1312/ 188-0 METHOD FOR PROVI DI NG A FREQUENCY RESPONSE FOR A COMWBI NED
CYCLE PONER PLANT TECHNI CAL FI ELD 5The present disclosure relates to
a nethod for providing a frequency response for a conbined cycle
power plant. BACKGROUND 10Combi ned cycl es power plants are known to
i nclude a gas turbine engine and a steam turbine engine. The steam
turbine engine has a boiler that is supplied with the exhaust}?’Jgfza{égs"C

fromthe gas pthbHeENPNRTRNR RAHRBOSESRM AdtoNs: SvRARdedyh Pydo
steam turbi ne. The stean1turb|nq:%ﬁigggw%§ and.gas t ur bi ne engi ne
ors tha

drive one or nore electric genera are connected to an
electric grid to supply electric power to it. As known, the
frequency of the electric power of the grid has a nom nal val ue that

is fixed (50 Hz or 60 Hz) and 20 fﬂgﬁﬁ¥%ﬁhgg&gpﬁfron1this nom nal

val ue shall be kept to a m ni mum veérthel ess, because of

m smat ch _bet ween %he el ectric power supplied to the grid by the power
pl ants connect ed ™86 i PTERT"t het P ELATIRE drififed® s r & t Re giStdopy for

25 ted to it, the f f th id i at
A L U Bl AR R L
connect ed t%l%ﬁ%.

BACKGROUND

10 Combined cycles power plants are known to include a
gas turbine engine and a steam turbine engine. The steam
turbine engine has a boiler that is supplied with the
exhaust gas from the gas turbine engine to produce steam
that is expanded in a steam turbine. The steam turbine

15 engine and gas turkine engine drive one or more electric
generators that are connected to an electric grid Lo supply
electric power to it.

As known, the frequency of the electric power of the
grid has a nominal wvalue that is fixed (50 Hz or 60 Hz) and

20 the deviation from this nominal wvalue shall be kept to a
minimum.

Nevertheless, because of mismatch between the electric
power supplied teo the grid by the power plants connected to
it and the electric drained from the grid by consumers

25 connected to it, the frequency of the grid can deviate from
.the nominal wvalue.

When this happens, some power plants connected to the



2512/ 188-0 grid nust be regulated in order to bring the frequency of
the grid back to the nom nal val ue. Typically, the frequency
of the grid may increase above or decrease below its nom nal val ue.
5In case the frequency drops to a value | ower than the nom nal val ue,
t he power plants connected to the grid st provide additional

el ectric power to the grid in a very short tine, to restore tﬁ%”é??ﬁ

[requency. I £a36 NG nequaner N5/ $a56s 10 Buakue Nl dher, Lhay 19

t he nom nal *val'ue, theE%o s connected to gri

t he electriqhgpggﬁdpgggkdgg Eﬁétﬁ%ﬁ??%&dvﬁﬂu@ very short tine, to

restore the gri requency. itionally, this change in power

supplied to the @gbgc5§lfphHﬁMﬁdfp¥qﬁ@W&Fa§Engt9é_EﬁquiHQytqﬁmH%%%%
15 generated at the gas turbine engine by increasing or reducing the

fuel providegove bhedeenbuss iwm shamhenoafinkhevgaget urbi ne engine
(this power is then converted through a generator in electric power

that is suppliedihochbe ghéd¥redevedy het®ss,tavhendihe aairnetasyehe
power plant is 20 operated at a | ow operating point (i.e. at a | ow
fracti on of noménadnvaahepr thal bopeneplaitd heorgas tiadr icnehef @ir iex anple
40%9 a fast regulation of the gas turbine is not possible. In
fact, a regwiravida cfddilféogas talryitmeé catpdwew |badtRS coukd icausevery
unaccept abl e _un-conbusted hydro carbon and/or NO emi ssion,

pul sati ons, StPafetéRei ne? i HPSTOBH1IYE1881id frequency.

In case the frequency increases te a value higher than
10  the nominal wvalue, the power plants connected to the grid
must reduce the electric power provided to the grid in a
very short time, to restore the grid frequency.
Traditicnally, this change in power supplied t¢ the
grid is achieved by increasing or reducing the power
15 generated at the gas turbine engine by increasing or
reducing the fuel provided in the combustion chamber of the
gas turbine engine (this power is then converted through a
generator in electric power that is supplied to the grid).
Nevertheless, when the combined cycle power plant is
20 operated at a low operating point {(i.e. at a low fraction
of the nominal or full power of the gas turbine, for
example 40%) a fast regulation of the gas turbine is not
possible.
In fact, a regulation cof the gas turbine at low load
25 could cause unacceptable un-combusted hydrc carbon and/or

NOy emission, pulsations, flame extincticn.



