
evelopment of systems that can producecoal-derived transportation fuels, chemi-

cals, and other products, at costs competitive

with oil-derived products, is an important part

of the clean coal technologies RD&D program.

Several d!fferent approaches have been under-

taken to provide a diversity of products and to

enable the integration of coal-based fuels into

the U.S. fitel supply and distribution system.
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irect Liquefaction is the catalytic conversion

of coal into light hydrocarbon liquids, by

reaction with hydrogen at elevated tempera-

tures and pressures in the presence of a

coal-based hydroaromatic solvent. The

resulting "synthetic crude oil" can be

processed into transportation fuels and chemicals

using the existing petroleum-re[ining infrastructure.

The Direct Coal Liquefaction Systems program focuses

on the development of advanced processes for the

production of coal-derived liquids at high conversion

efficiency, with superior environmental performance,

and at low capital and operatinq costs. The objective

is to develop systems that can produce liquid trans-

portation fuels and chemicals from coal at a cost

competitive with that of equivalent petroleum-

derived products.



The Dh-ect Coal Liquefaction Systems Environmental requirements are met The two acldlthmal demonstration-

progrmn is a time-phased research by existing proof of-concept (POC) related program elenlents are:

and development ellbrt to develop systems, which produce distillates • POC-scale demonstration,

cost-ell'ectlve and environmentally that have a lower sulfur and mineral * Commercial-scale demonstration.
acceptable technologies lbr the pro- content than petroleum does, The ltq-

The process development program
ductlon of transportation fuels l'rom ulds produced can be upgraded using

coal, conventional t)etroleum-reflnlng tech- elements involve small-scale research
and development, plus engineering,

nologies to produce gasoline, diesel

The Direct Coal Liquefaction fuel, jet fuel, and other liquid trails- economk', and environmental analy-
Process ses. POC demonstrations will take

portation fuels, along with by-product

Direct liquefaction converts coal chemicals. The gasoline derived from place at the 3-tons-per-day scale, and

dh'ectly to distillate liquids in a single coal is comparable to petroleum- subsequent demonstrations will take

step without _oln_ through an inter- based gasoline, and meets the aro- place at a commercial scale,
mediate gaseous state as does indi-

marie content limits of the Clean Air In addition to these five program ele-
rect liquefaction. As a result, the

Act/Mnendments of 1990. Although ments, the Direct Liquelaction pro-
process has a i elatively high thermal

products from this technoloKv meet gram is also supported by cross-
efl'lciency of between 60 and 70 per-

current fuel specifications, additional cutting activities In a number of other
cent, and a high product yield.

work is needed to improve the eco- areas. These include:

Dh'ect iiquetaction breaks the large, nomics of producing and refining coal • Fuels Base Research

complex components of coal tnto liquids. • Coal Preparation
smaller compounds that tbrm liquids

witl! properties similar to petroleum. Program Elements • ttydrogen/Synthesis Gas

t lydrogen is added to the ('oal during The Direct l,iquefaction program cov- production

liquefaclion, raising the hydro_en-to- ers all aspects of technolokw clevelop- • Waste Management

carbon ratio of the coal-based liquids ment. from basic and exploratory The Direct Liquefaction program

to a level comparal)h' 1o l)etroleum research, through a 3-tons-per-day lbcuses on process improvements

products. POC unit. In all, the program has five required tor making this technoloKy
elements. "File three research and

cost-competitive with petroleum-

deveh)pment program elements are: based fuels technologies, The goal is

• Catalytic two-stage liquefaction to develop coal-based technologies,

process development, by the next decade, that can provide

• Coal/Oil coprocessing process an all-distillate product slate at a cost

development, of $25 per barrel.

• Advanced liquefaction concepts

process development.

2-Stage Direct Liquefaction Process

De_/elopment, ' _POC _, ' commercial '• demonstration ' ' demonstration

Advanced Direct Liquefaction Process

>, Directliquelactionprocessesfor pro-
ductionol liquidfuelsfromcoal are cur- Coal/Oil Coprocessing Liquefaction Process

rentyunderdevelopment,andmay be I J POC Commercialreadyfor commercial-scaledemonstra- Development demo demonstration
ttonsinthe nextdecade.Development
comprisesR&Deffortsat laboratory-, _="-

bench-,andPOC-levels. _990 2000 2010
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RD&D Program Goals

Baseline Advanced
Direct Liquefaction Systems Process Process

_ ._ ...............

3,5 4.0 4.0 4.5
m m

benign benign

II= Gas to
4 Recycled Hydrogen Clean-Up

Hot

Hydrogen _ Separator

lst-Stagel _ / _ Cold

Catalytic _ ! Separator
Reactor _ i

J_ Distillates to

Upgrading

l _ 2nd-Stage Fractionation

Catalytic Vessel

Reactor

Coal

Preheater Solids
Separator Solids toGasifier

Slurry
Mix

Tank Recycled SlurryOil

A Directliquefactionbreaksthe large, complexmoleculesotcoal intoliquids
with propertiessimilar to petroleum.Inthis process,the coal is firstslurriedwith

coal-derivedoil, preheated,thenpassedthroughtwoebullating-bedreactors,
bothoperatedat hightemperaturesandpressures,andbothcontainingcatalyst

pelletssuspendedin a hydrogen/slurrystream.Hydrogenis addedto the coal
duringliquefactionto raisethe hydrogen-to-carbonratioof thecoal-basedliquids
to a levelcomparableto petroleumproducts.
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There are three nu_jor nreas of inter- Catalytic Two-Stage Coal/Oil Coprocessing Process

feinted, SeClUen('edclirecl licluefac'tion Liquefaction Process Development

NI)&I) ac'tivlly: c'atnlyti(" twc)-sta_e Development Copro('esstn_ inv()lves tile siti_tzltane-

Ilcltlefa('tlol3. ('opz'c3c'esshl/d,.and One of the prhlt'lpa] fc)('uses of the t)tl_; ('onvcl'S|Oll of ('o;ll illld _.theavy

advanc,ecl llcltlefac'tion c'olnt'epts. Each [)lrec't l.tcluefac'tion program is the petroleum residuum, anti is likely to

of these researc'h areas Is evaluatecl development of the c'atalytlc' twc)- a(,c,ount for the first proclu(.th)n of

ancl (,c)ntrolh.cl through the I'OC sta_,e llcluel'ac'tion proc'ess. The prod- c.oal-I)asecl trallsp()rtatlon fuels tn

clemonstratlon sta_e by aclclltlonal ii('ts of this two-sla_e process are exlsttn/4 pc'tr'oletmm refhlm'ies.

engineering, t,('onomi(', anti environ- refinel_-c'ompatlble cltstillates, whlc'h Ac'th'lth's in this l)i'()_F[lili element

menial analyses tllat provlch' Rulct- c:an I)e further proc,essecl, nslnR nor- tnc'hlcle the (_pilrnlzalimi of reactor

alice lc)r Iurtht, r research ancl proc,ess real rel'lnin_ proceclures, into a vari- and proc'ess ('mffi_tlratlons, sln_h'-

inte_rnth)vi. The ol_jeclive ()1"these ely of Iranspc)rtatlon lllels. .,4ta_eancl lwo-sta_e proc'essln_,

mmlyses is lo c:h'terniine optimum Ac'tlvlltes in this program element enlargement c)t a feedstock c'ompali-

ch'si_ll (._vffi_uralions. proc'ess c,oncli- inc'hlde h|l_¢_ratm_- and I)enc'h-sc'ale bilily dalal)ase, anct further clefinlliml

lions, alid i)rodu('l slalc,s, to Ilit'el the P,&I) aimed at ctc,nlonstratin_ oplimal of proc'_?ss o])(,r_|llons,

program's ec'c)nonih_anct eilvirmmlen- el)tfllattnR-becl renc'tc_rsysten_ perfor-

l;ll _oals. Prc_je(,tswhlc'h arc' tec,hni- manc'e for l)ittmlinc)us and sul)l)itu-

c'ally s,,c.c._,_slul are s,'reened through niinons coals. The m_\jor c'c)mpc)nenls

an ec'otlomh, evalnatim_ prior to of this eft'm't are testln_ ('omnierc'ially

_('nh' up to the _exl level cff I,_&D. to avaihlbh _sut_portecl ealalysls, ctevel-

_'nsl_re their benefits to the overall opin_ scale-up data tbr a commerc'iai

plant ch'si_n, clesi_n, clemonstralln_ improved

hyclro_en utilization, and veril_,in_

hnprovecl proc'ess conclitlmls and

configurations ch,velopecl ch_rin_
bent'h- so,ale research.

iProllrnm Elements Inl:eraction

POC-scale Commercial-=" scaledemonstration
demonstration

' " A < Manyelementsareneededtobringabout
v theearlycommercializationoftwo-stagedirect

coalliquefactiontechnology,andcoal/oil
coprocessingis likelytointroducecoalearliest
intorefineries.Advancedresearchincrosscut-

tingtechnologiesiscrucialtoearlycommer-
'_ , clalizationofdirectliquefactiontechnology.

AdVanced " '. _ .... POC-scaletestingconfirmslaboratory-and
liquefaction _ Commercial- bench-scaledevelopments,andprovidesconcepts POC-scale
process demonstrationi ="scale, demonstration designdatafora commercial-scaledemonstra-
development ......... i tion,whichis expectedtofollowclosely.
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Advanced Liquefaction Concepts Proof-of-Concept Demonstration Commercial-Scale

Process Development At the Process Deveh)pnlent Unit Demonstration
This third element l'Cmuses on the {PI)U) l'ac'|lity in l.awrencev|lle. New This 1)rc)/dranl eh'men| focuses on the

Inll)mvexnent of liquefactionte('hnol- Jersey. the two-sta_e ebulh|tlng-bed desl_n, (.(mstrlwtlmt,start-tnp,and

o_v throuRh novel concepts and ca|a- reac'torsystem willbe tlsed [o con- operatiollof (,omnmrclal-scah"

lvsis ilml have the l)olentlal |o due| POC testln R to jlllpl'ove tile e('()- demonstratR)n fueili|ies fox" (life('[ e()al

increase pt'o_,ess efficiency and sole('- llOlll|c's of the lllost ])romlsln_, llqt|efaetlon pro(.esses currently

tlvlty. IJquelh(,lt()n (.hemistry is a developments of the three process under development. Stwh larRe-scale

subelement (_1"this activity. To further dew, lopmen| proRram elements: ('at- demonstration, If eventually under-

the hleniifh'ation and develol)menl of aly|ie two-sta_e llqtmfac,tion. ('()al/oll taken, wotdd be selected by ('Drill)ell-

new process c(mcepts, five ('ontrae- eopro(,essln_, nnd advanced Ilqtmfac- rive l)roeurenmnt, and would have at

tots were ¢'lmsen in 1991 to ptlrsue lion concepts. The B-tons-per-day leas| a 50 pen'ent cost-share from an

labt)ra|ow-scale research. The m(_st faeili|y has tile Ilexiblllty to test industrial partner or ('Ol-lsorlltlnL

pron|isln_ ('oxmepts will I)e tested at improved ('onfiRuratlons and equip- These large-seals delnonstratl(ms

the bench-scale level, and fiu'|her men| on a larger scale, tn order to wmlld serf's |o provide verit'it, ation of

verific'ntiml will theF! be conducted at dem(mstrate operability, create prod- the design and scale-up basis, prove

l'OC-scale, uets for upgradlnR and end-use IonR-ternl operabnllty of process c'om-

()tiler ('ross('utllllR reseax'('h activities shndles, and provide enRlneering{ data portents, and allow more ae('urale

related to advan_{'ed liquel'aelion con- for _'ommereial seah'-up design, enRinem-in_, environmental, and

('epls in_c'h_de pl'e('(HlVel'SiOll pl'o('ess- e('OllC)llll(" eva]Hatiolls ()f tile

iz_t_l() hnl)rove seal reaelivl|y nnd te('|m°l°Ries"

hy(Ir()_ell tttillzati(m, iml_)X'()ved _xy-

L_el-i;111(Illlinlcl'al relllOvitl to reduce

l'et_l'eSsjve i't'_t('liOllS. ('()_ll ('lealdn.R to

iml)rove liql_id yiehls slid pro('ess

_)l)exali()n. nlVI ])()tl()xllS i)ro(esslnR to

dett'r;nine eifi(,it, n| ways to remove

XldHex'al nl_tl|('F _lzlcI tllll'e;l('ted ('onl.

1990 1995 2000 2005 2010

..... eench:scaie i
Catalytic ............. development J

Two-Stage ................................
Liquefaction Subsystemsandcomponents R&DProcess ............................................................

