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SECTION 1 - EXECUTIVE SUMMARY

Consistent with the Department of Energy (DOE) mission, the Advanced Turbine Sys-
tems (ATS) Program will develop more efficient gas tu_,bine systems for both utility and
industrial electric power generation (incluciing cogeneration). The Program will develop
base-load power systems for commercial offering in the year 2000. Although the target

' fuel is natural gas, the ATS will be adaptable to coal and biomass firing. All ATS will
exhibit these characteristics:

$ Ultra-high efficiency [utility systems: 60 percent (lower heating value basis);
industrial systems: 15 percent improvement over today's best gas turbine sys-
tems],

• Environmental superiority [reduced nitrogen oxides (NOx), carbon dioxide (CO2),
carbon monoxide (CO), and unburned hydrocarbons (UHC)], and

• Cost competitiveness [19 percent lower cost of electricity].

ThisProgramPlanwas requestedintheHouse,Senate,and ConferenceReportson the
FY 1993 Interiorand RelatedAgenciesAppropriationsAct,PublicLaw 102-381,and
isconsistentwiththeEnergy PolicyAct of1992,which (inSection2112)identifies
work forimprovinggasturbines.Thisplanoutlinesthe8-yearATS Programand dis-
cussesrationaleand planning.TotalProgramcostsareestimatedtobe $700million,
consistingofan approximate$450milliongovernmentshareandan approximate$250
millioncost-shareby industrialparticipants.

DOE's Offices of Fossil Energy (FE) and Energy Efficiency and Renewable Energy (EE)
[formerly the Office of Conservation and Renewable Energy (CE)] are jointly respon-
sible for the ATS Program. Management of the Program is coordinated with the Envir-
onmental Protection Agency (EPA), the Electric Power Research Institute (EPRI), the
Gas Research Institute (GRI), gas turbine manufacturers, She Department of Defe_lse
(DOD), and others.

Gas turbinesinindustrialand utilityapplicationscan helpmeet futureNationaland
worldwidepowergenerationrequirements.Turbinesystemsburningnatu_algasoffer
environmentallysound and economicalpower generationand cogeneration.Since
UnitedStatesdemand alonewillrequireup to15gigawatts(GW) peryearofnew and
replacementcapacityaftertheyear2000,theavailabilityofATS tofilla shareofthis

. need will save significant amounts of fuel and benefit the environment. Implementation
of the ATS Program will also keep U.S. manufacturers on the cutting edge of turbine
technology for power generation applications and enhance the nation's economic com-

. petitiveness.



The basicProgram strategyisto fundteamsledby U.S.turbinemanufacturersto
developATS fromconceptand componentdevelopmenttofull-scaleprototypedemon-
strations.Majorcontractswillbecompetitivelyawarded,withnew competitionsatthe
completionofkeydevelopmentstages.Thesewillallowre-evaluationofconceptsand
competitivereductionofthenumberofsystemsbeingdeveloped.Onlyoneutility-scale
systemand oneindustrial-scalesystemwillbedemonstr_tedwithFederalGovernment
support.

Inparallelwith themajorcontracts,genericresearchand development(R&D) will
addresskeytechnicalissues,andtechnologywillbetransferredbetweenthisandother
programs.

The ATS Program hasfourelements:

• InnovativeCycleDevelopmentwillleadto conceptdefinitionforintegrated
systemsmeetingATS goals.EE willdeveloptheindustrial-scalesystems.FE
willdeveloptheutility-scalesystems.

• UtilitySystemDevelopmentandDemonstrationwillconsistofcomponentdesign
and testing,integratedsub-systemtesting,and fullsystemdemonstrationofa
utilitysystem.Privatesectorparticipantswillbe selectedviacompetitivepro-
curement.

• IndustrialSystemDevelopmentand Demonstrationwillconsistofa 4,000-hour
ceramicretrofitenginetestprogram and an advancedcycleindustrial-scale
systemdemonstration.Privatesectorparticipantswillbeselectedviacompetitive
procurement.

• Technolo_tTjBaseDevelopmentwillsupporttheoverallProgram. A university/
industryconsortiumwillprovidecross-cuttingtechnoloK_-support.Otheractivity
includesadvancedmaterialssupport,METC in-housecombustionstudies,and
technologytrsnsfertocoaland biomassapplications.

Planningand initialimplementationoftheATS Programhasprogressedsignificantly:

• Planningactivitiesbeganwithtwo workshops,1,2one of_leveralmechanismsfor
inputto the Program from industry.In theseand otherforums,s,4strong
industrialsuppoR was voicedfortheProgram.

• DOE's FE and EE havecooperatedinplanningtheProgram. TheirAssistant
SecretarieshavesignedaMemorandum ofAgreement(includedintheAppendix)
outliningfurthercooperationinajointProgramtoachieveATS goals.



• In an existing program which will be included in the ATS Program, EE awarded
a contract to Solar Turbines to develop and demonstrate an advanced ceramic

• retrofit engine for the industrial market.

• The South Carolina Energy Research and Development Center (SCERDC) at
• Clemson University was awarded a cooperative agreement by FE. This agree-

ment will support an industry/university consortium to conduct technology base
R&D for the ATS Program. An industrial advisory board will guide the consor-
tium which has significant support from industry.

• Six U.S. turbine manufacturers have performed preliminary system studies of
ATS. In interim letter reports, they confirmed their desire to participate in the
Program and supported Program goals. They identified the systems they want
to develop and estimated development and demonstration costs. These estimates
were used to work up total Program costs.

• FE released a solicitation on August 28, 1992, to start the next phase of Innova-
tive Cycle Development. Four awards are expected in July, 1993, with a total
value of about $10 million.



SECTION 2 - INTRODUCTION

Clean,affordable,and reliablenaturalgas technologieswillplaya growingrolein
meetingfuturepowergenerationneedsintheUnitedStates.The DOE projectsthat
totalconsumptionofnaturalgaswillrisefrom 18.8trillioncubicfeet(tcf)in1990to
asmuch as23.5tcfby theyear2000.5 Generationofelectricpower fromnaturalgas
isexpectedtoaccountformuch ofthisincreaseindemand.

Thisreportpresentsan excitingprogram,calledtheATS Program,whichwillassure
thatadvancedpower systemsburningnaturalgas willbe availableto meet the
country'sneeds.The ATS Programwillmarshaltheresourcesofgasturbinemanufac-
turers,theelectricutilityindustry,and theuniversitycommunity,aswellasgovern-
ment and privatesectorR&D sponsorsand laboratories.

The Past....

Sincemanufacturersintroducedgasturbinescommerciallymorethan40yearsago,they
havesteadilyimprovedturbineefficiencyandhavereducedemissions.Over thesame
period,theyhaveimprovedreliability,availability,and maintainability(RAM). Many
oftheturbineimprovementsforthecommercialsectorresultedfromtechnologydevel-
opedthroughmilitaryR&D programs.Directgovernmentfundingforciviliansector
turbinedevelopmentwas minimal.

The Present....

Now, gasturbinemanufacturersaredevelopinganimprovedclassofturbinesscheduled
forcommercializationinthenextfewyears.Theseimprovementsresultfrom incre-
mentalchangesinexistingdesigns.The turbinemanufacturersthemselvesarepaying
fordevelopmentcostsforthesenear-termimprovements.

Thisnear-termclassofturbinesystemswillhavehigherefficienciesand loweremis-
sions,withefficienciesinthemid-50percentrangeforlargenatural-gas-firedcombined-
cyclesystems.Smallerturbinesystemsforthe industrialmarket willshow more
modestefficiencyimprovements.Boththeutilityand industrialsystemswillfeature
dry,low-NOx combustionsystems,withmanufacturersguaranteeingNOx levelsto
25 ppm orlowerwithuseofnaturalgasfuel.

The Future.....

Furtherimprovementsingasturbineefficiencyarebothpossibleand desirable.To
reachtheachievablegoalof60 percentefficiency,however,materialsscienceadvances
and integralthermodynamiccyclechangeswillbe required,and a significantamount
oftechnologybaseresearchand system/componentdevelopmentwill,therefore,be
necessary.Due totechnical/economicrisksinvolved,privateindustryisnotexpected



to pursue this ultra-high efficiency goal without risk sharing in the form of a govern-
ment/industry cost-sharing partnership.

l

The United States faces major changes in the 1990s in the power generation market for
both utilities and industry. Power producers must meet new emission requirements,

. new capacity needs, and increasing pressure to improve energy efficiency and reduce
dependence on conventional coal and oil consumption. Demonstration of new natural
gas-fueled technologies is the best way to meet all of these needs.

Actions Taken .....

This Program Plan was requested in the House, Senate, and Conference Reports on the
Fiscal Year (FY) 1993 Interior and Related Agencies Appropriations Act, Public Law
102-381. Both DOE and Congress have recognized the need for an ATS Program to
develop and prove the next generation of utility and industrial power systems featuring
natural gas-fired turbines. As discussed in Section 3.3, DOE included the ATS Program
in the draft Natural Gas Strategic Plan and Multi-Year Program Crosscut Plan, FY
1993.19986 and in the Clean Coal Research, Development, and Demonstration (RD&D)
Program Plan 7 (still in preparation). In FY 1992 appropriations bills, Congress gave
DOE/FE $750 thousand to initiate planning for a cooperative advanced turbine program
in concert with DOE/EE, turbine manufacturers, GRI, EPRI, and others. The FY 1993
budget appropriation includes $10 million and the FY 1994 budget request is $24
million for DOE/FE activities. For DOE/EE, $2.2 million was appropriated in FY 1992
and $3.0 million in FY 1993 for ceramic retrofit engine development and materials base
research. In FY 1994, the DOE/EE budget request is $8.3 million.



