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I. INTRODUCTION

Coal-WaterFuels (CWF) offer a potentialmeans of shiftingenergy

dependencefrom importedoil to domesticcoals while reducing the cost of

operatingcommercialoil-firedboilers. There remain, however,unanswered

questionsconcerningthe impact which these coal-based,ash producingfuels

will have on boilersoriginallydesigned for ash-free fuels. The economic

viabilityof CWF firing also requires furtherinvestigation, in order to

address these issues,CombustionEngineering,under the sponsorshipof the

Department of Energy,has embarked on a five-yearproject. Under this

projectC-E has teamed with Gulf Researchand Development,a major

subcontractor,to investigatethe variousaspectsof CWF behavior.

Activitiesconductedunder the DOE contractincludestudieson the

combustionand firesidebehaviorof numerousCWFs. The work has been

broken down into the followingareas:

Task I - Selectionof Candidate Fuels

Task 2 - Bench Scale Tests

Task 3 - CWF Preparationand Supply

Task 4 - CombustionCharacterization

Task 5 - Ash Depositionand PerformanceTesting

Task 6 - CommercialApplications

This report covers Task 6, the study of commercialapplicationsof CWFs as

related to the technicaland economic aspectsof the conversionof existing

boilers and heatersto CWF firing. This work involvesthe analysisof

seven units of various sizes and configurationsfiring severalselected

CWFs. Three utilityboilers, two industrialboilers, and two process

heater designsare included. Each of the units was consideredwith four

primary selected CWFs. A fifth fuel was consideredfor one of the utility

units. A sixth fuel, a microfine grind CWF, was evaluatedon two utility

units and one industrialunit. The particularfuels were chosenwith the

objective of examiningthe effectsof coal source,ash level, ash properties,

and beneficiationon the CWF performanceand economicsof the seven units.

Based on the resultsof comprehensivepilot-scaletestingconductedas part
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of Tasks 1 through 5, a set of CWFperformance guidelines was developed.

These guidelines were employed toestimate the perfon_ance of each
fuel-unitcombination. The principalresult of these predictionswas the

load derating requirementexpected for each combination. Once a load

derating was establishedfor each combination,a retrofitspecificationwas

written. Retrofit cost estimateswere then developed. The retrofitcosts,

along with assumed CWF costs, operatingcosts and unit derating,were used

to perform a series of economic analyses. Conclusionswere drawn

regarding the following aspectsof CWF technology:

o Expected load deratingsas affected by CWF characteristicsand

boiler design.

o Typical retrofitscope and costs as influencedby CWF and unit

type.

o Economic incentivesfor CWF cc)nversionas a functionof cost and

quality of CWF, oil price, and unit type.

Additional informationon other project tasks regardingtechnical

approaches,test equipment,test procedures,test data and analyses

relating to specific aspectsof the work are providedin the following

volumes.

Volume 1- Task 1: Final SummaryReport

to 6

Volume 2 - Task 1: Selectionand Procurementof Candidate& Task

3 Coal-Water Fuels with CommercialPotential

Volume 3 - Task 2: Bench-ScaleCharacterizationof Chemical,

Physical and CombustionPropertiesof

Coal-Water Fuels
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Volume 4 - Task 4: Commercial-Scale,Atomizerand Burner

Evaluation

Volume 5 - Task 5: Pilot-ScaleAsh Depositionand Performance

T_stingof Coal-Water Fuels

1.3



2. SUMMARY

This study of retrofitapplicationsshows that from a technicalstandpoint

all seven units consideredappear capableof conversionto coal-waterfuel

(CWF) operation. The potentialproblemsassociatedwith CWF firingcan

apparently be handledwith proper applicationof currenttechnology,

combined with the knowledgegained from resultsof the other tasks of this

project. This study has shown, however,that considerationsbeyond the

strictly technicalones can make CWF conversiona marginal proposition, lt

was found that factor'ssuch as load deratingrequirements,long economic

payback periods,and reducedunit availabilitycan make CWF conversionof

specific units with some fuels an infeasiblemeans of reducingdependence

on oil as a primaryfuel. For most cases considered,the assumed

differentialfuel costs between oil and CWF played a critical role in the

overall desirabilityof a CWF conversionproject. Differentialfuel costs

(DFC's) rangingfrom $1.00 to $2.00 per 106 Btu were analyzed. The

following summarybrings out some of the principalfindingsof the study

for assumed DFC's of $1.00/106BTU and $2.00/106BTU and a "favorable"

choice of CWF (in this case Splash Dam 5.7% ash)'

EstimatedMax Payback

Uni_____t Txpe CWF Load (%) Period (yrs)_
DFC:I DFC=2

A Utility-Close-coupled 74 6.5 2.7
Screen

B Utility-Box 50 6.6 2.7

C Utility-Close-Coupled 73 2.3 1.0
Arch

D IndustriaI-Shop-AssembIed 30 14.5 6.3

E Industrial-Modular,Field 54 5.4 2.4
AssembIed

F ProcessHeater-Vertical 100 10.0 4.3
Cylindrical

G ProcessHeater-HorizontaI LO0 7.6 3.4
Cabin
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The summary shows that the close-coupledarch unit (Unit C) is the best

candidatefor CWF conversionfor the Splash Dam 5.7% ash CWF. Rankedbelow

Unit C in suitabilityare the other utility units and the modular

industrialur_t. This group of units could be suitablecandidatesif DFC's

rise in the future, lt does not appear likely that the process units or

shop-assembledindustrialur=itswill be good candidatesregardlessof

differentialfuel costs. In addition,processheaters generallyhave high

_vailabilityrequirements,which could be difficultto meet when firing

CWF's.

The scope of conversionwork varied considerablyfrom unit to unit and from

fuel to fuel. For most cases the retrofitwork would be extensive,

involvingfuel handlingand storage, boiler islandmodifications,

particulateremovalequipment,SO2 scrubbers(for some fuels), ash
collection systems,and other miscellaneouschanges. The choice of CWF has

some impact on conversioncosts, as does the degree to which the unit

resembles a "futurecoal" design.
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3..SEL,ECTION AND DESCRIPTIONOF THE STUDY UNITS

Seven major fuel burning installationsdesigned for oil or gas,

representingthree genericclassesof oil/gas fired equipment,were

selected for CWF performanceand economic evaluations, The seven

selectionsare categorizedas follows:

o 3 Utility steam generators

o 2 Industrialsteam generators

o 2 Process heaters

In this section boiler populationcharacteristicsare illustrated,_nd the

selectioncriteria used are discussedfor each equipmentcategory. The

selectioncriteria were definedsuch that the selectedstudy units are

representativeof as large a market share as is possible.
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3.1 DESCRIPTIONOF THE UNITSi,i,

The seven units selected for the Task 6 CommercialApplicationanalysis

include three utility, two industrial,and two process heater designs. The

major characteristicsof these units are listed below:

UNIT NAMEPLATE MAIN STEAM FIRING
DESIGNATION CONFIGURATION CAPACITY CAPACITY .RATE

(MWe) (10_ Ib/hr) (I0_ Btu/hr)

A Close-coupled 600 4,200 5460
Screen

B Box 400 2,833 4231

C Close-coupled 850 6,300 7844
Arch

D VU-60 400 527/544
ModuIar

E Type-A ___ 100 113.5
Shop-assembled

F Vert. Cylinder __. 494* 71
Process Heater

G Horiz. Cabin 466* 142
Process Heater

* NOTE-The process heatersgenerateheated processfluids rather 'than
steam.
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These units were selected to representa wide range of boiler types and sizes.

This varietyof capacitiesand configuratienswill permit conclusionsto be

drawn on the suitabilityof CWF conversionfor severalgenerictypes of

boilers. The selectioncriteriaused to choose the study units include:

* Originallydesigned=for oil and/or gas firing (withoutany "Future

Coal" provision).

* Currentlyfires oil (or some other low ash fuel).

* At least 20 years of plant life remains.

* Configurationsand sizes representa significantportionof possible

CWF conversioncandidates.

A summaryof the principalcharacteristicsof each unit follows.
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UNIT A• .

USE: Utility Steam Generator
CONFIGURATION: Close-coupledScreen (See Figure 3-I)
PLANT ELECTRICALCAPACITY: 600 MW
MANUFACTURER: CombustionEngineering
ORIGINAL FUEl.: No. 6 Oil
FIRING SYSTEM: TiltingTangential Burners (5 Elevations)
STEAM TEMP CONTROL: Burner Tilt, Gas Recirculation,
MAIN STEAM FLOW: 4,200,000Ib/hr
MAIN STEAM TEMP.: I005°F
MAIN STEAM PRESS.: 2,600 psig
REHEAT STEAM FLOW: 3,881,000Ib/hr
REHEAT STEAM TEMP.: I005°F
REHEAT SIEAM PRESS.: 607 psig
AIR PREHEATERS: Two RegenerativePlus Steam Coils
FLUEGAS CLEANUP: ElectrostaticPrecipitators

UNIT B

USE: Utility Steam Generator
CONFIGURATION: Box (See Figure 3-2)
PLANT ELECTRICAL CAPACITY: 400 MW
MANUFACTURER: CombustionEngineering
ORIGINAL FUEL: No. 6 Oil
FIRING SYSTEM: TiltingTangential Burners (4 Elevations)
STEA_ITEMP CONTROL: Burner Tilt, Superheatand Reheat Spray
MAIN STEAM FLOW: 2,833,000 Ib/hr
MAIN STEAM TEMP.: 955°F
MAIN STEAM PRESS.: 1980 psig
REHEAT STEAM FLOW: 2,734,000Ib/hr
REHEAT STEAM TEMP.: 955°F
REHEAT STEAM PRESS.: 447 psig
AIR PREHEATERS: Steam Coil
FLUEGAS CLEANUP: ElectrostaticPrecipitators
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UNIT C

USE: UtilitySteam Generator
CONFIGURATION: Close-coupledArch (See Figure3-3)
PLANT ELECTRICALCAPACITY: 850 MW
MANUFACTURER: Foster Wheeler
ORIGINAL FUEL: No. 6 Oil
FIRING SYSTEM: Wall-firedBuri,_rs(32)
STEAM TEMP CONTROL: Gas Recirculation,Gas Pass Baffling,Superheatand

Reheat Spray
MAIN STEAM FLOW: 6,300,000Ib/hr
MAIN STEAM TEMP.: I005°F
MAIN STEAM PRESS.: 2480 psig
REHEAT STEAN FLOW: 5,722,000Ib/hr
REHEAT STEAM TEMP.: I005°F
REHEAT STEAM PkESS.: 693 Psig
AIR PREHEATER: Two Regenera'iivePlus Two Hot Water Coils

Plus Two Glycol Heaters
FLUEGASCLEANUP: ElectrostaticPrecipitators

UNIT D

USE: IndustrialSaturatedSteam Generator
CONFIGURATION: Type-A Shop-assembled(See Figure 3-4)
MANUFACTURER: CombustionEngineering
ORIGINAL FUEL: No. 6 Oil
FIRING SYSTEM: Wall-FiredBurners (2)
STEAM TEMP CONTROL: None Required
MAIN STEAM FLOW: 100,000Ib/hr
MAIN STEAM TEMP.: 388°F (Saturated.)
MAIN STEAM PRESS.: 200 psig
AIR PREHEATERS: None
FLUEGAS CLEANUP: None
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UNIT E

USE: IndustrialSteam Generator
CONFIGURATION: VU-60 Modular (See Figure 3-5)
I_ANUFACTURER:Combustion Engineeringi

ORIGINAL FUELS: (I) 90% PyrolysisOil Plus 10% Fuel Gas
(2) 90% DistillateOil Plus 10% Fuel Gas

PRESENT FUEL: Natural Gas
FIRING SYSTEM: TangentialBurners (2 Elevations)
STEAM TEMP CONTROL: SuperheatSpray
MAIN STEAM FLOW: 400,000 lb/hr
MAIN STEAM TEMP.: 910°F
MAIN STEAM PRESS.: 1550 psig
AIR PREHEATERS: Regenerative
FLUEGASCLEANUP: Tubular Dust Collector

UNIT F

USE: Crude Oil Heater
CONFIGURATION: Vertical Cylindrical(See Figure 3-6)
DESIGNER: Lummus
ORIGINAL FUEL: By-productsOil
FIRING SYSTEM: Hearth-firedVerticalBurners (8)
PROCESS TEMP CONTROL: Firing Rate
PROCESS FLUID FLOW: 494,000 Ib/hr
FIRING RATE" 71x106 Btu/hr
AIR PREHEATER: Regenerative
FLUEGAS CLEANUP: None

UNIT G

USE: Crude Oil Heater
CONFIGURATION: Horizontal Cabin (See Figure 3-7)
DESIGNER: Lummus
ORIGINAL FUEL: By-productsOil
FIRING SYSTEM: Hearth-firedVerticalBurners (20)
PROCESS TEMP CONTROL: Firing Rate
PROCESS FLUID FLOW" 466,000 Ib/hr
FIRING RATE. 142xI06 Btu/hr
AIR PREHEATER: ReGenerative
FLUEGAS CLEANUP: None
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CLOSE-COUPLED SCREEN

3.7



o 1L
SUPERHEATERS

REHEATER [ ___""
I_..I_

SPACED "ii __7 ECONOHIZERS

SUPERHEATER_

PLATEN

SUPERHEATER_

':URNACE

SIDE VIEW

FIGURE 3-2
UNIT B

UTILITY STEAM GENERATOR BOX

3.8



II

li __ I ,I I III I

©©
SH ENT

i

/
REHEATER

SH _
El:ON

FURNACE

-"7

AIR DUCT _//J//

SIDE VIEW

FIGURE 3-3
UNIT C

UTILITY STEAMGENERATOR
CLOSE-COUPLED ARCH

3.9



H

ECONOMIZER BANKS t o • •
' • • 0

• • •
00000 _ •
00000 ce•o•

ooo0 ooo0o
oo0 oo0o

,, O0 000
, ,L a • O0

• •
• •
• •

O0 •
000 •

0000 •
OOeO0 0_000

00000 00000
00000 DO000
00000 00000

0000 000@
000 000

O0 O0
• •
• •

• •
• •

_BOILER , .
_BANK _ "_ o, ."• •

• •

FURNACE • *• FURNACE •
• I •
• •

• @
• o

• i •
• ®

• O i 00
• oo o••

• o•o 0000
• moo• ooooo
ooooo ooooo
ooo•o oooo•

b r

EN_ VIEW TOP VIEW

FIGURE 34
UNIT D

INDUSTRIAL SHOP.ASSEMBLED STEAM GENERATOR
i

3.10



SH _H

BAILER
BANK

FURNACE

FIGURE 3-5
UNIT E

INDUSTRIAL STEAM GENERATOR MODULAR

3.11



__-- RADIANT

CHAMBER,o
CONVECTIOh
SECTION

,,, m ii

RADIANT
CHAHBER

SIDE VZEW

FIGURE 3-6
UNIT F

VC.RTICAL CYLINDRICAL CRUDE OIL HEATER

3.12



_O VXl_

llXll VX_

FIGLJRE3.7
UNIT G

HORIZONTAL CABIN CRUDE OIL HEATER

3.13



3,2 DESCRIPTIONOF TH.EUTILITYB_.. OI.LERPO___._PULATION

A review was made of the domestic utilityoil and gas fired boller

population. The resultswere then used as a study unit selectionaid such

that the study units would be well-representativeof thls market, The

survey was limitedaccordingto the followingcriteria:

o Units are of the domestic utilityclass

o Units are designed for oil and/or gas

o Units were sold since 1960

These basic criteria define a populationwhich consistsof about 220 units

and 82,000 MW capacity sold by the three major utilityboiler

manufacturers. The surveyedboiler units were groupedaccordingto unit

size, year of order, steam pressure,and unlt configuration. The survey

results are shown in Figures 3-8 through3-17.

Figures 3-B, 3-9 and 3-10 indicatethat for three major boiler

manufacturers,22% of the total utilityoil and gas-firedcapacityis in

units of 150 to 350 MWe size, 35% is in units of 350 to 550 MWe size, and

20% is in units of 650 to 850 MWe size. Figures3-11, 3-12 and 3-13

indicate that the largest share of the market (representedby three major

boiler manufacturers)belongs to units orderedbetween 1965 and 1970.

Figures 3-14, 3-15, and 3-16, showingthe total capacity versus the

superheater outlet pressure for units sold by three major boiler

manufacturers,indicatethat the great maJorltyof units fall in the range

of 2400 to 2800 psia.

Figure 3-17 indicatesthat the majorityof units sold by Combustion

Engineeringwere box and close-coupledscreen type units. A fairly large

number of close.coupledarch units have also been sold by C-E since 1960.

(Capacityversus configurationsummarieswerernot developedfor boilers

sold by Foster Wheeler or Babcock and Wilcox.) The C-E boiler types are

illustrated in Figure 3-1B.
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Based on the selectioncriteriaand the resultsof the boiler population

market survey, three representativeboilerswere selected. These boilers

are locatedin three differentpower plants owned by differentutility

companies. The utilityboiler data, shown in Table 3-I, are discussed

beIow:

o Foster Wheeler sold 14 units, similarto the selected

close-coupledarch (CCA) unit, with nominalcapacitiesranging

between 730 and 850 MWe, for a total of 11,000MWe. This

representsabout 12% of the totalmarket.

o CombustionEngineeringsold 20 units, similarto the selected

close- coupledscreen (CCS) unit, with nominalcapacitiesranging

from 400 to 600 MWe, for a total of 9,400 MWe. This represents

about 10% of the total market. These units are also similarto

CCS units sold by Babcockand Wilcox, representingan additional

11% of the total market.

o Babcockand Wilcox sold approximately30 units, similarto the

selected Box unit, with nominalcapacitiesrangingfrom 315 to

480 MWe, a total of approximately10,000MWe. This represents

11% of the total market,

o Combustion Engineeringsold 38 units, similarto the selectedBox

unit, with nominalcapacitiesrangingfrom 100 to 660 MWe, for a

total of 10,000 MWe. This representsa total market share of 11

percent.

Figure 3-19 shows the locationsof existingoil and gas-firedboilers

similar to those selectedfor the study.



TABLE 3-1

MARKET DATA FOR SELECTED UTILITYBOILERS

Close-Coupled Close-Coupled

Unit Configuration Arch (CCA) Screen (CCS) Box

Net capacity (MWe)(1) 850 600 400

Manufacturer FW C-E C-E

No. of Mfr's similar
units sold 14 20 38

Percentof Mfr's sales
represented 50 30 34

Percentof total market
represented 12 10 11

Percentof total marketi2)for all simi3ar units ' 11 21 15

(i) At full load

(2) Units sold by manufacturerand ,_llcompetitors(Rileynot included).

3.22



Figure3-1,9 LOCATIONSOFOIL-ANDGAS-FIREDBOILERS
SIMILARTOTHESELECTEDBOILERS
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3.2 INDUSTRIALBOILER SELECTION

The total number of domestic industrialboilers in place as of 1977 is

estimated to be about 1.8x106 units with a total firing capacityof about

4.5xi012 Btu/hr. Not included in these totals are residentialheating

units, utility steam generators and processheaters. Figure 3-20 breaks

down the capacity in terms of industrialand commercialcategories. These

categories are subdividedinto water tube, fire tube and cast iron designs.

In water tube boilers, the water being heated flows throughtubes with the

hot gases flowingacross the outside of the tubes. In fire tube boilers

the opposite is done (gas inside and water outside the tubes). In cast

iron boilers the gas is also contained insidethe tubes, but the units are

constructedof cast iron instead of steel. Figure 3-21 shows typical

capacity ranges for the various boiler and fuel types. Figure3-22 shows

the populationdistributionas a functionof unit size whereas Figure3-23

illustratesthe total firing capacity as a function of unit size. Although

there are fewer water tube boilers, they are generallymuch larger than

either the fire tube or cast iron designsand consequentlyrepresentthe

majority of the total firing capacity. Figure 3-24 shows the distribution

of fuel type for the three boiler design types. Naturalgas is the

predominantfuel and accounts for about 45% of the total capacity. Oil

firing accounts for an additional 37% and coal firing representsthe

remaining 18%. Forty percent of the capacity is in units in the 7 to 73 _W

thermal range, 17% is in units largerthan 73 MW thermal and 44% is in

units below 7 MW thermal. Distributionof the industrial/commercialboiler

capacity also shows that 57% are water tube, 23% are fire tube and 20% cast

iron design units. (Figures3,-20to 3-24 are from Reference 1.)

Given the significanceof the water tube boiler classification,it is

appropriateto examine details of the population. Water tube boilerswere

examined accordingto the followingcriteria in order to focus on units

which representpotentiallyattractiveCWF retrofitcandidates.

o Units are designed for oil and/or naturalgas

o Units represent1965-1980bookingdates
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Figure 3-24 RELATIVE DISTRIBUTION OF THE TOTAL CAPACITY BY FLIEL TYPE IN
EACH BOILER CLASS. (1)
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These criteria reduce the populationto about 10,000 units representing

about 660xi06 Ib/hr of total steam generatingcapacity, The reducedboiler

populationwas again grouped accordingto year of contract,fuel fired,and

unit size. Figures 3-25 to 3-27 illustratethe total capacityprofilesfor

all manufacturerswith respect to the aforementionedvariables, Almost 8eS

of the total capacity was in units sold from 1965 to 1974. Sixty-eight

percent of the units were under 250,000 lh/ht of steam capacity.

Industrialwater tube steam generatorscan be furthel,classifiedin terms

of fabricationmethod. There are three basic categories: shop-assembled,

modular and field-erected.

Shop-assembledindu_trlalboilersare availableup to about 300,000 lb/hr.

The principal size constraintsarise from shipment limitations. Several

different designs are availablefor shop=assembledboi'lers.Generally,the

designs can be classified as either "A","0" or "D" type units depending

upon the location of the steam and water drums. Figure3-2B shows the "A"

and "D" type designs produced by C-E. In the C-E "A" boiler,a single

steam drum is centered along the top of the unit. Two water drums are

located at the bottom and run along the sides of the unit. The burnersare

located in the front wall. The combustiongases flow the full lengthof

the unit and are than split to each side at the rear wall where they are

turned IBO degrees and enter the convectivesections. The convective

sections are located above each water drum. Flue gas flows back toward the

front wall in each convective sectionand exits vertically,where an

economizer or air heater can be located.

In the "D" type boiler the steam and water drums are locatedalong one side

of the boiler. The burners are located in the front wall of the unit. The

combustinn gases are diverted at the rear of the furnaceto the single

convective pass located between the two drums. Combustiongases flow back

toward the front wall in the convectivepass and exit the unit to an

economizer, air heater and stack.
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C-E SHOP ASSEMBLED A BOILER

FIGURE 3-28
C-E SHOP ASSEMBLED VP BOILER (D-TYPE)
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The "0" type boiler is similarto the "A". The bottom two side arums are

replacedwith a single drum at the bottom center of the unit. Various

combustion gas flow paths are available in the "A" and "0" design

classificationdependingon manufacturer.

Modular steam oer.eratorsare availablein ranges from ZOC,O00 to !,O00,GGO

Ib/hr. Figure 3-29 shows a C-£ VU-60 type modularsteam generator. These

are bottom supported units built from pre-engineeredcomponentswhich are

field assembled.

Field erected steam generatorsare top-supportedunits which are usuall),

limited to large capacity units or to custom built units. Figure3-30

shows a C-E VU-40 type field erected steam generator.

The C-E unit populationprofiles are shown in Figures3-31 to 3-36. _The

market trends are very similarto those mentionedpreviouslyfor the total

market with respect to size and year. The "A" and VP (D type)

shop-assembledunits representabout 7g% of the total capacitysold by C-E,

whereas the VU-60 modular type units accountfor about 18% and the VU-40

field erected units representabout 3% of the sales in this category.

Steam pressures under 1000 psig are predominantfor the C-E shop-assemblea

units. The 0 to 200 psig and the 600 to 800 psig bands are the largestfor

the "A" boilers, whereas the 400 to 600 psig band dominatesfor the VP

units. Fifty percent of the VU-60 units are representedin the 1200 to

1400 psig range and 83% of the VU-40 units are in the 800 to 900 psig

range.

Approximately50% of the C-E shop-assembledunits are equippedwith

superheatersand 49% generate saturatedsteam. The remainingone percent

are hot water units. All of the VU-60 and VU-40 type units are equipped

with superheaters.
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FIGURE 3-29
, C-E MODULAR VU-60 BOILER
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FIGURE 3.30
C-E FIELD ERECTED VU-40 BOILER
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(The data on the total industrialcommercialboilermarket was taken from

Reference I. The American Boiler Makers AssociationData Base i,_the

source used for the total oil and ga_-firedwater tube boilermarket data,

The data specificto C-E units are taken from the C-E yearly industrial

boiler contract listings.)
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APPLICATIONOF SELECTIONCRITERIAAND MARKETSURVEY

The two unitsselectedfor the industrialboilerretrofitapplicationstudy

should represent as muchof the market as possible, Table 3-2 indicates

the variablerangeswhichwill insuremaximummarketrepresentation,By

choosingone shop-assembledand one modularunit,two distinctdesigntypes

can be studied. The large field erected VU.40 units were not selected

because of '_he limited amountof capacity they represent in oil/gas

designed units. The other variable ranges listed in Table 3-2 insure the
selected study units will be representative of the specific unit type,

TABLE3-2

APPLICATIONOF SELECTIONCRITERIAAND MARKETSURVEY• _,,,===m..,=,.,=.,e.u

Unit Type ShopAssembled Modular-fleldAssembled

C-E Designation Type A or VP VU-60

Unit Size (103 lb/hr) 100-200 400-500

Booking Year 1966-1974 1966-1973

SteamPressure(pslg) 0-800 1200-1550

SteamLeaving Superheated or Sat. Superheated
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3.4 PROCESSHEATERSELECTIO_

Process heaters vary widely in manyaspectsl

o Size of individualunits

o Numberof unitsor totalcapacityin the industry

o Feasibilityof burningdifficultfuels

Coal conversionof feasibilitywas consideredby an AmericanPetroleum

Institue(API)Task Force(2) in March}977, Theyconcludedthatmany
servicescannotbe consideredfor variousreasons:

o Sensitivityto localoverheatingof theprocessliquidfilmat
the insidetubewal

o Corrosionof the hightemperaturetubemetalby coalash

o Overheatingof hlghlystressedh1_htemperaturetubemetal

The energyconsumptionof themajorprocessheatersis reportedby Dr Paul

Marnell(3) in the proceedlngsof a workshopon the utilizationof coal

fuelsin processheaters. The onlymajorservicethatmeetstheAPI Task

Force'scriteriais atmosphericpressurecrudedlstillatiJn.

Otherconsiderationssuggestedby the API Task Forceinvolveproblems

associatedwith fuelash. Existingprocessheaterswhichcan besttolerate

any appreciableash are thosede!;ignedfor heavyoil firing.

Section3.4.1discussesPotentla'lIndustrialProcessHeaterStudyUnits

basedon References(2) and (3)above.
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The criteria used for selection of test case units are:

o Service is AtmosphericCrude distillation

o Design fuel is oil

o Unit must be large enough to installburners of at least

15 million Btu/hr capacity

o Unit must be representativeof designs common in the industry

o Unit must be equipped with air preheat

o Convection surfacemust be suitablefor cleaning

Another study leading to the selectionof two processheaterswas done in

1985 by the Heat Transfer Systems unit of C-E Lummus,Bloomfield,NJ.

Sections 3.4.2 through 3,4.5 are based on a final report released in

December IgB5 (Reference4). These sectionswill in turn discuss the

feasibility of coal-water fuels in existing industrialprocessheaters,

compare basic parameters of electricutilitiesvs. hydrocarbonprocessing

industries,briefly describe the developmentand evolutionof process

heater design, and list the selectionof processheatersreviewed in this

study,



, L
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3.4.1 POTENTIAL INDUSTRIALPRocEssHEATER STUDY UNITS

A breakdownof the total domestic energy use by economicsector is shown in

Table 3-3 with the industrialsectorconsumingabout 19 Quads (1015Btu's)

or 26% of the total.

Table 3-3

Total En.ergyConsumptionin 1976 by EconomicSector

Economic Sector .Quads(101SBtu's) %

Residential/Commercial 14.671 19.76

Industry 19.234 25.91

Transportation 19.054 25.66

Electric Utility 21.283 2B.67

Total Energy Consumed 74.242 100.00

McClelland,R. H., "IndustrialFuel Gas EconomicPerspec-

tive and Market Potential,"CNG EnergyCompany, 1978.
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Natural gas and petroleumfuels make up nbout 80% of the total industrial

fuel use as shown in Table 3-4.