SUMVARY An aspect of the disclosure includes providing a nmethod
for providing a frequency response for a conbined 5 cycle power plant

that is operating at a | ow operating point. These and furt her
aspects are attained by providing a nethod in accordance with the
acconpanying clai nms. 10BRI EF DESCRI PTI ON OF THE DRAW NGS 2/18

Furt her characteristics and advantages w || be nore apparent Frém the
description of a preferred but nonexcl usive enbodi nent of the nethod,
illustrated by way of non-limting exanple in the acconpanyi ng

drawi ngs, in 15which: Fi gures BWH¥P&Igh 5 show possible

enbodi nrents of the nethod, and Figures 6 and 7 show two

exanpl es of conbRnedasyete ponerhpl adlscl2OuBRETANCERIBESGRE BT M OF a
EXEMPLARY EMBODI MENTS Wth reference to the figures, a nethod

for providi mgtactr dqrenesoviabipjunse foegaecanbrasdotye| Eopowercgulamed

i s described. The conbi ned cgcle power plant is described 25first.

Fi gure 65shéwsis fRIQT eRaapt e tdRtcohbi AREreyEne péwes low operating
point.

These and further aspects are attained by providing a

method in accordance with the accompanying claims.

10 BRIEF DESCRIPTION QOF THE DRAWINGS
Further characteristics and advantages will be more
apparent from the description o¢f a preferred but non-
exclusive embodiment of the method, illustrated by way of
non-limiting example 1in the accompanying drawings, in
I5 which:
Figures 1 through 5 show possible embodiments of the
method, and
Figures 6 and 7 show two examples of combined cycle

power plants.

20
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
With reference to the figures, a method for providing
a frequency response for a combined cycle power plant is
described. The combined cycle power plant is described
25 first.

Figure 6 shows a first example of combined cycle power



4B12/188-0 plant 1 that includes a gas turbine engine 2 and a steam
turbi ne engi ne 3. The gas turbine engine 2 has a conpressor 4,
a conbustion chanber 5 and a turbine 6. 5Fromthe turbine 6 exhaust
gas is discharged, this exhaust gas derives fromthe expansion in
the turbine 6 of the hot gas generated iy the conmbustion chan9%¥l§8
conbustion of conpressed air fromthe conpressor 4 and fuel

st eam t ur bi BRgine: 3 hasya hpdd ef &és gusheqm éﬁ{;?x‘% %1%:18 a ste

condenser 1 a punp 14 and a bypass 15 between t er 11 and the
condenser 1&urban@dghghgg sreference 12a indicates a stean1adn155|on
control valve provided between the boiler 11 and the steamturbine 12
to 15 regul ate t hBestgam Mg ifHcoWesuppki el tiand he steapréysdt neg, 124
Aline 16 is provided between the turbine 6 and the boiler 11 to
provi de t he cexiragst ogashéimiomr t headdurdbitwe bineost he boiler 11, in order
to produce steam 20The turbine 6 and the steamturbine 12 are
connected to oneFshaf tthe7 turdtircar bi eskhalstd tdwes compréssbrrdedandhds
generator 20; the generator 20 in connected to an electric grid 21
via an eIec@%b@uﬁFnQHEZdeIh%e@rfﬁOQlth% eXRapiical igy itdrenittirbdowe® of
plants (like 25 the conbi ned cycle power plant 1) and consuners
(machi nes, HEEwoPRE, Et) I8BRARERRd ib fthe t§pmktipn hehgrbes & eby

combustion of compressed air from the compressor 4 and
fuel.

10 The steam turbine engine 3 has a boiler 11, a steam
turbine 12 a condenser 13, a pump 14 and a bypass 15
between the boiler 11 and the condenser 13. In addition,
reference 12a indicates a steam admission control wvalve
provided between the boiler 11 and the steam turbine 12 to

15 regulate the steam mass flow supplied to the steam turbine
12.

A line 16 is provided between the turbine 6 and the
boiler 11 to provide the exhaust gas from the turbine into
the boiler 11, in order to produce steam.

20 The turbine 6 and the steam turbkine 12 are connected
to one shaft 17 that carries also the compressor 4, and a
generator 20; the generator 20 in connected to an electric
grid 21 via an electric line 22,

The grid 21 is a typical grid with power plants (like

25 the combined cycle power plant 1) and consumers (machines,

networks, etc) connected to it; typically the grids are



5512/ 188-0 operated a 50Hz or 60 Hz (nom nal grid frequency).

