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REPOWERING WITH CLEAN COAL TECHNOLOGIES 

At this limc, little coal-bascd gtnwating capacity is 
hdng added or planned in the Wnikd States. Thc 
current environment of low natural gas prim, adequate 
capacity, low load growth, and anticipated dercigulation, 
r m l k  in Qc current condition, Howcvcr, by the year 
2000, this situation may change. In addition, an 
increasing pbrwnlago of the existing cod-Grcd bascload 
capacity will bo over 35 pars old. 

Many of thcsc plms will be candidalcs for repowering 
in the p a r  2OOO to 2010 time framc with advanced coal- 
fvad lCChTIOlO@eS being dcvclopcd Wiltr the support of 
thc US. Department of Enr;rgy's (DOE) Morgantm 
Energy Technology Center (MWC), or being 
dmnonstrated in the DOE'S Clan Coal Tecbnohgy 
Demonslttrlion Program. 

Repoweridg with dean coal technoltw can offcr 
signZcani advantages, including l o w  h a t  r a h  and 
production costs, environmenlal compliance, 
inacmcntal capacity increases, and life extension of 
cxkting facilities. S i i c a n t  saving8 of capital costs can 
result by refurbishing and musing existing sites and 
infrastructure relative 10 a grccnfictd siting approach. 
This paper summarizer mmc kcy rc6ul/s of a study 
pcrfomcd by Parsons Power Group, Jnc,, under a 
contract with DOl3/METC, which inwligalc8 many of 
the promising advanced power generation technologies 
in a repawering application. 

The purpose of this study was to evaluate the technical 
and tconomic rcsulh of appfying each of a menu UZ 

Clertn Coal Techtlolsgics in a rcpwerinS d a 
hypolheticat representatiw fossil fueled p w c r  station, 

Motivariom for repowering may include the following: 

-Heat Rate Improvement/Reductiion in Production Cost 

-Net Powar Increase 

Thc guidelines adopi& for this study Wcro based on the 
potcntial to repower sowc of the agidc: flwt of existing 
fwi l  puwcr stsitions in lhc continental US. in the first 
decade of the next canlury Each technology was 
c0ntigwc.d the same way it is utiliztd in its 
demonstratim project, with ROW exceptions prcvtriling. 

Pittsburgh No. 8 cola1 is  used 86 the W for most of thc 
cases evaluated herein, as well as seming as the fuel €or 
the original unrepowered station. The steam turbine- 
generator, copdenser, and circulating water sydom are 
rc.fuxbinhed and reused in this study, as is most of the 
existing 8iw infrastructure such as transmisgiOn lines, 

Irailroad, mal yard and coal handling equipment, ctc. 

The objective in dcbing the refcrcncc: plant was Lo 
provide a wnsisknk basis for applying the advanced 
lcchnology repowerings, Thorefme, the reforonce plant 
was dehcd to bc representative or a large portion of thc 
asling &ding flmt of fossil pwcr stations in the US. 

A data base representing the fleet of US powor stations 
was obtained from WDK (Ref. 1). The dah base w8s 
evaluated on a statistical basis to illustrate selected 
parameterti d interest such 8s unit size, steam pressure 
and temperaturq and the presence d rcheat in the 
&cain cyde. The accompanying m e s  show that a 
largc number of units exkt that are between 100 and 200 
MWG in k, have mah steam conditions between 1450 
and 2400 psig at loOoF, and wc rchcat. Other data, (a01 
shown), codirmcd that a large numbor of these units 
wcre commissioned in the decade of the 19SCPs, and 
often appear as twin or mulliple units on a cite. 
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Based on the abovr; data, the rdcrcncc plant far r k  
study was defiwd as I twin uniL station, w) Mwo each, 
with s t M  ~~8itim of 1800 psig/f000F/l000P. The 
station is located on a flat site in thc castern part of the 
US, with cxisting rail acco88, once thrmgh cooliag from 
a lake ar river, and dficient space (0 site the ~ G W  
equipment and strudurw associated with the 
repowering, Thc station has cxisting particulata and 
NOx U ~ ~ ~ Q I S  (dectrostatic prdpitator and low NQx 
burnerpi), but does not incorporate my m a n s  of Sa2 
reduchn. 

A complelc rcfurbhent  of thc reused p l ions  of the 
rcfcrcnce plant was cousidered to be performed 11s part 
d tho repowing. This included a complete overhaul of 
the Fitem turbie-generrrtvt, which incorporates B new 
nozzle ridg and first stqc buckets for thc HP turbine, 
llcw buckets for the fuGt stage; of the IP turbinc and iast 
stage of thc LP turbine, and new variable clearance shaa 
scal packing. Thcse turbine upgrades arc expc,ctcd to 
improve turbh adiabatic efficiency by about 1 4 2  % 
relsdvc: LO the original machine in new ccmdilion. 

