DESCRI PTI ON METHOD FOR OPERATI NG A COMWED CYCLE POMNER PLANT TECHNI CAL
FIELD The present invention relates to the field of power plant
technology. It refers to a 20 nethod for operating a conbined cycle
power plant according to the preanble of claim1l. BACKGROUND OF THE N
VENT CN Mthe even; of a tote; breakdown of the ea:etrica

transm ssion system (AC network); seiected power-generating unZto
have the caoatty for restonhp the net'work. On account of the very
irktzed SZe of the network,t a; very dwzook, however, to mai nkaMthe
bogance between power generation end power

| onRsaooneect Jenoe tneeo. ireouency ono,wzzzozz are conskjeraUe
conpared with the norma conclitionp for the network operat MW,

| ndependently of the type of plant which is provided and set up for
carr&fng such a black start, the capability for accepting the

i edi at e satisfaction of demand bl ocks, which lie typically within
the range of 30 - 50 MV is required. The power-generating unit nust
be in the position to control the frequency and voltage |level within
acceptable limts when satisfying such bl ocks. Large power plants are
particularly suitable for the restoration of networks. An exanple of
such a suitable power plant is a conbined cycle power plant, as is
shown schernatically and greatly sinplified in Fig. 1. The conbi ned
cycl 0 power 10plant 10 of Fig, 1 conprises a gas turbine 11 and a

wat er - steam cycle 12 which are interlinked via a heat restoration
steam generator 13. The gas turbine 11 draws in air 19 by a
conpressor 15, conpresses this, aDESCRETEONS it to a conbustion
chanmber 16, to which a fuel 20 is fed, The fuel 20 is conmbusted with
the aid of the conpressed air and produces a hot gas which is
expanded in ahﬂ?ﬁ*@ eyt of CORRS i f }

process, the turbine 1 ﬁ(;ér)lpves tlﬁfet\sc%‘ocr:rpr eslfy(ﬁ OI‘_r’]POF‘%WSEI%?Lg\A\IdT on
the ti her side, drives a generator 18 which generates alternating
current or alternating voltage. The flue gas 21 which issues fromthe
turbine 17 is directed through the heat restorati on steam generat or
13 and dirgeMNe@es. FIEL® the environment via a flue gas stack 22. 20
Arranged in the heat restoration steamgenerator 13 is an evaporat or
27 of the water-steamcycle 12 in which the water delivered by a

f eed N ) . Th whi ch i d ;

expanded B PBee i TARrRIbE fo i esf of R piant i MiipgE cflapors o 2

addi 20 onaletiged sraipratity hWonddIRé& BYclepa@riAdet according to the preamble of
claim 1.

BACKGROUND OF THE INVENTION

25
In the event of a total breakdown of the electrical transmission system (AC
network), selected power-generating units have the capability for restoring the
network. On account of the very limited size of the network, it is very difficult,
however, to maintain the balance between power generation and power

30 consumption. As a consequence thereof, frequency changes occur, which are
considerable compared with the normal conditions for the network operation.



25 generation, The steam which issues fromthe steamturbine 23 is
condensed in condenser 25 and, conpleting the cycle, is fed to the
feedwat er punp 26. The current (alternating current) which is
generated by the generators 18 and 24 i’s fed into an AC network 28
whi ch is connected to the conbi ned cycle power plant .30 10. A

control lmidpehdeamsuf s fypatof phent et fsep@nicedoind bet dﬁdﬁ@aﬂ%d@ a6t

are fulfilled as far as possible in the process wth regard to
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a reserve estea turbine is con ant in readi ness
in order ‘P' @é’?f‘f"ﬁ@ qp'? HEYSMsn palis Bgé\%h[ﬁ%‘ﬁﬁa frequency
drop in the network. The case of a black start is not taken into

consideration in this case. In the case of gas-turbine nodul es of a
conbi nedLasgs @owewelenta aliet partinelatly aniakletfol Owprestaration of netmrgas An

