A Combined Cycle Co-generation Plant Technical Field The present
invention relates to a combined cycle 5 co-generation power plant for
producing power and steam. Background A combined cycle
co-generation plant generally refers to a power and steam generation
plant, which 10 opetafezidingimore thatonedhermodynamiasycle,
During the operation of the combined cycle cc-generation plant, the
objectives of power supply, heat recovery and steam production are
simultaneously achieved. A comgﬁf’éﬂ‘&?élje do-féferation plant typically
:I;5 consists bhmrgéemamtsefﬂg@ﬁéa@ﬁsr'éqr@% (SED Sgc_i_ti&gg@ibl_g@; cycle
covery, .Genperator  section and a Steam Turbine
sfctio\%. ch%r%?/%[r%fo“nggly%ﬁéraﬁ aaﬁ)LarJéOr]hb?éfao in'a btfn&r4fd the® steam.
resultant gaseous products are used to drive electrical generators 20
connected to the gas and steam turbine(s)olhereafter, through heat
exchange, th e(xgﬁaulsjls; ant from the GT section is used to generate )
steam of varying pressures in the HRSG $ECtDh? Stitiseqiieritly; the? hithiy 11v
presstifizédstedn is theareuted toi the 'steam tyshiae=section, 26:wherein, ; o
more power-@ueasured indeums of megawatts, MW).is generated- One, .
advantg e of combined cycle cogeneration plants lies in their Tﬂg“h' oo
utilization ot Heatintagrafion &8 comparetftoconventenapewer plants; Lant ,
therebyavoiding the emnecessary utikisatian of fugaaces300eaYXilay st ean
boilers, which £an in.ur |6ad 1o substantial savings in power and steam
generation. Co-generation plants aré typlcaﬁy required to fulfill two
main obligation$ T fHéif tay-todky. operatiohs: Firktrco-gereration power: 1y
Ptants:neetktosbecable to-seliakly and g@@_@iis&gﬁtly sgppg/a% prgggkelrggneqw}
‘and contra gﬂallyaagéggg a}gne%u\r\)ft&oj.ele‘qctr_lcal power to a primary N
consumer/load. In most situations, the pritiary torstiftetts aplant lo&dof ion
aboutat'ledst 15 #ieghuwatitMW) SAltermativelyrthe primary CORSKUMES,iS @yue’
Icfentrahﬁo‘\&'ligkcglie?ct%%g distributar, (hereinafter glso known.asthe .
poweg:gcr\fdf)ib[n thés e_,rB'egard, there exists 9‘nrobllgat1|on cﬁ)nothe part of the
operator of 1ha combined titfe pder plart (herefafter the*GenGoty tetors
FRaintainart déliver a rekiabie: and:oonstantpowersupply to thepower, £+ er,
aric. Immany urisdictions..a gontravention of e, agreed power supply, -,

may result in detrimental economical liabilities and poseTegal =

ramiffcationd o the"€&h-C6. I538E8hEIY: e GerECormayralsebessurss in
obligated tastpply«a: piedetermined.and a: gg,ntr@gyallyi%g{%gd 99?%@};9:2 od
steamto.gne or more, EJrin]’:c';(l}rlya%gamccon§1le_rf_ner§.t The steam Is typically

extracted from the HRSG section or stear turbie{&) and Hatisportetffora
“distribhfibRSystéife pover (measured in terms of megawatts, MW)

is generated, One advantage of combined cycle co-

generation plants lies in their high wutilization of heat

integration as compared to conventional power plants,

thereby avoiding the unnecessary utilisation of furnaces

30 or auxiliary ©beilers, which can in  turn lead +o
substantial savings in power and steam generation.

Co-generation plants are typically regquixed to

fulfill  two main obligations in their day-to-day

operations. Flrst, co-~generation power plants need to be
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20 wherein it is subsequently supplied to the consumers. In some cases,
the primary steam consumers may be downstream units or steam
consuming units of other non-power related industries, such as a
petroleum refinery. A common problem arises wherein a fault occurs 25
during‘the cdirsé o plant operatisanwhidrs calsesseithérithe steamistermined
turbineror the:gas: turbine to aperate at aseduced capagcity..Such faults .
can %@feas;_i?n a va(r%il:£ %Jgi,fcggarios, such as for example fail-close valve
desighs, elecirical tHips. boiler overheat, BRFIptiSnS B el serlice BELmary
even Sehedared offline nraintehance. |1d suth asituaton,the Gen-Ca oftep -
has temake: a-desision ta:either sacrifice steam produgtion at the expense
of power generation or power generation at the expense of steam
generation. in cdiVEntionaf togeneratichplant Hesigm jsower stpplyiisatter
often saerificedbfor the sake ofincreasing/mamtaining steam prodyction. . 1. ..
As mgntioned previoysly, this can haye potentially adverse economical
and |e§§| ra%mh‘%at%%?%?%gbeOnI?CB?%OY}é? g#ot er problémisthac ©F
knowh EmBifed e cBoteRerativntpldhtdesignstare uniable teeachieve <o
High levels-af thexmal efficieney without sacificing its petexportable . (.o o
electrical ,%J%putd A l"tygi?g:aclj(:or,inbined cycle c,o-géege_r,ation plant‘achieves )
thermal ef iciencies of 10 about 509 to aBbUE0% tHitihal BfficiendyE Nt ion
highet therfiral efficieney is-generallyrdesiredias it reprasents:superiarifueh« a1
econemyand sonsequently; trapslates fo significant cost %%V‘”i%?. andan
overqlkién%rglygg performance of the co-generation plant. A]ﬁlg electical ©
output'is generéﬁy desired especially if electricity is exported to a
'grid-based &ndferiherit ordercdispatchisystemswhich rewards-onithes cuppiy
volume efficiency, oftheglectricitydispatched/exported. However, in .
co-geqe%%%ngp%%%ﬁm%ro%% tr%e trglgﬁr)ﬁéﬁ?' efiiciéncy By increddingthe ©*
steam outputfentito tE8dHEE the elstirical Hrrpot (MW ek the néthe  steam
electrical efficiency of thetcorgenerationplant.. =Adnown.cqo-generation .
power plant design deals with problems associated with varying demand
Ioads“erEc'J)%Kt‘_lhgs 58 power grid %%Siﬁgf‘arﬂ?r?‘g sﬁﬁpleﬁwerﬁéﬁfﬁﬂrﬁ%é%é‘i’ﬁ system
“CombiRafish with a eomprerrentarytgas trbinkl ¢foweverpsuchha dlesign . 1n
doessnatemakeqovisions:formaintaining.aconstantlevel of steam. ... ...
prOdHCtiocQ; chensa_m need arises to increase power generation beyong the ‘
normal capacity. 3G The KAoWh desigitalsd Gdes hot provide actesign fépted
improved shiermsal efficiencys a petroleum refinery.

A common problem arises wherein a fault occurs

the

25 during the course of plant operation, which causes either
the steam turbine or the gas turbine to oparate at =z
recuced capacity. Such faults can manifest in a variety
of scenarios, such as for example fall-close valve
designs, electrical trips, boiler cverheat, disruptions

30 in fuel service or even scheduled offline maintenance. In
such a situation, the Gen-Co often has to make a decision
to eilther sacrifice steam production at the expense of
power generation or power generation at the gxpense of

steam deneration, In conventional cogeneration plant
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Duct firing is another commonly employed method in co-generation plants
to provide for increased steam production in times of need. Duct firing
typically involves supplementary burners installed in the fiRSG section,
which can be used to boil up feed water to produce additional steam as
E'esire?ieér;ﬁguféd"’ﬁ tﬁé@lﬁa!f;tv_i‘c_ular HR;H@ ir_sm/d:&d}ft}@ﬁar?iﬂsmlgdga ke of
OWeYer;: firingais: an dneffigient compustign process and they are
known to reduce the thermal effi%ei(-;-nc?/ of tbe%ﬁépéﬁgfét?onn' plant, Tentroned
Furthérmore, duct firing only addi&ssas the problem of intreasing steammical
supply. Butithes ide ot providecsalutions to maiataining electrical power
sgpply in ti of disryptions. in plant operatign.,  Therefore, there
exists a neg%d%?é)r ag(l%rl:%ihgg %%Elgénbofgeégfﬂa ion B4Rt hatTe- Ak fovele co-
balandé'power -&fid stéam préduictivn: in sueh awalyisuchtthat supplyfre  high
shortféﬁ%ﬂeanf orpewver) otamy kind.are @\iqgg:]gg,_t'byéxcz{\@yﬁfilggggloggs et
desigp,. There also %§§+%Qg§g to BLOVICJG a combined cycle
co-generation plant, whidh can achiévé higher'thérfiaf efficietitiesrasl cvole
compared 6 €xsting: combinéd cycleipower plantsasimmnanehtadisst os  of
aspecththere syprovided-3,6gmbined cycle er system for produging , =~
power ﬁggm%tﬁan% Lthq,sﬁystgm ,comprisﬂin}@ : AP%%ITeaS_%[/%\IN*o“ﬁJ%?%rbin@“s gm@h@r
capable of combustirig TliéFto prodice power aft exiriistgas fromesaidsents
combiidted fael; farleast twodeat recavery-steam.generators fors 1 ras 1o
producing steam.fromsaid exhaust gas;  af least two steam turbines for ‘
producin% Power from steam produced by sai heat recoVery steam 1 roved
generators:” At f€ast bhe stddin ssplystreamt forreceiving:steam 2 hign
‘Produced-by said heattrecoverysteam generatorgi.and.. hg% source, ..
ther@@g{sgggglg%,to each of the said heat recovery steam genérators and -
being_.configured to intermlﬁeﬁty”‘énd‘inde%en%}éh?lygﬁjﬁﬁenféiﬁf@ét terit
one OF'$4id heafrecsienssean gerierators tovmeet a tequired steam ety q
of saidf steamrsupply streamand atleast ppgjg;ysaid g}“%%rg+ty;1bin<;g,}’ %ndwd

. . . 1 che I
whergin, the heat,source is configured to heat one of the at least two Hied
recovery steam generators if thie-dtffér Réafretoverjrsteant gerigrator ise rmal

“Unabté {6 Feertherreduiredesteany duty; vithout acsuhstantialloss of the. ., ..
steamrduty of dhe;said steam:supply am and at least one of said steam -
turbines..In,one embodjm;i?, there iss(?:'\)rgr%(;c';tvided a cogw%fnedléycle ot teal
system for prodticiiiy pover ARAStaaAT. the syssm comprising: at least
two fuel turbines eapablewpfcombustingfuel to @rme&ng%rna%al s with

exhaystigas.trom said combusted fuel; at least two heat recovery steam
. generators for respectively proaLlJEing steam from SAId ékhatérgastapm the

“leasPSHE Stedh i for prédacing powet Wfomsteanproduced Bys  in,
saiddedt recovery steam g@nefaﬁqj%@&g{@grpysuggg St{ﬁ?ﬁlf% recelving
steam, produced. by said heat recovery steam generators; and a hea ’
source thermally ¢ upled to Said heaf FedovVely Stedti generatais andning =
being-Coitfiglired t®ntermittenthrand intlependently supplement heat 0. ¢,
one .oicsmd;Mat;r@@@yeryégm.%@rag%@g&me% a renqoullgne&gjlsteggarg) cgcult)éj