EVALUATION APPROACH 

Thc technologits ovaluated in t h i ~  study consisted of an 
amospheric fluidized bed combustot, scvcrd varittits 01 
pr-urid fluid bed combustors, scvcral types of 
gasifierw (iduding air and oxygen blown), a refircling 
with a p ~ c e s s  derived fuel IpDI5), tmd, for reference, a 
malural gas fired combustion turbiae-combined cycle, 

For ea& technolugy, a heat and maw balance was 
modeled on a modified vcrsion oE ASPEN-SP, a flow 
sheet sirnulalor program. This program was m o a e d  
in-house to incorpotarc steam turbine performancc 
computations per Sponcer, Cotton, and Cannon, (Rat 
2), and other eabmccments. Each hcat and mass 
Wenee is presented diagmaticaly in h c  complete 
report, 

A description of cach technology and i ts integration with 
thc d s t i n g  refercncc station was prcpared, along with 
an auxiliary load mtimate, a list of ouiijor items of 
equipment, and a conceptual site physical arrangement 
drawing. Each section of the refK1Tt also contains it 
comparison o€ missions for tho rderence station, 
before and a b  repowering, 
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mcmcAL ISSUES 

A repowering hvolvcs mmidcration of many important 
tc;chnical &uos iavolving ths application of h spdlic 
techadogy that is used, Lht sclcclion and mod&atian of 
thc gas turbine used in the rcpowcring (where 
rrppliwblc), zxnd the adaptation of thc cldsling steam 
tutbinc. Scvcral of those issues are bridly discussed 
below. 

Sccrlimg w. Modularity This issue rclatcs to the 
acic;clion of the appropriate nutnber af rnbdulcs or trak 
required for the few1 of capadty chotwn. A smaller 
numb of large modules or trains may rcsult in lower 
spital costs, unless a threshold is cr<mcJ that limits 
shop fabrication and shipment tu Lhc sib. For the 
rapwerings reported on herein, the siw of individual 
modules was selected to be comparable LO hat uscd in 
the cornpatablo Chaa Coal Rewonstraticm pmjea, 

Gas Cleanup/MtmUon: h t u  study, ~ R S  streams were 
iilwcd wing cyclones aad/or cermic fdtm is most 
ca~ei3. The DWGC gasifier uses a proprietary type of 
filter media, while the B&i& Gas/Lwgi gasifier does 
not require particulate r e m t d  ZJnw thc gas is cleaned 
in the quench tank by a watc~ s p y .  Thc Circulating 
Pressurized Fluid Bed (CPFB) Combustor case6 
descrihd hemin utili.& ceramic mndtc filter technology, 
whereas the Bubhling Bcd PFB Combustor relies on 
several stages d qd(~( ;s  and D c  ability of the specifrc 
gas turbine to tolerate a certain amoutit of pwticulatcs, 
which arc captured in thc heat recovery equipment in 
the t u r b  cxbausi. 

Sulfur Remotl: Thc oxygen blown gasifiers in this study 
use promses that yield B salablc sulfuric acid byproduct. 
The air blown gasifiers and the fluidi7,cd bcd c m b u t m  
U.W hcstonc sorbent to remove sulfur in the t d ,  Tho 
typical byproduct is a calcium sulfate bearing ash which 
i s  disposed of in a landfitl. 

Gas Turbtni: Selection and Adaptatton: Thc 
Westhghowe SOlG machino was sclcctcd for the 
majority of the repclwedp in this study since it 
represents the current state d the art in hrgc p w c r  
generating equipment of this type and is e*wd SO the1 
ody me machine is rquirod to achicve the overall 
powr generation desired. Allhough no1 in service as of 
this mi- this machine wiU have develqcd sctrnc 
service history by the timc rcpdwcring dccisions will be 
made for the time frame assumed for hiis study. The 

Weathghouso BID5 machine was utilized for ~everd Or 
the CPPB cases where B d o r  machine and loww 
fviq lmperatures were required. Adaptation Or those, 
or any other gas twbm for gas'fir or CppsC 
applicalions must consider the roguirements to inuclrrsc 
the turbine fiwAc arcas and ~ V U O  modifications to 
the outer envelops of thc machitle to accommodate the 
hcrcascd gas mass flows, and, in the cafie of tht CPFWs, 
the mcd to move &/gas off and back on to thc 
machine. 

