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
operates using more than one thermodynamic cycle, During the operation of the combined cycle
cc-generation plant, the objectived dfpoweresuphiy ket repevery andrsteaanproduction are
simultaneously achieved. A combined cycle co-generation plant typically 15 consists of three main
sections: a Gas Turbine (GT) section, a Heat Recovery Steam Generator (HRSG) section and a
Steam Turbine (ST) section. Conventionally, fueh Sf-5RarE Hitk€d in a burner and the resultant
gaseous products are usedite driveselectrical.genaratorsL0-conneeted 1o the.gas.and steam
turbine(s). Thereafter, through heat exchange, the exhaust heat from the GT section is used to
generate steamgof \‘/aaryi%rg ﬁr“esLéD?és |§r$ the HRSG séctions, St ySeqtiertly? tHe fiighly brégsurized
steam is then routed to the steam turbine section, 25 wherein more power (measured in terms of
megawatts, MW) is generated. One advantage ofgombingd:cycle cogeneration plants lies in their high
utilization of heat integratign as com ggled to conventional power plants, thereby avoiding the
unnecessary utilisation of furnaces 30 or auxifiary boifer “Whichcahitin trrifdad B%tbstantial savings
in power and steam‘@eriératior?s & Go-generation plantsiare typieallyiraguired:to-fulfil,fwerymain
obligations in their dyta-day. apetations- Eirst co-generation powsr plants need.to be able to reliably
and consistently su;%%g/ a gg}erdetgrmlneg and cqntrac;tua[ly agreed amount o(feTgc‘trlcaﬁ poﬁér to a
primary consumer/load. I Thost sitliations: e HARRRCoNSHME is & plantivadisfaboltat Jeast 1 5
megawatt(MW). Altéfrativelie the primary consumerisaicentrak pewercelactor ang; distributor,
(hereinafter also kn%%h@%m%n power grid)..In this re ardtw%rge%lﬁts an obligation on the part of the
operator of the combined cycle power plant (herelna?te the "Gen-co ) to maintain and deliver a
reliable and constant power sGppiyitoithe poveregrics Indnamy furistictionsz acontraventian of the
agreed powerlsupphlemaystesulbin detrimental:-aconemigal Jiabilities and Qosgulgg%reami&pﬁtions to the
Gen-Co. 158econdgleétegocgen-aCoP@aa¥ a{%)ch obligated to supply a predetermined and a
contractually agreed amount of steam to one of more prtHary SEHm Consufgrs Theestears is typically
extracted from the ARSG settidirior Stedrrtarbits(s) and tramsported: te-adistibution system

and alr are mixed in a burner and the resultant gasaous

products  are used to drive electrical generators

20 connected to the gas and steam turbine{s). Theresaftear,
through heat exchange, the exhaust heat from the GT
section is used to generate steam of varying pressurss in
the HRSG s=section, subsequently, the highly pressurized

steam dis then routed to the steam turbine section,

25 wherein more power (measured in terms of megawatis, 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

Ted



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 course of
plant operation, which causes either the steam turbine or the gas turbine to operate at a reduced
capacity. Such fault8’chh rmaniféstin’a variéty of seenarios tuchsasforexampledailclose valve
designs, electrical tripsj beilet everheat distgptiens 3Q4n.fuel servige or.even scheduled offline
maintenance. In Su%hrgl Insgty_ati%r&ntggmcggpng Ci)ften has to make a decision to (?ither saprifice steam
production at the expense of power generation or pBweFGénefdtidtiat tHefexpehse o dtean
generation. In convérticiglscogeheration plait designz powertsupplysis-often:sacrificed for the sake of
increasing/maintaining steam praduction: As,mentioned previgusly,.this can have potentially adverse
economical and Ieggﬁgamifipagg?ﬁi for tﬁe%é?—%&%?éqf an“bftk%er'ﬁ'r]értriilerrﬁ is that Kiown conibined
cycle co- generation plant desifie Hre UiHbig 16 Achiévé hight FEveis et thermal iefficieney without
sacrificing its net expostable electrical output: Aoviypical:cambined cyelg co-gengration plant achieves
thermal efficiencies gf 10 abaut 50%;tg.ahayt 60% %%%rmpag gfficiency. A hlghg[ ;ﬁhermg_lﬁ efficiency is
generally desired as it represents superior fuel economy-and consequént"i’y frAnsRtes o sSighificant
cost savings and arf BVBrAIFTnpTEveE perfimance ot the cosgendration plant’ Aehighcelecttical output
is generally desiredrespecially if:electiicity is expoded 10 a.grid-hased and/or merit order dispatch
system which rewards on the g‘fgjﬂurme?naln(g efficienc oftheelectrigjtydispatched/exported. However, in
co-generation plants,pimprovri)n'g the thermal 20 efticienty By iHcreasing the SteaMTGUHUE tefds to
reduce the electricat butplit (VAW aidl thenet electrical efficiency of the ca-genesationplant, A
known co-generation:pawer plant design deals.with problems associated with varying demand loads
from the 25 power g[rild bé( installing supplementary burners in combination With & 66mp?em“entary gas
turbine. However, such a?j%si“gon' does not make provisions for maintaining a constant level of steam
production when a need &fisestdlincrease pewetgenerationbeyend the permal eapagcity, 30 The

known design also does-netprovide,a.design for improved thermal efficiency, =

do RS

steam Lo one Or more primary steam consumers. The steam

r

is typically extracted from the HRSG section o¢r stesam
turbine () and transported to a distribution system

20 wherein it i1s subsequently supplied to the consumers. In
some cases, the primary steam consumers may be downstream
units or steam consuming units of other non-powar related
industries, such as a petroleum refinery,

A common problem arises wherein a fault occurs

[
(&3]

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 desired or
required for the particular HRSG in which they are installed. However, duct firing is an inefficient
combustion processitd fley AR¥ krioWwrFw rediice e thermat efficieney ef-thereegeneration plant,
Furthermore, duct firing.only addrasses the preblem.of increasing steam supply, but they do not
provide solutions to raig;qjg%;i Tele%ricﬂal pow%ﬂr §L?E):p|§/l}?[l t?%éosc%fc di"‘é(r}&pition%%/n Pl opération.
Therefore, there exists a need for a"cambined cYele ca*gehifdtion: plantittis ablectochalante power
and steam productictiidn ‘sticha way. Suchthat:supply shestfalls,(steam or power) of any kind are
avoided, by way, of ingeni design. Ih S0 exists a need to provide a combined cycle
co-generation plant, whidﬁi%znga%:%%ve %gh%?ﬁgrﬁgl' gﬁiﬂ(‘:}en}ﬁé}g"% Coiparsd to¥existiny combined
cycle power plants. %ﬁrﬁﬁﬁﬁ@ﬁ?a ﬁ’r%f‘%'%peet‘-‘;%l%é?é%is providedhalcombined eyele powerrsystem for
producing power andesteam, dlie system ConHarisings . yatleastiwo fygk%rlg%g&capatbge 82 .
combusting fuel to m@gg@&ggm&@dﬂg@gggt gas. from said combusted fuel; % least two heat
recovery steam generators for producing Stéam fromsaid exhalgPdas: &I8Rsewb steatrturbines
for producing Power froft'stéam: produced By saidheatsrecoveryrsteam gemerators: 1 -at legst one
steam supply strear-fot tecepdngsteamnpreduced by, said heat rg%(%\é%ry@sggem g}?neratgrg; and a
heat source thermally cou Jede w,ea\g:g of the said heat recovery steam generators‘“an@%hé
.configured to intermittently and independently stippfementhésttd Grie isald heabrecovery steam
generators to meet 2¥eRjiired stesn dutywofsajd steam stipply: stream and-atJeast.one of said steam
turbines, and wherein ¢he heaf-source,is;configured to heat 8Dne of the agflqut}two heat recovery steam
generators if the other I%eat recovery steam generator is unable {6’ meét the*requirediBteari duty,
without a substantidl 1058 OFtHE Steath duty’6f the*sarFsteant sapply stream and atAeastope of said
steam turbines: In oneembaediment; there iswovg&daﬁw,’[@,binggs%p&pogxgggggm for producing
power and steam, t@g%gg&ggmgr&sing:,g; least two fuel turbines capable of combusting fuel to
produce power and exhaust gas from said combusted fuel; afle5St {iS Heattaedvary seait
generators for respBE(ivély Prodacifg st fromrédidexhaustgas; atleast-one steam turhine for
producing power - fori steamsproduced hy said Qg@gt;_e@gg%steqm &eanief[ggocg% a hstegmm supply
stream for receiving steam, produced by said heat recovery stéam generators; and & heat Source
thermally coupled to said héat recov%ré SteH geteratordiard béifryconifiguréd o intermittently and
independently Supplefmérithieat fevorieof saidiheatmecoverssteant generatars: to.meet a reguired

steam duty the electrical output (b4 and the net electricai

et
gffics

iency of the co-generation plant.

