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1.0 EXECUTIVESUMMARY

In September1988, Congressprovided $575 million to conduct cost-sharedClean

Coal Technology (CCT) projectsto demonstratetechnologiesthat are capableof

retrofitting or repowering existing facilities. To that end, a Program

OpportunityNotice (PON) was issued by the Departmentof Energy (DOE) in May

1989, solicitir_g proposals to demonstrate innovative energy efficient

technologiesthat were capableof being commercializedin the 1990s, and were

capable of (I) achieving significant reductions in the emissions of sulfur

dioxide and/or the oxides of nitrogen from existing facilities to minimize

environmentalimpactssuch as transboundaryand interstatepollutionand/or (2)

providingfor future energy needs in an environmentallyacceptablemanner.

In response to the PON, 48 proposals were received in August 1989. After

evaluation,13 projectswere selected in December 1989 as best furtheringthe

goals and objectives of the PON. The projects were located in 10 different

states and representeda variety of technologies. A proposal by AirPol, Inc.

was one of those selectedfor negotiation.

'One of the thirteen projects selected for funding is a project proposed by

Bechtel Corporation to demonstrate the Confined Zone Dispersion Flue Gas

Desulfurization(CZD-FGD)process. This project will demonstratethe removal

of SO2 from the flue gas of a utilitycoal-firedboiler retrofittedwith the CZD-
FGD process.

l

In the CZD-FGD process,a finely atomizedslurry of a highly reactivepressure

hydrated dolomiticlime is sprayedinto the flue'gasstream betweenthe boiler

air heater(s) and the particulate collectionequipment. The lime slurry is

injected into the center of the duct and the type and position of the spray

nozzlesare designedto producea coneof fine spray. As the cone of spraymoves

downstream and expands, the gas within the cone cools and the SO2 is rapidly
absorbedby the liquiddroplets. The spray dropletsmix with the hot flue gas

and dry very rapidly. This fast drying time precludeswet particle build-upin

the duct and allows carry-overof the dry reactionproducts and the unreacted

lime in the flue gas, which will be removed by the particulate collection

equipment.



The CZD-FGD process is expectedto remove 50% of SO2 emissions from coal fired
boilers, lt is applicableto every size of industrialand utility boiler and

is particularlysuitedfor retrofitapplicationswhere it is necessaryto reduce

annualSO2 emissions. If successful'lydemonstrated,thisproject would establish
an alternative process technology to conventional wet and dry Flue Gas

Desulfurization(FGD) processeswhile requiringles_ phy_;icalspace and lower

capital and operatingand maintenancecosts.

The project will be conductedat the 147 megawatt electric (MWe) coal fired

Seward StationUnit No.J5, owned by PennsylvaniaElectricCompany. This plant

is located in Seward, Pennsylvania,as shown in Figure I, and is presentlyin

commercialoperation. Pennsylvaniabituminouscoal (approximately1.2 to 2.5%

sulfur)will be used in the project.

This demonstrationprojectwill be performedover a 37-month period. Project

activitiesincludedesign,permitting,procurement,fabrication,construction,

parametricand long term testing,data analysis,site restorationand reporting

of results. Field testing is scheduledto begin in mid-]ggi. Overall project

completion is scheduledto occur in mid-lgg3.

The total project cost is $9,211,600. The co-funders are DOE ($4,605,800)

Bechtel Corporation ($761,186), PennsylvaniaElectric Company ($2,971,389),

PennsylvaniaEnergy DevelopmentAuthority ($750,000),New York State Electric

& Gas Corporation($100,000),and Rockwell Lime Company ($23,225).

2.0 INTRODUCTIONANDBACKGROUND

2.] Requirementfor a Report to Conqress

On September 27, 1988, Congress made availablefunds for the third clean coal

demonstration program (CCT-III) in Public Law 100-446, "An Act Making

Appropriationsfor the Departmentof the Interiorand RelatedAgencies for the

Fiscal Year Ending September 30, 1989, and for Other Purposes" (the "Act").

Among other things, this Act appropriatesfunds for the design, construction,

and operationof cost-shared,clean coal projectsto demonstratethe feasibility

of future commercial applications of such "... technologies capable of

retrofittingor repoweringexisting facilities ...." On June 30, ]989, Public

Law 101-45 was signed into law, requiringthat CCT-IIIprojects be selectedno

later than January 1, 1990.
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Public Law 100-446appropriatesa to'al of $575 million for executingCCT-III.

Of this total, $6.906 million are required to be reprogrammedfor the Small

Business and Innovative Research Program (SBIR) and $22.548 million are

designatedfor ProgramDirectionFunds for costs incurredby DOE in implementing

the CCT-III program. The remaining,$545.546million was availablefor award
under the PON.

The purposeof this ComprehensiveReport is to comply with Public Law 100-446,

which directs the Department to prepare a full and comprehensivereport to

Congress on each project selected for award under the CCT-III Program.

2.2 Evaluationand SelectionProcess

DOE issueda draft PON for public commenton March 15, 1989, receivinga total

of 26 responsesfrom the public. The final PON was issued on May I, 1989, and

took into considerationthe public commentson the draft PON. Notificationof

its availabilitywas publishedby DOE in the FederalRegister and the Commerce

BusinessDaily on March 8, 1989. DOE received48 proposalsin response to the

CCT-II; solicitationby the deadline,August 29, 1989.