SECTION 3 - NATIONAL NEEDS

3.1 National EnerR'vNeeds

President Clinton has stated in a recent presentation to Congress 8that his administra-
tion will "...launch initiatives to develop new, clean, renewable energy sources that cost
less and preserve the environment. We will also encourage energy efficiency and con-
servation..." This presentation reinforces the DOE mission as it pertains to the ATS
Program. Overall DOE goals include increasing energy efficiency, securing future ener-
gy supplies, respecting the environment, and building a technical knowledge base that
will enhance U.S. competitiveness in the global market. Implementation of the ATS
Program supports these goals; techno,ogies developed under the ATS Program will be
advanced ultra-high efficiency, environmentally superior energy producing systems that
will have definite cost advantages over systems they replace.

Specifically, development of ATS will offer:

• Improved energy efficiency and fuel flexibility in both the central power and in-
dustrial market sectors.

• Significantly improved environmental performance.

• Opportunities for conversion to coal or renewable energy, and technology transfer
to coal and renewable energy systems.

• Accommodation of need for increased electrical generation while reducing use of
oil.

• Reduction in the costs of electric power.

• Increased competitiveness of U.S. industry (both equipment suppliers and elec-
tricity users).

The introduction of ATS by the year 2000 will significantly reduce U.S. fuel consump-
tion. A potential national fuel savings of about one quadrillion Btus (i.e., one quad) an-
nually by 2020, compared to using today's best gas turbine technology, assumes:

• An efficiency increase from 52 to 60 percent [heat rate improvement from 6,560
BTU/kwh to 5,680 BTU/kwh (LH_].

• An overallmarketofapproximately15GW/year.

• An averageoperatingtimeof7,000hours/year.

• That the ATS will achieve 50 percent market share.



Ifcomparedtotheaverageefficiencyofallindustrialandutilityplantscurrentlyopera-
tingin1992(around34percent)ratherthantoday'sbestsystems,therevisedpotential

• fuelsavingsforthismarketisabout4 quads/year.

The ATS Programwillreduceoverallemissionsfrompowerplants.Althoughtherewill
. besome reductioninCO and UHC, reductionofNOx (toninetypercentoftoday'slow-

estlevels)willbethemostimportantachievement.Turbinesfiredwithnaturalgaspro-
ducenegligibleamounts ofsulfurdioxide,and CO2 emissionswillbe reducedby the
highefficiencyofATS.

3.2 EnergyP01icyActof1992

The EnergyPolicyActof1992providedcomprehensivelegislationaffectingallaspects
oftheenergysectoroftheU.S.economy.Section2112ofthisActcallsfor"...a5-year
program...toimprovetheefficiencyofheatengines."Such programshall...

(1) includefielddemonstrationsofsufficientscaleandnumber soastodemonstrate
technicaland economicfeasibility;

(2) incorporatematerialsthatincreaseengineefficiencyandimproveequipmentper-
formance;and

(3) coveradvancedenginedesignsforelectricand industrialpowergenerationfora
rangeofsmall-,mid-,and large-scaleapplications...."

The Act alsospecifiesparticulartechnicalapproachestoimprovetheperformanceof
gasturbinesystemswitha goalof"...over50percentefficiencyinthemid-term."

The ATS Programwillsatisfytheintentofthislegislation.The ATS Program isa 8-
yearprogram,ratherthanfive,and theefficiencygoalsaremore ambitiousthanthe
50percentminimum required.However,duringtheeightyears,intermediatetechnol-
ogywilllikelybecommercializedbybothutilityand industrialturbinemanufacturers.
Inparticular,theceramicsretrofitportionwillleadtoan early4,000-hourtest,incor-
poratingadvancedmaterialsintoturbinesatan earlystageoftheProgram.

Many,butnotall,ofthespecifiedtechnicalapproachestoimproveturbineperformance
willlikelybe employedintheProgram. Technicalapproaches,however,willdepend
on DOE evaluationofoffersinresponsetocompetitivesolicitation.

The Actrequiresthat,withinoneyearofitspassage,proposalsbesolicitedforconduct-
ingactivities.The ATS Programhasalreadymet thisrequirementwiththesolicitation

" ofconceptdevelopmentproposals,asdiscussedinlatersections.



3.3 Natural Gas Strate_,ic Plan

Consistent with the Energy Policy Act of 1992, the mission statement in the draft
Natural Gas Strategic Plan e calls for reducing oil use in the United States and for
diversifying the technology choices to produce electric power. The plan states that the
new gas strategy emphasizes utilization and delivery/storage, and calls on both FE and
EE to continue their advanced gas turbine technology development. Specific strategies
in the Utilization Area of the Plan explicitly include the major elements of the ATS
Program:

• Development of ultra-high efficiency, environmentally superior, cost-competitive
gas turbine systems for utility and industrial applications.

• Development of dry, low-NOx combustors.

• Basic R&D to improve the performance of gas turbines.

• Development of ceramic technology for high temperature turbines.

The ATS Program and the ceramic retrofit stationary engine program are included in
the associated Multi-Year Program Crosscut Plan e as key elements in the Utilization
Area of the Natural Gas Program.

3.4 Clean Coal RD&D Program Plan

The Clean Coal Program supports DOE goals for coal, including maintaining coal's
competitiveness while meeting environmental, health, and safety requirements. The
Clean Coal RD&D Program Plan 7 (still in preparation) includes a key strategic goal
to demonstrate advanced coal technologies by 2010 with efficiencies of at least 55 per-
cent. These systems are to have emissions less than one-tenth of today's New Source
Performance Standards.

Advanced cycles using gas turbines generally have higher efficiency than those with
only steam turbines. Consequently, high efficiency coal systems being developed by
DOE (except fuel cell, diesel, and magnetohydrodynamic systems) include gas turbines:

• Integrated Gasification Combined Cycle (IGCC)

• Advanced Pressurized Fluidized Bed Combustion (APFBC)
¢

• Indirectly Fired Cycle (IFC)

• Direct Coal-Fired Gas Turbines (DCFGT).



However,eventhesesystemswillnotbeabletomeetthegoalefficiencylevelwithout
advancedturbinetechnology.Technology(suchashigh-temperatureturbinesorad-
vancedmaterials)must betransferredfrom theATS programtothecoalprogramsif

" fullpotentialsfrom thesesystemsaretobeachieved.The "CoalApplications"sub-
elementoftheATS Programisintendedtoservethisneed.

' ThroughtheATS program,new highefficiencysystemswithpossibilitiesforcoalappli-
cationwillbe identified.AlthoughthemajorsystemsportionoftheProgramwillnot
includedevelopmentortestingofcoalapplicationscomponents,systemsstudieswillad-
dressthepotentialforconvertingthesystemstocoalfiring.

3.5 Markets

Over 7GW peryearofgasturbinecapacityismanufacturedtodayintheUnitedStates,
an amount whichisrapidlygrowing.Thistranslatesintoover$1.8billionforturbines
alone,andbalance-of-plantcostsroughlydoublethisnumber.Figure1,takenfromthe
previouslyproposedNaturalEnergyStrategy(NES),9showstwelveprojectionsforUni-
tedStatesdemand forelectricitythrough2030.Combinedwithcapacityprojectionsin
the Energy Information Administration's Annual Energy Outlook 1993, s the increased
demand for electricity suggests a market of up to 15 GW per year for new power equip-
ment after the year 2000, for the High Economic Growth Case. Currently, over 50 per-
cent of new capacity installed is gas turbine systems. Predictions for natural gas availa-
bility and price are favorable, the emissions benefits of natural gas firing will likely
become even more important, and the costs of these systems will remain attractive.

Keeping United States turbine manufacturers on the forefront of power system tech-
nology will enable them to increase their already substantial exports to a rapidly grow-
ing world market. A recent study by Argonne National Laboratory (ANL) indicated a
strong influence of heat engines sales on the total United States GNP, depending on
whether the heat engines are manufactured here or abroad. _°

Gas turbines must do several things to be commercially acceptable:

• Must continue to exhibit RAM at least equal to current machines.

• Must result in lower cost of electricity than competing systems.

• Must meet ever more stringent emission requirements.

$ Must meet existing codes and standards.

• Must be asefficientaspossible.

• The ATS Program addressestheserequirements.
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SECTION 4- PROGRAM OBJECTIVES

The objective of the ATS Program is to develop ultra-high efficiency, environmentally-
superior, and cost-competitive gas turbine systems for base-load application in utility,
independent power producer (IPP), and industrial markets. Specific performance tar-
gets have been set using natural gas as the primary fuel:

• System efficiency that will exceed 60 percent [lower heating value basis (LHV)]
on natural gas for large-scale utility turbine systems, of (for industrial applica-
tions) will result in a 15 percent improvement in heat rate compared to currently
available gas turbine systems.

• An environmentally superior system that will not require use of post-combustion
emissions controls under full-load operating conditions.

• Busbar energy costs that are 10 percent less than current state-of-the-art turbine
systems, while meeting the same environmental requirements.

• Fuel-flexible designs that will operate on natural gas but are also capable of being
adapted to operate on coal, coal-derived, or biomass fuels.

• RAM that is equivalent to the current advanced turbine systems.

• Water consumption minimized to levels consistent with cost and efficiency goals.

• Commercial systems that will enter the market in the year 2000.