A known co-generation power plant design deals with

rokleam o r1t Varys: 1 d
8] ms  assoclated with varying demand loads #rom the

25  power grid by installing supplementary burners in

binats it
combination with a complementary gas turbine However
b W VL
such a design does not make provisions for maintaininag a
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constant level of steam production when a need arises to

thcrease power generation beyond the normal capacity
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The known design alsc doss not provide a
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design for
improved thermal efficiency.
Duct firi ] { v 1 !
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 to meet the required steam duty, without a substantial loss of the steam
duty of the said steam, supply.stream, and.said steam tirhing. ;. Advantageausly. the HRSG units in
the combined cycle power system are able to recover waste heat derived from 10 the combustion of
the fuel turbine. TheFeed¥efed Heat@hertRcalithe GlifidedtiR a PluralityBf ways! oMé bR Whieh is to

generate steam throggh-a; HRSGE0r:a waste heatrebeiler:dn:oneemhodiment.tbe heat saurce
coupled with the 15 HRSG is a duct burner. Advantageguslg, the duct burner of one HRSG unit can be

supplementary fired ?8%87%5%%%4{&%%#&0&5&% of A% mgFerFIRé&SEﬁin Ed‘In a S8E5Ra ‘aspect,
there is provided a system farcoptingoasly preducingzpowerand steam comprsingzati2@ feast two
combined cycle powgr mogles, each madyle comprising:-a fyel wrbine capgble pf cappbusting fuel to

produce power and exhaust gas from said combusted fuel;heat recovery steam generators for
respectively producifi§3team ronFeaidtexHatist s e steattirbine fof Brédticing oWt $im steam
produced by said heaktegovery steaii generators andsa heat sarsedhesmallyeaupledtonsaid heat
recovery steam generator. for supplementing heat thereto, a steam supply stream for rg%eiv'i&g steam
produced from said mLodujf_ § and & controller cd affgu‘"ré%i 30'th activate the heat sotrcs of one

combined cycle powér niédale it thelberarcsmbinethcydlarpoweranadiifstis unable to meet a required

steam duty of at least one ¢f ifs steam supply.stream.and said.steamturhine, therehy; continyously
producing power and steam. In one embodiment, each_ combined cycle power modules can work

in tandem and in corBirftisH & ikt Bofif feqlirdd stbam i poer 8itiés of thestent e
Alternatively, each cemdrned gyckeblotkris capablesafdrindeperdent aperationhwhereimponey
combined cycle bloc§ %gpﬁ 19 goqg@%%ﬁpggati g_v‘yg}gn the oa'gg_@[r %%Qinggecyg@oglgg&is B@rtially or

completely offline while the steam and power duties of the system are being met. Advantageously, one
HRSG unit is able to"Edmpehsaiestd e the StEarfiot pOWRF SupphF Shortate™6f tiie GREAHRSG unit.

Should one HRSG upitdail 4e delivesthe reguitad steanssupply tadneat thesteam-eufies ofboth the

process steam and tggggg%@ tu}ggir\g&_the Qgﬁg[ PASOmug}th can figeju i}g coggledﬁdol%nctpyéger té’ make up -
for the shortfall in 15°steam gene‘raﬁ'e“dlby the‘l—]rﬁéjG, théreby e‘ﬁbelﬁg the Systém o meet is Gverall

power and steam duggiequiramertiThe Arrangementieftheleombined cycle blocks therefore allows
the power system to reliably supply a predetermined steam and power duty without interruption. 20In
one embodiment, the controller is a feedback controller. The controller is able to monitor and analyze
the steam flow rates of the extracted steam streams.>F&Tontroller is further electronically coupled
with a respective duct burnér andfiszcapable=of activatingior 25 ¢tersivatng the cembostion process of

the duct burner. Accardingly swhen-a-steams shartage-is datected by:the,centraligr, an-agtivating signal

will be transmitted to the duct burner to jnitiate the duyct firing process and vice versa. Advantageously,

this allows the controller a% r}LeaS{ !cwo Ufcue{ F%:t.,‘lj:‘lab:mes capagﬁe QJ’:I
combusting fuel to produce power and exhaust gas

from said combusted fuel;

at least two heat recovery steam generatoﬁs for
producing steam from said exhaust gas;

at least two g¢team turbines for producing power
from steam preduced by said heat recovery stean
generators;

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

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 passing the

exhaust gas produced by said fuel turbines into respective at least two heat recovery steam

generators; c) generating{; _power tiy %\?vssing sgme of the steam produced by said heat recovery steam
o]

generators into a respective at1east two steam tufbiAES: the ambuntorsteambaitg fsma 1y
predetermined steam dutye-hegetratpredeterminechpower eutpdt; i) semeving-steam prediyced by

said heat recovery steamsgenerators, the, amount of SE&‘&;{% é}g@t% for.a predgtermined steam duty; and
eofthe a

e) selectively heating the exhaust gas passing into on east two steam generators'to
increase the amount of SteafFwWHeRARe offieriBam gerferatbrBinablectorhesttvé regaired steam
duty for at least one of saidisteass turbire:and said:rermaved steam, witheut a syhstagtial loss, of the

steam duty of the said stegm. Q/str am and said steam turbine. la a third aspect, there is
provided a method for continljngLL[JPs y %rogagihge %%WSP and” éTez%r% Tn & Systeth having At %ﬁ@tttwo

combined cycle power rmdaGIEST BachEinddtle corgrisingzsfuelitlirbirideapabléef-comlausting fuel to
produce pewer and exhasbgas ffoms saishcombusted-fuel; a heat,regovery steam.generafars for

respectively producin : :
P yp grequz_red steam duty, without a substantial loss of
the steam duty of the said steam supply stream and

at least one of said steam turbines.

In one embodiment, there is provided a combined
cycle power system for producing 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
power from steam produced by said heat recovery 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 said
modules; b)providing a supplemental heat source to one of the heat recovery steam generators when
said monitored steam'ou
is provided a method of eentinueusly praducing powerand steam comprising éh%éﬁﬂ%%e d
a)combusting fuel in,at Iergsmwo fueel tg;bir]c%sétopgodluce @ower and exhaust gas; b)passing the

exhaust gas from the two fuel turbinea to respective stie

t bFahodile s bafdi a preaefineebstesm dutyain afourthaspect, there

asttid heat fec6FERY steams§é&ndrators to

produce steam; c) pdgsingEsSoie ofthéistearhirodiueed bythevatdeast:twarsteam: geperators to
respective at least twesteam twbingsdo produce power; and d) é%%ovicrillgta sel%vcit IQI‘Oamount of the
Sfsteam is at a

steam produced by the at least two steam generators, wherein the selgctec}/ amoun

steam-to-power ratic Of &t T84st™2.5.7°59n Bhe &ffbodinTent, tHa Sélegfed Hirourt bf remevad steam is
at a steam-to-powersrapiolof attleast3:hiMAAL ar atleaat3:5nHAdvantageously, the selected amount of
removed steam being at a@gg&-&ggg&{\éelrvratlgh%f 6}};@?5{1 %.5tlgcreas§§ the thermal effidiency of

. Y i ni in
steam and power generation. In one embodiment, there are two dis

fhct Sfaktfattioh points in

the system. These tid"Steafit EXfActior pdits have bewry elosers for optintaldweatvintegration (le

thermal efficiency). Advanrtageaislyby-choesing-the: extractions pointg as.such, the combined cycle
system is able to ac&%vrqu sgggri%rathermal,effigienicy of more than 60%, preferably more than 70%

[
£
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a2
N

30

utilize N a pluraiity of ways, one of

which is to generate steam through a HRSG or a waste heat

reboiler,

in one embodiment, the heat source coupled with the

HRSG is 2z duct burner. Advantageously, the duct burner of

o ‘ - x > . i V
one HRSG unit can be supplementary fired to increase +the

steam production of a single HRSG unit.

In a second aspect, there is provided = system for

continuously producing power and steam comprising: at

least

twoe 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

producing power from steam produced by szid heat recovery

steam generators; and a heat source thermally coupled to

sald heat recovery steam generator for supplementing heat

thereto; a steam supply stream for receiving steam

produced from said modules; and a controller configured

to activate the heat source of one combined cycle power

module 1f the cother combined cycle power module 1s unable

Lo meet a required steam duty of at least cne of itg

steam

supply stream and said steam turbine, thereby

continuously producing power and steam.