2.2.1 pON Objective

As stated in PON Section 1.2, the objectiveof the CCT-III solicitationwas to

obtain "proposals to conduct cost shared Clean Coal Technology pro,_ectsto

demonstrateinnovative,energyefficienttechnologiesthat are capableof being

commercializedinthe 1990s. Thesetechnologiesmust be capableof (I) achieving

significantreductionsin the emissionsof sulfur dioxide and/or the oxides of

nitrogen from existing facilitiesto minimize environmental impacts such as

transboundaryand interstatepollutionand/or (2) providing for future energy

needs in an environmentallyacceptablemanner."

2.2.2 QualificatiqnReview

The PON establishedseven QualificationCriteria and provided that, "In order

to be considered in the Preliminary Evaluation Phase, a proposal must

successfullypass Qualification." The QualificationCriteriawere as follows:



(a) The proposed demonstrationproject or facility must be located in
the United States.

(b) The proposeddemonstrationprojectmust be designedfor and operated

with coal(s) from mines located in the United States.

(c) The proposer must agree to provide a cost share of at least 50

percent of total allowableproject cost, with at least 50 percent

in each of the three projectphases.

(d) The proposermust have access to, and use of, the proposed site and

any proposed alternatesite(s)for the duration of the project.

(e) The proposed project team must be identifiedand firmly committed

to fulfillingits proposedrole in the project.

(f) The proposeragrees that, if selected,it will submit a "Repayment

Plan" consistentwith PON Section 7.4.

(g) The proposal must be signed by a responsible official of the

proposing organization authorized to contractually bind the

organizationto the performanceof the CooperativeAgreement in its

entirety.

2.2.3 PreliminaryEvaluation

The PON provided that a Preliminary Evaluation would be performed on all

proposals that successfullypassed the QualificationReview. In order to be

consideredin the ComprehensiveEvaluationphase,a proposalmust be consistent

with the stated objectiveof the PON, and must containsufficientbusinessand

management,technical,cost, and other informationto permit the Coi_llprehensive

Evaluationdescribedin the solicitationto be performed.

2.2.4 ComprehensiveEvalqation

The Technical EvaluationCriteriawere divided into two major categories:(1)

the DemonstrationProjectFactorswere used to assessthe technicalfeasibility

and likelihoodof successof the project,and (2) the CommercializationFactors

were used to assessthe potentialof the proposedtechnologyto reduceemissions

from existing facilities,as well as to meet future energy needs through the
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environmentally acceptable use of coal, and the cost effectiveness of the

proposedtechnology in comparisonto existing technologies.

The Businessand Managementcriteria requiredL Funding Plan and an indication
of FinancialCommitment. These were used to determinethe business perform_ace

potentialand commitmentof the proposer.

The PON provided that the Cost Estimate would be evaluated to determine the

reasonableness of the proposed cost. Proposers were advised that this

determination "will be of minimal importance to the selection," and that a

detailed cost estimate would be requested after selection. Proposers were

cautionedthat if the total projectcost estimated after selection is greater

than the amount specifiedin the proposal,DOE would be under no obligationto

prJvidemore fundingthan had been requested_nthe proposer'sCost SharingPlan.

2.2.5 proqram Policy Factors

The PON advisedproposersthatthe followingprogrampolicy factorscould be used

by the Source SelectionOfficial to select a range of projects that would best

serve program objectives"

(a) The desirabilityof selectingprojectsthat collectivelyrepresent

a diversityof methods, technicalapproaches,and applications.

(b) The desirabilityof selecting projects in this solicitationthat

contribute to near term reductions in transboundarytransportof

pollutantsby producingan aggregatenet reduction in emissionsof

sulfur dioxide and/or the oxidesof nitrogen.

(c) The desirabilityof selectingprojectsthat collectivelyutilizea

broad range of U.S. ceals and are in locationswhich representa

diversity of EHSS, regulatory,and climatic conditions.

(d) The desirabilityof selecting projects in this solicitaL,_nthat

achieve a balancebetween (I) reducingemissionsand transboundary

pollution and (2) providing for future energy needs by the

environmentallyacceptableuse of coal oN coal-based fuels.



The word "collectively"as used in the foregoing program policy factors, was

defined to includeprojects selectedin this solicitationand prior clean coal

solicitations,as well as other ongoingdemonstrationsin the United States.

2.2.6 Other Considerations

The PON providedthat inmaking selections,DO[.would considergiving preference

to projects located in states for which the rate-makingbodies of those states

treat the Clean Coal Technologiesthe same as pollution control projects or

technologies. This considerationcould be used as a tie breaker if, after

application of the evaluation criteria and the programpolicy factors,two

projects receive identicalevaluation scores and remain essentiallyequal in

value. This considerationwould not be applied if, in doing so, the regional

geographicdistributionof the projectsselectedwould be alteredsignificantly.

2.2.7 National Environmentalpolic.yAct (NEPA)Compliance

As part of the evaluation and selectionprocess, the Clean Coal Technology

Program developed a procedure for compliancewith the National Environmental

Policy Act of 1969 (NEPA),the Councilow_EnvironmentalQualityregulationsfor

implementingNEPA (40 CFR 1500-1508)and the DOE guidelinesfor NEPA compliance

with NEPA (52 FR 47662, December 15, 1987).