bi f nt ch t h haust t t
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of a conbi ned cycle ant is suitable for a black start or not,
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restrict dehvsirgeind 0ddy abxcompoessm 15, n:btrfptresws this) ahbeligeneyas itasse, an
i ndi vi dual uni t cannotb r ef ore fulfill the aforesaid requirenents

for the BRTYMEISHENATPRY TPakywhicha @@I{/ﬂﬂm’f@ The fuehdd isepntpysted gith
r 1 8 90y 8GR s
r est t at sobsexuenéurbote €Y gobrfornang wgpk.e lartde lpedxﬂdsethmnmbine 17 drives the
compressor 15 on one side and, on the other side, drives a generator 18 which
generates alternating current or alternating voltage. The flue gas 21 which issues
from the turbine 17 is directed through the heat restoration steam generator 13
and discharges it to the environment via a flue gas stack 22.
20
Arranged in the heat restoration steam generator 13 is an evaporator 27 of the
water-steam cycle 12 in which the water delivered by a feedwater pump 26 is
evaporated. The steam which is produced is expanded in a steam turbine 23,
performing work, and drives an additional generator 24 for current or voltage
25 generation. The steam which issues from the steam turbine 23 is condensed in a

condenser 25 and, completing the cycle, is fed to the feedwater pump 26.

The current (alternating current) which is generated by the generators 18 and 24 is
fed into an AC network 28 which is connected to the combined cycle power plant

30  10. A control unit 14 ensures that the requirements of the AC network 28 are
fulfilled as far as possible in the process with regard to frequency and level of
output.



The oMect is achieved by nmeans of the sumtQiai of the features of
dawn :30 The invention relates to a nethod for operating a conbi ned
cycie power giant, which :::ianprissett a gas turbine and a steam
turbthe which, via a connected electri & generator in each case,
generate aiternating vdtage of an assigned frequency and deliver it
to an AC network, wherein the flue gas of the gas turbine is used for
produci ng‘ steam for the steamturbine. The nethod is characterized in
that f or AdBeti@ckior & primenoceoriteliaig eormbiaek ayelerpowemplant pperatisgeym the

wher o n {RAAIEis LBNEENG knCARSHORRirBEE o HRECE Y P20k RARRBAT AT &
m ni mum shédnby tpesradspandirg epdiative df oralvd ehidheadts tupolithe stédma
in island node, the steamturbine is synchronized and

second step, Lur § :

r anped ub’rB@ea% reSFEYRPPWET Bbihea Stgamikirkineds rarstaaiy é@lﬂe‘ﬂ "PAEINE8§dN can
be achie j ﬁ%nfo i
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| oads ar setyarhedthedcdseoafka biacklistark js mot takémintt ltossigpratiom inrthisesesse. i n
the demanded load is provided totally or partially and permanently or
tenporarily by the steamturbine, in a fifth step the load of the

st eam t ufbineecdse &F glairbimeROMIEY of arcdnitsinedslbe pdveer sﬂaﬁr, Hi baASiend

capacity, and steps three to five are repeated until 15 the base
of tHe conBiaiien afyae @apiudingramieddstoinnifcant crangesib i aemausit t he

hod ' j ' [ i St i shed f h [ he, fi
step pr o opoRre e SRbb A ctele iR e A aRBerkoth SvRAb T Rta '
det er m n@gisogarcioa bihdhipetadn paipe atheh jofigihbeviiéther algerpafdhe htodile bhe
steam 20 turbine and by an optimum operating point of the gas turbine