(%3]



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, Definitions ~ The following words and terms used herein shall have the meaning indicated:
15Theword"substantially"ddesmittes@iae  Ediplefely e GREdompositivhawhiekss "saBstantially free”
from Y may be completely.free fram Y:¥here nesassary, thenwerd isubstaptiallysmay hgemitted from

the definition of the invention, 20The term “substantial loss of I;th.e steam duty” means that no more
than 10% steam is oSt from a requw"eéﬂ steam dutf?, pr“eTeratﬂi‘} Ho ore than 59% steaksfbst from the
required steam duty?-hiGre'piefetably lesstharr 2% Steam /lost fromcthie requiretbsiem duty. 25The

term "substantial loss-etthe,pawer (MW):eutput/dyfy means;that ng.mere than 19% iggfke'ect”ca'

power is lost from ajrequired power output/duty, preferably no more than 5% power is lost from the
required power outptt/ddty not& preteranlyfesSust tar o6 hiwer i fosOirbATth Yekdired power
output/duty.  Thecterie"reimovedisteaarunless statedothestisey inthe: contextaf this-gpecification

refers to an amount.of steam gepgrated by the HRSG which bas been extracted from the power and
steam co-generation system as process steam and which has not been eip‘gnalé’& through the steam

turbine. The term "steam-f:B8Het $465° iy thePE6ntEREST B:this specifiatiort,ds adirensionless ratio
which refers ta the tons peraunittime of:stpam:that hasinotaxpanded through the. steam; tugbine but is
extracted from the system t% thgpqovgrblols_ﬁigp I\{Ilglqaw%tts)ﬂof the turbine as a result of said steam

: o axrl Tto deliver the ragu: i
being extracted. For example, ’ ) “he required
steam supply to meet the steam duties of both the process

steam and the steam turbine, the other HESG unit can Fire
its coupled duct burner to make up for the sghortfall in

15  steam generated by the HRSG, thereby allowing the system
to meet is overall power and steam duty requirement. The
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 in power (MW) of the steam turbine of 41.9 MW (i.e. 15 loss
relative to 100% steam input tothe St RCEABRE), theRthe! Stearnvioipbwerratioors 60 th / 41.9 MM
3.58. Theterm &%}%M&f@qyengxg as used herein refers to the total amount of steam and power
energy produced by 90 the System of process, exgre¥&ed ad™d pefidiftige of thetenergyprovided as
fuel in the system dr{ffotessifor-éxaraphsthemount of gas consumed where the fuel turbine is a

gas turbime). The energysprovided by the fuelmay alsq in(#:de the fue| energy consumed in the 25
HRSG section and not simply in the gas turbirlﬁ?itself. - e te‘?r% "hieé]ﬁapsrféssu)%“’ané?‘é%reviation

"HP" are to be used interchangeably 6 Teférto fuil &t pressirerofab\a:6@ Bar (6000 )cPa) to
about 150 bar (15,000 kP&). In one embediment, the high-pressute steam 30 is,about 12 %OO kPa to
about 13,000 kPa. The term. "interrggg@&g ;pcges%ure" and abbreviation "IP" are to be liset
interchangeably to refer to fluid at a pressure of StweEA 15 bat 1500 ¥BH)16 60 Bar®008 kPa). In
one embodiment, the intermediate pRESEHFE-Steamtis bbout 25wBan 2,500 &Pay 4o abeut 27 Bar (2,700
kPa).The term "low pressure” and akbireyiation;LP" are to be used interchangeably to refer to fluid at
a pressure of between ahgve atmosggheﬂcgressure to about 15 bar. In one embodiment, the low
pressure steam is about 4 Bar (400 k|5§)“ fo-abdut BBEF (6@@ KPS S 1hgnlesgrspecifiedwtherwise, the
terms "comprising” and "compr andsgrannaticalbvarianis thereef, ase intended, to represent "open” or
"inclusive" language such 10 that t ol Jecjted elements but aJso permit inclusion of additional,
unrecited elements.  As used hé%%r%%%%rm ita?b(%)ut'%, in the Context of toncetitiond of

components of the formulations, typicafiy meXAsPeS% hthe Statedtvahie, moserd s typigally +/- 4% of
y ally
the stated value, more typically /3% of the statedsalue: mote typically, & “‘:%%+Oc]: the Stated value,
even more typically +/- 1% of the sated value, %Qg even more typically +/-0.5% of thié stefed value.
20Throughout this disclosure, certain embodimants A be Hi&dbEéd in a range format. It should be
g 3 | y
understood that the desétiption in ra#fgevformat istmerely foreonvenienes andsbrgyity and.should not
- be construed as an inflexible limitatiepar the seepgof the disclosed ranges. Accordingly, the
description of a range should be c%r%séjgered to have specifically disclosed all thE %61§§ibl8%ub-ranges
as well as individual numerical valies Withint range. } ripticruof dwapge such as
Il as individual | values WithiiT thHet rafige 2Fat-exsihprerdest f avapge such
rom 2 to 6 should be considered té#ave 30 specifically disclosed sub-ranges such as from
from 2 to 6 should b dered tetave 30 specifically disclosed sub-ranges such as from 1
a) selectively heating the exhaust gas passing
Lntq ene  of the at least two steam
generators to increase the amount of steam
whgn the other stsam generstor is unable to
meet the reguired steam duty for at least
cne of said steam turbine and sald removad
steam, without a substantiai loss. of the
steam duty of the said steam supply stream
and said steam turbine. |
In a third aspect, there is provided a method fﬁr
coentinuocusly producing power and steam in a system having
at least twc combined cycle power modules, sach module
comprising: a fusl turbine capable of éombusting fuel to
produce power and exhaust gas Ifrom said combusted fuel: a

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



from 1 to 4, from 1to 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 Optional Embodiments Exemplary, non-limiting embodiments of a combin.ed cycle
power system will now be disclosed. 5The fuel turbine may be any gpeaof tu,ggi?[?fei@gt cgrgglprises a
combustion chamb&r&&tontpfEssof and a firbRte"  93Ré helt sSurce thermally coupled with the
HRSG may be anydtype.ef:means.dor praducingsheatina@hestd embodidéntahie means$sproducing
heat is selected from the group consisting of; duct burper, ilary. bailers-auxili xchangers
and furnaces. ‘a%%m@egt%rr%é?/xbse’tr%'ier}%aal\lysc{g%eaﬁ%f%g? ea%%%%%%{juzc?%ursgé%i%guct burner
may be installed privretorors® fveadh 6t presbure S8éfdns dfithe MESEY sRETES e 1P section,
the IP section and thg IR sgctiops,  The combined cycle power system may be comprised of two
modules of a combined cycle block, each block comprising a gas turbine, a HRSG having at least one
duct 20 burner therein and a®’steam itbine "Option I?/ th ‘é%mb?n%‘épcy"’cle*s*ystem may comprise
more than two modules of combined=cyicte btaik sBypically, in each combined cycle block, the gas
turbine combusts gas to prog ce pog§r @Qgit}%atgd st gas-The heated,exhaust,gas 25 passes
to a HRSG and is intermittently heatée further y the duct burner to thereby produce more steam.
Some of the steam passes to a steaituibifie 162 prosR e PEWEFSAT s8MEof{i& steaff 78 extracted
from the combined cycle power systemas onerarmese of:hatP and-iisteam. 30 Imorde.le
embod?ment, the system may compriggﬁfst ree or fgur %8@?@%%%ygﬁéﬁﬁciﬁzt%ﬂ0h capable of
producing steam and power in tandei of'in ependent?y of each other in that the'mass flow of exhaust
- gas for the respective HRSGrand=subsequenty steampobthel bR SGratd slearh tefbiHeuously

producing power and steam comprising the steps of: ‘
a) combusting fuel in at least <two fuel
turbinés to produce power and exhaust gas;
b) passing the exhaust gas from the two fuel
turbines to respective alt least Iwo heat
recovery steam generators to préduca steam;

passing some of tThe steam produced by the

[$]

ot

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 polnts have besn chosen for optimel 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 PI controller, a PD controller or any combination of the above. The hgn pressure
steam generated by the HRSG may be from about 12000 kPa to about 13000 kPa. In alternative 10
embodiments, the préssere of the: HR istearh emay be dromabeut 12000 kPato: abeut:12800.kPa, from

about 12000 kPa to 00.kPa, fro 2000 kPa to about 12400 kPa and from about
12000 kPa to about %gl%g%k% a- Frl? gneéér%%%?r%}é%?, e%%h RG33 unit énéapéﬁl?e of 18°g&férating up
to 300 tons/hr of stedMFbR expafisith thrdughitsredectivsteam tarbineps forextrackemas process
steam. In one embodirent; the-HPsteam producad byene HRSE unit:may, e extracted asprocess
steam or expanded through e;ﬁfiujd%cgmtrplunic%gd steam turbine. In 20 another embodiment, the HP
steam produced by one HRSG tnit - be rolited 18 & second combined cycle block for expansion
through a second steam tubingrinstathedathiersibndine, combinedcyale powernsystem:is:ahledo remove
25 process steam for gistributionror use in-downstream. units af the expense of power %gnerated by the

steam turbine. In general, the amount of steam (in tons/hr) removed "Ey the system tha résufts in one

megawatt of power 15SS Tont thé {¥dm Tarbifle ¥ tefmcd as &' siariteisower 30 rativ> e
steam-to-power raticortaytbesdtdeast 5ein onegembodiment, the: steararto:pewet £atig may he from
about 2.5 to aboyt 7,5.Qr about 5408hqut 7.5, In one empodiment, the steam-to- ower ratio may be

I oD

from about 2.5 to about 4.0, from about 5,5 to about 7.5 and from: about 30 & &bsut 5.5.
Advantageously, the high steamto-power ratio is also characterized by an improved thermal efficiency
in the power system. A high steam-topower ratio is<advantagegus in that minimal power supply loss
results from the reduction iﬂ:}ﬁstejga\O J]%Lg r}g the steam turbine due to the process steam being removed
by the system. Accordingly, the total enetgy output By the Sy&temt ethaiREHigh Ferdive 18 the total
energy input in term& fieaémbusted cieraby resulting in high 10 thermal efficiencies of the system.
The generatedisteam fromrthe HR2G anay be gxtracted from the S)_gﬁ;g@ at g variety of operating
temperatures and pressures. The HP stream, that is removed may have temperatures ranging from
450 C to 550C or highef -The 151P §téam feniciEd rdy also Havepréssuteshatigmtifromy 12000

kPa to 12300 kPa. The ektrattedt:|P Steamymay:zhavepressives ranging frem 2500 kPate about 2700

kPa. The LP steam gxtracted mayhave pressurgs,ranging from about 4Q0 kPa to 600 kPa. In one
embodiment, the process stea?n is 20 extracted at a 11:cl)%lt C and T2000kP & {abS61te) 51 also at

about250C3and266@%§§£inition of the invention.
20 The term “substantial loss of the steam duty” means

that no more than 10% steam is lost from a required steam
duty, preferably no more than 5% steam is lost from the
required steam duty, more preferably less than 2% stean
is lost from the reguired steam duty.