Table 3-4

IndustrialEnergy Consumptipnin..Ig76

.Pri.mary Source _____ ds__FI015B.t.u.'s]
%

Coal 3.82119.86

Natural Gas 8.843 45.98

Petroleum 6.537 33.99

Hydro O.033 O.17

Total Consumed 19,234 100.00

McClelland,R. H., "IndustrialFuel Gas EconomicPerspective

and Market Potential,"CNG Energy Company,1978.

A breakdown of the gas and oil fuel use by industryis shown in Table 3-5

with the chemical and petroleum industriesconsumingabout 60% of the

total.
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' Table 3-5

Consumptioni(In_Quads_Uses of rlaturalGas and Oil

In_,the,M,anuf.acturingIndustriesin 197,4,.

........ • FunctionalUse

Industry Boiler Feedstock ProcessHeat Other Total

Chemical 1,13 1.96 .83 .25 4.17

Petroleum .63 - 2.21 .06 2.90

Primary Metals .30 .10 1.10 .20 1.70

Paper .70 - .15 .13 .98

Stone, Clay, and Glass .01 - .78 - .79

Food .40 - ,10 .10 .60

Textiles .13 - .03 - .16

Printing - - .04 - .04

All Other Manufacturing .58 - .63 - 1.19

TOTAL 3.86 2.06 5.B7 0.74 12.53

The Technical Feasibilityof Coal Use in Industrialprocess P{ea_t

Application.

Energy and Environmental Analysis, Arlington, Virginia. May 1978.

Process heat representsalmost half of the total industrialpremiumfuel

use and more than 50% of this usage is in the petroleumand chemical

industries. The petroleumindustry clearlyrepresentsthe single largest

process heat user, consumingnearly 40% of the total process heat

generated.

The typical energy use pattern of a refinery is shown in Table 3-6.
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Table 3-6
¢r

Typical Energy Use Patternof a Ref_in_er¥_

Cooling

Process (Temp. Level) Direct Heat Steam Electricity Water Total

Crude Distillation 19.3 20.B 7.B 23.5 2,0.7

(700°F)

Vacuum Distillation B.O 25.6 6.0 21.9 12.7

(750°F)

Delayed Coking 10.8 9.5 6,7 13.7 11.4

(850°F)

Naptha Hydrotreating 3.8 3.8 6,5 2.2 4.6

(BOO°F)

Catalytic Reforming 27.5 - 19.6 11.5 23.8

(i000oF)

Alkylation 12.2 0.6 3.9 9.0 10.2

Distillate Hydrotreating 6.5 11.9 15.1 5.3 9.3

(500°F)

Catalytic Cracking 11.9 - 25.4 12.9 0.3

(960OF)
- 27.8 9.0 _ 7.0Offsites _._.__ .....

100 100 100 100 100

% of Total Refinery

Energy Use 78.3 9.8 10.5 1.4 100

potentialfor EnergyConservation_,__ in Nine Selected Industries,Vol. 2,*The

Petroleum Refining. GordianAssociates,N.Y., N.Y. 1975.
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These data reveal two major points: I) Processheat is by far the largest

consumer of energy in a refinery,accountingfor more than 70% of the total;

2) The processheaters used in distillation,catalyticrefo_lingand

cracking,and alkylationconsume about 80% of the refinery'sprocessheat.

Thus, it is relativelyeasy to focus on these few types of heaterswhich

consume about 1.8 Quads of energy annually.

, The first processheater study unit selectedwas a petroleumcrude distilla-

tion heater. The two candidateprocessheater units representedthe two most

popular design configurations(verticalcylindrical;horizontalbox), and

either configurationwould be acceptable.

In selectinga second process heater study unit the chemical industryappears

to representa significantmarket for consideration. Table 3-7 shows a break-

down of the major energy-consumingchemicalprocesses.

Ammonia and ethylene productionrepresentthe most significantprocesseswith

respect to process heat consumptionin the chemical industry. Total annual

energy consumptionrelated to ammoniaproductionis about 0.358 Quads. Ethy-

lene production consumes about 0.123 Quads annually. Each of these industries

uses large process heatersand betweenthem they consume 16% of the total

energy used in the chemical industry. Unfortunately,however,there are

technical reasonswhich eliminate these types of heatersfrom consideration

for coal based firing.

Reference 2 categorizesprocess heatersbased on the severityof the process

service type. Three categorieswere definedand are shown below. The ammonia

and ethylene heatersfall in category I which is the most severe servicetype.

I. Designs of heatersfor high temperatureprocess reactionsor high pres-

sures and elevated temperatures:

(a) Require that metal pressure parts be at temperaturesapproachingthe

coal ash fusion point, implyingsevere corrosionproblems;
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Table 3-7

Energy - ConsumingChemicalProcesses__

Annual Specific

Energy Energy Percent

Consumption Consumed of totali'for al1

Chemical 1012 Btu/yr Btu/lh Chemical Processes
ill I i i

I. Ammonia 358 14,500 11.9

2. Chlorine/Caustic(E) 335 17,500 11.2

3. Ethylene 123 10,000 4.1

4. Aluminum Oxide 96 B,O00 3.2

5. Soda Ash 71 6,500 2.4

6. Rayon 60 62,200 2.0

7. Carbon Black 50 17,000 1.7

8. Nylon 49 26,000 1.6

9. Polyethylene 49 7,500 1.6

10. Polyester 46 20,000 1.5

1!. Butadiene 45 14,500 1.5

.'L2.Styrene 42 7,000 1.4

13, Phosphoric Acid 41 1.4

14. Phosphates 36 1.2

15. Titanium Oxide 31 19,500 1.0

16. Polyvinylchloride 31 6,000 1.0

17. Acrylic 30 47,000 1.0

18. Acetate 2B 67,200 0.93

19. Phosphorus 26 23,500 0.87

20. Oxygen(E) 25 700 0.83

21. Acetylene 20 52,700 0.67

22. Methanol 16 2,500 0.53

23. Polybutadiens 13 19,000 0.43

24. Phenol 12 5,500 O.40
(E) 12 1,300 0.4025. Nitrogen
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Table 3-7 (Cont.)

Energy,* **_ - ClOnsumtn_ Chemical Processes

Annual Specific

Energy Energy Percent

Consumption Consumed of total+ for all

Chemical 1012 Btu/yr Btu/lh ChemicalProcesses

lil i i.ll lil i lil i l

26. Polystyrene 11 2,200 0.37

27. Styrene Butadiene 11 4,300 0.37

28. Ethanol 11 0.37

29. Hydrogen 9.2 43,300 0.31

30. Cumene 8.8 0.29ill film i

Total 1,696 57

Excludes energy value of feedstocks. Estimatesare for 1972. Energy

consumptionsare totals for energy consumed throughfuel use and purchased

electrical power. Fuel use comprisesprocess heating,steam generation,

and power generationfrom internalcombustionengines.

**
Data for all chemicalsexcept cumenewere obtainedfrom Draft Target and

Support Document on Developinga Maximum Energy EfficiencyImprovement

Target for SIC 28: Chemicalsand allied Products,BattelleLaboratories,

prepared for the Federal EnergyAdministration,July, 1976. The cumene

energy consumptionwas obtainedfrom Energy Consumption: Fuel Utilization

and Conservationin Industry,Dow Chemical Co., EPA Report #650/2-75-032-d.

+The annual total energy consumption(exclusiveof feedstockuse) was

estimated, in the Battelle report,to be 3,000xi012Btu.

(E)Primarilyelectrical.
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(b) Have metal pressure parts operatingnear the safe high

temperaturestrength limit and requireprecisecontrolof the

heat flux to avoid overheatingof these parts; and

(c) Commonly requiremany small burners in order to adequately

control heat flux distribution.

Limited experience is availableto identifythe magnitudeof the

corrosion problem. However, studiesof the effectsof the (much

milder) corrosiveagents in oil fuels have led to the conclusionthat

sulfur and many metal salts, common to coal ash, will rapidlydestroy

the highly alloyedmaterials used in high temperatureand/orpressure

heaters. Also, detailed knowledgeof heat transfer from coal flames,

as required to design for and controlpreciseheat flux distributions,

is presentlylacking. Therefore,we concludethat it is presently,

and for the foreseeablefuture, impracticalto design for coal firing

in heaters designed for high temperatureprocessreactionsor for high

pressures.

Heaters falling in the above class includethose for ethylene

pyrolysis, steam-hydrocarbonreforming,hydrocracking,and some

hydrotreating. They are to be found predominantlyin the chemical,

petroleum,and fertilizer industries.

2. Designs that process fluids subjectto thermal decompositionrequire

close control of the temperatureof the fluid adjacent to the heat

absorbing surface (known as the fluid film). Overheatingof the fluid

film will lead to formationof decompositionproductsand plugging,

and/or overheatingof the tubes.

Relatively close predictionand controlof heat flux is required in

order to obtain satisfactoryrun length and operationalsafety. Also,

it is necessaryto provide for rapid extinctionof combustionfor the

case when thermal decompositionis detected. These factorswill

likely remove stoker-fireddesignsfrom considerationfor these

services.
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" Since adequate knowledge of the characteristics of pulverized coal

flames to allow relativelypreciseheat flux predictionand control is

lacking, we see the applicationof coal firing to this class of units

as unattractiveuntil proven in less severe services. Services

susceptibleto thermaldecompositionincludeheaters in cokers,

visbreakers,thermalcrackers,and vacuum flashers in the petroleum

refinery industry,

3. Designs for general process service_re consideredas first priority

candidates for developmentof coal-firingdesigns. Currentand tradi-

tional designs do not satisfy the fundamentaltechnicalrequirements

for burning coal as coveredpreviously. In addition,we expectthat

larger combustionchambers and fewer burnersof greaterheat release,

as compared to current designs,will be requiredfor firingpulverized

coal.

Vertical upward firing,as currentlyappliedwith gas or oil fuels,

which gives the most even heat distributionin economically-sized

fireboxes will not be possiblewith coal fuel. Maintenance

requirementson combustor,fuel, and ash systemsmay limit heater

availability. Experiencewith coal-firedboilers indicatesthat

stream factorsare less than currentlyconsidereddesirablein process

applications.

Existing coal-firedboiler technologyand featuresaredeemed directly

transferrableto process heater design in the areas of coal handling,

ash or slag handling,flue ga_ conditioning,and maintenance

facilities. Improvement of pulverizedcoal firing control is possibly

indicated. Problemareas requiringsolutionbefore general

applicationof coal firing to process heaterscan be attemptedare

(a) Obtain detailed knowledgeof coal flame characteristicsand heat

transfer from coal flames.

(b) Solve problems of slagging,fouling,and corrosionof high

temperaturepressure parts and refractory.
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(c) Developtechniquesfor controllingheat flux distributionwith

coal firing. This includesconsiderationof fuel distribution,

air distribution,and small burner dewlopment.

The petroleumcrude distillationheater describedpreviouslyfall into this

third category in terms of processseverity,

A second type of process heaterwhich representsa potentiallyfeasible

appllcation is commonly referred to as a "hot oil belt heater". This type

of heater, also commonly used in refineries,uses an intermediateheat

transfer media such as hot oll or an organic fluid which transfersits heat

to the crude in a separate heat exchanger. C-E Lummus estimatesthis type

of heater probably representsabout 5 to I0_ of the total refineryfuel

consumption. The potentialusage for this heater type is as high as 25%

using presentday technology. Future improvementsin the maximum

temperaturelevel for the intermediateheat transfer fluid will increase

the potential applicationfor this type of unit. These types of units

would be classified in category 3 iriterms of processseverity,

These units are also constructedin the vertical cylindricaland horizontal

box type configurationsand thereforecould be selected in the opposite

configurationof the crude distillationheater describedpreviously. The

unit configuration 'Isan importantparameterfor consideration. Therefore,

both types should be studied, if possible.

Another potentiallysignificantmarket for CWF fuels could be in enhanced

oil recovery steam generators. Since accurate numbersfor the total number

of enhanced recovery steam generators in the U.S. do not seem to be

available, the numbers which we will have to concentrateon are from

California. This will not introJucea large error in the estimate since

well over 90% of all the U.S. enhancedoil steam generatorsare in

California.
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According to a 1979 publicationby the CaliforniaAir ResourcesBoard there

were 1049 active enhanced recoverysteam generatorpermits, C.E Natco

personnelestimatethat there are currentlyapproximately1200 units in

California (about 1,000 greaterthan 50xi06 Btu/hr and 200 less than 50x106

Btu/ht).

Of these 1200 units we estimateat least 75% are presentlyfiring o11 with

the remainder being fired by gas. Most of the units are equippedfor both

gas and oil firing and the oil companiesswitch back and forth depending

upon fluctuationsin gas and oil pricing and availability.

If we assume there are 1,000 - 50 MM Btu/ht units (62,5xi06Btu/ht heat

release) and 200 - 25xi06 Btu (31.25xi06Btu/ht heat release)the total

annual oil consumptionfor the units will be about 0.4 Quads.

If it were assumed that all 1200 units were firing on oil, the annual oil

consumptionwould be approximatelyBI,200,000bbl (0.5quad/yr)or.roughly

10% of all the crude that the U.S. is currentlyimporting(2.3xi06bbl/day

imported crude).
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3,4.2 B_.ACKG_OUND-,EXPLOR!NGTH[ FEASIBILITYOF FZRINGCOAL-WATERFUELSS
IN E.XIST!NG!NDUST.RIALPROCESSHEA_TERS

Coal was firedin someearlyprocessheatersbutwas phasedout of use

aboutthirtyyearsago as inexpensive(andabundant)gas and oil supplies

becameavailable, In the 1970'sthe priceof fuelgas and oil roseand

suppllesof thesefuelsbecameerratic. TheAmericanPetroleumInstitute

(API) in 1977 investigated the conversion of then existing process heaters

to coal firing. The API concluded that existing process heaters, which had
evolved between the lgBoJs and 1970's, andwhich were based on oil and gas

firing,were not suitablefor conversionto coalfiring(5). TheAPI based

its conclusionon the availablecoalfiringsystemsin theutilityindustry

at that time (pulverizedor stokerfiring)and extrapolatedproblemswith

thosefiringsystemto processheaters. TheAPI identifiedthe following

problemareasfor convertingprocessheatersto coalfiring:

- High temperatureserviceprocessheaterswithmetalpartswhich

operatenear the coalash fusionpointwouldbe subjectto corrosive

agentsin the coalash.

- Heat absorptionratecontroland distribution.

- The need for rapidextinctionof combustionwhen thermaldeco,lposition

in the processcoil is detected(applicableto stokerfiringonly).

- The lack of detailedknowledgeof coalflamecharacteristicsand heat

transferas it pertainsto processheaterservices,

- Slaggingand foulingof pressurepartsand refractories.

- Burnerdevelopment

- Heateravailability(on-streamtime)

3.59



' - Ltmtted space around extsttng heaters for coal handllng and storage
and for flue gas clean-up equipment.

Stnce 1977, process heater destgns have continued to evolve, Newheater

destgns have also been developed that maypermit pulverized coal ftrtng
(6), and at least two heaters employing such a destgn have been Installed

and have started operation. However, these two heaters do ftre a fuel
containing ash but the ash levels are comparableto typtcal fuel otls,

There has been no reported recent testtng of coal f'lrtng (tn pulverized,

stoker or CWFfore) tn process heaters, The substitution of CWFftrtng in

place of' otl or gas in process heaters could have simtlar economtc

advantages comparedto botlers provided the modifications neededare
stmtlar to boller Installations.
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3,4,3 _ACOMpARISON...OFBASIC PARAM_E_TERSOF ELECTR!_G.UT!LITIES

VS, HYDROCARBON..PR.OCE.SSINBINDUSTRI..ES

Large, modern fossil fuel fired electricutilityand hydrocarbonprocessing

plants have comparabletotal heat input capacities. on the order of one to

ten billion Britishthermal units (Btu) per hour, An electricutility

plant's total heat input is supplied in one, or up to five large boilers,

A hydrocarbonprocessingplant's total heat input is suppliedin nunlerous

process heaters (some plants can have more than 20 different,individual

service heaters)and small industrialboilers, The heat input per unit in

a processing plant can be one tenth to less than one twentiethof a utility

boiler, The large number of relativelysmall heat input capacityprocess

heaters are needed because of the many processingsteps in the plant that

require precise control to optimize the operationof the plant,
i

The numerous processingsteps in a hydrocarbonprocessingfacilityrequire

additional equipment besides the heaters, The equipmentincludesreactors,

columns, vessels, heat exchangers,tanks, pumps, piping,valves,etc. The

layout of a hydrocarbonfacilitymust be compactand as simpleas possible

to reduce costs for piping and still allow adequateaccess to equipment,

Free spaces around processheaters are either very limited,non-existentor

are specificallyset aside for maintenancerequirements.

Modern designs for utility or industrialboilers and processheaters

evolved from similar beginnings- old designs had heat absorbingtubes

located away from refractot'ywalls in the combustionchambers, The

relatively simple processof heating,vaporizingand superheatinga single

component fluid (water)permittedthe use of high radiantflux rates in

boilers. The heating and vaporizationof multi-componentfluids

(hydrocarbons)can cause decompositionof some componentsinside the heat

absorbing tubes in a processheater, The decompositionof hydrocarbons

inside _ process coil is not desirableas it causes overheatingof the

metal which can lead to failuresof the tubes. Hydrocarbondecomposition
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also reducesproductyields which affect plant economics. (Overheatingof

boiler tubes also occurs, but a failureof a boilertube does not introduce

an uncontrolled,combustiblefluid into the unit.)

The two fuels common to boilersand process heaters(gas and oil) produce

no or low levels of deposits which can adhere to heat absorbingsurfaces.

Coal, because it contains mineralcomponents, producesdepositswhich can

adhere to heat absorbing surfaces. Deposits on these surfacesshift the

heat absorptio_hto differentlocationsinsidethe unit.

The complex heating and vaporizingservice in processheatersrequires low

flux rates (comparedto boilers) and only small shifts in these rates. The

simple heatingand vaporizationof water in boilersallows high flux rates

and larger shifts in these rates. (Table3-8 presentstypicaldesign

factors for boilers and process heaters.) The fuels commonlyfired in

process heaters (oil and gas) help to satisfythe processheater operating

v'cQuirements.The simpler requirementsin a boiler have permittedthe

firing of less predictablefuels (such as coal).

The factors determiningthe economicviabilityof facilitiesin the

electric utility industryand the hydrocarbonprocessingindustrydiffer.

A fossil fuel fired utility producesa single product (electricity)from

the combustion of fuel using a relativelysimple thermalcycle. The

combustion of fuel produces steam at controlledconditionswhich then

drives a turbine/generator. A power plant is designed arounda fuel or

fuels which are imported into the plant. Fuel is a direct factor in an

electric utility plant'seconomics.

A hydrocarbonprocessingfaci ity produces a varietyof hydrocarbon

products for a projectedmarket from a varietyof hydrocarbonsourcesusing

a variety of processing technologies. Fuel in a hydrocarbonprocessi,_

plant is used to supply the ener_iyneeded for the processtechnology.

Changes in feedstocksand operationconditionsaffect the yield of valuable

or marketable products. No processtechnologyor group of technologiescar,

produce 100% yield of a single valuable productfrom a feed stock source.
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TABLE3-8

TYPICAL BOILERAND=PROCESS,HEATERDESIGNPARAMETERS
i i ii i li i ii ,,i ,, i , _ - , ,,, i ii

Oil- or Oil- or G_s-

Gas-Fired Coal-fired fired Process

Design Parameter Boiler Boiler Heaterm,_

Average radiant absorption

per unit circumferential

tube area (Btu/br.ft2) N.A.a N.A. 12,000

Heat release rate per unit

volume (Btu/hr.ft3) 50,000 20,000 10,000

Heat release rate per unit

wall area (Btu/hr.ft2) 170,000 BO,O00 40,000

Maximum gas velocity in

convection zone (ft/sac) 120 70 30

a Values not defined.
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Fuel oil and gas in a hydrocarbonfacility are by-productsof the process

technologyand are generallyless valuablethan other products. In some

cases these fuelsmaynot have a market at all or may requireadditional

processingequipment to upgradethe fuels into marketableproducts. The

economicsof a hydrocarbonfacilityare thus tied to the value and

marketabilityOf fuel produced in the facilityalong with the other

products. Fuelhas less direct impact on hydrocarbonprocessingfacility

economics because it is a by-product.

The operating requirementsneeded to meet the productdemandsof an

electric power plant and a processingplant also differ. Electricpower

requirementsvary seasonally,daily and hourly. Power plants are commonly

called base load, stand-byand peaking. These terms and the plants they

representreflect the almost instantaneouschange in demand for electricity

from the market that a power plant may serve. Electricitycannot be stored

economicallyso utilitiesbuild more capacity for a market than is actually

needed for "average"conditionsto insure demand is met at all times. This

required overc_pacityin the electric utility industrypermits the ratio of

useful production time in a given time period comparedto the total time

period to be around BO%, becauseexcess capacitycan help meet demand at

any given time. This overcapacityalso allows utilityunits to be out of

operation lcr long periodsof time if needed.

The product demands in a market area near a hydrocarbonprocessingfacility

are almost constant in most cases, or vary only seasonally. If slight '

changes in product yields are required,the opera_ionof portionsof the

plant can be varied to meet changes. Additionallj/,hydrocarbonscan be

stored economicallyto prepare for anticipatedch,lngesin market demands.

Hydrocarbonprocessing facilitiesare thereforedesigned lo,_ "average"or

near-constantmarket conditionswith little,if any, excess capacity, lt

is not economical to build excess capacity in a hydrocarbonfacilityand

only use the excess capacity on an intermittentbasis. If more capacity is
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required for an increasein market demand,existingplants are modifiedto

increasecapacity slightlyor new plants are built. The lack of excess

capacity in hydrocarbonprocessingplants requiresthat the numerous

components in the plant, includingthe heaters,operatewith high

availability- well over 90% in most cases.

The high availabilityrequirementof process heatersis a key factor in the

operation of a hydrocarbonprocessingplant. If one heater is not

operating, it may force the whole plant to be shut down becauseeach

processing step relies on the operationof another. Additionally,almost

all process heatersusing external equipmentsuch as air preheatsystems

(to achieve high efficiency) and fans are capable of high capacity

operationwithout the external equipmentin operation. This allows the

heater and plant to operate if mechanicalequipmentthat is externalto a

heater is out of service for any period of time.

The acceptablepay_back time period (the ratio of total installedcost of a

modificationdivided by the operationalcost savingsper year of a

modification)for equipmentmodificationsalso differ betweenthe electric

utility industry and hydrocarbonprocessingindustry. Acceptableelectric

utility industry pay-back periodsare generallyfive years or longerwhile

in the hydrocarbonprocessing industry,acceptablepay-backperiodsare

generally two years or less.
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3.4,4 HISTORYOF DEVELOPMENTAND EVOLUTIONOF PROCESSHEATERDESIGN'_

There are many differenthydrocarbonservicesand design requirementsto

wh!ch heater designs have been applied. There are also many different

designs of process heaters. The design of processheatershas been based

on reliabilityof operation,efficiencyof heat recovery,type of fuel

fired, burner technologyused and price competition. The followingbrief

discussion reviews the developmentand evolutionof modern processheaters

in areas as it pertainsto the feasibilityof firing coal-waterfuels.

Early process heater designs were almost all of horizontaltube cabin

configuration (referto Figures 3-37 through3-44). Tubes are locatedaway

from refractorywalls to allow heat input to all sides of a tube at one

time. This design feature is used to permitr_aximumutilizationof the

heat absorbingsurfacewhile mirlimizinglocal variationsat each tube that

could lead to decompositionof the hydrocarbonfluid. The flow of the

products of combustion (flue gas) as it left the radiantcombustionchamber

and traversedto and across cunvectiveheat transfer surface (if it

existed) varied between designs (referagain to Figures3-37 through3-44).

Calculation proceduresfor the processand heat transferof early designs

were imprecise by today's standards. Early heater designwas more an art

than a science.

Experience gained from the actual operationof the early heaterswas

applied to "improved"designs. Heater flux rates (the heat transferrate

per square foot of tube surface)were revisedupwardsor downwardsin

designs until economicallyacceptablereliabilityor on-streamtime

parameters were met. Standardsfor certainportionsof heaterswere

established for certain services.

Radiant combustionchambers of early heaterswere large,with low heat

release rates per cubic foot of chambervolume. Firing in early heaters

was almost always horizontal. Fuels fired includedoil and gas and

occasionally pulverized coal or coke. The solid fuels were generally

sprayed into or over oil flames. Horizontalfiring of oil was used to
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FIGURE 3-37
HORIZONTAL CABIN HEATER WITH SIDE MOUNTED DOWN FLOW CONVECTION
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FIGURE 3-38
HORIZONTAL CABIN HEATER WITH SIDE MOUNTED DOWN FLOW CONVECTION
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FIGURE 3-39

HORIZONTAL CABIN HEATER WITH CENTRAL DOWN FLOW CONVECTION
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FIGURE 3-40

HORIZONTAL CABIN HEATER WITH OVERHEAD, SIDE FLOW CONVECTION
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FIGURE 3.41
HORIZONTAL CABIN HEATER WITH OVERHEAD CONVECTION
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Figure 3-42. HORIZONTAL CABIN HEATER WITH OVERHEAD CONVECTION
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FIGURE 3-43
"HEAVY OIL" FIRED HEATER
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FIGURE 3-44
"HEAVY OIL" FIRED HEATER
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avoid problems with fuel spills in overhead, vertically firing burners.

Heaters firing "heavy"fuel oll (essentiallyNo. 6 fuel oli), or,oi] and

coal, usuallyhad bare (no extended surface)tube convectionsectionswith

the convectionsections l,_catedto the side of the combustionchamber.

Flue gas exited the radiantchamberof these "heavy"oll fired heatersnear

grade and flowed through ducts below the combustionchamberto the

convection section (refer to Figures3-43 and 3-44), These ducts had

access panels in them to permit ash removal. Ash, if it accumulated,was

removed from the ducts only if it affected operation,or at scheduledplant

shutdowns.

Improvementsin burner technologygreatly reducedthe problemswith oil

spills and fuel tip cloggingand thus permittedreliableverticalfiringof

fuel oils - even "heavy"oils. Better uilderstarldingof processflow

regimes in the heater coils permittedthe use of verticallydisposedtubes

in the radiant sections of some heatersand slightlyhigher radiantflux

rates. These developmentsallowed heatermanufacturersto design vertical

cylindrical heaters - the most compactand economicalheaterdesign 'For

many services (refer to Figures3-45 and 3-46). Industrystandardsfor

fuel oils were also establishedwith strict limits for ash content.

Extended surfacewas used in convectionsectionsof "heavy"oil fired

heaters and was found to meet operatingcriteria. These standards,

improvementsand better understandingof heater technologyessentially

eliminated the heater designswith horizontalfiring,bare tube convection

sections and ash collectionducts under the radiantand convection

sections, due to price competition.

Some modern heater designs are still horizontallyfired from endwalls or

sidewalls due to client preference,but these designs representonly a

small fraction of the heaters in operationtoday. Vertical'_iringof coal

was not tried in process heatersand coal firing was phased out of use _s

inexpensivegas supplies became availableor as processingtechniques

respondeo to different markets and producedmore by-productfuel oil or gas

which was fired in the heaters. The last coal or coke fired process

heaters probably went out of servicein the late 1940's or early 1950's.

3.75



FIGURE3.45
VERTICALCYLINDRICALHEATER
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As experience in calculationproceduresfor radiativeand convectiveheat

transferand inside the coil processmechanismsgrew, fired heater sizes

shrunk for a given heat absorptionwhile maintainingreliabilityand

on-streamtime parameters. Higher thermalefficiencydesignswere made,

air preheat systems came into use, new light weight refractorieswere

developedand used and larger heaters in more complexplantswere designed.

Econo_.icsof a plant favoredthermallyefficientbut compactheater

designs. That trend was acceleratedwith the rise in the cost of fuels,

feeds_:oclcs,materials and labor.