whi ch al FeM®INederdie ppYRaPHINt éxpuitrRie fempbleskitat 6f nphe gas-t ur bi ne
flue gases. Wen stationary, the rotor of the steamturbine cools
down nore slowy than the steamturbine casing. If the steam turbine
is {@peammrngnégmpeﬁbmamé gasf ﬂlrbtrir?@raiemaﬁtm 5 lafly eelliduited dor ﬂ%m?ﬁi ng
cooling down, it i_.§ necessar or the steam 25tenperature to be at a
suf fi ci eMRY9raiogh The daial i%@'lﬂ%@er%qrav@m Rythesetmashipae mitkin e range
i nduced dpRRPSUGRN HovRRRH is r&ﬁ@féﬁﬁ%?@ré‘l%r}}’%%gé’iiﬁﬂaﬁ f€Mn the
tenperature, especially a ‘correspondi y m i nmumtenperature, can
avoi d exgessialeaseohn mglivdduval it carenot &sdretpraddifill the bforpsaid esquipsraeatst
t he bl ades Ero comng.,into contact wwth the stator and the bl ade
tips bei ﬁﬂ't | E%ppﬁrg"rpi”ﬂirﬂﬂﬂ‘?steam temperature 30 for it can
consgguent |y be provided by the gas turbine being run at an operating
point so that the flue gases when discharging frongas turbine, and
therefore entering the waste heat boiler, are sufficiently high so as
to all ow, U tenperature. in order to bring about
such a S%@l@%@%ﬁﬁ[@ﬁlﬁ?@ﬂla i arge nunber of optinmum operating
points for the gas turbine can be sel ected. Dependi ng upon the type
of gas turbine, an operati n?f point can be established inter alia by

means of l{pahareiapshe obipcast threinvgoben ta Jischise 4 eethekimseraraing or 5
gui dgs “*‘SSanﬂPédJé;}c{f@ Bbarer plant with which network restoration can be achieved in a

simple and reliable manner.

The object is achieved by means of the sum total of the features of claim 1.

30 The invention relates to a method for operating a combined cycle power plant,
which comprises a gas turbine and a steam turbine which, via a connected electric

generator in each case, generate alternating voltage of an assigned frequency and



Anot her enbodi ment is characterized in that in the second step the
total output power is used for the station service of the conbi ned
cycl e power plant and; dependi ng upon the optinurn operating point of
the gas turbine: the steamturbine 10alone: or the steamturbine and
the gas turbine together, or the gas turbine alone, nr.mF:dcs thes,

ne. w. N. 1d€ivarieto amAer netvork, wiearsiieIestlue gas of tHeegawhirbifeas heed for
enbodi nent is characterized in that the surplus power in island 'node

whi ch caRFRSUGRY sieam f5f thsteaid dvikiie. consumer s can be used for
operating th 15 gas-turbine conpressor ( Another enbodinent is
characterized in that in island node of the power plant the current

gener at edhbyngtendriatbhasddiedid)thatior espooitsetsratioododed edlack start, in
alterpati

c: current, network zero,, 20 A further enbodi ment is .
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i s provi degdrdiattat et iRt Gﬁfﬁb_tdﬁsbthrﬁhﬁ% séIB8t hek WeRhiRum steam
demanded | oad and the total reaction of the gas turbine is covered by
t he st eatempensiture.is @adiaveddonte steanvlurbicacin avsetoretstap, spiskthd mode,

i 25 ' d dj h i ng. poi nt
Gortng + A bBatt RRANEIsSYhABRked FRFBHEH R b &5 Peth e Bk Rt Plvgh
speed i nn@imoASEowEr Piceisel arf BalachRvad SWABR:ih 97dl rddigirRpBRd, changeeof

Therefore, the oggr_at ion of the steamturbine alone can realize th
t ot al0 | oHltf pieencaskinesds gagpanseiaseby: the aasbirbsgcin athickbiep sansusier

t he degr f ur pi j e Lo |

st |y 1 A PaLeBlec 06285 i 12 RSuh St renSBdn LG BB ipnaea
st abi | i t yodd ismustvided sotallg oo pertatigdindewevaiantyrasmporailg e tRe stedim
exanple, emssions |limt values, which in |lower load ranges limts
the oper H#Pine; fhgdiflgrsten heyload efithe méeamurping i graduahuraslicerkder | oad

i ncrease; g : r r , :
bot wean NSTeASAG te Safiftr8deiHq caBad drd HLpE 1RRENBITE arBPebBRed uny
t he ¢&s the baselczanofitbefoonteded Thils pgayerqaantte achisyedd in this case
by neans of the additional operation of the steamturbine, Yet