4.1 Ultra-High Efficiency

For large utility-scale power generation applications, ATS efficiencies will be higher
than 60 percent (LHV) on natural gas. Industrial-scale power generation systems will
improve by at least 15 percent in heat rate (from 29 to at least 34 percent, simple cycle
efficiency) over currently available gas turbine systems.

To achieve ultra-high efficiency, significant changes in turbine design are required, par-
ticularly in the following two areas:

• _CycleModifications. Innovative cycles will be needed to achieve efficiency goals,
, possibly including intercooling, chemical recuperation, massive moisture injection

(15 to 50 percent of the turbine air flow), and reheat combustors.

• • Higher Firing Temperatures. ATS will need to operate at sustained turbine firing
temperatures of more than 250°F above the highest levels used today, possibly
at high pressure ratios. Gas turbines are now reaching the practical limits of the

11



traditionalapproachforhotgaspathcooling(i.e.,airextraction).State-of-the-art
utilitygasturbinespresentlyusefiringtemperaturesofup to2,350°F,whilein-
dustrialmachinesaretypicallybelow2,100°F. Thisincreaseinfiringtempera-
ture.isa significantdesignchangebecauseitwillrequiredevelopmentofnew hot
gaspathhardware.

Section5.1discussesapproachestoachievingATS performancegoals.

4.2 EnvironmenalSuperiority

• ATS systemswillproduceI0percentlessNOx [measuredaspoundsperkilowatt-
hour (Ib/kW-hr)]thanthebestcurrentgasturbinesystems,when measuredat
full-loadoperatingconditionswithoutuseofselectivecatalyticreduction(SCR)
orotherpost-combustionemissioncontrolprocesses.[Asa referencepoint,one
turbinemanufacturercurrentlyoffersa 48 percent(LHV) efficient,combined-
cyclesystemthatproduces9 partspermillionvolume(ppm)NOx at15percent
oxygen.]

• CO and UHC emissionswilleachbelessthan20 ppm. Emissionsaremeasured
inIb/kW-hr,usingcurrentsystemefficiencies[approximately50 percent(LH_]
asreference.

Achievingenvironmentalsuperioritywillalsorequirechangesinturbinedesign,since
higherturbinefiringtemperaturestendtoincreaseNOx. Componentdevelopmentwill
beneededinanumberofareas.One areainparticular,combustordesign,may require
improvementssuchashotwallceramics,catalyticcombustion,orstagedcombustion.

4.3 ReductioninCostofPower

Gas turbinemanufacturerswillcontinuetoreducethecostsofsystemsand ofpower

duringthe1990storemaincompetitive.Gas turbinepricesinconstantdollarshave
continuedtodeclineduringthe1980sasimprovementswereaddedfromDOD develop-
ments,althoughthisshoulddiminishasDOD programsarereduced.The ATS Pro°
gram targetsa 10 percentreductionincost-of-electricitycomparedto conventional
systemsmeetingthesame environmentalrequirements.Thisreductioncanbeachieved
throughincreasedpoweroutputcomparedtocurrentdesignsforthesame turbinepack-
age,orthrougheliminationofthedownstreamclean-upequipment.

4.4 RelationshiptoCoalApplications

Whilemarketswillultimatelydeterminethemosteconomicmix ofelectricsupplyre-
sources,coalwillcontinuetoplaya majorroleinelectricpowergenerationforthe
foreseeablefuture.Coalcostsless(froman energycontentviewpoint)thanotherfossil
fuels,and theUnitedStateshasan abundantsupply- acoalreserveofmorethan250

12



yearsatcurrentconsumptionrates.Thus,developingadvancedsystemsthatcanuse
coaloracoal-basedfuelensuresthattheUnitedStateswillhavecost-effectiveand en-

. vironmentallysoundoptionsforsupplyingfuturepowergenerationneeds.

Many oftheadvanced,coal-fueledpowergenerationtechnologiescurrentlybeingdevel-
• opedordemonstratedincorporategasturbines,includingIGCC,APFBC, DCFGT, and

IFC. Systemswhereinjectedmoisturecanboostbothpowerand efficiencyincludethe
IntegratedGasificationHumid AirTurbine(IGHAT)andtheWater-AugmentedExter-
naUy-FiredCombined Cycle(EFCC).

The ATS Program willservethe need forattractivecoalsystemsin severalways.
AlthoughthemajorsystemsportionoftheProgramtargetsthedemonstrationofsys-
tems fornaturalgasfiring,studieswilladdressissuesrelatedtoadaptationofthese
systemstocoaland biomassfiring.Also,thetechnologybaseand ceramiccomponent
portionsoftheProgram willyieldtechnicalresultsthatcanbenefitsystemsfiredwith
fuelsotherthan naturalgas.Last,the "CoalApplications"portionoftheProgram
specificallyaddressesthetransferoftechnologydevelopedintheATS Program toad-
vancedcoal-fueledsystems.

Inthesame way thatATS technologycanimprovecoalsystems,technologyimprove-
mentsincoal-firedsystemscanbe incorporatedintonaturalgas-firedATS. Specific
turbineimprovementscurrentlybeingdevelopedintheCoalR&D Program include
rich-quench-leancombustorstoreduceNOx formation,hotgasscrollingbetweenthe
combustorandtheturbineexpander,combustorstoacceptgaswitharangeofcomposi-
tionsand heatingvalues,and techniquestoextractairfromthecompressordischarge
withminimum pressureloss.

4.5 Relationship to Biomass Systems

The DOE missiondictatesincreasedworktodevelopalternativeenergyoptions,includ-
ingbiomasssystems.Liquidfuelsdevelopedfrombiomassforpowergenerationrepre-
senta viablefutureoptionintheenergymix.Likecoalsystems,biomasssystemscan
incorporategasturbinesingasificationorexternally-firedcycles,ltisexpectedthat,
alsolikecoal,therewillbea significantflowoftechnologybetweentheATS Program
and programstodevelopthesesystems.

4.6 Reliability.Availability,and Maintainability

. Gasturbinemanufacturershavecontinuouslyworkedon RAM improvementssincefirst
offeringpowersystemproducts.Currentsystemshaveverygoodperformancerecords,
oftenwithover95 percentavailability.Any new systemswouldhavetomatchthisser-
vicerecordincommercialpractice.

13



4.7 Water Consumption

Qualityandquantityofwateriscriticaltositingand operatingpowersystems.Several
potentialadvancedcyclesmay usesteamorwaterinjection,suchastheHumid AirTur-
bine(HAT) cycle.To remaincompetitive,oneATS goalistomaintainwaterconsump-
tionlevelssimilartocurrentsystems.

4.8 Commercialization

SuccessfulcommercializationoftheATS willrequiremanufacturerstoconstantlyre-
examinecostan,4performancegoalsthroughoutdevelopmenttoremaincompetitive.
DuringtheProgram,commercializationstrategieswillbeaffectedbychangesinenvir-
onmentalpolicies,new materialprocessingcosts,andotherparameters.The ATS goal
istodemonstratethetechnicalperformanceofturbine-basedsystemswhichthemarket
willselectaspreferredtechnology.

14



SECTION 6 - TECHNICAL ISSUES FOR ADVANCED GAS TIYRBINE
SYSTEMS

The most important technical issues for developers of ATS are performance (efficiency
and output), emissions abatement, and reliability, availability, and maintainability

. (RAM). While one of these issues may be more important in a particular application
or situation, manufacturers must adequately address ali three technical issues suc-
cessfully to produce a viable ATS.

Operating conditions and equipment specification can be different for turbines in utility
and industrial applications. However, the impo_t technical issues are the same for
turbines in either application. Therefore, this discussion does not differentiate between
industrial and utility applications, except in the use of ceramic blading.

5.1 Performance

• Goal

The goal for ATS efficiency is 60 percent (LHV basis) for utility systems and a
15 percent improvement for industrial systems.

• Background and Current Status

Gas turbine manufacturers have recently developed and sold an improved class
of turbines. These utility-sized models have high output (over 150 MW) and high
efficiency (better than 35 percent) in the simple-cycle mode. These machines
work well in combined-cycle operation because of the high exhaust temperature
and flow. In combined-cycle utility applications, the systems have shown LHV
efficiencies of 53 percent with outputs over 200 MW. Manufacturers have also
improved the performance of aeroderivative turbines and now offer systems with
over 40 percent (LH_ efficiency and 40 MW output in simple-cycle operation.
Combined-cycle operation can push the efficiency of these systems to almost the
level achieved with non-aeroderivative turbines. Performance of combined-cycle
industrial systems varies with system size, but efficiency has now been improved,
for example, to over 40 percent in the 10 to 15 MW range.

Advanced turbines on the market continue the transfer of aircraft engine tech-
nologies to heavy-duty turbines, including advances in compressor aerodynamics,

' airfoil cooling, production techniques, and materials and coatings. Features, such
as an impingement cooled transition piece, blading with internal serpentine cool-
ing passages, and directionally solidified cast materials in the hot gas path, allow

' base-load operation at firing temperatures over 2,300 °F.
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Atpresent,gasturbinemanufacturersplantosellafurtherimprovedclassoftur-
binesinthenextfewyears.Improvementswillbeincrementalchangestoexist-
ingturbinedesigns.Thisnear-termclassofturbinesystemswillhaveefficiencies
inthemid-50percentrangeforlargeutilitysystems.Smallerturbinesystemsfor
theindustrialmarketwillalsoshow modestefficiencyimprovements.