Modernprocess heater designscan be describedas the near optimizationof

complex process technologyand simple fuel combustionin a compact,highly

reliable package. Modern designsare a blend of the old designson the

process side (insidethe tube) along with reductionsin the physicalsize

of equipment due to componenttechnologyand heat transfercalculation

technique improvements. Modern heatersare highly efficientthermally,

cost effective and very reliable- on stream time for plants that use

process heaters is commonlymeasured in years.
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3.4.5 SELECTIONOF PROCESSHEATERSFOR REVIEW IN THIS STUDY

Process heatersare categorizedby two generaland looselyfittingterms

(serviceandconfiguration) that have becomeaccepted throughoutthe

hydrocarbonprocessing industry. Unfortunately,these two terms do no

fully describe what happens to the feedstock(service)nor do they fully

describe the arrangementof the heat absorbingcoils, burner layout,fuels

fired or, geometry (configuration)of a heater. Heatersare designedfor

specific servicesand as a consequencethere are hundredsof processheater

designs in service. Some heater configurationsare suitablefor more than

one specific service but specific designshave been developedand used for

specifiC services. Competitivecosts, experienceand owner preference

generally determinewhat type of design is used for a given service.

A survey of over seven hundred processheatersmanufacturedby one supplier

in the United States was made. The survey categorizedthe heatersby the

two terms describedabove With the followingsub-categories:
i

Configuration: VerticalCylindrical

Horizontaltube Cabin

Verticaltube Box

Other

Service: Vaporizing

Ali liquid

All vapor

Pyrolysis

Other

The survey also categorizedthe heatersby their total heat absorbing

capacity (duty) and the decade they were designed.

lt is noted that although two heater services (pyrolysisand other) were

included in the survey of heaters, they are not consideredadaptableto

coal firing in any form. This is becausethese heaters involvehi§h
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temperatureprocessesand have metal parts which operatenear the coal ash

fusion temperatureand thus would be subjectto severe corrosionconditions

when firing coal. These two heater servicesrepresentabout 25% of all

heaters and total duty in the survey.

The survey revealedtrends in the duties of the heatersover time and

trends in the use of configurationsand servicesover time. The survey

allowed the selectionof two heatersas "typical"of a majorityof the

process heaters in the United States. The two selectedheatersrepresenta

major portion of the servicesand configurationsof all processheatersin

the survey and have duties close to the averageduty of all heatersin the

survey. The selected heaters have serviceswhich would not impose

additional constraintsfor coal firing due to ash corrosion.

The two selectedoil fired heaters,which were designed in the mid 1970's

and are in operationtoday, are as follows:

Unit F

This heater is loca_d in a Midwest refinery,and is a 54.4xi06Btu/hr,

vertically fired, vertical cylindricalfractionatorpreheat (vaporizing

service) heater. The heater shares a combustionair preheatsystem with

another process heater of similarduty but differentservice. The heater

was designed for a very compact plot area (thus requiringa vertical

cylindrical design) inside the plant. The processfluid in the heater is a

fraction of the total feedstock input into the plant and is ultimatelymade

into gasoline. This heater relies on the operationof upstreamequipment

and produces one of the most valued productsof the plant. The arrangement

of this heater is similar to Figure 3-45.

Unit G
i i

This heater is locatedon the West Coast and is a I03.8xi06Btu/hr

vertically fired, horizontal tube cabin style crude (vaporizing service)

heater. This heater also shares an air preheat system,with an identical
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serviceand duty heater. The horizontaldesign and maximumdegree of

prefabrication(narrowwidth) of the heater designwere client design

requirementsto fit an open area of the plant near existingequipment,to

allow tube pulling in a horizontalposition and to reduce field erection

costs and unit downtime, This heater is the initialprocessingstep in the

refinery. Every processingstep downstreamof this heater relieson its

operation. The arrangementof this heater is similarto Figure 3-42.

These two heater designswere used as the basis for applyingthe data

collected on coal-water fuel firing tests to determineif it is feasibleto

fire coal-water fuels in existing fired heaters. Data for these two

heaters are contained in Table 3-9.
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4. PERFORMANCEANALYSISGUIDELINES

The thermal perfo;_anceof each of the seven study units was analyzedfor

each of four Coal-WaterFuels below. The four CWFs are among twelve CWFs

which were tested as part of the DOE project. The four study fuels are:
l

* Upper Freeport6.B% Ash (UF6.B)

* Splash Dam 5.7% Ash (SD5.7)

* Cedar Grove 7.9% Ash (CG7.9)

* Cedar Grove 4.8% Ash (CG4.B)

(The number associatedwith each fuel refersto

the ash content of the fuel - dry basis.)

In addition, a fifth Coal-WaterFuel, Splash Dam 2.6 (SD2.6),was evaluated

for Unit C. This fuel produced considerablyless erosionof the test

section in the Task 5 portionof the laboratorytests discussedbelow.

Unit C was chosen as the one unit havingthe potentialfor the greatest

load increase with this fuel. Unit B was capableof only a minor load

increase,while the remainingunits were limitedby other criteria. A

sixth Coal-Water Fuel, Alma 5.9 (AL5.9),was evaluatedfor utilityunits A

and C and industrialUnit E. The fine grind versionof this CWF produced

considerablyless erosion of the test sectionused in the Task 5 laboratory

tests.

These particular fuels were chosen to providea basis for studyingthe

effects of:

* Ash Slagging and Fouling Characteristics

* Ash Quantity and the Effect of Coal Cleaning

• Erosion Potential
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, The detailed analysis of each fuel is tabulatedon Table 4-I.

Each of the CWFs was tested in the C-E laboratoryfacilitiesunder Tasks 4

and 5. Testing included:

* Slagging and Cleaningof FurnaceWalls

* Fouling and Cleaningof ConvectionBanks

* Erosion of Test Section

* Carbon ConversionEfficiencyDetermination

* AtomizationVariation

* Flame Stabilityand Turndown

Based on the results of the laboratorytestingand on general principles

which have been developedfor CWF firing and operation,the following

guidelines were defined for use in predictingthe CWF performanceof the

units.

4.1 Furnace Performance
lm i i i i

A. Furnace heat absorptionrates and outlet temperaturesare

determinedby the use of appropriatecalculatingproceduresand

computer programs. When appropriate,allowanceis made in the

caIcuIations for:

I. Furnacewall slag thermal resistance(as 'indicatedby

resultsfrom the lab tests)

2. Furnace flame radiationcharacteristics(as indicatedby

results from the lab tests)

3. Estimatedflame lengths (CWF relativeto oil firing)
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TABLE4-1 ANALYSISFOREACHCOALWATERFUEL

Fuel Type UF6.8 SDS.7 CG7.9 CG4.8 SD2.6 AL5.9

Proximate, Wt. S
Moisture (Total) 30,4 30.6 30.9 32.1 30.3 36.0
VolatileMatter 23.1 21.0 22.6 23.0 21.6 23.9
Fixed Carbon (Diff.) 41.8 44.4 41.0 41.5 46.3 36.3
Ash 4.7 4.0 5.5 3.3 1.8 3.8
Total 100.0 100.0 100.0 100.0 100.0 100.0

d

HHV, Btu/lb 9,785 10,125 9,410 9,680 10,535 8,803
LB Ash/HM Btu 4.8 3.9 5.8 3.4 1.7 4.3

Ultimate,Wt. %
Moisture (Total) 30.4 30.6 30.9 32.1 30.3 36.0
Hydrogen 3.5 3.4 3.5 3.3 3.5 3.0
Carbon 55.0 56.8 53.7 54.3 59.7 50.6
Sulfur 1.2 0.5 .6 .5 0.5 Io0
Nitrogen I.0 I.0 I.I I.0 I.3 1.0
Oxygen (Diff.) 4.2 3.7 4.7 5.4 2.8 4.5
Ash 4.7 4.0 5.5 3.3 I.B 3.B
Total 100.0 100.0 100.0 100.0 100:0 100.0

Ash Fusibility, °F
I.T. 1,980 2,390 2,350 2,350 2,270 1920
S.T. 2,270 2,770+ 2,600 2,600 2,700+ 2240
H.T. 2,390 2,770+ 2,700+ 2,700+ 2,700+ 2390
F.T. 2,460 2,770+ 2,700+ 2,700+ 2,700+ 2510

Ash Composition, Wt. %
SiO_ 45.3 57.1 54.2 54.2 47.1 48.9
Al^Or 24.7 27.2 26.4 26.4 30.8 22.8

.1 • ,Fe O. 21.5 7 4 8.8 8.8 11 7 18.0
Ca_ a 1.6 0.9 2.0 2.0 2.2 3.9
M90 0.7 0.8 1.0 1.0 0.6 0.7

0.4 0.8 .4 .4 1.9 0.7
Na_O
K O 2.5 2.1 2.4 2.4 1.1 1.3
T_O. 2.1 2.1 2.2 2.2 1.6 1.8
SO.j" 0.6 1.4 1.2 1.2 1.4 1.0
To'_al 99.4 99,8 98.6 98.6 98.4 99.1
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B. The furnaceoperating limitsand parametersare as follows:

i. Excess Air (NormalOperation): 25%

(If unit loads could be raised by using higher air flow 30%

excess air was used.)

2. MinimumAir PreheatTemp.: 300°F

3. Maximum Furnace Liberation(Q fired/furnacevolume):

25,000 Btu/hr-ft3

(This was limitedto ensure adequate carbon conversion

efficiency.)

4. Gas Recirculation- Was limitedas a functionof furnace

" liberation,excess air, and injectionlocationto ensure

that the gas recirculationdid not adverselyaffect carbon

Conversion.

MaximumAllowableGas Recirculation(GR)

i. For FurnaceLiberationless than 20,000 Btu/hr-ft3"

For 25% excess air: Max GR (thru Bottom)- 20%

, Max GR (thru Windbox) - 15%

For 30% excess air: Max GR (thru Bottom)= 25%

Max GR (thruWindbox) - 20% _

ii. For FurnaceLiberation- 25,000 Btu/hr-ft3 max:

For any excess air: Max GR = 0 % (for Bottom or

Windbox)
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iii. For FurnaceLiberationless than 25,000 but greater

than 20,000 Btu/hr-ft3:

Use linear Interpolationbetween these two points.

C. With the above operatinglimitsmet, carbon conversionefficiency

(% of total carbon burned)was estimatedto be gg%. This value

was used for calculationof boiler efficiencyand related

operating parameters. For the fine grind ALS.g CWF, carbon

conversionefficiencywas estimatedto be 99.5%.

D. A'Jditionalfurnaceoperatinglimits (relatedto avoiding

excessive furnace slagging)were"

I. Net Heat Input/PlanArea: Less than 2.1xi06Btu/hr-ft2

2. Burner Zone Heat Release: Less than 650x103Btu/hr-ft2

For the SD2.6 fuel, these limits were relaxedand allowedto

increase to 2.36xi06Btu/br-ft2 and 860xi03Btu/hr-ft2,

respectively,becauseof the low ash contentof this fuel.

Relaxing these limitsenabled us to take full advantageof the

129 ft/sec Gas Velocity Limit establishedfor this SD2.6 CWF.

(See 4.2 A below.)

4.2 Convection Bank Limitslm q.._. ,..t.._mnm,-

A. Erosion Velocity Limit

Laboratory tests of erosionpotentialyielded the followingGas

Velocity Limits (basGdon a 2 railper 10,000 hr metal loss rate

criterion):
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FUEL

UF6,8 SD5,7 CG7,9 CG4,8 SD2,6 AL5,9

Velocity Limtt (ft/sec): 69 79 51 76 129 84

These limits apply to cross flow conditionsand are average

Velocities at the bank. In certainconvectionbank arrangements

these limits are adjustedto allow for possiblehigh local

velocities relativeto the average. In addition,allowable

velocities are reducedby 10% for load-supportingtubes.

B. Clear Space Limits

To minimize convectionbank plugging,limitswere establishedfor

the maximum gas temperatureenteringthe convectionbanks. The

temperaturelimits are a functionof the clear space between

adjacent tube assemblies. These limits are based on lab test

resultsand previous field experiencewith coal firing. The

maximum allowablegas temperatures(for clear spaces of 16 inches

or greater) are set as fo!l_ws:

FUEL

UF6,8 SD5,7 CG7,9 CG4,8 SD2.6 AL5,9

Gas Temp, Limit (OF)
Platens: 2300 2500 2500 2500 2500 2500 .

Non-Platens: 2200 2400 2400 2400 2400 2400

Gas temperaturelimits are reducedfor clear spaces less than 16

inches. The smallerthe clear space, the lower the temperature

limit.
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C. ConvectionBank Heat Transfer

Based on lab test measurements,estimateswere made of the heat

transfereffectivenessof convectionbanks. The resulting

corrections,relative to conditionsfor oil firing,were

developedfor the five CWFs:

FUEL
_11111 III I I iii L

UF6.8 SD5.7 CG7.9 CG4.8 SD2.6 AL5.9

Convection

Effectiveness

Platensor Panels: -4% +19% +14% +15% +19% +15%

Non-Platens: -1% +6% +5% +5% +6% +5%

These factorswere employed in running the heat transfercomputer

programsand other convectionpass calculations.

D. EconomizerArrangementRequirements

The followingeconomizerarrangementswere consideredacceptable

for CWF firing:

* ContinuousFInned Surface

* Bare Tube, either in-lineor staggered

* Spiral Fin (Must be in-line,with no more than 2 fins

per inch)

If it was determinedthat an economizerwas not in compliance

with these restrictions,it was consideredto be replacedwith an

in-linespiral finnedeconomizer with 2 fins per inch.

Sufficientsurfacewas assumed installedto match the original
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economizerperformancefor oil firing. If the economizerwas

replaced,the followingminimum clear space requirements(fin

tip-to-fintip) were applied:

FUEL

UF6.8 SD5.7 CG7.9 CG4.8 SD2.6 AL5.9

Replacement Econ.

Clear Space Req.(inches) 2 I-I/2 I-1/2 1-I/2 1-1/2 1-i/2

The reducedclear space requirementsfor SD5.7, CG7.g, CG4.8,

SD2.6, and ALS.9 CWFs reflectthe lower foulingtendencies

observedwith these fuels during the lab tests.

4.3 Other OperatingConditionsand Limits

A. Minimum Duct Metal Temperatures

To avoid excessivecorrosiondue to acid condensationin the gas

ducts downstreamof the boiler,the followingminimum gas

temperaturesmust be maintainedfor the gases leavingthe

regenerativeair preheater(or economizeror last heat transfer

surface in the gas pass if there is no air heater):

FUEL

UF6.B SD5.7 CG7.9 CG4.8 SD2.6 ALS.9

Minimum Duct Temps.(°F): 296 281 285 282 280 295

B. Minimum Average Air Heater Cold End Temperature(ACET)

The followingminimum ACETswere imposedfor protectionof the

regenerativeair heater cold end elements"
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FUEL
, ,.,..,,., _ _ - i

UF6.B SDS.7 CG7.9 CG4.B $D2.6 AL5.9

Minimum ACET (°F): 158 155 155 155 155 155

C. Tube Metal TemperatureLimits

In determiningthe maximum loads for each CWF, metal temperature

limitswere Observed. Limits were specifiedfor both mid-wall

and outside tube metal temperatures. Two levelsof limitswere

defined:

I. Preferred - These limits are equivalentto what would be

used to design and build a new unit. These limitswere

imposed for any new sections installedas part of the CWF

conversion.

2. Maximum- These limits are less conservative(allowhigher

temperatures). These limits were allowedfor existing

components,with the recognitionthat somewhat less than

full lifetimemay be obtainedwith their use.
!

D. l_ximum TemperatureDifferenceBetween

Main Steam and Reheat Steam

In calculatingperformanceon CWF the followingcriteria were

observed:

I. The main steam outlet temperatureis not allowed to exceed

the reheat steam temperatureby more than 50°F.

2. The reheat steam temperatureis not allowedto exceed the

main steam temperatureby any amount.

The above restrictionsreflecttypical temperaturedifferential

limitationsof steam turbines.
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' E. AmbientAir and Fuel Temperatures

For calculationpurposes,the ambient air temperatureand the

as-fired CWF temperaturewere assumed to be 80°F.

F. DesuperheaterSpray Limits

Desuperheaterspray flows were not allowed to exceeda level

which Caused the steam temperatureafter spray to come any closer

than 20°F above saturation. The same criteriaalso applies to

reheater spray flows.

G. EmissionLimits

The emission limits assumedfor this study reflectgenerallimits

found throughoutthe country, rather than specificlimitswhich

may apply to each actual plant. This approachwas taken so that

the conclusionsdrawn concerningemission controlrequirements

would reflect a generalizedsituationrather than a site-specific

one.

The followinggeneralizedemission limits were appliedto all

units studied:

Substance Limit

SO2 1.2 Ib/106Btu

NOX 0.7 Ib/106Btu
Particulate 0.2 Ib/106 Btu

4.4 Conservatismof Guideline!
L

Due to the present lack of field test results to confirm the

laboratory results,a somewhatconservativeapproachwas taken in

establishin_the guidelines. Use of these guidelineswould therefore

be unlikely to result in seriousoverestimationof a particularunit's
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load carrying firing CWF, On the other hand, there is the distinct

possibilitythat data from future field test programswill Justifythe

use of more liberalload limit criteria, The economic analysiswas

thereforeconductedfor two loads with each fuel-unitcombination.

* Load based on criteria defined in this section,

* Load based on assumptionthat a more liberalset of criteria

might be valid (a 20% increase in load capacityover the

conservativelimit was generallyassumed.)
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5. RESULTSOF PERFORMANCEANALYSIS
_ rollii i

PRINCIPALLOAD LIMITERS

Tables 5-IA and 5-IB summarizegeneral resultsof performanceanalysesfor

six fuels applied to some or all of the seven units selectedfor this

study. A total of 32 combinationswere considered. The summaryshows that

the deratings ranged from zero (for the two processheaters)to 77% (for

the Type-A shippable unit). The principal load limitersproved to be:

Gas Velocity Limit - 12 cases

Clear Space TemperatureLimit - 13 cases

Furnace Liberation - 3 cases

Burner Zone ReleaseRate Limit - 2 cases

NONE - 8 cases

TOTAL 38 cases

*Note - the total of cases is greaterthan the total of

c_mbinationsbecauseon some combinationsmore than one limiter

applied.

LOAD LIMITERS AS FUNCTIONOF FUEL FIRED

In general, the UF6.B fuel representedthe most restrictivefuel. This was

usually because of the Clear Space TemperatureLimit for this fuel, which

was 200°F lower than the Limit for the remainingfuels. In contrast,the

SD2.6 fuel used for the specialstudy on Unit C representedthe best fuel

from the derating standpointdue to the high a11owableGas Ve'iocityLimit

(129 ft/sec). The SD5.7 fuel caused the minimumderating of the remaining

five fuels usually because of its high allowableGas VelocityLimit (79

ft/see) compared to most of the other fuels. The CG4.8 fuel usually came

close to the SD5.7 fuel in maximum load since its slaggingand fouling

characteristicsclosely approximatesSD5.7 and its allowableGas Velocity

Limit is almost the same (76 ft/sec). The ALS.9 fuel had deratingsclose

to SD5.7 and CG4.8 for the three units in which it was studied (UnitsA, C,

and E).
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The CG7.9 fuel usually fell between the UF6.8 and CG4.8fuels in derattng.
Thts was matnly becauseof tts low (51 ft/sec) allowable Gas Veloctty Limit

comparedto CG4.8 (76 ft/sec), its Clear SpaceTemperatureLimit (which was
200°F higher than for the UF6.8 fuel).

Generally speaking, we would expect the AL5.9 CWF,tn the absenceof fine

grinding, to have perfomance characteristics similar to UF6.8. Fine

grinding, however, pemits an tmprovedallowable Gas Velocity Limit (84

ft/sec) comparedto UF6.8 (69 ft/sec). Also, the Clear SpaceTemperature
Limit is set at the same levelas the CedarGroveand SplashDam- based

fuels, lt is likelythatwithoutfine grindingthe ClearSpaceTemperature

Limitwouldhave been 150°Flower.
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The results are summarizedbelow:

FUEL RESTRICTIONS

UF6.8 Clear SpaceTemperature Limits - all utility and
industrial units. SHO- RHOAT limits occurred on
Unt¢ A.

SD5.7 Clear SpaceTemperatureLtmtts on Untts A and E.

GasVeloctty Limtts on all 3 uttltty units.
FurnaceLiberation on Llntt D. Burner ZoneRelease

Rate on Unit C.

CG7.9 Clear SpaceTemperatureLimit on Untt E. Gas
Velocity Ltmtts on all 3 uttlity untts. Furnace
Liberation on Untt D. SHO- RHOAT ltmtts

occurred on Unit A.

CG4.8 Clear SpaceTemperature Ltmtt on Untt E. Gas
Velocity Limits on all 3 uttltl:y units. Furnace
Liberation on Unit D.

SD2.6 -- Studted on Untt C only -- Clear Space

TemperatureLtmtt. Gas Veloct!ty Ltmit (re]axed
NHI/PAand Burner ZoneRelease Rate 11mtts for'
thts extra low ash fuel)

AL5.9 -- Studted on Untts A, C, and E only-- Gas

Veloctty Ltmtts on Untts A and Co Clear Space

TemperatureLtmits on Untts A and E. Burner Zone
Release Ltmtt on Untt C,
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LOADLIMITERS AS FUNCTIONOF BOILERTYPE

For five fuels - UFB.B, SD5.7, CG7.9, CG4.B and ALS.g - the Utilityunits

showed a wide range of deratingrequirementsrangingfrom 26% to as much as

70% load deratlng. _his range reflectsthe wide varietyof configurations

which are encounteredin this type of service. These units are not easily

characterized and must be analyzed on a case by case basis. For the

special study of SD2,.6fuel on unit c, the deratingwas only 5% due to the

extra low ash and Ice(erosion potentialof this fuel.

Both IndustrialUnits requiredsignificantload derating,due primarilyto

the high design furnace loadingswhich generallyhave been incorporated

into these boilers since 1960. The load derating rangedfrom 46% to as

much as 77%.

The process heaters appeared to requireno derating. This is due to the

very low design furnace loadingsand gas velocities,which are generally

characteristicof this equipment.

The ,'esultsare summrized below:

TYPE AVG CWF PRINCIPALLIMITERS

LOAD % MCR

i

Utility 57 Gas VelocityLimit - 12 cases

Output Clear Space TemperatureLimit - 7 cases

to Grid Burner Zone ReleaseRate Limit - 2 cases

Industrial 40 Clear Space TemperatureLimit - 6 cases

Steam FurnaceLiberation - 3 cases

Generated

Process Heaters 100 None - B cases
TOTAL 3B cases
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DISCUSSIONOF EACHUNIT DERATING

1. UNIT A'

a. GENERAL

Careful adjustment of gas recirculation and burner ttlt was necessary in

order to meet the Clear Space Temperature Limit for the SD5.7, CG4.8 and
AL5.g fuels, as well as the SHO - RHO steam temperaturedifferential

requirementsfor all the fuels. Velocity limits imposedby the Reheater

Front Crossover tubes, the Waterwall Screen,and the Rear Low Temperature

Reheater affected the fuel firing rates for the SD5.7, CG7.g, CG4.B, and

ALS.g fuels. In addition,a review of metal temperaturesshowedthat the

SH Lower Bank requireda material upgradewhen firing these four fuels. A

substantialadditionalload deratingwould occur withoutmaking this

upgrade. Also, use of these four fuels requiredthat we open the

transverse spacing perpendicularto the gas flow to 10 incheson the

Reheater Front Crossovertubes in order to meet Gas VelocityLimits.

b. UPPER FREEPORT 6.B --- MAXIMUM LOAD - 33% MCR OUTPUT TO GRID

Operation when firing this fuel is marginal. In order to operatewith

UF6.8, 30% excess air and 25% gas recirculationis required, lt is very

difficult to maintain both the requiredClear Space TemperatureLimit and

the SHO - RHO steam temperaturedifferentiallimits. Using a +23 degree

burner tilt, it is possibleto minimize the variancebeyond the two limits

as follows: predictedgas temperatureof 1720"Fvs 1705°F Clear Space

Temperature Limit; PredictedSHO - RHO aT is 53°F vs. the 50°F allowable

limit. Adjusting operatingconditionsto make one of the above parameters

comply with guideline limits causes the other parameterdeviationto get

worse. Gas velocity limits were not approached. Review of metal

temperaturesshow that no material changesare required.
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' C. SPLASHDAM5.7 --- MAXIMUMLOAD- 74%MCROUTPUTTO GRID

The unit is operated at 25%excess air, 9% gas recirculation, and a -18

degree burner tilt. SHO- RHOsteam temperature differential is 45°F.

d. CEDAR GROVE 7.9 -- MAXIMUM LOAD - 44% MCR OUTPUT TO GRID

The unit is operated at 25% excess air, 13% gas recirculation,and a +30

degree burner tilt. SHO - RHO steam temperaturedifferentialis at the

50°F maximum limit.
,

e. CEDAR GROVE 4.8 --- MAXIMUM LOAD - 71% MCR OUTPUT TO GRID

The unit is operated at 25% excess air, 9% gas recirculation,and a -12

degree burner tilt. $HO - RHO steam temperaturedifferentialis 50°F.

f. ALMA 5.9 --- MAXIMUM LOAD - 73% MCR OUTPUTTO GRID

The unit is operated at 25% excess air, 9% gas recirculation,and a -21

degree burner tilt. SHO-RHOsteam temperaturedifferentialis 28°F.

2. UNIT B:

a. UPPER FREEPORT6.8 --- MAXIMUM LOAD - 30% MCR OUTPUT TO GRID

The unit is operated at 30% excess air and a +13 degree burner tilt. The

unit has no gas recirculationcapability,but some gas recirculationwould

probably have been useful if it had been available. This fuel was

different from the remainingthree becausethe maximum load was limitedby

the Clear Space TemperatureLimit at the FinishingReheaterwhich is 200°F

lower than for the other fuels. Excess air had to be raised to 30% in

order to bring the SHO RHO steam temperaturedifferentialwithin the 50°F

permitted while maximizing load and maintainingthe Clear Space Temperature

Limit on the Spaced FinishingReheater. The Reheat outlet steam

temperature was increasedIO°F above that attainedusing 25 % excess air.
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b. SPLASH DAM 5.7 --- MAXIMUM LOAD - 50% MCR OUTPUTTO GRID

The unit is operated at 25% excess air, no gas recirculation,and a +13

degree burner tilt. The load was restrictedby the Gas VelocityLimit in

the Rear LTSH. The SHO - RHO steam temperaturedifferentialis 25°F or

half the permittedmaximum. If burner tilt were to be raisedmuch further,

metal temperatureIimitswould be reached.

c. CEDAR GROVE 7.9 --- MAXIMUM LOAD - 31% MCR OUTPUT TO GRID

The unit is operated at 25% excess air, no gas recirculation,and a +30

degree burner tilt. The load was restrictedby the Gas VelocityLimit in

the Rear LTSH. lt was possibleto raise the tilts to the maximumlimit of

+30 degrees and get nearly the full reheattemperature. The SHO - RHO

steam temperaturedifferentialwas 12°F.

d. CEDAR GROVE 4.8 --- MAXIMUM LOAD - 4B% MCR OUTPUT TO GRID

The unit is operated at 25% excess air, no gas recirculation,and a +19

degree burner tilt. The load was ree.+.rictedby the Gas VelocityLimit in

the Rear LTSH. lt was possibleto raise burner tilts 6 degreeshigher than

the setting for SD5.7 and reduce the SHO - RHO steam temperature

differentialto Ig°F, compared to 25°F for the SDS.7 fuel.