anot her enbodi nent of the invention is characterized in that as a

result o PRLEBMSENt dtRY n%dtABd %c%fb@n@%‘ﬁiédiﬁgghﬁ?;\rﬂisc .sgrﬁbg@ﬁe“&mf the

turbine the [ oad ranges the gas turbine operation
restri ct éabtyatgndbeisstoterenicsdionss adetfsr thar mirivnind stkandberapdiatgret o
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20 turbine and by an optimum operating point of the gas turbine which allows a
corresponding exhaust temperature of the gas-turbine flue gases.
When stationary, the rotor of the steam turbine cools down more slowly than the
steam turbine casing. If the steam turbine is ramped up again after being
stationary and after the corresponding cooling down, it is necessary for the steam
25 temperature to be at a sufficiently high level during the restarting so that thermally
induced damage cannot occur. A correspondingly adjusted steam temperature,
especially a correspondingly minimum temperature, can avoid excessive cooling
down of the casing and in the process prevent the blades from coming into contact
with the stator and the blade tips being damaged. A minimum steam temperature
30 for it can consequently be provided by the gas turbine being run at an operating
point so that the flue gases when discharging from the gas turbine, and therefore

entering the waste heat boiler, are sufficiently high so as to allow such a minimum



perated so that both the turbine is A further enbodi ment a
chgnctedzed in that a mninmum | oad of the steamturbine is maintained
in such a way that in the case of singie-shaft configurations opening
oupiing, or in the case of nuitishaft &onfigurations opening of the
generator circuitbreaker. is avoided. 20 BRI EF EXPLANATI ON OF THE

FI GURES e tereptiatures han|or@¢h&ﬂﬁﬂ@‘é&dﬂt*%@cﬁ@étéhﬁﬁ@rﬁﬁérﬁﬁfré ged 6\‘ h
based on exen‘gl ary. enbodi nents in conjunction with the draw ng.

the dr aV\,Iaﬁ%e mhﬁﬁr&fpﬁémﬁn errﬁt@gmg rfgethecﬂas)ttmb@@rﬂandzejseimted
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cyt the $ostazby orezinseofqfarametarbisuet asyidel gpoawtity, I\émteedittemmeratdrb@ﬁ
start_. accordi nﬁ t.0 exenpi ary enbodi nent of the nmethod soot: Mng to
the ihveftidgavie @aé’a different tine curves when a | oad bl ock
is being cormto a conbined cycle power plant according to an

exenpl aiy enbodi nent of the nmethod according to the invention; Fig,
4shows dANpéresmmgiment isechatacienged hreématmy ﬂieesqmnm stpbdhé tathat eutptuhe

connect i 0 accort.hn rrbodlrret of the

metnod abRaBhie By MRS S BRGEER s FEPIeR i BReEblRow 26 o

| oad bl odkpanding g ohi tABeRSsinass eplaitit ﬁdﬂﬁf &hklyas turbine, the steam turbine
10  alone, or the steam turbine and the gas turbine together, or the gas turbine alone,

provides the power for the internal consumers.

Another embodiment is characterized in that the surplus power in island mode
which cannot be used by the internal consumers can be used for operating the
16  gas-turbine compressor (15).

Another embodiment is characterized in that in island mode of the power plant (10)
the current generated by generators (18, 24) corresponds to a connected
alternating current network zero.

20
A further embodiment is distinguished by the fact that in the fourth step the
demanded load is provided totally by the steam turbine, or the gap between a
demanded load and the total reaction of the gas turbine is covered by the steam
turbine. Gas turbines do not react with equal speed in comparison to steam

25 turbines, depending on the operating point, during the load increase. A steam
turbine can react with sufficient speed in any case in order to realize a sharp load
increase. Therefore, the operation of the steam turbine alone can realize the total
load increase.
A gas turbine can also react quickly, wherein the degree of speed of the gas