Figure 7 shows a simlar conbined cycle power plant and in this
figure sane reference nunbers as in figure 6 identify sane or simlar
conponents. 5The difference between the power plants of figure 7 and
figure 6 lies in that the power plant ofs figure 7 has two shagis 3ifa
17b and two generators 20a, 20b connected to the grid 21. During

operation, thRr@gasd HrBbne s a2 @nghisheam-16 UEhide-ongi ne 3
produce nechani cal power to activate thé'gengFators g%, i%p, 20b t hat

generate el ectri gipawer 7t haiovss SUppPhitgrt @ckibenddi dy2le power lglant
particul ar, when the operating point of the conbi ned cycle power
plant 1 is wery drowrKis efigen sdee 1bepore@icgeneatioéed by the regobened
cycle power plant is between 0-45% and preferably 0-20% of the power
gener at ed by dehéipgwesnpl entsatifad lcdmpadentshe bypass 15 can be

cl osed or open or partially open such that a part of the steam
generated at theThei l[défferensechrieged itheo rdwerstant20 ¢fr Bigerd2 7
and a part of the steamis conveyed directly into the condenser

wi t hout pass$iffg fAMEEgR tHESsddamlelr bibge PPYer| pladdi eifofiguke dJi dam
adm ssion control valve 12a is usually open or partly open. In other

words, the &Fér &¥dhsat: PowlBadndart " AFNSB tREEh 20paddP1 5 dpester

partly open_and/or st adm ssion control valve 12a open or partly
open. It istglgg? GRA The 6512/ 188-0

During operation, the gas turbine engine 2 and steam
10 turbine engine 3 produce mechanical power to activate the
generators 20, 20a, 20b that generate electric power that
is supplied to the grid 21.
In particular, when the operating peint of the
combined cycle power plant 1 is very low (i.e. when the
15 power generated by the combined cycle power plant is
between 0-45% and preferably 0-20% of the power generated
by the power plant at full load), the bypass 15 can be
closed or open or partially open such that a part of the
steam generated at the beoiler 11 is conveyed intoc the steam
20 turbine 12 and a part of the steam is conveyed directly
into the condenser without passing through the steam
turbine 12. In addition, the steam admission control wvalve
iZ2a is usually open or partly open.
In other words, the operation at low load can occur
25 with bypass 15 open or partly open and/or steam admission

control valve 12a open or partly open. It is clear that the



bypass 15 can al so be cl osed. In case of msmatch of electric
power supplied to the grid 21 by the power plants 1 connected to it
and the electric power absorbed fromthe grid 21 by the consuners 5
such as machi nes or networks connected to it, the frequency of the
grid 21 changes. When the frequency, of the grid drops, iQ 03955
to restore the grid frequency, the electric power provided to 14é

grid nust bﬁﬁ&%%%eagegénlg¥§gh§etyﬂﬁﬂxghe frequency of Mthe grid
in-or

i ncr eases, er ' torestore the grid frequency, the electric power

provi ded to the gid,qustebg;dastensed. o These: £ Gl i AASITUS! (b tne

done preferably in a short period to avoid that the nmachines

connected t Q. like g1 dyl Qage SYREHr @ALAREI AN. connecAGEORHI NG tOng Nicsie
di scl osure, the nethod conprises regulating the output |oad of the
steam t ur bi RQ c@RGHAE p3wbY LEEULBEANGrbhe takegtadmis Pyon HOMdRlumers
val ves 12a of the steamturbine 12 and/or regulating the steamfl ow
t hrough the shiypass hbchineesponsawarka thegeenell thange e thiecgendy
2021. In particular, when the frequency change is a frequency
drop, the regultakti gnidf2t hehawggeut | oad of the steam turbine engine 3
is an increase of power output and when the frequency change is a
frequency rise, When25heegideqiarrywofof haheut poid| dadref time stdam to
turbine engine 3 is a decrease of power output. 7312/188-0 I n
addition, alFSstPre §hS OuiBi AECERYR e othPRlsTad Tcaruss adjoysted, to
this is anyhow not mandatory (i.e. the gas turbine engine 2 can al so
not be adj ufEdprid must pgr ipgrapped; | %?W%?qxﬁﬂ?ﬁtﬁi%y%?eHHPBFHeOf

engine 5 output load, is adjusted in order to regulate the unt of
st oam gafler &6 Tt HACER I £T OF9ST FR EASESHT DUrdp bf FRECGYd

frequenpy, %ﬁ% E?ggkgggogoﬁgrt£¥%c&ﬁ{&“téc%%éCﬁrf el§§§k%ygggy%ase .
engine 1s an | nCrease of power OU‘{pU and i'n case of "an 1 ncrease o

Lo e FRESILER 16 S ongl, LhEcOULBY L0 AlorkhEe85s
to avold that the machines connected to the grid loose
synchronisation.