Steam Turbtne Adaptation: RepoWeriags Lhal use a gas 
turbine to create a combined cycle, with thc steam 
turbine in the hiloming orcfe, muet doal with the 
increase in fitearn flow through the lowcr prcssure 
portions of the machine. This conaequencc arises due to 
the abundant heat rccovcry from the gar turbinc: cxhaust 
by condensate and fccdwatcr, which reducc;ri w 
eliutiwtos thc need for ercttading stcam from the atem 
turbine for condcnsate/feedmtex hoatiq. Steam 
twbinc throttle flaw may, in s m c  cases, be b i b d  by 
the nccd to avoid choking the last LP stage, or by blade 
loading in the last stverd slagcs of the machine. 

Steam Cycle Conligurntion: Moditicaliom to the 
existing steam cyde may be conceived that oEer 
potential performance improvements, at Ihc cost of 
iacreased capital and Eoniplexity. The use or a topping 
turbmc kt an clevated pressure such as 4500 psi& 
exhausting to b c  prcsent HP turbine is onc such 
utnccpt. The use of a LP BLOam drum in the HRSG lo 
es.qentially wnvcrt the existing machino into a triple 
admihim typc is another potential corrcapl that could 
enhancc cfficicncy. These and other concepts were 
rejected in favor td rcttaining and matching tho original 
stcam cycle in order to rcducc capitat costs and mainlain 
simplicity. 

SUMMARY DESCRIPTION OF TECHNOLOGE! 

The following rcprwnt summary desfflptirpls of thc 
technologies ovaluated Nore-All heat rate values 
pmsented b d Q W  are based m H W o f  the fuel used 

1. Atrnospbdc FIuId Bed Cumbustor, represented by II 
Fmtcr Wheeler design quite &*mil#r lo the equipment 
designed for thc York County Energy Fartncrs 
Cogeneration Projcd. The fluid bed combuslor has a 
large footprint, relative to lhc original powerhouse, and 
is sited adjacent to thc cxifiting station. The existing coal 
handling equipment and othet inftasiructurc arc 



comidered to be refurbished and reused, Plant 
performance is relatively uipchaaged except for 
emissions, which are sipificantly reduced. Plant solid 
waste production is  increased. 

2. Presswidzed pluld 14 CotabuDlur (RtrbMiny Bed); 
thh Lecimlogy ia rcprcamicd by thc ABB P-800 
commercial module, iacorporating an ASEA Stab1 GT- 
140 gas turbine, The combustor is Lxatcd insidc a 
pressure yeafel that k 4 €t in diamctcr and 160 ft high, 
operating at a nominal presure of 245 psig. The new 
q U ; p m ~  OamprLdng thc P'FBC package and the gas 
turbine and ita assoCirtted t ~ p i p ~ n t  are w-rangcd 
adjacent to the original powerhouse. Net piant output is 
incrcascd 10 348 Mwc, whilc net plant heat rate k 
reduced to 8729 Btu/kwh. 

3. Preerudwl Fluid Red Cobbustor fclluwhting Red, 
First GuneMttoa);b&scd on Foam Whcdcr technology. 
This Cuncqt uN.ax thc circulating presssrid bed for 
c<)mpldc ccmibustioa uf thc coal, Thc hol air/gas 
mtrluro kwing Ihc bcd is clc#nod in a scrim of cyclone 
and ceramic candle fdierp, and irc Lhw d u d d  lo a gas 
turbine for expansion. Most of the gas turbine 
Compressor discharge air is used in the circulating bed; 
the hot gases returning to the turbint for w c p a n h  ILTG 

limited in brnpcralurc to 1G5OF. A m a h e  based on 
the Wmtinghmzt 501D5 i. uscd in this mangcmcnt, 
with a single drum HRSG in the exbaust to Aupplcmcnt 
the ateam production in the circulating hed heat 

* exchanger, Plant net output is incrcmd to 314 MWc, 
while heal ratc; & r c d u d  lo SO6 Btu/kwh. 