25 The term “substantial loss of the power  (MW)
output/duty” means that no more <than 10% of the
slectrical power is lost from a reguired power
output/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
graph relating steam loads (tons/hr)and power output(MW) with the thermal efficiency of a power plant

with a 90% CC configuragion. » - -Figure 4 shows a graph;relating. steam loads,(tns/hr). and power
output (MW) with the steam-to-power ratio of a power plant with a 90% CC configuration (hereinafter
the phrase "CC configtiratioh*“iheah&% 5€dmbifisd tycie prirte6perating at thedifoted Fereent
capacity. That is thecphtase:"90% CC configuration” means a combined cycle plant operating at 90%
capacity). Figure 5 s.a graph relating various steam loads (tOns/hr) with the steam-to-power
ratio of a power plant 10 vs\;ilt%gva %%/g?ccaé’grﬁré%crqétiéﬁv& Figure 6 sF%"éWs'“g%racp%nféﬁﬁtTngDVarious
steam loads (tohs/hF) fo’the §teaim-te potier ratiod in dipower plerh with 2190% CCreorditriration with
duct Figure 7 shows a graphdelating-stean loads:45 (tens/hrkand power output-(MWM) with the thermal
efficiency of a power, 1[%% ,\r/lvitht% 90% CC configyration \%ith duct firipg; Figure 8 shows a graph
relating steam Ioads“ﬁbns?hr) and po%/vtéﬁraglutpbigf WY with'the sfeam-to powar 20'ratid of dpower
plant with a 90% CGC corfiguiaticriwth deet fifing6 (iFigere=9 shows ajrapk relatingrsteam loads
(tons/hr)and power gutputMW) with the thetmaly peing extracted.

ic

For exampls,

assuming 100% of all steam produced in the system reports

o the steam

be

ratio will

150 t/h of

turbine, tThen the steam-to-power

zero., If for example, in the same system,

gsteam is removed from the system and this results in a

logs in power (MW) of the steam turbine of 41.9 MW (i.=.

15 relative to 100% steam input to

138 t/h /

the gTeam turbine),

the steam—-to-power ratio is 41.9 MW =

The term "thermal efficlency as used hersin refers

to the total amount of steam and power energy produced by

the system gxprassed as a percentage of the

energy provided as fuel in the systam or process [for

fuel

the

congumed  where  tThe

The

example, the amount of gas

turbine is a gas turbine). energy provided by

fuel may alsc include the fuel energy consumed in

"o
on

HRSG section and not simply in the gas turbine itself.

The term “high pressure” and abbreviation W“HP”

to rafer fluid at =&

150 bar

used To

e

te  be interchangsably

rezsure of above &0 ZRar (6000

(15,000 kPal.
12,000

In one embodiment,

30 is  about kPa to about 13,000

w " and abbreviation “IPY are to be .

intermediate pressure

used interchangeably to

between 15 har (1500

embodiment, the intermediate pressure

ressure of

o
3



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 control system for steam
production in the combined cycle power plant. Figure 12 shows a basic algorithm for the feedback
control loop of the steam flow contrel system. DetaileghDescription-of Prawings  Refewing now to
Fig. 1, there is provided a combined gycle co-generation power system 10, comprising a pair of
combined cycle powar Blodks {11 a), Wifch ar& s paraltel tass flow & achthF. THE Combined
cycle power blocks comprise tarbinés in the forafof a pair of 10igas turbines (23 2a)heatfrecovery
steam generators i (e, form of HRSG el lk14a) and steam wbings n the,forip,of steayp turbine
pair (20,20'). The gas turbines (12,12a) and the HRSG (14,14a) and the steam turbines (20,20") anb
electrical generators’(16, 5 ard"8ach 15 ¥espettivaly vrganizeintadBingfe shafi’Configuration,
wherein the rotating means:ef the gasdurbines {12,12a) is mechanically coupled to the steam
turbines, 20) via & connecing shaft (13,13a). The combined cycle, . power blogks (11.La)are in
parallel mass flow and are 20 able t6 generate power ang’supp y steamlbpendenﬂy andforin tandem.
The gas turbines(l%}l@a)é?f@ '594’0005@%5 grampatical variants therecf, are

T

intended to represent "open

or "inclusive" language such

106 that they include recited elements but also permit
incliusion of additiconal, unrecited elements.

Az used herein, the term "about”™, in the context of

concentrations of componsant 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 wvalue, even more typically +/- 1% of the stated

value, and even more typilcally +/- 0.5% cof 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

4

H

e such as from 1 to © should bhe considered to havse

2111

1

36 specifically disclosed sub-rangss such as from 1 to 3

-

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

(&Y

jt

to 6 etc., as weall as individual numbers within tha
range, for exanmpls, 1, Z, 3, 4, 5, and &. 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 (12,12a) for combustion. The pressurized combustion
exhaust from the gas turbine subsequently drives a generator (16,16a), thereby producing electrical
power. Typically, the gas turbines (23235 48 rggpgﬁ’gﬁﬁ@ﬁ}r Wﬁﬁ@’iﬁé majority of the power
load required of the system::0-The generated powweris themroiitedta a power:grid{rpt sheawn),
Distillqte fuel oil (no&g@ggvr}gﬁi%&se%%ﬁg an emergency ggcl& &Eyoes,! Source s_hould the _supply of natural
gas trips. Furthermore, provisions are mode to the design to ensure that online fuel switchovers
between natural gas and fliét oif afe febisiblétfurifg plditt 10:operativn with niinifmakdowit ime. The
distillate fuel can be-any suitable petrelewn derived fragtion for example, dieselfuel.,, Hgated
exhaust gas (24,24a) p q%uced from the gas turbine (12,12a) is typically at a temperature range of
400C to 600 C. The“eihai'uset"gas (24,244a) is then fed to a horizontal flow HRSG (14,14a) for heat
recovery and steam prodution)eat ThetHRSG(#4148) s typicallrofa triple-predstii€) reheat design,
capable of generating progess steam at-20 fhrge.different pressures.namely high pressure (HP)
steam (28,28a), intermedijate pressure (IP) steam (31,31a) and low pressure (LP) steam (33,33a). The

HRSG (14,144) areTHaFMAM Eoupted 13 8 Féat <SBurke A tie Fomi of a resp8tve dct bartier (18,18a)
that is capable of 25 lindependentard: itermittent combustionn dhe, heat.anergy thatisideryed from
the independent and, ntermittent,combustion of fuel in the-duct burner (18,16a) is used to boost the
generation of steam in the IH5SG (14,14a). The duct burner pair 18,18a are operable by a 30
controller as will be describegifufther bBfow afd c&fi B tised frsappiénient the Heatdutysapplied by
the exhaust gas froa:the gadturbings.-The pressure-of the HRSteam =11 ed prior to or

o

1 in each of the pressure sections of the HRSG, such as the
HP secticon, the IP section and the LP section.