15 According to this disclosure, the method comprises
regulating the output load ¢of the steam turbine engine 3 by
regulating the steam admissicn control wvalves 12a of the
steam turbine 12 and/or regulating the steam flow through
the bypass 15 in response to a frequency change of the grid

20 21.

In particular, when the frequency change 1is a
frequency drop, the regulation of the output load of the
steam turbine engine 3 is an increase of power output and
when the frequency <change is a frequency rise, the

25 regulation of the output lcad of the steam turbine engine 3

is a decrease of power output.



Typically the regulation of the output |oad of the steam turbine

engi ne 3 includes: a transient |oad variation phase A
(i ncrease or 15 decrease) a stabilisation phase B a nornalisation
phase C. Buring the phase A the regulation of the output |oad of

the steamturbine engine 3 is typically faster than the 20 adjys Egr})t
of the output |oad of the gas turbine engine 2. This feature |s S

in the attached fi,ouces that shaw LARH e Ging2S dndicalinget he g

power out put i ncrease 0 e steamtur € engl ne as a gr

gradient thanthe gH;MELEH, 'E‘tﬁiié?aslé NG G Bg\é’eﬁmaH&S{?)H]@y of adi erE-'heo gas
the gas 25 turbine engine 2 during phase A In addition, at the end

of the end phasgne ERGiAHt PUtan 8Dl 1B38- Bel @aduotedine gas turbine
engine 2 and the output |oad of the steamturbine engine 3 is the

sane as the out pabrl osthr@f1d,heigaschil bicaeeenghde gasandutben®utepidtine

| oad of the steam turbine engine 3 before regulation. 5Also the

regul ati on efutpheé aovbput sl eddusted hén gasddmiris nec@ngitee thd redouces od

transi ent | oad variation phase phase D an stabilisation phase E
steam generated at the boiler 11.

In case of a drop of the grid frequency, the
regulation of the output load of the gas turbine engine is
an increase of power output and in case of an increase of

10 the grid frequency, the requlation of the output load of
the gas turbkine engine is a decrease of power output.

Typically the regulation o¢f the output load of the
steam turbine engine 3 includes:

a transient load variation phase A (increase or

I5 decrease)

a stabilisation phase B

a normalisation phase C.

During the phase A the regulation of the output load
of the steam turbkbine engine 3 is typically faster than the

20 adjustment ¢f the output load of the gas turbine engine 2.
This feature is shown in the attached figures that show
that the curve 25 indicating the power ocutpuit increase of
the steam turbine engine 3 has a greater gradient than the
curve 26 indicating the power output gradient of the gas

25 turbine engine 2 during phase A.

In addition, at the end of the end phase C the output



an normalization phase F. Preferably, the transient |oad

vari ati on phase A for the regulation of the output |oad of the steam
turbine engine 3 is shorter than the transient |oad variation phase D
for the regulation of the output |oad of the gas turbine engine 2.
15I'n addition, the nornalization phase G for the regulation 0E1£@§&@
output | oad of the steamturbine engine 3 is shorter than the

nor nal i zati q7&aﬁh%§etﬁer\g£stp§rlgﬁﬁléﬂi%% of shRe AUt QH%pLh@apoﬁ df1&he

gas turbine engine 2. reover, e power output of the plant prior

to the 20 freQuanan diskurdhanee can berrer 9.addag LhequenRekti Nehease
above the nom nal val ue can cause the steam turbine and/or gas

turbine to neduces eadrand wWnglidet ¢ amd AREr oudbuactiicke REWahdh)kHdaa

power plant. The attached figures show different exanples
of the 25 netlrednaseexphai heskfdrd hedulatasnng. 9812/ 188-0 EXAMPLE 1
- figure 1 In the first exanple the frequency of the grid drops

from50 Bz to 49Abséiz thEherégepeinoy dfopheausespwdn lnedease ohet lyas
output 5 power fromthe steamturbine engine 3 during a phase A and a
correspondi igribhoeeasging 3 henouidas power fromthe gas turbine
engine 2 for a phase D |onger than the phase A In addition the

gradi ent of the 8utpatshoverlqattr@adaetipanPhage skeasf tlur bi ne engi ne 3
is higher than the gradient of the 10 out put power increase of the
gas turbine engi AR 2tabilisafiqty AhRESpRases B and E, the phases C and

F show that the decrease of the o tputFpomer fromthe steam turbine
engi ne 3 during thePHARE i RIAPEr Fand with a | arger gradient

than thqodecreassrg%e}£§i§§ﬂ£%g Qggﬁéiéﬂgnlégg gg§iation phase A for
the regulation of the output load of the steam turbine
engine 3 is shorter than the transient load wvariation phase
D for the regulation of the cutput load of the gas turkine
engine 2.