Development ................ Engineering; economic, }
_k ....................................... environmen_! analyses.i

Coal/Oil _a;_o._ ; ,_ .,:.__
>. Theprincipalgoal of theDirect Coprocessing __._ ,__ ..,___,_..__.__

Coal Liquefactionprogramis to Process
facililate the c0mmercializaiion Development

of coal-derivedtransportalion _k
"T

Laboratory
1stud|e_fuels whichmeet environmental 1

standardsandare cost-competi- Advanced
live with petroleum-derivedfuels. Liquefaction

Concepts
Environmentalrequirementsare Process
alreadymet byexistingPOCsys- Development

tems, whichproducedistillates ..}_1that havea lowersulfurandmin-

eral contentthanpetroleumdoes. "F"
Meeting the goal of cost competi- /tivenesswill requirefurther
processimprovements.The POCDemonstration
DirectLiquefactionprogram /
focusesprimarilyon these

,Engineering,economic
..... environmental analyses

• ' Catalytic
2-stage

liquefaction

• • Coal/oil
coprocessing

,Adv. liquefaction
conceptsimprovements,with the goal ot

developing,bythe early2000s, a -r
systemthatwill provideall- Commercial Commercial
distillate fuels 10r$25 per barrel, Demonstration demonstrations
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Major Demonstratiq)ns and Activities

HRI,Inc.
3t0ns/dayP0CFacility

Lawrenceville,NewJersey

Shading indicatesstateswhere
DOE-fundedresearchactivitiesoccur.

DOE-fundedresearchactivityis alsotaking
place in Alberta, Canada.



ndirect liquefaction is the catalytic conver-

sion of coal-derived synthesis gas, at mod-

erate temperature and pressure, into liquid

fuels such as methanol, gasoline, and

diesel fuel, and octane enhancers such as

methyl tertiary-butyl ether (MTBE).

The Indirect Coal Liquefaction Systems program

focuses on the development of advanced processes for

the production of coal-derived fuels and chemicals

that have high conversion efficiency, superior environ-

mental performance, and low capital and operating

costs. The objective is to develop systems that can

produce liquid transportation fuels and chemicals

.from coat at a cost competitive with equivalent

petroleum-based products. The indirect liquefaction

technologies currently under development have been

shown to convert coal into fuels that comply with the

future air qua'_ity standards mandated by the Clean

Air Act Amendments of 1990.
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The lncltrc'('t C'oal l.lqliHa('tlon The hydr()carl)ml liwIn have no are- Si)et.lfl(" a(.tlvltle.% within ('aHI of the

_Vnil'llln|)l'Ol_l';llll[n H tilll('.l)ll_|n¢'(l lll_|ll('()rnilH'tll"t'OlllpOtllltln_lll(l lll_ljofpF()_,l'_llllt']tHll('II[nill't'V('I__

n,sean.li l)roRram Io develop c'ost- exhibit v_'ry low toxl('lly, lloth these similar. The work anno('laied with

ell'ectlve and euwlrmmlexHally a('__'(,pl- and the ()xy_enaiecI l't_elnare environ- ea('h al't'a fo(.tnses ox'niml)rm.'hl_ ('ala-

able t_,HmoloRlen Ihr the l)mdnc'tlml mentally nLq_erlor nnd will c'omply iynt a(.tivlty, nel_'ctlvity, anti life:

()1'tratlnl)ortatl(nl IiIHn. lttel additives, wilh th(" fltture air quality standards enhan('lnR tht, ylelcl and Clmfltty oi the

anti ill Rh vahnl ' H]t, ml('ai.'-; from foal. mandated hy the Clean Air A('t produc'ts: ImprovhiR rea_'tor perfor-

Amenclments of 1990. mane'e: and redu_'lnR pr(_du(.tlon
The Indirect Coal Liquefaction t'ontn.
Process Program Elements

lndire('t ('(_al Ii(lIwl'a('tlml te('hn()l()Rlen Tile lndlx'ec't Coal l.i_luefa('tion pro- Program Goals

t.mwerl ('()al hHo liclllLcl Inels and Rram ('overn all aspects of teHmolok,_' With the at'hl('v('ment of th('se ac'tlvl-

('h_'mlc'aln in tw_ _tepn. I_ tlw Iirnt development., from bank" and ties, the follovvinR npec'lflc' px'o_ram

nit, l). (.oal in Ranllied ll_ tlw pr_'sen_'e expl()ralory r(,searH_ thrm_h pre('om- Reals ('nn be ac,('ompilsl'_ecl:

()1oxygen awd nit'am to _en_erate a merc'lal clem(_nntratlon m_lts. Six pro- • The l)rochn('ti()n of _,anollne and

_a_ t'()_Halx_ln_mo_th/(.nrh()n mm_ox- Rx'mn el(,mentn have been clellned, cllesel I'uHs thai are ('Oml)etitive

icle ;u_d hyclr()_(T_ (i.e. nv_th_'nl_ _as). "l'ht" three xm_j()rpx'o_ram Hementn with l'uel._ l:_X'oclut'edlr()m petro

In the _(.('_)n(I_t_'l). the _vntlle_ln _an. art' the" (tevH()pment _)fteHmoloRl('s lento. ('(_stlnR ,$:25 p('r I_ax'r('l.
_dtt.r heinR Hem_'d _1 lnH)_n'itlen, in for hydrc_carhm_ 1"_.,Iprod_('tl_n_. I'_r

• The prochn(.tlm_ of hi,h-quality
('(,nv_'rted t)%'the _(' c)l v;u't(n_n r('a('- ()xV/_,('li_ll('(I lll('l i)rocl_H'tic)n, and I()I"

hyclro('arb()n Inels that me(,t ()r

I(,r_. ('nlnly_ln. a_(I (,lWXalill_ ('(,n(ti- hl_,l_-vah_' ('h_.xnl('aln l)r()clu('tic)u_, ex('_'ectthe recluirenwnts of the
lion_s il_l() a vax'i('tv of pr()(IL_('ts. "l'lwn_. Iml)(_rtant n(lclltlmu_l t)r(_Rram fie 19c)0 Ci:leax'lAir Act AmenchnexHn.
l_r_(h_('tn luwl_h': m_,ntn, dv'lve_ lar_Hy by the three

• The prod_n_.tlon _)1inol)_tanol from
• tlvdm('_rl)()v_ lllel_s.._ll('h ;IS R_ln(,) I1Hljllr t'l('lll¢'lllN, lll('hi(l(' _lClVilll('('(!

('oal al a prl('e (.()ml)elillve wtll;
!i_'. (li_'n_'l 1_'1. ;_(I l_'t Ii_H. n'search, l_ro_ff-ol" ('m_cept (1'()(:')tent-

('(_n','m_tlc)_al nm_r('en. (II in

al('()h()l Ii_'ls (_'.R..unmlum()l). ;_n(I _fltlmately. the ('()nnmer_'lal cleun(m- t.xpe('tedcc_Io co)st $1.26 p('r _Rali()nIn l .).)o.)
_)xyRm_at_'d1_'1 additiv('n (t'._.. ntralim_ el _,('onoml_'alh,'vlal)le
etllt'rn anxcle_levn), pr(_('ennen. • Tht' l:_rothnc'tio_of mt'thyl tertiary-

hulyl ether from coal at a prk'e

• l'u't,mi_n_n c,l_,tx_ic'nls, ,_('h an ('ompelitive with ('onvexHional

()1('11_ _x_cl l)Uxnlltuu(" wax. notn-('en. (It inexl)ec'tetl t() cont

al)(n_t $1.30 per _allon in 1,c)95.}

Chemicals Methanol)
> Currently,thedevelopmentof
indirectliquelactionprocessesIor
chemicalsproductionisnearing
commercial-scaledemonstration. Oxygenates

,,_, .,,%_ _ _ ,,

AlthoughseveralPOCdemonstra- __
lionsofindirectliquefactiontech-
nologiesarecurrentlyinprogress,
thedevelopmentel advancedtech- Hydrocarbons (Fischer-Tropsch)

I I AdvancedteChn°l°gy I Commer_ialdem°nologlesmayleadtoadditional Development POCdemo
P0Cdemonstrationslaleinthis
decade.Commercial-scaledemon-
strationswouldthenlollowearlyin .... I),.
thenextdecade. 1990 2000 2010
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RD&D Program Goals

Present Advanced
indlre_:tLiquefaction Systems Te_:hnology Technology

- S_ US
55% 6O%

to meet 1995 to exoeed2000

CAAAregulations CAAAregulations

benign benign

CAAA=CIoanAirAclAmendments

Steam Particulate
Removal Shift

Synthesis Reactor
Gas

Gasifier _ Steam

Heat
Coal _anger

Feed
Oxygen Water Ash :Particulates o

>, Indirectcoalliquelactionlechnologies Steam_ Bypass Around
convertcoalintoliquidfuelsandchemicals Boiler ShiftReactor
intwosequentialstages.First,coalisgasi- FeedWater Gas
liedusingoxygenandsteamtogeneratea Synthesis / Cleanup

gascontainingmostlycarbonmonoxideand Reactor_
hydrogen.Thisisknownassynthesisgas. Ash
Thenthesynthesisgasis cleanedofimpuri- _!_

tiesandconvertedintoavarietyofproducts, Liquidproducts_,

includinghydrocarbonfuels,oxygenated _ .
compounds,andpremiumchemicals,by ,,=By-ProductSulfur
employingvariousreactors,catalysts,and Steam '_ andCO2Recovery
operatingconditions.Dilferentproducts
resultdependingonthecatalystandcondi-
tionsemployed.



Indirect Liquefactio n Program Activities

The Indirect Coal IA(luefa(.tion pro- Dew'lolmwnl w(wk on irmt and c()lmlt synthesis have the same _eneral

Rram elemelHs encompass the ldenii- catalysis invcflves the i)r(-t)aralion Roals as for hydro('arhon synthesis,

licatlon and proRressive development and evaluation of new, improved for- dllli, renI types of catalysts, stwh as

of promisin_ new hleas for lechnoioKy mulatlons (for Fischer-Tropsch syn- copper-hased and rtlthenlum-lmsed

evohflion, from bench-scale to large- thesis). The emphasis is on achieving catalysis, are being ewflt,aled. Of par-

scale POC leslln/_, as appropriate, hiEher levels of activity, seleeilvlly, th'tth|r Interest Is resear('h on poison-

Second- and third-Eeneralton tech- and stabillly, while also redu(,InE the tolerant catalysts and the develop-

nologles, st.l('h as hhwonverslon, are ('ost of commercial operations. The menl of novel synthesis routes It}

expected to he products of lhls develol_ment of catalyst/wax separa- I'uels. DOE's Aliematlve Fuels

process, lion tet,hniques is also an important Developmenl Unit will also be used to

research l'oetm for the stwcessl'ttl evaltmle promlsln_ lechnoloRh's

Hydrocarbon Fuels Technology development of slurry phase rea('tors, and/or prot'ess improvements.

Development All promisin_ catalysts and other
This program elemenl is concerned

technoloEieal developments will be
wit h the development of ('oal-derived

evaluated in DOE's Alternative Fuels
trn|tSl)Ortation fi,els for use either

[)evelolmlent Unit at l.aPorle, Texas.
alone. ()r it] blends with t'ommer('lal

l)elrt)letlm-I)ased transl)orlallon fuels. Oxygenated Fuels Technology
Of parlicuhtr iml)orlan('e is the ability Development

of the final prodt|('ts to meel or The a('tlvlth's In this program element

exl'eed exJslill_ _llld ltllure reguht- are simlhtr to the RD&D activities

l i(}lls lbr atHomotive emissions, described for ihe hydrocarhon fuels

l)eveh_pnlenl aclivilies o=| process program element, l lowever, since the

tet'lHloioEies in(,lude work on both foctls is oxyEenaled compounds, lit(,

calalysls aiid :dt_r_3, reactt}r,s Io resear('h ('olllell| (liflers. Process

iml)rove their l)erforntant,e, ht the development activities are fot'tlsed on

case of slurz 3, le_l('lors, entplutsis is iml)rovin _ te('ltnoh)_ies lot alcohol

also ,_iveli Io eslat)lisllilll_ _lll ell_i- and elher synl|lesis. Willie catalysl

nt'erin_ data base for the scale-tl l) developmelfl a('tivilies for oxygenates

and design of a ('omntert'iai real'tot.

Hydrocarbon '
fuelsprocess
development

Oxygenated
•fuels process
development

Commercial- < Baseresearchandprocessdevelop-=- scale
demonstrations mentactivitieswill leadto the develop-

, mentof advancedindirectliquefaction
prncessesfor fuelsandchemicalspr0duc-

; lion. Commercial-scaledemonstrationofv
.... , the liquid-phasemethanolproductio,via

[ Chemicals indirectliquefactionis partof DOE'sClean
I procNe

development CoalTechnologyprogram.Additionalcommercial-scaledemonstrationsof indi-

rect liquefactionprocessesare expected
[ ] ] _ earlyin thenext decade.