The combined cycle power system may be comprised of
two modales of a combined cycele block, each block
comprising & gas turbine, a HRSG having ait least one duct
20  burner therein and a steam turbine. Optionally, the

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

-3
€]

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 outlets of the HAFG
(14,144a) to respective downstream steam turbines (20,20"), Each steam turbine (20,20") is comprised
of three main sectiqns; a HP seetion £208:,20a),:an 1P;section{200,20hR) and an-LE segtion
(20c,20c’). The IP steam (31,31a) generated from 10 the HRSG (14,14a) is routed to the IP section
(20b,20131) of the SRRt urbine, while the LP steam (33,33a) is routed to the LP section (200,2001)
of the steam turbine respéttivelyci. jporiion ofthe e steant (28,28a)\is fiest expanded,/thraugh the HP
section (202,202 qf the 15 steam furbine lo genevate. elecyical ppwer. The depressurized. and
expanded steam is subsequently expanded through the IP and LP secfions sequentially to achieve an
appreciable pressufédropracioss e e sSections Of the Stedim tUrbing> Firally. the let dBivn steam
(26,26a), 20 which basheen illy expandeddhratigh steam-turbine (20:401)4s finallyseutegdrom the
LP section (20c,2001 O%Qd condensed in a heat exchanger (22,22a) to become condensate. However,
not all of the steam produced by the ERSG 25 pair (14,14a) is used to respectively drive the steam
turbines (20,20"). Some ofltke $tegim fserfractedcas MP staaim fitord the systeniAdviadiP isteam
header 32, while somef the,steam i extracted as 4R steamvia 4P sieam headek 34, where the steam
is subsequently being consumed. 30 or sold. Accordingly, the system 10 produces both steam and
power. Fo”:rBKE)roc’ae‘%}édsﬁféﬁfﬁlgit‘racitib%, HeSAMT willbe'dstracted At T8 ditfeferitpressiite points.
Particularly, the pretess: steaniéxtidcted fromyboth the HP steam (28;28a)yand the (R steam
(31,31a).A first extraction, paint {40 40a} is situated downstream, o, the HRSG'S pigh pressure

superheater and a second extraction point (42,42a) is situated at the cold reheat section, between the
steam turbine (20,269%arid the HIRSE P4, 14a) "ih difé erbadifient (thedP'Etdam (28,28a) is
extracted at a temperature of 200C angadpiessure ofk2000:kPa (absotute)whiledbe 1E steam

(31,31a) is ex;rgcted at a 10 pressure ch 26%% ,lO(Pa_,_and /250C. However, it should be realized that this
o i) Oenera\.!vlnrgl; ua . o . COnsS r of S’Et@a'm I(%I ex%anslon
is just one possible embodiment and in reality, more than two extraction points may be provided. It

may also be desirableie extractl P $teui (B33 38)Fromithesistern 1 Of Thesket Howint steam (26,26a),

having a sub-atmospheric-pressure; of 100kRa absalute ordewer and ajtemperature of §8C. or lower, is

passed through a heat exchan%gr (22,22a) for recycle back into the HRSG
Ly one HRESG unit ‘may b2 eéxiracted &as process sisam or

expanded through z fluidly communicated steam turbine. In

20 another embodiment, the HF steam produced by one HRSS
unit may be routed to a second combined cycle block for
expansiocn  through a second steam  turbine installaed
therein. 4

The combined cycle power system is able to ramove

3]
un

process steam for distribution or use in downstream units
at the expense of power gsnerated by iths steam turbine.
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 steam-to-power ratic may be at least 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 monitored and controlled by a series of transmitters and 25 controllers. As the extracted

HP steam (29,29a) flows, past.controllers, (50,504) respectively. the. eontrallers(50,502) will be able to
analyze the mass flow rate of the steam stream and react to any distirbance or changes in the steam
supply. In one emboAITRENE the tohtrollets 307 {86, 503) 41 El&étrdhically coupled With-thecduct
burners (18,18a). When-ene ofthecontrollers detect:achange it steam flow: rates tit yill teactively
send an "activating';}or,g;‘ter%iggtin%" electrical signal tq its g%%peclgivg% duct burner (%§1%8a).ln this
manner, when one of the HRSGS (14,14a) does ot supply sufficient stearm to meet the'stéam duty as
required, the correspoRdingrduicturierl 8 18a) Waillredeive an elestrical signal-front thetd €ontroller
to either act.ivate firing o termipate.f_-thereby eontrqlling the steam: proguctign inafeedback loop.
This is a simplified description of one possible method of control instrumentation in the system. Other
possible embodiment$of %833@50%%%%%0 4870 proportiohat; intetrative “defvativeror fedforward
control can be usedssingetarkeorimcorjuartiorewithiar exemplaryfeedbaek system as.described.
above. Now referring.to figure 2, there is showna simplified schematie of the triple preggure reheat
design 15 HRSG 14. The hot exhaust gas 24 from the gas turbine passes through the HRSG 14 where
the high tempéfature"&xisustas-24 Heats L the b6ilér feetFwater 50 through a series of
evaporators, namely the Li?.evaporater-44, |Prevaporator 46randriheHReyvaperator-48.ckhe cooled 20
exhaust stream 24 is then. passed to an exheus. Otaok.60. The g%%trgﬂpgr 18 s installed in front of
the HP evaporator 48. To control the main steam temperature, thé reit HP Steam 28 and the hot reheat
line 58 are equippedWithFa=de:stiperheat spraytsysteinfiot'sHown) SStedhs heatetkin the HP
evaporator 44 flows:threugh the mainpiping; foradmissiorr inte the steam turbing»Steam preduced
from the IP evaporator 4§tfjows Ebrpugh an TP pr_e-heat%rﬂ46a before j%())iging up with the cold reheat
steam. line 56. An IP stéam Stream. 5415 eXtractad At oné 30 pdint priorio the iixing of tHa'IP steam
from the IF evaporaié©46 angithécold rélveatts6. THEmixed streami6s thert eatersidlie HROG 14
reheater section 62.and.is then admited,to-the. steam turbine as g streanof IR steam-H8. steam from
the LP evaporator 44 passes through a LP preheater 44a before 8ai.g admitted into the steam turbine

as LP steam 52. ReT&rfiy idwd Tigiiteleshd\in a. Rimphiiéd Schéhfatic diagriim Bithé control system

69 ¥Pa to 600 kPa. In one embodiment, the process steam is
20  extracted at about 500°C and 12000kPa {absolute; and alsc

at about 250 °C and 2600 kPa.

Brief Description Of Drawilings
Figure 1 sghows a simplified schematic diagram of a
25  combined cycle co-generation plant with two combinad
cycle block modules.,
Figure 2 shows a simplified 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
stream's flow rate will be detected by an analyzer 50 which will subsequently transmit an electrical
signal 70 to a main contro}._;_sg.g&eén. 66. in.pne emhodiment, the main. control system is;a distributed
control system (DOS). Upon'receiving the electronic 15 signal from the ahalyzer 50, the main control
system 66 will react'fo’the’ Bisturbafcesircthe Stéarmtflow! Fates'bY trah8mitting H'relay &gt 72 to an
actuator 68. The retayrsignab72 can bewan electreric er:a pneymatic signal. ixonegrmbhodiment, the
relay signal 72 resu tSJQezglghe agtuaéoqr@% clplgingg!opaaing trg:e{)gqgl gglv% quldjng to the duct burner
18, thereby activating or terminating the conibustion process in the duct barmer. Referring now to
figure 12, thereSis shewn:afcedback eontrot algorithi 46k the abovedisclosedt25: controt system. The
steam control system 69.iserturbed by-a drap jn, steam-flous rate with, respact o a,predetermined set
point. The analyzer responds b%/ transmitting an electronic signal to the main control system which in

turn transforms the 2IESHGHiIE Sighal-and BO ety ah *attivatig " Signarty the dict burners (18,184a).
Combustion in the duct byrners (18,18a) are sdu%g%{,gnyg irynaw?d and steal £p{gg}écti%na;Jssincreased

comparatively. As the steam production continues, steam flow rates will increase to a point that is
above the predetermitéd set poifit. Thereaftér tHE TeVerse Rappens excdpt thatfew the tohtroller
relays a "terminating? signal 40 the dust hairaers=(18;18a), thereby stopping

Figure & shows a graph relating various steam loads
(tons/hr} to the steam-to-power ratios Iin a power plant

with a 80% CC configuration with duct firing.

Figurs 7 shows a graph relating steam loads

[ERY
[

(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
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

I}

atio cf a power plant with a 100% CC configuration with

t firing.

Q.

2

u

30 Figure 11 shows a schemstic diagram of the control
system for steam production in the comblned cycle power

plant.

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
mechanism in the duct burner. Examples No limiting examples of the invention will be further

described in greater detail-by, reference 1o, 15 spegific Examples,:which should pot he.gonstrued as In
any way limiting the scope of the invention. Example 1 In-silico modeling of a singular combined cycle

cc- 20 generation poWertant ’Baffed Bt G5t erdgineenng Simulatic &Bftware program KRAWAL':
from Siemens AG, Germany. The configuration employed in this simulation was a 90% combined
Cycle ( use CC) without the of Duct firing (DE). The results below are for a combined cycle 25 module

comprising of a single HRSG unit. The paiameters-that welrs simulatediindbe modeling exercise
included power generation (MVI), Heat rate (kJ/kWh), Electrical efficiency, (%), thermal effic;ency (%)

L.

and Steam  @xtraction r&ie§ {forisholif“The fhodetify restlts &r& 3D tabtilat8d Betow™
Steamextracted) SMibtalsdihc€20:0 Ob066839H6tion power system 10, comprising

a palr of combined cycle powsr blocks (11,1la}, which are
in parallel mass flow To each other., The combined cycle
power bhlocks comprise turbines in the Zorm of a pailrn of
10 gas turbines (12,312a), heat recovery steam generators 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 irn tandem.