This procedureincludedthe publicationand consi(erationof a publiclyavailable

Final Programmatic Environmental Impact State,nent(DOE/EIS-0146) issued in

November1989,and the preparationof confidentialpreselectionproject-specific

environmentalreviewsfor internalDOE use. DOE also preparespubliclyavailable

site-specificdocumentsfor each selecteddemonstrationprojectas appropriate
under NEPA.

2.2.8 Selection

After consideringthe evaluationcriteria,the program policy factors, and the

NEPA strategy as stated in the PON, the Source SelectionOfficial selected 13

projects as best furtheringthe objectivesof the CCT-III PON.



Secretaryof Energy,Admiral James D. Watkins, U.S. Navy (Retired),announced

the selectionof 13 projectson December 21, 1989. In his press briefing,the

Secretary stated he had recently signed a DOE directive setting a 12 month

deadline for the negotiationand approvalof the 13 cooperativeagreementsto
be awarded under the CCT-III solicitation.

3.0 TECHNICALFEATURES

3.1 Pro.iectDescript_ion

The BechtelConfinedZone DispersionFlue Gas Desulfurization(CZD-FGD)project

will demonstratethat lime slurryflue gas duct injectionis an economicalmeans

of reducingthe acid rain precursor (S02)from utilityboilers. The process is
particularlysuited for retrofittingonto existing boilers.

The primaryadvantageof the CZD-FGDprocessover conventionalpollutioncontrol

processesis the removalof SO2within boilerductwork. This eliminatesthe need

for separate pieces of equipment for pollutant removal and minimizes the

pollution control equipment space requirements, thr_rebymaking it easy to

integratethe processinto existingpowerplant facilities. In addition,capital

and operatingand maintenance(O&M)costs are projectedt) be substantiallylower

then conventionalwet and dry FGD processes.

The demonstration will be conducted at Pennsylvania Electric Company's

(Penelec's)SewardStationUnit No. 15. This boiler is a 147 MW coal fired unit,

which utilizesPennsylvaniabituminouscoal (approximately1.2 to 2.5% sulfur).

One of the two flue gas ducts leadingfrom the boilerwill be retrofittedwith

the CZD-FGDtechnology. This size demonstrationis large enoughto providetest

resultsrepresentativeof a utilityretrofit,yet small enoughto be economical.

The goal of this program is to prove the technicaland economic feasibilityof

the CZr_-FGDtechnologyon a commercialscale. If successful,the processwill

achie,,r.50% SO2 removal at lower capitaland O&M costs than other systems.



3.1.1 ProjectSummary
b

ProjectTitle: ConfinedZone DispersionFlue Gas Desulfurization
Demonstration

Proposer: BechtelCorporation

ProjectLocation: Seward (SewardStation)

IndianaCounty, Pennsylvania

Technology: Flue Gas Cleanupby Lime Slurry Duct Injection

Application: Retrofit of Coal Fired Industrial and Utility
Boilers

Types of Coal Used: PennsylvaniaBituminousCoal (1.2 to 2.5% Sulfur)

Product: EnvironmentalControlTechnology

ProjectSize: 73.5 MWe (Half of Unit No. 15)

ProjectStart Date: June I, 1990

ProjectEnd Date: July I, 1993

3.1.2 Pro.iectSponsorshipand Cost

ProjectSponsor: BechtelCorporation

Co-Funders: Pennsylvania Electric Company, Pennsylvania Energy

DevelopmentAuthority, New York State Electric & Gas

Corporationand Rockwell Lime Company

EstimatedProjectCost" $9,211,600

Distribution: Participant DOE

Share (%)

50 50



3 2 CZD-FGD Process

3.2.1 Overview of ProcessDevelopment

In the mid Ig7Os, Bechtel selected a form of the old Battersea calcium based

throwawayFGD processtor furtherdevelopmentat the EPA Shawneetest facility,

and for about the next ten years, directedthe test operationsof the facility.

Duringthis time Bechteland many othersworkingin this area recognizedthe need '

to increasethe r_:activityof the systemand found that physicallypretreating

(convertinglimestoneto lime) the reagentmade it more reactive.

In the late Ig7Os,Bechtel'sFGD Researchand EngineeringDevelopmentstaff found

that furtherphysicalpretreatm_nt(pressurehydration)would producea low cost

calcium based reagentconsistingof a slurry of very small lime particleswith

extremelyhigh surfacearea. Since pressure hydrateddolomitic lime made from

dolomitic limestone (i.e. limestone containing approximatelyequal parts of

calcium and magnesium) was commerciallyavailable as plaster and stucco, it
became an obvious choice for use in the Colstrip No. 3 and 4 units being built

for Montana Power Company. This Jrocessbecame known ,_.sthe Type S lime wet

scrubbings)stemand is presentlystill in operationwith SO2 removalsin excess
of 95%.

At the same time, other developersbecame interestedin spray-dryFGD systems.

These systems use essentiallythe same wet chemistryas wet scrubbingsystems,

but spray the slurry into a reactoryes,e1 that is designedso that the droplets

evaporate to dryness before i_pingingon the wall of the downstream surfaces.

This approach allowed the chemical reaction to proceed for a maximum of ten

seconds, which resulted in poor lime utilization. To resolve this problem,

solids recirculationwas used. This processis analogousto lime recirculation

that occurs in a wet scrubbingsystem. Solidsrecirculation,however,increases

operationaland maintenancecosts.

To avoid these problems and to achieve high reagent reactivity, Bechtel

substitutedhydrated lime with Type $ dolomitic lime, and successfullytested

its use in a small pilot plant.