1990 2000 2010
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High-Value Chemical Advanced Research on Indirect Sulfur-toleran! bacteria arc also

Development Coal Liquefaction being developed in an attempt to

Synthesis _as, as well as primal' The advanced research progrmn is reduce the cost of sulfur removal

products from the synthesis gas con- focusin_ on novel biological synthesis from synthesis _as prior to its

version process, offer a myriad of _as conversion te('hnolo_ies for the conversion to al('ohols. Promisin_

opporl urlities for t he prodtl('lion of produ('lion of fuels and (,hemicals. technologies resulting from this work I

hi_h-value chemi('als. The manufac- technologies thai have potential for must undergo a preliminary e('o- =

tLire of dimethyl ether [I)ME) flom major breakthroughs. Such improved nomic assessnlent, and will then be

synthesis gas has already been technologies may lead to substan- further developed under the appropri-

demonstrated al DOE's Alternative tially reduced product costs or high- ate major program element.

Fuels Development Unit. The proc- quality products. The feasibility of an

essing of (timethy] ether, with or with- integrated two-stage synthesis gas

out synthesis gas present, has been fennentation process for producing a

shown to yield hi_h-value chemicals mixture of ah'ohols is being explored.

and chemical intermediates. Pro(-ess

modificalions and improved calalysts

arc beinlt explored for the production

of iht.se and other valuahle chemicals

and inl crnlediales.

, Major Activities and Mile:stones '

1992 1994 1996 1998 2000 2002 2004

T
i ..............................................................I

[ Catalyst developmentHydrocarbon t

Fuels

ITechnology Catalyst/wax separation
Development development

! 81urryreactor development ]-L

Oxygenated
Fuels Technology

Development

>- Commercializationof i
advancedindirectliquefaction T

processesis theoverallobjec- /
Assessment

of high-value
chemicalstiveof the IndirectLiquefaction High-Value

Systemsprogram.Thisis Chemicals
Experimental

production of high,
• value chemicals

expectedto followoperationof |
large-scalecommercialdemon- l
strationplantsforindividual
technologies,fundedat least 50 Advanced

Research
percentbyprivateindustry.

DOE-sponsoredapplied T
Hydrocarbon

synthesis
testingresearchandprocessdevelop-

mentthat concentrateonreactor POC
Testing Alternative fuels develo)men1

unittestin
design,processchemistry,and 1
kinetics,as well as catalyst 1

-.x- r -1

development, will bring new Commercial-Scale _ Commercial-scale I
technologiesto the pointof Demonstration _ demonstration
commercialdemonstration. -'-



Proof-of-Concept Testing Recent work at the laeflity has suc- Private Sector Participation
At DOE's Alternative Fuels cessfully demonstrated the use of In all developnlent activities of the

Development Unit, the slurry bubble slurry, reactors Io synthesize hydro- pr()grmn elemenis described, private-

column reactor has been used to con- carbons. This type of reactor, used to sector pariicipation will be sought to

duct POC testing. This testing is produce methanol, will be demon- expedite the evclliual eommercializa-

(lesigned to improve qhe economics of strafed in DOE's Clean Coal Program. lion of the teclnl(fl_u_ies. Of particular

hydrocarbon fuel, oxygenated fuel. Future runs will focus on the synthe- inlp()rl_tll( _. tin' 11_, l_rmatlon of

and gas conversion technologie, for sis of higher alcohols, ethers, and induslry/Lt_v_'rt_ _)nsortiunls for

hiRh-wdue chemicals synthesis. This additional hydrocarbon fuels, ea(']l iww 1 ,lnd cooperative

reactor is especially appropriate for Commercial-Scale evah_;_' a)E's Alternative

use with coal-derived synthesis gas: Demonstration F_¢,! Ill Unit. After suc-

it is simple to construct, has high This program elemenl tbcuses on the (¢' ,_,lratlon at POC-scale,

productivity, and offers vez_ efficient design, construction, start-up, and Ilw I_¢ J ,_¢_I4ies will be ready lor

heat transfer capabilities, operation of a commercial-scale commercial demonstration.

demonstration facility for an indirect

coal liquefaction technolokW being

developed under DOE sponsorship.

This large-scale demonstration plant

would be selected by competitive pro-

curement, and would have at least a

50 pe'cent cost-share from an indus-

trial parlner or consortium.

Air Products
Commercial-Scale
Demonstrationof Liquid-
PhaseMethanol

Siteundetermined

Air Products

Shading indicates states where AlternativeFuels
DOE-funded research activities occur. DevelopmentUnit

LaPorte,Texas



ydrogen and synthesis gas can be pro-

duced by gasification of coal, and are

important feedstocks for the production of

fuels and chemicals through indirect and

direct coal liquefaction. Production of

hydrogen now constitutes about one-

quarter of the total cost of making fuels by direct lique-

faction; similarly, production of synthesis gas now

constitutes about two-thirds of the total cost for mak-

ing fuels and chemicals by indirect liquefaction.

Hydrogen is also expected to eventually become an

important fuel in its own right, for use in fuel cells to

produce electricity, and for direct use as a gaseous

transportation fuel.

The HydrogenSynthesis Gas program focuses on the

development of new, environmentally superior, afford-

able technologies for production of hydrogen and syn-

thesis gas from coal. The objective is to improve the

commercial viability of liquid fuels produced from coal,

by providing less expensive sources of hydrogen and

synthesis gas than will be available in the

future from natural gas feedstocks.



ltydrogen and synthesis gas are Hydrogen/Synthesis Gas Program Goals

Intermediate products of coal Production The objective of the Hydrogen/

gasification. Hydrogen and synthesis gas are now Synthesis Gas program Is to develop

normally produced by steam reform- and commercialize new coal-based

Synthesis Gas ing of natural gas, which is currently technologies that will tzl the future

Synthesis gas, a mixture of hydrogen the least costly route. Although a t_w have cost advantages over their

and carbon monoxide, is an impor- commercial applications involving natural-gas-based counterparts.

tant intermediate produc.t in the coal-derived synthesis gas already The costs of liquid fuels that result
manufacture of liquid fuels and exist, it is the development of

from coal liquefaction processes are

chemicals, and results from the reac- advanced, lower-cost coal-based sys- greatly dependent on the costs of pro-

tion of coal, oxygen, and steam in a terns for the production of hydro- ducing hydrogen or synthesis gas.
coal gasifier. Once produced, synthe- gen/synthesis gas, combined with the

Production of hydrogen now consti-

sis gas can be processed ("shifted") to expected gradual rise in natural gas tutes about one-quarter the total cost

produce gaseous l_edstocks with cus- prices, which will eventually make
of making fuels by direct liquefaction;

tom ratios of hydrogen to carbon coal tile preferred route. sirnilarly, production of synthesis gas

monoxide, lbr specific fuels produc- currently constitutes about two-

(ion processes, thirds the total cost of making fuels

Hydrogen and chemicals by indirect liquelae-

ltydrogen, in addition to being a con- tion. Future competitiveness of coal-

siiltzenl of synthesis gas, is a valu- based liquid fuels versus their

able chemical feedstock and fuel in petroleum-based counterparts may

its own right, which can be produced therelore depend on the developmep.t

by further shifting of, and separation of eoal-based systems that dramati-

from, synthesis _,as, cally lower the cost of production of

hydrogen and synthesis gas.

Hydrogen Production Systems

I
>-Developmentof advancedprocesses Synthesis Gas Production Systems

f°r I°w'c°st pr°ducti°n°f hydr°genand l ]Pilot-scale Commercial i
synthesisgasfromcoal may leadto Development demonstration demonstration
proof-of-concept(POC)demonstrations

inthe nextdecadeandcommercialintro- i i ! _'_
duction bythe year 2010.

1990 2000 2010 2020



RD&D Program Goals

Hydrogen/Synthesis Gas Systems
HydrogenlSynthesis G:. J

Systems at least 10% lower
than nstural-gse-based

There are four major I lydrogen/ systems at time of" commercialization
Svnthesis Gas progrmn elements: (by 2010)

• Advanced gasification technolog_ A, to meet all
environmentel

d evelopn m n t. regulations

• Gas separations technoloKy benign or saleable

development.

• Systems integration and support

studies.

• Pilot- and commercial-scale

demonst rat ions.

Each of these program elements rep-

resents a necessm T step for evenlual

comnmrcial acceptance of coal-based

hydro t_en and synl hesis _as as a

replacement for natural-gas-based

production of these fuels. Gas sepa-

rations lechnoloKw, systems integra-

l ion, and economic and technical

support studies will initially lead to

improved processes tirol are techni-

cally viable, but may still not be eco-

nomically cOral)el it ive. Fu ttl re

advances in coal _asification tectmol-

okry and associated systems integra-

tion and optimization can lead to

lar_de-scale demonstrations of

advanced, lower cost processes.

Prepared Particulate Contaminant
Coal Removal Separation

Gasifier with nthesis
Catalyst Gas

Unreacted [Coal Particles
Air or I Sulfur Recovery

Oxygen &Ash

I Hydrogen
Separation

I

Ash Hydrogen

¢
Fuel Gas

A Systemsfor theproductionof hydrogenor synthesisgasconsistof a

gasifierwhichconvertscoal orcoal-derivedmaterialintoa mixtureof
gases.Acatalystis usedto increasethe hydrogenconcentrationinthe

gases.Afterremovalof particlesof incompletelyreactedcoal or ash, the
gas is separatedinhigh-temperaturemembranereactorsto providepure
hydrogenor a synthesisgasfree of contaminants.
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The Hydrogen/Synthesls Gas Gas Separations Technology Systems Integration and Support

Systems program has a number of Development Studies
specific, activities under way that Activities In this program element This l)rogram elcment focuses on the

will advance the individual program center on development of several dif- integration of gasffier and gas separa-

eleinents, ferent highly selective gas separation tlons technoloKv using computer

membranes capable of operating at models, at the rehltively small i)roc -

Advanced Gasification elevated temperatures and pressures ess research tlIltt (PRU) scale ofdevel-
Technology Development

characteristic of coal gasification opment. A series of markel studies
This progranl element focuses on

product gas. These advanced mere- and Iechr|ical and economic analyses
identificathm and development of

branes will be of great technical and will also be conducted, in order to
advanced gasitication processes ca-

economic benefit because they will identi[}/optimum systein configura-
pal)It of t)roduclng synthesis gas with

allow: tions. Small-scale component testing
a relatively high hydro}4en content,

and with coniparaiively low carbon • Hydrogen separation from is also a part of this program

dioxide _eneration. Included in this synthesis gas. element.

program element is Technolo(*_gv Base • Carbon dioxide separation from Pilot- and Commercial-Scale
Rcsearcrh for the developmenl of bio- synthesis gas. Demonstrations

logical (,oal _asificaiion processes, • Efficient removal of hydrogen This program element in('ludes

and developnient of new catalysts lbr sulfide, ammonia, and other design, constructioi], and operation

use in steam gasification of coal. contaminants, of both pilot-scale and commercial-

scale demonstrations of advanced

coal-l)ased processes tor the produc-

tion of hydrogeri and synthesis gas.

Where appropriate, pilot-scale lacili-

ties Illlght be incorporated cost-

effectively into more conaprehensive

DOE installations, such as a slip-

stream at an ah'cady existing Clean

Coal IGCC Demons!ration or

another shnilar large-scale facility.

Commercial-scale demonsl rat ions

could also be part of future, broader

demonstrations of coal liquetaction

technologies. Such demonstration

l:)lanls would be selected by colnpeti-

live procurement, and would have al

least a 50 percent cost-share fronl an

industrial partner or consortium.

Pilot-scale Large-scale
demonstration demonstration
(hydrogen) (hydrogen) "<"Baseline" processesforproductionof syn-

+ , thesisgas fromcoalhaveseen commercial
_' applicationinthe 1980sandearlier. Systems

integration,supportstudies,andadvancesin
gasseparaliu41stechnologywill lead to

ii improved,but notyet fullyoptimized,coal-

Pilot-scale Large-scale basedprocessesfortheproductionof hydro-
demonstration demonstration genandsynthesisgas. Futureadvancesin

i Systems............i (synthesisgas) (synthesisgas) gasificationtechnology(includingbiogasifica-
,,integration
i andsupport i ............. tion)andassociatedsystemintegration/
i _studies.......... ] optimizationstudiesmay leadto advanced

cost-competitiveprocesses,whichaftersuc-

[ ] ] _ cessfullarge-scaledemonstrationswill result
1990 2000 2010 incommercialintroductionbytheyear2010.
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Thermochem,Inc.
AdvancedPulseGasification
Demonstration
428tons/day CleanCoalDemonstration

Gillette, Wyoming

Shadingindicatesstateswhere
DOE-fundedresearchactivitiesoccur.