15 In addition, the normalization phase C for the
regulation of the output load of the steam turbine engine 3
is shorter +than the normalization phase F <for the
regulation of the ocutput lcocad of the gas turbine engine 2.

Moreover, the power output of the plant prior to the

20 frequency disturbance can be zero and a fregquency increase
above the nominal value can cause the steam turbine and/or
gas turbine to reduce load and yield to an import of active
power by the power plant.

The attached figures show different examples of the

25 method as explained in the following.



15 turbine engine 2 during the phase F. EXAMPLE 2 - figure 2

In the second exanple the frequency drop of the grid is small because
the grid frequency drops from50 Hz to 2049.9 Hz. In this case
as shown in figure 2, the output power fromthe steam turbine engine
3 has behaviour simlar to the one alregdy described in exanple, 1..1n
particul ar, the output power fromthe gas turbine 25 engine 271'S "not
regul ated, i.e. Ekaflees pot £ .1 This is caused by the fact that
since the frequency drop of the 10B12/188-0 grid is limted, the

regul ation of th@nma&leutfi&%\eere}éa%tlec%eb%r%a%%?do!@_y thegW,ald ng-ddie
steam adm ssion control valves and/or the bypass 15 is sufficient to
restore the spdrd 531zl poothes wwrds, there is no need to provide 5
additional energy to the boiler 11 of the steamturbine engine 3 for
it to produce thenpowekqgneaded dropacddiaise dheigenessd 065 28 2Raput
20b to produce the additional electric power to supply to the grid
21; whensnegdedr dddint itbhakteaer gyrbsnsugapdired 3 aludiendoa Ipgraskl abyand
i ncreasing the 10 thernodynam c features of the exhaust gas fromthe
turbine 6, ia eorygsiprodeasi ngcrhaséuef phevicdéduinpovwehe feombiisei gas
chanmber 5. EXAMPLE 3 - figure 3 15The exanpl e 3 shows anot her exanple
of responsetp@bénﬁr@qgéﬁ@y2d§@¥egsghase D longer than the phase A. In

addition the gradient of the output power increase from the
steam turbine engine 3 is higher than the gradient of the
10  output power increase of the gas turbine engine 2.

After the phases B and E, the phases C and F show that
the decrease o0f the output power from the steam turbine
engine 3 during the phase C is shorter and with a larger
gradient than the decrease of the output power from the gas

15 turbine engine 2 during the phase F.

EXAMPLE 2 - figure 2
In the second example the frequency drop of the grid
is small because the grid frequency drops from 50 Hz to
20 49.9 Hz.
In this case as shown in figure 2, the output power
from the steam turbine engine 3 has behaviour similar to
the one already described in example 1.
In particular, the output power from the gas turkine
25 engine 2 is not regulated, i.e. it does not change. This is

caused by the fact that since the frequency drop of the



The gas turbine 2 and steam turbine 3 respond sinmultaneously; the
steamturbine load is increased with fast gradient by opening the
throttled steam adm ssion 20 control valves of the steam turbine 3.
The bypass 15 remains closed during |oading of the steam turbine
engi ne 3 and the bypass 15 opens tenporgﬁily to support only g pg .
de- | oadi ng of the steam turbi ne engi ne by dlrectlng the surp i

Stea”‘prOdU%ﬁl tf&ﬁ?{%} @d§93§%§%%§h1%§pro EghQEE%wer that

I NCr eases ItS SUC at steam

suf fici ent fam gféﬂec{&{l!é%dt rféljulraecqngoa&edtgegsgn tml%sq%"'éﬁ&'r%a
phase B. EXAMPLE 4 - figure 4 5The exanpl e 4 shows an exanpl e of

response towalkk8queRGHri NHLaSass 15 18 thkgicasert hg gasthbukbicne
2 and steamturbine 3 respond sinmultaneously. The steam turbine | oad

is reduced wrtild f2asf gmadoenér bywoaper, at ¢ ngrd he sst @amnadal S6é6 Obrovide
control 10 valves 12a of the steamturbine and the bypass 15 opens

t enpor ar 5l y adeiisippelt enkegge-doathagboflehe 14t eaim thie bisnead byurbine

directing the surplus in steam production into the condenser 13. The

gas turbi nee2giedudesort st | vadsubive tae sbram déegpdductaanivaze the
sufficient for generating the required load. In this case, the gas

t ur bi ne | oagdeagnahibsd Beecogka, 20b to produce the additional electric

power to supply to the grid 21; when needed, additional

energy 1s supplied to the boiler 11 by increasing the

10 thermodynamic features of the exhaust gas from the turbine

6, i.e. by increasing the fuel provided into the combustiocn

chamber 5.