30 turbine in certain load ranges, mostly in low load ranges, is limited on account of
the operating stability. 1t must also be operated, however, so as to observe, for

example, emissions limit values, which in lower load ranges limits the operating



15 WAYS FOR | MPLEMENTI NG THE | NVENTI ON The net hod accoto the
invention is nescd on a tuned controftng "toes turbine and steam
turbine over the entire operating range of the plant (fromstation
service up to base load). The nethod i $ suitable in this case both
for singleshatt plants and for nultishaft plants and is distinguished

by the foangewhipeaghsatutisiges If 4 8hgeer deaandckyr dsds incdadeeisamasdetiand
The contriﬁgébison of the steamturbine conpensates in this case for

possi bi - A 8 St YFOINRLS gRsrated 1AMmeaR pEMRSRCMANERE loashincredrreand
the evenioagf iln.@?eé%'é%ﬁﬁfec?% meéﬁse&‘rthegjé[s'htmﬁiﬁé t9H e fggrng(r:lrf (":I'lﬁ?s gap can

gas-i nduce imtations. account o e superi or
char act ebestiveszain thisecatechyrmaanisi afdhe ianditionatopenationlof $tabidant yurbme.

ted. JLi. it .net K. t t.ion.which t
Co i e byek angliearntadmedh ot fednesaran [t pRired In el 85 ueeutor e v
A bypass péiﬁﬁhehﬁprﬁvkidiﬁéﬁﬁgﬂiéfnm%d%&ﬁmté‘&mfthk&ﬁé'ﬁ?é ﬁ’@ idhgkle

gas tenperature can be avoi ded, The types of operation o

conbi ned ot {he gapbubinepraiation which ateerestrigied by proeessnureemissiorshliahits are
subsequeg&@g ?e explained in nore detail with reference to Figs. 2 -
5. Hg. 2 §'es in this case to the synchroni zati on of the steam
turbine, wherein in the figure as we as in the other figures - power
out put s &n negawatts) over tinmeseconds) are plotted on the ieft-hand

scal 80 aAGCPKENG tegneiney epirdipnbiks staam tyrbmesisapedatediso ihied botuthen

" opr esanPO SOty DrioBe Eaplhd 8 ishtilicBaniF o MRtk i
conbi ned peyddtied.power plant (CC PAR THERM), the curve (b) represents

t he correspondi ng power consunption (LOAD CONSUMPTI ON), the curve (0)
represents the correspondi ng thermal power of the gas turbine (O PWR

THERM) , ; ' r :

{he of cam Tl SERmERRE SRR gtetipR FEEE SRR 138 dTihe BRMEh tbine
cor r ¢8 poralimaintainequerseghaf wah éhagds the chsaef $IRBEXSIET canfihurbtiorsibpening
f) represents the correspondi ng frequenc f the steamturhjne (FRE
St . " The St Sou)goPhin B8 tase GganGEheR Shefowangs paomng orihe sehestor
i sl and megeuiehrddi@rddsavoiddy.ne. by nmeans of which only the internal
consuners are supplied (constant station service according to curve

(b)). The steam which is produced is discharged by neans of ST bypass
stations (29) directly into the condenser. The 20 operating point of
the gas turbine is selected so that a mnimum steam tenperature for

the oper BRIEF PXPLABIASTIOANOFRITHETAASRESh eved. The neces steam
tenperature is primarily determned by the rotor tenperature of the

steam turbine. The steamturbine is synchronized ("synchronization of
Srin F &hedhv@tbd Shall subsequently be explained in more detail based on exemplary

embodiments in conjunction with the drawing. In the drawing

25 Fig. 1 shows the principle construction of a combined cycle power plant,
as is suitable for implementing the method according to the

invention;

Fig. 2 shows different time curves during the synchronization of the
30 steam turbine of a combined cycle power plant during a black start
according to an exemplary embodiment of the method according
to the invention;



ranped up in power according to curve (d) to an ideai operating point
for the connection of a first block of consunmer loads (this is
generally the point with the maxi num steamturbine | oad increase
capacity). The total active output power of the plant (curve (b))
remains at the level of the station service (the net power 30
delivery to the network is zero that is to say zero-power operation).
The steam turbine then sug&#ies the internal consuners with power

and, if hétekssary, saPPWEsdTaraat ipgmusawhen alpadpirck ighsine canpected
power, whereas the p I : i InSHi