• TechnologyImprovementstoAchieveATS Goals

ManufacturerswillnotachieveATS efficiencygoalsthroughincrementalchanges.
OnlysignificantchangesinturbinedesignwillallowtheindustrytoachieveATS
goals.Each manufacturerwillhaveitsown approach;however,changeswillin-
volvehigherfirin_temperaturesand innovativecycles.

To achievetheefficiencygoals,ATS willneedtooperateatsustainedturbine
firingtemperaturesofmore than2,600°F(comparedwiththecurrent2,350°F
firingtemperatures)and athighpressureratios.Today,manufacturersuseair
extractedfromtheturbinecompressortocoolhot-gas-pathblading.Forthenear
future,as gasturbinetechnologycontinuestoevolvealongitspresentpathof
development,use ofairextractioncoolingwillcontinue,but thistraditional
approachisnow reachingitspracticallimit.ATS firingtemperatureswill
demand changestothehot-gas-pathblading.

Thereareseveralapproachestolivingwithultra-highfiringtemperatures.Using
waterorsteamforbladecoolinggivesa highercoolingeffectiveness,materials
canbe exposedtohottergases,butwillremainatsafetemperatures.A hybrid
systemcouldusesteamforstationarypartsandadvancedaircoolingforrotating
parts.Manufacturerscanalsoperfectexistingmethodsofachievinghighcooling
effectiveness,suchasserpentineinternalsforbladingand transpirationcooling
schemes.

Materialswith improvedhigh-temperaturecorrosionresistanceand strength
allowoperationathighgastemperatures.An optionismulti-materialblading,
inwhicha corrosion-resistantskin(forexample,Inconel)protectsa substrateof
highthermalconductivity(forexample,copper).

Usingthermalbarriercoatingson airfoilsreducescoolantrequirementsand per-
mitsoperationathighfiringtemperatures.Advancedoverlaycoatings,applied
by vacuum plasmaspray,willincreaseresistancetocorrosionand oxidationat
highgastemperatures.

P

For industrialturbines,advancedceramicsareone optionformovingtohigher
firingtemperatures.Use ofceramicsforhotgaspathparts,suchasbladingand
shroudshields,willallowoperationathigherturbinefiringtemperature.
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Operating at ultra-high firing temperature alone will not achieve ATS efficiency
goals. Manufacturers must also develop innovative cycles. Potential cycle

• changes include using compressor precooling, intercooling and aftercooling, chem-
ical recuperation, thermal recuperation, massive moisture i_ection (15 to 50 per-
cent of the turbine air flow), and turbine reheat.

J

Using these cycles will require manufacturers to consider:

• Changes to compressors to accommodate inter-cooling and spray evap-
oration for cooling.

• Expanders capable of handling the increased mass flow from
moisture injected cycles.

• More cost-effective heat exchangers, including heat exchangers
to condense water from the flue gas to balance water consump-
tion in moisture i_ected cycles.

• Combustor changes to accommodate higher temperatures of combustor
inlet air.

• Tradeoff of cost and performance benefit versus possible adverse effects on
RAM.

5.2 Emissions

• Goals

Z_hesuccessfulATS willemit10percentlessNOx thanthebestavailablegastur-
binesystems,withoutpostcombustionabatement.CO andUHC emissionsmust
eachbe lessthan20 ppm.

• Backgroundand CurrentStatus

Forturbinesburningnaturalgas,NOx, UHC, andCO aretheonlypotentiallysig-
nificantemissions.CO orUHC emissionscanonlybea problemwhen thetur-
bineisoperatingatpartialloadorwhen NOx abatementisby steamorwater
injection.However,NOx formationtendstoincreasewithfiringtemperature.

. The criticalemissionsissuefortheATS is,therefore,NOx abatementathigh
firingtemperaturewithouta consequentincreaseintheotheremissions.11

. By usingdrylow-NOxtechnology,thebestsystemsnow canproducesingle-digit
(9ppmvd at 15 percentoxygen)NOx emissionlevelswithoutwateror steam
injection.12However,theselowNOx levelsareforturbineswithfiringtempera-
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turesinthe2,000°F to2,100°F range.Fortheadvancedgasturbineswithfiring
temperatureb2,300°Fand over,manufacturerscanachieve25ppmvd at15per-
centoxygenwithoutwaterorsteaminjection.Near.termimprovements(1995
time-frame)willresultintheadvancedgasturbinesproducing9ppmvd at15per-
centoxygenwithoutwaterorsteaminjection.

Several manufacturers of small gas turbines have been active in developing dry
low-NOx systems for industrial applications. However, single-digit NOx levels
may not be possible in these machines.

• Technology Improvements to Achieve ATS Goals

FormanufacturerstoachieveATS levels,theymust pursuedevelopmentinone
ormore ofthefollowingareas:

b Change combustor designs to use ceramics for the hot wall. Ceramics
allow the combustor to operate with more premixing, which in turn re-
duces NOx and formation of CO and UHC. is Ceramics also allow higher
combustor inlet temperatures such as those in a recuperative cycle.

b Use chemical recuperation of natural gas. The hydrogen content in the re-
formed fuel will increase the ability tostabilize the combustor flame and
lead to lower NOx emissions. A low-temperature reforming catalyst may
be_ _.quired.

• Developlean-premixedcombustionsystems.Thisisnotonlyimportantfor
NOx abatement,butalsoforturbineperformance.Eliminationofwater
injectionforNOx abatementcanimprovecombined-cycleefficiencyseveral
percent.Endingtheneedforselectivecatalyticreduction(SCR)afterthe
turbinesignificantlyreducessystemcapitaland operatingcosts.

• Usea catalyticmetalorceramicmatrixreactorinthecombustortoreduce
emissions.Catalystsstabilizecombustionatlowpeaktemperatures,there-
by reducingformationofNOx.

5.3 Reliability, Availability. and Maintainability

• Goal

The ATS must meet,or exceed,the RAM performanceof today'sadvanced
machines.
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• Backgroundand CurrentStatus

" Intheearly1970s,when thedemand forgasturbinessurged,domesticmanufac-
turersshippednewly-developedturbineswithunacceptableRAM levels.'4After
10 yearsofprogressivelyisolatingand correctingRAM-relatedproblemsinthe

• field (assisted by EPRI's focus on this issue in the early 1980s), manufacturers
realized they needed to design reliability into their product.

By eliminating parts and configurations which tend to compromise RAM, manu-
facturers can now produce reIiable gas-turbine-based power generation systems.
With the methods available, manufacturers should be able to exceed 3,000 hours
mean time between failures. Today's gas turbines meet the EPRI reliability goal
of 96.7 percent (based on forced outages) and the availability goal of 95 percent
(based on planned plus forced outages).

• Technology Improvements to Achieve ATS Goals

Buyers specifications have long required manufacturers to guarantee output, heat
rate, and emissions of the turbine-generator power plant. Today, buyers often re-
quire reliability guarantees as weil. Therefore, the developers of ATS must be
careful not to compromise RAM. This will certainly be a challenge to turbine
developers, because in order to meet ATS efficiency and emissions goals, devel-
opers will likely add complexity and new parts, which tends to compromise relia-
bility. For example, adding even a well-understood change like compressor inter-
cooling could compromise reliability because a heat exchanger, extra piping, and
controls are now part of the power plant.

To achieveATS goals,manufacturerswillneedtoaddressbothflange-to-flange
issuesand powerplantissues.Flange-to-flangeequipment,suchashot-gas-path
bladingand combustionhardware,areimportantbecauseinspectionand repair
ofthesepartsaffectRAM values.Power plantequipment,suchasgenerators,
microprocessorcontrols,and accessoriesareimportantbecausefailureofthese
parts,ortheirinstrumentation,cancauseforcedoutages.Controland accessory
systemsarethemajorcausesofunreliabilityingasturbineunits.One study
foundthatcontroland accessorysystemscausedone-thirdofforcedoutagetime
and two-thirdsofforcedoutages.16

. One approachtoachievingRAM goalsistouseconcurrentengineering,asystem-
aticapproachtotheintegrateddesignofproductsand theirrelatedprocesses,
includingengineeringand support.The goalofconcurrentengineering,some-
timescalled'IntegratedProductDevelopment',istodevelopa qualityproduct
whileavoidingcostlyand disruptiveiterations.A manufacturer'sATS willonly
have highRAM ifengineersaddressthereliabilityofpartsand configurations
duringthedesignprocess.Thisrequiresreliabilitygoalstobe setforboththe
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power plantand thegasturbine-generatorunit,Reliabilityanalysistools,such
as ReliabilityBlockDiagramAnalysis,FaultTreeAnalysis,and FailureModes
and EffectsAnalysis,can compareestimatedRAM toRAM goals,but meeting
goalsmay requiresimplifyinga systemoraddingredundantsensors.

5.4 Need for Government Fundin_ To Resolve Techni.cal !ssu.es

Since gas turbines were introduced commercially more than 40 years ago, manufac-
turers have steadily improved performance, emissions abatement, and RAM. Many tur-
bine improvements for the civilian sector resulted from military-sponsored R&D pro-
grams. Government funding for civilian sector turbine development has been minimal.

In recent years, the pattern of commercial turbine performance improvement has been
one of incremental upgrades to basic simple- and combined-cycle systems. Gas turbine
cycle efficiency is highly dependent on turbine inlet temperature -- the greater the inlet
temperature, the better the net system efficiency. Efficiency improvements over the
years have resulted from the higher turbine inlet temperatures that advanced materials
and air cooling of hot gas path metals have allowed. It might seem that further im-
provements in system efficiency could result from increased use of air cooling for even
higher turbine inlet temperatures. However, the diversion of greater and greater
amounts of air from the compressor side of the turbine for air cooling eventually
becomes unfeasible due to thermodynamic limitations.