3. UNIT C:

a. GENERAL:

Six fuelswere evaluated on this unit. For the four fuels evaluatedon the

other units (UF6.8,SDS.7, CG5.7, CG4.8, and AL5.g),excess air was 25%,

there was no gas recirculation,and burnerswere horizontallyfixed at 0

degrees tilt. The very low ash versionof the Splash Dam slurry, (SD2.6),

was a special case and is discussedin item 3f below.
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b. UPPER FREEPORT6.8 --- MAXIMUM LOA_ - 45% MCROUTPUT TO GRID

Load was restricteddue to Clear Space TemperatureLimit on the Cold

FinishingSuperheater. There was no restrictiondue to Gas VelocityLimit

at this load. Ratio of gas flow, superheaterpass and reheaterpass was,

36.0% to 64.0%. SHO - RHO steam temperaturedifferentialwas I°F.

c. SPLASH DAM 5.7 --- MAXIMUM LOAD • 73% MCR OUTPUT TO GRID

Load was restricted due to the Gas VelocityLimit, both on the Cold LTSH in

the superheaterpass, and the HorizontalReheaterNo. 2 in the reheater

pass. The furnace was also at a Burner Zone Release Rate Limit (Btu

fired/sqft). Ratio of gas flow, superheaterpass and reheaterpass was,

40.7% to 59.3%. SHO - RHO steam temperatureswere exactlymatchedat

I005°F apiece.

d. CEDAR GROVE 7.9 --- MAXIMUM LOAD = 46% MCR OUTPUT TO GRID

Load was restricteddue to the Gas VelocityLimit on the Horizontal

Reheater No. 2 in the reheater pass. The SHO - RHO steam temperature

differentialwas r'_rcedto remain at 48°F, becauseof the low Gas Velocity

Limit (49.4 ft/s(_;,). The ratio of gas flow, superheaterpass and reheater

pass, was 39.0% to 61.0%.

e. CEDAR GROVE 4.B --- MAXIMUMLOAD - 70% MCR OUTPUT TO GRID

Load was restricteddue to the Gas VelocityLimit, both on the Cold LTSH in

the superheaterpass, and the HorizontalReheater No. 2 in the reheater

pass. SHO - RHO steam temperaturedifferentialwas within IOF. Ratio of

gas flow, superheater_ass and reheaterpass, was 40.6% to 59.4%.

f. SPLASH DAM 2.6 --- MAXIMUM LOAD - 95% MCR OUTPUT TO GRID

The low erosion potentialof this fuel permittedGas VelocityLimits

substantiallyhigher than the other four fuels. This VelocityLimitat

first seemed to be a major advantage, lt was soon evident that easing of
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this major limiting factor introducedother restrictionswhich were not

encounteredon any of the other fuels or'other units. As a result,the

derating,while not severe,was determinedonly after overcominga number

of complexities. The findingsare as follows:

Load was restricted by a Clear Space TemperatureLimit at the SH Platen,

lt soon became evident that the SHO - RHO steam temperaturedifferential

could be reduced to O°F. However, care had to be taken so that feedwater

leavingthe economizer sectionin the superheaterpass had sufficient

subcoolingprior to entering the drum. Thus it was necessaryto bias gas

flow into the reheater pass up to the Gas VelocityLimit permittedby the

Horizontal Reheater No. 2. RHO steam temperatureusuallyexceeded SHO

steam temperatureby a substantialamount,thus reheaterspray was

introducedto maintain a SHO - RHO steam temperaturematch, lt turned out

that the only way to make maximum use of the high Gas VelocityLimit and

also simultaneouslymaintainthe Clear Space TemperatureLlmit at the SH

Platen, was to increaseGas Recirculationto 9%. Ratio of gas flow,

superheater pass to reheaterpass, was adjustedto 38.6% and 61.4%,

respectively. Becausethe SD2.6 fuel was considerablycleanerthan the

other fuels in the study,and in order to take advantageof the high Gas

Velocity Limit, two furnaceHeat Release Rate Limitswere relaxedfor this

fuel: NHI/PA (106 Btu/hr-sqft)was increasedto 2.31 from the Limit of

2.1, and the Burner Zone ReleaseRate (103 Btu Fired/sqft)was increasedto

860 from the Limit of 650.

A review of steam temperaturesshows that, for the most part, steam

temperaturesobtained using the SD2.6 fuel run close to the values measured

on firing oil. The largestdeviationwere 37°F above test data

temperaturesfor the outlet of the Cold LTSH and inlet of the Hot LTSH, and

54°F above test data temperaturesat the outletof the Hot LTSH. The

materials originally selectedfor superheatersurfaces in these locations

would be capable of this increasein temperatureservice.
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g. ALMA 5.9 --- MAXIMUM LOAD - 71% MCR OUTPUT TO GRID

Firing rate was set at the Burner Zone ReleaseRate Limit. Load was also

restricteddue to the Gas VelocityLimit, both on the cold LTSH in the

superheaterpass, and the HorizontalReheaterNo. 2 in the reheaterpass.

SHO-RHO steam temperaturewere matched at I005°F. The ratio of gas flow,

superheaterpass to reheaterpass was 40.3% to 59.7%. A small amount of

reheat spray was required to controlRHO steam temperature.

A review of steam temperaturesshows that steam temperaturesobtained using

ALS.9 fuel run close to the valuesmeasured while firingoil. The largest

deviations were 20°F above test data temperaturesfor the outlet of the

cold LTSH and inlet of the hot LTSH, and 32°F above test data temperatures

at the outlet of the hot LTSH. The materialsoriginallyselected for

superheatersurfaces in these locationswould be capableof this increase

in temperatureservice.

4. UNIT D:

a. GENERAL:

For all four fuels evaluatedfor this industrialunit, excess air was 25%,

there was no gas recirculationsystem instal'ied,and the burnerswere

horizontallyfixed with no tilt provision. Gas VelocityLimits were not

encounteredon this unit.

b. UPPER FREEPORT 6.B --- MAXIMUM LOAD - 23% MCR STEAM GENERATED

The load limiter for this fuel was the Clear Space TemperatureLimit at the

Boiler Bank of the unit, which was 200°F lower than that for the other

three fuels.

c. SPLASH DAM 5.7 --- MAXIMUM LOAD - 30% MCR STEAM GENERATED

d. CEDAR GROVE 7.9 --- MAXIMUM LOAD - 29% MCR STEAM GENERATED

e. CEDAR GROVE 4.B --- MAXIMUM LOAD - 30% MCR STEAM GENERATED
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The load limiter for these three fuels was the Furnace Liberation Limit

(Btu fired/furnace volume). This caused the firing rate (106 BTU/hr) for

these three fuels to be set at a fixed maximumpermissible value, The

steam generation (lbs/hr) obtained using these fixed firing rates
deter_nined the maximumderated load rates.

5, UNIT E

a. GENERAL

For all five fuels studiedon this industrialunit, excess air was set at

25%, there was no gas recirculationsystem installedand the burnerswere

horizontallyfixed with no tilt provision.

b. UPPER FREEPORT6.8 --- MAXIMUM LOAD - 33% MCR STEAM GENERATED

c. SPLASH DAM 5.7 --- MAXIMUM LOAD • 54% MCR STEAM GENERATED

d. CEDAR GROVE 7.9 --- MAXIMUM LOAD - 52% MCR STEAM GENERATED

e. CEDAR GROVE 4.8 --- MAXIMUMLOAD - 53% MCR STEAM GENERATED

f. ALMA 5.9 ....MAXIMUM LOAD - 52% MCR STEAM GENERATED

The single load limiter for the five fuels was the Clear Space Temperature

Limit at the Spaced Superheater. The unit was derated substantiallymore

for the UF6.8 fuel because the Clear Space TemperatureLimit was 200°F

lower for this fuel than the other four. Physicalclear space between

tubes was tight at only 2.00 inches,permittingonly a 1615°Fmaximum gas

temperaturefor UF6.8 fuel, and 1815°Ffor the other four fuels.

6. UNIT F

Full load (100% MCR) capacitywas deemed attainablefor this Vertical

Cylindrical process heater, firing any of the four fuels. One criterion

which had to be met was the ability to maintain fullload capabilityin

process fluid heating for extended periodsof time, since there is little

or no excess plant or heater capacity for use in backup service in case the

process heater loses capacity or goes into a forced outage.
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Due to inherentdesign features,no GuidellneLlm!tswere reached. The 30%

excess air is also used to operate this unit when firing low grade

petroleum-basedfuel. There is no gas recirculationrequired,and firing

in this cylindrical furnace is done with a single large-capacity CWFburner

fixed in the straightup vertical direction.

7. UNIT G

Full load (100% MCR) capacitywas also deenmd attainablefor _'his

Horizontal Cabin process heater,firing any of the four fuels. As in the

case of Unit F, one criterionwhich had to be met was the abilityto

maintain full load capabilityto heat processfluids for extendedperiods

of tlme.

Due to design featuresbuilt into the originalHorizontalCabin heater,no

GuidelineLimits were reached. The 30% excess air is also used when

operating this unit firing low grade petroleum-basedfuel. No gas

recirculationis required,and firing in this furnace is done by

horizontallyfixed (0 degree tilt) burnersrelocatedto the end walls.

SPECIFIC OBSERVATIONSOF HOW WELL GUIDELINESARE BEING MET

The following discusseshow some of the more importantGuidelineLimits

were reached while determiningthe maximum load capabilitiesusing the

various CWFs.

GAS VELOCITY LIMITS

Gas Velocity Limits were reached on some fuels on all three UtilityUnits.

No velocity limits were reached on either the IndustrialUnits or Process

Heaters. The locationand type of heat transfer sectionaffectedby the

Gas Velocity Limits is best illustratedon the side arrangementdrawing for

each unit. The heat transfer sectionsaffectedby velocity limits for a

particular fuel are shown in Table 5-2.
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TABLE5-2 HEATTRANSFERSECTIONSAFFECTEDBY GAS
VELOCITYLIMITS

UNIT CWF HEATTRANSFERSECTION REF. SIDE GASVELOCITY
ELEVATIONDWG. (ft/ser)

PRED. LIMIT

A UF6,8 .........

A SD5.7 RH Front Crossover Figure 3-1 80 79
Rear LTRH 80 79
WWScreen 71 71

A CG7.g RH FrontCrossover Figure3-I 51 51
Rear LTRH , Bl 51
WW Screen 45 46

A CG4.8 RH Front Crossover Figure 3-1 77 76
Rear LTRH 77 76
WWScreen 68 6B

A ALS.9 RH Front Crossover Figure 3-1 84 84
Rear LTRH 85 B4
WWScreen 75 76

lm mmlm ta mB_ _lm4lmmmmmimlm mm lm qlmmmma ml ml0mim _I m u mm m ml _ _m m mm m m n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

B UF6.8 .........
B SD5.7 Rear LTSH Figure 342 80 79
B CG7.9 Rear LTSH Figure 3-2 52 51
B CG4,8 Rear LTSH Figure 3-2 77 76

C UF6.8 .........

C SD5.7 LTSHCold (SH Pass) Figure 3-3 65 64
Hortz RHNo. 2 (RH Pass) 76 76

C CG7.9 Hortz RHNo. 2 (RH Pass) Figure 3-3 49 49

C CG4,8 LTSHCold (SH Pass) Figure 3-3 63 62
Hortz RHNo. 2 (RH Pass) 74 74

C SD2,6 Horiz RHNo, 2 (RH Pass) Figure 3-3 124 125

C ALS,9 LTSHCold (SH Pass) Figure 3-3 68 69
Hortz RHNo. 2 (RH Pass) B1 B1

NOTE: Toleranceon Gas VelocityLimitis plusor minus1 ft/sec.
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, CLEARSPACETEMPERATURELIMIT

On some fJels, Clear Space TemperatureLimits were reachedon all three

Utility Units, and both IndustrialUnits. No Clear Space Limits were

reached on the Process Units. As above, the location and type of heat

transfer section affected by the Clear Space Limits is best illustrated on

the arrangementdrawing for each unit affected. The heat transfersections

affected by a Clear Space TemperatureLimit for a particularfuel are shown

in Table 5-3.

FURNACELIBERATION RATE

Table 5-4A shows predictedFurnaceLiberation(Btu/hr-cuft)comparedto the

Guideline Limit of 25,000. The only unit which encounteredthis limit as a

load limiterwas the A-type Boiler,Unit D, for the $D5.7, CG7.9,and CG4.B

fuels.

GAS RECIRCULATIONAS A FUNCTIONOF FURNACELIBERATIONRATE

None of the units had predictedFurnaceLiberationrates which requireda

reductionof permissible9ercentgas recirculation(GR). The A-type

Boiler, Unit D, had furnace liberationat the GuidelineLimit for three

fuels; however, no gas recirculationwas installed. For the remainderof

fuels and units, highest furnaceliberationwas below 20000 Btu/hr-cuft

which meant that there would have been no cutbackon permissiblegas

recirculationif high GR percentagerates had been required (maximumof 20%

GR through bottom, 15% GR premixedthroughwindboxwhen using 25% excess

air; 5% additionalGR permissiblewhen using 30% excess air). Unit A

required 25% GR for the UF6.B fuel, but the FurnaceLiberationwas only

7,500 Btu/hr-cuft,easily permittingthis level of gas recirculation.

AIR PREHEAT TEMPERATURE INTO FURNACE (°F)

Table 5-4B shows that air preheattemperaturewas predictedat or above the

minimum limit of 300°F for all units in the study.
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TABLE5-3 HEATTRANSFERSECTIONSAFFECTEDBYCLEARSPACE
TEMPERATURELIMITS

UNIT CWF HEATTRANSFERSECTION REF, SIDE CLEARSPACE
ELEVATIONDWG, TEMPERATURE

PRED, LIMIT

A UF6.8 Upper Finishing SH Figure 3-1 1704 1705
A SD5.7 Upper Finishing SH Figure 3-1 1901 1905
A CG7.9 ............
A CG4,8 UpperFinishingSH Figure3.1 1901 1905
A AL5.9 Upper Finishing SH Figure 3-1 1903 1905

B UF6.B Finishing Reheater Figure 3-2 1791 1790
B SD5.7 ........ . . . .
B CG7.9 ............
B CG4.8 ............

C UF6.8 SuperheaterPlaten Figure3-3 2231 2230
C SD5,7 ............
C CG7,g ............
C CG4,8 ............
C SD2,6 SuperheaterPlaten Figure3-3 2431 2230

D UF6.8 BoilerBank Figure3-4 1469 1470
D SDS,7 .............
D CG7,9 ............
D CG48• mm l 1 1 1 m 1 == em lm l i

E UF6.B SpacedSH Figure 3-5 1617 1615
E SD5.7 SpacedSH Figure 3-5 1818 1815
E CG7.9 SpacedSH Figure315 1816 1815
E CG4.8 SpacedSH Figure 3-5 1814 1815
E AL5,9 SpacedSH Figure 3-5 1818 1815

NOTE: Tolerancefor ClearSpaceTemperatureLimit
is plus or minus 5=F.
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.. NET HEAT INPUT / PLANAREA(106 Btu/hP sqft)

Table B.4C comparesthe predictedNet Heat Input/Plan._rea(NHI/PA)to the

Guideline Limit of 2.1x10 6 Btu/hr-sqft. Because of the derating the

UtiltCy and Industrial Units experienced for five of the fuels, the NHI/PA

values were well below the Guideline Limit, Due to the fuel's low ash

content, an exception was made for the SD2.6 fuel studied for use on

Utility Unit C, If the NHI/PA were not permittedto irtcrease,a

substantial reductionIn potential load would have _ccurred. Output to

grid would have been cut by _bout 11 percentagepoints,reducingit to B4%

MCR from the predicted95% MCR,

The Process Units are at very low NHI/PA levels in spite of being run at

100% MCR because they are not generatingsteam; insteadthey are heatinga

petroleum-based process liquid at low heat flux rates.

BURNERZONERELEASERATE(10 3 Btu/hr-sqft)

Table 5-4D compares the predictedBurner Zone Release Rate (BZRR)to the

Guideline Limit of 650xi03Btu/hr-sqft. In the majority of cases, the

release r_tes are well below the Guidelinelimits. There are three

exceptions (all on Unit C). Two cases are SD5.7 and ALB.g on Unit C where

the predicted BZRR is at the Limit. The other case is also on Unit C for

the special study of SDY.6 fuel, where an exceptionis made due to the low

ash content of the fuel, and the predictedburner zone releaserate is B60.

If the BZRR were not perm:ttedto increase,a substantialreductionin

potential load would have occurred,and the low ash virtue of the SD2.6

fuel would have been neutrallzed. Output to grid would have been cut by

about 25 percentagepoints, reducing it to 70% MCR from the predicted95%

MCR. In contrast,the SD5.7 fuel was optimizedat 73% MCR, and AL5.g was

optimized at 71%.
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P

MINIMUMDUCTMETALPROTECTIONTEMPERATURE(OF)

Table 5-5 shows that the predicted duct metal protection temperature was at

or above the minimum Guideline Limit prescribed for each fuel. The

temperature referred to is the gas temperature leaving the air heater, on

untts havtng regenerative air preheaters, or gas temperature leaving the

1ast heat transfer section in the gas pass on units not having regenerative

air preheaters, This temperature must be maintained above a minimumvalue

so that acid condensation and resulting corrosion does not occur on metal

surfaces forming the gas ducts to the stack and the stack liner, This

minimum temperature value is set at the gas dew point temperature +lO°F,

AVERAGECOLDENDTEMPERATURE(OF)

Table 5-6 shows that the Average Cold End Temperature (ACET) for

regenerative air preheaters was well above the minimum required Guideline

Limit. For the units having this type of air preheater (unit A, C, E, F,

G), the Minimum Duct Metal ProtectionTemperatureGuidelineautomatically

assured that the averageof the air temperatureenteringthe air heater and

the gas temperatureleavingthe air heater was above the ACET minimum

requirements. Units B and D had steam air heatersfor which this Guideline

did not apply.

SUPERHEATERSPRAY LIMIT

Table 5-7 shows the amount of desuperheatingspray requiredto maintain

required superheateroutlet temperatureset point, and whetherthe

desuperheateroutlet temperaturewas above the minimum 20"F above

saturationtemperaturecorrespondingto pressure_t that location. On Unit

C, there were two spray stations in the superheatercircuit. The spray

flows were set so that equal flows went to each spray station.
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TABL,E,,,5-5MINIMUM D.UCTMETA,L, PROTECTION.TEMPERATURE.

' MINIMUMDUCT METAL PROTECTION
UNIT TYPE CWF TEMPERATURE(°F)

PREDICTED MINIMUMLIMIT

A U UF6.8 296 296
A U SD5.7 300 281
A U CG7.9 2B7 285
A U CG4.B 297 282
A U AL5.9 308 295

B U ,UF6.B 369 296
B U SD5.7 406 281
B U CG7.9 358 285
B U CG4.8 404 282

C U UF6.8 294 296
C U SD5.7 309 281
C U CG7.9 291 285
C U CG4.8 311 282
C U SD2.6 322 280
C U AL5.9 314 295

D I UF6.8 314 296
D I SD5.7 306 281
D I CG7.9 310 285
D I CG4.8 309 282

E I UF6.8 295 296
E I SD5.7 282 2BI
E I CG7.9 286 285
F I CG4.8 282 282
E I AL5.9 295 295

F p UF6.B 310 296
F p SD5.7 310 281
F p CG7.9 310 285
F p CG4.8 310 282

G p UF6.B 323 296
G p SD5.7 323 281
G p CG7.9 323 285
G p CG4.8 323 282

"TYPE" code: U - Utility I ,,Industrial P - ProcessHeater

TOLERANCE: Plus or minus 2"F

Minimum Duct Metal Temperature is set at gas dew point temperature+IO°F.

5.21



TABLE5-6 _ AVERAGECOLDENDTEMPERATURECOMPARISON
r, i --- i i ii

UNIT TYPE CWF AVERAGECOLD END TEMPERATURE(°F)
PREDICTED MINIMUHLIMIT

A U UF6.8 229 15B
A U SD5.7 193 155
A U CG7.9 209 155
A U CG4.8 191 155
A U AL5.9 197 155

B U UF6.8 SAH 158
B U SD5.7 SA" 155
B U CG7.9 SAH 155
B U CG4.8 SAH 155

C_ U UF6.8 238 158
C U SD5.7 237 155
C U CG7.9 236 155
C U CG4.8 240 155
C U SD2.6 232 155
C U AL5.9 239 155

D I UF6.8 SAH ' 158
D I SD5.7 SAH 155
D I CG7.9 SAH 155
D I CG4.8 SAH 155

E I UF6.8 243 158
E I SD5.7 218 155
E I CG7.9 221 155
E I CG4.8 217 155
E I AL5.9 231 155

F P UF6.8 185 158
F P SD5.7 185 155
F P CG7.9 185 155
F P CG4.8 185 155

G P UF6.8 197 158
G P SD5.7 197 155
G P CG7.9 197 155
G P CC_.B 197 155

"TYPE" code: U - Utility I - Industrial P - Process Heater

"SAH" denotes "SteamAir hater"
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TABLE 5-7 DESUPERHEATERSPRAY qUANTITYLIMIT

DESUPERHEATERSPRAY REQUIREMENTS

DESUPERHEATEROUTLETTEMPERATURE
ABOVE SATURATIONTEMPERATURE(OF)

PREDICTED MINIMUM
UNIT TYPE CWF SPRAY PREDICTED LIMIT

A U UF6.8 14.6% 69 20
A U SD5.7 4.0% 90 20
A U CG7.9 17.5% 60 20
A U CG4.8 5.1% B7 20
A U ALS.9 5.9% BI 20

B U UF6.8 5.5% 221 20
B U SD5.7 8.4% 213 20
B U CG7.9 9.5% 198 20
B U CG4.B 9.2% 210 20

C U UF6.B 12.7% 79 and BB 20
C U SD5.7 12.2% 77 and 89 20
C U CG7.9 12.7% 68 and 84 20
C U CG4.B 11.8% BO and 91 20
C U SD2.6 16.0% 91 and 77 20
C U AL5.9 13.9% B7 and 8B 20

D I UF6.B NO SUPERHEATERS
D I SD5.7 INSTALLEDON THIS
D I CG7.9 UNIT
D I CG4.8

E I UF6.B 9.6% B2 20
E I SD5.7 15.6% 59 20
E I CG7.9 16.2% 53 20
E I CG4.8 15.5% 58 20
E I AL5.9 17.2% 51 20

F P UF6.8 NO SUPERHEATERS
F P SD5.7 INSTALLEDON THIS
F P CG7.9 UNIT
F P CG4.B

G P UF6.B NO SUPERHEATERS
G P SD5.7 INSTALLEDON THIS
G P CG7.9 UNIT
G P CG4.8

"TYPE" code" U - Utility I - Industrial P • Process Heater
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REHEATER SPRAY LIMIT

The SD2.6 fuel used in the specialstudy on Unit C requiredusing reheater

spray. Spray requirementsto maintainproper SHO and RHO temperaturewere

7%, and the temperatureat the spray stationoutlet was 67°F above

saturation temperature,which is well above the minimum 20°F above

saturation temperaturecorrespondingto pressure at the spray station

outlet. The AL5.gfuel also _,equireda small amount cf reheaterspray.

Spray requirementswere 2-I/2%,and the spray temperatureat the spray

station outlet was 124°F above saturationtemperature.

COMPLIANCE WITH NOx EMISSIONS REQUIREMENTS

Table 5-B shows the levels of NOx emissionspredictedcomparedto the

maximum permissiblelimit of 0.700 Ib/IO6Btufired. The Table shows that

the NOx Guidelinecan be met; however,severalcommentsshould be made"

I. The CWF's have not been field testedon full scale units.

2. A number of the units includedin this study are significantly

different from the large four-,and five-leveltangentiallyfired

utility units usea to develop the NOx calculationprocedure. Two

units are wall fir_.d(UnitsC and D), one is end wall fired (Unit G),

one is fired verticallyupwards (Unit F), and four of the units (Units

D, E, F, G) are small industrialor processheaters.
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TABLE 5-8 COMPLIANCEWITH NOX EMISSIONSREQUIREMENTS

UNIT TYPE CWF NOX EMISSIONS (LB/MMBTU. FIRED)
PREDICTED MAXIMUM LIMIT

A U UF6.8 0.530 0.700
A U SD5.7 0.503 0.700
A U CG7.9 0.590 0.700
A U CG4.8 0.526 0.700
A U ALS.9 0.554 0.700

B U UF6.8 0.533 0.700
B U SD5.7 0.507 0.700
B U CG7.9 0.594 0.700
B U CG4.8 0.536 0.700

C U UFC.8 0.448 0.700
C U SD5.7 0.464 0.700
C U CG7.9 0.544 0.700
C U CG4.8 0.525 0.700
C U SD2.6 0.514 0.700
C U ALS.9 0.561 0.700

D I UF6.8 0.700* 0.700
D I SD5o7 0.700* 0.700
D I CG7.9 0.700* 0.700
D I CG4.8 0.700* 0.700

E I UF6.8 0.531 0.700
E I SD5.7 0.500 0.700
E I CG7.9 0.590 0.700
E I CG4.8 0.524 0.700
E I ALS.9 0.551 0.700

F P UF6.8 0.700* 0.700
F P SD5.7 0.700* 0.700
F P CG7.9 0.700* 0.700
F P CG4.8 0.700* 0.700

G p UF6.8 0.700* 0.700
G P SD5.7 0.700* 0.700
G P CG7.g 0.700* 0.700
G p CG4.8 0.700* 0.700

"TYPE" code: U - Utility I - Industrial P = Process Heater

* No field test data availablefor this type of unit but modifications
necessary to comply would not representa significantcapital cost.
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6. GUIDELINESFOR RETROFITSELECTION
....,.,..,......

In convertinga plant to fire a Coal-WaterFuel, the ash contentof the

fuel is a major factor. A large portionof the cost of most retrofitscan

be attributedto the ash in the fuel. Other factorswhich can be

significantinclude: Burner and windboxmodifications,SO2 removal
requirements,metal temperaturelimitations,controls,and fuel supply and

storage equipment. The guidelimespresentedbelow were used in specifying

the retrofitrequirementsfor the above-mentionedareas, as well as for

other miscellaneousareas:

I. The retrofit requirementswere assessedseparatelyfor each CWF, as if

only one primary fuel was to be fired. (This rule was sometimes

waived for certain componentswhen multifuel capabilitycould be

achievedwith only minor additionalcost.)

2. After conversion to CWF firing the unit must be capableof operation

at MCR with the originalfuel with original performance(efficiency,

steam temperatures,etc.).

3. FurnaceBottom Modifications.

For top-supportedunits, a furnacebottom slope of 55 degrees (with a

36 inch hopper opening) is preferred. If the unit does not meet this

requirementthe followingrules apply:

A. If the existing slope is less than 35 degrees,rebuildit to a

slope of at least 50 degrees (55 degrees preferred)with a 36

inch hopper opening.

B. If the existing slope is between 35 degreesand 45 degrees, leave

the slope unchangedand installa jet system to move the ash down

the slopes.

C. If the existing slope is 45 degrees to 50 degrees,do not change

slope or add a jet system. Be prepared,however,to add a jet

system at some future time should it prove to be needed.
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D. Regardlessof hopper slope, hopper opening should be rebuilt to

36 inches if existing opening is less than 33 inches.

E. Make provisionfor collectionof ash below the hopper. Often the

headroombelow the hopper will be minimal. The use of a

submergedscraper conveyor (SSC) ash removaldevice will

sometimesbe specifiedwhen its use will avoid the need for

excavation below the furnace.

F. On units which have gas recirculationthroughthe furnacebottom,

the ducts will have to be modified to be compatiblewith the new

furnace bottom configuration. This will generallycall for

introductionof the recirculationgas throughthe slope of the

hopper near the bottom opening.

G. Make proper allowancefor sealing the connectionbetweenthe

furnace bottom and the ash collectionsystem (SSC or

water-impoundedintermittentremova] hopper). This will

sometimes require installationof seal plates and drip shields.

H. On bottom-supportedunits the furnace hopper slopes are generally

shallow. No slope changeswill be attempted. The principal

means of ash removal will be a jet system combinedwith one or

more screw ash conveyorsto pull the ash out from under the

boiler.

4. Furnacewall blowersand convectionpass soot blowerswould be

installedin accordancewith generalcoal-fireddesign practice.

Recognitionof the higher slaggingtendenciesof the UF6.8 and CG7.9

fuels were made when selectingthe locationsfor wall blowers.

Recognitionof the higher foulingtendenciesfor the UF6.8 fuel were

made in selectingconvectionpass soot blower locations.

5. New burners and possiblewindbox modificationswere specifiedas

necessaryto meet the followingrequirements:

6.2



,JiJ, , II

A. If feasible,burnersare to be able to fire the CWF at 1,2 times

the rate associatedwith the maximum CWF load. This extra

toleranceis includedto allow for uncertaintiesin estimating

the true maximumCWF load_ For example,tube metal erosionrates

might prove to be lower than expected,or fouling tendenciesmay

be less intensethan predicted.

B. Burnersmust be able to fire the originalfuel at full MCR

rating.

6. Convective surfacerevisionsmay be made to permit higher loads to be

achieved with CWF firing, The replacementof large banks can be

impracticalfrom a cost-benefitstandpoint. IIicertain cases,

however, changescan be justified. Revisionsmight be made for any of

the following reasons:

A. Revisionswhich increasethe free gas area at a section. This

will reduce the gas velocitiesat that location.

B. Revisionswhich increasethe transversespacingbetween

assemblies. This will permit operationat higher local gas

temperatureswithin the clear space limit.

C. Revisionswhich include installationof higher grade tube

materials. This will permit operationat higher gas temperatures

and flow rates within allowablemetal temperaturelimits.

