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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 %ene,rally refers to a power and steam #ﬁeneration

plant, which 10 8p BERTHERE U TR BRI NBRTR Eycle.

During the operation of the combined cycle co-generation plant, the
objectives of power supply, he%t reﬁ:ove%a%d steam production are
simultaneously achieved. A com%?néld'%yc e c:'é?generation plant typically

15 consistsof threes arain sectiensiaGas<lbme (6F) sectiomparHeat cycle

Recaqver 1 Generatar ( ) secti eam. Turbine.(ST)
il L e T L L
resultant gaseous products are used to drive electrical generators 20
connected to the gas and steam twbingfshJtgreafter, through heat
exchange, the exhaust heat from the GT section is used to generate

steam of {arypresttires ¥ “the HREFEESEHMT Sebseduistly, thasnerally
highlyrpressurizeda steads them soutetktodhesteamatuibine sectinn, 25which
wherein more power (measurecqlin terms o E\eggwgtts, MW) is Dur]
geri&ratéd “One AiVantage of combinad cycle¢d- genaration plants fed - +¢
theihkigl prtitizatiom of-deat Hategratiomas compared-to-conventibnalh plant,
PowgLPlapis. herelly auoiding the unpecessanulisation. ofumages 30: e
or auxiliary boilers, which can in turn lead to  substantial savings in power

an@ stk getieration. s Co-géreratioh plafs are tysically required to fulfill

two main gbligafigns.n dheipgay-10-day, -opgratians. rst, cosgeneration cai1y

power plar_mts neeg to be 1 able to reliably and cc_)nsistenty su[%ply a

Fﬁéaéﬁﬁﬁﬁhéd of three main sections: a Gas urbine (GT)
section, a Heat Recovery Steam Generator (HRSG; section
and a 8team Turbine {(ST) section. Conventionally, fuel
and alr are mixed in a burner and the resultant gasscus
products are used Lo drive electrical generatcrg
coennected To the gas and steam turbins(s). Thereafter,
through heat exchange, the exhaust heat from the GT
section is used to generate steam of varying pressures in
the HRSG sectlon. Subsequently, the highly pressurized
stearm is then routed to the steam turbine section,
wherein more power (measured in terms of megawatts, MW)
is gsnerated. One advantage ©f combined c<ycle co-
generation plants lies in thelr high utilization of heat
integration as compared *tTo ceonventicnal power plants,
thereby avoiding the unnecessary utilisation of furnaces
or auxiliary boilers, which can in turn lead %o
substantial savings in power and steam generation.

Co-generation plants are typilcally required to

fulfill two main obligations in their day-to-day

operations. First, co-generation power plants need to be
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and contractually agreed amount of electrical power to a primary
consumer/load. In most situations, the primary consumer is a plant load
of about at least 1 5 megawatt(MW). Alternatively, the primary consumer
is a central power collector and distributor, (hereinafter also known as

thé fosergric?) - rPthis Aftfard there Eiists Bin S atiorfor? e Faft of- 722
thespperaterebtben compinad-eycle power plant (kereinaftec fhie power to =
"Gen-Cao") to 10 maintain and deliver a reliable and constant power supply _

(o T FREr G R ar Rt ne S S VehEon e the Aeed ey
power supply may resalt inkdetrimentap satonomicaldlabilities and pdssest 1

'e@]ﬁ% ifications to the GepGo. 15 Secondly, the Gen-Comay. glsabe; o 4
obligated to supply a precTetermlned and a contractually agreed amount
of SEAHAD RS BE MorePririgi steai Eonsimeis ThHetdteam! igreinatter

typically extragtedfrom the HRS(.sectipn.or steam, tubine()antk-d, there
transported to a distribution system 20 Wherej_n it |§ subsequently supplied .

to fhetdosuifers ot S8 Basey, theSprifidry steant Lonstifiérsmay BE D¢
dowpsbeast upits 0 Siean CoRSWNNG URits:afrtherron-peweceelated”) to

'”dﬁgﬁrﬁsafﬁcgnacf‘ 3k ”O'ger“r.%ref&e{%’ab’iecomn”ﬁlo%é’é%ba'%{%a%%eﬁeﬁ supply
wherein a fault' occurs uring the course of plant operation,"whic
catises:-éithero tve stgahd turbimereirthe pasitarbing tooperate @pat ravention

redyced. gapagity. Such faults cag manifestin.a vadgty, of SCENAt0s, SUEh. .1

as for example Tail-close valve designs; electrical trips, boiler overheat,
dishuptiosi3e In fiékseriiceisrievendchetitifed bffine mamténance: 1Ans =0
sugh,a sifuatien, the Gen-Co often has to make a decision to either

sacrifice steam production at the expense of power generation or power

generatiori 4t the-kpehis of Steam Jeneratel. IRToRventignald o Supply
cogenerptiopdanti 2ed and a contractually agreed amount of

steam To one or more primary steam consumers. The steam
is typically extracted from the HRSG section or steam
turbine (s) and transported tc a distribution system
wherein 1t is subsequently supplied te 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
during the course of plant operation, which causes either
the steam turbine or the gas turbine to opsrate at a
reduced capacity. Such faults can manifest 1n a variety
of scenarios, such as for example fall-close valve
designs, electrical trips, boiler overheat, disruptions
in fuel service or even scheduled offline maintenance. In
such a situation, the Gen-Co often has to make a decision
to either sacrifice steam production at the expense of
power generation or power generation at the expense of

steam generatiocn. In conventional <cogeneration plant
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design, power supply is often sacrificed for the sake of
increasing/maintaining steam production. As mentioned previously, this
can have potentially adverse economical and legal ramifications for the
Gen-Co. 5 Yet another problem is that known combined cycle co-

gen&ratidiv plBAtaésiGHSRIE unablé t& ahigdé high 160eld of thebmaP 24 oF

efficieney-withgutisaerificing it nets expartable eleciricahqutput A tipical oned

combined ¢ (‘lle co-%%neration g[ant achigve% th%;?]al egiciencies of10 . .
abBUE0% 1o dBout 60% fHermarefficiBRcy A highet thermareficiency s =
generdllydesiredeas. if represents Supetide fueteednomy and
consequeptly UaRSIRes (o, signifigant.cast savings And. AR OVRIEl oyore co-
improved performance of the co-generation plant. A high 15 e ectnc%i’ .

outptit fs-génerallyrdesifed esgecially if alectrieityp s eéxpéited fraieve high

grid-based and/armeyit orderdispaleh system whichsewards onthe -5 et
volume and_efficiency of the electricity dispatched/exported. However, in

co-genRFatioh plaritsS proving the théthral 2o effidieney by ReReaETTY the ©+°
steaprgutput dends to radice the-glestrical output {MW) arftheirelcies of
electrical efficiency of the co-generation plant. A known co-generation .

o E? Blant Gbioh Gealb fih e S iate it vas cemarid 2%
loadsdrom the 25 power grid by irstalting supplesientdryzburnérsimpresents

CO@Bg‘eaﬁ!i%‘rW“?&‘io_m&!%ﬂ%% Ty gas tu@é%ese!ﬂq%"gﬁ‘é%fg suchadesian.
does hot

ot make provisions for maintaining a constant level of steam
prodiLgtioA Whert a néed arisesab - ingfeasé pBwergenefatirebdyond tise oved

normal capacity. 30 The knayun design; also.dges,Rot pravide a design for p ; gn,
improved thermal efficiency. Duct firing is another commonly employed

mefGEFint coigenérativh plantd toPiBiHR oY inciésdetsteaptrecially 1if
proglugtien in times ot needpbyettiring typigallyyrid-based and/or merit

order dispatch system which rewards on the volume and
efficiency of the electricity dispatched/exported.
However, in co-generation plants, improving the thermal
efficiency by increasing the steam cutput tends to reduce
the electrical output (MW} and the net electrical
efficiency ¢f the co-generation plant.

A known co-generation power plant design deals with
proklems associated with wvarying demand loads zfrom the
power grid by installing supplementary burners in
combination with a complementary gas turbine. However,
such a design doss not make provisions for maintaining a
constant level of gteanm producticn when a need arises to
increase power generaticon beyond the normal capacity.
The known design also does not provide a design for
improved thermal sfficiency.

Duct firing i1s another commonly emploved method in
co-generation plants to provide for increased steam

production in ftimes of need. Duct firing typically
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3 involves supplementary burners installed in the HRSG 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,
5 duct firing is an inefficient combustion process and they are known to

redUCE thE therfiaP B RTSATY G P the Uk eheratidte pnt Surthérmdies HRSG
dusttring anly addresses:therpsobleraof inereasing steam supgly, buter to
they do not provide solutions to maintaining electrical power supply 10in

b G BRSNS OBt Gpraliont ThaTaTBF thers oierS & Hbc 1o  F1°
copwireid-cycle coRgEherationvplantithatisyablete balante power angpwever,
steam. pradugtion, in,sugh a way.such that supply shartfalls (steam at.« .,

power) of anylk?lgd asre avo%xe\%, ESSL/ 1Seway o%fginge?\%qs ggsign. There also =
exisiEa éewfo providetiesmbined &ydeeslgenéidtiorepiart, whickean co-

achieye higher.thetmalkefficiepcies.as.campared tos existing combinediresses
cycle power plants. 20 Summary In a first aspect, there is provided a

combined” BjdiETholWer systERt for Brodidiag psWeFatd stédm, they do not
sysienvcemprsingravleast-woribekturbines gapabletof i eembusting-fuelipp Ly

to produceepowefr %nd exhaust gsas.from 25 Eaid com?usted fuel; at least
lﬂ t%m 3 o %sruptlon in glan oFeﬁa 10&..
two heatrecovery steam “generators for respectively producing steam

from saidTexbrausi:ass; ableast ene steanaturbing farcproducingpower cycle
from steam. praduced Dy sajd heat recoyery, steam, generalars,a steam, g

supply stream for receiving steam 30 produced by said heat recovery
stedhPgeneraiorduand a heat ourééd Hiernmally €dtipledi6said-hédt supply

recongpLsteams geperafrsandheing copfigured tadntermitiently @ndieq, by
independently supplement heat to one of said heat recovery steam

gerferatofto MEETH RitLIre® tedin dutpers alse exiBts & need to

provide a combined cycle co-generation plant, which can
achieve higher thermal efficiencles as compared to

exlsting combined cycle power plants.

Summary

In a first aspect, there is provided a combined
cycle power system £or producing power and steam, the
gsystem comprising: at least two fuel turbines capable of
combusting fuel to produce power and exhaust gas from
said combusted fuel; at least tTwo heat recovery steam
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
generatcers; a steam supply stream for receiving steam
produced by said heat recovery steam dJgenerators; and a
heat source thermally coupled to said heat recovery steam
generators and being configured to intermittently and
independently supplement heat to one of sald heat

recovery stesam generators to meet a required steam duty
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4 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 5
unahle to meet thte r%lluired rﬁteam uty, without a sgbstantial loss of t(_pe a
stédm @ty of the'salt 'Steat stipply streaMand 8did e tibing e 531
Advaatageously; the HRSGuiritssiirthe tembined cyoler pewes systerfii gured
areﬁgbl Io recover waste heat derived from 10 the combustion of the fug
turbine. The recovered heat energy can be utilized in a pluraﬁty of wgys,
onewiewhichs td-§endratesteam trelgly a HRSG/orsd WalBtahagrator is
rebpiles,lp ong.empodiment, e bealsawge coupled wilihe 19H83G:
is a duct burner. Advantageously, thé duct burner of one H SG unit can

be Stpplcthéntaty fired to ifitreds thé 's88m Productidn ofefsintle® sSteam
HRSG ANt 1t asaeondaspect thereis provided-a system for

continuousl Cgroducianggwer, nd stearg Comprisin%: at 20 least fwo .
combinedl\s%r & power modules Sach moduie comprising® a fa8FtuRside <Y te
capable:of spabusting fuelitd =produce: power and £xbaustgasieeomvsaid £ rom
combusted figl heat recovely steam generalqrs for respecfiyely. . og neac
producing steam from said exhaust gas; a steam turbine for 55 progucmg
powet from steéam produtedisyeshidiheat recdvep/ steantgerretators; ang ©f
a hgat squrce thgrmally cqupled:tg. saidhheat recqvery steam gengrator nest
for supplementing heat thereto; a steam supply stream for receiving

stedfr Prodidced from said modules; and a controller configured 30 to

activate the; heatsosee f pagicombined.eycle pewer-medulelitthe,ather <he
combined cycle power module is unable to meet a required steam duty of

ot RS orie of 1 MiEa Rty SCQRA S Sa e LrE herebyo: of

one HRSG unit can be supplementary fired to increase the

eal

steam producticn of a single HRSG unit.