Continued incremental improvements are expected to improve gas turbine systems effi-
ciencies to the mid-50 percent (LH_ range during the 1990s. To achieve the ATS Pro-
gram goal of at least 60 percent (LH_ efficiency, however, not only higher firing
temperatures but also integral cycle changes will be required. At a minimum, these
cycle changes will include advanced cooling (such as steam cooling to conserve com-
pressed air), but may also include such advances as intercooling, recuperation, or
moisture ir_ection.

The goal of the ATS Program is to achieve a step improvement in turbine systems per-
formance, significantly higher than would have otherwise been achieved by industry
alone. Therefore, government funding is necessary in order to share risk in the devel-
opment of the new systems. Involvement of U.S. turbine manufacturers in the ATS
Program will keep this segment of American industry at the cutting edge of technology,
maintaining or improving its competitive position.
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SECTION 6 - PROGRAM STRATEGY

. 6.1 Program Coordi.nation

The ATS Program isthejointresponsibilityofDOE's FE and EE Offices.As willbe
. discussedinmore detailinSections7 and 8,FE has primaryresponsibilityforthe ....

developmentand demonstrationofutilitysystems,whileEE has thesame rolefor
industrialsystems.InthetechnologybaseportionoftheProgram,EE hasresponsibil-
ityformaterialsstudies,whileFE isresponsibleformanaging an industry-driven
consortiuminwhichuniversitieswillconductgenericR&D supportingATS develop-
ment. FE willbe responsiblefortheapplicationofATS technologytocoalsystems,
whileEE willassurethatATS technologyisavailableforbiomasssystems.FE'sMor-
gantown Energy TechnologyCenterwillconductin-houseR&D in supportof the
Program.

FE and EE willeachhaveprimaryresponsibilityfortheprocurementofwork tobe
performedwithitsfunds.However,both organizationswillbe representedon the
evaluationteamsformajorprocurements.

As shown in Figure 2, a Steering Committee, including senior executives from both FE
and EE, will guide the Program. The Environmental Protection Agency will be repre-
sented, and members from the Electric Power Research Institute and the Gas Research
Institute will represent the interests and viewpoints of system users. The Steering
Committee will be the primary link with external organizations and programs. A Work-
ing Party of program and technical representatives of FE and EE will assure the
coordination of work performed under the various elements of the Program and will be
an additional interface with outside programs and organizations.

TechnologytransferbetweenProgramelementsand withotherprogramswillbecar-
riedoutina number ofways:programreviews,workshops,and systematicpublication
and exchangeofreports.

A significant element in the development of the ATS Program was the conduct of two
workshops to define gas turbine R&D needs. 1,s At these workshops, over 150 represen-
tatives of gas turbine manufacturers, funding organizations, universities, and utilities
not only identified R&D needs, but also commented on the planned Program. This Pro-
gram Plan includes input received at those forums.

NationallaboratoriesarecurrentlyparticipatinginthisprogramthroughtheEE-spon-
soredelements---particularlyinthematerialsand manufacturingtechnologyarea.
The laboratorieshaveatechnologytransfermissionwhichisservedbyprovidingexper-

• tisetotheprincipalindustrialparticipantsthroughcooperativeagreementsordirect
subcontracting.Once sucharrangementsaremade,fundingtothelaboratorieswould
be providedthroughusualWork Authorizationand fundstransfermechanisms.Na-
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tional laboratories can also submit proposals directly to DOE in response to identified
needs, and will have access to program results and identified technical issues through
participation in the workshops planned during the course of the program.

6.2 PhasingofMajorSystemsDevelopment

The bulk of Program funding will be used for the development and demonstration of
ATS by teams led by U.S. turbine manufacturers. These teams will include users, thus
enhancing the ability to define and develop ATS with real commercial viability. The
work will be done under competitively awarded contracts, and the requirement for sig-
nificant cost share (Section 11) will ensure that the contractors are seriously interested
in marketing the systems being developed.

The major systems portion of the Program (Elements I, II, and III in Figure 3) proceeds
in a sequence of phases which allows re-competition and re-evaluation of concepts at
reasonable intervals. Contracts will be of limited duration so that reduction to fewer
systems being developed can be competitively achieved at interfaces between old and
new contracts.

initial implementation of this work has proceeded along two parallel paths. In a pre-
existing program now part of the ATS Program, EE has competitively awarded a $28
million contract which will lead to a 4,000-hour test of an industrial turbine retrofitted
with ceramic components. Meanwhile, FE has initiated projects to define other ad-
vanced systems for both central power and industrial markets. Approximately $100,000
each was awarded to the six U.S. turbine vendors who manufacture turbines of a suita-
ble size for the Program. These projects led to the definition of ATS that would meet
Program goals, and which the manufacturers would like to develop and market, if Pro-
gram support is available. The next step for FE is the competitive award of cost-shared
contracts to continue four projects through concept development. Total value of these
contracts will be about $10 million, including a contractor cost-share of approximately
25 percent. Contract duration will be 18 months.

At the completion of these contracts, the FE and EE work together will have defined
the range of realistic opportunity for ATS. New competitive solicitations (by FE for
utility and by EE for industrial applications) will select projects to continue into the
component development phase of the Program. These competitions will allow a re-
assessment of concepts based on progress to date, and a re-determination that the can-
didate systems will meet all ATS Program goals. The integration of all industrial devel-
opment under EE will allow comparison of the relative merits of alternate technical ap-
proaches. In the utilities, it is expected that not ali component development will be
done in one phase, but that there will be a second, intermediate competition. Only one
utility and one industrial concept will proceed into the demonstratiol_ phase, with those
concepts selected in additional competitive solicitations.
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The funding estimates given in Section 11 assume that two industrial and two utility
projects will proceed through component development before the competitive selection
of only one each to proceed to demonstration.

6.3 ImplementationofTechnolo_,yBaseDevelopment

The TechnologyBaseDevelopmentportionoftheProgramcontainssub-elementswhich
addressgenerictechnologyissuesfortheATS. One sub-elementisthematerials/manu-
facturingtechnologyprogramtobe directedby theOak RidgeNationalLaboratory
(ORNL),withwork performedatnationallaboratoryand privateindustrysites.This
sub-elementincludesmaterialsissues,suchaslong-termmechanicalpropertytesting
andmaterialsexposuretesting,whichareimportantforallturbinemanufacturersbut
notspecifictoany oneindividualmanufacturer'sproject.Projectsinthissub-element
willbeaimedtowardhasteningtheincorporationofnew materialsandcomponentsinto
gasturbines.

FE'sMorgantownEnergyTechnologyCenter(OfficeofTechnologyBaseDevelopment)
willcarryoutR&D relevanttocriticalATS issues,includinguseofarecentlycompleted
AdvancedTurbineCombustionFacilitytoconductcombustionstudies,ltisexpected
thatsome ofthiswork willbedone incoordinationwithotherProgramefforts.The
facilityisofa propersizetoperformscreeningstudiesforturbinemanufacturersand
scaleupstudiesforuniversitiesand others.

A cooperativeagreementhasbeensignedwiththeSouthCarolinaEnergyR&D Center
foran industry/universityconsortiumtoconductR&D insupportoftheProgram. To
date,fiveturbinemanufacturershaveagreedtoco.sponsortheconsortium(AllisonGas
TurbinesDivisionofGeneralMotors,GeneralElectricPower Generation,SolarTur-
binesInc.,UnitedTechnologies'TurboPowerand MarineSystemsInc.,and Westing-
houseElectricCorporation'sPowerGenerationBusinessUnit),alongwithan engin-
eeringand constructioncompany (FluorDaniel,Inc.).To date,fifty-sixuniversities,
locatedinthirtystates,haveexpresseda desiretobeperformingmembers inthecon-
sortium.

The industrialco-sponsorsconstitutean IndustrialReviewBoard,whichidentifiesATS
issuessuitableforuniversityresearch.The SCERDC issuescompetitivesolicitations
reflectingthisguidancetoobtainproposalsfrom theuniversityparticipants.The
proposalsareevaluatedby theIndustrialReviewBoard,whichrecommendsany pro-
jectstoFE thatshouldbe supportedwiththeyear'sfunding.Approvalofthesuiteof

• projectsisprovidedbytheMETC OfficeofProductTechnologyManagement,whichis
organizationallyseparatefrom theOfficeofTechnologyBase Developmentand con-
ductsno in-houseR&D. The industrialco-sponsorscommit$25,000peryeartothe
consortiumaswellassignificanttimeinprogramguidanceand proposalreview.
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Work bytheuniversityparticipantswillbeperformedinexistingfacilities,soprogram
fundingwillbespenton R&D. Universitymembershipremainsopen,and doesnotre-
quirea fee. The work willgenerallybe non-proprietary,with intellectualrights
retainedby theperforminguniversities.