1990 1995 2000 2005 2010

v

> Commercializationof -[............................... A-dv-ance-d-ga-sif/er-i
/ developmentadvancedprocessesfor the ..............................................................................1

productionof hydrogenand Advanced
synthesisgasis a long- Gasification .................. Catalyst_Technology development
termgoal of the Hydrogen/ Development ...................................
SynthesisGasSystems J ..................................... B-iogas-ifle.a-_0n-]
program.Processimprove- _L. -.....................................................stu-d!esl

ments in gasification andgasseparationstechnology G_s
Separations

arenecessaryfordevelop- Technology

mentoftheseadvanced Developmentprocesses.Small-scale J..

integrationstudiesand I
testingof systemcompo- Systems
nentswouldprecedepro- Integration , Synthesisgas.procese

integration teetini, . , , . .:,
posedpilot-scaletestingol and

Support
fullyintegratedsystems, Studies
andproposedcommercial- |
scaledemonstrations J_
(fundedat least50 percent "]" " Advanced hydrogen pro_ess

byanindustrialpartner) j pilot-scale demonstrationcouldoccuras part o!more ,-,,_u^'4"ance_synthesisuo"a= process
i

comprehensivedem0nstra- Demonstrations, pilot-scale demonstration

tionsofcoal liquefaction /

technologies. _ Commercial
: demonstrations

.
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ild gas_cation is the conversion of coal

by low-temperature pyrolysis and sub-

sequent second-stage pracessing to a

variety of value-added solid, liquid,

and gaseous products. In a mild gasifi-

cation process, coal is converted into

useful products for several different market sectors.

The Mild Gasification Systems program focuses on

development of advanced integrated processes for the

production of coal-derived fuels, chemicals, and other

industrial products at high conversion efficiency, with

superior environmental performance, and at low capi-

tal and operating costs. The objective is to develop

systems that can produce an array of useful coal-

derived products at a cost which is competitive with

alternative methods of manufacturing these products.



MIM _aslfi('ali(m is based on coal There are currently two classillca- The major Mild Gasification Systenls

pyrolysis te('tuloh)<v. Mild _asiflcation ttons of mild gasification IechnoloKv: program elements include:

systems are shnple, relatively low- • First-Generation Mild Gaslflcatlorl • Process research unit {PRU) stud-

cost systems for producing, a broad Systems, which upgrade lower les for adwmced mild _,astflcatton

speclrunl of useful, cIivtromnentally rank coal to a high-quality utility systenls.

acceptable, and economical products boiler fuel while also proclucln_ • Support studies and activities.

via coal pyrolysis. The proccss rcsulls liquid fuel, • Adwmced nllld gasification process

in ihrec types of primary prodtwts: • Advanced Mild Gasification proof-of-concept (POC) demonstra-
t_ases (5-10 percent), liquids {10-30

Syslenls, which produce a Illuch lion, at process demonstration

t)el'CClll), alia solid ('liar (50-70 per- broader speclrutli of value.-added trait- or pilot-scale.
ccnt). These (lisiributlons can vary fuels, chenlleals, arid industrial
greatly, del)endln _ on specific pyroly- • Commercial-scale demonstration

products.
sis process conditiol|s and Ihc type of of advanced mild gasification

coal belr|g utilized. Program Goals systems.

Tlwsc primary or raw products can Currently, the Mild Gasification Each of these program elements rep-

then be ftlrlhcr t,pgraded using Sysierns program has two primary resents a necessaw step towards the

st't'olld-siil_e processes to creale a objeclives: eventual commercialization of

variety of vahw-added products for • To demonstrate at commercial- advanced mild gasification technol-

different markcl sc(:lors. Char can be scale a first-generation Mild ogsy. Support studies, including

processed to l)ro(luce form coke, car- Gasification System by the year process modeling and product char-

b(m blat'k, activated carboll, and spe- 1995. acterization, and small-scale process

('ialty fiwls. Mild _asiflcalion liquids • To develop a commercially viable development have led to a _qable
advanced mild gasification process.

can be lractionaled or catalytically Advanced Mild Gasification System

cracked, or they can ulldergo hydro- by the year 2000. Successful pilot-scale demonslratlon
Irealill_ Io produce chelnical feed- of this process may lead to a large-

A first-generation Mild Gasillcation
stocks, ('ill'bOll eleclrodcs, o(,lallC scale demonstration that will attract

Cll]l_lll(,Cl'S. diesel fuel blenders, pitch, Syslenl, the ENCOAL Mild Oasifi- commercial interest.
cation Projecl is part of the DOE

anti road I)indcrs. l'rimarv gaseotls
Clean Coal Technolo!_y program and

pro(Itwls will inosI frcqtwntly be c(m-
is expected to complete commercial-

SUllied I)5, Ill(, process to _cncrale
scale denmnstration by the year

heal for pyrolysis, _dthotl_h scpara-
1995. Advanced mild gasification sys-

li()ll ()l bypro(ltwls Stl(']l as allllllonia
ienls are the primary focus of the

lr(m| the t)rinml3, gaseotls product
DOE dcveloprnent cflorts described

sll'ettIIl is possibh'.
11e r e.

>. Currently. first-generationmildgasification
systemsare at thecommercialdemonstration
slageof development.Thesesystems,typifiedby First-Generation Process

lionproject,upgradelower-rankcoal toa high- ,_:,I:_f_:!__: _:_*:_: :¢;_1
q,ality utilityboilerfuel whilealso producing
liquidfuelproducts Developmentof advanced Advanced Process

mildgaslficati°nsyslemsmaylead t° dem°nstra" [ Development [Demonstration Commercialization ]tionandeventualcommercializationofprocesses
thatproducea muchbroaderspectrumof value-
addedfuels,chemicals,andindustrialproducts

fromcoal 1990 2000 2010
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RD&D Program Goals

Mild Gasification Systems

to meet all
environmental
regulations

benign

as good as equivalent
products currently
available

up to 10% less than
alternative means of
creating equivalent
products

Scrubbing/
Gas Cleanup

Volatiles

Pyrolyzer Air

Gaseous
Coal By-Products

Ammonia

Cha_ C°mbust°rlLiquids

Processing/ i Processing/ _

Upgrading i Fractionation

,[...........................i ....................
Form Utility Carbon Activated Pitch Phenols Octane Naphtha
Coke Fuel Products Carbon Enhancers

Road Naphtha- Toluene
Binders lene Diesel

Blenders Xylene

J, Mild gasificationis a lesscostly,coal-basedalternativeto traditional
petroleum-basedmeansof producingliquidandsolidfuelsand othernon-

fuelproducts.Thecoal is first fed intoa pyrolyzerreactorwhereliquids,
solids,andvariousvolatilesare produced.

Char,the majorproduct,canbefurtherprocessed(blended,briquetted,and
carbonized)to producea seriesofvaluable end-products,suchas form

coke,utilityfuel, andactivatedcarbon.The volatilesarecondensedto pro-
duceliquids,whichbecomefeedstocksfortheproductionof high-value

chemicalsandfuels,throughvariousprocessoperationssuchasfractional
distillationand hydrotreating.Noncondensiblefuelgas is generallyusedto

produceprocessheatforthepyrolyzer.Typicalproductsfrommildgasifica-
rio, includepitch,heavyoils, middleoils, and lightoils. Whenfurther
refined,thesecan lead to varioustransportationfuels,octaneenhancers,
androad hinders.



i

The Mild Gasification Systmns pro- Support Studies • Collect data for lhe design ()f a

_ram has a numt)er of '_l)ecifi( ' aclWi- A variety of support studies are being possible fitttu'e commercial-scale

ties under way that ,,viii advance the carried out at DOE research facilities, demonstration phmt.

individual program elemenls, national laboratories, utflversllles, • Prepare a detailed deslRn of stwh a

and prh,ate Industry. These studies dernonstrathm phmt.Process Research Unit Studies

hwlude: • l)rodtt('e suMclently large amountsIn 1987, fottr corm'actor teams were

chosen 1o deveh)p four dtlferenl mild • Moclellng of the mlM gasification oi; products lor subsequent up-

gasification concepts at tile 100- processes. _radlng and leslhtg.

pound-per-hotw process research * Development of key technologies • Develop technical an(! eeonomte

trait (PRU) scale, ga('h of these teams needed tn the processes, lnlbrmathm and plans lor eventual

Included process developers, coal • Separation and characterization eonnneretallzatton of tile process.

producers, process engineers, and methods for the solid and liquid An industrial team, whh,h is headed

product end-users. This realistic, products, by the Kerr-McGee corporation and

multldlsclplina W approach assures a • Development of upgradhlg and will be responsible for design, con-

stweesslul bh, ndln_ of process and procluct testing, strnetlon, and operation of tills PDU,

prodtw! viewpoints, fi'om research to was seleeted ha 1992, Activities in
• Technical and economic assess-

the commercial market, this program element may be com-
ments of tile processes under

l'rodtw! _roullS have been chosen, as development, pleted by 1997.
well as Ihe technologies and coals to

The support studies are expected to Commercial-Scale
deveh)p each of the prodlicts. PRU-

coni lntm through 1998; some have Demonstration
sized reaelol's have l)een designed,

receh'ed flmdlng from lhe Advanced One DOE-supported, first-generation
btlill, and operated, and the various

Research program, mlkl gasification commercial-scale

prodtwts have been tested at small demonstralton is currently In
scale. Several teams also designed POC Pilot-Scale Demonstration

progress, the ENCOAI. Mild Gaslfica-

0.5- to 1-ton-per-hotlr P[)Us, based This program element includes tlon I"rolect, which is part of the DOE

on these slnall-scale results. Three of desi/dn, construction, and operation Clean Coal Technolokw program.
the PRU l)roje('ts were successfully of an advanced ntlld gasification

This program element lbeuses on the
completed in 1992, and the remain- process, which may be demonstrated

design, construction, start-up, and
in_ project will be ('Omlfleled in 1993. at the 1-Ion-per-hour scale. The

operation of an advanced mild gasift-
hllenl is to:

cation commercial-scale facility. Stleh

• l)emonstrate Integrated operation a demonstration plant would be

of the process, selected by competitive procurentent,

and would have at least a 50 per('enl

cost-share from an industrial partner

or eotlsorlhlln.

Support
studies '

!

=,'iCommercial
demonstration < Processmodeling,productcharacteriza-t

............... tion andothersupportstudies,as well as
.......... T.......... processdevelopmentatthe PRU-scale,

i ......... i I
. Process i Process I haveled to thedevelopmentof advanced
' research ! development I

unitstudies _ unitPOC i mildgasificationprocesses.Oneor moreof
.........................J ............... theseprocesseswill have a POCdemon-

strationat pilot-plant-scale,whichwill

_, ] ] ] _ pavethewaytowardeventualcommercial-
1990 1995 2000 scaledemonstrations.



Major Demonstrations and Activities

ENCOAL

Mild GasificationProject Kerr-McGee
Liquid/solid products from coal ProcessDevelopmentUnit
1000tons/dayDemonstration Scale-upto 1 ton/hour

QIIlette, Wyoming Carbondale,Illinois

CTCCorporation
1000Ib/hour POCFacility

Bristol,Virginia

Shadingindicatesstateswhere
DOE-fundedresearchactivitiesoccur.

>. Commercializationofan

advancedmild gasification
processis the overallobjective
ofthe Mild Gasification 1990 1995 2000
Systemsprogram,andwould
followoperationof a large-
scaledemonstrationplant

i ..........................fundedat least 50 percentby PRU studies !
anindustrialpartner.DOE- L ........................................................................................J
sponsoredresearchanddevel- • A3 projects 4th project
opmentactivitiesto bringsuch complete complete
anadvancedprocesstothe ................................................
pointof demonstrationinclude Support studies

small-scale processdevelop.................................................. _,:.i..:_I:-T-I:-_.......-. ......._-:......T --:::_ ..............................:.............

mentplus processmodeling I
studiesandenvironmental/ I Advanced process POC PDU
economiccharacterizationof • •Industrial team Possiblestart of
possibleproductsofthe selected construction
process.Apilot-scaledemon- Commercial demonstration of
slration isalso requiredas advanced process
proof-of-concept.



Base Research for Advanced Fuel Systems:.,
A Crosscutting Program

he Base Research program advances the

scientific and technical knowledge base

required for significant improvements in the

cost and performance of coal-fueled systems.