In a second aspect, there 1is provided a system for
continuously producing power and steam comprising: at
least two combkined cycle power modules, each module
comprising: a fuel turbine capable of combusting fuel to
produce power and exhaust gas Zfrom said combusted fuel;
heat recovery steam generators for respectively producing
steam from said exhaust gas; a steam tTurbine for
producing power from steam produced by said heat recovery
steam generators; and a heat source thermally coupled to
said heat recovery steam generator for supplementing heat
thereto; a steam supply stream for receiving steam
produced from said modules; and a controller configured
Tto activate the heat scurce c¢f cne combined cycle power
module if the other combined cycle power module is unable
to meet a regulred steam duty cf at least cone of its
steam supply stream and said steam turbine, thereby

continuously producing power and steam.
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continuously producing power and steam. 5 In one embodiment, each
combined cycle power modules can work in tandem and in combination

to meet both required steam and power duties of the system.

Alternatively, each combined cycle block is capable of 5 independent
operatiort wiEtEir GRE Coftied E76ie HiGAC 1 Able 18 wontRgec" modules
opesationwhien the othendembined cycle blockoispariially or completelyboth

offline while the steam and ower duties of Epetsystem are be& g met,
iy ] . e i ten.
Advantageously, one HRSG tnit i§ able to co%pjé%séate “10 for the steam -~

or polersuppiieshortage of thecoihen#RSE winit. SAould ohée HRB8G it of
fail todeliver the regyired; steam gupply. to meetthe steam duties of both .y

the process steam and the steam turbine, the other HRSG unit can fire
its £EdUpEd Buct burfiet to fidke UWFFoR HiE Shottallin 15%tedm gEneratrf ned

by the HRSGotherely allowing:the systenh g meetis overallippwenand: the
steam duty requirement. The arrapgement of the combined cycle blocks
thétefotl atidis’ e poWar syStem 1o Paliably STPply 2 predeterifbd

steam andipawes gatynwithoutintertUption 20 th dre embedimentpthesnsate

cor%trolletr is a f%%dback controller, Thefontr§llerti§ aebleotro r@k())nit%rtgl

nd
ana@/ﬁe tlﬁ% s?ear%r%lo?/vrra{:t)gg%¥thséug§trgctes g%:ea streams. Ef’he % HRSG

cortréfier iSTurthet efectroriitdlly Gﬁdli@l_e(i ith & yespekiive duthburhepuired
and is capablg, of fc%a‘iﬂé%@r 2pdetminating the cambustion ProeessOfscess

the duct burner. Accordingly, when a steam shortage is detected by the "
corftr6Iiet, aR Achivatirt’ SiRalWilPBe ranshfitteth i théldtet Birher (67 fire

initiate the,duetfiring process-and vice versa. Agvantageouslysthis-alaws in
the controller 30 to be able to control the steam flow rates at a

previetéfnidEd $6E pEit a¥d TeGucE il rate Hiictiatidns “ithe extracted® to™

steam flewtrates. overall power and steam duty reguirement., The
arrangement of the combined cycle blocks therefore allows
the power system to reliably supply a predetermined steam
and power duty without interruption.

In one embodiment, the controller 1is a fesadback
controller. The controller is able to monitor and analyze
the steam flow rates of the extracted steam streams., The
controller 1s  further electronically coupled with a
respective duct burner and 1s capable of activating or
terminating the ccombustion process of the duct burner.
Accoeordingly, when a steam shortage 1is detected by the
controller, an activating signal will be transmitted to
the duct burner to initiate the duct firing process and
vice versa. Advantageously, %this allows the controller
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.
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6 In a third aspect, 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 5 turbines to produce power and exhaust gas; b)
generating steam by passing the exhaust gas produced by said fuel

turbines ito & rédpddivé 8P Rsast two'RBAt reCovBRPEEdnt gandiatdie® for
10)rgenerating power by passing semerof the csteameproduced by said/stem
heat reco.ver%ste_%m %gnerator§ into a respective at least two steam
turbines, the amount o “s?é)asm%e'lng for a predetermined steam duty to

meet a 1% predeterminéc powey output;ld) removing stedaa produted by fuel
said heat recovery steam geoegators, the amountof steam.beingfora, .,
predetermined steam duty; and 20 e) selectively heating the exhaust gas
passing Ihto one of #é& at fdast fwe Stedin Yenefddrd d increas8itRest gas

amount of steam when thie.othersteam generatolis unableto.meetthe ;. 4
required steam duty for at least 25 one of said steam turbine and said
removed steam, withott & Sub&tarflial 088 BF the” Steafi Huy STIRE Said® -3
steam supply streancanrd-saigksteam turbine. In a fourth aspect, there is
provided g)method fore Beor%%qwtrilnuousl%grodlkl)cing ower and sstgagn in a
system having at ledSt two com%ingﬁcycjﬁe powe moauPe%, each module
comprising: a fuel tughinercapablévafasbnibustiag flehtoa prodece power st eam

and exhaust gas fro%%ae!gacggi%us@tweléa respective at least two

steam turbines, the amount of steam being
for a predetermined steam duty To meet a

predetermined power output:

) removing steam produced by said heat
recovery steam generators, the amount of
steam being for a predetermined steam duty:
and

&) selectively heating the exhaust gas passing

intce one of the at least TwWo steanm
generaters to increase the amount of steam
when the other steam generatcor is unable to
neet the required steam duty for at least
one of saild steam turbine and said removed
steam, without a substantial loss of fthe
steam duty of the said steam supply stream
and sald steam turbine,

In a fourth aspect, there 1is provided =z method for
continucusly producing power and steam in & system having
at least two combined cycle power modules, each module
comprising: a fuel turbine capabie of combusting fuel to
produce powey and exhaust gas from sald combusted fuel; a

heat recovery steam generatcrs for respectively producing
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heat recovery steam generators for respectively producing 7 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
coffipeing S8 stEFS Of: af FiditringdRE Stean ofifptAfrontBACRTLE  ToF
saiskmodules; b) previding.asypplementakheat Sourcestoionerfthe- heatrery
re%ovear}{‘fsteearg Jfgaegggqstprsé Wgen 19 esaz;lriﬂd mé)nitgreds tegmmo%tgyt 91; A ivin
moduié fais below a pr'edeﬂne& sfeam du?y.%?m\éthocf 6f Con m‘uousi:y g
preducing powernand stearm comiptisingthesstepstofe ayeombustingrfogh sing
in @tnlgagrt%% fuel, 15 turbines to produce power and exhaust gas; b)
passing the exhaust gas from the two fuel turbines to respective at least
two heat recovery sté@migenerators-tosprodice stedmiP ey passifiy somé  ©Ff
of the steam produced bythe2Q,at least two steam generators to
respective d) removing a selected amount of the steam produced by the
at least two Steam gEHETAISHS hareii ke SBRtE afmdtht 6 &téam§s ©ne
at a steam-to-power rafio of. at 2ealeast=2bvkr-gnesembadimerirtheors when
selected amount of rem%ved msétg% Qirse%‘t a s%eeaam-to&ocw%q:ratiofof gt I(Ien%s ale
3 th.MW or at least 35 idvantageous : fhe Selected amount of
removed steam beingfatld stéamde-powersat6 i at least 30 216ty .
increages, fhe;thermal-efficiency, of steam and pawar, gengration. In.one .- . or,
embodiment, there are two distinct steam

comprising the steps of:

a) combusting fuel in at least twe fuel
turbines To produce power and exhaust gas;

b} passing the exhaust gas from the two fuel
furbines to respective at least two heat

recovery steam generators to produce steam;

c) passing some of the steam produced by the
at least two steam generatcers to respactive
ad) removing a ssilected amount of the steam
produced by the at lezast two  steanm

generators, wherein the selected amount of
steam is at a steam~to-power ratlce of at
ieast 2.5.

In one enmbodiment, the selected amount of removed
steam is at a steam-to-power ratic of at least 3 t/h.MW
or at least 3.5. Advantageously, the selected amount of
removed steam being at a steam-to-power ratio of at least
2.5 increases the thermal efficiency of steam and power
generation.

In one embodiment, there are two distinct steam
extraction polnts 1in the system. These two steam

extraction points have been chosen for optimal heat
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extraction points in the system. These two steam extraction points have
been chosen for optimal heat 8 integration (ie thermal efficiency) .
Advantageously, by choosing the extractions points as such, the

combined cycle system is able to ach%/dga superior thermal efficien%y of o
mArEtRARBOYR  preferably o8 thah 7096 5 préferabli s T 7804 °Y
In anetherrembodimest; the System isiable tosachievesthermat eHiciency ined

of about 77% whilst maintaining a steam tQ power ratio of 7.16,

T ; 1 h 1
A T o (B Plpdtion | cherns
enjoySitheen0hendfitsroffael Btanonty and lower operatingreoses, than 70%

Degipgpé?ag ﬂ; following wordssand terms used herein shall have the

meaning indicated: 15 The word "substantially” does not exclude .
"completély” 81 TEempESiIREH I i Subsiahtially ffeeFrém PR ieve
becompletely free from-¥. Where agegssaryy the wordssubstantiaby’ning a
may be omitted from the definition of th inven%ion. 20 The term

"substaRtial fodi8Fihe Sfeamt dbity” means tHat Ao mdRE i Y0oe dt8ai " =*
is lpstfrom airequiredsteant gty ppreferably rd fiaresthansdo stednyis the

lost from.the required steam duty, more preferably less.than 2% steam is
los ?r%% Qes ré)qguifﬁe%e;[egr%cgﬁ{ﬁg/ Zgnlgﬁeg?e"g%r"s%y%ggfntﬁ?Foscsogﬁﬁé
power (MW) output/duty” means that no more than 10% of the electrical
power is lost from a required powge Suipwi{dugy, preferably no more than
5% power is lost from the required power output/duty, more p_referably

less 30 theie2%Power s Jost o thé Ped@iretPpd\ver dutpitiduty " Pre nave
terpn Femaved-sfeany] unless;stated otherwise, in

The word “substantially” deces not exclude
“completelv” e.g. a compoesition which 1is “substantislly
free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definiticn of the invention.

The term “substantial loss of the steam duty” means
that no more than 10% steam is lost from a required steam
duty, prefsrably no more than 5% steam is lost from the
required steam duty, more preferably less than 2% steam
is lost from the regquired steam duty.

The term “substantial loss of the power (MW )
output/duty” means that no more than 10% of the
electrical power is lost from & reguired power
cutput/duty, preferably no more than 5% power is lost
from the reguired power output/duty, more preferably less
than 2% power 1is lost from the required power
output/duty.