Sub-elementsoftheTechnologyBase Developmentaddresstheapplicationoftech-
nology developed in the ATS Program to coal- and biomass-fired systems being devel-
oped in other DOE programs. This work may be performed as additions to either the
ATS major systems projects or to the DOE projects to develop coal and biomass sys-
tems. These awards will be sob)-source, because they will narrowly target systems
already under development, bu_ the contracts to which the funds will be added will
b.ave been competitively awarded.
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SECTION 7 - PROGRAM STRUCTURE

• The aim ofthisProgram istoconductsystemdesignand developmentactivitiesthat
willdirectlyleadtocost-sharedfielddemonstrationoftwoATS bytheyear2000.One
ofthedemonstrationswillbeforan industrialgasturbinesystem;theotherwillbefor

. a utility-scaleturbinesystem.The demonstrationswillbefull-scaleprototypeturbines
operatingcn naturalgas.RD&D activitiesinthisProgramwillbeconductedprimarily
by teamsledby UnitedStatesturbinemav ufacturers.

The ATS Programisdividedintofourmajorelementsspanningtheperiod1992-2000.
Figure2 showstheareasofdevelopmentandstructureoftheProgram,whileFigure3
showstheschedule.

7.1 Program ElementI-InnovativeCYcleDevelopment

Thiselementincludestwo phasesledby FE:

• Program Definition/PlanningStudies

Inthisphase,sixgasturbinemanufacturersperformscopingstudiestoidentify
incentivesand definetechnicalissuesand resourcerequirementsfordeveloping
naturalgas-firedATS,withthecontractorselectingthespecificsystemconfigura-
tion(e.g.,HAT, intercooled/steam-injected,advancedcombinedcycle)and sizeto
be analyzed.The performanceoftheATS willbedefinedinthesestudiesaswell
as theperformanceoftheATS adaptedforcoal-firing.Costsfortheoverall
developmenteffortwillalsobe estimatedinthisPhase.

• ConceptDevelopment

Contractswithup tofourgasturbinemanufactureswillbe awardedtodevelop
conceptualdesignsofgas-firedATS thatcanbeadaptedforoperationon coaland
biomassfuels.The technical,economic,andenvironmentalperformanceforATS
operatingon naturalgasand ina coal-fueledmode willbe assessed.Detailed
designsofcriticalcomponentsfornaturalgas-firedATS willbe completed.A
marketstudywillbeconducted.

7.2 Pro_am ElementII-UtilitySystemDevelopmentand Demonstration

• FE isresponsibleforthethreephasesofthiselement:
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• Component Designand Testing

Criticalcomponentsfortheutility-scalesystemwillbe tested.Subscaleassem-
blieswillbe evaluated,includinghotrigtesting.A finaldesignofthemajorgas
turbinecomponentswillbegenerated.

• UtilityFull-ScaleComponentand IntegratedSubsystemTesting

FE willcontracttestingoffull-scalecomponentsand integratedsubsystemsfor
thenaturalgas-firedATS. The contractorswillmake allchangesrequiredto
meetthefullATS goals.

• UtilitySystemDemonstration

Thisphasewilldemonstratea full-scaleutilitysystemoperatingon naturalgas.

7.3 Pro_am ElementIII-IndustrialSystemDevelopmentand Demonstration

EE isresponsibleforthefourphasesofthiselement:

• CeramicRetrofitEngineDemonstration

The aim ofthisphaseistoevaluatethe effectsofsubstitutingceramiccom-
ponentsformetallicsincurrentenginedesigns,withprojectedbenefitsofin-
creasedpower output,reducedemissions,and higherefficiency.The benefits
resultinpartfromhigherturbineinlettemperatures,improvedinternalaerody-
namicflow,and reducedcoolinglosses.

Ceramiccombustors,blades,and nozzleswillbe producedand evaluatedintest
rigs. A current engine design (3.5 MW) will be modified to accept the ceramic
components, culminating in a 4,000-hour engine test. Ceramic components will
be produced and tested in both the industrial and utility turbines systems as
warranted.

• Component Design and Testing

Critical components for the industrial scale engine will be tested. Sub-scale
assemblies will be evaluated, including hot rig testing. A final design of the major
gas turbine components will be generated.

• Industrial Full-Scale Component Development and Integrated Sub-Scale Testing

EE will contract the testing of full-scale components and integrated subsystems
foran industrialsystem. •
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• Industrial System Demonstration

• An industrial-scale system will be constructed and tested for 8,000 hours
operating on natural gas.

7.4 progrsm Element IV- Technology/Base Development

The aim of this element is to support ATS development by conducting R&D on gas tur-
bine technology base issues, including materials evaluation, materials development,
coating development, manufacturing process developm_.ut, heat transfer model tvsting,
component testing, computer code development, combustion testing, and field test data
reduction. R&D on specific proprietary hardware development (for example, high flow
expanders) is not considered appropriate for the Technology Base Program element.

• Industry/University Consortium

Much of the R&D called for in this Program element will be performed by an in-
dustry/university consortium established by a cooperative agreement between FE
and the SCERDC. Industrial co-sponsors will identify critical technology needs
and evaluate proposals prepared by the university participants. Five turbine
manufacturers, an engineering and construction company, and fifty-six university
participants have joined the consortium.

• Materials/Manufacturing Technology

A separate sub-element will address critical materials and manufacturing
technology issues for the whole Program. EE will access the expertise of the Oak
Ridge Field Office for the management of this part of the Program.

• METC In-house Studies

The FE METC in-house R&D organization will also participate in the Technology
Base Development. Much of their work will likely be cooperative with other
organizations performing R&D in this Program element and in Program
Element II. In particular, a new turbine combustion facility is being completed
at METC with multiple test cells and capabilities relevant to ATS studies.

• CoalApplications

ThisFE-directedprogramsub-elementwillconsideradaptingimprovementsfor

naturalgas-fueledATS to coal-fueledsystems,ltisexpectedthattechnology
developedintheotherelementsoftheProgram willalsoimproveadvancedcoal-
basedsystems.
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• BiomassApplications

The lastprogramsub-elementwill,underEE lead,addresstheapplicationofATS
technologytobiomasssystems.
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SECTION 8 - PROGRAM MANAGEMENT

The ATS Program will marshal the resources of gas turbine manufacturers, the electric
• utility industry, and the university community, as well as government and private-sec-

tor R&D sponsors. There are a number of special management considerations because
diverse types of organizations will participate.

FE and EE will jointly manage the ATS Program as shown in Figure 4. Each of these
organizations has long-standing program management structures and procedures to
conduct government-funded programs. This section discusses only the relationships
among participating organizations and non-routine management considerations.

8.1 Steering Committee

DOE will establish a Steering Committee for the ATS Program, with representatives
from DOE/FE, DOE/EE, EPRI, GRI, and the EPA, whose function is to:

• Define Program goals and responsibilities,

• Agree on lead roles for FE and EE,

• Ensure that work under the ATS Program will complement other work conducted
by federal, state, and commercial organizations,

• Maintain a dialogue with private-sector organizations, and

• Periodically review Program direction and market prospects for ATS systems.

8.2 Responsibility Within DOE

DOE FE and EE share management responsibility for the ATS Program, as outlined
in a Memorandum of Agreement between their Assistant Secretaries (see Appendix).
Each organization will use existing support structures to manage its portion of the
Program.

Within EE, the Office of Industrial Technologies will manage EE's portion of the ATS
Program. The DOE Chicago Field Office will be responsible for procurement, day-to-
day project management, and technical support for EE's industrial contracts. DOE's

. Oak RidgeNationalLaboratorywilldirectthematerialsportionofEE'sprogram.

ProgramresponsibilityforFE'sportionoftheATS ProgramwillliewiththeOfficeof
theDeputyAssistantSecretaryforCoalTechnology.The METC Officeof Product
TechnologyManagementwillberesponsibleformanagingthisportionoftheProgram.
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In addition, researchers at METC wiU be directly involved in the technology base ele-
ment of the Program, working on barrier issues in METC's on-site laboratories.

METC will also be responsible for managing a cooperative agreement with SCERDC,
which has set up an industry-led consortium of universities to perform generic R&D
support.

EE and FE members of the Steering Committee will define and periodically review lead
roles for FE and EE. Initial scope splits will likely be as follows.

EE will be responsible for:

• Development of ceramic components for the existing stationary gas turbines pro-
gram (also known as the retrofit engine or 4,000-hour engine). Improvement of
the components of the retrofit engine to be suitable for a full-service engine.

• A demonstration in industry of the full-service industrial engine cogeneration
system, using an improved performance steam system.

• Development of advanced ceramic components.

• Development of generic materials technology applicable to the full range of ATS.

• Development of sub-systems and peripherals (e.g., heat exchangers and recuper-
ators) for industrial engine systems.

• Support of technology base development.

• Integration with biomass-derived fuels.

FE will be responsible for:

• Systems studies by major engine manufacturers.

• Development of the components for utility systems.

• Utility demonstration of innovative systems.

• Utility demonstration of high-temperature capability.

• Technology base development.

• Combustion development related to ATS.
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• Integration with coal-derived fuels.

• 8.3 Procurement

Generally FE and EE will be responsible for procurement and management for the
. funds in their budgets. In some cases, however, it may be advantageous to pursue joint

procurement, or for one organization to handle some procurements for the other. DOE
will use various procurement vehicles to secure the work necessary for the ATS
Program. Ali procurement will comply with the requirements of the Federal Acquisi-
tion Regulations, the National Environmental Protection Act, and ali other federal,
state, and local laws and regulations.