The gas turkines (12,122} are SGTE-40

o]
O
by
[t}
w
i

turbines, supplied from Siemens Fower Ganeration Inc of

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 in power generation from 334MW to 292MW as steam

production increased, from,0 tq, 150 fonnes/heur. This is a logjcal result from having 20 legs steam
available to drive the steam turbine. However, the loss in power generation is also accompanied by an
increase in thermal €fficieliey to ‘& valic*as Mgl asTa56RE68%: The™extractior bf frédiltra High
pressure steam (S@)kandihe mediumpressuse steans (SM)rasuts inlesssteamy avaitable for
expansion in the steam turbine for power generation. Consequently, a slight drop in power generation
is thereby experienced. It is proposed that the Righ thermal efficiencies of nearly 68% aré a result of
the choice of the steaniaxtractibhgicints: TheB3Gehciée of the steéantextraction Points arederived
from the optimization.@f-the,heat balance-of the.combined-cycle system. Inthis example, the steam is
extracted at 500C and 120 bar (absolute). Accordingly, these are the optimal conditions for steam
extraction in order toacHive Righ thérmial efficlendes™  ®Fighires 4 and's shdw st the ~°
steam-to-power ratio-fer thisiparticalas:configuration can vaey froed abeut 2l'0540abouit:3:6nIn
particular, Run 0163 shows a gyoggnalaqgeraggglmoggi with,no duct firing. haying a steam,qutput of

about 150 tons/hour, with an ideal steam-topower ratio of about 3.58. The steam-to-power ratios is
advantageous th thaFfRgary 2 tofsof stehni"an B0 rémdvedtsr Salkand distribtfion &the
expense of one MW drapin theipewer generated by thersteam tarhine: im corventienakcombined
cycle co-generationdglggéi, tpg eqkrimary concern is usually steam production and therefore existing
co-generation designs usually have a less ideal

Heated exhaust gas ({24,242} produced from the gas

turbine {12,1iZa) 1s typically at a temperature range of

15  400°C to 600 °C. The exhaust gas {24,24a) is then fed :o
a horizontal flow HRSG (14,14a) for heat recovery and

steam production.

The HRSG {14,14=z) is typically of a triple-pressure

reheat design, capable of generating process steam at

20  three different pressures, namely high pressurs [HP)
steam (Z28,28a), intermediate pressurs (IP) steam (31,31a)
and low pressure (LP} steam (33,33z). The HRSG (14,14a)
zre thermally coupled te a heat aource in the form of 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: Steam (as extracted); Steam (as delivered) Simulation SHSMTotal ISUSIM TotalConfiguration

Run Tintfhfil inVhiit020010000190% £C.0Z £ 12510925.130.0130 .. _oe o anoue

2500 kPa to about 2700 kPa and the pressure of the LP

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 HRISG (14,14a) to respesctive

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

10 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

15 steam turbine to generate alectrical powsr. 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),

20  which has been fully szpanded 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

25 pair (14,3i4a) 1s used to respectively drive the steam
turbines {20,207, Some of the steam is exbracted as HP
steam from the system 10 wviaz HP stszam header 32, while
some of the steam is extracted as IP steam via IP steam
header 34, where the steam 1s subseguently being consumed

30 or 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 1 r 1781100r278

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

5 {42,4%Za) 1s situated at the cold rsheat section, bstween
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

16 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

15 sub-atmospneric 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 {(29,2%3) ars then

routed to a common HP steam header 32 and distributed as

20 HP steam 346, while extracted P steam streams (30, 30a)
are subsequently routed to common LEP stesm header 34 and

distributed as LP steam 38.

The levels of steam production are constantly

monitored and contrelled by a seriss of transmitters and

25 controllers. As the extracted HP steam (29,29a) 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

30 (50,50aj are electronically coupled with the duct burners
{18,18a). When one of the contreollers detect a change in

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 |

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

T
9}
]
w3
h
(9]
E —
!_J
b
"
ot
o
D
‘._.l

locp. This is a simplified description of one possible

method of control idinstrumentation in the system. Other

possible embodiments of process control such as
10 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
15 HRSG 1i4. 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

20 exhaust stream 24 is then passed to an exhaust stack 60
The duct burner 18 1s installed 1in front of the HP
evaporator 48. To control the main steam femperature,
the main HP steam 28 and the hot rehsat line 58 are

N

aguipped with 2z de-superhea spray System {(not shownj.

fad
(52
[4a]

team heated in the HP ‘evaporater 44 flows through ths
main pilping for admission intc the steam turbine, Steam
produced from ths IP evaporator 46 flows through an IFP
pre-heater 46a bkefere Joining up with the cold rsheat
steam line 56. BAn IP steam stream 54 is exXtracted at one
30 point pricr to the nixing of the IP steam from the IP
avapcrator 46 and the c<old reheat line 56. The mixed
stream 64 then enters the HRSGC 14 reheater section 62 and
is then admitted to the steam turbine as a stream of IP

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



1241155Liz 130 170 300 1 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 2
simplified schematic diagram of the control system 69

5 responsible for wonitoring the flow rate of steam,

comprising of the flow rate enalyrer 50, a main control

system 66, an actuator 68, duect burnser 18, and the HP
steam h=ader 32, As the extracted steam from both HRSGEs
are routed to common steam headsr 32 via hsader 32, each

1¢  respective HP steam stream’s flow rate will be detsctad

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 68. The
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 to
the duct burner 18, thereby activating or terminating the
combustion process in the duct burner.

Referring now to figure 12, there is shown a
feedback control algorithm for the above disclosed

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

30 relavs an Cactivating” signal teo  the duct burners

(i8,18a). Combustien In the duct burners (i8,18a) are
subseguently initiated and steam production is increased

comparatively. As the steam producticon continues, stesam



02 3107,519 J47.9%65.8%I23,75,491 0122998,141 F44.2%I172.6% 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 happsns
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 duoct burner. This can be done in a pluralitfty of
ways such as shutting down fuel service wvalvss or by

10 disabling the firing mechanism in the duct burner.

Examples
Non-limiting examples of the invention will be
further described 1in greater detail by reference *To

15 specific Examples, which should not be constirued as in

any way limiting the scope of the inventicn.

Example 1

In-silice modeling of a singular combined cycle co-

&
i

genaratiocn power plant is carried out using engineering
gimulation software program KRAWAL™ from Siemens AG,
Germany. The configuration employved in this simulation
was a 90% Combined Cycle (CC) without the use of Duct
firing {(DF). The results below are for a combined cycle
Zbh  module comprising of a single HRSG unit. The parameters
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 l 0175292 18,5731 42.0% 177.1% 419 7161

! Steam {as extracied} Steam (as deiwered}
Sim;ﬂafmn fﬁ?.f_m Gooasl s oSm ?‘ata? Su BM 1 Total '
R i . T e | th

c2 o | 0 L0 0 0 0
cé - B3 o | 83 85 0 s
C11 e 44 107 g5 50 : 1158
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
:,=_fs§;%é§é,i§;§§iﬁg§§i'{;’«“{gj;'«g_'}‘}"'."?'?'QW&T- AHeat Rate Efficiency | Efficiency ‘decrease’ ._%%;gze?
‘ R RS M B T fi Ao 1 M j o A E Ratio
c2 334 54271 560%  56.0% | - | -

5 Ch : 310 8,969 51.7% B81.4% ! 237 274

C1t 298 7,263 49.8% 65.5% 4.8 3.30
Cié 289 7,628 47.8% B86% | 449 3.34
C168 252 7467 | 482% 68.4% | 418 | 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 ({(control Run! was about 334

Runs Cé to C16B show that the power

MW {electric).

generation is

15 slightly reduced when increasing amounts of shteam is

-

being extracted from the power plant.
g

Fig. 3 shows the decrease in power gensration 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 {(5U) and the medium pressure steam

b =

(3]
n

less steam avellable for expansion in the

(SM) results in

steam tTurbine

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,

s8]
Lt

these are the



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 combined cycle
block module. Duct firing is employed to increase the steam production to about 300 tons/hr. It is
notable that there i%BgﬂgQific% drop in power supply (292 10 MW) despite the increased steam
production. The steam to power ratio of Run 0172 is surprisingly high at 7.16. The above results also
suggest a relationsHip'Bétifedn e Fatid BE SG stéam¥SMssteam extracted and the steam-tobower
ratio. Run 017 similarly depigts-a steam: 48 production 1ate: of 300 tonshieur: however,with @ larger
proportion of high pfegsqrg,gteam pejﬂr‘l_%‘e})gtractg%as gpmpareg to Run Ql%g. This is %b en[/ed to be
less thermally efficiefit than RufA 0173, Figure 7 stiows the Felationship between stéam 20 production,
power generation and thermal efficiencyiof therpowed ptant. As:shéwr?; thelmaximumostean duty

achievable with duct firing-can 9oup40 3QQ tens/hr foracsingle; HRSG unit, Atthe highest steam
production rate of 300 tons/hr, the power generated is about 292 MW and 25 the thermal efficiency is

about 77.1%. Figare'8 sROwE R Felatiohshi Bétiteén theStBarfitb-potiér rafiog 5t vatious steam
duties. It can be seenthat thetsteamEtozpower fatics incréasedswithincreasing: steam ieadsiap to a

value of 7.16. This is.a Yery, §Qc%gvar1@ge§qygﬁlre%taa£§“%he implication is-that.abqut 7 tans,of steam are

extracted/delivered at the expense of each MW drop in power generated as a result of less steam
driving the stedi turBitie’ Sererally 3péaking, theTigher thestean-to2FofePRAIT thé nidte efficient
the combined cyclexproeess isiconsidered#e begExample3 by khsilica medeling:-afra power plant
with a 100% combirﬁlegl gycl__e_. %gpiﬁgur(:ag;%.w[tg duct (tiriﬂpg vc\jlgg,tcgyr]gefd out rysing ;Qg methods and
software as discloséd in Exampies 1 and 2. The simulations are results are 0AT28012413001 13000%
CC with Dia' 09124912151 130200<E230$00%-€E With BF™ production and therefore

exlisting co~generation designs usually have a less ideal

15 steam-to-powar ratio of about 2.0 te 2.5.