The term “removed steam” unless stated otherwise, in
the context of this specification refers to an amount of

steam generated by the HRSG which has been extracted from

(o]
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the context of this specification refers to an amount of steam generated
by the HRSG which has been extracted from 9 the power and steam
co-generation system as process steam and which has not been
expanded through the steam turbine. The term "steam-to-power ratio” in

the-BEntBRIGH 57this SPediication? 4 titheRSioR s Tati6 WHidiS réters 162
thestofs periwiit time=0f steam thathas satexpanted: fyrough the steamteam
tur iyr t_)ng;[eis extracted from the system to the power loss (in Megawatts)

of the turbiné as a result of said steam being extracted. For example, 10
assumingthe0% ofall Steaprproducedriathersysterh réportshio thesteam  of
turbipe, then, the-steam-f-power tati;will, be zera.If for.example, inthe £ -
same system, 150 t/h of steam is removed from the system and this

resufts i@ [6335n pover IMW)tofthie Stedht tarbirne 61419 MWPG.es1Banded

lossyelatiye to-1Q0%:steam inputto the sieam turbingl +thenthe from the
steam-to-power ratio is 150 t/h / 41.9 MW 3.58. The term "thermal ,

effitiehicy s Usdd e RS Srefera St thietotal Heintor stéam dnd powers S
energy praduced by 20 the system argprogessyexpressed as &@or example,

pe[_ﬁcent%@te of @&gén%r yﬂclvitszl‘%(ej3 as fuel ig thecf,yitem or procesesm(for

exans”l’?)ﬁa, hé amount gas consumed-where the fuel 1fur%inseyissta gaé"eports

turbine)The ehergy provided:=by theefudlimaysalsetinclude the fuel @hergywill
copsumed.in the 25 HRSG seqtian, ?r_‘%;{“’%ﬁi@%ﬂ'{éth%%%%w(; binegtselfy, ¢

The term "high pressure" and abbreviation "HP" are to be use _
intéreRangesbly-terrefecto fitidtat & presstire Bf atve B0 Bar (6006 KPa)y 2

to about 150 bar, £45,Q00 kPay . Inenesemhpdiment; the highpressure (4 e,
steam 30 is about 12,000 kPa to about 13,000 kPa. The term ,
"intefmadiate predsuréCand A6bravRABn P drets pee steam turbine),

then the steam-to-power ratio is 15C ©/h / 41.9 MW =
3.58.

The term "thermal efficiency as used herein reafers
to the total amount of steam and power energy produced by
the system or processgs, expressed as a percentage of the
energy provided as fuel in the system or process (for
example, The amount of gas consumed where the fuel
turbine is a gas turbine). The energy provided by the
fuel may also include the fuel energy consumed in the
HRSG section and not simply in the gas turbkine itself.

The term “high pressure” and abbreviaticon “HP” are
to Dbe used Iinterchangeably to refer to fluid at =
pressure of above 60 Bar (6000 kPa} tc about 150 bar
(15,000 kPa). In one embodiment, the high pressure steam
18 about 12,000 kPa to about 13,000 kPa. The term
“intermediate pressurs” and abbreviation “IP” are to be
usad interchangeably to refer to fluid at a pressure of
between 15 bar (1500 kPa) to o0 bar {6000 kPa). In one

embodiment, the intermediate pressure steam is about 25
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used interchangeably to refer to fluid at a pressure of between 15 bar
(1500 kPa) to 60 bar (6000 kPa) . In one embodiment, the intermediate
pressure steam is about 25 10 Bar (2,500 kPa) to about 27 Bar (2,700
kPa). The term "low pressure” and abbreviation "LP" are to be used

int8rchangedbdly t& Féfer to P8t A pressiftrof ‘Betiieen’diove  *1e term

atmospherie presswre toahdutztichar 1a bione emlodiment, thedowbe used
pressure steam is about 4 Bar_(400 kPg) to about.6 Bar (600 kPa).

Unjfélstsegggca}ﬁg& %ﬁ%’rwigg, thg‘t%%rﬁs "?%mp%gi%}gd and "céampﬁge"? and- ot
grammatical sEriants thereof laee lintepded to represertPopen'lor bar. In

"inglusive language.such 10 that they include recited elements but also, ..

permit inclusion of additional, unrecited elements. As used herein, the

terif Yabdiita lin e EohtExt bf EedhcehtratibRs of components of the

formulations, typicall meansst/-R%0fthe stated,value, mare o ppically ngm
+/- 4% of the stated value, more typically +/- 3% of the stated value, more

typicilly, 47°B385 dffher stated véi‘d@?@"\%%ﬁ%}e ypicafy +7- 168'6F " 27e
staied aralee, and even moretypically ¥/-0:5%:0fdhe siatet valugu20=s such

Thrqughout this disclosure, certain embodiments may be disclosed in a .
rantg}aagf%rm%}ﬁ%h&ﬁlla uegﬁndgr%?olgcde hat%g%%%ﬁ/pt%#dfn ra%igseoforr%% mLt
is merely forronyenignce antkbrevity andishoule hotbetconstrued as an

inflexible Jimitation op the scope of the disclosed 25ranges. Accordingly . o ¢

the description of a range should be considered to have specifically .
disefosed dirthe! possiblé Sub-friges e well asihdividial nuatereafations,

valdes within thatyange. Farexample, dgscription otarange speas  more
from 1 to 6 should be considered to have 30 specifically disclosed,
suﬁﬁ%ﬁé@Q&dﬂTﬁ§ﬁ%ﬁ1fﬁ)éhe stated value, more typically +/-

3% of the stated wvalue, more typically, +/- 2% of the
stated wvalue, even more typically +/- 1% of the stated
value, and even more typically +/- 0.5% of the stated
value.

Throughout this disclosure, certain embediments may
be disclosed in a range format. It should be understood
that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scecpe of the disclosed
ranges. Accordingly, the description of & range should be
considered to have specifically disclesed all the
possible sub-ranges as well as individual numerical
values within that range. For example, description of a
range such as from 1 to € should be considered to have
specifically disclosed sub-ranges such as from 1 te 3,
from 1 to 4, from 1 to 5, from 2 to 4, frcm Z to 6, from
3 to & etc., as well as individuzl numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies

regardless of the breadth of the range.
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from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc. , as well

as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6.

This applies regardless of the breadth of the range. 11 Disclosure of

Optional Embodiments Exemplary, non-limiting embodiments of a

combined cycle power system will now be disclosed. 5 The fuel turbine

may be any type afiudireiial edMprsesACOMERUsiHNimeRamber, a
compressor and a turbine. The heat_ source thermally coupled withthe = .~
RS iy BB RS ype B e Are I Thode e MER rfonGr 10t Sombined
embodiment;ithe meansiorproducing heatds selectedifrom the group
consisting:gf, dyclurers, auiiary poiers. uxiian, beal exehangsis cya
and furnaces. Eac% HRSG may be thermally coupled to at least one duct
buffERPTRE *uict Burnéd sy bednstal@ProE to of 159ATEHPEsithe and &
pressurs sections of the HRSG, such as the HP section, the IP section

and the LP section. The combined cycle power system may be comprised

of two modtles ot a cHmbingd tYERROCKR, eahtbiGek Eomprisitiy dgas ™Y
turbine, a4RS&/pavingrat leaskene duet 29 busnerithereinsand.a steam  one

turbine. .ptionally,ttlpbe combine (Eycle s&atem mag@cqci]ngrsise more th
[ C

2 o] el o Mmealls Ca ) [ & from
two modules of'combined tycle Block, Typically® in €ach &Smbiried” cycle

blockgthergageturbneicombysts fasdo protuce: goosverzand Eléate_xd boilers,
exnaust gas, }E heeated exlaust gas 25 passesda 8 HRSG and is

intermittently heated further by the duct burner to thereby produce more
steam. Sérelof Thestédt passes orastebm wrbinesdr prodaéing paer one

ang;seme-fthe.steamyis extracisd-fram the combined -gycle powel or to or
system as one or more of HP, IP and LP steam. 30 In one embodiment,

thé%&§ﬁ§ﬁﬂn8§cBHﬁx@%@ﬁ%ﬁﬁﬁeSFCtiOHS of the HRSG, such as the

HP section, the IP section and the LP section.

The combined cycle power system may be comprised of
two modules of a combined oycle block, each block
comprising a gas turbine, a HRSG having at least one duct
burner therein and &a steam turbine. Optionally, thes
combined cycle system may comprise more tThan two modules
of combined cycle block. Typically, in sach combined
cycle block, the g¢as turbine combusts gas tc produce
power and heated sxhaust gas. The heated exhaust gas
passes to a HRSG and is intermittently heated further by
the duct burner to thereby produce more steam. Some of
the steam passes to a steam turpbine for producing power
and some of the steam 1s extracted from the combined
cycle power system as one or more of HP, IP and LP steam.
In one embodiment, the system may comprise of three or
four combined cycle blocks, each capable of producing
steam and power in tandem or independently of each other
in that the mass flow of =axhaust gas for the respective

HRSG and subsequently steam of the HRESGC and steam turbine

12
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four combined cycle blocks, each capable of producing steam and power

in tandem or independently of each other in that the mass flow of exhaust
gas for the respective HRSG and subsequently steam of the HRSG and
steam turbine 12 are in parallel flow to the other combined cycle power
blGtkE. Tk dBHitFolteT bf %%Oé%niﬂﬁne%“@ycfétﬁﬁﬁer%%@rﬂer%a%@ae power
feeghackcontroller. Optionally, the controller 5 may be a feedforward

controllerTg PID cogtrgilEr, a P'&“E{%H% aPD c@gptrgller orany

combination of the above. Thé Jhigﬁ pressarr{em:stéam gé/ncelrgteg yetﬁe system
HRS8G may be ffrodpabéutct2000-kPa 1o abOut-i30G0 kPa. Inhalternativepller

10, grabadiments, the-pressyre of the HP steam may-he from,about 12000 5+
kPa to about 12800 kPa, from about 12000 kPa to about1 1_2600.kPa, from
ab6a 2000 RPa td abdtt F2A00- kPseandFronPabout 27060 XPate aBbut the
12208 kPa. In one embodiment, each HRGS unit is capable of 15

generating, up to 300 tons/hr of steam for expansion throu?nh its N ‘
respectivé Steam Hrdiié OF forexiFRatnHY process di8amfn BReC may »e
embosiiment, the HPsieammpproducedtbytone HRSGrmit.may be lternative

exiracied.as process gieam.of, expanded thrguahya fludy communicated. .
steam turbine. I 20 another embodime : HP Steam produceéf by one
HR8Guanit Aiay becFsuted taasetond tombkisd cyctebloekdor 12000 kPa

expansign frough asegend steary wpine instalied, therein. The, o+ 12400
combined cycle power system is able to remove 25 process steam for

distrisutrforfisairaewhstré Arturiits: at the Brpénse 6f fower -
generated Py the-steam tiirbing, -In geperal, thecamaunt of steam-fRanie of

tons/hr) removed by the system that results in one megawatt of power

losgeftGiFiE Gear? urbfhe i fermed 8 the sftamIoFBvel °F  ex¥pansion

through its respective steam turbine or for extraction as
process steam. In one enmbodiment, the HP steam produced
by one HRSG unit may be extracted as process steam or
expanded through a fluidly communicated steam turbine. In
another embodiment, the HP stesam produced by ons HRSG
unit may be routed to a second combined cycle bklock for
expansion through a second steam turbine installed
therein.