8.4 Intellectual Rights

Manufacturers of gas turbines will conduct much of the major development in the ATS
Program under cost-shared contracts with DOE. This approach increases technology
transfer to and cost-sharing by the final commercializers of advanced turbines. Since
industry will share a large portion (See Section 9) of Program costs for the major
projects, DOE expects to grant advance patent waivers for this part of the work. A
large part of the generic technology base work will not be highly cost shared, but laws
pertaining to work by universities and small businesses may apply•

8.5 TechnologyTransfer

An activeinterchangeofinformationbetweenvariouselementsoftheATS Programis
neededtomaximizeoverallProgram progress.Contractorreportsand programre-
views,whicharestandardfeaturesofbothFE and EE programmanagement,willen-
hanceintra-programcommunication;reportswillbe widelydisseminated,and review
meetingswillbeopentoallProgramparticipants.When possible,reviewmeetingswill
be heldjointly,withperformersofdifferentelementsoftheProgram participating,
Specialmeetingswilladdressspecifictopics,and may be structuredalongthelinesof
thetwo Clemsonworkshops.

33



i
i



SECTION 9 - ACTIVITIES TO DATE

The past year has seen the completion of ms, or elements of program planning and the
initial stages of implementation:

9.1 Clemson Workshops

Two workshops were sponsored by DOE and Clemson University? ,2 Each workshop
brought together over 75 representatives from the gas turbine R&D and user communi-
ties. Gas turbine manufacturers, the electric utility industry, and the university com-
munity were represented, along with government and private sector R&D sponsors.
These workshops were one (but not the only) mechanism for defining Program goals
and assessing Program value. A draft pla_ for the ATS Program was presented at the
second workshop and revised based on comments of workshop participants. The plan
has since been presented in several other forums, receiving broad support from turbine
manufacturers and users.

9.2 FE/EE Cooperative Planning

FE and EE have cooperated closely in planning an integrated Program that takes ad-
vantage of the strengths of each organization. A Memorandum of Agreement between
FE and EE has been signed by their Assistant Secretaries. It is included in the
Appendix.

9.3 GRII EPRI Cooperative Planning

Participation in the Clemson workshops and meetings with METC management have
been the primary vehicles for GRI and EPRI input into ATS Program planning. GRI
and EPRI will be members of the Steering Committee, along with representatives of
FE, EE, and EPA. The Steering Committee will have liaison responsibility for other
organizations, such as the American Gas Turbine Manufacturers Association and the
Pacific Gas and Electric Company.

9.4 Systems Studies

Systems studies were initiated by six turbine manufacturers: Allison Gas Turbines, Asea
Brown Boveri, GE, Solar Turbines, Turbo Power and Marine, and Westinghouse. The
manufacturers were selected on the basis that they manufacture, in the U.S., turbines
large enough to apply into the Program. The studies are sources of information essen-
tial for Program planning. They define systems that will meet Program goals and
assess cost and performance. The six manufacturers have submitted preliminary letter
reports identifying the systems they would like to develop, and estimating costs for
development.

35



9.5 CeramicComponentsAward

IncludedintheoverallATS ProgramistheexistingEE programtodevelopand demon-
strateceramicretrofitcomponentsforan industrialturbine.SolarTurbines,Inc.,was
awarded$28 milliontodevelopthistechnologyoverthenextfiveyears,includinga
4,000-hourdemonstrationofintegratedsystemoperation.

9.6 Industry/UniversityConsortium

A cooperativeagreementhasbeenawardedtoSouthCarolinaEnergyR&D Centerto
fundan industry/universityconsortiumtomeet many oftheneedsofthetechnology
baseportionoftheProgram.Initialfundingforthegenerictechnologywork tobeper-
formedbytheconsortiumis$2 millioninthefirstyear.To date,fiveturbinemanufac-
turersand an engineeringand constructioncompany havecommittedtojointhecon-
sortiumasindustrialsponsors.Fifty-threeuniversitieshaverequesteda copyofthe
initialsolicitation.

The consortium will be industry-driven: the industrial sponsors will define areas of tur-
bine technology needing advancement, and the university participants will prepare pro-
posals for evaluation by the industrial sponsors.

9,7 Solicitation Released

A RequestforProposalsIshasbeen issuedtoestablishfourprojectsfortheconcept
developmentportionoftheProgram.Totalcostofthefourprojectswillapproach$10
million.The projectswillincludein-depthsystemdefinitionandconceptualdesign,as
wellasperformance,costand marketanalysis.Each willdevelopan integratedpro-
gram plan,whichwilldefinetherequirementstocontinuesystemdevelopmentthrough
demonstrationand commercialization.The contractvaluesalsoincludework on the

designand testingofcriticalcomponents.FE isresponsibleforthisprocurement,but
aEE representativeison theevaluationteam.Award ofcontractsisscheduledforJuly
1993.
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SECTION 10 . RELATIONSHIP TO OTHER PROGRAMS

i0.1 DOE/EE programs

SeveralmajorEE projectsorprogramswillindirectlysupportfortheATS Program:

' • CogenerationPro_am. Thisprogramdevelopsadvancedcogenerationequip-
ment,includingthehigh.performancesteamturbineproject.Thisprogrampoten-
tiallyoffersone improvedsteam turbineoptionfortheATS combined-cycle
systems.

• ContinuousFiberReinforcedComposites-This10-year,$100 millionprogram
willdevelopnew ceramiccompositematerialsforindustrialapplications,in-
cludinggasturbinecomponents.

• AdvancedTurbineTechnologyADDlicationsPro_am (ATTAP) -This5-yearpro-
gram advancestheuseofturbinesforautomotiveapplications.

• CeramicsforAdvancedTurbineEngines-Thisprojectprovidesceramicmaterials
supportfortheATTAP program.

10.2 DOE/FE Programs

The followingFE programsoffertechnicalsupportortargetsforintegrationwithcoal-
derivedfuel:

• Coal-FueledTurbines-Direct-coal-firedgasturbinesarebeingdevelopedforelec-

tricpower generation.Technologydevelopedinthiscoalprogramhas already
beencommercializedfornaturalgasapplications,anditisexpectedthatadvances
willcontributetotheATS Program.

• IntegratedGasificationCombivedCycle(IGCC)-Systemsarebeingdevelopedin
which gasifiedcoalfuelscombined-cyclesystemsintegratedwiththe gasifier.
CombustiontechnologydevelopedinthisprogramcouldcontributetotheATS
Program,and high-performanceATS turbineswillimproveIGCC systemper-
formance.

• AdvancedPressurizedFluidizedBed Combustion-'Second-generation'pressur-
. izedfluidizedbedcombustion(PFBC)systemsusecoalpyrolysisproductstoin-

creaseturbineinlettemperature.Thistechnologyisfollowingfirst-generation
PFBC intothedemonstrationphase.
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* Indirectly Fired Cycle (IFC) - These gas turbine systems must address technology
issues that also need to be investigated for some ATS systems, including high
temperature combustion while limiting NOx emissions.

o CleanCoalTechnoloL_wPro_am -Inthisprogramadvancedcoaltechnologiesare
demonstratedatfullscaleinprojectsthataremore than50 percentcost-shared
by industrialparticipants.Advancedsystemsand componev.t_withapplication
tonaturalgasaswellascoalwillcompletedevelopmentinthisprogram.

o AdvancedResearchand TechnoloevDevelovmeutProgram -Thisprogramin-__
cludesongoingresearchand developmenton combustion,materials,and other
relatedfields.

10.3 OtherFederalAgenciesv

A number ofFederalprogramsoutsideDOE aredevelopingtechnologywhichmay bene-
fit(andmay benefitfrom)theATS Program. In additionto existingprogramsto
transferinformation,technologywillbeexchangedwiththeseprogramsthroughinter-
actionsbyalllevelsofProgramparticipants.The UnitedStatesturbinemanufacturers
who willtaketheleadinmajordevelopmentprojectsalsoSypicallyparticipateinthese
programs,establishinga more effectivedirectcommunication.

Significantprogramsinthiscategoryinclude:

• IntegratedHigh PerformanceTurbineEngineTechnoloRv-Combined services
projectforadvancedmilitary*,urbinedevelopment.

• NationalAeroSuacePlane-Experimentalcomponentdevelopment.

• StrategicDefenseInitiative-Work on advancedturbinematerialsand systems.

• AdvancedHichTemperatureEngineMaterialsTechnoloevProgram(HITEMP) -
NASA Civilianaircraftenginecomponentdevelopment.

• AdvancedResearchProj__tsAgen_ (ARPA) -Advancedceramicsand turbine
developmentprograms.

• NavalSurfaceWarfareCenter-Programcoveringsteami_ectionand waterin-
jectionforgasturbines,aswellasintercooledrecuperatedgasturbinesformarine
application.

• MaterialsDevelopmentprogramsintheNavy,AirForce,and Army.
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10".4Non-FederalPro_ams

A number ofrelatedmajorprogramsarebeingconductedby organizationsotherthan
theFederalgovernment:

• GR_..JI-The Gas ResearchInstituteconductsa comprehensiveyrogram dealing
' withnaturalgasissues.Majoreffortsaddressnaturalgasutilizationinallsec-

tors,includingelectricpowergeneration.Theirprogramsincludework comple-
mentarytothattobeperformedundertheATS Program.GRI isrepresentedon
theATS ProgramSteeringCommitteetoincorporateGRI/industryparticipation
and expertise,and toensurethatactivitiesarecooperativewithno duplication
of effort.

• EPRI -The ElectricPowerResearchInstituteconductsadiverseprogramaddres-
singissuesofinteresttomember electricutilities,includingsubstantialefforton
gasturbinesystems.LikeGRI, itenjoyseffectiveindustryparticipationinits
programdevelopmentandplanning,and EPRrs expertisecoversawiderangeof
utilityissuesand technologies.EPRI isalsoa member oftheATS Program
SteeringCommittee,ensuringeffectivecoordinationwiththeirprograms.