7. Superheateror Reheaterspray capacity increase. A generaltendency

in conversionto CWF firing is to requirea greaterquantityof

superheatspray flow. In some cases the spray requirementexceeds the

existing spray capacity. In these cases, installationof larger spray

control valves may be required.

8. Increasedair heatingcapacity using a steam coil may be requiredfor

any of severalreasons:
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A, To attain the minimum requiredair preheattemperatureat 300°F,

B. To attain the minimum duct metal temperaturedownstreamof the

regenerativeair preheater (or econolnizerwhen there is no air

preheater),

C. To attain the minimum air preheateraverage cold end temperature,

g. Economizer replacementmay be required if the existing economizer

configurationdoes not meet the requirementsfor CWF firing (See Part

4.2 D). Due to the high costs associatedwith economizerreplacement,

it may be worth omitting the economizerreplacementfor initial

operation on CWF. If economizer fouling is not excessive it may be

possible to avoid the economizer replacement. Of course, operation

with CWF may prove that the economizermust be replaced. In that case

a second outage would be required to installthe new economizer. A

decision of this question would have to be made on a case-by-case

basis.

10. Ash hopper revisionswill often be required,due to the increasedash

loadingsassociatedwith CWF firing. Aside from revisionsto the

furnace bottom area, revisionsand/or additionalhoppers may be

required at:

EconomizerOutlet

Gas RecirculationDuct

Air PreheaterOutlet Duct.

The sizing of these hopperswould be in accordancewith standard

design criteria for coal firing. An allowancefor possible future

load increaseswill be provided by designingfor an ash loadingof 1.2

times the calculatedmaximum CWF load.
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11. Existingfan capacity is usuallysufficientto handle the CWF

conditions, This is becausethe maximum loads on CWF are usuallywell

below the originalMCR rating. The major exceptionto this trend is

found in the process heaters,where ID and FD fan replacementis

likely. In addition,the BR fan (if installed)may requirerevision

to handle high ash content gas streams if it is to be operatedduring

CWF firing.

12. Furnacewall penetrationseal replacementor modificationmay be

requiredon some units with pressurizedfurnaces.

13. Controls revisionswould be requiredfor most cases, The actual

extent of the control revisionswill depend, however,on the age,

conditio_l,and sophisticationof the existing plant controls. For

purposesof this study, it w_ll generallybe assumedthat existing

firing system controls must be replacedfor CWF firing.

14. Dependingon the unit design and expected gas velocities,it may be

desirableto installgas bafflingand/or erosion shieldsat selected

locationsto reduce local velocity peaks or shield tubes from direct

contact with flyash.

15. Structuralsupportchangeswould sometimesbe requiredwhen revisions

to the unit result in increasedweights or loads on structural

members.

16. Particulateremovalequipmentwould be requiredfor all units which

presentlydo not have such equipment. The three utilityunits do have

existingelectrostaticprecipitators,some of which may prove to have

sufficientcollectorefficiencyto avoid the need for additional

equipment.
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REQU.!REDTOTALPARTICULATE.COLLECT.ION._.EFFI.CIENCy,(%)

Fuel: UF6,B SD5.7 CG7.9 CG4,B SD2,6

Efficiency (%) 96.3 95,6 96,9 95,0 91,2

17. SO2 scrubberswill be requiredat all plants for two of the CWFs:
UF6.8 and CG7,9,

REQUIRED SCRUBBER EFFICIENCY(%_.

Fuel UF6,B CG7,9

Efficiency (%): 51.1 5.9

18, New Ductworkwould be requirod for most cases, Situationswhich call

for ductwork include:

A, Installationof a scrubberor a particulatecollector

B. Relocationof the ID fan

C. Ductwork around windbox

D. RevisedGR ductwork

Duct sizes and arrangementswould be such that full load capabilityon

originalfuel is maintained and existing fan capacitiesare not

overtaxed.

19, An ash removal system would be included in the conversion. For

purposes of this study it will be assumed that ash will be trucked to

a disposal site,

20. Coal-Water Fuel supply and storagerequirementswere includedin the

conversion. Criteria for selectioninclude:
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A, lt is assumed that existing oil off-loadingfacilitiesare

available,

B. A new storagetank with a ten day capacitywould be built,

C, New CWF transferpumps and pipelineswould be installedto allow

availabilityof the original fuel to be maintained,

21. For some cases new or upgraded refractorywould be required,

22. Excavationand foundationwork would be requiredfor some cases:

A. Excavationbeneath the furnacebottom to permit installationof

ash handlingequipment (a minimum of 10 feet headroom is required

for top-supportedunits).

B. Foundationwork for--

Ash Handling Equipment

ParticulateCollectingEquipment

SO2 Scrubbers
Fans (if moved or increasedin size)

New Ductwork

Fuel Storageand Supply Facilities

23. Waste Water Disposal, For this study it was assumedthat any

additionalwaste water generatedby the CWF conversionwould be

handled by the existingplant waste water treatmentsystem.

24. Makeup Water. For this study it was assumed that no capital costs

would be associatedwith the additionalmakeup water requirementsfrom

soot blowing, fuel atomization,bottom ash handling,CWF system

flushing,and related items.
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25, Auxiliary steam will be required for:

CWF atomizing

CWF heating

Steam coil air heaters (if required)

Wall and soot blowers

In some cases this steam may be taken from the unit, In other cases

the steam may be taken from auxiliaryboilers,

26. Auxiliary Power. For this _ _Jdyit was assum_d that any additional

power loads can be handledwith the existing plant auxiliary

transformers.

27, Service and InstrumentAir, In general, air 1_equirementswould be

handled by existing plant sources. Any exceptionswould be on a case

by case basis.
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,7.RESUL.T,S__.OZRETROFITSELECTI_O.N

Each of the seven units has been analyzedfor therequirements of'conversion

to CWF firing using the guidelinesoutlinedin Part 6. The scope of work

varies from unit to unit and from fuel to fuel. Table 7-I sunvnarizesthe

nlaJorconversionwork required for each unit. The major changesto the

"boiler island"are also shown in Figures7-I through 7-7.

TABLE 7-I

MAJOR CWF CONVERSIONWORK

Key: X - applies to all four CWFs (five on Units A & E, six on Unit C)
I - applies to UF6.B
2 - applies to SD5.7
3 - applies to CG7.9
4 - appliesto CG4.B
5 - appliesto SD2.6
6 - applies to ALS.9

UNIT
.....A......B C ' D ....E ....F - -G_

Furnace

Change Hopper Slope -- X .....
Jet System X - X X X - -
GR Ducts X ......
Ash Hopper ..... X X

Blowers
.==m==J.l,.J...=..,,=..

WaIl Blowers X X X X X X X
RetractBlowers X X X - X - -
Rotary Blowers - - - X - - -
Fixed Blowers ..... X X

.F.,iring System

New Burners X X X X X X X
Windbox Work 246 24 - - X X X
Pressure Part Work X 24 2456 - X - -
New Ignitors X X X X X X X
New Scanners X X X X - X X
OFA Ductwork .... X - -
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Table 7-1 (Cont'd)

UNIT
"A....B ......_.........D'---T --_ _F '.....G°''

Convection Sec.,t,ions

Change for Vel. Limlt 2346 ......
Change for Metal Temps. 13 ......
Change for Clear Space - - - X - - -
Replacewlth In-Line ..... X X

SH or RH ,SPray

Increase SH Spray Capacity X ......

Economizer

Replace Existing X X - X - - -
Add AdditionaI - X .....

Ash,,,H,opperRevisions

EconomizerOutlet X X .....
GR Duct X ......
Boiler Bank - - - X X - -
Air PreheaterOutlet - - X ....
Horiz. Duct Runs ..... X X

Steam Air Heater

Add New Heater .... X - -
Supplement Heater - X .....

Controls

ExtensiveRevision X X X X X - -
Minor Revision ..... X X

Erosion Protection__

Baffles X X X ....
Shields X X X ....

Fans
qm=J,m,mm,,

FD ..... X X
ID ..... X X
Standby FD ..... X X
GR Flyash Protection X - 5 ....
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Table 7-I (Cont'd)

UNIT
'A....B ' C D -E- F"'_

StructuralSupport

Screen Tubes X ......
Hanger Rods X ......
For Part. Collector 26 - - - X X X
For Scrubber 13 13 136 13 136 13 13
For Economizer X X - X , - - -
RadiantTube Supports ...... X

ParticulateCollector

Addition to ESP Surface 26 .... -

Dry Scrubber/ESP .... 136 - -
Wet,Scrubber - - - X - X X
New ESP .... 24 - -

SO2 Removal

Dry Scrubber 136 13 136 ....
Dry Scrubber/ESP .... 136 - -
Wet Scrubber - - - 13 - 13 13

Ductwork

For Add'l Economizer - X - - X - -
For Part. Collector 26 - - X X X X
For Scrubber 136 13 136 13 136 13 13
For Steam Air Heater - X . X - - -
GR Duct X ......
Air PreheaterBypass .... X - -

Ash Removal Equipment

SSC X X - ....
Screw Conveyor - - - X X - -
VacuumSystem X X X ....
MechanicaI System .... X X X X

Fuel Supply/Stgrage

Storage Tank X X X X X X X
Pipel ines X X X X X X X
Pumps X X X X X X X

Refractory work

Furnace Bottom - - - X - - -
Radiant Section ...... X
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Table 7-I (Cont'd)

UNIT
A B ........C " D" E.... F _ G

Excavation/FoundationWork

For Part. Collector 26 - - X X X X
For Scrubber 136 13 136 13 136 13 13
For Ductwork X X X X X X X
For Fuel Supply/Storage X X X X X X X
For New Fans ..... X X
For SSC Under Furnace - X .....
For Add'l Economizer - X .....

AuxiIiar>,Iterns

Steam Piping X X X X X X X
Air Compressor .... X - -

Air .Preheater

Modify for Flyash Serv. - .... X X
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HIGHLIGHTSOF RETROFITSELECTION- UNIT "A"

600 MW Ct.OSE-COUPLEDSCREEN TYPE

FIGURE 7-I

I. FURNACE-- all five fuels studied

' The hopper slope is sufficientnot to requiremodification. However,

other changes are requiredas follows:

Install a gas recirculationinlet into the rear side of the hopper

mouth. Set back every other tube 12 inchesto provide inlet. Modify
i

rear hopper supportsystem to acconmnodateand supportnew gas

recirculationduct and maintain supportof rear lower drum to support

tubing from drum, and installnew horizontalmain buckstaysupport

struts and lateralsupportbeams in the rear lower drum area.

Install gas recirculationduct in dead space between rear furnace

slope and furnace rear wall tubes runningverticallyfrom rear lower

drum. Line with refractoryand insulation,and supportwith hanger

rods, Providetwo shut-off dampers in GR duct outside of dead space.

Run two separateducts into a single dividedduct which connectsto

existing GR duct. Provide ash collectionhoppers at bottom end of GR

duct. Install5 small hoppers having 55 degree slopes to avoid

excavationwork. Also removeexistingGR "box" and duct, relocate

seals at outletof hopper to providefor wet ash collectionsystem,

and relocateplatform.

Install "jet system"to assist bottom ash to move down hopper slopes

to hopper mouth. Install3 plenumson each hopper slope. Plenumsare

4-inch OD tul)e57 feet long welded to back side of hamper slope tubes.

Drill 1/4-inchdiameter holes In fusionwelded fins in hopperslope

and weld deflectorplate over each hole to deflect jet down the slope.

Install supply lines, main shut-offvalve,on-off control valves,

distributionheaders,and controlpanel. Blowingmedium is to be

steam taken from existing plant steam supply.
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2. BLOWERS

New soot blowers, plus pressure parts work at the new sites are

required as follows:

FurnaceWall Blowers- 72 for UF6.B, CG7.9; 50 for SD5.7, CG4.8, AL5 9

Double side retractblowers - 10 for all five fuels.

,,

3. FIRING SYSTEM

For all five fuels, convertexisting 5 elevations (EL) of oil burners

to 6 elevationsof combined oil/cwfburners. The existing windbox

opening can be used for firing UF6.8 and CG7.9 fuels, but will have to

be 4'4" taller for the remainingfuels. Compartmentpartitionplates

have to be relocated,and new secondaryair control dampersare

required. New openings have to be made in waterwallsto accommodate

new and/or relocatedignitors. About 20 waterwalltubes have to be

modified for the tallerwindbox used for the CG4.B, SD5.7 and AL5.9

fuels.

4. CONVECTION SECTIONMODIFICATIONS

Revise RH crossoverarrangementto reducegas velocities for SD5.7,

CG7.9, CG4.8, and AL5.9 fuels. Change material of SH Front Horizontal

Spaced Lower Assembliesto accommodatehighermetal temperaturesas

follows: SA 213 TP 304 H for UF6.8 and CG7.9.

5. SH or RH Spray

Install larger capacitySH spray control valves.

6. ECONOMIZER

Replace the existing bank by a taller in-linespiral finned bank with

wider horizontal spacingbetween tubes. Replacebcth inlet and outlet

economizer headers.
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7. ASH HOPPER REVISIONS

Fabricatenew ash hoppersat economizeroutlet and in the Gas

Recirculationduct.

8. STRUCTURALSUPPORT

Stiffen supportsteel in economizerhanger attachmentarea.

Installsupport steel for ESP addition (SD5.7 and ALS.g).

Installsupport steel for scrubbersrequired for UF6.B, CG7.9,and

ALS.9.

Installsupport steel for revisedgas recirculationduct system as

discussed in Item I.

9. PARTICULATECOLLECTOR

For the SD5.7 and ALS.9 fuels installa 20% additionto the existing

electrostaticprecipitator(ESP). The remainingthree fuels do not

requirechanges to the ESP.

10. SO2 REMOVAL EQUIPMENT

Installa new Dry Scrubberupstreamof the existing ESP for the UF6.8

and CG7.9, and AL5.9 fuels.

ii. DUCTWORK

Installnew duct segmentsto accomodateaddition to existingESP for

SD5.7 and ALS.9. For UF6.8, CG7.9 and AL5.9 installnew ductwork to

new scrubber located upstreamof existing ESP. Installconnecting

ductwork from scrubberto ESP, and provide new shut-offdampers sc

that scrubber can be isolatedwhen firing oil.
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HIGHLIGHTSOF RETROFITSELECTION-- UNIT "B"

400 MW BOX TYPE

FIGURE 7-2

1. FURNACE

The existing hopperhas a slope of 30 degreeswhich will require

revision to 50 degrees,plus a 3 foot opening for bottom ash removal.

Scope of work is summarizedbelow.

Removeexisting ash hopper. Cut sidewallsjust above inlet header,

and cut sidewall inlet header links. Remove sidewallinlet headers.

Cut floor tubes at hopper bend line and at inlet header connection.

Cut front and rear wall inlet header connectinglinks and remove

headers. Remove hopper structuralsupportmembers. Cut 8 downcomers

at EL 48' and remove. Remove hopper floor tubes. Excavateabout 10

feet, and providefoundationfor submergedscraperconveyor. Install

new hopper floor tubes, inlet headers,and structuralsupportsystem

for hopper floor, headersand links. Installold downcomerswith new

13 feet 9 inch extensionpiping. Installnew sidewallpanels and

inlet headers. Installnew horizontalbuckstayat EL 24'. Provide

new insulation,lagging,and side plates at openingfor wet ash

removal system.

2. SOOT BLOWERS

Install 3 elevationsof wall blowersabove burnersand one elevation

below burners - total of 60 (UF6.8,CG7.9). Install3 elevationsof

wall blowersabove burners - total of 44 (SD5.7,UF4.8). Install

pairs of retractablesoot blowers above and below bottom economizer

bank in backpass,plus a pair of retractablesoot blowers upstreamof

additional economizerbank installedin new ductwork (6 soot blowers

in all).
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3. FIRING SYSTEM

Present windboxwidth is sufficientfor all four fuels studied. For

SD5.7 and CG4.8 extend waterwalltube openingheight by 30 inches.

Relocate existingIFM ignitoropenings from the existing 56-inch

centeriinesto new 64-inch center!ines- thus 12 ignitoropeningswill

be modified for these two fuels. No windbox pressurepart

modificationsare requiredfor UFG.8 and CG7.9 fuels. For SD5.7 and

CG 4.B fuels, windbox height will have to be extendedby 30 incheson

top, 6 inches on bottom. Modify associatedconnectingductworkto

accommodatelarger windbox. Installnew damper linkages. Installnew

tilt drives for all four fuels.

4. ECONOMIZER

Replace the two existing spiral finned 3 fins/inchstaggered-tube

economizer banks with three banks having spiral finned 2 fins/inch

in-line-tubearrangement. The additionalvertical height requirements

associatedwith the in-linearrangementrequirethe third bank be

installedin a new duct downstreamof the existing backpass location.

Also extend the economizer inlet link to connectwith the 3rd bank.

Run connecting link between 3rd bank and bottom bank in backpass. The

3rd bank is to be bottom supported,and a supportstructurewill also

be required for the new ductwork.

5. STEAM AIR HEATER

Install a new steam coil air heater downstreamof the existingsteam

coil air heater in vertical air duct so that air can be heated to

300°F (minimumfor CWF firing). Steam source to be boiler drum.

Provide steem piping from drum to coil, and condensatepiping from

coil to condenser hot weil.
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6. SO2 REMOVALEQUIPMENT

Installa new Dry Scrubberupstreamof the existing ESP for the UF6.B

and CG7.9 fuels.

7. NEW DUCTWORK

Provideenclosurefor new 3rd bank of economizer. Run new ductwork

from 3td economizer to new scrubber (UF6.8,CG7.9). Providebypass

duct around scrubber and supply shut-offdampers to isolatescrubber

when firing original oil fuel. Installnew ductwork for new steam

coil air heater.

B. AI;HREMOVAL EQUIPMENT

Because of tight clearancesunder the furnace hopper throat,installa

SubmergedScraper Conveyor (SSC). A 10-footexcavationwould be

required for the SSC.
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SIDE VIEW

FIGURE 7.2
UNIT B

MAJOR BOILER ISLAND MODIFICATIONS
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, HIGHLIGHTSOF RETROFITSELECTION-- Unit "C"

BGO MW CLOSE-COUPLEDARCH TYPE

FIGURE7.3

1. FURNACE

Install"jet system" to assist bottom ash to move down hopper slopes

to hopper mouth, install3 plenumson each hopperslope, Plenumsare

4-inch OD tubes 82 feet long welded to back side of hopper slope

tubes. Drill I/4-inchdiameterholes in fusionwelded fins in hopper

slope and weld deflectorplate over each hole to deflectjet down the

the slope. Installsupply lines, main shut-offvalve, on-off control

valves, distributionheaders, and controlpanel, Blowingmedium to be

steam taken from existingplant steam supply,

2. BLOWERS

Installwall blowers: for all fuels, 62 installedin the furnace

walls, and for UF6,B and CGT.g fuels, 3 additionalblowers in each

side wall below the buYner zone, These 6 additionalblowersmust pass

through a 19 foot windbox.

Also install two additionaldouble sided retractblowersjust above

the economizerbank, plus a double sided retractblower Just under tile

furnace nose (6 retractstotal), Pressure part work _ill be required

for all wall blowersand the two retractblowers installedunder the

furnace nose. Installa soot blower controlpanel for automatic

sequencing in the controlroom. Steam supply to be 'takenfrom the

plant auxiliarysupply.

3. FIRING SYSTEM

For UF6.8 and CG7.9 fuels, existing openingshave suf'Ficientsize,

Equipment required is: wall-firedCWF burnersand guns, flame

scanners, light oil or gas pipe ignitors (32 each). For SD5,7, CG4,8,
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and ALe.9 fuels, enlarge burner openings up to 69 inches from existing
4B inches at 32 locations. Eighteen tubes needto be removedand

rerouted at each location. For all fuels, new equipment required is:

wall-fired CWFburners and guns, flame scanners, light otl or gas pipe

ignitors (32 each). For the SD2.6 fuel, enlarge burner openings up to
74 inches from the existing 48 inches size at 32 locations. About 22
tubes need to be removedand rerouted at each locations.

4. ASHHOPPER

Existingfurnacebottomand economizerash hoppersappearto have

sufficientcapacityfor CWF firing, However,rebuildexistingash

hopperat outletof air heater, Sinceverticalclearancesto floor

are tight,installtwo parallelrowsof 16 hoppersapiece, Eachof

the hoppersto be about7 feethigh,and 7 x 7 feetin planarea,

B. SO2 REMOVALEQUIPMENT

Installa new Dry Scrubberupstreamof the existingESP for the UF6,8,

CG7.9,and AL5.9fuels,
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HIGHLIGHTSOF RETROFITSELECTION-- UNIT "D"

SHOP-ASSEMBLEDINDUSTRIALBOILER

FIGURE 7-4

I. FURNACE

This boiler is of the "Type A" design and is a very compact unit, The

furnace has a refractorytile floor and is fired horizontallyfrom

burners in one end, To convert the furnace to CWF firing a steam Jet

system will be installedon the furnacefloor'. Remove existingboiler

casing under furnace (whichmay requirejacking up entire boiler to

gain working access), Remove existing tile floor of furnace, Install

castable refractorygas barrier and replaceexisting tiles with RAM 90

refractory. Installseries of about 20 stainlesssteel "Jetting

blocks" along centerlineof furnace, Install20 connectorlines

between new steam supply header pipe and Jetting blocks, Installnew

casing/hopperbeneath furnacewith two ash collectionhoppers,each

with a 2-inch screw conveyor to pull out bottom ash. Installnew

insulationover bottom area.

2. BLOWERS

Add two wall blowers - one on each side above/or below existing rctary

soot blower locations. Pressurepart work consistsof penetrationof

peg-fin outer tube wall and tangent tube furnacewall tubes.

Add two rotary soot blowers,one on each side, insertedat a new

location in the boiler bank. Pressurepart work includespenetrating

outer tube wall and bending 8 boiler bank tubes aside to provide

blower lance access.

The new economizerbank (See Item 5 below) requires rotary soot

blowers 8 blowers for the UF 6,B fuel, 6 blowersfor the remaining

three fuels studied.
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Blowersare suppliedby steam from the existingdrum connection. The

new blowers requirenew supply piping,control valves,and controls.

3. FIRING SYSTEM

Existingwindbox and refractoryendwalls are acceptablefor CWF

conversion. Installtwo'new CWF burners (replacingexisting two oil

burners),one Safe Scan Flame Scanner, and two pipe ignitors. Update

controlsystem for operationwith the new firing system.

4. CO_IVECTIONSECTIONS

For all four fuels studied,remove all boiler bank tubes back as far

as existing retractsoot blower location,but not the 10 finned t,_bes

on each side, runningalong each side wall. Remove 9 spaced baffle

wall tubes - 4 on left, 5 on right - (UF6.8). Remove 4 spaced baffle

wall tu_es - Z on left, 2 on right - for the other three fuels.

5. ECONOMIZER

Renmve existing staggeredeconomizer. Installin-linespiral finned

economizerhaving I-i/2 inch OD tubes with 3-I/2 inch OD fins at 2

fins/inch. Gas flow is up, water flow is down. Installed surface to

be sufficientto compensatefor removalof the selectedboiler bank

tubes.

6. ASH HOPPER REVISION

Add an ash hopper at the bottom of each side of the boiler bank. Each

hopper is to have a 2-inch screw conveyor. Installnew

insulation/lagging.
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7. STEAM AIR HEATER

Installa steam air heater to raise combustionair temperatureto

300°F minimum. Saturatedsteam is to be suppliedby the drum. Coil

layoutmust be such that full load air flow will not create excessive

draft loss.

8. STRUCTURALSUPPORT

Reinforcestructuralsteel supportingthe replacementspiral finned

economizerto be mounted on top of the boiler,

9. PARTICULATECOLLECTORAND SO2 REMOVAL

A wet scrubber will performthe dual functionof particulateand SO2
removal. Install the wet scrubber between the economizerand stack on

a bypass duct (all four fuels). The wet scrubberwill only operate

when firing CWF. When firing oil, the wet scrubberwill be isolated.

I0. NEW DUCTWORK

Run a new transitionpiece between the boiler outlet and inlet to the

new spiral finned economizer. Erect a new bypassduct to direct the

gases to the wet scrubber. Includea junction leavingthe economizer

with isolationdampers on the outlet leg. Run ducts to wet scrubber

and back to outlet tee junction. Provide isolationdamper on inlet

from wet scrubber. The existing stack is to be relocatedon top of

this tee.

11. ASH REMOVAL

A mechanical ash removal system will be installedto handle ash from

the various hoppers. Ash disposal to be off site.
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12. FOUNDATIONWORK

Foundationwork for wet scrubber,new ductwork,ash handlingsystem,

fuel supply and storage facilities.

13. FUEL SUPPLY AND STORAGE

Installto complywith the retrofitGuidelines.

i
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HIGHLIGHTSOF RETROFITSELECTION-- UNIT "E"

FIELD ASSEMBLEDINDUSTRIALBOILER

FIGURE 7-5

l

I. FURNACE

Installgrate blocks over furnacefloor tubes. Every third row of

grate blocks to have a jettingblock suppliedfrom new headers

installedbelow the furnacefloor. The jet systemwill push the ash

toward the furnacefloor hopper locatedadjacent to the lower drum.

2. BLOWERS

Installtwo elevationsof wall blowers above the burners. There will

be a total of twelve wall blowersrequiredfor the unit - four in each

wall. Installtwo new singleside retractablesoot blowersbetween

the superheaterbanks. Make necessarypressureparts alterationsat

each wall and soot blower penetration. Installnew controlpanel

equipmentand controls.

3. FIRING SYSTEM

Open existingwindbox width from !4 to 16 incheswide. Relocateabout

six tubes and rework shell and casing on one side of each windbox.

Relocateexisting 3-inch pipe ignitorsto intermediateauxiliary

compartmentand aim at CWF guns. Open the four existing 10 inch

diameter overfire air ports,and run duct to them from main windbox.

Upgrade the controlsystem to accommodatethe new firing system.

4. ASH HOPPER

Installash hopper at the gas outlet adjacent to the boiler bank

outlet.
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5. PARTICULATECOLLECTORAND SO2 REMOVAL

Installan electrostaticprecipitator(ESP) for the two fuels which do

not requirescrubbers (SD5.7and CG4.8). For the remainingthree

fuels (UF6.8,CG7.9 and ALS.9) installa "Dry Scrubber/ESP". This

device will remove the flyash from the gas stream at the same time it

removes the SO2. A bypass duct will permit the boiler to operateon

oil at MCR without passing the gases through the ESP or dry

scrubber/ESP.

6. NEW DUCTWORK

Installnew bypass ductwork and damper box around air preheater.

Remove existing dust collectorand relocate stack. Run new ductwork

to electrostaticprecipitator(ESP) (CG4.8 and SDS.7). Run new

ductwork to ESP and scrubber (UF6.8,CGT.g andALS.9). Install

ductwork to bypass the new scrubberwhen original design fuels are in

use. Installdamper boxes in ductworkto control bypass flow around

scrubber when original fuels are in use. The F,SP,scrubber,and stack

serve two units. Installshut-offdampers for situationwhen only one

of the units is operating.

7. MODIFICATIONSTO EXISTINGDUCTWORK

The UF6.B, CG7.9 and AL5.9 fuels require new scrubbers. Modify the

existing vertical duct runningfrom the air heater outlet to the lower

ElectrostaticPrecipitators(ESP's)as follows: installa take-off

tee in the right and left vertical sidewallof the duct just below the

existing lower F-SP,so that gas can be passed horizontallyto each of

the new scrubberserected to the right and left of the ESP. Above the

lower pair of take-off tees, installa pair of return tees to handle

the gas downstreamof the scrubbers. Install isolationdampers in
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each take-offand returntee. Adjacentto the tees, installreducer

sections configuredso that 20 x 20 foot ductworkcan be run to and

from the scrubbers. Installabout 200 runningfeet of ductwork,

including8 expansionJoints. Provide structuralsupportfor the duct

runs approximately70 feet above grade, plusinsulationand lagging.

8. ASH REMOVAL i

Install a mechanical ash removal system to handleash from the various

hoppers, ESP or dry scrubber/ESP. Ash disposalis to be off site.

9. FUEL SUPPLY AND STORAGE

Installto comply with retrofitGuidelines.
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HIGHLIGHTSOF RETROFITSELECTION-- UNIT "F"

VERTICAL CYLINDRICALPROCESS HEATER

FIGURE 7-6

1. FURNACE

Note that this furnace is a cylindricalchamber. Modify the bottomto

accept ash removal equipmentsince ash will collectat the bottom when

firing CWF. Since a vertical CWF burner is to be centeredin the

bottom of the radiantchamber, the ash hoppermust form an annulus

around the burner.