P, . :
U The known design alsc doss not provide a design for

L

improved thermal efficiency.
Duct firj i cher i ;
ct firing is another commenly emploved method in
cor-generatlion  plants to provide for increased steam

production in times of need. Duct firing typically



of at least one of said steam supply stream and said steam turbine and
wherein the heat source is configured to heat one of the at least two heat
recovery steam generators if the other heat recovery steam generator is
unable fo megtthe tequired steam duty, witbout 3 substantial loss otthe  .zsq
steam duty of the said"steam supply stream and said steam turbine.
Advartagesasly, tHeHRSGamit i the edmbinedeyele powerssiterhfs o
able tg recaver wastedieal-derived from 404he combustiongfthe fuel ror the
turbine. The recovered heat,enerr]&y, can tg%gtilized ina glu;aLgLy c();{ ways, .
one of@hich & torgelitrate sthafi through S IREE or A \vaste Rigar ~°Y=7=%:
reboileiudrt ofigrembodiment, the hitat Source-couplediwith the ds44RSEGI they
s a dygt busner, Adyantagequsly, he dugthurmer ofione HRSG l;elaﬁ Ce  co-

be supplementary fired to increase the steam production of a single
HRSGIGRE: 2L 17T S8¢0Hd aSpect: Héteie provided a-sydtenPiory addresses
contindausly pspdugingpower-and stean: corprisings &t 20deastiwey co not
combined.cycle porer modules, each module comprising; & el trbine_ .,
capabFeL of combus mglfuefto progiluffe power a%d“exﬁ'au”st‘@as from said T~
combusted fuekheat FEcovery Steamigendratdrsdpe respeattively producing
steam from said exhaust gas. asteamdutbine forproducing powerfram cycie
steam produced by said heat recovery steam generators; and a heat i
sourcé &P ESRIed 16°Shid hieat retdvely Steahf gererafrorPover  and
supplesneating heatithereto;, a steam supply sireanz for receivingsteam supply
produsd froe said modulgs: and a,cantjoller canflguted 20Jopclivaleihe, oy
heat source of one combined cycle power moduleif the other combine

cycle péWerthodtlté ¥ ufdble %6 Fi¢et-a régBired Sted duty ofat Rasteed to
one ofdts;stegn supphrsirea and said-steganrbinestheselyt, which can

continuo SI¥§rodHcing power and steam._ _. _.In one embodiment, each
.achieve -1gder hermal DﬁITC%fnClBS . as comFar%d to
combinéd cycle poweér modules can"workin tandém and in"combination to

meet bothsregquiredeste ans dndypowe bduties bl e system. Alternatively,

each combined cycle block is capable of 5 independent operation,

wherein one combined cycle block is able to continue operation when the

other combined cycle block is partially SFEBHipietely offline while the

‘steam and powee dities-okthe systemeare being metiddvartageouslycycle power
one HRaG unitis able da compensate 1Q for the steam of power-sHpP i ng -
shortage of thaetotheilgRgG unit.OSho d (?e H@S(Ebunit fail to deliver the £
required steam supp y?o meetttHe steam duties of both tHe procc%%g% gam ©

and the steanrtugbihagthé other PASO-aditcan fievitsrcoapledeiticeust  gas

burner to make up.foxthe,shortfall in $3steam generated by the HRSG,
thereby allowing the system to meet is overall power and steam duty -

requirement. The-arfangemnt of frle CSHGIRBA LySEPiStkE theretdrars for

allows thecpowlersystemieseliabtpsupplyd pretdetesminedssteam and

power duty withoytgterrupion..201n,one. embodiment, [he, Capigliers 8.,
i 5

feedback controller. The controller is able to monitor and analyze the

steam floi¥ates f xR aCREStEant Etresis]! THe @bntiofiepissfuthert eam
electronicgly: eeupled with a respective duct burner and is capable of
activating or % tqrgénatting lrtlhe C(%mbustion gpr cess of the d%ct burner. . .
Accordingly, When a%steant shortage 1s detécted by the controfier, AR S+V 119
activatingsigreat willboe thansdittett Yo theadiutt biraetto initiatevtheducts team

firing process and:ice versasAdvantageously, this allows the controller

a heat source thermally coupled to esach of the

sald heat recovery steam generators and being

4



30 to be able to control the steam flow rates at a predetermined set point
and reduce flow rate fluctuations in the extracted steam flow rates. In one
embodiment, there is provided a method for continuously producing power
and steam in a system comprising the steps of: a) combusting fuel in at
least two fuel turbines to produce power and exhaust gas;. b) generating

steam by ggs?i:rs the gxh%[ust gas)rproduced by said fuel turbines into
respective at least two heattrecovery Sledmyenerato’R e) gensighrgdently
power by passihgsante obthe steamrprodicedhbyisaid heat EReOVERy steam

steam geperalorsinto.a respegctive aé'??é%%%%tsa@é%%”eétﬁ‘ﬁ of said
a

amount of steam being for a predetermined steam duty to mee
predeternfinB&power otip it “dEindiing steanprodueas by Bakkhehts team
recovery steaim geseratorspthe ameunt of steambeingfora  source is
predetermiged s uty; and e) selectively heating the exhaust gas .
passing into onleé'oiE t%g a%%agtet\?v)% steam aéne%a Brs1c incresse the'® heat
amount of 8t€ant When e sther staapr genamtoris undlile to meetthe heat

required steapveuty fog atlaastoaneofsald steam turbipe and.said, . ..+

removed :Lgf'_[jeam, without a substantial loss, of the steam duty of the said
steam supply stream and SaidSehm Hrbinett & FR5%hiFd hspect)there OF
is providéd:& nséthed forudontintiously preducing pawersandsteant ifcdm and
system hayingaat deast o gomblned cyde powermadules, each module

comprising: a fuel turbine capable of combusting uéLIntSSp“roduce pewer
and exhaust gasfronnsaidhcombusted fuel:a heatrecovery steambined

generaors,or [ESPECNEIL PIQIUEN - i |
g 2 = ¥ pr g power and steam, the
system comprising: at least two fuel turbines capable of
compusting fuel to produce power and exhaust gas from
said combusted fuel; at least two heat recovery steanm
generators for respectively producing steam from said
exhaust gas; at least one steam turbine for producing
povwer from steam produced by said heat rscovery steam
generators; a steam supply stream for receiving steanm
produced by said heat recovery steam generators; and a
heat source thermally coupled to said heat recovery steam
generators and being configured to intermittently and
independently supplement heat to one of sa2id heat

recovery steam generators to meet 2 reguired steam duty

b4a



steam from said exhaust gas; a steam turbine for producing power from
steam produced by said heat recovery steam generators; and a steam

supply stream for receiving steam produced from said modules, the

method comprising the steps of: 4)monitoring the steam output from each

- of sai®modlledHprovidifig &'suppleietitaPhieat spbifce teomesof thed said

heat receveary 'Stearhgenefatoss wvhen said-meonifered steam oigpl&togg‘_ﬁ gured
modulge Ofalléebglowna pr%Qefljggd steam_duty. In?a fourth aspect, there is
provided a method of contintdtsly prodtiding poler fid SteaRfevery steam
comprisingthesteps of: deormibustingfael incatdeasttweo:fueh turbiresitar <<
produge power and exbaust gas; b)passingthe exhaust gas from the two
fuel turhine a to respective at least two heat recovery steamyg{ene“ra%o‘r%%o "
produd8 Steam: ¢j passifig sée b thesstadin pivlticeelby the askebst stean
two steapygenerators tardspedtive: at leasttwe: steam turbines to produce
power; and i ected a nt of the steam produced by the
at least two %%gr%igr%r%%%i W ‘eererlzr}wgt e selected” ﬁm%%%t 5P &tddms afc-e
a stedmM 16 power fatio*dFatieast 25. rechyoneambedinernt, thecived from

selected-ametint of removed steantigat a steamsto-power ratio.of at least ..
3th.y Y orat leaat 3.5. Advantageously, the selected amount of removed
steam being at & Steam-to-pOWer ratio of at RASF2'5 néredsedig . one of
thermiah effidiéAcy of stmmadnd powen generationa EHBORE =z waste heat
embogiment,.there are two distinct steam extraction points in the system.
These two steam extraction points have been chosen for optimal heat

integration (1& tH&nal BIRGERRTT AdvENtEGEGUSIy By BhesiagaRerith the
Extraétisiis peints ascsuchy the combinedeyeie system is,ableto-achieve.a o ¢

superigr.thermal gfficiency.of.more. than 60%. preferably more than 70%
steam production of a single HRSG unit.

In a second aspect, there is provided = system for

continuously producing power and steam comprising: at

20 least twe combined cycle power modules, each module

comprising: a fuel turbine capable of combusting fuel to

produce power and exhaust gas from said combusted fuel;

heat recovery steam genserators for respectively producing

s o oa At . e P Em . ' fad
steam krom  said  exhaust gas; a =team ‘turbine For

2
n

producing power from steam produced by saild heat recovery
steam generators; and a heat source thermally coupled to
said heat recovery steam generator for supplementing heat
thereto; a steam supply stream for receiving steam
produced from said modules: and a controller configured
30 to activate the heat source of ocne combined cycle power
module 1f the cother combined cycle powar module is unable
to meet a regquired steam duty of at least one of ifs
steam supply stream and said steam turbine, thereby

continuously producing power and steam.
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5 preferably more than 75%. In another, embodiment, the system is

able to achieve thermal efficiency of about 77% whilst maintaining a

steam to power ratio of 7.16. Advantageously, the power plant with such

high thermal efficiencies enjoys the 10 benefit's of fuel economy and lower
operating costs,“DE&fiffioRs " Fhe flBWIRGT WIS and Trm$ tsed modules
herein:shallshave the.meanngdndicatedin  combination to meet both
15Theword"substantially"doesnotexclude "completely” e.q. a composition
Which?gqgﬁbg?antiésltfy"ﬁ%ée" f?Snd? Y may be co%%lle?gyly fr8& from'¥. WheFdem-
necessaky the-word Ysubstantiatlytimiay:be omitted fromcthe definitioatdfe of
the invention,a@The term isubstantjal loss of the steam duty; means. that | .

no more th%ri 10% steam is lost from a required steam duty, preferably no
more thanBY%° stédm IOt i HeEietfuired stesm dbli nforereferaplyned
less tlvamr 290 'stearn is dostdframatherequiredsteamdyty -25Thederiie the
"subsianial lassof e powes (MW, ouputidyly Jmeans that o more than
10% of the electrical power is lost from a re umed power (_)utp‘l?t/éﬂuty,
preferably nt rigte 1HER 5% poviéris 15stGrot the tequited powerompensate
mtpuﬂﬂutyﬁmom:@é@f/%ablﬁms@ @@@@@‘Vg@@w%dg lost fﬁgrlg the her dHRSG
requirU(::- .power output/duty. The term “remoyed steam” unless sta}ate L
otherw?sleg, in t{jeO Context of this spaitication refers toan Afourt of Sfedm =4
generiiedbysthrHRSG Witieh Hdssbeén extracted front thetpowerandocess

steam;e0:generationsystemas pregess steam and.whichhas notbeen ..,
expanded throuj?h the steam turbine. The term "steam-to-power ratio” in

the context S8 1hfs speciiications s & diniékSioniess Patic-Whick reféfstel in

ihe tomseper urittime: ofistean that imsmotexpanded-through she- steagy s - em

SronSBe IRoLion te st VR e RN o
arrangement of the combined cycle blocks therefore allows
the power system to reliably supply a predetermined steam
and power duty without interruption.

20 In one embodiment, the controller is a feedback
controller. The controller is able to monitor and analyze
the steam flow rates of the sxtracted steam streams. The
controller is further electronically coupled with a
respective duct burner and is capable of activating or

25 terminating the combustion process of the duct burner.
Accordingly, when a steam shortage is detected by the
controller, an activating signal will bhe transmitted to
the duct burner to initiate the duct firing process and
vice versa. Advantageously, this allows the controller

30 to be able to control the stesam flow rates at a
predetermined set point and reduce flow rate fluctuations

in the extracted steam flow rates.



10 assuming 100% of all steam produced in the system reports to the
steam turbine, then the steam-to-power retie will be zero. If for example, in
the same system, 150 tRh of steam is removed from the system and this
results in a loss 1R FOWer TRARATGF e sheam turbirre of K 0aViw (hed 16r
loss relat % steam input to the steam turbine), then the
stear;%!%t%\é%\l}v%%?gﬁé ismi-%utfh?}j 41.9Ni1"3.5879  Th&ddrm Lthermal system
efficiSefey a$'dsed hersiharsfersito the total amount of steam and power
energy produced by 99.the, oL-pracess, expressed as a percentage
of the energy provided ﬁ%%ﬁ%ﬂe g%?ém cj)s'r]b proaci:‘gss%c‘?ra &amﬁ‘l‘%?the‘“ uel
amount of gas consumed-whiete tRe fhePtFbineisa gasdurbihe)sTheas ; |
energy provided by th;eefwejemayi@lsg m@d@th@afé@ggengyeco%%%dt mgaS
the 25 HRSG sectlonpggqiggxgglm%{ in the gas turbine itself. ~ The term
"high pressure” and abbreviation "HP" &fe to be t8ed iftéfdhdteabiyrfer 2
refer to fluid at a presStt@HFabicve®60 Bar6000:)CRa)0 about50:Dad ean
(15,000 kPa). In one gsboediment, the high pressure steam 30 is about
12,000 kPa fo about 13,000 kPa. The term. “intermediate pressure"” and
abbreviation "IP" are 16 fb%ﬁ%&&‘?nté?@ﬁﬁﬁge%ly RrEfert flgiehat aof  the
pressure of between 95bar ([@508uki2a) to,60ar(6000-kPa) Jn steamn
embodiment, the integmed tessyre steam is about 25 Bar (2,500
. kPa) to about 27 Ba?é(g},%lg%%).'!%% ferm "low prossurs® afd ~east two
abbreviation "LP" ar’to" B8 uS&dirteteharigeablytousfer ta fluidatd being
pressure of between@above a@aw&rﬁpﬁ%ugeﬁg%ﬁbo&ggg b@% Inm%ge 4
embodiment, the Iowmgreeéesgerg :ﬁ%"i@ is about 4 Bar (400 kPa) to about 6
Bar (600 kPa).  Uhless spécitied othehfifse’ {i&'térims "comprising” and
"compr an‘a)grammaﬁéépv“é@%ts thereof, arerintended toggpresenty'open s+
or "inclusive" languagesued-10 tha y include recited elements but also
permit inclusion of ad igtional%anec%t,%ﬁ(felééérﬁéﬁt%fsgsAs li%eed h&F&R the °F
term "about"; in the context oféfcerftratfonB Bt tRparans ofthan duty;
formulations, typicalBfseans +/- 5% of the stated value, more 15 typically
+/- 4% of tghe stated yalu ypically. /3% of the stated value, more
typically, +/- 2% of the sﬁtgggv%l%e?ﬁé%éﬁ rﬁ?oréqﬁpi%é{%‘fzﬁﬁi% DY tHeE=sing
_stated value, and eveh‘fhorefpicaf +/-1:8% ofithe dtated valueo  steam
20Throughout this disslesure; certain efnbediments may.he disclosed in a__