("negative GI power 333?Eﬁf’ib'{&&%‘geWﬂwﬁt%ﬁd'ﬁgﬁggrﬁ;@c r'%’ (b)
reprei nt ernal consunptribadjmeheof tbeahethibdranebrgiogdo tieainventitle sum of
the thermal gas4urbine power (e) and the thermal steamturbine power
(d)).”5 Fig, arelates to theconnection of |oad blocks. After the
connect | N’%Qf a bl ockhofs GHSEABimadRInss Gﬁllir'@(t?hé febfi2efor of AMDHBhed
| oad step') in curve (b)), the gas nd the steamturbine react at the
sane tine to the fregudadpwsidien aftariee eannecticn oftanwash klpck acporslingto

a "frequency fall"; r : 10coor.di nati.on, of uy bi nes
is subject to the fo%Ho%%ﬁé;J%ﬁa?iESg'}'?@ ioéfrﬁ@ﬁw_et%%%&gﬁ@jr& ttop'ih%cedure
is with sone adj ust ngieptibh; &f¢ sane way as has been described in
printed publication US 2009/ 0320493 Al . The devi ati on betvveen bad
set pdPnt val ue and the response of the gas turbine which is estinated
and appr x| it ed by t I :

contri bumrr?aof t he gﬁ g‘i’%ﬁ@%%@.d%&é’ﬁ@? ﬁggﬂgﬁaﬁg é(%jetbgtq m% CBB\fer?t
of the plant, the st easodiatchithergwith.i des the increnent in the |oad
demand - totaliy or partially - on a tenporally limted or permanent
basis. The tenporally limted contribution bridges the gap between
the connection of a | oad block and the total reaction of the gas
turbine. The permanent contribution serves for 20avoi ding | oad ranges
wi t h15 esWAY SO Bad/I R 1Lk IdEMNT | biGe T B INVENTE2ESss- i ndueed or

em ssions-induced limtations). Il. The contribution of the steam
turbine first and forenost inproves the dynam c response of the

pover - geneeahkitbdiidordihBits the iR@htibs ¥ BRSYd bRRPIARcIPoIIIHASE JRnges
with limted reaction dynam cs of the gas turbine (typically during
oper at i oftuRmMnenandataasadyroinenevastibe entirshepgesinguabpaef tke panbérom station

vl as. Povies MB4E BRGNS e A Bl o ol e DO ol SBRE S
i's abwaypldrastadietdmutishafeilabe @PisdigRenishedby thefatiouid advdrtagéhe
case of single-shaft -igurations), or 300pening of the generator

ci rcui t - br eakaroeridenad blpsks 6N ha earviestad. c bhe icgukanitionsy the steam

turbine compensates in this case for possible limitations for the gas turbine
operation in the load range in the event of
a) process engineering limitations, and
25 b) flue gas-induced limitations.
II. On account of the superior dynamic characteristics of the steam turbine,
improved control stability is created.
lHl. A capacity of the network restoration which extends up to the base load of the
combined cycle power plant is created.
30 IV. A bypass stack is not necessary because excessive fluctuations in the gas

temperature can be avoided.



10 Fig. 4. relates to stabilization after connection of the |oad

bl ocks. After frequency stabilization, the Want is prepared for the
connection of the next block of consumer |oads (according to Fig. 5).
Except for ranges of a limted operati dh, the gas turbine naintains
the required power. The steamturbine |load is gradually reduced

(d)) and Teergeasienbparatibs of ARgebinbided cyld pader PRI ATRIN the SEdRasEHe
The subsequent |imts are created for the reduction of the steam
t ur bi ne iR&ERtion shall suRpaaebRe EXplaied incaere defat witbrieferasee e Figad & -

labl e i . ot b . )
o th 11t daor 28Rt InRIS RN UAE sSHEHBRANBH o s ERRERABIRE (IRRSES,
st eam t uritbthmfiglggd 4s'welh asfﬁ;i' theﬁatlh"er ifiglu_mﬁ -V;?c_)\(ldrz ?]utrfu&t (idﬂﬂ}éyafwﬁtltﬂ) Redr
t openi ng . o e coupling (in the case of single
Shaf {5 cofMe i SEPORES) BrBmIchRchPRA I hvh btleanad (he Fequeney Gakis over
in the & _ ) A _ .