The objective of the Base Research for

Advanced Fuel Systems program is specifi-

cally to develop novel process concepts, and to

achieve improvements in critical science and tech-

nologies that will enable solutions to the problems of

converting heavy hydrocarbons to liquid transpor-

tation fitels.
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l_nsc Research for Advan('ed Fuel Many betlelits arc expectecl 1re)in thi_ than ('un,mt methods. Research on

Systems (AFS) is an intcgx'al part of rcsearch. New classes of coal c(mver- production and nmnagexnexit of

the overall R&D l)rogralli for llqttlcl siOll catalysis with enhanced activity process hydrogen will also produce

translmrtathm lttels, and supports all will be cteveloped. Coal-derived ilq- new approaches that could greatly

or the various systems tinder develop- ulds will then be available at slgnlfl- reduce the cost or this key reactant,

meal in those areas where Renerlt' cantly lower cost and with improved whh, h is a large part of the total cost

problexns or barrh'rs arc t,ommon, environmental acceptability, of coal-clertved liquid fuels. Research

Program act lvlt lea c'over I'otlr major New analytical tec|uxolog,_' will be on coal gasification chemlstl 3' and

topics: developed for predictin_ the success- novel catalytic approaches can lead to

• Novel liqLtefa('tion and _aslfl('atton ful conversion of coal to liquid fuels, more economical processes for pro-

process con(,epts, New biological approa('hes will be duclng synthesis gas [CO/It 2) lor

• The rltnctamenlal chexnlstrv of develol)ed for the conversh)l] of coal indirect coal liquefaction.
under low-severity conditions, which

reactions ill ('()ill and coal-derived

materials, will have less environmental impact

• Advanced c'atalvsis for coal lique-

l_l(,lioll arid _asifit'atloll.

• "l'eclmoloKy for sele('tlve separation

of l._;:tses froll'l liquid-gas 111ixtl.lres.

Common Factors in the Science and

Technology Base for Advanced Fuel Systems

Indirect Li( uefaction

Natural Gas _ t I IFirst Stage Cx/Hv "-, Second Stage i !
Liquidsand _ Conversion/ i ..^" _i Conversion/ _1_i_ Upgrading i
Residues _, Separations i _'u =.i Separations i _ i I

........... :"2 I
Coal -_-- t Direct Liquefaction .....

I I =._ ....................................... i r ................................. r.......................................... :.......................................

I _i First Stage ;= Second Stage i ': ............. ]
! _; I ; J rlllllil rlltlllllllly/ ,

.___.._: Conversion/ i .... ; ConversionT _ Upgrading _ ml,mdi,n
I _ 8eparatlons i"qums i Separations ! i ......... =' i

Crude Oil I! - liquidsand residues /

/ /, i I
i Initial '_ , ,.=', _ i i L /__ = .... v _ Conversion _ Upgrad ng

Separations _I,q.... ! I i

Direct Li( uefaction

High-Q_Jality
Liquid Fuels

............................................................................................................ t

Critical Enabling Science and Technologies

A TheBaseResearchforAdvancedFuelSystemsprogramis an integralpart ofthe

overallR&Dprogramfoz _u:dtransportationfuels,andsupportsall of thesystems

underdevelopmentwherevergenericproblemsor barriersexisl,andcommonfactors
apply. Programactiviliesfocuson improvingthebasicunderstandingof coalgasifica-

tion andliquefactionprocesses,andonexploringadvancednew-generationliquidfuel
processingapproaches.
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Activities are focused on improving The m_\jor activities are: Indirect Coal Liquefaction

the basic understanding of coal gasi- Novel Concepts Advanced Research

fication and liquefaction processes, Emphasis will be placed on those Activities are focused on identifying

and on exploring advanced new- approaches to coal licluefaction that indirect liquefaction process concepts

generation processing approaches for have the potential for substantially and advanced catalysts that wlll lead

producing liquid l\ml substitutes for improving process efficiency and to processes that are less capital-

petroleum-derived gasoline, other selectivity at reduced cost. These intensive.
petroleum distillates, and oxwgenated will include chemical and low- The major activities are:

fuel constituents, temperature treatment to enhance Novel Concepts
There are three categories of activity: reactivity; liquefaction of beneficiated Research will be conducted on novel

• Direct Coal Liquefaction Advanced coal; advanced biological and bid- approaches to Indirect liquefaction

Research lnimetic methods for liquefaction, that will significantly improve process

• Indirect Coal Liquelaction upgrading of coal-derived liquids, and operability and selectivity, reduce

Advanced Research recovery of metals from spent cata- process severity, and provide greater

lysts; and the reduction of proc'ess- efficiency in the production and use• Coal Gasification Advanced
derived carbon dioxide emissions by of hydrogen. This will include bid-Research.
means of novel approaches for the transformation of synthesis gas into

Direct Coal Liquefaction production of hydrogen, ethanol, novel approaches to partial

Advanced Research Fundamental Research oxidation of coal and residual materi-

The principal objective of this Activities will be aimed at correlation als, and chemical and biological

research element is to identify and of coal stru('t_lre with liquefaction approaches to extracting hydrogen

test novel advanced concepts for the reactivii '_version chemistry, from water.

conversion of coal lo liquid fuels. A ancl re' Lotion studies; Advanced Catalysts

: sccmld objective is to develop flmda- advan( imctromeiric and Finding new catalysts that will be
illCrllal data that will provide iln- nucleal :_J,,_.,J,,tic resonance methods more active and selective, and that

, proved tmderstandin_ of coal for elucidating the composition of will have greater resistance to deacti-

liquefaction processes, coal and coal liquids; and the chem- vation, is the object of this program

Activities are centered on identifying istl-y of coal-heavy oil coprocessing activity. It includes catalysts for the

process concepts and advanced tara- and resicluum conversion, transformation of high molecular
lysts that will lead to pro('esscs that

Advanced Catalysts weight w_es from F-'F processes into
iql'e less capital-intensive, can be per- Research includes methods lbr the high octane fuels, the search for envi-

formed under less severe operatin._ preparation and testing of fine- ronmentally acceptable oxygenate
(:oHditions, arc more selective, and

particle-size iron-based catalysts tor gasoline eoinponeIlts, catalysts with
make bcttcr rise of hydl'ot{en.

use in the first stage of a direct lique- improved physical stability for slurry-

faction process, and of supported cat- phase indirect liquefaction, and

alysts lbr use in the second stage of a exploration of the use of fine-particle-

direct liquefaction process, or for con- size, sulfur-tolerant, disposable

version of coal-derived liquicls to catalysts lbr the conversion of syn-

refornmlated gasoline that will meet thesis gas into hydrocarbons and

the requirements of the Clean Air Act oxygenates.
Amendments of 1990.



Gasification Advanced Research The major activities are: Separation Science and Technology

This program element supports fun- Reaction Chemistry This research activity is concerned

damental and exploratory, research to All areas of gasification reactions are with the separation of selective gases

advance coal gasification technoloKv investigated: pyrolysis, devolatization, fl'om gaseous mixtures, and fi'om

by increasing the efficiency, reducing reaction mechanisms and rates, mixtures of gases and liquids. It

the costs, and enhancing the environ- intermediate and transient reactions, involves ceramic membranes, liquid

mental acceptance of gasification sys- ash and slag formation, development ton-exchange membranes, membrane

terns. Research is focused on the of predictive models, and the use of support methods, high-temperature

chemistry of coal reactions and the gasification catalysts. Biological gasi- sorbents, and electrochemical sepa-

separation of gaseous products from fication is also a part of this program, ration techniques.

coal-derived gas mixtures. Gas pro- using microorganisms to convert coal

duced from coal can be used to gen- and coal-derived products to syn-

erate electricity, or to produce a thetic natural gas and useful by-

synthesis gas tbr further processing products.
to liquid fuels and chenlicals.

However, to achieve this potential,

significant technical advances must

be made to make coal gasification

more cost-competitive and environ-

menially acceptable.
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apny clean coal technologies under devel-ment by DOE are relevant to both

advanced power and advanced fuel systems.

Progress in these technologies, known as "cross-

cutting" technologies, can yield improvements

in the efficiency, environmental performance,

and life cycle costs of virtually all of the systems

under development. There are four different

program areas: coal preparation, alternative

fuels utilization, flue gas cleanup, and

waste management.



k,, I_,,,, I......,,i/li liildl/i/i,idiiinli,, ,,,,,,,,, ,i,,l,,,

oal preparation is the precombustion clean-

ing of coal to produce a more marketable

product. This improvement is achieved by

reducing the undesirable components pre-

sent in run-of-mine coal, and thereby enhan-

cing the overall quality, uniformity, and

desirability of the coal produced.

The Coal Preparation program focuses on developing

coal-cleaning processes for use with the advanced

power systems under development. The objective is to

help advanced power systems comply with, or

improve on, the requirements of the Clean Air Act and

its 1990 Amendments. Since this is a crosscutting

program, Coal Preparation technology advances will

have an impact on several of the power systems

under development.
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Coal preparation technology can be Advanced Coal Preparation The Coal Preparation program has

divided into two main categories: con- Advanced coal preparation research four major RD&D activity categories:

ventional coal preparation and is geared to improving upon the cur-
Compliance Technology

advanced coal preparation, rent state-of-the-art techniques to
The primary lbcus of this research

achieve an even greater separation of
Conventional Coal Preparation activity is the clevelopment of

impurities and to tilrther reduce

Conventional coal preparation, now cleaning costs. Intended for a market- advanced coal-cleaning processes

in wide commercial use, is a two-step place in which regulatory" incentives capable of significantly reducing the

process of physical preparation and require a much cleaner burning coal, pyritic sulfur content of c.oal, while

physical cleaning. Physical prepara- these improved technologies employ also achieving high Btu recoveries,
lion involves the mechanical crush- Designed to help advanced power

an array of advanced cleaning meth-

ing, grinding, and sizing of coal, ods. In addition to improvements to systems comply with the acid rain

which improves coal handling charac- the physical, physicochenlical, and control requirements of the Clean Air
teristics and enhances the coal's Act Amendments of 1990, these

chemical methods currently being

response to subsequent cleaning used, biological processes based advanced processes will also be help-

treatments. Physical cleaning upon microbial and enzymatic tech- ful in removing the trace element

involves the use of variotm processes niques may also prove feasible, precursors to hazardous air poilu-
to remove the ash, moisture, and sul- tants (HAPs).

fur components fronl coal. These

' cleaning methods take advantage of High-Efficiency Preparation
lhe physical and physicochemical High-Efficienc.y Preparation lbcuses

property diflkrences between coal on the accunmlation of a technoloKv

particles and coal imptwities to cause base for the development of more eft'i-

their separation, cient and cheaper ways to ilnprove,
handle, and market coal fines.

Sollle processes -- such as those Intended to facilitate compliance with

used for jigs. tables, dense-medium the Clean Air Act Amendments of

vessels, and cyclones -- exploit spe- 1990, High-Efficiency Preparation

cific gravity differences to separate projects will enable today's coal

impurities. Other clc.anina, methods preparation facilities to evolve

rely on surface che.mistry variations, towards achieving the removal of

Froth flotation lechnoioKW, which is in increased alnounts of pyritic sultilr

widespread use, and oil agglomera- from coal.
lion, which has been used in a few

commercial installations, both use

this approach.

Development Cycle

Advanced Physical Coal Preparation

>, TheCoalPreparationprogramis

developinga set of near andIongterm UitraClean Coal Production

vancedphysicaltechniquesfor removing

acidrain precursorswill bedevelopedby HAP Removal Technology/Advanced Chemical Biological Coal Preparation

1994;an engineeringdesignbasefor / POC Demonstration i
producingultraclean coalbyphysical I Development 1 demo t

meanswill beestablishedby1998; and
initial investigationintotheprecombus
lionremovalofselectedtraceelements

will becompletedby1997 1990 2000 2010



RD&D Program Goals

Coal Preparation

Premium Fuel Development ___!] 85%
Buildin_ upon the work of the __'_ _'_|

85%

Compliance Technolokw program this Acid Rain _ ,_,_._!a_'' Control
research element will [bcus exclu- $2.20 per million Btu

....... _'. _ '_ _::g_:_'_,__;_2_.>" --_!_._'-:i':
sively on the development of coal- __i_!:_it}_ POC by 1994

based feedstocks for advanced r_.:_aare• " _i_ :_ regs for specific HAP

Precombustion ->
pulverized coal systelns. The goal is Removalof : " _ r " _ _'a_; J:_

the development of cleaned-coal- HAP _: "_'__/{ i_ _ $2.20 per million Btu

based fuels for use in adwmced Precursors _,_/ 1_! , POC by 2000

_ !.._,,/4_,;F_,i _a_°_;'". _ 0.6 Ib million Btu
power systems and for sale in pre-

per

m lu Ill fl_lel ma rke {s. ........ _,_r:_';'_' _ _

_ _._,,_-_,:_:_._i_3_ 1.5 Ib per Btu
Premium Fuel _'>5__:57r:_:_}_i _ million

Technology Base Activities Development _{_{_.:_-,_,::, $2.50 per million Btu

These activities invoive the investiga- B_e_,_>_:a_i_a_,*._:_¢a,' POC by 1998

tion of novel coal preparation tech-

niques thai have the potential to be HAP=HazardousAir Pollutant

eilher more eMcient or cheaper than

the more ('OllVellt ional met hods

bcin/4 (levch)pcd in the ()|her activity

(,ate_ories.