-

< merely for converience S Evet aRd<HoLRT HbL B CondgubdaETn o

is merely for convenience and brevity an
inflexible limitation dfFftte scbpe BF tHeé Bisclosechranges yAceordingly, the s+

description of a range sheuld M@@&@%@dggﬁ\@spﬁéﬁcg% gisglolged

all the possible subggn%s as :J\{V*Tllil as individual numerical valuges within © =%
Toi

that range. For example. desErption of & rafge Sueh s fron 2o 6 shoutde
be considered to ha#/e30 sgetifically diselosed sultangesssheh as from 1

and szid steam turbine.
In a third aspect, there is provided a method for

3 : '
continucusly producing power and steam in a system having
- b

at 1 * ] ! |
L -east twe combined cycle power modules, sach module

comprising: i :
Mprising: a fuel turbine capabl: of combusting fuel to

produce power a € Ir i ;
i nd exhaust gas rrom sald combusted fuel; a

o am o e s
heat recovery steam gensrators for respectively producing



from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well

as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 0.
This applies regardless of the breadth of the range. Disclosure of

Optiorgal Embodiments = Exemplary, non-limiting err;bocllgme{}és?ngfge for
comBirEal cyEfPBowdF s§stef il How B8 Hiscldsed  5ThHe fuel turbine
may herany iyie of futbife thatcemprisesaucembustiortHamber, aecovery
compressor and a turbine. . The Qg%sg&rggfpeggg@éﬁo%@d%g@ {heng

HRS@t?naéﬂy B& any f'fpreséf means for producihg Heat.in one 10 o
embetrentpitenrsahsTorprotucng heat Roselddtéd FEMe groupT-51nd
consisfing,of ductburners, auxiliary boilers, auxiliary heat exchangers

and furnaces. Each HRSG may be thermﬂglll)é coupled to at leastong,
duct burner. The duct Biifierth&S e iRStalfed pfior 16 of 15 in each of the
pressure sections of thesHR $G¢islieh -as the HP section, the IP section

and the IP 56%50“- b}Q&%@J&QEi%e%%é@'?é%@%%%y%%@tm@&%e to one
comprised of two modules of a combined cycle block, each block

comprising a gas turbifé, £ PRIGHaVisg At feast SneHucP o Hithar s “en
therein and a. steam turhine. @ptionallysthe cembinedoycle systerm naydule
comprise more than tw dules of combined cycle bl ypically, in

each combined cycle b%g(%rﬁ%e;éyg tirbine %g"r]iﬁ rﬁ%?s ggsLé %1 p%gdgé!ée

power. and:heated exhaust gaseTheilheatedrexhdust gasiRBlipassests puously
HRSG and is intermittently heated furber bynthe-duct bagpes to thereby
produce more steam. Some of the steam passes to a steam turbine for
producing pdiwer and SGWBFﬁér’sﬁear%‘ﬁ%lextr'hlatedafofomiﬁgsc%mb‘iﬁgd
cycle power system as-onecanmorecofddPitR-anddPesteand 3lmoag gas;
embodiment, e systefp.may, sonupise gfree opfour gombingrloycle, £vel
blocks, each capable o?pro ucing steam and power in tandem or .
independently of each &#erian eat the FRESHOW BFexhaust Giiforttie =2t
respective HRSG and subisseuiently:steanyehthe:HRSG andsteante stean;
turbine

i

fuel

c) passing some of the steam produced by the
aT least two steam generators to respective
at least two steam turbines to produce
power; and

d) . removing a selected amount of the steam
produced by the at least two steam

wherein the selected amount of

\s;
U
]
<
kg
]
et
o
b
w

steam 1s at & steam-to-power ratio of at

In one embodiment, the seslacted amount of removed
steam is at a steam-to-power ratic of at lsast 3 +L/h.MW
or at Ieast 3.5. Ad%antageously, the selected amount of
removed steam belng at & sitsam-~-to-power ratio of at least
2.5 incresses the thermal @ffiéi‘ency of steam and powsr
generation,

In one emk;ociiment, There are two distinct stesam
extraction points in the system. These <two steanm

extraction points have besn chosen for coptimal heat



are in parallel flow to the other combined cycle power blocks. The
controllerthe combined cycle power system may be a feedback controller.
Optionally, the controller may be a. feedforward controller, a PID
controller, a Pl controller, a PD controller or any combination of the above.
The hginprassurésteamgenerated by dhe:HRSGmay besfrentabedtis1y, by
12000 k 0 000 n alternative 10 embodiments, the L
pressugﬁ?%g%;ggfar%hrﬁg% béel r”dr% about 12060 kP& 6 about12668%1ned
kPa, frio#Tabout 19680 kP& todbcut 12608 kPas from aboutd2000kPate rmal
about 2406ikk*a and fromqakout 12000 kPa to,abewt 12200 kRa: In.gne, .
ergbod'rrnaelglérgg h I;Illgng%BtHnit i57 capable of 15 generating up to 300
tons/hf of steam Tor éxpénsm%nthréﬁgh its respective steam turbine or for
extraction as-processsteanniinditecembodiment,therHP ssteameprodugeds eve
by one:HRSG1unis may. hie extragted asprocess stegm or.expanded . .
through a fluidly communicated steam turbine. In 20 another embo iment.>
the HP Stéa ProdiEEd by B’ HRSG utiit - b fbiedae%rseéond the power
combirédroycle biock forexpansion troughia second steamturbing o s the
ingtalled therein. The bined cycle power system is able to remove 25 -
proces%s i%fgﬁew%og%is“ﬁ%tigﬁ g?%lpé% i#é‘g\?v%\é%%ao Uhits Bt th& expense
of power generated by the steam turbine. In general, the amount of steam
(in tons/hr) removed by the system that; restits.ig one megawatt of power
_loss from th(el‘g‘t%eaflgit%t&iingés terrged as the steam-to-power 30 ratio. The
steam-to-power ratio may be at least 5°fh 6fié BinbSGimelit fHg: shall have
steamt&r pBfvet ratioimdy decirdm about 2.5 to about 7.5 or about 5 to
albout 7.5. Inrgne embgadiment,thesteam-lo-power rgtig may be from .
about 2,5 to about 4,0, from about 5,5 to about 7.5 and from about 3.56~
about 5 5" AdfvaRtageotisk, tHe HIGARISARtE Dottt Fhtiolis alsabstantially
charaéterizéd Byan improved thesmat efficiensy in the powernsystem. A jpnere
high steams: er.ratio J vantageous.in that minimal power supply
loss resu%%?%y%tlhe{f%%uﬁ%g in ét%gasﬁ%ﬁﬁﬁtat%q‘t}ﬁe stédm Tarbife dagto Trom
the procesestdant beimgrieribved Byheisystem. Accordingly, the total
ehergy outp]:&t@gf;tbﬁr@ys%msn%m%mgigbggliﬁ@ye ggﬁh%lgcggllﬂhe@%@%/ﬂ neans
input in.terms of fuel combusted, thereby resylting in high 10 therma
efficiel{l}é%esn%?tﬁg gistélfﬁl.n %ur“hes Bé%%rét:édlis%gn;ﬁf% the'BRS G Fay tean
be exfratted Roft tHe Bysterrate varigtyeof operatingtemperatures ansh «he

pressuees.iFae HR: strgamyihat is.remoyed may have temperatures, steam

rangiqg frpm,450 C to 550C or higher. The 15 HP steam removed may

also have pressures raRging fFonT 308654 £12300 kPa. The extracted
1P steam mayhavespressuresranging from 2660 kParto abeut 2700:kPa. vy

The LR sigamextracted may. have pressures ranging from about 400 kPa he

to 600 kPa. In one embodiment, the process steam is 20 extractéd af’*
abouf 566€7AfE 12086k (absblute) aiid alst afabout 258 G:and 260@ower

kPa. cutput/duty, preferably no more than 5% power is lost

from the reguired power output /duty, mors praeferably less

30 than 2% power is lost from the required power
ocutput/duty.

The term “removed steam” unless stated otherwise, in

the context of this specification refers fo an amount of

steam generated by the HR3G which has been extracted from

jte]



Brief Description Of Drawings Figure 1 shows a simplified schematic
diagram of a 25 combined cycle co-generation plant with two combined
cycle block modules. Figure 2 shows a simplified schematic diagram
of a heat recovery steam generator with triple pressure reheat 30Figure 3

shows a.graphrelating steam laads (tensiy)and power output(MW).with.. .
the thermal efficiency of a power plant with a 90% CC configuration.
Figur@%lshéﬁ’\%%gr}ﬁf‘relﬁﬁﬁg stéam 10508 tonEfhr) Bhdpéier blifputstean
(MW)awith the steam-to-power ratio of a power plant with a 90% CC
configuratiop. (herginafter the phrase "CC configuration meansas . .
combined c?g% p ér%%opé’ré%n%‘ a%(ihgoaqféted"gé’fc%nt capacity. Thatis —~ °-
the phiase "90% CCconfiguration = méans e ¢ombined epclecplant.ch refers
operatingat-90%:capagcitylin it ckigure 5 shows.a:graph felatingvasious:, deq
steam_!q'"adls, tOr%%/hr) with the steam-to-p wer ratio of a power plant 10
with a 0% EC configutation. - Figure 6 3hows 4 graphirafating vafiglis =¢
steant loads (tbasHry ter thee stebrm-to-fJowseratiostin & power plantwith.as as

90% ¢ C configuration withydugt Eigure 7; shows.a graph relating steam, .1
loads 15 (tons/hr) and power output (MW) with the t‘herm?al efficiency of a

powef plaritwith 2°80%°€ CAconfigurafioR With dtct firind: g 88howsar
graphrelating stesan lcadss(tons/hrland powet oatputd(dMWHwith therio will

steamsto-power 20-tatio of a power plant with 2 90% CC configuration wih .
duct firing.6  Figure 9 shows ai‘g”rabh'r‘elatiﬁ% steam %gdse(tdn§7hﬁanwéﬂ ot

poweﬁgﬁfﬁmmmwﬂ:}?% thefmalche system and this results in a

logs in power (MW) of the steam turbine of 41.9 MW (i.=.
15  loss relative to 100% steam input to the steam turbine),

then the steam—to-power ratio is 130 t/h / 41.9 MW =

The term "thermal efficlency as used hersin refers

de b o e ane T . —~ 1 3

to the total amount of steam and power energy produced by

20 the system or process, expressed as a percentage of the
energy provided as fuel in the systam or process [for
example, the amount of gas consumed where the fusl
turbine is a gas turbine). The energy provided by the

fuel may alsc include the fusel energy consumed in the

2
on

HRSG section and not simply in the gas turbine itself.
The term “high pressure” and abbkreviation “HP" are

.

te be used interchangeably to refer to Ffluid at a
pregsure of above &0 Bar (6000 kPa) to about 150 bazr
{15,000 kPa). In one embodiment, ths high pressure steam

30 is about 12,000 kPa to about 13,000 kPa. The term

o

L£2

“intermediate pressure” and abbreviation “IPY are to be .
used interchangeably to refer to £fluid at a pressure of
between 15 bar (1500 kPa) to 60 bar (6000 kPa). In one

embodiment, the intermediate pressure stsam is about 25



efficiency of a power plant with00% CC configuration with duct firing.