2. BLOWERS

Install radiant chamberwall blowers- using the same design as in

conventionalcoal-firedutility-typeunits. The dense castable

refractory behind the wall tubes can withstandthe wall blowingduty

and does not need to be changed. Four levelsof blowersare required.

These blowers will keep the tube surfacesclean in order to avoid heat

flux rate changes and possibledecompositionof the processfluid in

the tubes.

3. FIRING SYSTEM

Horizontal firing in the vertical cylindricalheater presentsa

problem, as there is no wall without tubes in front of i'tand the

diameter of the tube circle is not large enough to insure that flame

impingementdoes not occur on the tubes oppositethe burner. From a

search of the literature,it does not appear that vertical firing of

coal has as yet been attemptedin process heaters, lt is probable

that such firing would be successful,however,since C-E's Fireside

PerformanceTest Facilityfires pulverizedcoal and CWF in a vertical

burner and has loggedmany hours of satisfactoryoperation.
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Installa single large-capacltyburner centeredin the bottom of the

radiantchamber, Make provisionfor dual fuel burner capability(CWF

and stand-byoil), and providea system to insure rapid transition

from CWF firing to oil. Providea new windbox for the burnerwhich

must be compatiblewith the annularash hopper equipment. Also

provide new ignitor and scanner.

This design would permit near optimum uniformityof heat input into

the process tubes while _'_1owingmaximum room for ash collection.

4. CONVECTION SECTIONCHANGES

Although the tube and fin tip clearancesand flue gas velocitiesin

the convection sectionsof both heatersare within the Guidelines,the

fin zpacing per inch and the staggeredarrangementare not.

Replace existing spiral finned staggered-tubebanks with shop-

fabricated spiral finned in-linebanks with fin spacingmeeting

Guidelines. The new convectionsection designsare to meet full load

oil performance.

5. ASH HOPPER REVISIONS

Since soot blowers will be installedin the air preheatersto provide

adequate cleaning, add a new ash collectionhopper at the air

preheater outlet.

6. FANS

Replace the existing induceddraft (ID) and forced draft (FD) fans.

The new flue gas cleanup equipmentincreasesthe static pressure

requirementsfor the ID fan. The high pressuredrop characteristicof

the new burner increasesthe FD fan static pressurerequirement. Also

install a new standby full capacity FD fan wi_h a differentdrive to

provide standby firing capabilityshould the primaryFD fan go out of

service.
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7. DUCTWORK REVISIONS

Since ductwork was designed for low velocities(30 fps), and there are

horizontalsectionswhere flyash can settle, installash collection

hoppers at strategiclocationsin these ducts, Additionalducts,

connecting the new flue gas cleanupequipmentto the existing

equipment, are also required.

B. PARTICULATECOLLECTOR/SO2 REMOVAL

The most economicalchoice of equipmentis a wet scrubberwhich is

capable of handlingboth particulateremovaland SO2 removalwhere

required.
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HIGHLIGHTSOFRETROFITSELECTION-- UNIT "G"
HORIZONTALCABINPROCESSHEATER

, FIGURE7-7

1. FURNACE

Modifythe bottomto acceptash removalequipment.Note thatthe

vertlca]burners,for_mrlylocatedin the furnacefloor,are to be

removed,and the firingsystemwill be relocatedin theend walls(see
FiringSystembelow).

2. BLOWERS

Instal]threelevelsof wall blowersin bothsidewalls- blowersto

be conventionalcoa]-flradutillty-typeurlits.Removethe ceramic

fiberblanketinsulationbehindthe radiantsidewalltubes. Thislow

weightinsulationcannotwithstandthe forceof sootblowingan,,must

be replacedwith castableinsulation.Sincethe castableinsulation

doesn'thave the low ther_mlconductivitycharacteristicof the former

ceramicfiberblanket,the castablerefractoryhasto be substantially

thicker. Providenew supportsfor the radiantsidewalltubeswhich

locatethe tubesfurtherfromthe outsidefurnacecasingplate,but

the samedistancefromthe refractoryfaceas originallyusedwith the

ceramicfiberblanket. This relocationof the tubesallowsradiant

heat transferto the backsidesof the tubes,as in the original

design,so that the criticalheatfluxratesare_Intained. If this

relocationwas notmade,the effectiveradiantchamberheat absorbing

surfacewouldbe reduced,leadingto higherlocalmaximumratesand

possibledecompositionof the processfluid. The castablerefractory

weighsmore than the ceramicfiberblanket,thusadditionalstructural

supportmust be provided.
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3, FIRINGSYSTEM

Removethe existingfiringsystemfrom the bottomof the unit,

Installtwo new CWF burnersapiecein bothend walls,oneburner

locateddlrectlyover the other, No pressurepartwork is required

slncethe end wallsare refractorylinedand containno tubes. Aim

the burnersalongthe axisof the radiantchamberfromeachend wall,

designing the burners to produce horizontal long, narrow shaped

flames, This layout producesuniform heat input per tube length,

similarto conventionalheatersusingendwallfiring, Make provis'lon

for dual fuel burnercapability(CWFand stand.byo11)_and providea

systemto insurerapidtransitionfromCWF firingto oil, Providenew

wlndboxesfor the burners,Also providenew ignitorsand scanners.

Ash producedwouldentertheoverheadconvectionsectionor fallto

the furnacebottomarea.

4. CONVECTIONSECTIONCHANGES

Althoughthe tubeand fin tlp clearancesand fluegas velocitiesin

the convectionsectlonsof bothheatersare withinthe Guidelines,the

fin spacingper inchand thestaggeredarrangementare not.

Replaceexistingspiralfinnedstaggeredtubebankswithshop-

fabricatedspiralfinnedin-linebankswith fin spacingmeeting

Guidelines.The new convectionsectiondesignsare to meet full load

oll performance.

5. ASH HOPPERREVISIONS

Sincesoot blowerswouldbe installedin the air preheatersto provide

adequatecleaning,add a new ash collectionhopperat theair

preheater outlet,
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6. FANS

Replacethe existinginduceddraft(ID)and forceddraft(FD)fans.

The new flue gas cleanupequipmentincreasesthe staticpre_sure

requirementsfor the ID fan. The highpressuredropcharacteristicof

the new burnersincreasesthe FD fan staticpressurerequirement.

Also installa new stand-byfullcapacityFD fanwitha different

driveto providestand-byfiringcapabilityshouldthe primaryFD fan
i

go out of service,

7. DUCTWORKREVISIONS

Sinceductworkwas designedfor low (30fps)veloclties,and thereare

horizontalsectionswhereflyashcan settle,installash collection

hoppersat strategiclocationsin theseducts. Additionalducts,

connectingthe new fluegas cleanupequipmentto the existing

equipment,are also required.

B. PARTICULATECOLLECTOR/SO2 REMOVAL

The most economical choice of equipment is a wet scrubber which is

capable of handling both particulate removal and SO2 removal where

requt red,
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8. CWF RETROFITCOST ESTIMATESAND ECONOMICEVALUATIONS

This sectiondescribes the approachfor developingcapitalcG_C_,and

operatingand maintenancecost estimatesfor the CWF retrofit;_fseven

major fuel burning installationsconsideredin this study. The procedures

used in making this evaluationwere taken from Reference(7) with minor

modificationswhere appropriate. These proceduresare discussedbriefly in

this report. An economic evaluationis presentedfor the seven units.

This evaluationdefines the incrementalcosts and savingsas a result of

the vse of CWF as a substitutefuel for oil. The economicresultsare

presentedboth as first year and levelized costs. The first year

incrementaloperationand maintenancecost savingsand the total capital

requirementare used to determinea simplifiedpaybackperiod for all seven

units. Also calculatedfor the utilityunits only are the total levelized

annual revenue savings, specific levelizedrevenuesavings,and incremental

levelizedcost of electricitysavings.

There are several uncertaintiesinvolved in a study of this type. Two of

the major uncertaintiesare the maximum load capabilitywith CWF and the

fuel costs. The load capability predictionsand requiredassumptionswere

described previouslyin Sections4 and 5. The predictedload capabilities

described in Section 5 were calculatedbased on a set of Guidelinesbriefly

outlined in Section4. Much of the data used to developthe Performance

Guidelineswere developed in a small laboratoryfacility (4x106 Btu/hr heat

input). Data from this laboratorytest unit was used to predictslagging,

fouling, and erosion behavior for the wide range of unit types,and sizes

in this study. These fuels have not been fired in units of the sizes or

configurationsof those used in this study. Becauseof this, many of the

proceduresused to developthe PerformanceGuidelinesare not confirmed.

Knowing these uncertainties,the developedGuidelinesand the predicted

load capabilitiesmy be somewhatconservative. For these reasonsthe

economic evaluationpresentedin this sectionalso censidersthe
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sensitivityof higher than predicted load capabilityand its effect on

economic feasibility. Economic evaluationresultsare presentedfor both

the predicted loads and predicted loads with a 20% increase in firing rate.

The costs for producingCWF fuels in the quantities requiredfor large

scale commercialusage here are not well established. Also the fairly

rapid fluctuationsin oil prices make it difficult to set fuel priceswhich

would be appropriate. Because of these two uncertainties,sensitivitiesof

the payback period and total levelizedannual revenue savings to a range of

differential fuel costs are presented.

For the units which experiencea load derating (utilityand industrial)the

mode of operation is an importantconsideration. For the utilityunits two

basic modes of operationare possiblewith CWF firing. In the firstmode

the retrofittedplant is assumed to burn CWF, but switchescompletelyto

fuel oil at peak demand. This operatingmode assumes that the plant is

derated on CWF but can regain its maximum capacitywhen switchedto fuel

oil.

By designing the retrofitmodificationswith this dual fuel capability,it

is possible to eliminate the necessityfor the utilityto purchase

additional generating capacity to make up for the loss of capacitydue to

the derating.

Another possible operatingmode would be having the retrofittedplant burn

CWF for 100% of its operating ti_ withJ}utswitchingto oil. In this mode

the utility would have to purchaseadditionalgeneratingcapacity.

There is a trade off to be rode in comparingthese two operatingmodes. In

the second mode (no oil switching)capitalcosts would be higherdue to the

purchase of the additional generatingcapacity. However, since the unit is

not required to switch to oil in periodsof peak demand,the annual power

generationwith CWF would be higher and thereforefuel cost savingswould

be greater.
4,
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lt was beyond the scope of this study to considerboth operatingmodes for

utilityunits. Only the oil switchingoperatingmode has been studied in

comparison to the base case where the unit burns fuel oil 100% of its

operatingtime.

For the industrialsteam generatorunits, results for two potential

operatingmodes are considered. In the first operatingmode (Case I) it is

assumedthe customer can afford to operate the deratedunit on CWF 100% of

its operating time with no need to switch to oil at peak load demand.

Also, no additional capacityis assumed to be purchased. In the second

operatingmode (Case II) it is assumed the customermust switch back to oil

firing about 50% of the operatingtime, during which time the unit operates

at its original maximum continuousrating. These two cases are compared to

the base case where the unit is fired with fuel oil 100% of its operating

time.

For the process heaters,'forwhich there was no derating,the basis of the

calculationsassumes the heatersoperate 95% of any calendaryear (95%

overall availability). A second assumption is that the totalnumber of

hours per year that the heatersoperate while firing CWF and utilizingthe

air preheat system and flue gas clean up equipmentis 90% of a calendar

year (90% availability). A third assumptionis that the number of hours

that the heaters operatewhile firing fuel oil and without the air preheat

system and flue gas cleanupequipmentin operationis 5% of any calendar

year. Thus the total availabilityof the heaters is 95% overall.

Besidesthe primary gO%CWF-5%oil availabilityassumption_some pay-out

period studieswere done using 85%CWF-I0%oil and BO%CWF-15%oil alternate

availabilityassumptions. Resultsare discussedand plottedfurtheron in

this report. The economicevaluationresultsfor the units are presented

in terms of simplifiedpaybackperiod.

8.3



CAPITAL COST ESTIMATES
, ,, , ..... _,

Capital cost estimates for the CWF retrofit of seven major fuel burning

installationswere developed. The capital cost estimatesfor retrofitting

are divided into the followingsix basic categories:

CWF Storage

CWF Transfer

Boiler Island

ParticulateRemoval System

FlueGas DesulfurizationSystem

Ash Handling System

The capital costs estimateswere developedusing varioussourcesdepending

on unit type (Utility, Industrialor Process heater).For the utilityunits,

budget capital cost estimates (±20%)were developedfor the Boiler Island,

ParticulateRemoval System and Flue Gas DesulfurizationSystem based on

drawings,specificationsand equipmentlists.

The remainingcategories for the utility units (CWF Storage,CWF Transfer,

and Ash HandVing System)were estimatedusing generalizedcost plots as

provided in Reference 7. In Reference7, capital costs includingdirect

costs, distributables,engineeringservices,and total contingencywere

plotted as a function of capacityfor the variousequipmentgroups. For

this study these generalizedcosts were escalatedfrom 2nd quarter 1983 to

mid-1985 (about 12%).

For the industrialunits and processheaters the generalizedcosts were

used only for CWF Storage and CWF Transfer with the remainingcategories

requiringnew estimates.

Because of the preliminarynature of this retrofit feasibilitystudy, the

developedcost estimatesare similar to the Class II preliminaryestimate

defined in the EPRI "Premises". All estimatesare based on mid 1985 wage

and price levels.
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Tables 8-I to 8-6 define the capital costs for the three utilityunits,

Tables 8-7 to 8-10 for the industrialunits, and Tables 8-11 and B-12 for

the processheaters. These tables show the capital costs for each unit

with each of the four fuels (five fuels for Units A and E, six fuels for
, _ /

Unit C) and at tk,_tael_loeds (predictedand predicted+ 20% increasein

firing rate wit)i)l lt at 100% load where applicable). The total plant

investmentfor all the predictedload +20% firing rate cases was assumed

the same as 'forthe predictedload cases. This was possiblesince retrofit

specificationtoleranceswere large enough. Preproductioncc_ts, however,

change slightly.These tables presentthe total plant investment,

preproductioncosts, and total capital requirementsfor the retrofit

specificationsdescribedin Section 7.

The total plant investment(TPI) includesdirect costs, distributables,

engineeringservicesand total contingency. Direct costs representthe

largest part of the total plant investmentand includefield construction

of permanentplant equipment,materials,subcontracts,and construction

labor. Distributablesare those cost items that cannot be ascribed

separately to direct cost items of the facility,and thus are accountedfor

separately. The distributablescover costs of a temporarynature at the

constructionsite such as field supervision,temporaryconstruction

facilities,temporaryutilities,and constructionequipmentand tools.

The engineeringservices includeengineeringcosts and other home office

costs and fees. Engineeringincludespreliminaryengineering,optimization

studies, specifications,detail engineering,vendor drawingreview,site

investigations,and supportto vendors. Other home office costs are

comprised of procurement,estimatingand scheduleservicesl,and(

constructionand projectmanagement. 1

Total contingencyconsists of a processcontingency,which covers the

uncertaintyin the design an<dcost of CWF commercial-scaleequipment,and a

project contingency,which (:oversadditionalequipmentor other costs that

would result from a more decaileddesign of an explicitlydefinedproject

at an actual site. The total contingencyfor this study is includedin

each capital cost grouping at 25% of the estimatedcapitalcosts.
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Table 8-1

RETROFIT CAPITAL COST SUMMARY

(5_000S: MID 1985 WAGE & PRICE LEVEL_

U_ZIT'u_ZT

LOAD-PREDICTED

TYyE-ELECTRZC UTILITY

................ fUEL ..........

UF-6,8 SD-5,7 CG-7,9 CG-4,8 AL-5,9

cWF STORAGE 3260 4700 3805, 4710 4950

CWF TRANSFER 5160 7410 6010, 7450 7810

BOILER ISLAND MODIFICATIONS 12340 11730 13190, 11720 11720

PARTICULATE REMOVAL 0 28030 0, 0 2_030

• FLUE GAS DESULFURIZATION 23390 0 30300, 0 46_00

ASH HANDLING SYSTEM 18825 20730 20270, 20250 20690

TOTAL PLANT INVESTMENT 62975, 72600, 73575, _4130, 119300,

PREPRODUCTION COSTS 2519, 4076, 3124, 3418, 5021°

TOTAL CAPITAL REQUIREMENT 65494, 76676. 76699, 47548, 124321,

SPECIFIC CAPITAL REQUIREMENT

{$/KW-MCR) Ill, 130, 130. 80, 210,

($/KW-DERATED) 339. 176, 293, 113. 287,

Table 8-2

RETROFIT CAPITAL COST SUMMARY

_$I0005: MID 1985 WAGE & PRICE LEVEL)

UNIT-UNIT A

LOAD-PREDICTED .20%

TYPE-ELECTRIC UTILITY

..... FUEL

UF-6.8 SD-5,7 CG-7.9 CG-4.1 AL-5.9

CWF STORAGE 3260, 4700, 3805. 4710, 4950,

CWF TRANSFER 5160. 7410, 6010, 7450, 7810,

BOILER ISLAND MODIFICATIONS 12340, 11730, 13190. 11720, 11720,

PARTICULATE REMOVAL 0, 28030. 0, 0. 28030,

FLUE GAS DESULFURIZATION 23390. 0, 30300. 0. 46100,

ASH HANDLING SYSTEM 18825, 20730, 20270. 20250, 20690,

TOTAL PLANT INVESTMENT 62975. 72600. 73575. 44130. 119300.

PREPRODUCTION COSTS 2781, 4606. 3464. ]931. 5554,

TOTAL CAPITAL REQUIREMENT 65756, 77206, 77039. 48061, 124854,

SPECIFIC CAPITAL REQUIREMENT
I$/KW-MCR_ 111, 130, 130. 81. 211,

_$/KW-DERATEDI 273, 147, 238. 95, 239,
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Table 8.3

RETROFIT CAPITAL COST SUMMARY

($_000St HID 1985 WAOE _ PRICE LEVEL1

UNIT-UNIT B

LOAD-PREDICTED

TYPE-ELECTRIC UTILITY

FUEL

Ur-6,B SD-5,7 CG-7,9 CG-4,a

CWF STORAGE 2490 3000, 2550 3020

CWF TRANSFER 3920 4740, 4020 4770

BOILER ISLAND MODIFICATIONS 10330 10110, 10250 10080

PARTICULATE REMOVAL 0 0, 0 0

FLUE GAS DESULF_TR_ZATION 14660 0, 14690 0

ASH HANDLING SYSTEM 18340 _8030. 17725 17530

TOTAL PLANT INVESTMENT 49740, 35880, 49235, 35400,

PREPRODUCTION COSTS 1859, 2041, 1859, 1986,

TOTAL CAPITAL REQUIREMENT 51599, 37923, 51094, 37386,

SPECIFIC CAPITAL REOUIREMENT

(I/KW-MEN) 127. 93. 125, 92,

($/KW-DERATED) 421. 186, 411, 192,

Table 8-4

RETROFIT CAPITAL COST SUMMARY

($10005; HID 1905 WAGE L PRICE LEVEL)

UNIT-UNIT B

LOAD-PREDICTED .20%

TYPE-ELECTRIC UTILITY

FUEL

UF-6.a SD-5,7 CG-7.9 CG-4,8

EW? STORAGE 2490. ]000, 2550. 3020,

CWF TRANSFER J920, 4740. 4020. 4770,

BOILER ISLAND MODIFICATIONS 10330. 10ll0. 10250. 10080,

PARTICULATE REMOVAL 0, 0. 0, 0,

FLUE GAS DESULFURIZATION 14660, 0, 14690. 0,

ASH HANDLING SYSTEM 18340. 18030. 17725. 17530.

TOTAL PLANT _RVESTMENT 49740, 35880. 49235. 35400.

PREPRODUCTION COSTS 2040. 2315. 2042. 2249,

TOTAL CAPITAL REQUIREMENT 51780, 38195. 51277, 37649,

SPECIFIC CAPITAL REQUIREMENT
(I/KW-HER) 127, 94. 126. 92,

($/KW-DERATED) 336, 153, 328, 156,
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Table8.B

RETROTIT CAPITAL COST SUMMARY

_$.1,0005: MID 1985 WAGE _ PRICE L[VEL_
UNIT-UNIT C

LOAD-PRrDICTED
TYPE-ELECTRIC UTILITY

........... llnl .................................

Uf-6,8 SD-S.'? CO-7,9 CO-4,_ _D-2,6 AL,-5,9

cwr STORAGE 4480 5560 4670 556_ 5540 5900

CWF TRANSFER 7080 8770 7380 877_, 960_ 93L0
Bo_L£R ISLAND MODIFICATIONS 6050 6460 6060 6290, 6500 _350
PARTICULATE REMOVAL 0 0 0 O, 0

FLUE OAS DESULFURIZATION 48230 0 4B230 0, 0 66410
ASH HANDLZNO SYSTEM 20860 2L885 2L650 2[270, 21185 23280

TOTAL PLANT INVESTMENT _6T00, 42675, B_990, 41895, 42825, I_250,

PREPRODUCTION COSTS 413i, 4592, 422), 4445, 57ai, 5949,

TOTAL CAPITAL REQUIREMENT 90B3i, 47267, 92213, 46340, 4a606, ii7199.
SPECIFIC CAPITAL REQUIREMENT

($/KW-MCR) I09. 57, _ii, 56, 59, 141.

I$/KW-DERATED) 2_5, 78, 2_3, 80, 62, 198,

Table8-6

RETROFIT CAPITAL COST SUM.MARY

, 510005: MID 1989 WAGE & PRICE LEVEL)
UNIT-UNIT C

LOAD-PREDICTED .20i

TYPE-ELECTRIC UTILITY

--FUEL
UF-6,8 SD-5,T CG-7,9 C0-4,8 5D-2,6 AL-5,)

CW? STORAGE 44B0, 5560, 4670. 5560, 5940 5900.
CWF TRANSFER 7080, 8770, 7380. 8779, 9600 93L0.
BOILER ISLAND MODIFECATION$ 6090, 6460, 6060, 6290, 6500 6350.

PARTICULATE REMOVAL 0. 0, 0. 0. 0 0.

FLUE GAS DESULFURIZATION 4B230, 0, 48230, 0, 0 66410.
ASH HANDLING SYSTEM 20860. 2i88_, 21690, 212_0, 21115 _3280,

TOTAL PLANT INVESTMENT B6700, 426T5. 87990, 41B95, 42829, 111250,

PREPRODUCTION COSTS 4629, 53_7, _730. 5174, 6052, 6702.

TOTAL CAPITAL REQUIREMENT 9132S, 48022, 92720. 47069, 48877, L_7952,

SPECIFIC CAPITAL REQUIREMENT

_$/KW-MCR_ LL0, SB, L12. 97, _9, _42,
_$/KW-DERATED) 199, 66. i98, 67, 59, i65.
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. TABLE8-11

RETROFITCAPITALCOSTSUMMARYAT PREDICTEDLOAD_,,-,_

VERTICALCYLINDRICALD_SIGNEDHEATERS

UNIT F

b

SingleHeater Twin Heaters
. ii iii ,i i,iH li iii ,. i

HeaterModificationsIncluding $4,28B,000 $5,655,000
CWF Storage& Transfer

ASH/SO RemovalEquipment $ 500,000 $ 620,000
ASH HandlingEqllipment $ 500,000 $ 670,000

TOTALPLANTINVESTMENT $5,285,000 $6,946,000

PreproductionCosts _; .148,000.. _0

TOTALCAPITALREQUIREMENTS $5,433,000 $7,161,000

(TOTALINSTALLEDCOSTS)
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TABLEB- 12

.RETROF!,,TCAPITAL COS,.TSUMMARY,ATP.REDICTED- LOAD,

HORIZONTALCABIN DESIGNEDHEATERS

UNIT G
q

S_nglle Heater Twin Heaters,,

Heater Modifications Including $6,030,000 $ 8,65B,000
CWF Storage & Transfer

ASH/SO_ Removal Equipment $ 875,000 $ 1,250,000
ASH Ha_dllng Equipment $ 7702000 }..I,025,000

TOTAL PLANT INVESTMENT $7,675,000 $10,930,000

PreproductionCosts $ 230,000 $ 362L000

TOTALCAPITAL REQUIREMENTS $7,905,000 $11,292,000

(TOTAL INSTALLEDCOSTS)
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The total capital requirementrepresentsall the capitalneeaed to complete

the project and is the sum of the TPI plus the preproductioncosts,

Preproductioncosts are expendituresincurredfor initialtrainingof plant

operators, preoperationaltesting and major modificationsto plant

equipment, inefficientuse of materialsat startup,and miscellaneous

administrativeand support labor. Preproductioncosts are estimatedas the

sum of one month's fixed and variableoperatingcosts (definedlater) at

full derated capacity (excludingCWF fuel), 25% of full deratedcapacity

CWF fuel cost for one month, and 2% of TPI.

The total installedcost for modifyingeach selectedprocess hoater for CWF

firing as describedearlierwas estimatedand is containedin Tables 8.11

and 8-12. Single and twin process heater modificationcosts were developed

because each selectedheater has a near identicaltwin heaterwith which it

shares a common air preheat system and stack and so that size scaling

factors could be determined. The modificationcosts in the tables apply to

any of the four selected CWF's for the followingreasons:

i. The modificationcosts (exclusiveof fly ash collectionand SOx

removal equipment)for each heater type were identical(within

the accuracy of the estimate)for each fuel.

2. The costs of wet scrubbingsystems for combined SOx removaland

fly ash collectionfor each heater type were identical(within

the accuracyof the estimate)for each fuel. All four CWF's

require fly ash collectionequipment,but only two (Upper

Freeport6.8 and Cedar'Grove 7.9) requireSOx removalequipment.

lt may thereforeseem that the installationof a wet scrubberfor

the two low sulfur CWF's (CedarGrove 4.8 and SplashDam 5.7) is

excessiveor not justifiedbut a wet scrubberwas considerably

less costly for these fuels than an electrostaticprecipitator.
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SPECIFIC CAPITAL REQUIREMENTS

Figure 8-i compares Specific Capital Requirements(SCRs) for the three

utility units. The SCR ranges from about $60/KW-deratedto about

$420/KW-derateddependingprim_arilyon the load capability,or between

about $60 to 140 based on the nameplatecapacityof the unit. The SCR

plots for the microfine ALS.9 fuel lie significantlyabove the other data

for Units A and C respectively. The larger scrubberand the ESP addition

contribute to the higher SCR for Unit A, while the larger scrubber

requirementon Unit C raises its SCR.

Figure 8-2 shows a similar comparisonfor the industrialunits. Costs

range from about $40 to $125/Ib steam/hr-derated,or from about $25 to

$32/Ib steam/hr based on the nameplatecapacity. The primary dependence

for the specific capitalcost requirementis again load capability. The

SCR plots for the microfineALB.g fuel lie within the band of of other data

since changes in retrofitcosts are relativelysmall regardlessof the CWF

in this study. Figure 8-3 compares all the unit SCRs on a Btu Fired basis.

The smaller industrialunits requireabout 1.5 to 2 times more capital per

Btu Fired than do the utilityunits. The SCR plots for the microfineALS.9

fuel lie above the band for Utility Units A and C, and within the band for

IndustrialUnit E.
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ANNUAL OPERATINGAND MAINTENANCE COST ESTIMATES

The annual operatingand maintenance(O&M) cost estimate is based on mid

1985 price and wage levels and is structuredwith two estimatecomponents -

total O&M costs and credits. The first component, total O&M cost, is the

incurred O&M cost due to CWF retrofitting. The second cost component,

credits due to CWF retrofitting,is the savings realized by not burning

fuel oil. The final objectiveof the cost estimate is to determinehow the

CWF option compares with fuel oil firing on an annual basis. Thus, the

incremental O&M cost or savings for CWF is determinedsimply by the

difference of total O&M cost and credits. The basis for estimatingis

described briefly below and in more detail in Reference7.

The total O&M cost consists of three or four cost items dependingon the

unit type. These are fixed O&M costs, variableO&M costs,and fuel costs

associatedwith all units, and replacementpower costs for the utility

units only,

The fixed O&M cost represents the incr.mental increasein plantoperating

and maintenancelabor and material du,_to CWF retrofittingover the

fuel-oil designed power plant. Only the change in fixed O&M is required to

compare cost and credits.