Coal Preparation Program Contributions to Advanced Power Systems

/

/ Compliance High-Efficiency Premium Fuel Technology
/// Technology Preparation Development Base Activities

> AdvancedCoalPreparationtechnology /....

is usedto pretreatcoatbeforecombustion
toremoveacid rainprecursorsand AP_'

(LEBS)

relatedhazardousair pollutants,andto __
producea feedstocksuitablelor most IFC
advancedcoal-firedsystems.Thecoal (HIPPS)
preparationsysteminvolvesgrindingthe ......
coal, separatingthe impuritiesbybenefi- DCFHE

ciation,formulatingtheclean coal intoa
transportable,usableproduct,anddis- PFBC
posingof thewastes.Programactivities
to developthistechnologyconsistof corn- ....

pliancetechnology,high-efficiencyprepa- MHD j
ration,premiumfuel development,an[_ _. 1

technologybase activities. IGCC t
AdvancedCoalPreparationtechnology I
canbeeffectivelyintegratedinto

advancedpower-generatingsystemsat IGFC
the time thosesystemsaredeveloped. ___............................................................. J



' Coal Pre )aration Program Activities. .

Coal Preparation program activities High-Efficiency Preparation Later efforts may involve the engi-

lor Compliance Technolog.W, High- Bench-scale projects have begun oll a neering development of chemical and

Efficiency Preparation, Premium Fuel number of emerging technologies biological advanced coal-cleaning

Development, and Technology Base with promising prospec.ts, including: processes. These processes offer the

Activities currently extend through ° Development of hardware and soft- potential to meet even tighter speclfl-

the end of FY 1998. ware lbr on-lAne control of froth cations for ultra-clean coals to be

Compliance Technology flotation columns, used as feedstocks lor advanced pul-
verized coal systems.

Three proof-of-concept (POC) con- • Evaluation and enhancement of

I the synergism between fl'oth flota- Technology Base Activities
[ Iracts have been awarded to demon-

; strate the ability of three different tion and multlgravity separation. Research is being conducted to study

: advanced physical coal-cleaning ° Development of a micronized mag- the scientific underpinning of some of

! tecl-mlques to reduce SO 2 emissions netlte process for improving the the processes currently under devel-

l cost-effectively. POC-scale testing by quality of fine coal. opment, and to assess, at lab-scale,

ICF Kaiser Engineers will locus on Proposals received in response to a technologies that have strong poten-

advanced llotation !echnolog.W. 1992 solicitation for POC-scale High- tial to become the coal-cleaning
methods of the future.

Southern Company Services has Efficiency Preparation projects are

completed POC-scale testing of currently being evaluated, and

selective agglomeration, and Coal approximately four of these proposals

"t'echnoloKy Corporation will test will be chosen for award sometime in

advmlced cycloning. 1993.

In addition, development work on a
Premium Fuel Development

coal preparation process llowsheet

simulator is under way at Aspen Major activities focus o11 the develop-

Technology. This simulator will be ment of technologies that aid in the

applicahle to all three advanced coal- production of coal-based premium

cleaning processes, fuels for advanced pulverized coal
systems. Promising concepts such as

Bench-scale R&I) is also planned tot
advanced column froth flotation and

a ntznll3er o[' novel precolllbustJon
selective agglomeration w_'l be sub-

concepls to renlove HAl ) precursors.
jected to bench-scale studies, design

POC-scalc testing and evaluation will
and engineering development, and

be conducted on the most promising
the construction, testing, and

technologies for I IAP precursor
evalualion of a process development

reduction.
unit (PI)U), under a contract with

AMAX Research and Development

Center.

> The majoractivitiesofthe CoalPreparation
programhave beenstructuredandintegrated

to promotethe commercializationof advanced
technologiesin the nextdecade.Milestones
havebeendevelopedto allowflexibilitywith

respectto possibleregulatorychanges.The
focusis on developingcontroltechnologyfor

acid rain precursorsthatc,_uldbedeployedin
the near-termto assistindustryin complying
with the 1990CleanAir ActAmendments.A

furthergoalis to developphysicalbeneficia-

tionmethodsthatwill providea technology
baseforproducingultra-cleancoal thatcould
serveas a feedstockto APCsystems.

TechnologyBaseResearchactivitiesare criti-
cal to thesuccessoltheseefforts.
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AdvancedCoalConversionProcess CustomCoalsInternational
DemonstrationProject CleanCoalDemonstration

RosebudSynCoalPartnership Self-ScrubbingCoalProject

45 tons/hourCleanCoalDemonstration AMAX Richmond,Indiana
Colstrip,Montana PremiumFuelDevelopmentFacility Ashtabula,Ohio

Golden,Colorado Sprinodale,Pennsylvania
Stoystown,Pennsylvania

VirginiaPolytechnicInstitute
Multigravity Separator/Microcel
PittsburghEnergyTech.Center

Pinsburoh,Pennsylvania

AMAX
MicronizedMagnetiteProcess
PittsbughEnergyTech.Center

Pittsburgh,Pennsylvania

Universityof Pittsburgh
LicadoProcessDevelopment

Universityof Utah Piltsburgh,Pennsylvania
FossilResinsRefiningFacility

ICFKaiser
SaltLake City,Utah AdvancedFlotationFacility

SouthernCompanyServices
SelectiveAgglomerationFacility McConnelsville,Ohio

Shadingindicatesstateswhere Birmingham,Alabama CoalTechnologyCorporation
DOE-funded research activities occur. AdvancedCycloningFacility

Bristol,Virginia

PDU testing.Premium
Fuel

Development
_L
"T"

Technology
Base

.L
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he Alternative Fuels Utilization (AFU) program

consists of fuel technology research and

development. It is a crosscutting program in

that it impacts several of the advanced coal-

fired power systems under development, and

its purpose is to ensure the efficient perfor-

mance of the heart of these systems _ the combustor.

Much of the technology developed is expected to apply

to conventional coal-fired plants, also providing near-

term benefits to the power industry.

The AFU program is structured to make successive,

ongoing, technical contributions to other DOE pro-

grams, and it is also coordinated with the efforts of

commercial developers. Fuel producers, hardware

designers, manufacturers, utilities, and other end-

users are all partners in facilitating the final goal

the development of commercially competitive alterna-

tive fuel systems.



AFU RDt[,D Program Description °.

"l'lleAltenmtive Fuels Utilizationpro- Program Elements

Ermn addresses the development and The four elements included in the

utilization of coal-water fuels, and t)rogram are:
solid coal fuels, such as ultra-fine

Fuel Formulation
coal and pelletized ('oal. The broad

Fuel tbrmulatlon covers all the
(fl)je(,th,e ()1' the program is to develop

processes involved in the conversion
fuel technologies that wtll allow

of coal-based raw materials into new

! advanced coal-fired power systems to fuel lorms.
i attaJll their projected thermal and

environmental performance at the Fuel Characterization

lowest possible cost The proRranl is This aspect of the program is con- I. !

directed at providing fuel develop- cerned with lhe evaluation of the

ment support for both utility and properties o1"different fuel lorms.

imnuiilitv power systems. Fuel Logistics

This program element involves the

development of new methods and

equipment for the storage, trans-

portation, and handling of fuels.

Fuel Utilization

"Fhls program element involves con-

ducting tests of each end-use system

to establish lhe acceptability of fuel

lbrms.

Coal-Water Fuels

SolidCoal Fuels

Coal-Based Wastes

I Development/ Commercial>- TheAlternativeFuelsUtilizationpro- demonstration acceptance
gramcomplementsandsupportscoal
combustiontechnologyforexistingand ,.--
futurecoal-fueledpowerplants. 1990 1995 2000
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RD&D Program Goals

Alternative Fuels Utilization

Provide coal-based fuels to
meet user specifications,

Develop coal-based fuels
as clean alternatives to oil.

Convert coal and hydrocarbon
wastes into fuels.

Maximize use of conventional
equipment.

Minimize maintenance
requirements.

Provide potential users with detailed
Information on fuel acceptability.

Make costs competitive with
costs of fuels currently in use.

Alternative Fuels Utilization Program Contributions to
Advanced Power Systems

/

Fuel Formulation Fuel Fuel Fuel UtilizationR&D Characterization Logistics R&D
/t

APC

>_ TheAFUprogramsupportsmanyof the IFC
powersystemsbeingdevelopedbyDOE,
andeachelementcontributesto thesuc-

cessof theseprograms.Fuelformulation DCFHE
definesthe processesfor convertingcoal- ...........

basedrawmalerialsinto a fuelform com-

patiblewith the end-usesystem.Fuel PFBC

characterizationdescribesthe properties ........ I
of thefuel formin orderto determineits

MHD
compatibilitywith theend-usesystem.
Fuellogisticsdefinesthe equipmenl L.........................
neededforthetransport,storage,and IGGC
handlingofthe fuelform. Fuelutilization
establishesthe acceptabilityof thefuel
formbytestingit in thee_ ,,sesystem,
or a simulationofthissys,.
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AFU Program Activities

"Flu' zIlajor activities of the AFU pro- Fuel Characterization Fuel Logistics

_r_m_ are: Once sl)ec'lli('atlons have been Comlnerelal equipment must be

Fuel Formulation established for speclft(' systems, tested, or new equipment designed
the physical, clmmlcai, and combus- for the transportation, storage, and

' The l¢u'tts of Ill(, fuel formulation
tion characteristics of a fltel must handling of new fuels, to ensure sufli-

eff(wt is to produce fuels prepared
l be measured, cient safety and convenience to the
I frolll t'o_ll, or ;| (,Olllbitlaliola of coal

Some of the important properties of user. The availability of commercial
t an(I ¢)tlmr tnaterials, which can meet

I tilt' spe('ifications of an individual fuels to be consl(lered include: equipment is investigated first, and It

I)()wcr system. A slnall industrial * Ash level and composition, illclud- may sometimes be modified for use.
Components commonly designed or

plant. Idr illstance, may have severe lng potential pollutants and toxic

fuel storage constralzlts ¢'oupled with metals, modified for new fuels include site
storage containers, pumps, valves,

,_lrin_ent local emissions-control reg- • Handlln_ properties, metering devt('es, fuel atomizers,

Ill:_timls, reqttlring use of a clean, • Reactivity. burners, and safety eclulpmeni.
easily hall(lied fuel.

• Tendency of the fuel to erode, col
Fuel Utilization

Activities occur in two stages: rode, slag, and foul the combus-

Evaluation tton system. The acceptability of a fuel is deter-
° mined by its long-term performance

Evahlallon of tile conlpatibility of Activities occur in two steps: in full-scale systems. Starting with a('_uldidale fuel materials and fuel
• Development of the standardized pilot project trader well-instrunlented

lmuls with the end-use system, analyses, tests, and qualification and careflflly chosen operating condi-

Formulation and evaluation procedures re- ttons, testing then progresses

Fro'initiation of carefiflly selected quired hy a specific application, through successively larger scale pro-

l'twl forms. This is to determine fuel speciflca- jects, to culnllnate in long-duration
"l'lw [tl(q materials available are of tions, and to allow several alterna- site demonstration tests that are run

mmly types: live fuels to be given comparable under conciltlons that closely parallel

evaluation, those the end-user would encounter.• Coal. as it comes from the mirle, or

cleaned. • Characterization, or evaluation, of

• Coal fines, the fuel. This may be accomplished
in a laboratory, or by tests in a

• Chars. pilot plant. Should the fuel be

• Solid alld liqtud residues lormed as judged unsatisfactory in any one
tilt, by-l)rodtwis of coal (,leaning characteristic, the fuel will be

and (.onversioll l)rocesses, reformulated or a new fuel will be

I"tlel fornls are also varied" developed.

• Solid, as in powders, granules, and

pellets.

• Slurry, as in coal suspended in
water.

i °,
I



PennsylvaniaStateUniversity
Super-CleanCoal-WaterSlurry
Demonstration

SlateCollege, Pennsylvar,i_

Shadingindicatesstateswhere
DOE-fundedresearchactivitiesoccur.