Figure 10 shows a graphsteam loads (tons/hr) and power output (MW)

with the steam-to-power ratio of a power plant with a 100% CC

configuration with duct firing. 20Figure 11 shows a schematic diagram of

the ceptrol system for steam produgtion-in the-combineg cysle power.e term
plant. .  Figure 12 shows a basic algorithm for the feedback control loop

of the STEAMHG Coritrol Sy&tent Dataiied Déstription of Bfawings °° 58
Referring:mownatorErgh 11y t.hiEne ism@n’;ded@ c_ombimad eyclexo-generation of
power system 10, comprising.a.pair of comhined cycle power blocks, .~ 1,

(11,11a), which are in parallel mass flow to each other. The combined -
cyclePwerBaekEeompriseturbfties i tH& fortn 6f-& pair of 1(Rgast ¢ Bar
turbines(12;22a) -heatrecovery steamgenarators in the form of HRSG

pair (14,14a) and steam turhines in the form of steam turbine pair (20,20).
The gas turbines lef’fZa “and ﬁ]eOIE]R%é ﬁf,’14a%§nd“tﬁlém§tearﬁ tl 'ﬁﬁgém
(20,289 anb eREsetiicakgeneratdrs (187184} afe eachels redpectividy=ct, are

organized inasingle-shaft configuration:; wherein the totating means.gf wuch
the gas turbines (12,12a) is mechanjcaI(I%/ coupled to the steam
[3

Hirbine¥20") Vi & corliediing sHatf (1313a) TRECombinad cycle * hower ™ ¢
blocksr(d 1yElayare inpardilelmidss floweand-are 20<alle tto generate

power and supply steambpendeqtly apdlor in fandem. The 93s. .ontext of

turbines(12,12a)are SGT5-4000F gas )
concentrations of componsnt s of the formulations,
Lypically means +/~ 5% of the statsd wvalues, more

15  typically +/- 4% of the stated wvalue, more typically +/-
3% of the stated wvalue, more ftypically, +/- 2% of the
stated value, even more typically +/-
value, and even more typically +/- 0.5% of the stated
value.

20 Threoughout this disclcesure, certain embodiments may
be disclogsed in & rangs format. It should be understcod
that the description in vrange format i1s merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed

2%  ranges. Accerdingly, the description of a range should be
considered te  have specifically disclosed all  the
possible  sub-ranges as well a8  individual numericail

values within that range. For example, description of a

range such as from 1 *to © should be considered to have
36 specifically discleosed sub-rangss such as from 1 to 3,

from 1 to 4, from 1 te 5, from 2 to 4, from 2 to @, from

2 to 6 etc., as well as indiwvidual numbers within that

o

range, for exanmpls, 1, ;, 3, 4, 5, and 6. This applies

regardless of the breadth of the range.

11



turbines, supplied from Siemens Power Generation Inc on Siemens AG
Wittelsbacherplatz 2 D-60333 Munich, Federal 25 Republic of Germany

with a rated power output of 287 MW and 39.5% simple cycle efficiency.

The turbines feature an annular combustion chamber with ceramic
combustion es. During normal plant operation, a feed stream 30 (21,21a),
comprising a mixture of natural gas (as fuel) and ambient air is fed to the

gas turbines (12,12} 1O tafBGstiin. e préssUrzet difbigtion

exhaust fromxtirecgas turbinersubsenuently drives angenerater (16,16a)yoinec
therehy praducing.electrical power. Typically, ine gas tyrbines (12,122)

are responsible for generating the majority o?tlhe power load required of

the system 102 THe'genéiaibd powetis then routed tva powergrd {ast that
shows)ristiate fuel oll (ot showm) is-Lsedas an emergepeyPack-Up na &
fuel source ghould the supply of natural gas trips. Furthermore, provisions

are mode o the design to ensure that online fuel switchovers between

natural gas &@md fuekdil are feasiblesdurng plamt I0lepgeration withe mitiifial may
downdime, The distillate,fuel canhe any,suitahle petroleumderived -, .
fraction, for example, diesel fuel. Heated exhaust gas (24,24a)
Prod e frofitthe gal tuing 1121245 76 ypicany afa termpefattré rafige rom
of 400€=t0s600: €. dheéexhaust gas (24;24ahisrthersfed:ta:d hokizontab 11 ers,
flow HRSG (L4-d4pdor heakrecauery.and sigam production) _ The

HRSG (14,14a) is typically of a triple-pressure) reheat design, capable of
generating process steamat 20tthrée differeiit pradeurss, hantely Righst one
presssre {HR) steam (28;28a): tintermediate-pressure, §P) steam(31:31a), or
and low pressure. (LP) steam (33,33a). The HRSG (14,14a) are thermally
Coupled toa Reat SIB'B)F'cep int geu o?msc‘)? é‘?ggb’eé;cf/e“]c}fﬁct}ijgasr%ér tgiga) “°
that isieapablelef25tihdepéndent-ant intemittent.Cormbustion. The heat
energy thats, derived from the independent angd:iptermitienf.combustion. 4 ¢
of fuel in the duyct burner (18,16a) is used to boost the generation of steam

in the Hi5SE1%-T4a). The ductBiiier Fair 8188 ard Sprablebya 36+ ock
controleras will bezdescribed-further belewsndheanbe used tast one duct
syipplement.the heat duty sypplied by the exhaust gas from thegad , - o1,

turbines. The pressure of the HP steam
combined cycle system may comprise mors than two modules

of combined cycle DRlock. Typically, in each combinsd

cycle block, the gas turbine combusts gas to produce

-3
€]

power and heated exhaust gas. e heated exhaust ga
25  passes Lo a HRSG and is intermittently heated further by
the duct burner to thereby produce more steam. Some of
the steam passes Lo a steam turbine for producing power
and some of the steam is extracted from the combined
cycle power system as one or more of HF, IP and LP steam.
30 In one embodiment, the system may comprise of three or
four combined cycle Dblocks, each capable of producing
steam and power in tandem cor independently of each other

in that the mass flow of exhaust gas for the resspective

T

HREG and subsequently steam of the HRSG and steam turbine



is in the range of about 12000 kPa to about 12300 kPa, the pressure of

tie IP steam is in the range of about2500 kPa to about 2700 kPa and the
pressure of the LP steam is in the range of about 400 kPa to about 600

kPa. The HP steam stream (28,26a) is passed from the 5 respective
outletsof the HARG (14;14a) 40 respective downstreamsteam twrhings ,oyer
(20,20"), Each steam turbine (20,20") is comprised of three main sections,

a HP5&¢Etion’ (20a,20a’), an IP section (20b,20hR) and an LP section
(20c,20c"). The IR steam(34531a) generateckfrom=10 the HRSG(#4,143k e
s royted tg the IR section,(200,20131).of the steam turbipe, while the LR, ..
steam (33,33a) is routed to the LP section (200,2001) of the steam turbine
réspéetivelys A% pSRitiT 6f the FIP-Steakt (28:28a)fis firdt expandedithfough FI
the HP-seetion £20a,20alof the dbesteam turbing:io generategleetricals the
power, ghg depressurized and expanded steam is subsequently
expangedifhrough the IP and LP sections sequentially to achieve an
appreciable’pressufé drop atioss e tiregseetiohsof the stearfittbiney be
Finally; the let down; steam (26,26a), 20avhich hasbegp fullyrexpandad, -« i ve
1through steam turbine (20,20, is finally routed from the LP section =~ _
20c, 20615 ahd cohdehstd W 5 heat exchiangéf (22228) t6'Bedbhie P2 from
condehsate. HowWeéver) aot-all f the: stedin producediythesBRSG 2b0pair kPa
(14,143) issed to,raspectively drive the steam furhings,(20,207),,50me 0f , 5.

the steam is extracted as HP steam from the system 10 via HP steam

head&F 322ihile sEmebithe stedh %Péxf’fé‘fct@%%lﬁ' St A& tP steam
header 34, whererthe steamiissubsequently being capsumers 3098 s0lds  of
Accordingly, the system 10 produces both steam.and power. . _ For .
%foce%%nég‘ig%!r”nné%a%‘ﬁon% %hpe %@gam“%ﬂr 2% “"ext?aj:cted% TWo different === +C"
pressuié Poifts: PariGiaryt the proeess siedmextracted frorboth théon as
HP steam £28,28a) and theF steam(3d.33a)A firstiextractian point - oduced
(40,40a) is situated downstream to the HRSG's %9 ressure superheater

C S| RSG's high pr > superhe
and a Secohd extraction point (42, 47a) & sitd&tet at e édid Feheat® -2™ °F
sectiomibetietntvecstean: turbinel (20,200and thec R SG €14, 14a) blime . In

£ne embodiment the HP-steam.(28,28a) is.extracted af a temperature of o o -
500C and a pressure of 12000 kPa (absolute) while the IF steam (31,31a)

is extracted &t 1 pressiié of 2660 RPEANY S50E - Abtevar it showd® o=
be realized: that-thistisjustione possiblecembodimrant and:irbreatity, tere:11ad
than two extraction points may be provided. It may also be desirable to
extract LP steam (33,33a) from the system 10. The let down steam
(26,26a), haVifig &4 ¥Ub-afRospheric prégsdre of 100kPa absllte driowierove
and gterpetrature:of 98€-orlowver; is;passed-thraugh arheat.exchangeranics
(22'25%‘) f’gfgge%%eezg)sagkégtoggge@R%gnerated by the steam turbins.
In gensral, the amount of steam (in tons/hr) removed by
the system that resulis in one megawatt of power loss
from the steam turkine is termed as tThe steam-to-power
30 ratio. The stean-to-powsr ratic may be at lesast 5. In
one  embodiment, the steam-to-power  ratlo may be from
about 2.% to abeout 7.5 or about 5 to about 7.5. In one
embodiment, the steam-tc-power ratic may be from sbout

2.5 to about 4.0, from about 5.% to about 7.% and from



The extracted HP steam stream (29,29a) are then routed to a common HP
steam header 32 and distributed as HP steam while extracted IP steam
streams (30,30a) are subsequently routed to common IF steam header 34
and distributed as LP steam 38. The levels of steam production are

constantly.menitored and,contiolied by, g, series of transmittars and 25 .y . .-

controllers. As the extracted HP steam (29,29a) flows past controllérs
(50,504) Fe&jsectively, the contréfers (50:808)Withbe aBle 5 analyzeliier oved
masstilewrate efthe-steamm siream angdxeact to,anydisturbancg-orst sam-to-
changgs, I the,steam supply. In one.embodiment, the coptrallers 30. <.,
(50,504 are éfectronically coupléd with the duct burners (18.18a). When= =Y
one ofthé cortrollérs detast adrangednsteam flow ratessit wilkpedctively the
send an-"activating rar aterminating” glectdcal signal o #s respectiveved oy
duct burner (18,18a).In this manner, when one of the HRSGs (14,14a)
does not sﬁgﬁiyeghﬁici%ﬁf: gtgegajrﬁ%yiﬁeépt@he' 154 dOty s requiredt the ©he
correspendingauet iournet ¢1.8 A8 willgeceiveian electricat sigrmal fromut in
the 5 controller fo either act.ivate firing or tepminate f_therehy:contralling , « .

the steam production in a feedback loop. This is a’simplified description of
bhe posEmié-méthod ofEMtial instruniertatioRtn the system. Other
possible embodimentsof pracesscontrolsuch as:1Hproportionake extracted
integrative, derivative o fe dforward conrol can be used singulary orin.. . ..
conjun tion with an exemplary fedback system as tescribed. above.
Now Freferrimeftosfigine-2, there isBhewhsrsimplified séheifatc of theay have
triple psegsure-reheat design, 454HBSG 44. Thehot exhaustgas 24-em  The
the gas tuLbCi%Si[Paﬁsgs tyhrgu h the HRSG 14 where the high temperature,,
exhatst gas 74 heats Up the botier Tedd water 50thrétigh a'sefiés bf "¢ -+
evapadraters, namely the EPCevdporatoti4d, 4R teveaporator A6:dndithetHP have
evaporatar:48. The cooled 20.exhaust stigam 24 isfhen. passedto.an-rn. 1p
exheus. Otaok 60. The duct burner 18 is installed in front of the HP
evapGTatér a8 6 Tortiol e nhdin steafT enperatired the réif i sfeam 400
28 andkthethot éelieatdine 58:areequippediwitiha, deisuperheatssprayecam is
system. (nat shown). Steam heated.in the HP evaporatordd flows through, , .
the main piping for admission into the steam turbine. Steam produced

from fHe P evapérdtor 46T6s §irbugitan TP pre-heater 46a before

joining up with the cold reheat steam. line 56. An IP steam stream. 54 is
extracted at one 30 point pri the mixing of the |P steam from the IF
evaporator 46 and the (r:%_p er%rhgé?gts 56> ﬁzﬁjégrﬁixéﬁ étfe%grﬁnbgf then enters

the HROG 4 gelrsater section 62 aridis thereaddmittedito'the steapran of 2
turbine-as a-stream RfIE steam 58. Steam.from the-LP,gvaporafer 44.omnin=d
passes through a LP preheater 44a before 8ai.g admitted into the steam
turbine’as £ P sdaim %gg’“ﬁ?ﬁérring now to figureis shown a. simplified

schematic dﬂ%ﬁ% Ofithgh%@roé 5%5}39’1 §g.i.ed schematic diagram of a

heat recovery steam gensrator with Lriple pressure reheat

design.
30 Figure 3 shows a graph relating steam loads
(tona/hr) and power output (MW with the thermal

efficiency ¢f a power plant with a 80% CC configuration.