10



The above described systems were developedto remove high percentagesof SOz.=

Since that time, State and Federal regulations limiting SO2 emissions have

created a potentialmarket for economicretrofitof FGD systemsthat removeonly

about 50% of the contained SO2. As a result, Bechtel developed the CZD-FGD
process.

Bechtel'sCZD-FGDprocesswas selectedby DOE for proof-of'concept(POC) testing

at a 5 MWe scale. These initialtests_._ereperformedin 1986 using a slipstream

of flue gas from ConsumersPower Company's260 MWe J. H. CampbellStation Unit

No. 1. The resultsof _vleset_sts showedthat SO2 removalin excessof 50% were

achieved using either pressure hydrateddolomitic lime (PHDL)or calcitic lime

(CL). In addition,the process did not cause any undue corrosion in the flue

gas duct downstreamof the injectionpoint or in the electrostaticprecipitator.

Followingthese tests, large scale POC tests were performedat Penelec'sSeward

Station tlnitNo. 15, where the CZD-FGD system was retrofittedto one of two

parallelflue gas ducts. The Sewardt¢;tingwas initiallysupportedby Bechtel,

Penelec, and the PennsylvaniaEnergyDevelopmentAuthority (PEDA). DOE and New

England Power Service provided additionalsupport to extend the t_sting. The

results of the large scale POC tests confirmedthata true confined zone could

be obtained and that duct deposits could be prevented by limiting injection

rates. The shortdistancebetweenthe in_ectionpoint and the duct turningvanes

limited the quantity of lime slurry that could be injected into the duct and

consequentlylimitedthe percent of SOz removal. L
.
i

3.2.2 ProcessDescription

The CZD-FGDprocess,shown schematicallyin Figure2, involvesthe injectionof

PIIDLinto the flue gas ductworklocated between a boilers' air heater,s) and

particulateremovalequipment. The limecan be pressurehydratedby the supplier

and shipped to the site, as shown in Figu;'e3, or it can be pressure hydrated

on-site, as shown in Figure2. The decisionto purchasepressurehydratedlime

ur to pressure hydrate quicklime on-site is a matter of economics. On-site

pressure hydration is generally more econo,_icalfor large units and for those

burning high sulfurcoal.
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The removalof SO2 in the CZD-FGDprocessis based on the principlethat, in the

presenceof water, SO2 from the flue gas will be absorbedas sulfurousacid and
if exposedto lime will react instantaneouslyto producecalcium and magnesium

sulfitesand sulfates,which then can be removed by the downstreamparticulate
ml

removal equipment. In the CZD-FGD process, the wet reaction particles and

unreactedlimemust dry beforecontactingthe duct, turningvanes, electrostatic

precipitator,etc. or they will adhere to these surfaces and cause unwanted

deposit build-upswhich will affect operation. The CZD-FGD process precludes

" this from occur_ingby injectingthe prepared lime slurry close to the center

of the fluegas duct, parallelto the flow of gas. By using narrow angle sprays

and carefullypositioningthe atomizers,it is possibleto obtain a wet zone in

the middle of the duct for SO2 removalwhile maintainingan envelopeof hot gas
=- betweenthe wet zone and the duct walls,which is the principleof the confined

zone. As the coneof spray moves downstreamand expands,the gas within the cone

cools and its SOz is rapidlyabsorbedby the liquiddroplets. The spray droplets

on the outsideof the cone mix with the hot gas and dry very rapidly. Using the i

proper slurry concentrationand injectionrate, drying will be complete before

the droplets contact the walls of the duct. At a certaindistance downstream

of the injecti,)npoint, the freemoisturein the spraywill completelyevaporate

and the dry solidscan contactthe duct and the turningvanes and will not adhere

to them. The dry reactionparticlesand the unreactedlime are then removedby

the particulateremovalequipmentalong with the fly ash.

_ 3.2.3 Applicationof Processin Proposed Project
_

The SewardStation Unit No. 15 boiler is a nominal 147-MWpulverizedcoal fired

- boilerwith two flue gas ducts. Each duct connects first stage and second stage

electrostaticprecipitatormodules, which are located downstream of the air
heaters. The installationof the CZD-FGDsystemwill requirethat the west duct

be replacedwith a 110 foot long straightduct that will permit a lime slurry
retentiontime of two secondsand that additionalatomizersbe added.

-z

_

_ The specificobjectivesof the CZD-FGDdemonstr_tionare to (1) achieveat least

50% SO2 removal with up to 50% alkali utilization,(2) demonstrate that SO2

removalcosts of below $300/tonSO2 removedare achievable,and (3) demonstrate
: that the process has no negative effects on normal boiler operation, and no

increasein particulateemissionsand percentopacity.

14



3.3 GeneralFeaturesof the Project

3.3.1 Evaluationof DevelopmentalRisk

As described earlier, much prior work has been performedon the process. The

basic principles of the process are similar to other commerciallyavailable

technologies. In addition,the lime is commerciallyavailable and the lime

hydration, handling and slurry injection systems have been commercially

demonstrated. Furthermore,bench scale,pilot scale and full scale development

work by Bechtel has been successful and indicates that further large scale

testing is warranted.