• MajorActivitiesandNilestonel ::L: :

1994 1995 1996 1997 1998 1999

I candidate I
Fuel L.f.pi _ma_t_e_r_i_als jFormulation

_I_ :---_..i 7
T

Fuel
Characterization

>Milestones havebeendevel- T

/opedto guidetheAFUprogram
• :::Evaluate

• .capabllitles of
.... cornmerGlally

available
" equipment

towardsfull supporlof newcoal

ulilizationtechnologiesdevelop- Fueli._
ment.TheAFUprogramis an L°g'l-tics
ongoingeffortas it supports 1manyof thecoal utilizationsys-

temscurrentlyunderdevelop- -[
mentas wellas thoseofthe /
fulure. Thetimingof inputfrom Fuel
eachof theactivitiesshownis Utilization

coordinatedwiththat ofadvanced |
powersystemssuchas APC,IFC,

Laboratory test=

Pilot,scale
ti)sts

DCFHE,andMHD.
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Flu,c Gas Cleanu p Systems Pro ]ram ,_

lue Gas Cleanup is the cleaning of gas

produced by coal combustion prior to its

discharge into the atmosphere. Undesirable

species present at significant levels in

untreated flue gas can include sulfur dioxide

(S02), nitrogen oxides (NOx), airborne particu-

lates, and air toxic species. Carbon dioxide (C02),

implicated in global warrlting scenarios, is also

present in large quantities in coal combustion gas.

The Flue Gas Cleanup Systems program focuses on

the development and demonstration of cost-effective

new emissions-control technologies to support the

needs of both e_sting and fitture coal-fueled power

plants. The objective is to help advanced power sys-

tems comply with, or improve on, the Clean Air Act

and its 1990 amendments. Since this is a crosscut-

ting program, Flue Gas Cleanup Systems technology

advances will have an impact on several of the

advanced coal-fueled power systems under

development.



Flue .Gas Cleanup RD&D Prograrn Descri )tion

The Flue Gas Cleanup program is • To mitigate the risks associated The Flue Gas Cleanup program has

structured to address the specific with air toxics emissions, three major program elements:

requirements of the Clean Air Act • To determine the technical and Super-Clean Emissions Control

Amendments of 1990 and the Rio economic feasibility of postcom- This program element tbcuses on
Treaty of 1992 concerning global bustion options for CO 2 control.

the development of super-clean

warming, by means of the develop- The technologies developed within emissions-control technologies tbrment and demonstration of new
this program must minimize parasitic present and future coal-based powerhigh-efficiency emissions-control

technologies. The goal Is to provide power consumption, or add to the systems. Its objective is to provide
power being generated, if possible, emissions-control technologies thatthe electric utilities with technoloKv
To minimize waste disposal require- reduce SO 2, NOx, and particulates tooptions that will enable them to com-
ments, the technologies also nmst one-tenth the level required by the

ply with environmental regulations, produce usable by-products, The NSPS without high-volume solid

at costs that will keep coal systems Flue Gas Cleanup program is struc- waste generation.
competitive in both domestic and

tured to address anticipated environ-

foreign markets, mental requirements for the corn-

Program Goals mercial deployment of coal-based

The primary, intent of the Flue Gas power systems after the year 2000.

Cleanup program is threefold:

• To develop extremely high-

efficiency emissions-control

technologies to reduce SO 2, NOx,

and particulate emissions to less
than one-tenth of current New

Source Performance Standards

(NSPS) levels,

Super-Clean EmissionsControl

AirToxics EmissionsControl

> TheFlueGasCleanupprogram
providesforthedevelopmentof
advancedcontroltechnologyfor CO2Recovery, Reuse, and Disposal

near-termneeds,suchascontrol [ [ I [
technologyforairtoxicsemis- Studies Development Demonstration CommercialIntroducUon
sions,andlong-termcontrol
technologiesforadvancedpower ;
systemsbeyond2010. 1990 2000 2010
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RD&D Program Goals

Air Toxics Emissions Control

This program element will character- 1/10

tze the specific air toxlcs associated

with coal-based power systems as 1/10

appropriate, and develop control

technologies. 1/10

Carbon Dioxide Recovery.
Reuse. and Disposal

This element will develop control

technologies for CO2 collection, reuse,
recovery/Uquester

and/or disposal. Its purpose is to of CO2produoed

provide an array of technology

options that can be successfully NSPS=NewSourcePerformanceStandards

demonstrated to capture and sub-

stantially postpone the reentry of C02

into the atmosphere, without adding

more than 20 percent to the cost of

electricity.

Flue Gas Program Contributions to Advanced Power Systems

// Super-Clean AirToxic, CO, Recovery.
Emissions Emissions Reusa,and
Control Control Disposal

- m.... ' m
iFC m

..... i ....... _ _ .......... ioo,.,mm m m
.......

PFBC

......... ,

> AdvancedFlueGasCleanup MHD
systemsforSO2,CO2, NOx, , .......... ::,
andparticulatecontrolscanbe IGCC
effectivelyintegratedinto

advancedpower-generating " I I m
systemsatthelimethatthose iGFC
systemsaredeveloped.........
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Research and development activities • Development of new control meth- Advanced Research

in the Flue Gas Cleanup program ods to limit emissions of fine par- The Air Toxics Emissions Control ele-

begin with small laboratory experi- ticulates to 0.002 pounds per ment is supported by research activi-

ments and continue through proof-of- million Btu. Full-scale testing of ties conducted by the Advanced

concept (POC} testing at the 1 MWe to the most promising control tech- Research and Technology program.

12 MWe scale. The technologies are nologies for coal-based advanced Specifically, studies of the transibr-

then ready for demonstration, either power systems will be completed mations of trace elements that occur

in a facility that is integrated with by 1998. during the coal combustion process

one of the advanced power systems • Identification and development of are being conducted to provide

under development, or separately at coal-based systems with NOx insight into the types of technology

an existing power planl, reduction sufficient to operate in required for control of air toxics

The specific tasks of the three major ozone nonattainment areas, emissions.

program elements can be summa- Development lhrough the POC
Carbon Dioxide Recovery,

rlzed as lbllows: stage will be accompltshec_ by Reuse, and/or Disposal
1997.

Super-Clean Emissions Control Technologies capable of meeting per-

Activities in this program element are Air Toxics Emissions Control fon-nance objectives will be developed
through the POC stage by 2005 and

focused on three areas: This program element will pursue

• Development of high-perlbrmance parallel characterization studies on subsequently demonstrated at full
scale by 2010. Program activities will

llue gas cleanup systems capable the emissions of existing and
include extensive analysis of con-

of removing 99 percent of the SO 2 advanced power systems, and will

and 95 percent of the NOx from identify potential air toxics emissions, cepts, engineering analyses, and the

flue gas, These advanced systems Control strategies will then be devel- development and demonstration of
• novel approaches to the capture,

shotdd be developed through the oped tbr specific hazardous sub-
reuse, and disposal of CO9.

POC stage by the year 2000 and be stances. This element will be closely

demonstrated at full scale by 2006. integrated with the advanced power

system programs of the DOE.

1990 1995 2000 2005 2010
i=.....
I=.'-

1 ° Prelim,nary ]R(_)

Super-Clean
Emissions [ Engineering ]

Control [ development l

[ I Full-scaleevaluation. t_ and demonstration

Air Toxics
Emissions

Control

l < Themajoractivitiesofthe FlueGasCleanupprogramhave been
structuredandintegratedto pro-

vide forthe commercializationof
CO2 advancedcontroltechnologiesby

' Novel.concepts
develo )meht

Recovery, 2010. Milestoneshave been

Reuse, and developedto allowflexibilityin

Disposalz controltechnologydevelopment

_|L forregulatorychanges.
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ElectricPowerResearchInstitute

HighSulfur TestCenter

RoyF.Weston,Inc. RadianCorporation
Air ToxicsCharacterization NewYork StateElectricandGas
at the ClayBoswellStation IncreasedScrubberEfficiency

BattelleMemorial Institute RadianCorporation at the KintighStation

Air ToxicsCharacterization Cohasset,Minnesota HoosierEnergy Somerset,NewYork
at the CoalCreekStation IncreasedScrubberEfficiency
Underwood,NorthDakota RadianCorporation at the Merom Station

PublicServicesof Indiana Sullivan, Indiana
IncreasedScrubberEfficiency AlliedSignalCorp.
at the GibsonStation SouthernResearchInstitute POCTestingof the SOXAL
Owensville,Indiana Air Toxics Characterization Processat the DunkirkStation

at the BaillyStation
Raycon

Gary,Indiana POCTestingof the Tung
Processat the Dunkirk Station

Dunkirk,NewYork

BattelleMemorialInstitute
Air ToxicsCharacterization
at the Niles Station

Niles, Ohio

RadianCorporation
DuquesneLightCo.
IncreasedScrubberEfficiency
at the ElramaStation

Elrama, Pennsylvania

M. K.FergusonCo.
POCTestingof the NOXSOProcess
at theTorontoStation

Toronto,Ohio

SouthernResearchInstitute

Air ToxicsCharacterization Energyand Environmental
at the SpringervilleStation Research,Inc.

Springerville,Arizona Air ToxicsCharacterization
at theCardinalStation

Roy F.Weston,Inc. Brilliant, Ohio
Air ToxicsCharacte_ization

at the BaldwinStation RadianCorporation

Baldwin, Illinois SouthwesternElectric PowerCo.
IncreasedScrubberEfficiency RadianCorporation
at the PirkeyStation TampaElectricCo.

Hallsville, Texas RadianCorporation IncreasedScrubberEfficiency
Air ToxicsCharacterization at the BigBendStation
at PlantYates Apollo Beach,Florida

Newnan,Georgia

Shading indicates states where
DOE-funded research activities occur.
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he Waste Management program focuses on

the development ofmethods for the efficient

and environmentally sound management of

the waste produced by advanced power sys-

tems. In meeting stringent air emission regu-

lations, these systems often transform

gaseous emissions into solid or liquid waste products.

These waste products must then be used or disposed

of in ways that conform with regulatory statutes deal-

ing with the protection of land, surface water and

groundwater resources. The diversity of the advanced

power generation technologies under development

and the differences in their waste products require a

variety of options. As a crosscutting program, the

Waste Management program will therefore have an

impact on all of the advanced coal-fueled power

systems under development.
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oWaste Management RD&D Program Description

The Waste Management program is In _eneral, waste technologies can be Disposal technology development is

focused on the waste products being classified as: currently lbcused on the characteri-

Ibrmed by the advanced power gener- * Disposal technologies, lbr dealing zation of the wastes produced by

ation technologies currently under economically and efficiently with clean coal technologies. This study

development ill both public and pri- waste materials, has moved fl'om the laboratory to

vate sectors, the field to examine how individual
• Utilization technologies, for re-

waste materials interact with the
These waste products must be man- cycling the waste materials instead

environment.
aged in a way that ensures complt- of disposing of them.

ance with regulatory statutes such Utilization Technology
as the Clean Water Act, the Safe Disposal Technology

Utilization of waste products is desir-
Drinking Water Act, the Resource This program element involves the

able because it not only eliminates
Conservation and Recovery Act, and placement of waste products in per-

the need to find suitable storage for
the National Energy Policy Act. The manent repositories. Although waste

wastes, but also creates a new
Waste Management program will utilization is preferable to disposal,

resource material, while conserving
make sure that technology is avail- market conditions or the characteris-

natural resources. Utilization tech-
able to achieve this compliance, tics of the waste may preclude recy-

nologies involve:
cling. Therefore, environmentally

Program Goals sound and economical disposal tech- * The use of wastes to replace

A major goal of the program is to nology must be available as the mini- existing materials in commercial

(;stablish that solid waste from mum requirement for commercial- products,

advanced [bssil enerKv technologies ization of advanced power systems to * The use of the waste materials to

is not a roadblock to their commer- proceed. All methods must provide: create new products.

cialization. Specific targets include: • Suitable methods for cost-effective The use of waste nmterials must be

• Achievement of 50 percent utiliza- removal of the residue from the not only environmentally protective,

tion of solid waste from advanced producing facility, but also cost-competitive with other,

fossil energy technologies in corn- = Design features at the repository more conventional materials,
mercial markets.

that prevent the release of poten-

• Identification of cost-competitive, tially harmful chemical species

high-volume uses Ibr advanced into the environment.
coal combustion wastes.

• Utilization of advanced coal com-

bustion by-product materials to

stabilize, remediate, and reclaim

contaminated grounds.

Waste Disposal Technologies

Waste Utilization Technologies
TheWasteManagementprogram / I

provides for the developmentof [ Development Demonstration Commercialization [
advancedwaste disposal and otiliza- L I
tion technologies for usewith exist-
ing and futurecoal-fueledpower ::=,,

plants. 1990 2000 2010
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RD&O Program Goals

Waste Management

Commercial and regulatory acceptance
by 2010 of methods for environmentally
benign and economically competitive
disposal of solid wastes from advanced
power systems.

Completion of chemical, physical, and
regulatory characterization of waste
products produced by developing
advanced pulverized coal technologies.

50% utilization by 2010 of solid wastes
from advanced pulverized coal
technologies in commercial markets.

Established usage of alkaline coal
by-produ_'ds for environmentally
protective mine remediation.

Commercial acceptance of products
manufactured from advanced
pulverized coal by-products.