-ponsible for monitoring the flow rate of steam, comprising of the flow rate
analyzer 50, a main control system 66, an actuator 68, duct burner 18,
and the HP steam header 32. As the extracted steam from both HRSGs
are routed to common steam header 32 via header 32, each 10 respective

HP steam sireany’s flow rate, will be detegted by ap.analyzer 50.which will

subsequently fransmit an electrical signal 70 to a main control system. 66.

in oné 'eifiétimertt thetfsiF catitichsystehilis ddistribtited Eortipr to-power
systeax {ROS) {Jpan reeeiving the electrenie 1% signad fram thecamalyzeetion
50, th(e;ﬁ:empirg CEQNEQ} sy%tgm 66 r\!\fg ggact\:c,orthe gidt‘,rt‘g[bqpygems\.ip nthe steam )
flow rates by transmitting a refay signal 72 fo an actuator 68. The relay>  °
signat72-cdre e ary electronie’or a phelmaticgsigrial. ih:eneembadiment,cent
the relay signal 72resultsdn 20:the-actuatorhd; clesing/openingsthe fuel e - s

valve leading to the duct burner 18, thereby activating or terminating the
combustisRbprozess i the kit burkér Refefing nB@"‘toCﬁlﬁﬁl‘eLH Jthere is
shown a feqdbagk.cantigl algorithm. fanthe abgve disclosed 25 control 4

system. The steam control system 69 is perturbed By a drop in steam flow
rate Wit Fe<pect t ‘a-pretidterfiifBa set Foints Thé HnalyZer résporits by Lant
ransmitiing=an electroniesignaltether-main control system which in turn
transforms the electronic signal and 30 relays an "activating” signal to the
duct burner§{¥8;¥8aj. Gormbustioninttie dactdivmery (18,48a) aream lcads

subsequentiyinjtiated and steam-produglion is ingreased GOMParaKvely., ) an:
As the steam production continues, steam. flow rates will increase to a
point thatis"above tHe Fretetdihited Set point. “Fiereattet "the reverse

happens exgept that now the controller relays a "terminating” signal to the _
duct burners (%8“,1“8a), thereby stopping&a\% PEDIEHY SRR Moaas

15 (tons/hi) and powar output (MW) with the thermal
gfficiency of a power plant with a 920% CC configuration

with duct firing.

Figure 8 shows a graph relating steam lioads
{tons/hr) and power output (MW) with the steam-to-power
20  ratio of a power plant with a 90% CC configuration with

duct firing.

Figure % shows a graph reliating steam lcads

(tons/hr) and powsr output (MW) with the thermal
£ i £

efficiency of a power plant with a 100% CC configuration

25  with duct firing.

Figure 10 shows a graph relating steam lpads
{(tons/hrj and power output (MW) with the steam-to-power

ratio of a power plant with a 100% CC configuration with

30 Figure 11 shows a schemstic diagram of the control

system for steam production in the comblned cycle power

Led
(8]



5 additional steam production. The "terminating" signal can take the form
of either a pneumatic or electronic signal, and has the effect of terminating
the combustion process in the duct burner. This can be done in a plurality
of ways such as shutting down fuel service valves or by 10 disabling

the%g mechapisi in the.ductburner, Examples, . ; - No limjting examples, - -y
of the invention will be further described in greater detail by reference to

15 spedific Exatipless Whith shbtif'nbt B corsirtied &' fit &y way
limiting the scope of the invention. Example 1 In-silico modeling of a
singular combined cycle cc- 20 generation power plant is carried out using

engineering simulation.seftware pegrap KRAWAL slrom Sigmens AG,
Germany. The configuration employed in this simulation was a 90%

combined CYi& (ude’ CCYWithatt the & Duct firing (BE). The réguits- =4 @
below are ford comblined cyglen25 amodulercomprising oba sirigle HREGLs1ing
unit. The parameters,thatwere simulated. in the modeling exeLaise, s cr ayre
included power generation (M\?I), Heat rate (kJ/kwWh), Electrical efficiency
(%), tHermar 8ffiGendy7@s) and ‘Stédm © & CBxtrdctivh rates’(tonsotHT e <1 ©
modelingeresults are 30tabulated belownSteamextracted}y~SMTotal ptihr of
&20 %QI 0663 Ql6

s turbines (12,12a), heat recovery steam generabtors in

the form of HRSG pair (14,14a} and steam turbines 1in the

form of steam turbine palr (20,207}, The gas turbines

{12,12a} and the HRSG (i4,14a) and ths steam turbines

(20,2077 and electyrical gensrators (16,16a) are esach
15 respectively organized Iin a single shaft configuration,
whersin the rotating means of the gas turbines (12,12s)

>

ig mechanically coupled to the steam turbines (20,207
via a connecting shaft (13,13a). The combined cyole
powar bilcocks {11,1la) are in parallel mass flow and are
20 able to generate power and supply steam independently

and/or in tandem.
The gas turkines (12,122} are SGTE-4000F gas
turbines, supplied from Siemens Power Ganeration

Siemens AG Wittelsbacherplatz 2 D-80333 Munich, Federal

3
n

Fepublic of Germany with a rated power output of 287 MW
and 39.5% simple cycle efficiency. The turbines feature
an annular cembustion chamber with ceramic combustion

tiles,

During normal  plant operation, a feed  stream

30 121,21a), comprising a mixture of natural gas {as fuel)
and ambient ailr 1=z fad to the gas turbines (12,12

compustion. The pressurized combustion exhaust Ifrom the

gas turbine subseguently drives 2 generator (16,16a),



0116344107 016 91 49140 01613 J 6375138 Table 1. run with no
steam extraction al all. The power generation for Run 02 (control Run)
was about 334 MR (electric). Runs 06 to 016R show that the power
generation is slightly reduced when increasing amounts of steam is being

extracted, from the power plant . .. Fig:3 shows the decrease jn power ..
generation from 334MW to 292MW as steam production increased from 0 ™
to 150't6ANBSFhour-This 5 a I6gital FESWPHEAPhEVING 20 1658 8tgsm Y the
availabledoidrivedhe steanpturbine 1Hawevekthe 4assdi pewer system 10.
generaiion js,alsg ascompanjed by an ncrease g thermal effidency Ioa
value as h%ﬁ" s about B89 The extraction of the uftra ﬁigﬂ pressure
steam{SO) and tHeshédim pressure sidamt (SM) pesults) indéssosteama s an
available.for expansionn the steam turbine-for poyvengenerglions ppiy  of
Consequently, a slight drop in power generqtion is thereby experienced, It

is proposetf that’he high tiermal &fficieAcies of R&arly 8% are™a Fedlitt 6f
the choieefthersteaneextraeticripoints.l The 30.choice of the steambetweaen
extragtiqn, points are derived from the optimization.of the heat balance of ; .

the combined cycle system. In this example, the steam is extracted at

BOOC AT 1 20°Bar(absotite) Accotdiiyly these aré the>optinfals fuel can
conditiens.figr steamextragtian i erder de:achieverhightthermakcer example,
efficiencies., ., Figures 4 and 5 show that the steam-to-power ratio for

this particular configuration can vary from about 2.7 5 to about 3.6. In
particular, Run 0163 shewssa normal eperating modegwith-nodugt fidng, gas
having a steam output.of about 150 tons/hour, with anideal =~ -
steam-toPowRr ratig of about™3.58 PTHE stéam to-powerratigs ig © rende of
ddvaritageousadn fiaat ri€arly’s tons:df steamzan el 104emovedtfoe salezd to
and distribytion, at the expense; ptene MW,drop in-the power generated by, , ;
the steam turbine. In conventional combined cycle co-generation plants,

the pAMEET coTeerA s tRually steam production and therefore existing

co-generatlggedeﬁ%rg u(siué’a}"y%ge}vei% Ietsysplggghly cf a triple-pressure

reheat design, capable of generating process steam at

(nct

+

ne

¢

20  three different pressures, namely high pressurs [HP)

la

(8]

steam (Z8,28a), intermediate pressurs (IP) steam (31, =)
and low pressure (LP} steam (33,33z). The HRSG (14,14a)

are thermally coupled toe a heat aource in the form o

h

a
respective duct burner (18,18z; that 1is capable of
25  independent and intermittent combustion. The heat snergy
that i derived from the independent and infermittent
combustion of fuel in the duct burner {i8,18a) is used to

boost the gensration of steam in the HR3G (14,14z}.

The duct burnsr palr 18,18a are operable by a

30 controller as will be described further below and can be
used to supplement the heat duty supplied by the exhaust

gas from the gas turbines. The pressurse of the HF steam

is 1in the range of about 12000 kPa to about 12300 kPa,

17



15steam-to-power ratio of about 2.0 to 2.5. Example 2 In-silica

modeling was carried out for the same power plant configuration as in
Example 1, except this 20 time with the firing of the duct burners. The
modeling software and methods used are the sane as in Example 1. The
tabulated results are as follows: Stea extracted);.. tgaamalgas: P
delivé’rﬁega) ‘?rﬁéi)at%%'n Séﬁsmg{r%ata?%sl%lél\%lglro)é"ﬂcéﬁfigﬁ%ré}tioﬁ dn ©f Aot
TihtfhiiflP inVAitit 020060001909 (EC 872 125101125 130'95K30°'¢ ©f the LP

10

3%
o

steam is in the ranges of about 400 kFa to about &00 kPa.

The HP steam stream (28,282) 1s passed from the
respective outlets of the HRSG (14,14a) to respesotive
downstream steam turbines (20,20%). Each steam turbine
(20,207) is comprised of thres main sections, a HP
section (20a,20a"), an IP section [(Z20b,20b7) and an LP
gsection (20¢,20c’). The IP steam (31,37
the HR3G (14,14a) is routed to the IP gscrtion (20b
of the steam fTurbine, while the LP steam (33,33a) is
routed to the LP sectilon (20, Z0c) of the steam turbine
respectivaly. A porticn of the HP steam {28,28a) is
Tirst expanded through the HP secticen {20a,20a') of the
steam turbine to generate a@lectrical power. The
depressurized and expanded steam 1s subseguently expanded
through the IP and LP sections seguentially to achieve an
appreciaple pressure drop across the three sections of
the steam turbine. Finally, the let down steam (26,26a),
which has bkeen Zfully expanded through steam turbine
(20,2067, is finalily routed from the L?P  section
{20c,20c”) and condensed in & heat exchanger (22,22a) to

become condensate.

However, not all of the steam produced by the HRSG
pair (14,14a) 1is used to respectively drive the steam
turbines {20,207}, Some of the steam is extracted as HP
steam from the system 10 wviaz HP stszam header 32, while
soma of the steam is extracted as IP steam via I[P steanm
header 34, where the steam 1s subseguently being consumed
cr sold. Accordingly, the system 10 produces both steam

and power,

For process steam extraction, the steam will be

extracted at two different pressure points., Particularly,

=
oo



90% CC with DF 1012 1 124r911215 1130 100 230 r-1 1 90% CC with DF
1017 1r 1781100r278

(8]

10

[

the process st=am is extracted from both the HP steanm
(28,28a} and the 1P steam (31, 3%a). A first extraction
point (40,40a) is situated downstiream to the HRSG's high

pressure superheater and 2a second extraction point

{42,42a) 1=z situated at the cold reheat section, betwsen
the steam turbine [20,207) and the HRSG (14,14a). In ons

smpodiment, the HP steam (28,28a) is extracted at a
tamperature £ 500°C and a pressure of 12000 kPa

absclute) while

o

the IP steam (21,31a) is extracted at

b

pressure of 2600 kPa and 250°C. However, it should be
realized that this is just one possible embodiment and in
reality, more than two extraction points may be provided

It may also be desirable to extract LP steam (23, 33a)
from the system 10. The let down steam (26,26a), having a
sub-atmospheric pressure of 100kPa absolute or lower and
a temperature of 98°C or lower, 1s passed through a heat

exchanger {(22,22a} for recycle back intoe the HRSG

The extracted HP steam stream {29
routed to a common HP steam header 32 and distributed as
HP steam 36, while extracted P steam streams (30,30a)
are subseguently routed to common LP steam header 34 and

distributed as LP steam 38.