Uhat e ToUR seBbhds30BIdnR06H UL AN sod € The ARV b5 PSRIR ©
consuner Higaes 2or 5)anepesdentsl e Preei ahdradtetisieof thedhdenalt movesrodfctheoad

gast ur bEREPISEGGHHP Gioviet R BACS BRI RN At aleptroate e |-
case. | VcoFrBQ?éﬁ@iﬁ@ddNé?idibﬁshmmiémﬁd)ﬁ@C@\lSGMP'ﬁ&DN()K‘EwHef(’E:&g%t(I%é m dned

capacity for the transient |oad increase is reached (
i ncr é8se repigaentsythecasmspendingrthetmaleoqwgr ofthg.gas)turbing { GTtRE/R

. . - th
furbi ne rebox; TR (o RPitheRs o 50 S efvenoobs pEUE Reerr
sone del ayrb(resi(YE PWR)THE\RMZ),etHe émeeqé)eniprésérhéme terre b @idihgdrebaekcy
agai n as ?as t urbi ne power 28i ncreases. The connection of |oad bl ocks
and the SibRgaeHPNaBGREQLETbandtwedivaditrermsgsts the caregnonding

e 2 ERRREEY B YR Mot L RRERIE A" e ool ned evel e pover
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The starting point of the operation according to Fig. 2 is the island mode of the gas
turbine, by means of which only the internal consumers are supplied (constant
station service according to curve (b)). The steam which is produced is
discharged by means of ST bypass stations (29) directly into the condenser. The

20 operating point of the gas turbine is selected so that a minimum steam
temperature for the operation of the steam turbine is achieved. The necessary
steam temperature is primarily determined by the rotor temperature of the steam
turbine.

25 The steam turbine is synchronized (“synchronization of ST” in Fig. 2) and is
ramped up in power according to curve (d) to an ideal operating point for the
connection of a first block of consumer loads (this is generally the point with the
maximum steam-turbine load increase capacity). The total active output power of
the plant (curve (b)) remains at the level of the station service (the net power

30 delivery to the network is zero - that is to say zero-power operation). The steam
turbine then supplies the internal consumers with power and, if necessary,

supplies the compressor of the gas turbine with power, whereas the power of the
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gas turbine is ramped down (“negative GT power output” of the curve (c); the

constant curve (b) represents the internal consumption, the total thermal power (a)

is the sum of the thermal gas-turbine power (c) and the thermal steam-turbine

power (d)).

Fig. 3 relates to the connection of load blocks. After the connection of a block of

consumer loads (step-like increase (“consumer load step®) in curve (b)), the gas

turbine and the steam turbine react at the same time to the frequency change

associated therewith (at the start, this is a “frequency fall; curve (f)). The

coordination of both turbines is subject to the following characteristics:

The general procedure is with some adjustments in the same way as has
been described in printed publication US 2009/0320493 A1. The deviation
between load setpoint value and the response of the gas turbine which is
estimated and approximated by model computations is compensated by the
contribution of the steam turbine. Depending upon the operating point of the
plant, the steam turbine provides the increment in the load demand - totally or
partially - on a temporally limited or permanent basis. The temporally limited
contribution bridges the gap between the connection of a load block and the
total reaction of the gas turbine. The permanent contribution serves for
avoiding load ranges with restricted gas turbine operation (process-induced
or emissions-induced limitations).

. The contribution of the steam turbine first and foremost improves the dynamic

response of the power-generating unit. This is particularly important for load
ranges with limited reaction dynamics of the gas turbine (typically during
operation with low load). Therefore, the gas turbine is to be operated so that
capacity of the steam turbine for a load increase as well as for a load
reduction is available.