The combined ovole power system 1lg able Lo remove
process steam for distribution or use in downstream units
at the expense of power generated by the steam turbine.
In general, the amount of steam (in tons/hr) removed by
the system that results in one megawatt of power loss
from the steam turbine i1s termed as the steam-to-power
ratio. The steam-to-power ratio may be at least 5. In
one embodiment, the steam-to-power ratio may be from
about 2.5 to abcut 7.5 or about 5 to about 7.5. In one
embodiment, the steam-to-power ratio may be from about

2.5 to about 4.0, from about 5.5 to about 7.5 and from



30 ratio. The steam-to-power ratio may be at least 5. In one embodiment,

the steam-to-power ratio may be from about 2.5 to about 7.5 or about 5 to

about 7.5. In one embodiment, the steam-to-power ratio may be from

about 2.5 to about 4.0, frgmgahout 5.5 to about 7.5 and from 13 about 3.0

to 3BBHE55: Advantgeblsly, the high SEENM- PG wer ratioSs Gisg? St=am

charagterized by aniimprovedathesmat efficiencyrinibe pawer systemmproved

high steam-to- power ratio is adyantageous in that minimal power supply 5.

S SETG s e Lo 1 o Tt 16 16 Srearh frtife BLET -

thepracess steam beingdremavartby sthérsysteat. Accoidinglypthestotadupply
5 ?nffo%vsou}e%%gefsfyo%ef%%maaga&&%%latwﬁ tothe.otal EReray o <he

u

inputin terms of fuel combusted, thereby resulting in high 10 thermal ‘
efficiercies-orihelsystams. THe detferatedstésm HomthePBRSG AfpEc bY

extracted. from;the system at avariety gt operating temperatues,andsy the
pressures. The HP stream that is removed may have temperatures .
rargifg ffont 280 °¢ to 5566 &%aﬁéﬁ@rhfeolstﬁ% Steaftrretnoved ey P
alspchave pressumessangingdsart 42000kRarter12300:kRPa<The in high
extracted IP steam may have pressures ranging from 2500 kPa to about

10 27%%?(%6} hee%l_%ﬁ Cs]’t%aﬁ”llg%ragi:ﬁe%%n@lﬁ %%5%%?essures ranging from
about 400 kPagtergOkRa. | ormrembodimeng th&pfocesy steames2rcted

extracted af about 500¢ and 120Q0kRa (absqlute) and.alsg at about 23Q.,; .

C and 2600 kPa. Brief Description Of Drawings Figure 1 shows a
singplified Beheratie diaghdii offd 25 &6aiBinedTyclé Tokfsheratonslant ave

withwo-combined cyele bleck-modules; Figure 2 showsasimplified r.  The
_ schematic diagram of a heat recovery steam generator with triple
1aixé%%uréq%ﬁ@atqﬁgﬁgﬁ§, may alsto have pressures ranging from

12000 kPa to 12300 kPa. The extracted IP steam may have
pressures ranging from 2500 kPa to about 2700 kPa. The LP
steam extracted may have pressures ranging from about 400
kPa to 600 kPa. In one embodiment, the process steam 1s

20 extracted at about 500°C and 12000kPa (zbsclute) and also
at about 250 °C and 2600 kPa.

Brief Description 0Of Drawings
Figure 1 shows a simplified schematic diagram of a
25 combined c¢yecle 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

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

efficiency of a powsr plant with a 90% CC configuration.

14



30 Figure 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

configuration. 14 Figure 4 shows a graph relating steam loads (tons/hr)

and power output (MW) with the steam-to-power ratio of a power plant

with a 9084 €€ Bonfiguratioh” ther@inafféfie phfdse'¢E Tonfiglirafion™©29S

meansa fheomkined eycle plant opetatingvat theiquotedh pereeabm-to-power

capacity. That is the phrase "90% CC configuratiop’. means a combined . .

cyglae%pﬁgnt 8%1eré3{inég) ar'ados E}agéngty)‘.dlj—'%ﬁre% sr?gvfls %ﬁap%oFgét?ﬁlj ation

varibes steamieads ttoas/hpfwitlithe St€am-tospdwerratiolofd powerns a
5 plant, 10 with 2 20% CC configuration. Figure 6 shows,a grapheelating. . con-

various steam loads (tons/hr) to the steam-to-power ratios in a power

plaftPwith B/90% CE confighfatiohtaitl duetfirind: Fgaeipshewse:” means

graph-reigting steam leads: 15:(teps/br-and,pawen outpul AMW) with the
thermal efficiency of a power plant with a 90% CC configuration with duct
firing. Figpte 8rshowsshgraphaelatingrsteamdodds; (tonsihr)and pewer Loads

output (M ith the steam-tqQ-power 20 ratio of a power plant with a 90%
S BB Btor Bt GL8 T Esrett SR b ool Celfting dam 20
10 loadst (tonsAi): ai@ powel cutpat-GMW.) with the thermal efficiency of a
power plant with a 100% CC configuration 25 with duct firing. Figure 10
shows a grephtidlating stedm Joats2ftons Mt Pand PoleF otitut TVEFFwitk 24s

the(steanyie-power fatio ofiapewen plantwith,3:100% GG canfigirations1 ant

with duct firingq. 0 Figure 11 shows a schematic diagram of the control
with a 90% CC Zonfiguration with duct Tiring.

Figure 7 ghows a graph relating steam loads
15 (tons/hr} and power output (MW with the thermal
aefficiency of a power plant with a 20% CC configuration

with duct firing.

Figure & ghows a graph relating steam loads
(tons/hr) and power output (MW) with the steam-to-power
20 ratioc of a power plant with a 90% CC configuration with

duct firing.

Figure 9 shows a graph relating steam locads
{tons/hr) and power 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 loads
(tons/hr) and power output (MW) with the steam-to-power
ratio of a power plant with & 100% CC configuration with

duct firing.

3¢ Figure 11 shows a schematic diagram of the control
systemn for steam production in the combined cycle power

plant.
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system for steam production in the combined cycle power plant. 15

Figure 12 shows a basic algorithm for the feedback control loop of the

steam flow control system. Detailed Description of Drawings 5 Referring

now to Fig. 1, there is provided a combined cycle co-generation power
system 10> 85fiprising SLPAR of cSifibitied TyERPGWEr bi6dks (11,1155 32k
which ate; in pasallel mass:flewdareathmathebrfhe-combitesdrcycle power
blocks comprise turbines in the form of a pair of 10 gas turbines (12,12a),
heat recovery steam generators in the form of HRSG pair (14,14a) and
steam turbines in the form of steam turbine pair (20,20"). The gas turbines
(12,12a) and the HRSER#ELe A DRATF iRE$an? fubFREL PEF 20) and
electrical generators, (16,46a) are eashy15 respectively-organizegdin@ ded &
single shaft configuration, wherein the rotating means of the gas turbines
(12,225 18 thechahftalfy cGpietitb the s?e%‘fﬁ’furﬁﬁﬁ%%e(’ﬁoég*) vigg T e nd
coanegcting shaft(id; 13a) Thecomhbined:cycles power blocks(11,lda)@rears

in parallel mass flow and are 20 able to generate power, and supply steam
ind‘e%eﬁ&é:r?tfy @a{nd?barslﬁ taLn‘J?fe%.tl%eegaa%s%tu%%:klgsr (12%%2%)%?5963 h8F e

SGT5+4000F gakstursines,isupplied from Siemeris:PowerGenératioiic of

of ﬂ%m€ﬂ§}§§§‘lé/gitt?@afagﬁp,latﬁgalg'apg’g’gvl\éy icg’tléggleraggérators in

Republic of Germany with a rated power output of 287 MW and 39.5%
simiplé cyeleteffidieHEE CTHe tuFbined fedttire ApCantitf@Tcombindtiohs in the
champber with ceramic eombustion. ites. Dupingdormal piant opgeation-d:ines
feed stream 30 (21,21a), com§rising a mixture of natural gas (as fuel

) .
and ambieft aifitFed (o thd!§a8 trbines t£2,174) For "E6mbUsTidR. THE °1nes
pressurized combustionlexhatst from theverators  (16,16a) are each

respectively organized in a single shaft configuration,
wherein the rotating means of the gas turbines (12,1Za)
is mechanically coupled to the steam turbines {20,207}
via a connecting shaft (13,13a}). The combined cycle
power blocks (11,1la) are in parallel mass flow and are
able to generate power and supply steam independently

and/or in tandem.

The gas turbines (12, 12a) are SGT3-4000F gas
turbines, supplied from Siemens Power Generation Inc of
Siemens AG Wittelsbacherplatz 2 D-80333 Munich, Federal
Republic of Germany with a rated power output of Z87 MW
and 3%.5% simple cycle efficiency. The turbines feature
an annular combustion chamber with c¢eramic combustion

tiles.

During normal plant operation, a feed stream
(21,21a), comprising a mixture of natural gas f{(as Zfuel)
and ambient air iz fed to the gas turbines (12Z,12Za} for
combustion. The pressurized combustion exhaust from the

gas turbine subsequently drives a generator (16,1&a),

16
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gas turbine subsequently drives a generator (16,16a), 16 thereby

producing electrical power. Typically, the gas turbines (12,12a) are
responsible for generating the majority of the power load required of the
system 10. The generated power is then routed to a power grid (not 5
sh&WRY. BistillREe Fiet BAnct Show Fe bsddWEan eMétyERty backily 929
fuel souiee:shoultbthessupply ok naturah gas tHps. Furdhermenes pravisignsthe
are made.to the design to ensure Ehat online fueTI sgvitct}ovgks betwe%n 10
naf&aré\f’g%s‘t and’fuel oif ar8 féasible Cd%%ngr%%ﬁ 19 opgration Witht rinimal T
doWingimesriEhe distillatevfael can béamy suitable petrofeunvderivedrid (not

frag -QF:\]JI’IS)I: example, diesel f“ﬁl-e'fﬂ?a&ﬁﬁ’_ exbayst gas (24.24Q) praduced, .,
from the gas turbine (12,12a) is typically at a temperature range of 15
408035 BOO°C. The®xHanist §as (24, 284Y8%he fod 6 a Hotizonteiflewy ©Ff

HRSG (1414a).for heatyecovery-and steam pradyction.cthe HRSGrade to
(14,144a) is typically of a triple-pressure reheat design, capable of

genératifig procedS st ar 26 hred tifferent préss ies  RameRy figh®teen
prassute 41P) steam{28,26m) cintersiadiate-pressues: (IP) steam(3a31a) lant

and low pressure (LP) steam (33,33a). The HRS& 14,14 re ther aI%/
coﬁﬁiga % :éoﬁ‘leéﬂtlslt;)%rglé r|1n1Wige%fogr?f"fo a{C lrzéléap'ec ive djltjlc? %%Jr%lgrt(i&ql%ea can
thab#s capable:0f25 Isdgpendehtand dderfmitenttcembustion. Ide easnple,
energy _that is derived from the independent and intermittent combustion

of fuel in the duct burner (18,18a) is used to boost the generation of

steam in the-HRSCLId-148). Theducs bumerpais 18182 areopgrable by gz

a 30 controlle[ as will be described further below and can be used to
supplehent thetheatduty SGpphidd iPtheexhhudt JESREHthe gastande of

turgine$cThe pressufe of thesHR:Steam: gas (24,242) is then fed toc
& horizontal flow HRSG (14,14a) for heat recovery and

steam production.

The HRSG {(14,14a) is typlcally cf a triple-pressure
reheat design, capable of generating process steam at
three different pressures, namely high pressure (HP)
steam (28,28a), intermediate pressure (IP) steam (21,31la)
and low pressure (LP) steam (33,33a). The HRSG (14,14a)
are thermally coupled to a heat source in the form of a
respective duct burner (18,18a) that i1s capable of
independent and intermittient combustion. The heat energy
that is derived from the independent and 1ntermittent
combustion of fuel in the duct burner (18,18a) is used to

boost the generation of steam in the HRSCG (14,14a).