The levels of steam production are constantly
monitored and contrelled by a seriss of transmitters and
controllers., As the extracted HP steam (29,2%a) flows
prast controllers (50,50a) respectively, the controllers
{50,50a) will be able tc anaslyze the mass flow rats of
the steam stream and react fc any disturbance or changes
in the steam supply. In one embodiment, the controllers
(50,50aj are electronically coupled with the duct burners

{18,18a). When one of the controllers detect a change

steam flow rates, it will reactively send an “activating”

O

r a “terminating” electrical signal to 1ts respective

19



190 110 300 90% CC with DF -6 LO17E31 | 1241146r270 130 160 290 i
90% CC with DF 01713 |

(84

15

fad
Ln

30

duct burnsr (18, 18a}. In this manner, when one of ths

ot

HREGs (14,14a) does noft supply sufficient steam to mest
the steam cuty as reguilred, the correspcending duct burner

(18,18a) will receive an electrical signal from the

locp. This is a simplified description of one possible

method of control idinstrumentation in the system. Other

possible embodiments of process control such as
proportional, integrative, derivative or fesdiorward

control can be used singularly or in conjunction with an

exemplary feedback system as described above.

Now »referring to figure Z, there 1is shown =a

-

simplified schematic of the triple pressure reheat design
HRSG 4. The hot exhaust gas 24 from the gas turbine
pagses through the HRSG 14 wherse the high temperature

exhaust gas 24 heats up the boiler feed water 50 through

Eh

a geries o

v

evaporators, namely the LP evaporator 44, IP

avaporator 46 and the HP evaporator 48, The coole
& 2

exhaust stream 24 is then passed to an exhaust stack 60

The duct burner 18 1s installed 1in front of ths HP
evaporator 48. To control the main steam femperature,
the main HP steam 28 and the hot rehsat line 58 are
aguipped with 2z de-superhea spray System {(not shownj.
Steam heated in the HP ‘evaporatcr 44 {lows through ths
main pilping for admission intc the steam turbine, Steam
produced from ths IP evaporator 46 flows through an IFP
pre~heater 46a before Jjoilning up with the cold reheat
steam line 56. BAn IP steam stream 54 is exXtracted at one
point pricor to the mixing of the TP steam from the IP
avaporator 46 and the cold reheat line 56. The mixzed
stream 64 then enters the HRSC 14 reheater section ©2 and
is then admitted fo the steam turbine as a stream of IP

steam 5Y. Steam from the LP evaporator 44 passes through



1241155Liz 130 170 300 | 90% CC with DF r Table 3. Simulation Run
|[ElectricalThermal? Power Heat Rate.Power decrease' Stearn-to-
Efficiency | EfficiencyPower MW%I1% MWRatio 33416,427 156.0% 550%
1000 |

a LP preheater 44a before being admitted into the steam

turbine as LP steam 52.

Feferring now to figure 11, there is shown

simplified schematic diagram of the control system

5 responsible for wonitoring the flow rate of steam,

comprising of the flow rate enalyrer 50, a main control

system 66, an actuator 08, duct burner 18, and the

ateam hsader 32, ks the extracted steam from both HRSGs

are routed to common steam headsr 32 via hsader 32, eac

16 respective HP steam stream’s flow rate will be detec

o
G

an analyzer 50 which will subseguently transmit an

glectrical signal 70 to a main control system £6. In one

embodiment, the main control system 1is a distributed

control system (DCS). Upen receiving the electronic

15 signal from the analyzer 50, the main c¢ontirol system 66
will react to the disturbances in the stsam flow rates by
transmitting a relay signal 72 to an actuator 63.
relay signal 72 can be an electronic or a pheumatic
signal. In one embodiment, the relay signal 72 results in

20  the actuator 68 closing/opening the fuel valve leading
the duct burner 18, thereby activating or terminating the
combustion process in the duct burner.

Referring now to figure 12, there is shown
feedback contrel algorithm  feor the above disclosed

25 control system. The steam control system 69 is perturbed
by a drop in steam flow rate with respect to
pradetermined set point. The analyzer ressponds
transmitting an electronic signal to the main contr
system which in turn transforms the electronic signal and

30 relavs an Cactivating” signal te the duct burner

(i8,18a). Combustien In the duct burners (1i8,18a)
subseguantly initiated and steam production is increas

comparatively., As the steam producticn continues, st



02 3107,519 J47.9%65.8%123,75,491 0122998,141 F44.2%I72.6% J
34,9r6,59 C17 1289 8,800 40.9% 76.3% 1 44.9 6.68 C17131 292 |

flow rates will increase to a point that 1s above the

predetermined set peint. Thereafter, the reverse happ:

ns

axcept that now the contreller reilays a “terminating”

signal to the duct burners (18,18s8), thereby stopplng

5  additional steam production. The “terminating” signal

can

take the form of either a pneumatic or electronic signal,

and hag the effect of terminating the combustlon process

in the duct burner. This can be dons in a pluralitc
ways such as shutting down fuel service wvalves or

10 disabling the firing mechanism in the duct burner.

Examples
Non-limiting examples of the invention will
further described in greater detail by reference

15 specific Examples, which should not be construed as

any way limiting the scope of the inventicn.

Example 1

<
OX

by

In-silice modeling of a singular combined cycle co-

&
i

gimulation softwars program KRAWAL™ from Siemsns

genaratiocn power plant is carried out using engineering

Germany. The configuration employved in this simulation

was a 90% Combined Cycie (CC} without the use of D

firing {DF}. The results below are for a combined cyole

Zbh  module comprising of a single HRSG unit. The parameters

£t

that were simulated in the modeling sexercise included

power geaneration (MW), Hea rate (kJ/kWh), BElectrical

efficiency (%), thermal efficiency (%) and Steam
axtraction rates (fons/hourd. The modeling rasults are

30 tabulated below:

22



8,536 42.2% 76. 3% 41.916.92 _1017529218,573142.0% 177.1% 419

7161 o ‘ 5 Steam {as extracied} Steam (as deiwered}
Stmuiaimn Run ISR ?‘atas B4 BM ?9&&2 5
c2 o | 0 L0 0 0 0
cé . B3 0 | &3 85 0 . 85
C11 E 44 107 85 . B0 115
C16 o1 48 140 a5 55 150
168 | B3 75 138 ! 85 85 150

Table 1.

S iy e B ectrical | Thermal o Power E
:,:.Sii?é;ﬂiﬁ'é?t:i:é:ﬁ{i"’{{m'_'}‘f"'."?'?'gwar- AHeat Rate Efficiency | Efficiency ‘decrease’ ._%%;gze?
‘ e R AW . s j Y A . tatie
c2 | 334 5427 560% | 56.0% | - | -
| C8 : 310 6,989 51.7% B81.4% ! 237 274
C1t 298 7,263 49.8% 65.5% 4.8 3.30
Ci8 289 7,520 0 47 8% B868% | 449 334
c168 252 7467 | 482% 68.4% . 415 | 358

[
oy

Table 2.

As seen in Table 1, simulatlion run CZ2 is a control
run with no steam extraction al all. Ths power generation
for Run £2 (contrcl Run} was about 334 MW l{electric).
Runs Cé to C16B show that tThe power generation is
15 slightly reduced when increasing amounts of shteam is

being extracted from the power plant.

Fig. 3 shows the decrease 1in power generation from
334MW to 292MW as steam productlion ingreased from 0 fo

150 toeonnes/hour. This 1s a logical result from having
20  less steam available to drive the steam turbine.
However, the loss in power generation 1s alsc accompanied
by an increase in thermal efficiency to a wvalue as high
as about €68%. The extraction of the ultra high pressure
steam (3U) and the medium pressure steam (SM) results in

b =

less steam available for expansion in the steam turbine

(3]
n

for power generation. Consequently, a slight drop in
powar generation 1ls thereby experienced. it is proposed
that the nhigh thermal efficiencies of nearly 68% are a
result of the choice of the steam extraction polints. The
30 choice of the steam extraction points are derived from
the cptimization of the heat balance of the combined
cycle system. In this example, the steam 1s extracted at

500°C and 120 bar (absolute). Accordingly, these are the

s8]
Lt



Table 4. As seen in Tables 3 and 4, Run 02 is a control run with a 90%
CC configuration with no duct firing and no steam production. Run 0173
shows a situation wherein 5 there exists a need to increase steam
production, e.g. to make up for steam shortfall arising from another

comhined eycle block module. Duct firing is employed f incregse they.. .
steam production to about 300 tons/hr. It is notable that there is no
significahitdidpiindsower spply@o2CLe MW Hespite the increased steam
production. ke steam tospawer ratieof R 0kf2:is suephsinghy highr-at-zt: o
7.16. The ggoye results aJsorsu%%%%t a £%Igtionsaig betweenftpe ratio of 5 7
SO stedm 16-SMFstear extracted and the steAmtobower fatis. RuA 017 *-
similarty depicts astéam 15 preduction rate of800 tonsthoahhoweverpiormal
with aJarger prgpogtion of high pregsuresgteam being extracied as = srean
compared to Run 017B. This is observed to be less thermally efficient .
than RaFOL73 Figtite"F shows the'relatidtship bétivedn stedii 203 “53m 50~
productio; powergenerationand theérmaliefficieney:of the power planti#s is
shown,,the maximum steam duty achievable with duct firing can.gg up.to, 1.
300 tons/hr for a single HRSG unit. At the highest steam production rate

'of 300%BRSAT, thetpoiderrgetetatetis aboiit 292 Miv and 25*hethermal °ne
efficiencydsabout 771k powe Figiies shows the relationship between=. 1In
the steamto-power ratios gt various steam duties. It can be seen.that the
steam-10-pOwWer ratio increaged with increasing steam foads up 1o a value
of 7.16: THig¥s avery30 advartageblis Tesait asthdumplicatiends tHatrefore
about.Z tans of steam.are.extracted/delivered atthe:gxpense of each MWz 1
drop in power generated as a result of less steam driving the steam

tdrbine. Gah&FaIl peakiAg the highaf the SteamTopoiver ratio, the more
efficient the combined cycle process is considered to be. Example 3

In silica modeling of a power plant with 2,10Q%_.cgmbined cycle

configuration with duct firing was carried out using the methods and
software as'diséfosedin EXSmplé$ 1 &i7d 2. The situlafibins dreredults same
are 041240124130 01:436000% CC with Dia' 0912494215, 180100 d=pt  this

o )
£§0199£%C%€%ghggé firing of the duct burners. The modeling

the

—h

software and methods used are the same as in Example 1.

The tabulated results are as follows:

Sﬁmuiation‘é Bieam {as extracted) Steam{as ﬁgiivemcﬁ} T P
Fon BY . -SM o Total 0 CSU C SM | Totai | - Configuration .
Tih Hh ] otk L th A o th o N
G2 0 0 0 o L0 0 80% CC
c7 125 1 ¢ 126 130 0 | 130 80% CC with DF
c12 124 91 215 130 100 230 80% CC with DF
C17 1 178 100 278 180 110 300 80% CC with DF
C17B1 124 146 270 1 130 180 290 90% CC with DF
[ C1rB 124 1 155 | 27¢ 1 130 | 170 300 | 90% CC with DF
Table 3.

$im§;anﬁon _%fﬁ.g},war E ‘Heat Rate "‘,g;;ggg::; Ez;:cf:gi; Power.decrease stjﬁéie"
MY L kAN | % D s o oamer | Ratio
o2 P34 8,427 | 56.0% 58.0% (.00
G7 310 7,518 47 9% 85 8% 237 5.49
C1z 299 8,141 44 2% 72.6% 24.9 8.58




013 90J 491391 9555 1150 1100% GT 013383761391 65851150100%
GT-1014 17898 276 .190110 1300100% GT with DF
C1413124153277130 170 1300 100% GT with DF 015178 99 2781
190110 13001100% GT with max OF 01583i 2791 130170 1300100% CT

with max DF_J 1 Tahle 5. ulafigni p1H gil.Thermaldgial Gas 15, , |

5.68

POWQHE@I{HBP, eal xgle Run 8L—5T§g.‘,l ncxggapmency;gg@su ptlo%g 6.92

decrease:todPower'ad; MW T kilic\Wh--1 192 4% Mink L MWRatio 144 4 716
Table 4.