A minimum steam turbine load is always to be maintained in order to avoid
opening of the coupling (in the case of single-shaft configurations), or
opening of the generator circuit-breaker (in the case of multishaft
configurations).
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Fig. 4 relates to stabilization after connection of the load blocks. After frequency
stabilization, the plant is prepared for the connection of the next block of consumer
loads (according to Fig. 5). Except for ranges of a limited operation, the gas
turbine maintains the required power. The steam turbine load is gradually reduced
(curve (d)) and consequently its capacity for a load increase is increased. The
subsequent limits are created for the reduction of the steam turbine load:

l. A minimum capacity for load reductions must be made available in order to
maintain the system stability (operating ranges with limited reaction
capability of the gas turbine).

Il. A minimum steam turbine load (“min. ST load” in curve (d)) must be
maintained in order to avoid opening of the coupling (in the case of single-
shaft configurations), or opening of the generator circuit-breaker (in the
case of multishaft configurations).

lll. 1t may be possible that the steam turbine has to cover a portion of the
demanded consumer load for an extended period of time in order to avoid
load ranges which are critical for the continuous running operation of the
gas turbine. A controlled bypass operation is necessary for this case.

IV. The steam turbine is ramped up as soon as the predetermined capacity for
the transient load increase is reached (“max. ST load increase capacity
reached” in curve (d); Fig. 4)).

With the connection of a further load block according to Fig. 5, the steam turbine
reacts immediately (curve (d)). The gas turbine follows with some delay (curve
(c)), wherein the steam turbine is throttled back again as gas turbine power
increases.

The connection of load blocks and the subsequent stabilization according to Figs.
3 - 5 are repeated consecutively until the base load of the combined cycle power
plant is achieved.
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PATENT CLAIMS

1. A method for operating a combined cycle power plant (10), which
comprises a gas turbine (11) and a steam turbine (23) which, via a connected
electric generator (18, 24) in each case, generate alternating voltage of an
assigned frequency and deliver it to an AC network (28), wherein the flue gas (21)
of the gas turbine (11) is used for producing steam for the steam turbine (23),
characterized in that for network restoration, during a black start, in a first step, in
island mode, internal consumers are supplied by the gas turbine (11), wherein the
operating point of the gas turbine (11) is selected so that a minimum steam
temperature is achieved for the steam turbine (23), in a second step, in island
mode, the steam turbine (23) is synchronized and ramped up to an operating point
at which a maximum power increase can be achieved, wherein the resulting load
change of the steam turbine (23) is compensated by the gas turbine (11) and the
network-side power consumption corresponds to zero MW, in a third step
consumer loads are connected block by block, in a fourth step the increase in the
demanded load is provided totally or partially and permanently or temporarily by
the steam turbine (23), in a fifth step the load of the steam turbine (23) is gradually
reduced for increasing its load-increasing capacity, and steps three to five are

repeated until the base load of the combined cycle power plant (10) is achieved.

2. The method as claimed in claim 1, characterized in that in the first step
provision is made for the minimum steam temperature which is determined or
regulated on account of the rotor temperature of the steam turbine (23) and by the
optimum operating point of the gas turbine (17).

3. The method as claimed in claim 1 or 2, characterized in that in the
second step the total output power is used for the station service of the combined
cycle power plant (10), and that depending upon the optimum operating point of
the gas turbine (11), the steam turbine (23) alone, or the steam turbine (23) and
the gas turbine (11) together, or the gas turbine (11) alone, provides the power for
the internal consumers.
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8. The method as claimed in one of claims 1 - 7, characterized in that as a
result of a permanent provision of the demanded load by the steam turbine (23)
the load ranges of the gas turbine operation which is restricted by process or
25 emissions limitations are avoided.

9. The method as claimed in one of claims 1 - 8, characterized in that the
steam turbine (23) is operated so that both the possibility of a load increase and of
a load decrease of the steam turbine (23) is provided.
30
10. The method as claimed in one of claims 1 - 9, characterized in that a

minimum load of the steam turbine is maintained in such a way that in the case of
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