EXAMPLE 3 - figure 3
15 The example 3 shows another example of response to a
frequency decrease.

The gas turbine 2 and steam turbine 3 respond
simvwltaneously; the steam turbine load is increased with
fast gradient by opening the throttled steam admission

20 control valves of the steam turbine 3.

The bypass 15 remains closed during loading of the
steam turbine engine 3 and the bypass 15 opens temporarily
to support only during de-loading of the steam turbine
engine 3 by directing the surplus in steam production into

25 the condenser 13.

The gas turbine 2 increases its load such that steam



negati ve.

Mor eover, the bypass 15 closes gradually to zero

during the stabilisation phase B. 20 EXAMPLE 5 - figure 5 In
this exanple the frequency of the grid increases from50 Hz to 50.2
Hz. In this case, the output power of the plant has to 25 decrease.
Since the power output of the plant priQ[ to the frequency 512/188-0

di sturbance is zero the additional reduc

ion of 12312/188-0 steam

as the-f

turbi ne_and dlodiat soh e 090 LaaUIds |10 RaLLYE ROWRITRAT Y

t he power plant.

e proposed net ho

charact eri stdsSngdththecabeamiurdy ngLenrol s the total |oad of the
conbi ned-cycl e power plant, the steamturbine has the capacity for

| oad augnentation and | oad reducti on,

10

15

20

25

EXAMPLE 4 - figure 4

The example 4 shows an example of response to a
frequency increase.

In this case the gas turbine 2 and steam turbine 3
respeond simultaneously. The steam turbine load is reduced
with fast gradient by operating the steam admission control
valves 12a of the steam turbine and the bypass 15 opens
temporarily to support the de—-loading of the steam turbine
3 by directing the surplus in steam production into the
condenser 13.

The gas turbine 2 reduces its load such that steam
production is sufficient for generating the regquired load.

In this case, the gas turbine load can alsc become
negative.

Moreover, the bypass 15 closes gradually to zero

during the stabilisation phase B.

EXAMPLE 5 - figure 5

In this example the frequency of the grid increases
from 50 Hz to 50.2 Hz,

In this case, the output power of the plant has *to
decrease. Since the power ocutput of the plant prior to the

frequency disturbance is zero the additional reduction of



with the demand for a |load variation (e.g. following a 10 frequency
deviation) the gas turbine load is preferably adjusted such that the
required total power output of the unit can be nmet on a sustainable
basis: a. Adjustnent of the gas turbine |oad may or may not be
required, b. If the adjustnment of the 935 turbine load is reqmzr/qgg_iot
is adjusted such that resulting change ih steam production is

sufficient tsocerg?@ttutr%gnreoragh logagagegﬁpgirﬁgrl59§ J}.[‘%Sg%ﬁs}_leinstaenaﬁctive

c. tenporary or sustained bypass operation suppor

turbi ne and gRgrebypuRit ok 0gde COMLOl51 e The steam turbine engine
responds i mredi ately to a change in total |oad demand for the power

plant. If required, the gas turbine load is adjusted sinultaneously
or with atine lag with 25respect to the steam turbi ne engi ne out put
| oad regul ati on. Th23B12)d88d Gnethod Had geBerallbhengt @MRIdHdHiIRG ics:
engi ne response to a change in total |oad demand for the conbi ned
cycl e pover planthes f$asdrer thhainthecorespinsetbé tieagas 1badbis® the
engi ne (load gradient of the steamturbine engine is higher than 5

t he | oad gradi encombinhé-gasls wdhigre rdrRgitne) . In practice the
materials used and the dinensions can be chosen at will according to
requi renents andthe tHdesmat etwfbinre apgs the capacity for load

augmentation and load reduction,
- with the demand for a load variation {(e.g. following a

10 frequency deviation) the gas turbine load is

preferably adjusted such that the required total power
output of the unit can be met on a sustainable basis:
a. Adjustment of the gas turbine load may or may not
be required,

15 b.If the adjustment of the gas turbine load is
required it 1is adjusted such that resulting
change in steam production is sufficient to meet
the total lcad demand for the unit,

c. temporary or sustained bypass operation supports

20 the steam turbkine and thereby unit lecad centrol,

d. The steam turbine engine responds immediately to
a change in total 1load demand for the power
plant. If required, the gas turbine load is
adjusted simultanecusly or with a time lag with

25 respect to the steam turbine engine output load

requlation.