Example 2
In-silico 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

—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 ¢ 125 130 o | 130 80% CCwith DF
c12 124 91 215 130 100 230 890% CC with DF |
C17 1 178 100 278 180 110 300 90% 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"
Coam ol RANOME o AR LA g AL 1 “‘Ratio
Cz L334 8,427 | 56.0% 58.0% (.00
C7 310 7,518 47 9% 85 8% 23.7 5.49
C1z 299 8,141 44 29, 72.6% 249 8.58




013 90J 491391 9555 1150 1100% GT 013383761391 65851150100% GT-1 014 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 Table 5. ulationi
plH ail Thermal Total Gas 1S Powerteam- 0, eat Rate Run ,Efficiency IEfficiencyleonsumptionj

decrease to-Power! j MW 1 kitic\dh--1, |%1%%5MII§]|’]1MWBE\U? Lo | 445 | ees |
. C17Bf 292 8,536 422% | 763% | 41.9 6.92
178 292 8,573 420% | TTA% | 41.9 7.18
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 higch at 7.16.
The above rasulis alsc suggest a relationship between the
ratlo of SU steam to 3SM steam extracted and the steam-to-
power ratioc. Run €17 similarly depicts a stean
15 production rate of 300 tons/hour, howsver, with a larger
proportion of high pressure steam Dbeling extracted as

comparad to Run C17B. This 1s observed to be lass
thermally efficient than Run C1l7B.
Figure 7 shows ‘the relationship between steam

20  production, power generaticn and thermal efficiency of

—+

“he power pilant. 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

o

steam loads up tce & wvalue of 7.16. This 1s a very

(o8]
(o]

advantageous result as the implication is that abcout 7
tons of steam are extracted/delivered at the sxpesnse of

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



37116,348156.7% 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 steam was 15
produced or extracted and no duct firing was activated. Thermal efficiency of Run Ci was relatively low
at 56.7% as compared 10 gther,juns,with steam.produgtion with duct firing. Run 13F was, carried out
with a 100% Gas Turbine ) i

the steam-to-power ratic, the more efficient the combined

onsidered to be,

9]

cyal

1y

process is

5 Example 3
In sillco modeling of a power plant with a 100%
combined cycle configuration with duct firving was carried
out  using the wmethods and software as disclosed in

Examples 1 and 2. The gimulations are results are

10  presented below In table form:

%imuiatian% Breawrjas extracted} 1 Bleam {as delivered) LN
CCRun oSy T SM L Total . SU  USM | Total | “Configuration
SO e U L iR otk ol DR e
1 0 0 g 0 o | 9 100% GG
C4 124 0 124 130 0 130 100% CC with DF
Cg 124 91 215 130 100 230 100% CC with DF
C13 an 49 138 g5 55 150 100% GT
C13B 83 76 139 65 a5 150 ! 100% GT
14 ] 178 B8 276 180 110 ! 300 100% GT with DF
148 124 153 277 130 170 300 T00% GT with DF
C16 178 99 278 190 ¢ 110 300 100% GT with max DF
L C1sB 124 1585 279 © 130 J 170 300 100% GT with max DF
Table 5.
imuiation .. ; Eiectrical | Thermal | TolalGas | Power: . Steam-
ﬁlﬁ?gjﬁ??ﬁ? Power . ’ﬁe#f'ﬁage”ﬁfﬁcmmy“ Efﬁciency:(:ahsumpﬁonl “decrease §¢§f§2§er
BRI H D kW B o, B LR : R - Ratin
CH 371 5 348 68.7% 56.7% 2,352 589 0 .00
C4 344 7,354 49.0% | B54% 2,531,247 264 497
Ca 332 786851 458% 72.2% 2,808 807 388 583
C13 321 ' 73351 4%.1% 88.3% 2,362,335 495 301
C13B 324 | 702B8| 408% | GB3% . 2 352642 485 323
C14 283 8.514 42 3% 78.3% | 2,400 345 78.1 3.84
C14B 296 8,327 43.2% 78.8% 2,463,127 748 401
Cib 308 8455 428% 78.8% 2,815,877 £81.2 480 |
C158 | 316 | 8284, 436% | 77.2% 2607292 581 544 |

ey Nl
Tabla 6.

Run €1 1is & control run, wherein no steam was

15 produced or extracted and no duct firing was activated,
Thermal efficiency of Run Cl was relativelyv low at 56.7%

as comparad to other runs with steam production with duct

firing. Run 13B was carried out with a 100% Gas Turbine
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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
of another combined cycle module, In this simulation run, duct firing is used to approximately double
the steam productiqn to about 300 tons/hr. It is notable that.the power production is. maintained at 10
approximately 300%%1/%[\7\7%1%5%%% is ﬁop dF%%ic%”ov%e%%ss”dﬁeb tosiﬁ‘étr%és%%og?%é‘?ﬁ”Cﬁ‘rlod“ﬁ?:’?ion. The
thermal efficiency of RiiF®123 was alsesurprisitigfly Righ &t 78:8% = Figute9shows thecrelationship
between the steamJoadandpower eutput and theemal efficiency It san herlo-seen that with
increasing steam produgtion, the power, supply is slightly reduced. Thermal efficiency displayed. an
increasing trend alo6:1)Bg° \“/%i’th inéﬁérés%dgs ea“"r%of)xr%dﬁcﬁgﬁlﬁ'?gipr%jp%%ﬁjtﬁﬁt the preséntiy Bistimized
steam extractidn paiatszallowsifor suchsuperior thermal90efficiencies overcorventionat combined
cycle systems.  Figure 10.depicts the rglationship between the steam, to power ratips ta increasing

steam loads. It can be seen that the maximum steam-to-power ratio was at 5.93 when the steam
loading was at abodit-¥30 16rishr. 78 &ppfichtions The disclbdediibihed €y cleRE-gEnBFitiorY power
system comprises ofcaulpair ofrcombined qyctelblocks; each eombined cyelerdgek comprising a gas

turbine, a heat 30 recovery. steam genetator 8@9 Aasteam é%@@l%-nTh% gairﬁgafic&rgqmgg cycée blocks
are arranged and coupled to be able to produce steam and power in tandem and |haépen8ently of one
another. Advatitagestishy aiHanohe comfiiihedtyclbibioek experiencés s piscaaaifaalt andsthe other
combined cycle blegkistot-affected andsisable jo continuepower-and steam preduetion -y
independently. EveQ smore a,gxi/agta‘}geo%sglg,, such a configu ati%q ,?}1'0‘1%5 tl;g disclosed system to be

11 4 X3 = SUrprilai y 1L fo .08, -
able to supply steam and power reflalgaly f0'5 meét the pr etermined stean and bower duties.
Figure 9 shows ths relationship between ths steam

load and power output and thermal efficiency. It can be
15 seen that with incresasing steam production, the power
supply is slightly reduced. Thermal efficiency displayed
an increasing trend along with increased steam

production. It is proposed that the presently cptimized

n

Ceam sxtraction polnts 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
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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 duct
burnet is thermally coupled to at least one HRSG. The duct burner can be fired with natural gas or
distillate fuel to increase steam.15 production.in the, HASE of the combined cycle block, .
Advantageously, whén the steam producing capacity of the power generating capacity of one
combined cycle bloéKfs cofpférhised?#ic*HaEt Birner of &6ttt tohibined £yele blockeéan be fired
to compensate for thewsteam; or power 20shortfall imthe-system:n = [The;diselosed: combined cycle
power system is able tq extract steam from.its sgg_stery for distribution to downstream. units at the
expense of a drop in-power generated by the steam turbine: Thrétigh e Sptirization of thé heat
balance of the Syst&r: twolspetific! stezm yentoval pointsareccarefuludetermined to provide the
greatest thermal efficiency t@ the; systegraAdvantageeusly, by.choosing the exiraction points as

disclosed above, the system is able to achieve superior 30 thermal efficiencies of about 60% to about

80%. The range of tEam-t83FGAEF ratfd¥ thus atHigved 1€ dbout 2 BXH7AHGHEE S Such High
steam-to-power ratiostindicate that Bemipimalkloss of powérsgenetated by the:steamttithineds

experienced due to,the large, ampunt of steam removed from the system. Adyantageously, the

combined cycle plant enjoys high thermal efficiency as a result of the superior steam-to-power ratios.
It will be appatént tRAfVANGS dtheP FTGEIfT. atichs ARdEdaptatiohs ofthe irntion $@Fbecapparent to
the person skilled inithe-artraftersreading the foregoing disclosure without departing from the spirit and
scope of the invention an zi}JSéqt?Qf’SQJQa all such mﬁodifipgtiggg I%pg q@agt&giggg £ome within the

scope of 10 the appende Claims T. A combined clf/lé *eﬁﬁovi\'/ér system for producing po‘we? and steam,

the system comprisiig: sdtleasttwofGélturbineSeapabiebf Seomisusting:fuelte piddiee pewer and
exhaust gas from saig-eembustedfuel,~  distiiiare  fuel to  increase  steanm

15  production in the HRSG of the combined cycle block.
Advantageously, when the steam producing capacity of the
power generating capacity of one comblned cycle block is
compromised, the duct burner of the other combined cycle
block can ke fired to campensate for the steam or power

20 shoertfall in the system.