The duct burner pair 18,18z are operable by a
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 pressure of the HP steam

is in the range of about 12000 kPa to about 12300 kPa,
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is in the range of about 12000 kPa to about 12300 kPa, 17 the pressure

of the IP steam is in the range of about 2500 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 (28,28a) is passed from the 5 respective
ouftet’ oPHISEIRSG P4, 144 to respetife déwnstreiRfstéandrbines aPout
(20:20'). Bach steamurhine2 (20;,200)Hs camprisad:of threesmain seetianss Lo
a HP section (20a,20a’"), an IP section (20b,20b") and an LP secti
(zo%?f@&ﬁﬁqéfb éiean%ﬂ%lafg%ﬁs%ﬁeé Jont 18 .8 FRSE (11 1ad=

is routed tQ.the IR section (20b,20h") of the steam turhine, while the.LP

ctearm (33 Miey 1 o0t lo (he LP Secton (202200) of (e e bl ©5°
respeglivelyiAeportiohiefithe FIP stdain (2B¥8a) s 4firkt expahdedithedagir Lve
the HRsection (208,298 of.the 15.stear urbine to geperate.elegtiical, rp i ne
power. Thq depressurized and expanded steam is subsequently

exparted through tHePaRd P séttionsSetfientiay to aéRieve iy & HP

appreciable pressurer deop acrass the theee sestionsaftheosteamduebing. 1.p

Finally, the let down steam (26,26a), 20 which h een fully expanded
hr e S SBID S50 ety SO0 o (ha-Lip SERREed £rom
(20ci20c)rerid daridensed insa heatexchangeri(22,22ayta-thiecome2 0b, 20b”*

condensate. er, all of the steam produced by_the HR 25 ir .
(1‘?%%31%5%%"%}%8%%%5% Uri%@t%%esteégﬁ% tl%‘ inécg ?Zﬁzoiggbmgﬂ +
of theustedmtis ekiractell axeHP1stean? ftonvthe’ dystem 10wvis HEBtearbine

header 3z, while some gf the, steam is extracied as:IP steam viadl steam ;5

header 34, where the steam is subsequently being consumed 30 or sold.
Acéoritigly2 tRé 3F&fen16 PraduceShoth stEEM-ARE powet. FSPprocéds the
stegreextractioppthe-steam Wilkbgerate electrical power. The

depressurized and expanded steam 1s subsequently expanded
through the IP and LP sections segquentially to achieve an

appreciable pressure drop across the three sections of

the steam turbine. Finally, the let down steam (Z6,Z26a),
which has been fully expanded through steam turbine
{20,207, is finally routed from the LP section
(20c,20c’) andg condensed in a heat exchangsr (22,22a) to

become condensate,

However, not all of the steam produced by tThe HRSG
palr (14,14a) 1is used to respectively drive the steam
turbines (20,207). Some of the steam 1s extracted as HP
steam from the system 10 via HP steam header 32, while
some of tThe steam ig extracted as IP steam via IP steam
header 34, where the steam is subseguently being consumed
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,

18



extracted at two different pressure points. Particularly, 18 the process

steam is extracted from both the HP steam (28,28a) and the IP steam

(31,31a). A first extraction point (40,40a) is situated downstream to the
HRSG's high pressure superheater and a second extraction point 5

(4?,2?a)9§ Sfifated At B cold reRBar 8&¢tRsh, Bétikemthe stedin tifbing-ar
(20,26') ang the IR SG {14, 24a): dngne mmbadiment, thecHPssteam: raction
(28,28a) is extracted at.a temperature of 500C and a pressure of 12000

oo ol A s i PSPt £ ST St i To pliCate bion
of 2686 kRPasands25RC hHewever, drshould bes¢ealized that this isi just one int

possible,embodiment and. in reality, more than twg extraction points ma
D PR, e 3 b5 Beararit o SHtact LP Sioans (G035 Mogrees
the-Systeied0! Theletdowh:Steafil (26:26a) havitig: 15 stibldtaiosphéricone

pressure of,dQ0kPaahsolute olower and @ temperature gf. 98¢ orlower,.

is passed through a heat exchanger (22,22a) for recycle back into the
HRSEEHSEXFacted HP StEant strédin (28,298 &fcStheh rétfted @400 kP2
comman HR:- steaprheaderya? and distiibutedsas 320 HP: steam: 36,0wvhie 2t 2
extracted IP steam streams (30,30a) are subsequently routed to comman

10| pRi&ShHEade 3%&?? d](s(%ﬁbu?@ asglg’lg s(fe'an%{gggsf f& levals of 8fdam ©°

prodeictionare coastanitlys monitoredt and: eontralictbby assesiesiofent and in
tra@%‘?ﬂ‘ﬁe{ﬁ and, 22 controllers, As the extracted HP steam, (29,29a) flows,
past contr Il'ersf ,5?53 respectiveki , the controllers %§Olg6 )wﬁl e able

to afalyzethe hfdss flow fateiofatheestdam stkdamcdndrBact toany (33, 33a)

distyrbance or changes 1in thegteam supply, Inene embodiment, the ;i ny
controllers 30 (50,50a) are electronically coupled with the duct burners

13 (183182 MINHERNNGiie of thecotitrotlersidetectid 8haifgerih steaff flowrer and
rates, ikwill-reactively send ahc'agtivatingsr, is passed through a heat

exchanger {22,2ZZa} for recycle back into the HRSG

The extracted HP steam stream (29,2%a3) are then

routed tTo a common HP steam header 32 and distributed as

20 HP =steam 36, while extracted IP steam streams (30, 30a)
are subseguently routed to common LP steam header 24 and

distributed as LP steam 385.

The levels of steam production are constantly
monitored and controlled by a series of transmitters and

25 controllers. As the extracted HP steam (29%,2%a) flows
past controllers (50,50a) respectively, tThe controllers
(5¢,50z2) will be able t¢ analyze the mass flow rate of

the steam stream and react to any disturbance or c¢hanges
Y

in the steam supply. In one embodiment, the controllers
30 (50,50a) are electronically coupled with the duct burners
(18,18a). When one of the controllers detect a change in

asteam flow rates, it willl reactively send an “activating”
Y

or a “terminating” electrical signal to its respective
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or a "terminating” electrical signal to its respective 19 duct burner

(18,18a). In this manner, when one of the HRSGs (14,14a) does not

supply sufficient steam to meet the steam duty as required, the
corresponding duct burner (18,18a) will receive an electrical signal frorE[ .
thE S onitlieto efthir LefVate firly 6F rrm AR fring, ‘hereby-c °F he
controfiing the steam production in & feedback doop-Thists atsimplified meet

degc(reiptéon g&og%gosgigleréneﬂtggg of CotglérOEiQngggneontgt:{on indthet burner
system. Otfier poss\‘fble embodiments o? process control such as 1 )
prdpértibhal, integtativey eletsivatve or feedfontardozontrolcan be dsedn  the

singulady,of nconlunglionwity ap, exemplary faedback YSIAMAL. < -ing,
described above. Now referring to figure 2, there is shown a_simplified
schefaaiedf trretfiplel pressurel e hest Risighr P5 MRSE1 41 Fheéthot e edback

exhaust gas24from the gastyibine passesdbraygh the HRSGHA whereiple
the high temperature exhaust gas 24 heats up the boiler feed water 50 =
thr8tigh 8 séties S&vaporatdts MEmel-the P evdpordtor 42 fE=™  Other
evpperaiorn46 anskihedHRevaporatar 48 pkthe-eealed 2@ exhalst stteam  as

2415 then passed o an exhayst stack 60.; 1he dugt bumer, 18 isdnstalled. . 4
in froRtof the P ~evaporator 48 To control the main Steam temperature,
themain P steani-28 anddhe hotretreat Jine 58 are cequipped With avith an

desHperheat spray system é&%&%@?\%@%&é&@%é%ﬁ%@.the HP

evaporator 44 flows through the main piping for admission into the steam

turbine. Stgam peogiicedfrom the IF-evaparator A6 flows through agdbwn  a
pre-heater 46a before joining up with the cold reheat steam line 56. An IP

steariRirbEAT 84 REBRFAGEY dt one™b point prioFto the thixiny bFthe [E=5191
staams from4the IFTevaposatoe46 andrthe geld teheat tine 56 2Themixedrbine

stream 64 then enters the HR3G14 refeqlersection 02 andy,  +enperature
exhaust gas 24 heats up the boiler feed water 50 through
a series of evaporators, namesly the LP evaporator 44, IF
evaporator 46 and the HP evaporator 48. The c¢ooled
exhaust stream 24 is then passed to an exhaust stack 60.
The duct burner 18 is installed in front of the HP
evaporator 48, Te control the main steam temperature,
the main HP steam 28 and the hot reheat line 58 are
equipped with a de-superheat spray system (not shown).
Steam heated in the HP evaporator 44 flows through the
main piping for admission inte the steam turbine. Steam
produced from the IP evapcrator 46 flows through an IP
pre-heater 46a before Joining up with the cold reheat
steam line 56. An IP steam stream 54 is extracted at one
point pricr to the mixing of the IP steam from the IP
evaporator 46 and the cold reheat line b56. The mixed
stream 64 then enters the HRSG 14 reheater secticn 62 and
is then admitted to the steam turbine as a stream of IP

steam 58. Steam from the LP evaporator 44 passes through
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is then admitted to the steam turbine as a stream of IF steam 58. Steam

from the LP evaporator 44 passes through 20 a LP preheater 44a before
being admitted into the steam turbine as LP steam 52. Referring now to
figure 11, there is shown a simplified schematic diagcram of the control
syStemt 69 B REPoREibe for RfoTitoTing THE Ao FBtE-GFSteam & EorhPrsiRg &2
of the-flewdate;analyzee5@, a main control system 66, an actuator 68,

duct burner 18, and the HP steam header 32. As the extracted steam

from botREHRSGs nare nouted toccommprr steamlheadérs32viaikeader3d2; =2

each 10respegtive HR steam stiean's. flow rate will be detected *%é AMem 69
analyzer 50 which will subsequently transmit an electrical signal 70 to a
mdif EPRIBLBystemi66. InToHeL embodiment.tthe fhain cobdia system Bt amn,

distriputeds cagtrol system (BCR)- Mpan regelvingethe glectronigL5, sigaak ro1
from the anaéyzer 50, the main control system 66 will react to the

distiibafeinrthé Btedm Gk FateS by trarismithiHg 2erelaySignaf#2 tde  HF

an aciyaton68dthe yelay sighali/2 can-be anLiecirenie oF agneumafiCHRSGs
siggalé. Ir}1C gggeedm;lgodirgent,otge EE‘E@X siglréaalggrre(?glts i{]aquthe,actug or o
68 cTosing/openinng%he et Vane I‘éalairfg to the uct%urnereféﬁﬁere y Fac

activamgariteemin@ting dren combrrstion pfocess rathe duct burmer.detected
Reﬁif”%“%{%&?&%@ 12¢thereisshownaa feedback contral algs%rﬁ@migt an

for the above disclosed 25 control system. The steam control system 6
is perfitbeddsta Biep hlstéamflovd rate Withorespeetitosd retletebmingd one

selp@ink itheanalyzge responds by rapsmiting anelecyonic signal 14 uteq
the main control system which in turn transforms the electronic signal and

30 TERyS An "attivatily” sighal'to th& Rt bamets Y(ABA 8a) *TormbEstidiP
in theqduct baeners (13 18a)-arg¢zer 50, the main control system 66

will react to the disturbances in the steam flow rates by
transmitting a relay signal 72 to an actuator 8. The
relay signal 72 can be an electronic or a pneumatic
signal. In one embodiment, the relay signal 72 results in
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 Zfigure 12, there 1s shown a
feedback contrel zalgerithm for the above disclosed
contreol system. The steam control system €2 1s perturbed
by a drop in steam flow rate with respect to a
predetermined set point. The analyzer responds Dby
Transmitiing an electronic signal to the main control
system which 1in turn transforms the electronic signal and
relays an Tactivating” signal to the duct burners
(18,18a). Combustion in the duct Dburners (18,18a) are
subseguently initiated and steam production is increased

comparatively. As the steam production continues, steam
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subsequently initiated and steam production is increased comparatively.