4. Pressurized Fluid &d Combustor' (Circulating Bicd, 
One sad One-Half Generation); this vcrsion of CPFBC 
;cchnology is sirnil* 10 tho first generation scheme 
mentioned above. I3owever, in this case, natwd gas k 
fircd in the combustion turbine to reach the original 
d e a b  turbde inlet tmpalurc  d thc muchinc. An 
external, motor driven boost Mmprcamr ix mcd LO 
compensate for the unrecovered pressure drop in the 
CPFB circuit external to the gas turbine. The W501DS 
is again selecled, exhausting thtough economizer co& 
for mndcnsatc and fccdwalcf heating. Slctrrn is 
produccd in the CPF'BC heat wchangcr to drive bath of 
&G existing shim turbincs, Plant nct output is 
iacrmed lo 368 MWe, while heal rak iw rdu0C;d lo 
8087 Btu/kuh 

S+ P m s u r W  Fluid Bed CumbuHtaw (Circutstlnp k d ,  
Second Geaemtlon). In this w&on of tho CPFBC 

tcchnology, a pyrolizer k added to thc process upstream 
of the drculating bed combubltor. A low Btu fuel gas ig 
prcdwd by thc pydi7~1; which is conveycd to the gas 
tmtkw whore it is mixed with the rttuming vitiated air 
from ihr; CPFBC and Oombusted to prodm thc design 
bads firing temperature of tha twbime. This 
cunfiguralion i s  based on the use af a modifcd WsOlG 
mar&inq with an external, motor drivcn boost 
compwabr as in the previous case, Steam Is produced 
in p HRSG and in the CPPBC heat &anger io drive 
both of the steam turbines in the d t i n g  statim. Not 
output is  increased to 433 MWe, whik nct hcat rate is 
redud to 7043 Blu/kwh. 

6. Combustion Mioe/Combined Cycle. A natural gas 
fircd, state of the art combustion turbina is  used in 
conjunction with a HRSG to repower one of thc two 
exisling tiicam turbines in this case. The W501G 
machine , is coupled to a multi-pressure HRSG, to 
pravidc a net station output that Ls 312 MWc, with a 
hwt rate of 7080 Btu/kh. Two g#s turbines 
rcpowcring both existing steam turbines w m  not used 
in wso, sin= the resulting net power would bo mom 
than double the originttl output, and in exce~b of thal 
allowed by the study guidelines. The second d thc two 
original stcam turbos is placed in reserve statue, 
pending a future decision to rcpoww or othenvise 
dispso 1, 

7. Integrated Gmlllcation Comblned Cycle (Air B l m  
KRW Gasifler). Thk case utilbxs h air blown, 
fluidized bed, KRW type gapif idon process, indudq  
hot gas cleanup Blnd a transport type gas polisher 
(dcsulfurizer) to supplement thc suli'ur rcmovd that 
occurs in the gasifier bed. The clean hot. low Blu gas 
that is produced i o  fired in a m d X d  WSOlG gas 
turbine, which is coupled to a HRSQ for steam 
proddon. Both &sting steam turbines arc ropowored 
in this mmplc, providing a net station power mmem 
to 407 M W t  , end a rcdudion in net heat rate to 7355 
B t u k h .  

8. Inlegrated Gasiflcutha Combined Cyde (Ouygen 
Blown Entrained Bed Gasifier). In this mmplc, a two 
stage, entrained flow gasifier k supplicd with 95% pure 
oxygcn from a dedicated air separation plant locarcti on- 
silc. A single gasifier module produces medium Blu fual 
gas which i6 dC8Ulluhd in a OE moving bed Cleanup 
system, add ir than iircd in a modified W501G machine. 
The turbhe exbausls thruugh M HRSG to prdueo stcam 
to drive one of the two txishg ~ t ~ f ~ n  tdmas ,  A 
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Momanto type ( IDS burning, catalytic conversion) 
sulfur recovery process produces commercial grade 
s&ic acid for sale as a byproduct. The net station 
output k increased to 353 W e 2  while net heat rate is 
reduced to '7379 Stu/hvh, (including the air separation 
p h t  cmd oLhCr mdiary Inads). 

- 

9. Intyllbd Gusllimtio~~ Cumblned Cycle (ALr Bkmo 
Thmsport Reador). This IGCC concept is based on the 
application of an air blown Transport Reactor. The hot 
low Btu gms is desdfurised in the reactar, followed by B 
polishiag step in a transport deauhrizer, chloride 
removal in a chloride guard bed, and fdtration in a 
ceramic candle filter array. The E d  gas i s  fired in a 
modified W503G machine and exhauskd through a 
HRSG b produce steam for one of the &sting steam 
turbines. The Transport GasiFier concept evaluated in 
this study is  not based on a currexit Clean Coal 
Technology Qmumtralion sib, but rttthm un wnccple 
being evaluated at the ]DOE Advanced Power System 
Wilsonviile test facility. This concept may not be 
commercially available at the beginning of the reference 
time frame, but can be expected to be rcady for senrice 
at the end of this time period. The overall performance 
01 the transport roactor in thik tcpworirrg application 
results in B predicted increase in net output to 368 MWq 
and a reduction in heat rate to 6854 Bt.u/kwh. 