Waste Management Program Contributions to Advanced Power Systems

f Waste Utilization
/ Waste Waste Techhlology/

Characterization Disposal R&D Development

Ls.s B [
..................

IFC

DCFHE

,,;c.....l ....II m
MHD

> Wastemanagementof solid l IG t

processwastescanbeeffectively IGCC

integratedinto all advancedpower ....L ....
generatingsystemsat thetime that FC /

those systemsare developed. ....... _[
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The activi' ies of the Waste Manage- Waste Disposal R&D Waste Utilization Technology

ment program can be divided into This research investigates the inter- Development
three areas: the characterization of action of waste materials with the This program element focuses on

wastes, disposal studies in the field, environment. Typically, test cells con- developing technologies thai could

and the development of utilization taining waste materials are monitored divert large quantities of waste mate-

technologies, extensively tar an extended period of rials from nonproductive disposal.

time. Specific objectives include: Economic as well as technical issues
Waste Characterization are examined in determining feasibil-
This includes all the projects involved • Determining the leaching behavior

in the collection and subsequent of a broad spectrum of wastes, ity. and industrial support is beingpursued to increase the likelihood of
physical, chemical, mineralogical, * Identifying technologies, such as successful commercialization.
and regulatory analysis of residues, self cementation, that can be used

Utilization technology efforts center
Such projects develop a comprehen- to improve the environmental per-

sive understanding of the nature of formance of waste repositories, on inexpensive, low-technology
processes which have the potential

each waste material, necessary in The studies will provide information
for using large quantities of residues.

order to predict how it will interact needed by utilities and regulators to
There are already many examples of

with the environment, or to assess its determine the design of disposal facil-
successful waste product recycling,

utilization potential, ities. The results from the field stud-
such as the use of fly ash in concrete,

ies will be correlated with laboratory and desulfurization gypsum in wall-

studies and existing geohydrological board. The best uses are generally
models to predict engineering and considered to be found in construc-
envtron,nental pertbrmance of full-

tion, agriculture, mine reclamation,
scale waste disposal, and soil stabilization.

1990 1995 2000

l Completeinitialsampling/characterizationstudies Completesampling/characterizationstudiesCleancoaltechnologywaste
Waste . sampling& characterization j

Characterization Completenear-termsampling Completelong-termsampling

Fieldmonitoring t
characterization !

Waste
DisposalR&D

-r Initiate conceptual studies Initiate demonstrationWaste Utilization
Technology

Development
..L

A Themajoractivitieso!theWasteManagement
programhavebeenstructuredandintegratedto
promotethecommercializationandwidespreaduse
ofadvancedwastemanagementandutilization
technologiesinthenextdecade.Milestoneshave
beendevelopedto allowflexibilitywithrespectto
possibleregulatorychanges.
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Universityof NorthDakotaEnergyand
EnvironmentalResearchCenter
(UNDEERC)
WasteCharacterization AmesNationalLaboratory

WasteCharacterization
GrandForks,NorthDakola

Ames,Iowa OhioEdison
FieldStudyTestSite

Lorain,Ohio

OhioStateUniversity
GreenhouseStudies
AgriculturalAmendments

Wooster,Ohio

SurfaceMine
ReclamationSites

CoshoctonCounty,Ohio
TuscarawasCounty,Ohio

Colorado-Ute
FieldStudyTestSite

Nucla,Colorado
FreemanUnitedMine
FieldStudyTestSite

Canton,Illinois

Universityof Kentucky

Shading indicatesstateswhere LysimeterPilot-ScaleStudies
DOE-fundedresearchactivitiesoccur. Lexington,Kentucky
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he Base Research Crosscutting Technology

program supports multiple technologies. Its

major objective is to pursue applied research

and technology transfer in critical enabling

science and technology areas that crosscut

multiple fossil energy technologies. It aims to

strengthen the U.S. knowledge base and infrastruc-

ture, enhance economic and environmental acceptabil-

ity of domestic fossil fuels, and strengthen the interna-

tional competitiveness of the U.S. fossil fuel industry.

Partnerships with national laboratories, industry, and

academia play an important role in the work of this

research program. They link the applied research

efforts on fossil fuels science at the nation's universi-

ties with technological innovations in industry.
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CrosscuttingBase Researct RD&D Program Descri _tion

Within the Coal Advanced Research Advanced Materials Research University Coal Research

and Technology Development This program aims at the develop- This research is focused on improving

(AR&TD) program, there are several ment of a technology base ill the knowledg{c base In fundanlental

crosscutting research programs, advanced materials synthesis and and iilnovative ('oal science and teeh-

These programs are aimed at develop- processing, conducted by exploratory nology resear'-h, and on training lbs-

ing the means to overcome technologi- research of new materials, ideas, and sil fuel scientists and en_lineers in

cal barriers to the realization of power concepts that have the potential to relevanl disciplines.

systems' goals, and to increase the improve significantly the performance
Other Base Research

scientific and technological knowledge or cost of existing fossil systems, or to
Other projects iIlclude research to

base required to understand the enable the development of new sys-

mechanisms controlling these sys- teins and capabilities, develop the basic information
required to design efficient and cost-

reins. The programs have application Some of the products under develop-
effective solids transport systems:

to all lbssil fuel technologies: coal, ment are tough ceramic structural
development of novel components to

petroleum, and natural gas. composites, high-temperature
improve the durability and reliability

Each of tile program elements makes corrosion-resistant structural alloys, of lbssil enerKv systems: and instru-
a specific contribution of critical data. and new materials which provide spe-

mentation and diagnostics to inca-
The three inajor prograins are: ciflc new perlormance functions.

sure and control enerKv conversion
• Aclvanced Materials Research

Coal Bioprocessing Research system processes.
• Coal Bioprocesslng Research

This program element is lbcused on

• University Coal Research. ways to apply biotechnologies to

A Iburth program, the Sinall Business improve the performance and envi-

Innovation Research (SBIR) program, ronnlental acceptability of coal util-

receives 1.5 percent of the Fossil ization and conversion. Research

EnergS' (FE) extramural RD&D budget, investigates the fundaznental chein-

Under this program, competitive istz'y, biochemistry, microbiolokw,

_rants are inade to small bushlesses and engineering of coal bioprocess-

lbr research projects which crosscut ing, lbcusing on tile bioconversion

all fossil enerKv technoloKv areas, of coal and coal-derived gases,

liquids, and wastes, and on

bioprocess engineering.

Functional Materials Inorganic membranes
Catalysis support materials
Solid-state electrolyte systems

materials
Ceramic tilters
Carbon molecularsieves

>. Thefocus01theAdvancedMaterialsResearch

elementis onresolvingproblemsinphysicaland Structural Ceramics Structural ceramic composites
chemicalenvironmentsthatare beyondthelimits Nanocluster ceramics
of currentmaterials. New,advancedmaterials
are expectedto deliverincreasedsystemeffi- Structural Alloys Advanced austenitic alloysIron aluminides

ciency,durability,andoperability,as well asto Advanced coatings and claddings
reducecosts. Afurthergoalis thedevelopment Ultra-high-temperature alloys
of newmaterialsfornewsystemsconcepts...............................................
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I
.:: Cro.,;scutting Base Research Pro_lram Activities

The activities of each elenmnt of the New Structural Alloys Coal Bioprocessing Research

Crosscutting Base Research program Advanced austenitlc alloys, iron alu- Biological processing of fos:'I1 fuels is

are as follows: minides, ultra-high-temperature in an embryonic stale. Research

intermetallic alloys, and advanced eflbrts to date have focused oil
Advanced Materials Research

coatings that will resist erosion and obtaining and characterizing bio-
Activities in this area address the

corrosion better are being developed, catalysts that perlorm as desired, not
development of functional materials

Corrosion on understanding the unique blo-
to provide new systems capabilities,

the development of new structural Research in this area concentrates on chemistries involved. FE bioprocess-

ceramics anti alloys, methods of mini- the fundamental mechanisms that ing activities tocus on -.three areas:
lead to degradation of materials in bioconversion of coal to fuel con-

miztng the effects of corrosion, and
the highly corrosive environments stituents, removal of pol.tutants fromtechnoloKv development and transfer.
characteristic of coal conversion and combustion gases, and bloprocess

Functional Materials utilization environments, engineering studies.

Ftmctiolml materials are being devel-

ope(I for new svstems capabilities. Technology Development and Transfer Conversion of Coal to Fuel. Constituents

These im'ludc solid-stale electrolytes This sector of research monitors lbssil Research in this area includes meth-

for ellel't_y ('Ollversioll, gas separators, materials needs and anv advances in
" ods lor biocatalysis in non-aqueous

tllld re_.tctol's: inorganic membrmtes materials science. It supports jointly

for ,_as, liquid, and solid separations: funded projects which improve t.he systems, depolymerization of coalwith microorganisms, and upgrading

catalyst st|pports Ibr more eflbctive pace and effectiveness of technology
transfer to in(ltlstr3/, of coal liquids to transportation fuels,

ca ta lytic systems: carbon molecular

sieves for gas separations: and Removal of Gaseous Pollutants

ceramic filters !or hot gas cleanup, Differing methods of reinoving SO 2
and NOx from coal-derived combus-

Structural C_,ramics tion gases are being explored,
Research is being conducted on

ceramic composites and nano('luster Bioprocess Engineering Studies

ceramics to provide tot|gh ceramics This research evaluates engineerinl.{

for very hi,_h temperature, harsh parameters that influence the opera-

environments, lion of bioprocessing reactors, It also

investigates new reactor concepts.

Coal Bio )rocessing Research

Bioconversionof Coal Coal solubilization
Use of biocatalysts in non-aqueous

systems
Conversionof synthesisgas to

oxygenates

Pollution and Waste Removal of pollutants from gas
Management streams

Decontamination of solid wastes
> CoalBi0pr0cessingResearchis dedicatedto from coat and petroleum
thediscoveryanddevelopmentofimproved processing
methodsforc0.versi0nandutilizationof coal

andcoal-derivedmaterials, includingeffluents BioprocessEngineering Reactor development and testing
andwasteproducts,throughthe useof bi01ogi- Mathematical modeling of
cal or bi0mimeticsystems, bioreactors i
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University Coal Research

The goal of this program is to encour-

age United States universities to con-

duct applied research in coal science.

This research is purposely broad in

scope, since it is expected that each

project will make a contribution to

the overall understanding of the

chemical and physical processes
involved in the conversion and uti-

lizat,on of coal. The University Coal

Research progr,_m provides funds lor

such project_, in support of the FE

strategic goals of environmentally

acceptable power generation options

and secure liquid fuel options.

Approximately 25-30 grants lot meri-
torious coal research are awarded

each year. A pilot proie('t also pro-
mows collaborative research between

tmiversity and indusi_, teams.

Participants in, FE University Coal Research Program

WA
(3)

MT ND MA
(2) (3) -(12)MN

OR (2) RI
(1) (6)

ID SO CT
(2) (1) (2)

WY PA NJ

(4) IA (3)

(5) DE
(3)

UT MD

(18) CO MO (4)
(7) KS (1)(1) NC

TN
(4)

OK
Az (5)
(4) NM

(3)

TX
(13)

The number of grants awarded to each
state from FY1984 to FY 1992 Is

"" ,,.,.... Indicatedin parontheses.

112



AFU Alternative Fuels Utilization

AFS Advanced Fuel Systems

APe Advanced Pulverized Coal

APS Advanced Power Systems

e_ Clean Air Act Amendments

CGEN Coal-Fired Cogeneration

CO2 carbon dioxide

COE cost of electricity

CRADA Cooperative Research and Development Agreement

DCFD Direct Coal-Fired Diesels

DCFGT Direct Coal-Fired Gas Turbines

DCFHE Direct Coal-Fired Heat Engines

EFCC Externally Fired Combined Cycle

FE fossilenergy

GPIF Gasification Product Improvement Facility

HAP hazardous air pollutant

HIPPS High Performance Power System

HITAF high-temperature advanced furnace

IFC Indirectly Fired Cycle

IGAC Integrated Gasification Advanced Cycle

IGCC Integrated Gasification Combined Cycle

IGFC Integrated Gasification Fuel Cell

kW kilowatt

LEBS Low Emission Boiler System

MCFC Molten Carbonate Fuel Cells

METC Morgantown Energy Technology Center

MGS Mild Gasification System

MHD Magnetohydrodynamics

IVIWe megawatt

NOx nitrogen oxide

NSPS New Source Performance Standards

PAFC Phosphoric Acid Fuel Cell

PC pulverized coal

PDU process development unit

PETe Pittsburgh EnerKv Technology Center

PFBe Pressurized Fluidized-Bed Combustion

Poe proof of-concept

PRU process research unit

SOFC Solid Oxide Fuel Cell

SO 2 sulfur dioxide

114