In estimating the incrementalfixed O&M cost, it is assumedthat converting

from fuel oil firing to CWF firingwill not increaseor decrease the

operating labor cost or the annual overhead charges,which include

administrativeand support labor cost. Therefore, the only incremental

fixed O&M cost due to CWF burningconsists of the additionalmaintenance

material and labor costs of CWF over fuel oil burning. This incremental

cost is estimatedat 4% of the CWF retrofit processcapitalcost. A

typical maintenancelabor/materialsplit ratio of 40/60 is estimated.

Variable O&M costs include expensesfor water, chemicals,other consumables

necessaryfor power or steam generation,and other expenses necessaryfor

waste disposal. Cost calculationsfor the variable O&M cost are based on

plant capacity factors for each plant as defined later.
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For this cost study, the annual variableO&M costs associatedwith CWF are

included in the estimatesas a summationof the followingtwo cost items:

o For the utilityunits the water and chemicalcosts requiredto

generate I kilowatthour of electricityare based on an estimated

unit cost of 1.B mills per kilowatthour. Thischarge was

calculatedbased on annual power generatedfor both CWF and fuel

oil. For industrialunits a cost of 0.25 mills per pound of

steam generatedis used.

o Ash disposalcost was estimatedat $5.60 per short ton of dry ash

produced from CWF firing. The amount of disposableash is again

calculatedbased on annual fuel consumption. The small amount of

ash from the fuel oil burninghas been neglectedin the cost

calculation.

The annual fuel consumptionand associatedfuel costs are calculatedbased

on unit capacityand unit capacity factor for each of the seven units. For

this study period,three differentialfuel costs have been assumedas shown

in Table 8-13. These three differentialfuel costs have sufficientrange

so that economic trends can be clearly identified, A more detailedstudy

of CWF cost is given by Reference (B) and is includedin Section11.

TABLE 8-13
. i iii

DIFFERENTIALFUEL COSTS ($/I06BTU)

Oil Cost CWF Cost DifferentialFuel Cost

4.00 3.O0 I.O0

4.50 3.00 1.50

5.()0 3.O0 2.O0

Because of the lower capacity factor generallyexpectedwhen utilityunits

are switched from firing fuel oil 100% of the time to firing CWF at derated

capacity,replacementpower will be needed to meet the plant yearly load
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demand. The replacementpower is assumed to be generatedby dispatching

other oil-fired units. The cost of replacementpower is calculatedby

assuming the same oil firednet plant heat rate as the plant in question

and the same variable O&M cost.

To complete the estimate,credits from burningCWF are required. Credits

representthe savings achieved by not burning fuel oil. The credit

consists of two items - fuel oil savings and variableO&M=savir_gs.The

credit represents an annual savings. The fuel oil credit,which will be

deducted from other O&M costs, is obtained simplyby multiplyingthe annual

fuel oil requirementfor the Base Case by the fuel unit prices listed

previously.

The variable O&M credit,which includes savingsfrom makeup water and

che_icals reductionsdue to lower annual outputsWith CWF burning, is

calculated based on 1.8 mills/kWhrand the annual power generatedfor the

Base Case of the respectiveutilityboilers. For the industrialunits 0.25i

mills per pound of steam and the annual steam generatedare used.

The above discussion forms the basis of the annual operatingand

maintenance cost and savingsestimate. The results 'Indicatedare the

incrementalannual O&M costs of CWF firing comparedto fuel oil firing.

The incrementalannual O&M savings thus calculatedare used to calculate

the total economic impactof a CWF conversionover the life of the boiler

plant.

In order to estimate the economic impactof CWF fuel retrofitting,several

tables summarizingplant operatingdata are shown. Tables8-14 to B-19

describe plant operatingdata for the three utilityunits. There are two

tables for each unit. One table is calculatedat the predictedloads for

the fuels and the second table is calculatedat the predicted load with 20%

increase in firing rate (100% load for Unit C with SD2.6 Fuel). Included

in these tables are the following items.

Maximum plant output is the maximum net electricalpower generatedby the

plant when the unit is fired with the respectivefuel.
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Derated capacity is the percent of of oilfired maximum plant output the

plant can generate when firing CWF.

The plant capacity factor is an average over the year and is definedas

foI1ows:

capacity factor ,(Annual kwh actually generated)
.....(kWh gener'ated'if the 'plant
operates at 100% load on oil

for 8,760 hours/year)

The capacity factor is determinedboth by unit availabilityand by economic

dispatch of the utility system (estimatedbased on the EPRI Regional

Systems), and thus depends on the fuel fired, the plant mode of operation,

the plant nameplatecapacity and the capacity deratingon CWF. Appendix B

of Reference (7) outlines the methodologyused to estimate the capacity

factors for firing oil or CWF from the load durationcurves given in the

EPRI Reglona._l_. Figure 8-4 shows the capacityfactor as a function

of the unit derating. The capacity factorscalculatedfor each of the

three boilers studiedare listed. The annual power generatedhas been

calculated based on the deratedcapacity and on the plant capacity factor

described previously.

To make up the difference betweenthe yearly power output for the Base Case

and the power outputs for CWF, replacementpower is assumed to be generated

by dispatchingother existing oil-firedunits. For simplicity,these units

will be assumed to burn the same fuel oil and to have the same heat rate as

that of the Base Case oil-firedplant of each three utility boilers

studied.

In order to compare the Base Case with CWF firing on equal basis, the

annual replacementpower cost is added to the O&M cost of CWF firing. In

this way the total yearly kilowatt hours generatedare the same for the

Base Case and the CWF option.
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The net plant heat rate is defined as the ratio of the fuel heat input to

the net plant output, expressed in Btu/KWhr. The plant heat ra'_ewhen the

unit is firing No. _ fuel oil is based on actual plant data. When firing

CWF, the heat rate is calculatedbased on predictionsof variationin

boiler and turbogeneratorefficienciesdue to variationsin the maximum

lead and steam conditionwhen the unit is convertedfrom oil to CWF firing.

When the retrofittedunit is switched from CWF to oil firingto meet peak

load demand, it is assumed that the original plantheat rate on oil can be

obtained.

The annual fuel c_nsumptionvalues are calculated based on the annual power

generation and the respective net plant heat rate.

Similarly,Tables 8-20 to 8-23 describeunit operatir_gdata for the two

industrialsteam generators.

The calculationproceduresfor determiningannual operatingcostsavings

for each process heater follow the economic guidelinesestablishedfor this

study. The assumedoperating conditionsof the heatersare containedin

Table 8-24. Breakdownsof operatingcostsfor each heaterare contained in

Tables 8-25 and 8-26. In addition,total annual operatingcost savings

plus payback period for the heaters are containedin these tables.

Definitionsof the items unique to these tables follows:

- Total Operating Time, Hrs/yr

This is the total number of hours per year that the heaters

operate. T_e basis of the calculationsassumesthe heaters

operate 95% of any calendaryear (95% overall availability).

- OperatingTime on CWF, Hrs/yr

This is the total number of hours per year that the heaters

operate on CWF with the air preheat system and flue gas clean-up

equipment in operation. This time was set by the guidelinesto

be 90% of any calendaryear (90% availability).
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TABLE 8-24

OPERATING CONDITIONSFOR PROCESSHEATERS

Unit F , Unit G ,
_(VerticalCylindrical.) IHorizontalCabin)q

Total Operating, (I) Hrs/yr 8322 8322

OperatingTime on CWF, (2) Hrs/yr 7884 7884

Operating Time on Fuel Oil,(3) Hrs/yr 438 438

Absorbed Duty, (4) 106 Btu/hr 54.4 103.8

Fuel Consumption,106 Btu/hr

Operatingon CWF, (2) 59.22 116.63

Operatingon Fuel Oil,(3) 71.2 142.2

Per Heater Basis

(I) Overall availabilityassumedat 95%

(2) Operationof heater with air preheat system (high thermalefficiency)

and flue gas clean-upequipment.

Assumed 90% availability.

(3) Operation of heaterwithout air preheat system (lowerthermal

efficiency)and withoutflue gas clean-up equipment.

Fuel oil firing is requiredfor this conditiondue to air pollution

regulationsand lack of preheatedair for combustionof CWFs.

Assumed 5% availability.

(4) Heat load (absorbedduty) was assumed to be constantfor all operating

times.
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TABLE 8-25
, ,

i

PLANT OPERATING COST DATA AT PREDICTEDLOAD

VERTICAL CYLINDRICALDESIGNED HEATERS (UNIT F)

I. An_lualFuel Savings

Fuel"CostDifference Single Heater Twin Heaters

$1.0/106 Btu $466,890 $ 933,781
$1.5/10_ Btu $700,335 $1,400,672
$2.0/10v'Btu $933,781 $I,867,562

2. Fixed Operating & MaintenanceCosts $147,980 $ 194,460

3. Variable Opera_ring& MaintenanceCosts $ 10,000 $ 20,000

4. Annual Operating cost Sav.ingsSumary

Fuel Cost Difference SingleHeater Twin Heaters

$I 0/106 Btu $308,910 $ 719,321
$I15/I0_ Btu $542,335 $1,186,212
$2.0/10" Btu $775,801 $1,653,102

5. Payback Period (Years)

Fuel Cost Difference Single Heater Twin Heaters

$I 0/106 Btu 17.6 10.0
$I15/I0_ Btu 10.0 6.0
$2_0/10_ Btu 7.0 4.3
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TABLE 8-26

PLANT OPERATING COST DATA AT PREDICTEDLOAD
,, _ ,...... __

HORIZONTALCABIN DESIGNEDHEATERS (UNIT G)

I. A_nnualFuel Savings

Fuel Cost Difference Single Heater Twin Heaters

$I 0/106 Btu $ 919,511. $1,839,022
$I15/10_ Btu $1,379,267 $2,758,533
$2.0/I0v Btu $1,839,022 $3,678,044

2. Fixed Operating& MaintenanceCosts $ 214,900 $ 306,040

3. Variable Opera.ring& MaintenanceCosts $ 20,000 $ 40,000

4. Annual Ope.ratingCost Savings Summary

Fuel Cost Difference Single Heater Twin Heaters

$I.0/I0_ Btu $ 684,611 $1,492,982
$1.5/10 Btu $1,144,367 $2,412,493
$2.0/106 Btu $1,604,122 $3,332,004

5. _Payb,ac.kPeriod.IYears)

Fuel Cost Difference Single Heater Twin HeatersIll ' ' .I,

$I 0/I0_ Btu 11.5 7.6

$I!5/I0 Btu 6.9 4.7$2 0./106Btu 4.9 3.4
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- OperatingTime of Fuel Oil,, Hrs/yr

This time is the total number of hours per year that the heaters

operate on fuel oil without the air preheat system and flue gas

clean-up equipmentin operation,LThis time was set to be 5% of

any calendaryear so that the total availabilityof the heaters

is 95%.

- Absorbed Duty, 106 Btu/hr
i

This is the design heat absorbing capacityof each heater. This

duty was assumed to be constant for all operatingtime

(no derating).

- Fuel Consumption,106 Btulhr

This is the fuel consumptionrequiredfor the operatingcase

times HHV (CWF or fuel oil). For CWF, the heaters operateat

high thermalefficiency (with air preheat)while for fuel oil,

the heatersoperate at low themal efficiency(no air preheat).
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REVENUESAVINGSAND PAYBACKPERIOD

Using the previouslydescribedO&M cost estimatingproceduresand the plant

operatingdata, the impact of CWF firing is presentedin two different

ways. First, a simplifiedpayback period is calculatedby dividing the

total capitalrequirementby the first year incrementalannual O&M cost

savings. Also presented is the total levelizedrevenuesavings (for

utilityunits only).

The levelizedrevenuemethod is one of several discountedcash flow methods

used to compare options. Estimatesof first year costs or savingsare

escalatedover the projectlife, sometimeswith differentescalationrates

for various parts of the cost/savings. Levelizingfactorsfrom EPRI tables

are used to levelize capitaland annual costs. The resultingcost or

saving is an annual figure,which can be compared to other investment

optionswith similar bases.

The leveliz_d revenuerequirementis definedas a _um_tion of the

levelizedfixed charge and the levelizedincrementalannualO&M cost

(savings).

Levelizedcost is a convenientway of measuringthe presentvalue of

revenue requirementsover the life of the plant with a single levelized

value. The methodologyused in levelizationof cost is discussedin detail

in Appendix A. of Reference (7).

The levelizedfixed charge is the levelizedannual cost necessaryto

supporta returnon the investment(total capitalrequirement)under

certain economicassumptions.
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The LFC requiredfor the CWF retrofit is definedas follows:

LFC = (LFCR)n (TCR)

where

LFC = n-year levelized fixed charge

(LFCR)n = n-year levelizedfixed charge rate
(TCR) = total capital requirementfor CWF retrofit

Tileappropriate(LFCR)n for the current study is computed based on a r_umber

of economic assumptionsthat take into account the utilityfinancing

method, inflation,weighted cost of capitaland debt, incomeand property

taxes, and the book and tax llfe of the plant. Furtherdetailsof the

methodology to compute the LFCR are discussed in EPRI's Technlcal

Assessment Guide ITAI3),EPR; P-2410-SR(May 1982). Based on the economic

assumptions,a 30-year levelizedfixed charge rate of 15.3% is computed.

The annual estimatedO&M cost is levelizedbased on the followinggenera]

formula:

LOM = (LOMF)n (AOM)

where

LOM = n-year levelizedannual O&M cost

(LOMF)n = n-year levelizedO&M cost factor
(AOM) = estimatedannual O&M cost factor

In this study, various criteria were used to computethe levelization

factors associatedwith differentO&M cost items. Table 8-27 lists the

computed 30-year levelizatlonfactorsassociatedwith each O&M cost item.

Appendix A of Reference (7) presents the economic criteriaand formula used

to compute these factors.
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,. TABLE 8.27

THIRTY-YEARLEVELIZATIONFACTORS(a)

Annual O&M Level ization
Cost Items Factor

i i | I iii i i i ilmmmil_i

Fix_:dO&M 2,314

VariabieO&M 2.314

Fuele

o CWS 2,388
o Fuel oil 3.026

Replacementpower 3.000

(a) Basis,' Inflationrate, 8.5%; discountrate, 12.5%, real

escalationrate for fuel oil, 2,0%; real escalationrate for

coal, 1.7%.

The levelizedrevenue_equlrec_enthas been computedby adding the levelized

fixed charge and levelizedO&M cost (savings).

Tables 8-,28to 8-45 show O&M costs, levelizedrevenuesavingsand

simplifiedpayback periodsfor the three utilityunits. Tables 8-46 to

8-57 show these same items (excludinglevelizedcosts) for the two

industrialunits.

Six results tables are presentedfor each utilityand industrialunit, The

first three are calculatedat the predictedload and at the three

dlfferentialfuel costs discussedpreviously. The secondthree tablesare

calculatedassuming the predictedload plus 20% and again at the three

differentialfuel costs.

The pay back periodsfor each processheater type and quantityare

calculatedby dividingthe total capitalcosts in Tables 8-11 and 8-12 by

the annual operatingcost savingsin Tables 8-25 and 8-26. The pay back
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periods for each fuel cost differentialare shownin Figures8-23 to 8-26

and apply to each selectedCWF, As noted previously,these pay back

periods assume the heaters operate95% of the calendaryear at constant

load (95% availability)with 90% availabilitywith CWF firingand 5%

availabilitywith fuel oil firing.

Two additionalpay back period Tables 8-58 and 8-59 are also i_cludedfor

reference. These tables show the effects of the degree of heater

availabilitywith regard to fuel use. In these cases, it was assumedthat

the total availabilityof the heatersis still95% (as used earlier),

however, the availabilityto fire CWF and fuel oii with their corresponding

,=uelconsumption is varied from 90% to 85% and to 80%, Figures8-27 and

8-28 illustratethese payback period sensitivities.
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TABLE 8-58

PAYBACK PERIODS
, ,,i

VERTICALCYLINDRICALHEATER (UNIT F)

SINGLE HEATER

Fuel Cost Difference AvailabilityFactors(I_

90-5 85-I0 80-15
,,_

$I.0/i0_Btu 17.6 20.7 25.3
$1.5/10;Btu 10.0 11.3 13.0
$2.0/10°Btu 7.0 7.8 8.8

TWIN HEATERS

Fuel Cost Difference Availability Factors (11

90-5 85-10 80-15

$I.o/io_Btu 10.0 ZZ.4 13.S
$I 5/10_ Btu 6.0 6.7 7.7
$2[0/I0_ Btu 4.3 4.8 5.3

(i) Total availabilityis constant 95%

First number is percentof time with CWF and air preheat in

operation.

Second number is percentof time heatersoperatedwith stand-by

fuel (oil) and without air preheat.
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TABLE8-59

PAYBACK PERIODS

VERTICALCYLINDRICALHEATER (UNIT G)

SINGLE HEATER

Fuel Cost Difference AyailabilityFactors111

90-5 85-10 80-15

$1.0/106 Btu 11.5 13.4 16,0
$1.5/10,0 Btu 6.9 7.8 8.9
$2.0/10_ Btu 4.9 5.5 6.1

TWIN HEATERS

Fuel Cost Difference Availabilit_vFactors (II

90-5 85-10 80-15

$1.0/106 Btu 7,6 8.7 10.2
$I.5/I0_ Btu 4.7 5 2 5.9
$2,0/10U Btu 3.4 3.7 4.2

(I) Total availabilityis constant 95%

First number is percentof time with CWF and air preheat in

operation.

Second number is percentof time heatersoperatedwith stand-by

fuel (oil) and withoutair preheat.
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ECONOMIC RESULTSEVALUATIONii i i

The economicsof conversionto CWF are dependenton many variables. In

this evaluationsome of the key variableshave been identified. The

driving force for conversionis the anticipatedfuelcost differential

between oil and CWF. Other importantfactorswhich affect conversion

economicsare the retrofitmodificationcapitalcosts, the deratedload

capability,the unit capacity factor on CWF, and the unit operatingmode.

The basic scope of this economic evaluationis defined in Table 8-60.

TABLE 8-60

SCOPE OF ECONOMICEVALUATION

Process

UtiIit_, IndustriaI heater Total

No. Units 3 2 2 7

No. Fuels 4/5/6* 4/5 4 4/5/6*

No. Fuel Costs 3 3 3 3
WW _

No, Loads 2 2 I 2/I

No. OperatingModes I 2 i 2/I

No. EvaluationCases 96 108 24 22B

W

Note I: A fifth fuel (SD2.6)was evaluatedfor Unit C. A sixth fuel

(ALS.9)was evaluated for UtilityUnits A and C, and Industrial

Unit E. All units were evaluatedat "predicted"and "predicted+

20%" load points (maximumof 100% MCR on Unit C).

WW

Note 2: The processheaters are predictednot to requireany load

capabilityderating due to CWF conversion. The "predicted+20%"

load case does not apply.
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Some of the resultsof this evaluationare presentedgraphicallyin terms

of plotting simplifiedpayback period as a functionof severalof the more

importantstudy variables. Levelizedresultsare also shown for the

utility units.

Figures 8-5 to 8-7 show payback periods for the three utilityunits for the

study fuels as a function of DifferentialFuel Costs (DFC). Figures8-8 to

8-10 show these same results in a slightlydifferentmanner by plotting

payback period as a functionof load capabilityfor the three DFC's. The

top and bottom symbolscorrespondto DFCs of 15/106 Btu and 25/106Btu,

respectively. The payback periods run longer for the ALS.9 CWF vs. the

others because of the larger scrubber system requirements(UnitsA and C)

and ESP addition on Unit A. Figure 8-11 combinesFigures8-8 to 8-10 and

attempts to generalizethese limitedresultsby showing bands for payback

period as a function of load capabilityat DFCs of 1$/106Btuand 2$/106Btu.

This indicatesthe relative importanceof load capabilityon the economic

feasibilityof conversionQ

With a DFC of 1$/106Btu,payback periodsranging from about 2 to 9 years

are shown at load capabilitiesabove 60%. At load capabilitiesbelow 50%,

payback periods increasesharply as load capability is reduced. At the 50%

load point, the band indicatespayback periodsfrom about 7 to 14 years.

The band width is relativelynarrow (about3 years) at loads above 60%.

The variationswhich cause this band width are due to site or fuel specific

differences such as the requirementfor a retrofitelectrostatic

precipitatoror flue gas desulfurizationsystem as well as significant

differences in unit sizes which reflectsome economyof scale.

Results at the 2$/106BtuDFC show less variationwith payback periodsbelow

6 years at loads above 40%. The band width at this DFC is reducedto about

2 years.

Figure 8-12 show_ a similar analysis using the levelizedresults.

Levelized IncrementalCost of ElectricitySavings (LICOES)are plottedas a

function of load capabilityfor two DFC's. The LICOES is calculatedby
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dividing the ]evellzedincrementalannua] operatingand maintenancecost

savings by the total annual power generation, The total annual power

generation is the sum'of the power generatedby CWF, oil switching,and

rep]acementpower (i,,e,:the originalBase Case power generation), The

primary varlable influencingthis economic feasibilityindicatorare load

capabilltyand DFC with load capabilityappearingto be the more sensitive

variable for the range of expected va]ues, The LICOES for the AL5.9 Is

slightly lower than the bands establishedfor the other,fuels becauseof

the additionalenvironmentalcontrolequipmentrequirem_,_s dlscussed

above.

Similarly, Figures8.-13to B-16 show paybackperiod plots for the

industrialUnit D as a function of DFC and deratedload capabilityfor the

study fuels. Two additionaloperatingmodes are consideredas described

previously, Figures8-17 to 8-20 show the same group of paybackperiod

plots for industrialunit E, The resultsfor ALS.9 microfinelie very

close to those for CG7,9, Figure8-21 and B-22 generalizethese limited

results for the two industrialunits. For Case I with DFC's of $1.00 and

$2.00 per million Btu, payback periodsare betweenabout 5 to 8 years and 2

to 4 years, respectively,for loads greaterthan 50% MCR. For loads less

than 50% MCR, payback periodsare betweenabout 8 to 20 years and 4 to 8

years, respectively, In contrast,for Case II with DFC's of $1.00 and

$2.00 per million Btu, payback periodsrun betweenabout 10 to 20 years and

4 to 8 years respectively,for loads greaterthan 50%. For loads less than

50% MCR, the situationis worse with paybackperiodsas high as 22 to over

50 years, and 8 to 22 years, respectively.

All payback periodsfor the various processheater design combinations

(singleand twin) and fuel cost differentialsshown in Figures8-23 and

8-24, are longer than two years - the pay back periodconsidered

economicallyattractivein the hydrocarbonprocessingindustryfor

modificationsof existing equipment. The payback period range is from 3,4

years for twin horizontalcabin heaterswith the largest($2.0/106Btu)

fuel cost differentialto 17.6years for a single vertical cylindrical
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heater with the smallest ($I,01106Btu) fuel cost differential. As the

cost differencebetween CWF and fuel oll is presentlycloser to $1.0/106
,

Btu than $2.0/106 Btu the pay back period range is more likely from 7,6 to

17.6 years.

Four additional graphs, Figures8-2B to 8.2B, show the effects of the

degree of heater availabilitywith regard to fuel use. In these cases, it

was assumed that the total availabilityof the heaters is still 95% (as

used earlier), however, the availabilityto fire CWF and fuel oll with

their correspondingfuel consumptionis varied from 90% to 8B% and to 80%.

The payback periods for the heaters using these alternateavailability

factorsar_ longer (between10 and 45%) than the paybackperiod for the

heaters using the availabilityfactor that was establishedas the basis of

the study.

The other economic considerationin evaluatingthe modificationof the

selected heaters for'CWF firing is unit downtimeto make the modifications.

The requiredmodificat'lonsare extensive. For the horizontalcabin heater,

the modificationwork to the heater that requires the heater to be out of

service includes:

- Removal and replacementof all heater surface, tube supportsand

refractoriesin the radiantchamber.

- Replacementof the convectionsection.

- Installationof hearth ash hopper.

- Addition of radiantsoot blowers.

- Relocationof heater burners and fuel system.
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These modificationswould requireat least two months of unit shutdown-

more than a month longer than would be normallyscheduledfor a plant after

a year or two of operation. In this particularcase, this would result in

the loss of productionof over 1,1.40,000barrelsof productper heater that

is converted. Using a typical $1/BBLaverage productto feedstockprice

differential,this would result in over a milliondollars of lost profit

for the plant per heater that is convertedwhile ignoringany additional

unit downtime costs. Although these potentialprofitsare not includedin

the pay back period projectionsfor each heater,they are, in these cases,

significantand cannot be ignored in the overallevaluationfor converting

the heatersto CWF firing.
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9. CONCLUSIONS

UNIT SELECTION

The seven units selectedfor _his study representgeneric designswidely

found in public electricutility, industrialsteam generator,or process

unit applications. Theirconfigurationsand sizes representa significant

'portionof possible CWF conversioncandidates. They also meet the general

selectioncriteria used to choose study units: (a) were originally

designed for oil and/or gas firing (no "futurecoal" provision),(b)

currentlyfire oil or other low ash fuel, and (c) have at least 20 years of

Plant life remaining.

PERFORMANCEON CWF

Based on the laboratorytest resultsobtained in the Task I throughTask 5

studies, the firing of coal-waterfuels in furnacescan be accomplished

with currentlyavailabletechnology. "rheTask 6 performancecalculations

confirm the general technicalfeasibilityof CWF operation (asidefrom

economic feasibility). The Task 6 analysisalso shows, however,that

significantload reductionsare often necessaryif severe operating

problems,such as erosion,fouling, slagging,and excessivecarbon loss are

to be avoided. In some cases 'ioadreductionwas neitherrequired,nor

economicallyfeasible,bNt questionsas to reliabilityand availabilityare

raised.

lt is possible to predictperformancein a consistentway, using the

Guidelines developedasdiscussed in Section4. The PerformanceGuidelines

are based on laboratoryresults,and predictedload capabilitiesare

intentionallysomewhatconservative. Actual field operatingexperience

with fouling, slagging,erosionbehavior,and excess carbon loss, may

permit relaxing some of the GuidelineLimitsand increasingthe firing rate

at a specificoperating site. Thus the principalresultsgiven in Table

9-I show (a) ,;aximumload permittedby the PerformanceGuidelines,and (b)

maximum load if the firing rate is permittedto increaseby 20%.

-Z
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,._,_,'4_ ,iJll_iill,..... _ tta

T_ABLE9-i PERFORMANCERESULTSON CWF

UTILITY UNITS s

/

,'"_Load 'toGrid

/'.'lalMax CWF Load (%)
_ Maxl CWF Load + 20%

Unit Configuration increase in firing rate Comments

A Close-coupledScreen a) 33- 74 %- load-to-grid

41 - 89 limits are veryB Box 30 - 50 unit specific.
38 - 62 Load loss picked up

C Close-coupledArch 45 - 73 by other units
95 (extraclean coal)

(b) 55 - 88
I00 (extraclean coal)

INDUSTRIALUNITS

% Load to Grid
(a) Max. CWF Load (%)
(b) Max. CWF Load + 20%

Unit Configuration increase in firing rate Comments

D Type-A Shippable a 23 - 30 Compact designof
b 28- 36 most industrial

E VU-60 Modular a 33- 54 units resultsin
(b 40 - 65 low CWF loads.

Average for both Industrials:(a) 28 42 Load loss picked up
(b) 34 51 by other units.

PROCESS UNITS

Unit Configuration ...... % Lo___.ad...........................__Con_ents

F Vertical Cylindrical 100 Close to 100% avail-
ability is a prime

G Horizontal Cabin 100 requirementfor most
process heaters.
No spare capacity.
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The performancecalculationsshow that the c'leanercoals permit higher loads

due, for example,to higher VelocityLimits,higher Clear Space Temperature

Limits, and improvedability to meet the SHO to RHO Temperature

DifferentialLimits. On shop-assembledindustrialunits, furnacevolume

can limit load regardlessof cleanlinessof the CWF. For extra clean CWF's

(e.g., SD2.6) it appearsreasonableto increasethe NHI/PA and BurnerZone

Release Rate GuidelineLimits and take advantageof higher Gas Velocity

Limits permittedby the fuel.

The load limits determinedfor each of the utilityunits generallyreflect

specificdetails of each design, such as clear spaces or free gas areas at

certain banks in the convectionpass. These design detailsare

unit-specificand do not necessarilyrepresentthe general characteristics

of the three unit typesstudied. That is to say, for example,that is

should not be assumed that all close-coupledarch units will be able to

operate at higher CWF loads than box units. Likewise,it should not be

assumed that all shippable industrialunits will have lower CWF load limits

than modular units.