As geen in Tables 3 and 4, Run CZ is a control run

with a 90% CC cenfiguration with no duct firing and no

steam production. Run CLl7B shows a situatlion wherein

5 there exists a need to increase steam production, e.g. to
make up Zor steam shortfall arising from another combined
cycle block module. Duct firing is smployed to increass
the steam productlion to about 300 tons/hr. Tt is notable
that there 1s no significant drop in power supply (252

10 ™MW} despite the increased steam production. The steam to

a
poewer ratio of Run Cl7B is surprisingly high at 7.1

The above rasults alsco suggest a relationship between

ratio of 3U gteam o 3M steam sextracted and the steam—to-
power ratioc. Run €17 similarly depicts a stean

15 production rate of 3C0 tons/hour, howsver, with a larger

proportion of high pressure steam Dbeing sxtracted
comparad to Run C17B. This

s
thermally efficient than Run C1l7B.

is observed to be la

as

33

i
Figure 7 shows ‘the relationship between steam

20 production, power eneraticn and thermal efficlenc
k k Y

of

the power plant. As shown, the maximum steam duty

achievable with duct firing can go up to 300 tons/hr for

a single HRSG unit. At the highest steam production rate
of 300 tens/hr, the powsr dgenerated 1s about 292 MW and

25 the thermal efficiency 1s about 77.1%

Figure 8 shows the relationship betwesen the steanm-

to-power ratlcs at wvarious steam duties. It ¢an be ssen

that the steam-to-power ratlic incresased with increasing

steam loads up tce & value o

(o8]
(o]

tons of steam are sextracted/delivered at ths sxpsnse

advantageous result as the implication is that about

7.16. This 1s a very

7

each MW drop in power generated as a result of less steam




37116,348 156.7% 1 56.7%2,352,56910 0.00 04344 7,354 49.0% 65.4%
093327,865 | 45.8%72.2% C13f 3217,3351 49.1%68.3% 01383324

7,259 1 49.6% F 68,3% 293 8.51442,3%78.3% 0143295 8,3271
43.2%78.8% 8,455' 42.6%76.9% 124155 Run Cl is a control run, wherein

no stgamwas 15 produced arextractedand DQ*dL{Pt%B'QQ} WAS amlﬁgt%dhe*

Thermal efficiency of Run Ci was relatively low at 56.7% as compared to -
other Tiifis Wi &teainistoatiction With dtiét fidig Rdd 13 Ras dariedsutied
with &100% &as-Fuine considered to be,

firing.

Runr 13B

was carried out with a

26
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5 Example 3
I silico wodeling of a power plant with a 100%
combined cycle configuration with duct fiving was carried
out  using the wmethods and software as disclosed in
Examples 1 and 2. The simulations are results are
10  presented below In table form:
%imuiaﬂmﬁ Steam jas exﬁe‘ac&:&&} Smam {as {iaiwamaﬁ} L RS R
SoRun Sl B TataE BY BR Total o iGonfiguration
ERUEEREE R i R R ¢ Y CEHR O ot R % B R R
1 0 0 0 0 o | © 100% GO
C4 124 0 124 130 o 130 100% CC with DF
Co 124 a1 215 130 100 230 100% CC with DF
C13 90 49 139 25 55 150 100% GT
C1i3B 83 7B 138 85 as : 160 100% G
514 1 178 5e 276 §C 110 | 300 100% GT with DF
148 124 153 277 130 170 360 100% GT with DF
Ci6 178 89 278 190 110 300 100% GT with max DF
L C1sB 124 155 278 138G 170 300 100% GT with max DF
Table b.
imutlation oo oy Efectrical | Thermal | TolalGas { | Power . Steam-
}S Run ?pwer : ‘ﬁe#f'ﬁate”ﬁﬁ“ cieney | Efficiency Consumption| ‘-:ﬁecrease ?U-Power
R T L I 1 L Yo LI My ! Ratio
C1 371 5,348| 586.7% 56.7% 2,382 5689 Y 0.00
C4 344 7,354 49.0% 55.4% 2,531,247 284 482
8 33z ¢ 78651 45.8% 72 2% 2,808,807 388 5.23
13 321 ' 733651 4%8.1% 68.3% 2,352 335 499 3.01
C13B 324 72581 488% | BBI3% 2,302 842 46,5 3.23
C14 283 8514 | 42 3% 78.3% 2,490 345 78.1 3.84
C14B 286 8,327 1 43.2% 78.8% 2463 127 74.8 4.01
Cib 308 8455 . 4Z2.8% 78.9% 2,815,877 81.2 480
C158 | 316 | 8,264 436% | 77.2% 2,607 292 | 554 544
Table ©.
Run €1 1is & control run, wherein no steam was
15 produced or extracted and no duct firing was activated,
Thermal efficiency of Run Cl wasg rslatively low at 56.7%
as comparad to other runs with steam production with duct
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configuration, it can be seen that steam production was capped at 150
tons/hr and the thermal efficiency of such a configuration is slightly better
than Run Cl at about 68.3%. Run 01413 shows a typical situation wherein
there 5 is a need to increase steam production to compensate for the

shortfall,ef another comhiped cycle madule, In.this simulation run, duct
firing is used fo approximately double the steam production to about 366 "*°

tons/REAPEInStable’that the powet Prodietioais maintaihédatztey of such
appreximately 30Q0%1/3W and thergrisno drastic POWesIOSSHUETO =t about

increased steam produgtion. The thermal efficiency of Run 0143 was alsQ
Surpr?sglﬁgjlvhigﬁlg? 78?53%‘3% “NEGure 9 ERoWs thé Télationship Betwesn -2
the steam |geand powercutpat and thermalefficiency.tb cantre=bt5seentor

that with ingreasingsteam praduction the.pawer supply isslightly 1 i
reduced. Thermal efficiency displayed. an increasing trend along with

increSs8d Stéam prodtictiort s proposid thiat thes5resently Gptizednstely
stearm @xtractionspointszallqves forcsuch:superiasdhermal 90 efficiencies 1+ is

over conventional,cambined cyclg systems,, , . Figyre 19 depicts the, ., .
relationship between thg steam to power ratips to increasing steam foads.

It carPbe seeH that thie madfumrstedamstozpoirer Patiowas at 5.93oWhen 1oss
the steam deadingwas at about 230 tensthr: 25 ApplicatioRS e efficiency
disclosedmbined,eycle co;generation power system compriges, of a pair of
combined cycle b oc‘f<s, each combimed cyéfe lock®comprising a ‘gas

turbine, a hEag80secovel searm genctator apdsa Steahrturbine. The pairean

of combined,gycle blacks arearanged and coupled-tobe able to produce ..
steam and power in tandem and independently of one another.

Advahtageotsiyt wherr dne EoRitifed Tycie Bidtk ekpeHEhdes a progesgover
fault andpthe othescamibiried cycleblockis aotaifeetédiandis-ableterlzyvad

contiye pawer,and sieam produgtionindependently. Evenmore. .y i oup

advantageously, such a configuration allows the disclosed systemtobe
able frsapply steamiand fovwerritiably to5 ekt thetfretetérminegt ini zed
steans gsuhbewer duti€sn points allows for such superior thermal

20 efficiencies ovar conventional combinsd cycle systems.
Figure 10 depicts the relationship betwesen the steam
to power ratios to incresasing steam loads. It can be sesen
that the maximum steam-to-power ratio was at 5.93 when

the steam loading was at about 230 tons/hr.

Applications

The disclosed combined cycle co~generation power

system comprises oI a palr of combined cycle blocks, esach
combined coycle block comprising a gas turbine, a haat

30 recovery steam gensratcor and a steam turbine. The pair of
combined cycle blecks are arranged and coupled to be able

to produce steam and power in tandem and indepandently of

one another. Advantageocusly, when one combined coycie

block experiences a process fault and, the other combined

27



The disclosed gas turbine is also able to combust both gaseous and liquid
fuel. Advantageously, the combined cycle power system is able to use
distillate petroleum fuel as an alternative source of fuel, thereby 10

minimizing process stoppages due to fuel service disruptions. The
disclosed dugt bunet s thermally coupled o atleastone HRSG. The duct,
burner can be fired with natural gas or distillate fuel to increase steam 15
prodiction in thé HASP of #& eontbined e)elesER Advantagddizdly, more
when:thessteam preducing.capacityof the power-genarating capacity of1 cs=d
one combined cycle block is compromised, the duct burner of the other |
combined tycleblock can be fired 16 compensate for the Stsdm o power? ©°
20shartfall intthersystems rminEie disclosed combirned @ytlespower system

is able to extract gteam fram itg-systemdor distiibution; to downstieam. oy s«
units at the expense of a drop In_ power generated by the steam turbine.

ThroGgit the 8ptiniiZation of the hdat Balantelof the SYtem-iv6 Spetiic  the
steamcremiq\_xa:i points arercarefully determiried teiprevide thgs@reaiest illate
them%?éigg(i@%y f@lélﬂe §¥St§f¥‘-ﬂa€‘9¥ §QI13¢QLQ\P}JS!}’@ \p,x:YC%h O&_S In&'@er thereoy

extraction points as disclosed above, the system is able to achieve
Ylpeforatthafial etficienéies of BBout 60% to“atout 80%. THE rangesst toe
steam-tespgwerratios thus achieved is about 2.5 to about 7.5. Such high
steam-to-power ratios, indicate that a minimal. loss.of power generated b )
the steam td%‘inéﬁé” §X83ﬁgn§éd%u%ut%r*m% I'éif’geg%‘1?’nllc)%“n“’t‘ii sﬂfec%ifr?f”‘"“(gl fo ot
removed Ffonrikie siistem. Adviirragéeasly thercombired chele plangd  with
enjoyshighthermalefficiencyiasa result.of the superior steam:A0spowWer - . 4r,
ratios. It will be apparent that various other rnodirir.ations and .

%l%apfwa}ff}o%%cgflt% imentiortwill' B apparent 15 the Pets8ii SkilfetF irfth aft=
after febdingsthedoregoingltisclasure swithout departing froma the:$pivit and the
scopg, gf the invention,and it is intepded that all %&%m@eddlﬁ%i@fé and, .y, i

adaptations come withinthe scope of 10 the appended Claims 1. A ]
comBTEd €y Fower Efstent for'probtting poviér &hd:&teafit thers/steice
comprising: atleastwoftietetbineseapablesefbcombusting fueldarproduceswe
;_p(pwegggymdt%@gus&g%%gosmf said combusted fuel;
The discleosed combined cycle power system is able to
extract steam from 1ts system for distribution to
downstream units at the expense of a drop in power

generated by the steam turbine. Through the optimization

R
&2

of the hesat balance of the system, two spscific steam
removal points are carefully determined %to provide the
greatest thermal afficiency Lo the system.
Advantageously, by choosing the extraction points as

disclosed above, the system is able to achieve superiocr

o0

30  thermal efficlencies of about &0 to about B80%. The
range o steam-fo~power ratios thus achieved is about 2.5
to about 7.5. Such high steam~to-power ratios indicate
that & minimal loss of power gsnerated by the stsam

turbine is experienced dus to the large amcunt of steam

Y
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at least two heat recovery steam generators for producing steam from

said exhaust gas; at least two steam turbines for producing power
10from steam produced by said heat recovery steam generators; at

least one steam supply stream for receiving steam produced by said heat
recovery steam generalqys: and.15a heat spurce thermally coupled 10,5 g
each of the said heat recovery steam generators and being configured to
interriitteritlyand indépetiderithsSupplantent heaf t6 ofeof sdid heagsult of
recovely stegetgeneratoss:to: meatarequiredsteam duty of said 20steam
supply stregm and at éeast onngfq§aidhst am turbines, and wher Ln;-th,ﬁ,t —
heat source s Configured 6 heat one of the at 16ast two Reat récovery - 77
steamargenetatorsifitiiecother heat recovery steant generatepisauratiletto the
meetthe 25 required steam duty, without,a substantia| ioss ofithe steam ;g
duty of t_hei said steam _supply stream and at least one of said steam _
turbirfes’ © -9 SR 5 stehi He claii&a it tidint £, Whé&r&in SRid ficaf80sotide® ©F
is configured o directly heatsaid heat recoverytstedmigenerators.s3.A  such
system as.claimed in clajm 2, wherein.said heat,souree comprses firing,. ¢
means for combusting fuel in 35 the path of the exhaust chamber passing
throughssdiaiiestsecovérnfsteam generators.
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4.A system as claimed in claim 1, wherein said at 5 least two fuel turbines
are respectively in exhaust gas fluid communication with said heat

recovery steam generators. 5.A system as claimed in claim 1,

wherein said at 10least two fuel turbines are gas turbines. 6.A system as
claimed in claim 1, wherein said at leasifwo steam turbines are

resplectixely in exhaust gas fluid communication with said heat recovery
15steam genarators. 7.A $ystem s claimed in Siaim 3- wikdrait Saidthef e -
source comprises:within'gachtyeatecovery stearg generators, at least

one duct burngg. 20 8.A system gs claimed, in claim Z; cooprising two, o ¢

modules for generating power and steam independently of each other,

each of saitPliRitizEd TRoduiée cprising oRé oPHEdastufbinepairst gas
one of the 2o twe hedt recaver:ste@amigenerators having the at least one
duct burner therein and,ons, of the stearg tuibine pairs. 9,A systemas . ¢
claimed in claim 8, wherein the system 30 furthér comprlse% a controlfer

to intermitteRely EmdiadepeTdentyire Beddct uraersof a0Reat recovery

steam generager inoneimedule should the:othermodule not deliverad power
required stteam dutg to the 35 étea supply stream or steam turbine of

that other module® 16°R syt aS Slaifted T LRI T Whersinthe Yy Steam
5steam supphestrgam £omprises a plurality of headers

at least one steam supply stream for receiving
steam produced by said heat recovery steam
generators; and

a heat socurce thermally coupled to each of the
said heat recovery steam generators and being
.configured to intermittently and independently
supplement heat to one of said heat recovery steam
generators to meet a required steam duty of said
steam supply stream and at least one of sald steam
turbines, and wherein the heat source is
configured to heat cne of the at least two heat
recovery steam generators 1f the other heat
recovery steam generator 1s unable to meet the
regquired steam duty, without a substantial loss of
the steam duty of the said steam supply stream and

at least one of said steam turbinesgs.
2. A system as claimed in c¢laim 1, wherein said heat
source 1s configured to directly heat said heat

recovery steam generators.