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

r
(92

o0

30  thermal efficlenciss 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 generators; and 15a heat source thermally coupled to each of the said heat recovery steam
generators and being,configureddig inigrmittenty.and indenandently.supplement heafio ang of said
heat recovery steam generators to meet a required steam duty of said 20steam supply stream and at
least one of said st€aM-turbiries; afidwkerdin Ihe HeatSolrce is corfititired o hedt Bk ofthe at least
two heat recovery steam:genetralors ifdhe-othep beat recevesy steam generator is unable to meet the
25 required steam duty, without.a s%bstantia[plgrslg o,f%h% steam duty of the said dgtggm su fE.‘)Ly stream
and at least one of said steam turbings. P B°A System as claimed in Claim 1, Witerein said Haat
30source is coAfigured te ety heat safd heat recovery steam génerators: 3rAsystem aksclaimed in

claim 2, wherein sajd heat sayree compyises: fiing.means-for.compysting fuel in 35,the;path, of the

exhaust chamber passing through said heat recovery steam generators. B}
disclosure without departing from the spirit and scope of

the invention and it 1is intended  that all such
modifications and adaptations come within the scope of

it the appended clalms.

i~
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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 least two steam turbines are respectively in exhaust gas fluid communication with said
heat recovery 15steam generators. 7.A system ag:¢laimed in claim 3, wherein said heat source
comprises within elachAheat r}c.ove%; steaT e?enerators, at least one duct burner, 20 8.A system as

R W6 hodtifes Forgaherating bower and steamindependents of each

claimed in claim 7, comerscfn
other, each of said unitized srhedulesicomprisingone @fithie gas qurbine pairs, one of the 25 two heat

recovery steam generators having fhe at leastone dyctburner thegreinand ong of {ie stegm turbine

pairs. 9.A system as claimed in claim 8, wherein the system 30 further comprises a controller to
intermittertly and indepeRaBRtl fird'd dbetSurtét of ahEHE FedOVERF stéain genBratsiinGhe module
should the other module fintidetiversa requirestsigamudaty to the 35 steam supply stream or steam
turbing of that othgr module, 10.,A system as glgé__eq:é%g@grr]};, gv@gg%n 5%%%%9 &qu%% stream
comprises a plurality of headers
producing steam from said exhaust gas;
at least two steam turbines for producing power
10 from steam produced by said heat recovery steam
generators;
at least one steam supply stream for receiving
steam produced by said heat recovery steam
generators; and
15 & heat scurce 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
20 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
25 reguired steam duty, without a substantial loss of
the steam duty of the said steam supply stream and

at least one of said steam turbines.

2. A system as claimed in c¢laim 1, wherein said heat
30 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

35
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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 1500 kPa. 12. A
system as claimed in claim 11, wherein the 15steam supply stream comprises a high pressure steam
between 12000 kPa te 42308 kPa; gnﬂ@@rr@gﬂi@t@;@r@smg@amggtwntmgﬁa t0,2400 kPa,
and a low pressure stgamtbetween 400 kIEa to 600 kPa. 2013.A system for continuously producing
power and steam comp()%r‘fl5|ng}f:ecgi\7féxa§t R/V(?Eé%ﬁmglenne%lrgyc?é‘”%t’.)wer modules, each module comprising:
a fuel turbine capable of combusting fuel to produce power and exhaust gas 25 from said combusted

fuel; a heat recovery steam generators for respegtively producing steamfrom said exhaust gas; a

steam turbine for producing power from steam produced by said heat recovery steam generators; and
a heat soufce thermalty 38coupi&d {0'&id heatretovery Stedi Herielatdrior stpplemiantiag heat
thereto; a steam supply strilamdor reseiving steairoproduced frem said megules; @andvea,controller
configured to activatestpg a esggrrcaet%frcgin_e combined cycle power module if the other combined
cycle power module is unable’to meet a required steam duty of at least one of its Ssteam supply
stream and said steam turbine,

5. A system as claimed in claim 1, wherein said at

10 least two fuel turbines are gas turbines.

©. A system as claimed in claim 1, wherein saild at
least two steam turbines are respectively in exhaust
gas fluld communication with said heat zrecovery

15 steam 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.

20

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

25 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

30 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

35
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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 combusted fuel; a
heat recovery steam generator for respectively producing steam from said exhaust gas; a steam
turbine for 15 producing:pawer:flamssteam pradused by said heatixeeoveryssteangenerators; and a
steam supply stream for refeiving steam produced from said modules; the method comprising the
steps of: a) monitorinlgrjcf & steam output from each of 20said modules; b) providing a supplemental
heat source to one of the heat recovery steam generators when said monitored steam output of a

module falls below @'predefggeds§tse@£%du% 23 15:A method a§ﬁlﬂaﬂmedlip claim A4y Mvhea@én when

one of the modules falls below the predefined steam duty, the supplemental heat source is applied to
the heat recovery ste@htgeéneraforlof thié beE7er modle 136 36 A methodlds tlainfedireclain 14,

wherein said steam tg@oy\@glgggq _iﬁz%b?ﬂt&é 1o ﬁ?@%ﬁ-@e 4L7. A method as claimed in claim 14,

wherein said

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 1500 kPa.

iz, A system as claimed in claim 11, wherein the

15 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.

20 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

25 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

30 coupled to said heat reccvery steam generator for
supplementing heat thereto;

a steam supply stream for receiving steam

roduced from said medules; 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 pressure steam between 1500 kPa to 6000 kPa, and a low pressure steam

between 100 kPa to 1500 kPa. 20. A method as claimed jn claim 19, whetein,the 35 remoyal of the
stream is undertaken at a high pressure of 12000 kPa to 22300 kPa, an intermediate pressure steam

between 2600 kPa to 2700 kFPx & aldwPressirdisteam betédeP2 0okPR i 600 kPat9921.A
method of continuously produsing: powerangdstean epmpgising-the.steps: of: a) combustingdfuel in at
least two fuel turbines to producgtpoayverreagg eggaéjisg%s&%)&a%%ing the“L eg@@usi:;1 gas Lron%the two
fuel 23turbines to respective atleasttwo heat recovLery steam genera{'ors% eroauce st“eefm;sc) passing
some of the stedm produced By tha supply stream and said steam turbine,

thereby continuously producing powsr and steam.

14. A methed for centinuocusly 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-to-power ratio of at least 5. 23. A method as claimed in claim 21, wherein
said steam-to-power ra{Lg of at leasf, %}Qg%@ method as claimed, in, claim zi, further. comprising the
step of:  e)selectively héating the exhaust gas passing to one of said at [east two steam generators
to increase the amount of $tea. t¢ Pofathéd ds claimedintctaim 21, further comprising the step of:

f)selectively heating the exhaust gas passing into one of said at least two steam generators to
20increase the amount_of steam_when thedother stealm, , o .
18. A metho as claimed in c¢laim 14, further

5 comprising 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 kPa to 15000 kPa, 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 least two heat recovery steam generators are also provided for producing steam from the exhaust
gas. At least one steam turbine is usegttg aqﬁodi%ceﬁov%er_gggg%tgggjm ggggggced QYL theqt%eaat Jecovery
steam generators. At least one steam supply stream receives steam |c5roduceciC %y the heat recovery
steam generators. A heat source is theéfiiiélly éetipled to the heat recovery steam generators and
being configured to intermittently and independently supplement heat to one of the heat recovery

steam generators to m%%t a required steam duty of the steam sugply stream and the steam turbine.

The heat source is configured to'he&t ona of ftie &t A%t two Re&t feddvéry stéaAT Geherators if the
other heat recovery steamsgenrerator-iscwvablead:meet the rdguired Steam duty, without a substantial
loss of the steam duty of the steam supply stream and the steam turbine. (Fig. 1)

23, A method as claimed in claim 21, wherein said

steam—to-power ratioc of at least &.

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.
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