14512/ 188- 0 REFERENCE NUMBERS | conbi ned cycl e power plant 2 gas
turbine engine 3 steamturbine engine 5 4 conpressor 5 conbustion
chanber 6 turbine 11 boiler 12 steamturbine 10 12a steam adm ssi on
control valve 13 condenser 14 punp 15 bypass 16 line

13 B12/188-0

In general the steam turbine engine response to a

change in total load demand for the combined cycle power
plant is faster than the response of the gas turbine engine
{load gradient of the steam turbine engine is higher than

5 the lcad gradient of the gas turbine engine). -

In practice the materials used and the dimensions can

be chesen at will accerding to requirements and to the

state of the art.



1517, 17a, 17b shaft 20, 20a, 20b generator 21 electric grid 22
electric line 25 power output increase of the steam turbine
engi ne 20 26 power output gradient of the gas turbine engine A
transi ent | oad variation phase of the regulation of the output |oad
of the steam turbine engine B stabilisatjon phase of the regukﬁbgggﬂ
of the output |oad of the steam turbine engine 25 C normalisation

phase of the regulation of the oMipMeriQadpkekhe steam turbine
engi ne 15812/188-0 D transient |oad variation phase of the

regul ation af Jdoh@iautipdycload,wi- thegas turbine engine E
stabilisation phase of the regulation of the output |oad of the gas

turbi ne engionga%s kunpinal ésain®n phase of the regulation of the
out put | oad of the gas turbine engine 16512/188-0
3 steam turbine engine
5 4 compressor
5 combustion chamber
6 turbine
11 boiler
12 steam turbine
10 1Z2a steam admission control valve
13 condenser
14 pump
15 bypass
l6 line
15 17, 17a, 17b shaft
20, 20a, 20b generator
21 electric grid
22 electric line
25 power output increase of the steam turbine engine
20 26 power output gradient of the gas turbine engine
A transient load variation phase of the regulation of the
output load of the steam turbine engine
B stabilisation phase of the regulation of the output load
of the steam turbine engine

25 C normalisation phase of the regulation of the output load

of the steam turbine engine



CLAIMS 1. A nethod for providing a frequency response for a conbi ned
cycle power plant (1) connected to an electric grid (21), wherein

5t he conbi ned cycle power plant (1) conprises a gas turbine engine
(2) and a steamturbine engine (3), the steamturbine engine (3)
conprises a boiler (11), a steamturbings(12), a punp (14), agi,/155-¢
condenser (13), a bypass (15) for the steamturbine (12), a steam
adm ssi on canty,QdnMalite (ckeA)vartiig i$heyRalWr eN& NG 1(:3): APESALES:
with the bypass (15) closed or at |least partly open to supply steam
fromthe boidgputllbatiockhensogdensernink3)ndypassi ng the steam
turbine (12), and/or wth the steam 15adm ssion control valve (12a)
at | east parmt |gtaepenssthennphhed eonphéstagulegidratd NocHdedsyuticad
| oad of the steamturbine engine (3) in response to a frequency
change of the& ehecyrsctygrbing 2dngine by regul ating the steam
adm ssion control valve 20(12a), and/or by regulating the steamfl ow
t hrough fhe Ffoppasal {93) 102, piRee net hiotk of el latrhoh, odharhecterticsed liomd
that al so the %%s turbi ne engine output load is adjusted. 3. The

met hod of clo&i Mg, 9eRakRERPER® sRED i t hat 25t he boiler (11) is
supplied with exhaust gas



di scharged fromthe gas turbine engine (2), and 17312/188-0 the gas
turbine engine output load is adjusted such that the anmbunt of steam
generated by the boiler (11) is sufficient to achieve the target | oad
of the steamturbine. 54.The nmethod of claim1, characterised in that
the regulation of the output |oad of theg.,steam turbine engine,(3).. ,
includes at |least a transient |oad variation phase (A a
stabilisation phase (B) 10an nornali zatjepnsphase (C). 5. The nethod
of claim2 and 4, characterised in that during the transient |oad

variation phase (A) fdindeoebat bepvohihhe Oututudad sfsidiesst eam 4
turbine engine (3) is faster than the regul ati on of the 15output | oad