There is some risk that the collection efficiency of the electrostatic

precipitatormay decreasedue to the increasein the particulatematter in the

flue gas. This is consideredto be a low risk, becausethe coolingof the flue

gas and the addition of water vapor from the lime slurry injection should.

conditionthe gas and improvethe performanceof the precipitator. Further,if

necessary, other methods of improving precipitator performance, such as,

additives,improvedrappingand improvedautomaticvoltagecontrolcan be tested
and used.

3.3.1.1 similarit.Yof the Projectto Other

Demonstration/CommercialEfforts

The CZD-FGD processis similarto severalother processes. In 1985,DOE awarded

POC pilot plant test contractsnot only to Bechtel,but also to GeneralElectric

(GE) and Dravo. GE's demonstrationinvolved the injection of calcitic lime

slurry through a rotary atomizer into a vertical and a horizontalduct. The

results of the tests, however,were inconclusive.

Dravo's demonstrationinvolvedthe injectionof dry calcitic lime into a duct

followed or preceded by water atomization in the duct. As with the GE

demonstration,the resultswere inconclusive.

The Babcock & Wilcox Company (B&W), through funding fro_ DOE, is presently

testing two technologiessimilarto the BechtelCZD-FGDtechnology. The first

is the Coolside sulfur capturingprocess,which consistsof injectinga form of

lime into the combustiongases at the end of ductwork leading from a boiler.

The sulfur in the flue gas reacts with the lime and is converted to solid

particles,which are collectedby the downstreamparticulateremovalequipment.

15



Inthis 105 MW demonstrationprojectby B&W/CONSOLat EdgewaterinOhio, the flue

gas will be sprayedwith water to improvethe effectivenessof the lime and the

performanceof the electrostaticprecipitator.

The secondtechniquebeing tested by B&W is the LIMB process,where the sorbent

is injected into the upper part of the combustionzone. As with the Coolside

process,the sulfur is capturedby the downstreamparticulateremovalequipment
and removedwith the fly ash.

Anothertechnology,the Gas Reburning-SorbentInjection(GR-Sl)processis being

demonstratedat two sites as part of a clean coal technologyproject. One site

is the City Water Light and Power Company's Lakeside Station located at

Springfield, Illinois where the process is being demonstrated on a 33 MWe

cyclone-firedboiler. The other site is the IllinoisPower Company'sHennepin

Station, located at Hennepin,Illinoiswhere the process is being demonstrated

on an 80 MWe tangentially fired unit. The GR-SI technology combines gas

reburningwith sorbentinjection. In the GR-SI process,the sorbentis injected
into the furnace.

The Gas SuspensionAbsorption (GSA) process is being demonstratedin the Clean

Coal Technology Program'sthird round. In this technology, the sorbent is

injectednear the base of the absorberand carriedupwardto a cyclonewhere some

of the sorbent is removed from the flue gas. The balance of the sorbent is

recoveredby a baghouseor electrostaticprecipitator.The bulk of the recovered

sorbent is recycled,as a dry solid, to the process and the balance is sent to

disposal. Fresh sorbentis injectedinto the base of the absorberas a slurry.

The sorbentcontent of the slurry is controlledby the concentrationof SOz in

the flue gas and the water content is controlledto obtain the optimumflue gas

temperature. The developerof the GSA processclaims that 90% SO2 removalcan

be expected.

3.3.1.2 Technical Feasibil.i.ty

The CZD-FGD process has been under development since the early 1980s. The

technologyhas undergonebench scale tests,POC pilot plant tests, and POC large

commercial unit tests and has been patented by Bechtel. The results of the

research performed to date indicate that the 73.5 MW scale demonstrationis

required to obtain the necessaryadditionaldata for commercializationof the

technology.

16



3.3.1.3 ResourceAvailability

All resources are available for this project over the 37-month demonstration

period.

The demonstrationwill not impactthe quantityof coal presentlybeing utilized

at the Seward Station Unit No. 15, however, during parametrictesting higher

sulfur coal than normally used will be required to verify the effect of the

absorbentson SO2removal. In addition,the demonstrationwill utilizedifferent

types of absorbents,such as dolomiticand calcitic lime. The availabilityof
, these raw materialsis anticipatedto be adequatenot onlyfor the demonstration,

but also for commercializationof the technology.

This program involves a pre-NSPS boiler installation. The unit has a fully

operationalsteam-boilerand turbine-generatorset with appropriatefacilities

and schedulingflexibilityto accommodatethis project. The site selectedfor

the proposeddemonstrationwill providean excellentopportunityto evaluatethe

technologyin essentiallyall of the situationsthat are likelyto be encountered
in the commercializationof the technology..All appropriateresourcessuch as,

coal, sorbent,etc. can be made availableto the site. In addition,adequate

funds havebeen committedby the co-fundersto cover theirshare of the estimated

projectcosts.

3.3 2 RelationshipBetweenProieC._Size and ProjectedScale of

Cpmmercial Facility

As mentionedpreviously,the test boiler is a 147 MW utilityunit,with two flue

gas ducts, each servinga capacityequivalentto 73.5 MW. Eachduct has a cross-

sectionalarea of 88 square feet. The commercialapplicationsvary in size from

about 80 MW with two ducts to about 860 MW with three ducts. The smaller units

are about one half the size of the test boiler and the larger units are about

four to six times larger,with duct cross-sectionsvarying between 48 and 352

squarefeet.

The criticalparameters involved in this technology are the maximum volume of

slurrythatcan be injectedper squarefoot of duct cross-sectionwithoutcausing

deposition in the duct, the length of duct required for evaporation of the

atomizedslurry,and the inlet flue gas temperature. The first two parameters

are dependenton boiler and duct size, but can be directly scaled up or down.