The followingconclusions,however,do appear justified:

o Utility units are more likely to have higher CWF load limitsthan

industrialunits.

o The principalload limitersfor utilityunits are often clear space

and gas velocity limits.

o The principalload limiters for industrialunits are often furnace

liberationor clear space limits.

o Process units are likely to be able to operate at their required100%

MCR ratings.
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RE..TR.OFITREQUIREMENTS

As a preliminarychecklistof possible CWF conversionitems, the following

questionnairemay be useful:

o Does existingeconomizer require replacement?

o Does the design CWF requirea new (or modified) particulatecollection

device?
i

u Does the design CWF require a scrubber?

o Does the existing furnace bottom require a slope change?

o Do burner revisionsrequireextensivewindbox or pressurepart work?

o Are new fans required?

o Is availablesite space limited?

o Do higher than design steam temperaturesoccur when firing CWF which i,

would result in above-designmetal temperaturesin a particularheat

transfer section? If so, does the incrementalimprovementin load

justify replacingthe sectionwith higher grade material?

o If the Gas Velocity Limit, or Clear Space TemperatureLimit in a

particularheat transfer sectionaffectsderated load, is it (a)

physicallypossible,and (b) economicallyjustifiable,to open the

tube transversespacing perpendicularto the gas flow with a

replacementsection?

In general, the more of these questionsthat can be answered "No", the

lower the scope of the CWF conversionwork. This type of list should only

be used as a preliminaryscreen,however, as design detailscan play a

large role in determiningthe actual scope of work and resultingcosts.
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The scope of work involvedin conversionof the units to CWF firingvaries

considerablyfrom unit to unit and from fuel to fuel. Some utilityboilers

appear to be designed for a high ash oil and thereforehave some aspectsoi'

a "futurecoal" design. ThisriSthe case with Unit C. The scope of work

for the "boiler island"portionof Unit C is significantlyless than for

Units A or B, since ii'has a fairly steep furnacehopper slope, ash hoppers

below the furnace, and an economizerwhich is suitablefor CWF operat!on.

The presence of an existingparticulatecollectiondevice (forexample, th,

ESP's installedat the three utility plants)can significantlyreduce the

conversionwork if the chosen CWF has such characteristicsthat the

existing collectiondevice can meet the local emission limitsat the

maximum CWF load. Likewise,if the sulfur contentof the CWF producesSO2

emission levelswhich are below local limits,no SO2 scrubberwould be

required. For small industrialunits or processunits, installationof a

wet scrubber can be considerablyless costly than an ESP for particulate

removal,even when the SO2 removalfeature is not required.

In retrofitwork, the cleanerCWF's representa potentialcost saving in

conversionsite work. For example,there can be reducedor zero need for

additionsto existing ESP's. For low sulfur coal based CWF's, it 'is

possiblethat environmentalrequirementscan be met without adding SO2

scrubbereGuipment. The cleanerfuels demand less extensivesoot blower

installationchanges,and can reduce the need for possibleheat transfer

sectionconfigurationchanges to allow higher gas velocitiesor clear space

temperatures. The reduced list of conversionitemsmeans less scheduled

downtime for a potentialcustomermaking a CWF conversion.

ECONOMICEVALUATION
-- _ -

Of the three types of units studied,utility vs. industrialvs. process

heaters, the economy-of-scalecharacteristicof utilityunits offers the

best capital cost retrofitoption for substantiallyreducingthe amount of

oil presentlybeing fired. For the size ranges typicalof industrialsteam

generators and hydrocarbonprocessingheaters,the retrofitcapitalcosts

appear to be quite high for the amount of oil potentiallysaved.
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The variables which most strongly Influence the economlc feasibility of CWF

conversion are load capability, retrofit capital costs, and DFC. Load

capability is influenced by cleanliness of the CWF.

For the mid-lg85 study period,the DFC between CWF and fuel oil is closer

to the smallest value in the study than thehighest ($1.00and $2.00 per

millionBtu fired, respectively).
r

At the smaller DFC's, paybackperiodsare more sensitiveto load

capability. For utilitiesable to operate at derated loads greater than

60% MCR, paybackperiods are usually under 10 years. At 80% or more MCRI

paybacks period usually range from I to 5 years for the case studied. For

industrialunits, payback periodsare extremelysensitiveto the operating

mode. In general, the Case II (CWF used for 50% - oil at MCR used other

50% of t_me) operatingmode payback periodsare 2 to 3 times longer than

for Case I (CWF used for 100% of operatingtime). The shorterCase I

paybackperiods range from about 2 to 20 years dependingon the DFC and

derated load capability.

An industrialunit conversionis about 1.5 to 2 times more costly than a

utility unit conversionwhen comparingcapitalcosts on an equivalent basis

($ per million Btu/hr fired, for example). Thus the large utilityunits

have a significanteconomy of scale.

The specific capital requiredto convert utilityunits ranges from about

$60 to $420 per kilowattof derated capacity,or between about $60 to $140

per kilowattof nameplatecapacity. For industrialunits, specific capital

requirementsfor conversionsrange from about $40 to $125 per Ib/hr steam

derated output, or from $25 to $32 per Ib/hr steam of nameplatecapacity.

There is little economic incentivefor convertingmodern industrialprocess

heaters to CWF firing. The requiredchanges to modify existing process

heaters to CWF firing are costly,and the amount of oil saved for the

amount of investment is small compared to large utility boilers.
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The paybackperiod for the most favorablemodificationcase (modification

to the larger selected heater in the study with the l'argestDFC) is almost

double the paybackperiod consideredacceptable (1.5 to 2 years) in the

hydrocarbonprocessingindustry, The paybackperiod for the least

favorablemodificationscase (modificationsof the smallerheater in the

study with the smallestDFC) is almost nine times the acceptablepayback

period.

The levelizedanalysis for the utilityunits firing CWFs indicates

significantsavingsin levelized cost of electricity. Changesin load

capability and DFC affect this evaluationparameter. For example,at $1,00

per million Btu DFC, every 10 percentagepoint increasein load capability

provides about a 5 mill per kilowatt hour additionalcost-of-electricity

savings. At 50% MCR load capability,levelizedcost-of-electricitysavings

of about 10 to 15 mills per kilowatthour are predicted. In contrast,at

$2.00 per million Btu DFC, and 50% MCR load capability,levelized

cost-of-electricitysavings range from about 21 to 29 mills per kilowatt

hour, and every 10 percentagepoint load increaseadds about 7.5 mills per

kilowatt hour to the savings.

In general, on Units A, B, C, and Case I Unit E, the two c'leanestfuels,

SD5.7 and CG4.8 (and SD2.6 for Unit C), become econoR_icallyattractiveat

$1.50 DFC or higher, at which point the payback periodsfall to about four

years or less. At $2.00 DFC, all the fuels are attractivefor Unit C, but

for Units A and B, the UF6.8 CWF can only becomemargi1_allyattractiveif

the firing rate can be increasedby 20%.

The CG7.9 fuel is only marginallyattractiveon Unit A, and could at best

become only marginallyattractiveon Unit B if the firing rate could

increase20%. The mic_ofineALS.9 fuel results for Units A, C, and E

generally lie between those of the cleanerfuels, SD5.7 and CG4.8, and the

dirtier fuels, UF6,8 and CG7.9.
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The overall analysisclearly shows that conversionto CWF's generally

becomes uneconomicunder almost any circumstanceswhen the DFC approaches

and goes below $1.00 per million Btu. An exceptionto this statementis

illustratedin the case of Unit C in which the four cleanestfuels were

capable of attaininggreater than 70% MCR. Three of these fuels had

payback periods of 2-I/2 years or less at a DFC of $1,00 per millionBTU.

The extra clean fuel, SD2.6, had a paybackperiod of 1.8 years at the DFC

of $1.00 per million Btu, illustratingthe potentialbenefitsof its

special preparationprior to burning, These resultswere obtainedwithout

the provisional20% firing rate increase. An analysisof fuel processing

costs indicatedthe costs of cleaning either the Cedar Grove or Splash Dam

coals to low ash levelswere more than justifiedby more economical

operationof utilityunits.

9.8
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'LEE

SUMMARYOF

COAL..WATERFUEL COST ESTIMATES

FOR COMMERCIALCASES

TBOOUcTIoN
This report covers the work conductedas Subtask No, 6).5.4,in supportof

the Combustion Engineering/GulfResearch& DevelopmentCompanyresearch

project under OOE Contract No. OE-AC22-82PC50271. The overallobjective

of this project is to provide sufficientdata on coal-waterfuel (CWF)

properties in order to assess the potentialfor commercialfiringof this

fuel in furnacesdesigned for oll, The obj,}ctiveof Subtask6.5,4 is to

develop orientationeconomicsfor CWF production,based on coals identified

in the test program as being technicallysuitable.

In order to evaluate the commercialfeasibilityof using CWF's in utility

boilers and other applications,assumingtechnical feasibility,it is

necessaryt()develop estimatesof the probablecost of commercially

producing these fuels, Costs are estimatedin terms ofdollars per million

Btu_s deliveredto the ultimateuser. Raw coa'icost and transportationare

based on the assumptionthat the CWF plant is locatedclose to the coal

source and to a market for the by-productsteam coal. Two cases are

considered for each coal, a low ash case (approximately2% ash) and a high

ash case (approximately7% ash). The marketingof by-productcoal to a

nearby steam plant appearsto be an essentialpart of the overalleconomics

of manufacturinglow ash CWF via the cleaningcircuit used in this

evaluation.

_.F_LECTIONOF COALS FOR COMMERCIALCASES

Table I shows the guidelinesdevelopedunder Tasks I and 3 for coal

selectionfrom environmental,combustion,ash fouling and boiler life

considerations(1). Based on CWF preparationexperiencewith a larger

number of coals under Task 3 of this project,the followingcoals were

II.i
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TABLE I

CWF.Feed Coal Properties(Ben_fici_i_ed)(I)

Sulfur i.2 Ib SOc/mm Btu
0.8% sulfur @ 13_300 Btu/Ib

Ash 2%

Volatile Matter >29%

Moisture 7%

Heating Value 13,500Btu/Ib

Fuel Ratio (FC/VM) <2.2

TGA 7 minutes for 99% burnout

FlammabiIity Index 1000°F

Ash Properties:

SofteningTemperature 2300°F (reducingatmosphere)

Fluid Temperature 2500°F (reducingatmosphere)

Free Quartz (% of ash) 25% Maximum

Sodium Content (% of ash) 2% Maximum

Slurrabiiity Vendor approval
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selectedas suitable for commerciallymanufacturingCWF that meets the

requiredslurrability,storage,handlingand combustioncriteria(2).

o Cedar Grove o SplashDam o Upper Freeport

The run-of-minecharacteristicsof these coals are shown in Table II.

Washabilitycharacteristicsindicatethat the coals can be cleanedby

conventionalbeneficiationprocessesdown to nominal2% ash levels(3). For

this project actual ash levels varied from 2.17% to 3.77%. Coarse cleaning

of the coals at 1-I/2 inches x 0 size and about 1.6 specificgravity (to

approximately7% ash) removesenough ash to produce a steam qualitycoal

product, as well as a coal suitablefor the high ash CWF cases (Table III).

After crushing and screeningthe coals to 3/8 inch x 28 mesh siz._,they can

be cleanedat about 1.3 specificgravityto the range of 2% ash, acceptable

for low ash CWF manufacturing(Table IV).

CWF MANUFACTURINGPLANT D_S_GN BASIS

Previousstudies have shown that the minimumcapacity for economic

productionof CWF is 20,000 bbl/dayof the product(4). Based on the

results of vendor experiencewith CWF preparationunder Task 3 of this

project, a solids concentrationof 68 wt% in the product is used as the

basis for estimatingcleanedcoal requirements.

Table V shows the material balancefor the three coals during cleaning to

the high ash and low ash levels for CWF manufacture. In order to minimize

the overall cost of CWF production,all coals are first coarse cleaned by

the less expensiveheavy media vesselcleaningmethod. The productof

coarse cleaning is then furthercleaned in a heavy media cyclone to produce

the feed for the low ash CWF preparation. The reject from this second

cleaning step has a high heatingvalue (>14,000Btu/Ib on a dry basis) and

an ash contentfrom 8/,to 11 wt% and is, therefore,suitable for sal(_as

steam coal to coal burning boilers. The fines resultingfrom grinding

(approximately8% of the feed coal) are cleanedseparatelyand added to the

steam coal.
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"FABLEII

Characteristicsof Run-of-MineCoals
(Dry Basis)

SULFUR HEATINGVALUE,
COALSEAM ASH. Wt % VM, Wt % Wi_% Btu/!b •

Cedar G_'ove 14.86 36.00 0.86 12,_879

Splash Dzm 18.41 27.15 0.57 12,563

Upper Freeport 19.90 32.34 1.18 12,697

TABLE III

EstimatedHeavv Media Vessel Cleanina Recoveries

Specific Gravityof Separation: 1.6

1-I/2 inch x 0 Size, Dry Basis

RECOVERY, HEATING VALUE,
W_ % , ASH, Wt % Btu/Ib ,

Cedar Grove 89 6.7 14,244

Splash Dam 84 7.1 14,548

Upper Freeport 68 7.1 14,429
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TABLE IV

EstimatedHeavy Media Cyclone Cleaninq.Recoveries.

SpecificGravity" 1.3

3/B inch x 28 Mesh, Dry Basis

RECOVERY, HEATINGVALUE,
COA_ TYPE Wt % . ASH, Wt % Btu/Ib .

Cedar Grove 52 3.0 14,860

Splash Dam 35 2.2 15,407

Upper Freeport 30 3.8 14,927

TABLE V

Material Balance

TO HEAVY TO HEAVY TO
MEDIA MEDIA STEAM

RUN-OF- VESSEL CYCLONE COAL TO CWF
COAL TYP_ _ MINE . CLEANING CLEANING MARKET REFUSE pLANT__

Cedar Grove

(Low) 386 355 317 162 41 183
(High) 223 205 - 16 24 183

Splash Dam

(Low) 565 520 440 296 86 183
(High) 235 216 - 16 36 183

Upper Freeport

(Low) 672 618 423 277 212 183
(High) 291 268 - 16 92 183
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PROCESSDESCRIPTION

Figure I shows a flow diagramof the low ash CWF manufacturingprocess,

includingcoal cleaning. For the high ash CWF option,the heavy media

cyclonecleaning and centrifugaldrying steps are omitted. The cleaning

equipmentfor each type of coal is sized accordingto the coal's

washabilitycharacteristicsin order to providea cleaned coal feed rate of

183 tons/hr to the CWF preparationsection. This rate provides for the

productionof 20,000 bbl/dayof CWF containing68 wt% coal. In accordance

with commercialcoal preparationindustrialpractice,the CWF manufacturing

plant is assumed to operate 2 shifts/dayfor 250 days/year.

The cleaning plant is assumedto be located near the mine site, with trucks

used to deliver run-of-mine(ROM) coal. The ROM coal is emptied from the

trucks into a hopper from which it is transferredto a belt conveyor via

feeders. The design of the unloadingfacility is based on the tonnage

requirements,the bulk propertiesof the coal, and the use of trucks(5).

The design of the receivinghopperscalls for a minimum slope angle of 50

degrees from the horizontal. However, as the moisturecontent or the

percentageof fines in the coal increases,the slope should be increasedto

60 degrees or more. Hoppersale lined with an abrasive-resistantmaterial,

such as stainless steel, to minimizewear and maintenance. Coal from the

hoppers is conveyed to a set of crushers for reducingthe size to I-I/2

inches top size. Figure 2 shows a mechanicalflow diagramof a typical

double roll crusher system used for such applications.

TileROM coal is received on a raw coal conveyorwhich discharges onto a

fixed grizzly to remove the I-I/2 inch x 0 material. A tramp iron magnet

protects the downstream crushing equipment. Plus I-I/2 inches oversize

material from the grizzly is reducedto minus I-I/2 inches in two-stage

double-rollcrushers and combinedwith the natural 1-I/2 inch x 0 material

on a crushed coal conveyor. The crushed coal is stored in a conicalground

storage facility.

Approximately8% of the raw coal crushedto 1-I/2 inchestop size is finer

than 28 mesh in size and is difficult to clean in a heavy media circuit.

The fine coal is, therefore,separatedfrom the coarse coal in a wet
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Figure 2, A TYPICAL RAW COAL CRUSHING CIRCUIT_
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screeningcircuit and sent to a froth flotationunit for cleaning. Feed

slurry to the flotationcells containsbetween 3% to 15% solids,depending

on the particle size distributionand the raw coal characteristics.

Flotationcapacitiesrange from 2.2 to 2.4 gpm per cubic foot of cell

volumewith about three minutesretentiontime in the cells. Clean coal,

with about three minutes retentiontime in the cells. Clean coal,

consistingof 28 mesh by 0 size, is mechanicallyskimmedoff as an aerated

froth, usually at 20% to 30% solids. The commonly used reagentsare

methy'lisobutylcarbinol (MIBC)as a frother at 0.1 to 0.5 Ib per ton of

solids and, dependingon the type of coal, keroseneor fuel oil as a

collector at 0.5 to 2 Ib per ton of solids.

The 1-I/2 inch x 28 mesh coal from the wet screeningcircuit is sent to

heavy media vessels for coarse cleaningto about 7% ash. As the presized

and prewettedfeed enters the cleaning circuit,particleslighterthan the

specificgravity of the media rise to the surfaceand overflowthe weir

with a small amount of dense media. Particlesheavierthan the specific

gravity of the media sink to the bottom of the bath, where they are removed

continuouslyby a slow moving flight conveyor. The trough-typeunits

typicallyoperate at feed rates of 20 to 25 tph per foot of overflowweir

width. Recon_endedrecirculatingmedia rates range from 200 to 260 gal/min

per foot of width. Figure 3 shows a typicalheavy media separation

circuit.

The cleaned coal from the coarse cleaningcircuit is crushed to 3/8 inch

top size, either for furthercleaningin a heavy media cyclone circuit if

it is desired to produce a low ash. CWF, or for feedingto wet grinding if

high ash CWF is desired. For fine-size,difficult-to-cleancoals with near

gravitymaterial about 10%, the heavy media cyclone has proven to be one of

the most efficientcleaning tools(5). Heavy media cyclones are extensively

used for coal within the 1-3/4 inch to 2B mesh size range. Recently,these

cyclones have been used for cleaningwithout removingthe minus Z8 mesh

coal. Figure 4 shows a mechanicalflow diagram of a heavy media cyclone

system.
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The f_ed to the cyclone generallyconsistsof 5 parts of magnetiteby

weight for each part coal. About 75% of the media fed to the cyclone

reportswith the overflowand 25% with underflow. The solid split between

the underflow and overflow for the chosen specificgravity of separationis

calculatedusing washabilitydata. The cleanedcoal product from the heavy

media cyclones is dewateredby centrifugesbefore grinding to 200 to 325 vm

size for CWF preparation. The reject stream from the heavy media cyclones

is dewatered and mixed with the cleaned coal producedby froth flotation

and sold as steam coal to a nearby customer.

_WFPreDaration

Cleaned and dewateredcoal from the heavy media cyclone circuit can be

transportedby truck, barge or train to the user's_site for CWF preparation

or processed to CWF at the cleaningplant location. Economics (see Table

X) are presented for both of these cases assumingthe user is 500 miles

from the coal mine.

In the CWF Preparationsection,the clean coal is first ground to the

particle size distributionspecified in Table I (90"/,minus 200 mesh and up

to 30% less than 10 microns). Closed circuitwet grinding is used, because

it consumes 30% less energy than dry grinding(6). In this process,the

oversized particles producedby wet grinding in the ball_mill are separated

from the fine particlesand recycledthroughthe grinder. A hydraulic

classifier is used for the size separation.

The product from the grinding circuit is conveyedto mixing tanks into

which CWF additivesand makeup water are added. The final CWF productis,

stored in holding tanks before it is loaded into tank cars for shipmentto

consumers.

COST ESTIMATES

Basis of Estimates

Capital investmentand operatingcosts for the process units are estimated

from published data(5,6). Based on experiencewith costs in the coal
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preparationindustry,an exponentialscale factor of O.B5 is used for

convertingpublishedcapital investmentsto the requiredcapacities.

The total constructedcapital investmentestimateconsists of direct plant

cost, constructionrelated indirectcost, engineeringservices,

contingenciesand intereston capitalduring construction. The direct cost

comprisesequipment,piping, instrumentation,electricaland civil

structures. The indirectcosts includefield labor, temporaryconstruction

facilities,constructionequipmentand supplies,and miscellaneous

constructionservices.

Annual maintenancelabor and materialscosts are calculatedat 4% of total

capital investment. Generaladministration,insurance,and propertytaxes

are calculatedat 3% of capital investment. Labor, materialsand utilities

are estimatedbased on the processdesign, and supervisionwas calculated

at 37% of operatinglabor.

Resql_s and Discussion

Table VI shows a breakdownof constructedcapital cost for cleaningthe

three coals to two differentash levels. A major part of the capital

investment is for the heavy media circuitthat is necessaryto reduce ash

levels to about 7% to 8%. The total cleaningplant cost depends on the

washabilitycharacteristicsof the coal selectedand, consequently,on the

material balance shown in Table V. The highestcapitalcost is for Upper

Freeportcoal, at $45.8 Millionfor the low ash case and $22.7 Million for

the high ash case. Cedar Grove requiresthe least capitalat $30.8 Million

for the low ash case and $14.8 Million for the high ash case.

The capitalcosts for processing183 tph of the cleanedcoal to CWF are

shown in Table VII. The total constructedcapital cost is $26.3 Million

and represents35% to 65% of the total cost of the combinedplant,

includingcleaning for the three coals.

Table VIII shows the operatingand maintenance(O&M) costs for coal

cleaning and CWF manufacturing. The cost of raw coal accounts for about

11.13
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TABLE VI

COAL CLEANINGPLANT CAPITALCOSTS
(Mid-1985,$I000's)

GEDAR GROVE . __pLASH DAM . UPPER FREEPORT
_IR_CT COSTS: I_ _ Low _ Low

Raw Coal Receiving 1,223 844 i,674 1,155 1,901 1,311
Raw Coal Crushing 1,274 879 1,744 1,203 1,980 1,366
Raw Coal Storage 1,834. 1,265 2,511 1,732 2,851 1,967
Wet Prescreening 735 507' I,006 694 1,142 788
H. M. Vessel Cleaning 1,519. 1,048 2,079 1,434 2,361 1,629
Clean Coal Crushing 99 68 133 92 125 86
H. M. Cyclone Cleaning 3,409 4,578 4,321
Centrifugal Drying- 131 131 131

Clean Coal
Refuse Loadout 107 67 164 78 361 177
Dilute Medium Recovery 786 286 1,056 297 997 314
CentrifugalDrying- 98 176 159
Steam Coal

Steam Coal Storage 814 113 1,409 118 1,317 116
Static Thickener 519 358 710 490 806 556
Froth Flotation 339 234 465 321 528 364
Clean Coal Filtration 849 586 1,171 808 1,321 911
Refuse Filtration 170 117 218 150 263 181
Belt Conveying 1,351 932 1,850 1,276 2,100 1,448

Total Direct Costs 15,257 7,303 21,075 9,846 22,664 11,215
IndirectCosts 3,891 1,862 5,374 2,511 5,789 2,860
Total Field Construc- 19,148 9,16_ 26,449 12,357 28,443 14,074
tion Cost
EngineeringServices 2,872 1,375 3,967 1,854 4,266 2,111
Contingency 5,_05 2,635 7,604 3,553 8,177 4,046
InterestDuring Co_- 3,303 1,581 4,562 2,132 4,906 2,428
struction Owner':
Costs

Total Constructed 30,828 14,757 43,583 19,895 45,795 22,660
Capital Cost
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TABLE VII

CapitalCosts for..CWF ManufaCturinqProcess
(Mid-1985,$I000's)

Dire¢_ ¢os_i:

Wet Grinding and Mixing 8,771

CWF Storage 4,241

Total Direct Costs 13,012

IndirectCosts 3,318

Total Field ConstructionCosts 16,330

EngineeringServices 2,450

Contingency 4,695

InterestDuring Construction _,817

Total ConstructedCapitalCosts 26,291

i
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95% of the total O&M costs forcoal cleaning. Upper Freeporthas the

highestO&M cost of $119.1 Millionper year, because of the low yield of

cleanedproduct. The O&M costs for the CWF preparationsectionare $15.8

Million per year and account for 10% to 30% of the total O&M costs.

Dispersantsand stabilizerscost $10.2 Million/Yr and account for the major

part of the CWF manufacturingcosts.

The overallcost of CWF manufacturing,includingcoal cleaning,is

summarizedin Table IX. Total capitalcosts for the three coals range from

$41 to $72 Million. Operatingand maintenancecosts range from $56 to $135

Million per year. By sellingthe refuse from coarse cleaningas steam

coal, a by-productcredit of $3 to $55 Million per year may be realized.

The highestcredit is receivedfor Splash Dam coal. The capitalcharge of

18.60"/,representsa constructionperiod of 3 to 5 years, 12% return on

investmentat I0_,_equity financing,acceleratedtax-baseddepreciation,an

investmenttax credit of 10/,,a plant operatinglife of 20 years and an

income tax rate of 50%.

The cost of manufacturedCWF ranges from $2.91 to $4.43 per Million Btu.

Of the coals used in this study, the Cedar Grove coal is the most

economically@ttractivefor CWF manufacture.

Delivered Costs

Transportationof cleaned coal by unit train or barge is more economical

than transportationof manufacturedCWF in tank trucks. In this study it

is assumedthat either cleanedcoal or CWF is transported500 miles from

Appalachiancoal fields to the user's site in New Englandor Florida.

Table X shows a comparisonof the effect of the two transportationoptions

on deliveredCWF cost. Transportationof manufacturedCWF may be the only

option availablewhen a manufacturersuppliesCWF to a number of users from

a central plant. The cost of deliveredCWF in such cases ranges from $4 to

$6 per million Btu.

If the CWF is manufacturedon site, the cost is reducedto $3.50 to $5 per

million Btu, after transportationof cleaned coal by train or barge.

11.17



TABLE IX
r

Coal CleBnlnqPIBnt Capital Costs q

(Mid-1985, $1000's)

COAL TYPE --

CEDAR GROVE.__ SPLASH DAM , UPPER FREEPORT
ASH LEVEL: _ tLLqb Low _ Low tLi_q!!

Total CapitalCost, 30.83 14.76 42.58 19.89 45.79 22.66
Coal Cleaning

CWF Plant (183 T/hr. 26.29 26.29 26.29 26.29 26.29 ___.9 _
coal)

Total 57.12 41.05 68.87 46.19 72.09 48.95

$ MILLION/YR.

Annual Costs, Coal
Cleaning
- O&M, including 69.64 40.14 99.15 41.66 119.10 52.05
Coal Cost

- CWF Plant (20,000 15.81 15.81 15.'81 15.81 15,81 15.81
bbl/day)

Total O&M 85.45 55.94 114.96 57.47 134.91 67.86

By-Product Credit
(Steam Coal) (29.24) (2.99) (55.15) (3.06) (51.90) (3.03)

Capital Charge at _ 7,63 12.81 _ ]3.41 9.I0
18.60%

Total Costs 66.84 60.59 72.62 63.00 96.42 73.93

CWF Cost, $/106 Btu 3.06 2.91 3.24 2.99 4.43 3.56

!
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GONGLUSION

Cost estimatesfor the manufactureand delivery of coal-waterfuels in

commercialcases have been developedin this study. Three coals at two ash

levels are considered. Cost _stimatesare presentedfor transportationof

coal and CWF. Of course,transportationdistance of both the coal and the

CWF must be minimized in the interestof economy.

The marketingof by-productcoal to a steam plant is essentialto the

overall economicsof sellinglow ash CWF. Capitalcosts for manufacturing

CWF range from $41 to $72 Million,depending on the source coal. Annual

operating and maintenance costs ran_e from $56 to $135 Million. This

results in a range of costs for CWF from $2.91 to $4.43 per million Btu,

excludingthe costs of transportation.

Among the transportationoptionsconsidered,barge transportationof

cleaned coal is the least expensive. The lowest cost case is that of CWF

from Cedar Grove high ash coal ($3.22per million Btu, delivered).

In situationswhere a CWF manufacturerhas to transportcleaned coal to a

central location and then transportCWF by tank-trucksto a number of

industrialcustomers,the total deliveredcost of CWF may range as high as

$5.00 to $6.30 per million Btu.

The highest cost of dellveredCWF is representedby the Upper Freeportlow

ash case ($6.30 per millionBtu, when both coal and CWF are transported).
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