of the gas turbinecanghee (Hcld. phwemethedrof (¢} ai dEnadkd, to an
characterised in that at the end of the nornmalization phase (C the
out put | oad of thelgasrturdyi® ggi,nevhe2eiand the output |oad of the
steam turbine engine (3) is the sane as 20 the output |oad of the
gas turbidne engi neéh¢2ocadnefe cywtlputedwead wfartthe( 5t eaompui demea gas
engi ne (3) before regul ation.
turbine engine (2) and a steam turbine engine (3},
the steam turbine engine (3} comprises a boiler (11},
a steam turbine (12), a pump (14}, a condenser (13),
a bypass (15) for the steam turbine (12), a steam
10 admission control valve (12a),
the steam turbine engine (3) operates with the bypass
{15) closed or at least partly open to supply steam
from the boiler (11} to the qondenser {13) bypassing
the steam turbine (12), and/or with the steam
15 admissicn contrcl valve {(12a) at least partly open,
the method comprising regulating the output load of
the steam turbine engine (3) 1in response to a
frequency change of the electric grid (21):
by regulating the steam admission control wvalve
20 (12a), and/or
by regulating the steam flow through the bypass (15).
2. The method of claim 1, characterised in that also the
gas turbine engine output load is adjusted.
3. The methed of claim 2, characterised in that

25 the boiler (11) is supplied with exhaust gas

discharged from the gas turbine engine (2), and



7. The nethod of claim2, characterised in that the adjustnent of the
out put | oad of the gas turbine 25engine (2) includes at |east a
transient | oad variation phase (D) 18512/188-0 an stabilisation
phase (E) an nornalization phase (F). 8. The nethod of claim4 and 7,
characterised in that the transient |oad,variation phase (A) 1 LhE
5 regul ation of the output |oad of the steam turbine engine ( ? IS

shorter than the E%@n%%%nkdf%QQev%EQQEEO%u&%@%eJ&ﬁﬁiTfy éigﬁsted uch
()76 The

adj ust mrent of the output |oad of the gas turbine engine

met hod of claim4:and ¥heChas@ct e5f SAGdr Jehdtatd bhecRorpsd isatian
phase (C) for the regulation of the output |oad of the steamturbine

engi ne (3) is shonkesuthapiéhe twramliessat itoe phaget (Fdad osf thes steam
adj ust mrent of the output |oad of the gas turbine engine (2). 1510. The
met hod of claim 2tuehanacterised in that the gas turbine engine
output load is adjusted sinultaneously or with a time lag with
respect to tdhe st &am tngBiate ehgiadeiout put dheadctegibadi am HlaThehe

met hod of claim1l, characterised in that the
regulation of the output load of the steam turbine

engine {3) includes at least
a transient load variation phase (A)
a stabkilisation phase (B)

10 an normalization phase (C).

5. The method of claim 2 and 4, characterised in that
during the transient load variation phase (A} the
regulation of the output load of the steam turbine
engine (3) 1is faster than the regulation of the

15 output load of the gas turbine engine (2).

6. The method of claim 2 and 4, characterised in that at
the end of the normalization phase {(C) the output
load of the gas turbine engine (2} and the output
lcad of the steam turbine engine (3} is the same as

20 the output lcad of the gas turbine engine (2} and the
output load of the steam turbine engine (3} before
regulation.

7. The method of c¢laim 2, characterised in that the
adjustment of the output load of the gas turbine

25 engine (2) includes at least

a transient load variation phase (D)



20 power output of the conbined cycle power plant (1) prior to the
frequency disturbance is zero and a frequency increase above the
nom nal val ue causes the steam turbine and/or gas turbine to reduce
| oad and yield to an inport of active power by the conbined 25cycle

power plant (1). 18 B12/188-0

an stabilisation phase (E)
an normalization phase (F}.

8. The methed of claim 4 and 7, characterised in that
the transient load wvariation phase (A} for the

5 regulation of the output lcad of the steam turkine
engine (3) 1s shorter than the transient load
variation phase (D) for the adjustment of the output
load of the gas turbine engine (2).

9. The method of claim 4 and 7, characterised in that

10 the normalisation phase (C) for the regulation of the
output load of the steam turbine engine (3) 1is
shorter than the normalisation phase (F) for the
adjustment of the output load of the gas turbine
engine (2).

15 10. The method of claim 2, characterised in that the gas
turbine engine output load is adjusted simultaneously
or with a time lag with respect to the steam turbine
engine output load regulation.

11. The method of ¢laim 1, characterised in that the

20 power output of the combined cycle power plant (1)
prior to the frequency disturbance is zero and a
frequency increase above the nominal value causes the
steam turbine and/or gas turbine to reduce load and
yield to an import of active power by the combined

25 cycle power plant (1).



