lurndown. For example, the following table shows a 3.29 turndown ratio

measuredwith 3 scfh of fluidizingnitrogen:

I

Coal Flow with

lb/min. 3 SCFH Fluidizing Btulhour
Nitrogen

6.52 Measured high rate 5,868,000
1.98 Measured low rate 1,782,000

8



t

2.1.2 Low-NOz BurnerModificationandTesting

DuringJanuary,we completedinstallationof the new six-footcombustorinthe

Cleaver-Brooks200 hp fire-tube boiler, and cured the refractory. Subsequentlywe

burned micronizedcoal to test the new configuration,and conductedan in-depth

micronized-coalcombustiontest. Inspectionof the interiorof the boiler after testing

revealed that the third stage was in good condition,and no significantslaggingwas

noted after approximately9 hours total of operatingwith coal. No downstreamash-

foulingproblemswere observed.

Carbon burnout of 99.1 percent was achieved with a NOx emission

of 0.44 Ib/MBtu during the test using micronized Upper Elkhorn #3 coal

with 2.4% ash, as fired.This Derformanceexceeded the goals of >99% carbon

Burnoutand<0.7 or <0.6 IbNOx/MBtu.

Measurements of the particle size of the fly ash from the micronizedUpper

Elkhorn coal (see Figure 2.1) indicatea cyclonewould not be suitablefor separating

these particulatesfrom stack gases. Therefore, a baghousewillbe used. (In Figure

2.1, DUC indicates dry, ultra-finecoal.)

9



DUC Fly Ash & DUC: Particle Size Distributions
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Figure 2.1. Particle Size Distribution Data

Calculations indicate that it will be necessary to remove fly ash from the stack

gases in order to decrease particulate emissions to less than 0.6 Ib/MBtu. Use of

extremely low ash coal without additional flue-gas clean up does not appear to be a

practical alternative. Assuming on-line soot blowing is used, unburned carbon

associated with 99% combustion efficiency will produce nearly 0.6 Ib-

particulates/MBtu by itself (see Figure 2.2). Coal ash, based on ASTM "ash" analyses,

would contribute to much larger, additional emissions. Conversely, a baghouse easily
._.

can reduce particulate

10
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BAGHOUSENEEDED!
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Figure 2.2 Calculated Particulate Emissions Without Baghouse

Following the ultra fine coal tests, we successfully burned Illinois No. 6 coal

during a two-hour test. Carbon burnout of 93.7 percent was achieved with a

NOx emission of 0.57 Ib/MBtu using pulverized coal (PC) with 12.5% ash,

as fired. The PC was obtained from the MHD CFFF facility at UTSI.

Significantlybettercarbon burnoutis expected in futuretests with PC when coal flow

variationsassociated mainlywiththe pulverizedcoal are minimizedand air stagingis

optimized.

Data were analyzed from previous propane-reburn experiments conducted to

evaluate performance using this advanced NOx-reduction technique. Propane/air

injection nozzles were designed conceptually. These could be used for additional NOx-

reduction experiments via reburning near the end of the first pass inside the 200 hp

boiler.

11



II

During March, we conducted combustion tests in the external duct to try an

increased angle for the primaryswirl-blades(60 degrees).Resultswere good, butthe

normal45-degree settingproducessuperiorperformance.

2.1.3 Controls

Work continuedon modificationsto improveoperationof the flame and oxygen

sensorswhichare partof the automaticcontrolsystem.

A spectrometerwas set up to measurespectra of coal and propane flames to

find an optical filter combinationwhich can optimize performance of the present

automatic flame-detection system. A diaphragm isolation system is being

designed/assembledfor measuringvacuumin the dense-phasecoal delivery line.

2.1.4 Refurbishinathe Baahousev v

Vendorswere contactedto obtainpricesfor replacementparts for the existing

UTSI Aeropulsebaghouse which will be connected to the 200 hp boilerto assure

controlof particulateemissionsat a levelwellbelowthe currentDOE contractgoal.

Replacement parts were ordered for the baghouse. Design details were

finalized for connectingthe baghouseto the 200 hp Cleaver-Brooksboiler. Materials

were specifiedand ordered.

2.1.5 Commercialization

As we approach finalized equipment design, the commercialization and

economicevaluationactivitiescan be addressed.Mr. James Oakley visitedthe UTSI

test site on March 21, 1991 to review our progress.Mr. Oakley is Executive Vice

President of Boiler Supply Company of Nashville, a major distributor of Cleaver

Brooks boilers. He made very positive comments about the simplicity and

12



compactnessof the coal conversionarrangement (almost as easy as burningnumber
=

' 2 oil), the simplicityof the coal delivery system,the usefulness of the air-flow control

arrangementusing a speed controlleron Cleaver Brook'sfan in lieu of the factory-

supplied dampers, the use of an automotive oxygen sensor to set excess air

automatically,the closecontrolof excessair over the whole firing range, whether on

clean fuel or coal, the fact that standardoff-the-shelfrefractorymaterial is used, and

the Iow-NOx burnerperformancedemonstratedwith propane.Also, he indicatedthat

he was quite impressedwith a number of features we have implementedwith clean

fuel (propane)and the fact that we have achievedlowemissionsof NOx andCO, with

highcarbon burnouton a wide range of fuels, combinedwith high boiler efficiency,

overa range of boilerheat inputswithoutflue gas recirculation,increasedexcess air,

etc.

2.2 Task 4"Project Managementand Reoorting

The December, 1990, and the January and February, 1991 monthly project

status reports were issued. The July-September, 1990 quarterly report also was

issued. Work continued on the October-December, 1990 quarterly report.
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3.0 WORK PLANNED FOR APRIL-JUNE 1991
t

Additional experiments will be conducted using fluidizing nitrogen in the

plenum located at the exitof the coalfeedsystem.The goal isto furtherreducethe

quantityof motiveairusedinthe eductorstage,and improveuniformityof coalflow.

Combustiontestingwillthenbe usedtofindoperatingcond'_ionsforoptimum

performancetomaintainhighcarbonconversionefficiency,combinedwithlowNOx

emissions.

The advanced-combustorsystemwillbe completedwithadditionofthe

baghouse,sootblowers,and improvedcontrols.Commercializationactivitieswill

continue,andpreparationforthe100-hourtestwillbeaccelerated.Workwillcontinue

onquarterlyand monthlyreports.

Mr.CharlesEbbert,SeniorEngineer,CleaverBrooksplansto visittheUTSI test

site early in May, 1991. The Presidentof Cleaver BrooksDivisionof Aqua-Chem,

Incorporated,Mr. JohnPlant,also hasindicatedan interestinvisitingUTSI laterin

1991fora _rst-handlookat thecoal retroft.
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