As the steam production continues, steam 21 flow rates will increase to a
point that is above the predetermined set point. Thereafter, the reverse
happens except that now the controller relays a "terminating"”, signal to

theE Ed)BE”:’t HARER (18 18a) Harady Stopping 5RUHitonaléteam Drotitidn. the
Ther'terminating 't sigsalcanotake. theHetrs 0f either a ppeumatie ® happens
electroni si%@%!!“ an%Qasttnl%efcf:%%tofc;[?t:néigat?glthescorgbus%iggmin fina”
préeé)(ecse in the duct burner, Thiscan be done in a pﬁﬁality of ways such="°
as shurttiig down fhiel sehvite valvessorsdy (IGdisabling thediritlgy stopping
meghanism,in ihe dugtbwpst, Exampless honimithg sxamples o e can
invention will be further described in greater detail by reference to 1

spééifie Exanplesiwhichshoufd ndt be ebRsttded as it d@fy-wap timiingnal -
the,scopesaf thednvention: Example-L in-silicegnedelingofrausingular process
combined cycle co- 20 generation power plant is carried out usin ,
engihe&fifig Lhriblabibh software program KEEAWAL® fro §ier§?13e%1§a&éf;y of
Germagy . stheh configusation employedrin thissSimulation owaswa90% or by
Combined Cycle (CC) without the use of Duct firin P). The results
ol 15 101 B e 55 AatTl SomBHEG B1a SRCHRSG
unit. The parameters that were simulated in the modeling exercise
included power generation (MW), Heat rate (kJ/kwWh), Electrical
efficiency (%), thermal efficiency (Y@:anbdtaam extraction rates
(tons/hour). The modeling results are 30 tabulated below: 22 Steam (as

e)tracted} STeam{as dfiversdi “Sihftiatisir Ruh'SU SV 1ot& U wmt> P

Totalrther described in greater detail by reference to
specific Examples, which should not be construesd as in

any way limiting the scope of the invention.

Example 1

In-silico modeling of a singular combined aycle co-
generation power plant 1ls carried out using engineering
gimulation software program KRAWAL™ from Siemens AG,
Germany. The configuration employed irn this simulaticn
was a 90% Combined Cycle (CC) without the use <of Duct
firing {(DF). The results below are for a combined cycle
module comprising of a single HRSG unit. The parameters
that were simulated 1in the modeling exercise included
power generation (MW), Heat rate (kJ/kWh), Electrical
efficiency (%), thermael efficiency (%) and  Steam
axtraction rates (tons/hour). The modeling results are

tabulated below:
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tirthtifttit €2 0900 Qt&iﬁ?}a@%ﬂr@gtw yarin ]
CLesHuhiriAGr05 550 CARE 63 734e}35/65 B5SH0- '37b'esM 5 Batromi
Rate Electrical TheéTmgl POWegpteam-tGzP OWer H Sgnulation Wi =~ gh
EfficiencyciEfficiencyl decreasegPower _e-- MW kJIkWh % % MV Ratio g
C2 334 627 56.0% 66.0% - -C6 310 66969 51.7%d31.4% 23.702.74 Ckk
2991 7,283 49.6% 6536% 34.948.30! C167289 7,52%547.8% 6&6% 44.915
3.34 10 ©16B 292 7,467 48.2%£68.4% 4309 3|58 Table 2. As séeénin 150
Table 1,%ifRulation 8 C2 is a’éontrol a8 with no sféam extradtdon al all 50

Th@%@erlgeneratlon for Run C2 (control Run) was about 334 MW

(e Cl.aLIIL«) F\UIID \/ tU ClG DIIUVV ll Ia VYV 'IC1
: re d_gﬁg&g@{@gﬂdgcreﬁsm a Mhﬁa@f ségéﬁrgﬁé e éig&%
pawer plant. Fig. 3 sws e, dRgR ase Npower gergerati
to 292MW,as steam geaduction pigeasess gom 0 tgg 350 tonnes/ho | his
is a logicakresult fromfgaving 2Gsless [steamoavailaplestp drivete stear@,m
turbine. tlawever, thedess in ponsgengratipn Is aiseyacconmgaanied byso
an increase in thegrmalsefficiencyrteea valuesas highsssmabout $8%6. Thes 34
10 extractign e the ultra28igh pressuré? steaf2(bU) afbl4bie meddd® pressife

turbine férsposwergenerdtionl €ohsequentlyz aistight-drop @2 powves
generation.is ”h%reQ%{ee&&ReQ%@%%%éE&p@foﬁeci [hatthe |

efficiencies of nearly 68% are a
for Run C2Z (control Run)

CLeB

was about 334 MW (el

Runs (6 to show that the power genera

15 slightly reduced when increasing amcunts of

being extracted from the power plant.

Fig. 3 shows the decrease

334MW to ZO9ZMW as

150 tonnes/hour. This 1s a logical result

20 less steam avallable to drive the steam

However, the lcss in power generation is also acc

Iy an increase 1in thermal =sfficiency to a wvalue

as about 68%. The extraction of the ultra high

4

and {

steam (SU} the medium pressure steam (SM) re

25 less steam available for expansion in the steam

for power generation. Conseguently, a slight

power generation is thereby experienced. It 1is

that the high thermal efficiencies of

result of the choice of the steam extracticn poi

30 choice of the steam extracticn points are

.

the optimization of the heat balance of the

cycle system. In this the steam 1is extr

500°C 120 bar

example,

and (absolute}. Accordingly, these

23

steam

in peower generation

nearly 68%

stéa@h {SM)-results in 25 less steam available for expansion in the steam
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igg§h%g%@ration

ectric).

tion is

is

from

steam production increased from 0 to

from having

turbine.
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as high
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derived from
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result of the choice of the steam extraction points. The 30 choice of the

steam extraction points are derived from the optimization of the heat

balance of the combined cycle system. In this example, the steam is
extracted at 500C and 120 bar (absolute). Accordingly, these are the 23
opfifial BBRitioPRYSF Sfain eXkfractit fiFfBrde? 16 Taciefe higithethfdf = t©
efficiencies. Fgyres4and:-5 shew thattheisteam-to-power ratio for this
particular Qonfiguration can v§ry from about 2.7, 5 to about 3.6. In .
particular’ RUN C168 sid\is a nSfmal opetating tioda aith ho duet fifing > *°
having asteanp aotitputiababatdrlS0tonsithowrn, with anz:idealsteamafosut 2.7
power ratio of about 3.58, The steam-tQ-powey ratigs,is..advantagequs in .
et a1 tonk o stesin chAnbar 10 ebiover Tor Seanct datibudon apEmat
thecegrarisaaf opedMW droplin the poweartgereratetiby thé steam &
turbing, ip. cgaventional cpmbined cygle co;generation plants, the steam-to-
primary concern is usually steam production and therefore existing ,
coRfehefatich-désignhs G8Fally have®a less ideal S BeamAG polvef Faties 1S
of akeutr204eR:5. Example 2tIn-siliee modeling-was caskied ottfar thean  be
same_power plant configuration as in Example 1, except this_20 time Wilgh

the i 67 the tuct Burer Tha redelig SoRware andmatibassed” o°°
arethesame as incBxamplest. Thetabulatbdbbgsultssare asaollowsbine. In

otal

steam

Simulation . Steam (as_extracted) Ste éas eli ere§% n %Ug
SUSh B o R T o 9 B30 B obse e ey e

125 0:125 130 91309096 CCowWrA DF TE2124 9121E 180 180D30°90%E ore
CCowith DF, L£17,178,100.278 190, 110300 Q0% GECWIILDE & 1ess ideal

steam~to-~power ratio of about 2.0 To 2.5,

Example 2

In-silico modeling was carried out for the same

power plant configuration as in Example 1, except this

time with the firing of the duct burners. The modeling

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

The tabulated results are as follows:

imulati - Steam fas extracted) Steam{as delivered}
S‘m,;‘::“’" SU | SM | Total SU_| SM_ | Total | - Configuration
Tih ‘th “thh - th t'h tih e
c2 0 0 0 0 0 | 0 80% CC
Cc7 125 0 126 130 0 130 90% CC with DF
Ci2 124 91 215 130 160 230 90% CC with DF
Ci7 178 100 278 190 110 300 90% CC with BF
C1781 124 146 270 136 160 290 90% CC with DF
C1i7B 124 155 279 130 | 170 300 80% CC with DF
Table 3.
Sim;lilantion ‘Power | ‘HeatRate ggﬁf:':f; Eﬁ:ﬁ:::}i; Powerdecrease sg}:ﬁ;@
MW KJ/KWh % Yo MW Ratio
C2 334 6,427 56.0% 56.0% 0.00
C7 310 7.518 47.9% 55.8% 237 549
C12 299 B 141 44.2% 72.6% 34.9 6.50
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C17B1 124 146 270 130 160 290 90% CC with DF I C17B 124 155 279
130 170 300 90% CC with DF Table 3. Electrical Thermal Steam-to

Simulation Power Heat Rate Efficiency Efficiency Power decrease power
Run MV\Q kJ/kWh % 1 MW Ratio C2 334 6,427 156.0% 56.0% 0.00 C7

3107 . 8% 233800 | 089569 d 14188004 70 69840 | 668
6.59-F VP17 2898 800 1 2004 76384 24 9 l6 68 4781 2078 536252
4920, CHgBrg 4 2398 oo BSLE Jo A2 0G G o [eTS 7.16

,}L)l leu.\dl-u L ’-I-J...U V.42 U1l TD J L2920 97ToO4q42. U770 1 1.L7041L.9 T1.10
Tag_e 21 As seen in Tables 3 and 4, Run C2 is a control run with a 900

CC configuratier withmolgict€i#ing aatho? steBnnpréduétiors REFPCIPB run
showsa situafion wherein, > fherexists a,need tginciease ety and no

production, e.g. to make up for steam shortfall arising from another

cofbRigd dYere BBtk Modufeibutiitihg Bretiployed folinereasy’ thgherein

5 Steama prodyctiondo about 300 dons{hrdtiscnotabler thatdhereisdig «.g. to
significant drop in power supply £292 10 MW despiée the increased steam 4
protftictioHPTHE Steanad polerratio of Rur €17 858 Crpvisingly higit e -

7.16ycThe abeoveresulis adso suggesta relationship=betweesadhe cratioofease

SU steam to SM steam extracted and the s -10- DOwer ra '%. RunCl17. .+
sirr%%aerlysd%ep%tls 5 egr%%fg %ro%cf)ucﬁ%r? ?%tet%afgo%q[oﬁs h%Ur,%ov&eS\/e%Otab -
withreelarger epropétionof kighrpréssiwetsteambeiny extrdeted sgpply (292

10 comp r%@o@‘c‘@ %@J@%%QQ%‘E%/@Q&B bﬁé@ﬁ%é@?&'ﬂ@”y @ﬁ@i%eam to
than Run C17B. Figure 7 shows the relationship between steam 20
protiicEsn, Powet géherdiion and therhial 8ferdneyiergly high at 7.16.