The third parameter,inlet fluegas temperature,is independentof boileror duct
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size. Once these parametersare determinedduring the demonstration,they can

be directly appliedto any boi'lersize.

The risk of scale-up is considered to be minimal and the demonstration is

expected to prove the applicabilityof the CZD-FGD technologyfor retrofit on

pre-NSP_ boilerswithout furtherdemonstration.

3.3.3 Role oi Project in Achiev_inqCommercial Fe,asibilitvof lthe

Techno!o_y

This project will demonstrate, at utility scale, a new flue gas clean-up

technologyfor the removalof acid rain causing emissions. This technologyis

particularlysuited to existing units that may be required to comply with new

environmentallegislation. The technologyhas been tested at bench, pilot and

full scale. The commercializationof the technology,however,requires further

comprehensivetestingto confirmprevioustest results. The suitabilityof the

CZD-FGD processfor retrofitto utilityboilerswill be fully establishedwhen

it is demonstratedthat significantamountsof SO2 can be removedfrom flue gas

at less capitaland O&M costs than current flue gas clean-up technologies.

3.3.3.1 _L)plic,abilityof the.Data to be Gener,ated

All pertinent data will be recorded, collected, analyzed and reported.

Measurementsthat will be taken during the demonstrationincludeflue gas inlet

and outlet temperatures,SOJNOx/O2 inletand outlet concentrations,lime slurry
- rate and pressure,lime slurry concentration,compressedair pressure and flow

rate,electrostaticprecipitatorcharacteristics,ducttemperatures,and atomizer

position and flow rate.

Differenttypes of SOz absorbentswill be tested during the demonstrationalong

with high and low sulfur coal to determinethe effects of SO_ concentrationon

percentSO2 removal,limeutilizationand electrostaticprecipitatorperformance.

Selected additives for improving SO2 removal and electrostaticprecipitator
particulateemissionswill also be tested.

The analysesto be performedwill includecalculationsfor SO2 removaland lime
utilization and notation of recorded data indicating stack opacity with and

without additivesand conditioningagents.
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Economic assessmentswill be performed by comparing the cost per ton of SO2
removed by this CZD-FGD process with the currently available commercial

technologyoptions.

3.3.3,2 Identificationof Featuresthat IncreasePotential

.Zor C.ommercla!Izatlon

Once commerciallyproven the CZD-FGD process will provide an economical and

technicallyacceptable means for the removal of SO2. The minimal space

requirementsand the competitivecapital and O&M costs make this technology

attractive for retrofit applicationsfor utility and industrial coal-fired

boilers. The CZD-FGDprocessconsistslarge y of proven,commerciallyavailable

equipment,such as, ductwork,atomi;'ers,air compressors,tanks, pumps, etc.

If the demonstrationprojectis successful,the followingfactors shouldassure
commercialization.

o Removalof 50% SO2

o Lower capitalcost and total cost per ton of SO2 removed

o Less site space requirementsthan for conventionalflue gas clean-

up technologies

o Easy to retrofit

o No increaseirlflue gas pressuredrop and therefore,no need to add

booster fans or modify existing induceddraft fans

o Formationof dry, free flowing,non-toxicreaction products,which

are removed by the downstream particulatecontrol equipment and

easily disposed of with the rest of the fly ash

o No liquidwaste production

3.3.3.3 ComparativeMerits of Project and Projectionof

Fut___greCommercialEconomicsand.Market

A.c.ceptabi!ity

The CZD-FGDprocessis particularlysuitedfor retrofittingonto existingboilers

and is not dependent on boiler type, age, size, type of coal burned or sulfur

content of the coal. Conventionalwet scrubbersfor new sources are typically

designedto remove90%S02. '[heCZD-FGDprocess,however,which only removes50%

SO2, is more suited to the retrofit market where the emphasis is on the annual

reductionof SO2 and minimizingthe cost to achievethis annual quota,

]9



:L

The CZD-FGD technology requires less equipment space requirements and lower

capttal and O&Mcosts than conventional systems. The total cost per ton of SOz
removed, including capital and operating costs, is projected to be less than

$300/tonfor a 500 MWe unit burning a 4 percent sulfur coal.

s

4.0 _VIRONMENTAL CONSIDERATIONS

The NEPA compliance procedure, cited in Section 2.2, contains three major

elements: a Programmatic Environmental Impact Statement (PEIS); a pre-

selection,project-specificenvironmentalreview;and a post-selection,site-

specific environmentaldocument. DOE issued the final PEIS to the public in

November 1989 (DOE/EIS-0146). In the PEIS, resultsderiveG from the Regiona!

Emissions Database and Evaluation System (REDES) were used to estimate the

environmentalimpactsexpectedto occur in 2010 if each technologywere to reach

full commercialization,capturing100 percent of its applicablemarket. These

impactswere comparedto the no-actionalternative,which assumedcontinueduse
of conventionalcoal technologiesthrough2010withnew plantsusingconventional

flue gas desulfurizationto meet New Source PerformanceStandards.

The preselection,project-specificenvironmentalreviewfocusingon environmental

issues pertinent to decision-makingwas completed for internal DOE use. The

review summarized the strengthsand weaknesses of each proposal against the

environmentalevaluation criteria in the PON. lt included, to the extent

possible,a discussionof alternativesites and processesreasonablyavailable
to the offeror, practicalmitigatingmeasures,and a list of required permits.