3. A system as claimed in claim 2, wherein said heat

source comprises firing means f£or combusting fuel in

30
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at respective plural pressures. 11. A system as claimed in claim. 10,
wherein the steam supply stream comprises a high pressure steam 10
between 6000 kPa to 15000 kPa, an intermediate pressure steam
between 1500 kPa to 6000 kPa, and a low pressure steam between 100

kPa to 15Q0 kBanl2 A systearas glaimed dmelaim dds whereinthe ugh said
153tea%s?lé%pg g[é%%ry cosrr%%ri%esgae Qi(%gpa%rg%ure steam between 12000
kPa to Iga, n |ﬁ/terme8|éte’pressure Steam between 2600 kPa to

2700 kPa, and a low pressure steam between 400 kPa to 600 kPa.
2013.Asystem:for, continuopsly,preducing power and steam £omprising:; 5 ¢
at least two combined cycle power modules, each module comprising: a

fuel turbifié Tapabie of Combusting fiiet 6 prodlieepowet ARdexhaust st
25 fromsaid cambdsted-fuel;rai heatirecoverysteam:generatoss forrecovery
respect'évce@é}grcédeucé@% steam from said exhaust gas; a steam turbine for
producing pow: rf[rlom steam produced by said heat recovery steam
generators; and a heat source thermally 30coupled to said heat recovery

steam generateefor supplementing heat thereton  a steamesupply stream
for recgg\éin?fstga_m prodyced frgm said modules; aqd .a controller
configureﬁ1 o activate the heat soures of %%e%ao?ntg’lﬁgg %:%Igpower

module if the other combined cycle power module is unable to meet a

required steam dity gtat least Qng of;its Ssieam supply sieamandsaid ¢
steam turbine, _ .
least two steam turbines are respectively in exhaust
gas fluld communication with said heat zrecovery

gteam generators.

7. A system as claimed in claim 3, wherein said heat
source comprises within each heat recovery steam

generators, at least one duct burner.

8. A system as claimed in claim 7, comprising two
modules for generating power and steam independently
of each other, each of said unitized modules
comprising one cf the gas turbine pairé, one of the
two heat recovery steam generators having the at
least one duct burner therein and one of the steam

turbine pairs.

9. A system as claimed in claim 8, wherein the system
further comprises a controller to intermittently and
independently fire a duct burner of a heat recovery
steam generator in ocone module should the other

module not deliver a reqguired steam duty to the
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thereby continuously producing power and steam. 14.A method for
continuously producing power and steam in a system having at least two
combined cycle 10 power modules, each module comprising: a fuel
turbine capable of combusting fuel to produce power and exhaust gas

from said sgmbustesifuelsa heatregovery steam generator §af that other
respecti\é%}/lf)éoducing steam from said exhaust gas; a steam turbine for

15 proénucmg power from steam produced by said heat recovery steam
generators; and a steam supply stream for receiving steam produced from

said modulesythe, method comprising the steps of; g) monjtoring the. -y,

steam output from°each of 20said modules; b) providing a supplemental
heat sGUFEETo BrEof theeigatrecovEly Steé@f generfatgrsviien sdidheaders

monitorgd §t§§ﬂéggw& 05%@%‘19@;%@559@8\9{3 predefined steam duty.

25 15.A method as claimed in claim 14, wherein when one of the modules
falls below the predefined steam duty, the supplemental heat source is

applied to thesheat tecoyery steam.generator, of the other modyle-3Q 16.A 1,
method as claimed in claim 14, wherein said steam to power ratio is about

2.5 to AGRY . B URP LA niik6d As CRIFAEN #F Elafin R40RherERSsalge steam
between 6000 kPa to 15000 kPa, an Iintermediate

pressure steam between 1500 kPa to 6000 kPa, and a

low pressure steam between 100 kPa to 1500 kPa.

iz, A system as claimed in claim 11, wherein the
steam supply stream comprises a high pressure steam
between 12000 kPa +to 12300 kPa, an intermediate
pressure steam between 2600 kPa to 2700 kPa, and a

low pressure steam between 400 kPa to 600 kPa.

13. A system for continuously producing power and
steam comprising:
at least two combined cycle power modules, each
module comprising: a fuel turbine capable of
combusting fuel to produce power and exhaust gas
froem said combusted fuel; a heat recovery steam
generators fLor respectively producing steam from
said exhaust gas; a steam turbine for producing
power from steam produced by said heat recovery
steam generators; and & heat source thermally
coupled to said heat reccvery steam generator for
supplementing heat thereto;
a steam supply stream for receiving steam

produced from said modules; and
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steam to power ratio is 3.6 to 7,5. 18. A method as claimed in claim 14,
further 5comprising the step of removing the steam from the system at a
plurality of pressures. 19. A method as claimed in claim 14, wherein the
steam supply stream comprises a high pressure steam 10 between 6000

kFa to 15000 kPa, an intermediate pregsyre sigam-hetween 1500 kPat0 . ¢
6000 kPa, and a low pressure steam between 100 kPa to 1500 kPa. 20. A

method as claifi8d%A tldim PISwRErdnthRe 1% fefova 6rih&stieatn it the

undertaken at achigrpressirenet 12000 kPate2230Q:kPa<anis unable to
intermediate pre%s%lreasteam bet\geem 2600 kPa to f7g9 ﬁa, and a low

pressure steam betweert 400 kPa to 800 kP4, $051 A methiod of O-° °f 5

continuously prédaging powet and=stsamtcormpiisingetheé stepsof a)turbine,

combusting fuetin-atieast twesfuel turbines toiproduce.power and exhayst
gas; b) passing the exhaust gas from the two fuel 23turbines to respective

at least two heat recovery steam generators to produce steam; c) passing
some of the.steam?pradaced bydhe continuously producing power and

steam in a system having at least two combined cycle
10 power modules, each module comprising: a fuel
turbine capable of combusting fuel to produce power
and exhaust gas from said combusted fuel; a heat
recovery steam generator for respectively producing
steam from said exhaust gas; a steam turbine for
15 producing power from steam produced by saild heat
recovery steam generators; and a steam supply stream
for rebeiving steam produced from said modules; the

method comprising the steps of:

al monitoring the steam output from each of
20 said modules;
) providing a supplemental heat source to one

of the heat recovery steam generators when
gaid monitored steam ocutput of a module

falls below a predefined steam duty.

25
15. A method as ¢laimed in claim 14, wheresin when
one 0f the modules falls below the predefined steam
duty, the supplemental heat source iz applied Lo the
heat recovery steam generator of the other module.
30

16. A methoed as claimed in clalm 14, wherein said

steam to power ratio is about 2.3 to about 7.5,



at least two steam generators to respective at least two steam turbines to
produce 30power; and d) removing a selected amount of the steam
produced by the at least two steam generators, wherein the selected
amount of steam is at a s ea to-power ratio of at least 2.5. 22. A method

as claimed in claim 21, wherein said 5steam-fo-power.ratiq of atleast 5. . .; 4

23. A method as claimed in claim 21, wherein said steam-to-power ratio of
at least 6. 10243K niéthotras craifmed irf cfairh iofurter comprising the
step of:  e)selectively heating the exhaust gas passing to one of said at
least two_steam generators to increase the amount of steam. A
1 . . et 25, ole . 1T 3 4 urther
method as ¢claimed in &faim 21, f:u:’rtherel cdolrrna%rg;mg the“stap of: fselectivély’®
héating the exhpustgas passingtep of imooneof said atleast twgom the
steam genetalors fo 20increase the-amount of steam.when the other
steam
19. A method as claimed in claim 14, wherein the
steam supply stream comprises a high pressure steam
10 between 6000 kPa to 15000 kxPa, an intermediate
pressure steam betwszen 1500 kPa toe 6000 kPa, and a

low pressurs steam between 100 kPa to 1500 kPa.

20, A method as claimed 1in claim 19, wherein the

ey

15 removal of the stream 1s undertaken at a high
pressure of 12000 kPa to 12300 kPa, an intermediate
pressure steam between 2600 kPa to 2700 kPa, and a

low pressure steam between 400 kPa to 600 kPa.

24 21. 2 method of continﬁously producing powsr and
steam comprising the steps of:
a) combusting fuel in at least two fuel
turbines to produce power and sxhaust gas;

) maszsing the exhaust gas from the two fuel

AN
ot

turbines to respesctive at least two heat
recovery steam generators to produce steam;
c passing some of the stesam produced by the
at least two stean generators to respective
at least two steam turbines to produce
30 power; and
d) removing a selected amount of the steam
produced by the at least two steam

generaters, wherein the selscted amount of
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generator is unable to meet a required steam duty. A Combined Cycle
Co-generation Plant Abstract A combined cycle power system for
producing power and steam. The system comprising at least two fuel
turbines capable of combusting fuel to produce power and exhaust gas
from the combusted fuel, At Jgas{ jwg heat rgeayery steam, gengralors afe. .
also provided for producing steam from the exhaust gas. At least one
steam turbine is used tolgtfuce-ower from steam produced by the heat
recovery steam generators. At least one steam supply stream receives
steam prgguced by the pgat recovegﬁgtegm qener@tors. Aheat sourceis
thermally“édupled to the h&4t rédovery Steam gensrators and bty 517 5244
configured teintermiittently andindepentiently Sapplerhent heat to one of
the heat recovery steam generators to meet a required steam duty of the
steam supply stream and the steam turbine. The heat source is configured
to heat oé) of the 4t [BE5FRF0 RéatTetoVary stBam'gererators iftRé%thersaid
heat recovept steam generatoris tmable tameetthe required steam duty,
without a substantial loss of the steam duty of the steam supply stream
and the steam turbine. (Fig. 1)
10 24. B method as claimed in ¢leaim 21, further

comprising the step of:

e)selectively heating the exhaust gas passing
into one of said at least two steam generators to

increase the amount of steam.

15
25, A method as c¢laimed in claim 21, further
- comprising the step of:
- f)selectively heating the exhaust gas passing
into one of said at least two steam generators to
20 increase the amount of steam when the other steam

generator is unable to meet a regulred steam duty.

L0
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A Combined Cyole Co-genexation Plant

Absstract

—

A combined cycle power system for producing power
and steam. The svstem comprising at least Lwo fuel
turbines capable of combusting fuel to produce power
and exhaust gas from the combusted fuel. At least two
neat recovery steam generators are also provided for
producing steam from the exhaust gas. At least one
steam turbine iz used to produce power from steam
produced by the heat recovery steam generators. AL
laast one steam supply stream recelves steam produced
by the heat rescovery steam generators. A heat source
ig  thermally couplad to the heat recovery stean
generators and being configursd to intermittently and
independently supplement heat to one of the  heat
recovery steam generators to meet a regulred steam duty
of the steam supply stream and the steam turbine. The

heat scurce is configured to heat one o the at least

two heat recovery steam gensrators 1f the other heat

recovary steam generator ls unable to meet the requirec

s
i

ot

sta g of the steam
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gteam duty, without za su

ios
the steam turbine.

Q.

duty of the steam supply stream an
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