10. integrated Gaslflcation Combined cycle (tlrltlsh 
Gas/Jhq# Blown Gasik). This riod b d  
gasifier i s  supplied with 95% pure oxygen from ~ f i  on. 
d t t  air separation uniL Thc gasifier producca a cold 
medium Btu gas which is dcmdfarkml in a Purim1 
clanup l r h ,  Tail gas from thc Purisol unit is 
mnvcrlcd io comrnar&l padc suifurjc acid for sale, in a 
Monsanto lype H2S burning and catalytic cmvcrsion 
unit. Thc fucl gas is fircd in a modified W501G 
machine, which exhaiisl through a HRSG to produce 
steam to drive one of the existing steam turbines. A 
portion of the compressor discharge air is supplied to 
the high pressure air scparation plant, eliminating the 
n c d  fur a acpmtc air compressor, Thia rcpmwing 
example produces a net power iacreme to 313 MWc, 
and a heat ratc roduction to 7669 Btu/kwh. 

11. Reheling with Process Derived b e l  (Enwoal Corp.}. 
This case represents a refueling ,rather than a 
repowering. The original boilers are refiirbished along 
with the steam turb i i e s  and other site equipment, and 
are fired with 100% Encoal Corp. PDF, which i s  a dried 
and mildly pyroliscd Powdcr Rivcr Basin coal. Thc hcl 

is specified to contain low sulfur as delivered, 
(appraximately 0.3% S, by weight), It is assumod, for 
the purposes of this study, that thc original boiler 
"pacify may be mainicrmd, With some enhamoment of 
soot blowing capacity, and oUlcr modilkations to 
c o ~ . ~ ~ s a t o  fw thc lromcwhat different combustion 
characteristics of the P m w  Dcrivcd Fuel. These 
modificatiom would bc ewmplishcd lls part of the 
returbisbment of the units. Thia refueling tosulk in -a 
slight reduction in net ontput to 293 MWt, and a slight 
reduction in net heat rate to 13890 Stufkwh. 

COMPARISON OF RESULlS 

Review of the performance for ea& of tho repwcd 
stations reveals that the objdves otiginslly ret Zarfh for 
repowering haw, for the most p i t ,  been satisfied. All 
d the Iccb.nd&us roportod on above result in a 
reduction in ak borne missions d SO& NOS and 
particulates to levels that meet or do better than 
currently prujwicd federal standards. Regional 
requircrnenlx for loww cmirrsions of NOx may be 
ratislied by lhc incorporation of Selective Catalytic 
Redudion d / o r  S~lclccpivc luon-Catalytic Reduction 
technologies. These have not k n  included in this study 
since they are site specific. 

The net power capacitiee of the tqmwcrcd projcds 
range from small reductions in powor LO substantial 
increases. In several only U ~ G  of thc two existing 
steam turbinek wa8 r e p w e d ,  id cwhr Lo limit. power 
outpul to about 135% of tho orwal value. Net heat 
rat- of the repowercd siatians varied from mall deficits 
IC, very aignxcant irnprovoments. The net power md 
heat r e h  of ulc repowered stations are ehown 
graphically in tho followi~~g charts. 

Production costs include fuel, sorbent, byproduct crcdits 
or charges, excess emkdcms crdits or charges, and 
variable operations and maintcnanm costs. 
Consideration of production eo& is mcrc mcslningful 
than consideration of lieat rate alone in evaluating h e  
attractiveness of a particular tcchnology, in a repowering 
or in a greenfield facility. Technologics that produco 
salabk byptoduc&, bbrn chcapcr fuels, or reduce 
variiiblc cos18 in somc other manner redhe these 
bcncfits in H prduction cos1 evaluation, but not in B 
implc comparison of hcat rates or efficiencies. 
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This study Eondudes that most, if not all of the 
~chnologies wniined hereit! sbow potential for 
techtudy and economically awcssful apphliun in 
tho dwcloping futun;. The bottom line will gwera 

1, Electrk Plant DATAPAK Data Bmo System, Utilicy 
Data Institute, Washington, D.C., 1994. 

ZSpenctr, R.C, Cotton, 3C.G and Cannon, C.N., A 
McChdd for Predictinl: Ihc Performance of Stearn 
“urbinc-Gcncrators ...WOO KW and Larger, ASME 
Paper Ha. G&WA-u)9,1%2. 

n e  evaluation of the advanced recihnohgies in 
ropowering appEcations mntinwcg, with the focus now 
on dormition of capital costs. The inlcrplay of these 
costs and the cotuiequent capital carrying charges v6. the 
predicted operatitlg cost sa&gi will determine &c 
ultimate investment polcntial of each of the tcchnolagies 