This analysis was provided for considerationof the Source SelectionOfficial

in the selectionof proposals.

As the final elementof the NEPA strategy,the Participant(BechtelCorporation)

submittedthe environmentalinformationspecified in the PON. This detailed

site- and project-specificinformationformed the basis for the NEPA documents

prepared by DOE. These documents, prepared in compliancewith the Council on
EnvironmentalQualityregulations(40 CFR 1500-1508),must be approved before

federal funds can be providedfor any activitythat would limit the choice of

reasonablealternativesto the proposed action.

In additionto th_ NEPA requirementsoutlinedabove,the Participantmust prepare

and submitan EnvironmentalMonitoringPlan (EMP) for the project. The purpose

of the EMP is to ensure that sufficient technology, project, and site
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environmental data are collected to provide health, safety, and environmental
information for use in subsequent commercial applications of the technology.

The expected performance characteristics and applicable market for confined zone
dispersion (CZD) technology were used to estimate the environmental impacts in
2010 which would result from full commercialization of CZD. The REDESmodel was

used to compare CZD technology impacts to the no-action alternative.

Projected environmental impacts from commercialization of CZD technology into

national and regional areas in 2010 are given in Table I. Negative percentages

indicate decreases in emissions or wastes in 2010. Conversely, positive values
indicate increases in emlssions or wastes. These results should be regarded as

approximations of actual impacts.

Table 1.Projected Environmental Impacts in 2010, CZD
(Percent Change in Emissions and Solid Wastes)

Region Sulfur Nitrogen Solid Wastes

Dioxides . Oxides
National -30 -6 + 8

Northeast -39 -8 +10

Southeast -34 -7 + 9
Northwest - 6 -2 + 7

Southwest -16 -2 + 2

Source: Programnlatic Environmental Impact Statement (DOE/EIS-OI46) November,
1989.

As shown in Table I, significant reductions of sulfur dioxide are projected to

be achieved nationally due to the capability of the CZD process to remove 50%
of sulfur dioxide emissions from coal-fired boilers and the wide potential

applicability of the process. The largest reductions of sulfur dioxide emissions
occur in the eastern regions because of the large amount of coal used in the

area. The least impact occurs in the Northwest because of the minimal use of

coal there. The national quadrants used in this study are depicted in Figure 4.
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5.0 PROJECT.,,HANAGEMENT

5,1 OJer _,,_wof Mana,_ement_orqanizotion

The project will be managed by the Participant's(Bechtel's)ProjectManager.

He will be the principal contact with DOE for matters regarding the

administrationof the CooperativeAgreementbetween Bechtel and DOE. The DOE

Contracting Officer is responsibIA for all contract matters and the DOE

ContractingOfficersTechnicalRepresentative(COTR)isresponsiblefortechnical

liaisonand monitoringof the project.

A management review committeewill be formed and will be composedof personnel

from Bechtel'sResearchand EngineeringOrganization. Figure5 showsthe project

organizationfor the CZD-FGDdemonstration.

5.2 Identificationof RespectiveRo]es and Respo_ns_ibi]it!es

DOE

The DOE shall be responsiblefor monitoringall aspectsof the project and for

granting or denying approvalsrequired by the CooperativeAgreement. The DOE

ContractingOfficer is the authorizedrepresentativeof the DOE for all matters

relatedto the Coopei_ativeAgreement.

The DOE Contracting Officer will appoint a COTR who will be the authorized

representativefor all technicalmatters and will have the authority to issue

"TechnicalAdvice" which may:

o Suggest redirectionof the CooperativeAgreement effort,recommend

a shiftingof work emphasisbetweenwork areas or tasks,and suggest

pursuit of certain lines of inquirywhich assist in accomplishing
the Statementof Work.

o Approve those technicalreports, plans, and technical information

required to be deliveredby the Participantto the DOE under the

CooperativeAgreement.
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The DOE COTR does not have the authorityto issue technicaladvicewhich:

o Constitutesan assignmentof additionalr-rk ou_Lsidethe Statement

of Work.

o In any manner causes an increaseor decrease in the total estimated

cost, or the t_e required for performance of the Cooperative

Agreement.

o Changes any of the terms, conditions, or specificationsof the

CooperativeAgreement.

o Interfereswith the Participant'sright to perform the terms and

conditionsof the CooperativeAgreement.

All TechnicalAdvice shall be issued in writing by the DOE COTR.

Participant

Bechtel will be responsiblefor all aspects of pro_ect performanceunder the

CooperativeAgreementas set forth in the Statementof Work.

Bechtel'sProjectManager is the authorizedrepresentativefor the technicaland

administrativeperformanceof all work to be performed under the Cooperative

Agreement. He will be the single authorizedpoint of contact for all matters
betweenBechtel and DOE.

The ProjectTeamwill also includeaProject Engineer. The ProjectEngineerwill

report directlyto the ProjectManagerand will be responsiblefor coordinating

all technicalactivitiesat the site during the testing phase of the project.

5.3 Summaryof Project Implementationand Control Procedures

All work to be performedunder the CooperativeAgreement is divided into three

phases. These phases are:

Phase I: Design and Permitting(6 months)

Phase II: Constructionand Start-up (6 months)

Phase III: Operationand Disposition(25 months)
,,
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As shown in Figure 6, the total projectencompassesa 37-month period. There

will be no pauses or overlaps betweenphases.