The above results also suggest a relationship between the
ratic of SU steam To SM steam extracted and the steam-fLo-
power ratio. Run C17 similarly depicts a steam
15 production rate of 300 tons/hour, howsver, with a larger
proportion of high pressure steam being extracted as
compared to Run CLl7B. This 1is observed to be less
thermally efficient than Run Cl7B.
Figure 7 shows the relationship between steam
20  production, power generation and thermal efficiency of
the power plant. As shown, the maximum steam duty
achievable with duct firing can go up to 300 tens/hr for
a single HRSG unit. At the highest steam production rate
of 3200 tons/hr, the power generated is about 282 MW and
25  the thermal efficiency 1s about 77.1%.
tigure 8 shows the relationship between the steam-
to-power ratios at various steam duties. It can be seen
that the steam-to-power ratlio increasad with increasing
steam loads up to a wvalue of 7.16. This 1s a vwvery
30 advantageous result as the implication i1z that about 7
tons of steam are extracted/delivered at the expense of

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

25



the power plant. As shown, the maximum steam duty achievable with
duct firing can go up to 300 tons/hr for a single HRSG unit. At the highest
steam production rate of 300 tons/hr, the power generated is about 292
MW and 25 the thermal efficiency is about 77.1%. Figure 8 shows the
reldlORSAIP Uehhedh ThE stedm et poier ftids at varioas St8am diftied R e~
cantbe seensdhatthesieam-to-pewer raticrioereased withe increasingomb ined
steam ioads up to a value of 7.16. TQQJ'S IS avery 30 advantageous result
as'the |r%pﬁé:éjt?oensi% that abodt 9ef5‘ﬁs otfosteaem are extracted/delivered at
the expense of each MW drop in power generated as a result of less
5 Steam 25 driving the steam turbine. Ggneraly. sgeaking, the higher the

steam-to-power ratio, the more efficient the combined cycle process is
considered:to Hel 5Exaffsie Blndsilied modehfiyOf a Poret plaatiithta 100%
100%conmbined cyele configunation with.duet ficing was;carrigd waut UsiRg 1 e
the methods and software as disclosed in Examples 1 and 2. The ,
siniatioNs aF reddifs art® 1o steseftst bEBw-iAable form: Sttt -
Steam{ps extracted}:steam.basrdelivesed):Run Sl SM= JotalpSk3 SM | are

10 Total Confi?uraéijog t+h thit[h fcei tlp tihhtthC1 000000 100% CC C4
128074 130 0°E30 1009 CCWith GFC9 124 91 215 130 100 230

10B8idBokith BEeaBi@souBEED 95 55 368M 0BXBE@13B]63 76 139
65/85RMB0 10088 GT &84 1787981276 180 110°8M0 1009at@ T yith Bemfiguration -
C14B 124153477 13t 010 36t 10006 BT withE 01548 90278190 -
110368 11009 GT with max Q¥ .C15B424[159.279 133 170 300% CC
000% 4T with Wfax.D.. Bl 124 130 0 130 | T00% CC with DF
Co 124 | o1 215 130 100 230 100% CC with DF
c13 90 49 139 95 55 150 100% GT
C13B 63 76 139 85 85 150 100% GT
C14 178 98 276 190 110 300 100% GT with DF
C14B 124 153 277 430 170 300 100% GT with DF
C15 178 99 278 190 110 300 100% GT with max DF
C158 124 155 278 130 170 300 100% GT with max DF
Table 5.
i i IR PR 'Electrical | Thermal | Total Gas Power. i 1=
}Smél:la:mﬂ Power -He_at_:Ra.tg_ﬁ Efficiency | Efficiency [Consumption)  decrease tc?f;iwer_;
O MW ] kJRWR % o Mdlh MW Ratio
C 371 8,348 | 56.7% 56.7% 2 352 569 | 0 0.00
C4 344 7,354 | 49.0% 65.4% 2,531,247 28 .4 482
CY 332 7,865 | 458% 72.2% 2 609,607 38.8 5.3
c13 321 | 7,335 49.1% 88.2% 2,352,335 499 ' 3.01
C13B 324 7250 498% | 68.3% 2,352 642 48.5 323
C14 293 8.514 | 42.3% 78.3% 2,490,345 78.1 3.84
C14B 296 8,327 | 43.2% 78.8% 2 463,127 74.8 4.01
C15 309 8,455 | 42.6% 76.9% 2 615,977 81.2 4,90
C158 316 8264 | 43.6% 77.2% 2,607,202 55,1 E.44
Table 6.

Run Cl is a contrel run, wherein no steam was

15 produced or extracted and no duct firing was activated.
Thermal efficiency of Run C1 was relatively iow at 56.7%

as compared to other runs with steam production with duct

firing. Run 13B was carried out with a 100% Gas Turbine
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Table 5. imulationl Power Heat Rate Electrical Thermal Total Gas Power
Steam- Run Efficiency Efficiency Consumptions decrease Ito-Power’ MW
kJ/KWh 1'% MJth MW Ratio C1 371 6,3481 56.7% 56.7% 2,352,669! 0

0.00 C4 344 7,354 49.0% 65.4% 2,531 247 26.4 4.92 C9 332 7,8651

A5 TFHIB565 609,60736°8 1 593 15552, IBPI35°4G. ] IVPLELE 82 Wes
7,33049d /€138 824 725949 6% 68:3% 12,352,642 465 3i2h &1429Fuch

8.514 42 3% 78.3% 2,490,345 78.1 3.84_C14B 296 8,327 43.2% 78.8%
2,563%’2“7% 9501t 15508 ,2353-4‘263%%7%?&%3?8?5,75??1 8/%.2%.9(?}3”“

~CIEB I6.8 264:430B%] 771292 607 2025511 5.4¢ Tablen6 RenChiszrere
control fup, whetein 995%%%’%%""%% e]aE%anS:QHS%%?{ 8%”%%@90?&9&% Qt‘c'&t for

firing was activated. Thermal efficiency 6f Run Cl was relatively low a L
567 a$esimpated - other Fiss withrstearaprodigction vty dact fidlg.this

Rup;13B was-earriegout with @ 100:0: 3as Turbine. 26 gonfiguration jitacely
can be seen that steam production was capped at 150 tons/hr and the ,

thet i efficidiicy SOrS@iehP A ¥onfiarationds eRgitly bétter tHas Rifr cl dtt 43
abaut £813%. RuntC14B shows.a typiealsituationavhergin thetebds f=d  at

negd tor (i)r;{clreg%ee tea R uctrilcgip tohcgrrgpengatg C1;or Cj_trhes%thcg;rtfalIo%feV ces
anbtier Combine %yc & Modufe Tn this ‘Simalation rufy, diic jTlrinE is u§edl
to dpproximatety slotible te=steanr production to Bveut 360tens/khE ftisiency

notable fhat the pawer preduction js mainiained At 40 appraximately
300MW and there is no drastic power loss™ due to increased steam
productioh ThEthePmaleffigiericie of RUA TIAB Wk alkotsiiprisiigly steam

high-al78:8%. Eigwee 9 shows:the felationship betweenthe-steamr+  can e
seen that with increasing steam production, the power
supply is slightly reduced. Thermal efficiency displaved
an increasing trend along with increased steam
production. It is proposed that the presently optimized
steam extraction points allows for such superior thermal
efficiencies over conventional combined cycle systems.

Figure 10 depicts the relationship between the steam
to power ratios tTo increasing steam loads. It can be seen
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
gystem comprises of a pailr of combined coycle biccks, each
combined cvcle block comprising a gas turbine, a heat
recovery steam generator and a steam turbine. The pair of
combined cycle blocks are arranged and coupled to be able
to precduce steam and power in tandem and independently of
one another. Advantageously, when one combined cycle

block experiences a process fault and, the other combined
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load and power output and thermal efficiency. It can be 15 seen that with
increasing steam production, the power supply is slightly reduced.
Thermal efficiency displayed an increasing trend along with increased
steam _production. It is proposed that the present%ptimized steam

exfréction POREE afdwB 35r SUcH ShFerG tHermal™s0 Efficenciis o™ Pover
coavientionateambined cyclecsystems. Eigisedfaepicts the ratationshipmore

between %he steam to power ratios t%increa ing steam loads. It can be

o} losead
ccan (T e by oAt to:Bower Tty Was af 5:63 whor e o 1°%
stezns teading wias atabeutt230staps/ir. 25 Applicationy chge diselbsedly to

combined £yCle.cosgeneration pawer, system Somprisgs.of apair of

combined cycle blocks, each combined cycle block comprising a gas
turbine, a-A€at B05eLBVER st §eAerat6r ahdl a®stéam Hirbihet Thepapust

of icombingd £yelesblogksiare arranged andicoupleditog able-tds1y, the
produce steam and power in tandem and independentlg of one another.

AdVEREGESUsI Y Then BR& EEmBHEd T cld Shidtk Expefients a protess 2 te
faultand, ltherotiier=aombkined 2v.eycle diockeis not affected afd<s ablentereby
continue power and steam production ndependently. Eyen mors ...y ce
advantageous@/, sucha configura ion alfows the disclosed sysutem to be
abkeitorsypgplysteam and power reliably to 5 meet the predetermined

steam andpowarduties. Thg, disclosed gas twrbing isalsq able g 104 o ax

combust both gaseous and liquid fuel. Advantageously, the combined

cycl& powersysteiiiEable toftise distiate PpeGIBUNt fdel dFantired with

alterpative source-of fuel, thgrehy: 10 minimizing process stoppagesdued@eam

fuel service disruptions. The disclosed duct burner is thermally coupled to

atproductlon in the HRSG of the combined zTycle Dblock.
Advantageously, when the steam producing capacity of the
power generating capacity of one combined cycle block is
compromised, the duct burner c¢f the other combined cycle
block can be fired to compensate for the steam or power
shortfall in the system.

The disclogsed combined cycle power system 1s able to
extract steam from 1its system for distribution <to
downstream units at the expense o¢f a drop in powsr
generated by the steam turbine. Through the optimization
of the heat balance of the system, two specific steam
removal points are carefully determined fto provide the
greatest thermal efficiency to the system.
Advantageously, by choosing the extraction points as
disclosed above, the system 1s able to achieve superior
thermal efficiencies of about 6&0% tc about 80%. The
range of steam-to-power ratios thus achieved is about 2.5
to about 7.5, Such high steam-to-power ratios indicate
that a minimal loss of power generated by the steam

turbine 1s experienced due to the large amount of steam
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least one HRSG. The duct burner can be fired with natural gas or

distillate fuel to increase steam 15 production in the HRSG of the

combined cycle block. Advantageously, when the steam producing

capacity of the power generating capacity of one combined cycle block is,
coﬁ%?SFh‘?ged,ffﬁ%uggﬁum%Y%?%ot “GombiRed tyche DIBER canBl 1<
fired/toleompensatenfos the stegim onpower 20rshertfadldry thessystegsult of
Thghdis%losg(% combined cycle power system is able to extract steam from

its sy%ten‘%ﬁfor éisjfpribuftlon to-dofWnstreanm units at the expense of a drop in
power gérierated b the steans turbinez Threugirthe optimization 25icfghéons
hegthalange of the system, fwa specifig steam femoval PoigIS.ate, . +o tne
carefully determined to provide the greatest thermal efficiency to the

sy$teit CAdvaftagesusiy by-Eloosiag tif&afactiGii Poitls d<' disélosegoing
above,thesystemiis able: tosaghieve syperion3Q thermal efficienciesebpe of
about 60% to about 80%. The range of steam-to-power ratjos thus _ )
achiBfed FABSZE to ABOut 7-5. Such high sfEafito-poierratigd T Such
incieade fthad aiminimalloss:ofpowerigenerateddy thesteamtisbiredtpe of
ex %réencedeglu% éo gle Ilar e amount of steam 28 removed from the