• Other Public and Private Organizations - Significant programs are conducted by
such organizations as the California Energy Commission and the Pacific Gas and
Electric Company. The Steering Committee will assign responsibility for coordin-
ation with these organizations.
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SECTION 11 - RESOURCE REQ_MENTS

TableigivesfundingrequirementsfortheATS Programoveritsplannedeight-year
duration.The costsareorganizedaccordingtothefivework elementsshown inFigure
2 and Figure3.

Initialcostestimatesforthework elementswerebasedon FE andEE experiencewith
similartypesofwork.The greatestuncertaintyintheseearlyestimateswasinthecost
ofthemajorsystemsportionoftheProgram.Revisedestimateswerebasedon thelet-
terreportsfromthesixturbinemanufacturersselectedforsystemsstudies.•The letter
reportsidentifiedthesystemsofinteresttothemanufacturersand estimatedProgram
costs,differentiatingbetweencomponentdevelopmentand demonstrationcosts.Aver-
agesoftheseestimateswereusedtodevelopthe"UtilityApplication_ and "Industrial
Application_ estimatesshown inthetable.

The requiredcostshareswere presentedatthesecondClemsonworkshop,withthe
generalconsensusthattheywerereasonable.Althoughnotrequested,someoftheletter
reportsalsovolunteeredthatthecost-sharerequirementswouldbemet. The willing-
nessoftheturbinemanufacturerstoparticipateinsuchhighlycost-sharedwork isevi-
denceofthevalueoftheProgram toU.S.industry.

The costsharesusedtoestimateProgramcostweredividedaccordingtotypeofwork:

GenericResearchand Development .................. 2 to10 %

CoalCrosscut...................................... 25 %

ConceptualDesignand Laboratory-ScaleTesting ........... 25 %

Component Development ............................. 35 %

Demonstration..................................... 50 %
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SECTION 12 - CONCLUSIONS

FE and EE haveplanneda ProgramforthedevelopmentofATS forbase-loadpower
generationinutilityand industrialapplications.Theseenvironmentallybenignsystems
willbehighlyefficient,substantiallyreducingnationalfueluseandsupportingtheDOE
callforincreasedefficiencyinallenergysectors.The systemswillinitiallybe fired
withnaturalgasbutwillbeadaptabletocoalandbiomassfuels,supportingthecallfor
fuelflexibility.The ProgramwillhelpkeeptheU.S.gasturbineindustryatthefore-
frontofpowergenerationtechnologyand benefittheU.S.economy.

ThereisbroadsupportfortheProgram.Turbinemanufacturershavevoicedtheirde-
siretoparticipate(evenwithhighcostshareplanned)andhaveendorsedtheProgram
goalsand timing.EPRI and GRI alsojoinedintheplanningprocess,ashave repre-
sentativesoftheusercommunityand otherswho wouldparticipateintheProgram.
BoththeExecutiveBranchandtheCongresshavesupportedtheATS Programintheir
budgetingand appropriationsprocesses.

DOE recommendsthattheplannedProgrambe implemented.
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APPENDIX

AGREEMENT
Assistant Secretary for Fossil Energy

- and
Assistant Secretary for Conservation and Renewable Energy

on

THE ADVANCED TURBINE SYSTEMS (ATS) PROGRAM.

I. Introduction

A. Background

The UnitedStateshasaleadershippositioninthedesignandmanufactureofgas
turbinesforbothairborneand stationaryservice.Contributionstothisleader-
shippositionhavecome fromboththeaeronauticaland thepower industryef-
forts.Thisleadershiprolehas been,and iscontinuingto be,challengedby
foreignmanufacturers.Thissituationhasbeenrecognizedbyindustry.Congress
has requestedthedevelopmentof an industry-supportedplanto addressthe
problem.

B. Purposeand Scope

The purposeofthisAgreementistostructurea relationshipbetweenFossil
Energy(FE)and Conservationand RenewableEnergy(CE)whichwillassistin
theorganization,planningandexecutionofanAdvancedTurbineSystems(ATS)
program. This program isto provideadvancesin fuelefficiency,to reduce
environmentalimpacts,and toimprovecostcompetitivenessofU.S.gasturbine
systems.The ATS programwillinvolvebothtechnologydevelopmentand sys-
temsdemonstration.

The scopeoftheprogramincludesstationarygasturbines,associatedheatex-
changers,and materialsand systemsforutilityand industrialservicethatare
firedby naturalgas.Utilitysystemsshallhavethepotentialforlateradaption
tocoal-derivedfuel.Improvementsintheperformanceofthesystemsareexpect-
edtobeachievedby inherentprimemoverandsystemchanges,notby "add-on"
equipment.

C. Authority

Senate Report 102-122 to accompany the Department of Interior and Related
Agencies Appropriations Bill for Fiscal Year 1992 which stated "$750,000 is for
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advanced turbine development in concert with the Energy Conservation Research
Programs." In response to this request, the Morgantown Energy Technology
Center (METC) of FE is preparing a program plan in concert with The Office of
Industrial Technologies of CE.

D. Policy

As designated by Congress, the Assistant Secretary for Fossil Energy is respon-
sible for the overall program in cooperation with the Assistant Secretary of
Conservation and Renewable Energy. Disputes that can not be resolved will be
forwarded in writing to the Secretary of Energy for binding resolution.

II. Management and Program Guidelines

A. Organization

CE

The CE portion of the ATS program will be managed by the Industrial Energy
Efficiency Division of the Office of Industrial Technologies.

F_EE

The FE portion of the ATS program will be managed by the Office of Product
Technology Management of the Morgantown Energy Technology Center.

B. Management and Review

A Steering Committee will be established to coordinate the work performed under
the ATS program with that being supported by other funding organizations.

The membership and the duties of the Steering Committee will be defined in de-
tail in the coordinated program plan.

FE and CE will, in accordance with the provisions of the Memorandum-Of-Under-
standing, each provide members for the Steering Committee.

The CE and FE members of the Steering Committee will define program goals
and responsibilities, and agree on lead roles for CE and FE. They will periodi-
cally evaluateprogramtechnicalprogressand plans,and reviewtheeconomics
ofthesystemsbeingdeveloped.Based on theseevaluations,theywilldefine
appropriateCE and FE budgetrequirementsfortheprogramtoproceed.
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The parties to this Agreement will designate Program Managers and organize
teams; establish milestones & schedules; develop, justify and defend budgets to
support mutually agreed upon program plans; and initiate & administer necessary

• contractual actions for their respective designated efforts.

The parties will appoint a Working Party to develop a program plan and oversee
. the execution of that plan. The expectation is that the Working Party will consist

of members of the Industrial Energy Efficiency Division of the Office of Industrial
Technologies, CE and the Office of Product Technology Management of the
Morgantown Energy Technology Center, FE. The chairmanship of the Working
Party will rotate on an annual basis with the first chairman designated by FE.

FE and CE will conduct program reviews of components of the ATS program.
Whenever feasible these reviews will be held together. They will maintain liaison
and exchange information on developments that are related to but not part of the
ATS program.

C. Guidelines

Lead roles for FE and CE will be defined by the CE and FE members of the
Steering Committee and periodically reviewed. It is expected that initial roles
will include:

CE will be responsible for:

• The development of ceramic components for existing stationary gas
turbines program (also known as the retrofit engine or 1000 hour en-
gine). Improvement of the components of the retrofit engine to be
suitable for a full service engine.

• A demonstration in industry of the full service industrial engine cogener-
ation system, utilizing an improved performance steam system.

• Development of advanced ceramic components.

• Generic materials technology development applicable to the full range of
ATS.

• Development of industrial engine sub-systems and peripherals (e.g. heat
• exchangers/recuperators).

• Support of the technology base development.

• Integration with biomass-derived fuels.
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FE will be responsible for:

• Systemsstudiestobeconductedby majorenginemanufacturers.

• The development of the components for the utility machine in the ATS
program.

• The conduct of the improved systems utility machine demonstration.

• The conduct of the high temperature capability demonstration of the
utility machine.

• Technology base development.

• CombustiondevelopmentrelatedtotheATS program.

• Integrationwithcoal.derivedfuels.

Both FE and CE will include a requirement for monthly reports of progress in
any contracts issued in support of this program. These reports will be submitted
to the Office responsible for the work, with copies to the Working Group mem-
bers as appropriate.

D. ProgramFunding

BothCE and FE willberesponsibleforpreparingand defendingthebudgetsfor
theirportionoftheATS programforpresentationtotheCongressaspartof
theirannualrequest.Each partyagreestodiligentlypursuesufficientfunding
tocarryoutthemutuallyagreedupon programplan.

III. Administration

A. Patentsand TechnicalData

._ Rights in patentsand technicaldata willbe managed in accordancewith
appropriateDOE ordersand regulations.

B. PublicInformationCoordination

FE and CE agreethatpublicinformationreleasesconcerningtheATS program
will be coordinated with each other prior to release.
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C. Amendment and Termination

This Agreement may be amended at the mutual agreement of the parties and
' may be terminated by either party.

This Agreement shall be reviewed every three years to determine its continuing
• applicability.

D. Effective Date

The effective period for this Agreement is from 1 January 1992 to 1 January
2002 unless terminated at a sooner date.

APPROVED

Originalsignedby: Originalsignedby:

J. Michael Davis, P.E. James G. Randolph
Assistant Secretary Assistant Secretary
Conservation and Renewable Energy Fossil Energy
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