Two budget periodswill be established.Consistent with P.L. 100-446,DOE will

obligate sufficientfunds to cover its shareof the cost for each budgetperiod.

Throughout the course of this project, reports dealing with the technical,

management, cost and environmentalmonitoring aspects of the project will be

prepared by Bechteland provided_to DOE.

5.4 KrevAqreementsImpactingData Riqht$, PBtent Waivers, and

Inf_rm_K__a__at.ionReport!nq

Bechtel'sincentiveto developthis processis to realizeretrofitbusinessfrom,

and producenew designsfor, the utilityand power boiler industrywith respect

to SO2 abatementtechnology.

The key agreementsin respectto patents and data are"

o Standarddata provisionsare included,giving the Governmentthe right to

have delivered,and use, with unlimitedrights, all technicaldata first

produced in the performanceof the Agreement.

o Proprietarydata, with certainexclusions,may be requiredto be delivered

to the Government. The Governmenthas obtainedrightsto proprietarydata

and non-proprietarydata sufficientto allow the Governmentto complete

the project if the Participantwithdraws.

o A patent waiver may be granted by DOE giving Bechtel ownership of

foregrounoinventions,subjectto the march-inrights and U.S. preference
found in P.L. 96-517.

o Rights in backgroundpatentsand backgrounddata of Bechteland all of its

subcontractorsare includedto assureconnercializationof the technology.

Bechtelwill make such data, as is applicableand non-proprietary,availableto

the U.S. DOE, U.S. EPA, other interestedagencies,and the public.
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5.5 Proceduresfor Commercializationof the Technolog_

The CZD-FGDmarket will be heavilyinfluencedby upcomingacid rain legislation

regardingretrofittingof existingcoal fired power plants. Bechtelintendsto

have the CZD-FGDtechnologyready for full scale commercialapplicationby the

_earlyIggOs.

Bechtel s presentsales forcecallson all domesticutilities. Bechtelpresently

plans to direct its sales effortsto all potentialretrofitsites. For new and

retrofitFGD systems,Bechtelwill not only licensethe process,but will design,

procure and construct affected facilities. Bechtel will also participatein

own/operate arrangements. To recover their investment in emission_control

facilities,Bechtelwill offer, as an option, to process flue gas accordingto

a tolling formula,with unit revenuederived for each ton of SO2 removed.

Bechtel'smarketingapproachis to provideuserswith processtechnologiesunderl

a royalty-bearinglicenseagreementthat offers certainperformanceand/orcost

advantages. These are one timepaid-uplicenses,with the royaltyfee based upon

the size of the plant and the amountof sulfur reductionrequired. The fee for

the CZD-FGDtechnology is expectedto be in the range of $I to $3 per KWe. In

return for this royalty, Bechtel will provide the process design and will

guaranteeplant throughputand performance.Licensingof the CZD-FGDtechno'logy,

however,will be on a non-exclusivebasis to all clients and they will be free

to select their own architect/engineerto perform engineering,procurement,

constructionand start-up services. Process engineering,however, will still

be performedexclusivelyby Bechtel.

The hardware and shop fabricated components that comprise the process are

commerciallyavailable and are normally purchasedon the domestic open market

under conditionsof strict competitivebidding. Multiple sourcesof supply of

the variouscomponentsof the technologyare readily available.
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6.0 PRI_,.1ECTCOSTANDEVENTSCHEDULING

6.1 _ Baseline Costs

The totalestimatedcost for this projectis$9,211,600. The Participant'sshare

and the Government'sshare in the costs of this project are as follows:

Dollar Share Percent Share

($) (%)
Phase I

Government 275,100 50%

Participant 275,100 50%

Phase II

Government I,176,350 50%

Participant I,176,350 50%

Phase III

Government 3,154,350 50%

Participant 3,154,350 50%

Total Project

Government 4,605,800 50%

Participant 4,605,800 50%

Contributionswill be made by the co-fundersas follows"

DOE $4,605,800

Bechtel $ 761,186

Penelec $2,97],389

PEDA $ 750,000

NYSE&G $ 100,000

Rockwell L_me $ 23,225

TOTAL $9,211,600
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At the beginningof each budget period, DOE will obligate sufficientfunds to

pay its share of expenses for that budgetperiod.

6.2 MilestoneSchedule

The overallprojectwill be completedin 37 monthsafter award of the Cooperative

Agreement. The projectschedule,by phase and activity is shown in Figure 6.

Phase I, which involves design engineering, permitting and procurement of

materialswill start immediatelyafter award andcontinue for six months. Phase

II consists of equipmentfabrication,construction,and start-up. Phase III,

which consists of six months of parametric testing, six months for system

automationfor continuousoperation,one year continuoustesting,data analysis,

preparationof the final report,and one month for dismantlinganddisposition,

will start upon completionof Phase II and last for twenty-fivemonths. The need

for final engineeringand constructionin Phase III is necessary to adapt the

batch operation of lime feed used during parametric testing into a fully

automatedcontinuousoperationduring the one year test period.

6.3 RepaymentPlan

Based on DOE's recoupmentpolicy as stated in Section7.4 of the PON, DOE is to

recover an amount up to the Government'scontributionto the project. The

Participanthas agreed to repay the Governmentin accordancewith a negotiated

Repayment Agreement to be executed at the time of award of the Cooperative

Agreement.
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