sys em.%(fvan?ageousaiyﬂ € combined cycle plant enjoys high thermal
efficiency as a result of the superior steam-to-power ratios. It will be

apparent that various other modifications 5 and adaptations of the

invention will be apparent to the person skilled in the art after reading the
foregoing disclosure without departing from the spirit and scope of the
invention and it is intended that all such modifications and adaptations

come within the scope of 10 the appended claims. 29
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Claims 1. A combined cycle power system for producing power and
steam, the system comprising: 5 at least two fuel turbines capable of
combusting fuel to produce power and exhaust gas from said combusted
fuel; at least two heat recovery steam generators for producing steam
from said exhaust gas; 10 at least one §t&&h turbine for producing power
from steam produced by said heat recovery steam generators; at least

one steam, supply stream for receiving steam produced by said heat
i i s S St s o ERRERE
said heat #ecoverystearnigerrerators andiyeing toafigured to

intermittently angle’nde[_pggg@ntly §H8pler@g@tlheatt‘y}}gg§e@‘ said gﬁggl e  of

recovery steam generators to 20 meet a required steam duty of sai
steam supply Stkesih ahdl s steam tBISIAE SAndPwHEfeirpfiieé Reagust gas

source is configused 49 heatope Of dhe at Jeast two heat recovery steam
generators if the other heat recovery steam generator is unable to 25

meet the requiréd- sttt Gufy” ithoat a “Subsiantal ToSS8t (haEteam dity T~
of the said steam.siipply stream andsaisksteamtushiae. 224A;system as
claimed in claimalﬁ, V\_theea[’ngI[‘l soaril%l h%%te 30 sour%e Lsecopgiguredetg dcirectly

. m Curbil [S{enNs) ower
heat said heat recovery steam generzftors. Ié system as%falmedlmg P

claim 2, whelsinmsaidtheat sourckicempiises fiting nieans forecombustingteam
fuel in 30 th@@gg}gcg}“esgxhaust chamber passing through said heat

recovery steam generators. o
at least one steam supply stream for receliving

steam 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 said heat recovery steam generators to
meet a required steam duty of said steam supply
stream and sald steam turbine, and wherein the
heat source 1s configured to heat one of the at
least two heat recovery steam generators if the
cther heat recovery steam generator is unable to
meat the required steam  duty, without a
substantial loss of the steam duty of the said

steam supply stream and said steam turbine.
2.5 system as claimed in claim 1, wherein said heat
source 1is configured to directly heat said heat

recovery steam generators.

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

source comprises firing means for combusting fuel in
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4. A system as claimed in claim 1, wherein said fuel 5 turbine comprises

a pair of fuel turbines that are respectively in exhaust gas fluid
communication with said heat recovery steam generators. 5.A system as
claimed in claim 1, wherein said pair of 10 fuel turbines are gas turbines. |
6. A systeritad@aiméd in‘tél%irﬁﬁ?%?ei?@ﬁ’%?eaﬁﬁsﬁﬁiﬁe%ﬁ?&%ssald
a pair of steam wibinesthat arasniespecivetypinsexhaust gas fluid
communication with 15 said heat recovery steam generators. 7. A system

as claimed in claim 3, wherein said heat source comprises within each

heat récokerystéam generatoisicat lelast ode: duct burner=2e 8: Asystentuel

as claimed in,claim 7. compusing twq, modules fer, generaling.powerand .o
steam independently of each other, each of said unitized modules .
comprisinkeéme 6F e gis HrbRie pairs ofidf tHe D5 thoHedt redovery with
steam gengrators:having the at Jeastane gusturner 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 buener«f atheatrecavery steam:generater ipair of
one modtgggpogig Ehf %tshegrrgodglse n%t (afLIiI\i/gr a required steam duty to

the 31 steam suppﬁy strean’ or steam %urﬁlne 6f that other module. 10. A
system as claimed in claim 1, wherein the 5 steam supply stream

Compf'@?%aﬂ}g@gy O&I!‘_eé%&%né‘& r_eﬁpegt'iv%g,_lurﬁl PLESSHESS, 1g‘a€‘d steam
system as claimed in claim 1, wherein the steam supply stream
comprise$ AHiGR présstire stegme palr of steam turbines that are

respectively in exhaust gas fluid communication with

gald heat recovery steam generators.

7.8 system as claimed in claim 3, wherein said heat
source comprises within each heat recovery team

generators, at least one duct burner.

8. A system as claimed in <¢laim 7, comprising two
modules for gensrating power and steam independently
of each other, cach of saild unitized modules
comprising one of the gas turbine pairs, one of the
two heat recovery steam generators having the at
least one duct burner therein and one of the steam

turbine pairs.

9. A system as claimed in claim 8, wherein the system
further comprises a controller to intermittently and
independently fire & duct burner of a heat recovery
steam generator 1in one module should the other

module not deliver a regquired steam duty to the
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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 15

steam supply stream comprises a high pressure steam between 12000
kPato 1 KPS HPteredia® pressiré ¥eari bRtWEerr 2600 RPa "
2700 kPay@amnella .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
turbiné Capable ®f spribustirgfuelitejpreducerpower and éxhawsegas 25 the

5 from said compusted fuel. é@}%aérﬁe%%‘_(ggﬂj?&%%m a%ﬂ‘?f?&%%ﬁc% of headers

respectively producing steam from said exhaust gas; a steam turbine for
producing ‘poWwéErRemisteam' pictiucess PS4 heat recovery steam
generators; and a heat source thermally 30 coupled to said heat recovery
steam _generator for supplementing heat thereto; a steam supply stream

for reckiving steamSgrodited frorf i fitoduis; and'd2 a controfigr?  he
configuredteactivaterthe heat ssourcenpeneesmbinetktycler-pewets steam

1 module fithe, gther compined oycle.power madule snable to. meeta. ;..
required Stéam duty of atleast Gne of its 5 stéam supply stream and sai
steam turbires; stherebyteemtinueuslygirodudiy péwertandbsteams P4, pand a

method for.continuously.praducing power and stears In a sysiem 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 fram said combusted fueka hedlimed in claim 11, wherein the
15 steam supply stream comprises a high pressure steam
between 1200C kPa to 12300 kPa, an intermediate

pressure steam between 2600 kPa to 2700 kPa, and =

low pressure steam between 400 kPa te 600 kPa.

20 13. A sgystem for continuously producing power and
steam comprising:

at least tTwo combined c¢ycle powsr 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 respesctively producing steam from

sald exhaust gas; a steam turbine for producing

power from steam produced by saild hesat recovery

steam generators; and a heat source thermally

30 coupled to said heat recovery steam generator for
suppliementing hesat thereto;

a steam supply stream for recelving steam

produced from said modules; and
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recovery steam generator for respectively producing steam from said

exhaust gas; a steam turbine for 15 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 o~ &Y mMdHitofing tHe' stedm dutput frony @agh o190 heat
said modules;dy){previdingea supplemental heat seurgsste ongcalithe heat the
recovery steam generators when said monitored steam output of a

module fallsob%o% acpc?%%%ﬁﬁed sciggmedu?y(?‘ﬁ%rlﬁnﬂdrﬁeﬂwo& %o Clafnad  t°

in claim 14, whereir whenu bnedf she anodules/ fall§ betow thespredefined its
steam duty, dhe sypplementa! heat,source is applied {9 the, hegt reqovery

steam generator of the othermodule. 30 16. A method as claimed in claim
14, wherein &&igl* Steans #6 power ate iPapeuc2. Bdorbvtr 785BI 17aN .
method as claimed in claim 14, wherein said steam to power ratio is 3.6

to 7.5. 18. A method as claimed in claim 14, further 5 comprising the step
of rembving the’steBft froth the™ systérh dtpiaralitysristesstes PRy sA  and
method astelalmerhinclaips dnwhetein ghe tsteamsupply; skeamined cycle

comprises a high pressure steam 10 between 6000 kPa tg 15000 kPa, a
intermediate’ Srgessﬂﬂroe%t%e%ﬁi bet%vae%%n 15%3)%%5 to 6000 kP 8Rd a fow Tuel
pressure steambetweerz200 kPa to dBO0kPa20f Bemethodrascelamedower

in claim 19, wherein i, 15 remavalof the stream is undegtaken.ata high, . .«
pressure of 12000 kPa to 12300 kPa, an intermediate
recovery steam generator for respectively producing
steam from sald 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 cf:
a) monitoring the steam output from =ach of
said mcdules;
b) providing a supplemental heat source to one
of the heat recovery steam generators when

said monitored steam output of a module

falls below a predefined steanm duty.

15, A methed as c¢laimed in ciaim 14, wherein when
one of the modules falls below the pradefined steam
duty, the supplemental heat source is applied to the

heat reccvery steam generatcocr of the other module.

1c. A method as claimed in claim 14, wherein said

steam to power ratlo i1g about 2.5 to about 7.5.
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pressure steam between 2600 kPa to 2700 kPa, and a low pressure

steam between 400 kPa to 600 kPa. 20 21. A method of continuously
producing power and steam comprising the steps of: a) combusting fuel

in at least two fuel turbines to produce power and exhaust gas; b) | ,
passifg the exHauSEGAS fromthé tAGTES 25 turbiniesTto Tegpetave st ™ $2+¢
least twodteainrecoveowstean genetators. © produce steam; c) passing
some of the steam produced by the at least two steam generators to
respective at least two steam turbines to produce 30 power; and d)

removifig a seletctedhaniovmht ofithe steanmeproduced oy Hievat [edst tworrther

5 steam 9%%%5%%“&%‘}@9‘{%% th&:%?e%%d ?g}%{}‘i% géﬁe%é%ﬁt E}from the

steam-to-power ratio of at least 2.5. 22. A methodas claimed in claim 21,
wherein sgiél t5BteEmaokpowerrafip ofathedst 8125 A method as
claimed in claim 21, wherein said steam-to-power ratio of at least 6. 10
24. A method as claimed in claim 21, further comprising the step of: e

selectively heatfhg Tie 8%Aaut g4s falsiflg ito ond of sdid‘at tRastado e
steam gepesatarsstop picrease-theramotipt-af-sieam. 15 26, Arseathodasstean

10 claimed "gs CJC%Q@%]" fg&tgsr ?&['Qpri%igg.?géé%p 0 :E%SeleggveIYnhceeartmgdiate
the exhatist gas passing ‘into’one of said at'léast two Steam generators to
20 increasedhe amount ofstelant when the othekBteany 6000 kPa, and a

low pressure steam between 100 kPa toc 1300 kPa.

20. 2 methcd as claimed in claim 19, wherein the

i5 removal of the stream 1is 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 €00 kPa.

20 21. A method of continucusly producing power and
gteam comprising the steps of:
a) combusting fuel in at least two fuel
turbines to produce power and exhaust gas;
b) passing the exhaust gas from the two fuel
25 turbines to respective at least two heat
recovery steam gensrators to produce steam;
<) passing scme of the steam produced by the
at least two steam generators to respective
at least two steam turbines To¢ produce
30 power; and
d) removing a selected amount of the steam
produced hy the at least two steam

generators, wherein the selected amount of
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generator is unable to meet a required steam duty. 35

steam is &t a steam-to-power ratio of at

least 2.5,
22, A method as claimed in claim 21, wherein said
5 steam-to-power ratic of at least b.
23, A method as claimed in ¢laim 21, wherein said

steam~to-power ratio of at least 6.

10 24. A method as claimed in claim 21, further
comprising the step of:

@)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:
fiselectively 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 1s unable Lo meet a2 required steam duty.

L
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