- 1 - METHOD FOR OPERATI NG A COMBI NED- CYCLE POWER PLANT FI ELD OF THE
| NVENTI ON 5The present invention relates to a nethod for operating at
m ni mum | oad a conbi ned-cycl e power plLant - conprising gas and steam
turbines, without producing electric power that is supplied to a
grid. BACKGROUND 10 At present tinmes, the production from
renewabl e energy sources being steadily grow ng, "conventional" power
plants will increasingly be required to take on additional tasks such
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15 large-scale energy storage systems, which are still far away from commercializa-
tion. Large fluctuations during the day require power generators to react quickly
to maintain the balance between demand and production. Under these circum-
stances, the power plants have to supply power to the grid in a flexible way: for
example, when the energy required by the grid is low they must be able to re-
20 duce the power supplied fo the grid up to zero and when the grid requires power
again they must be able to provide it very quickly (in some cases they must be
able to provide tens of megawatt in seconds).
In the last ten years, the key area of focus of conventional power sources
has been the switch from base load to intermediate load operation, and thus the
25 need for fast load ramps, shorter low-load and start-up times, and grid stabiliza-
tion. In addition, the demand for ancillary services such as provision of control
reserves and frequency support, as well as tertiary control reserves and load-
follow operation, has increased significantly. As a result, new operating require-
ments have emerged, such as two-shift operation, load-follow operation, island
30 operation, black start capability, frequency support and very high start-up and
operating reliability, in order to stabilize power grid dynamics and hence ensure

secure and economic electricity supply.



As the requirenents for |load cycling are changing and the expansi on

of renewables is increasing, "conventional" power plants wll have to
accommodate to periods in which there-ig an over- or under-capacity

of power. Depending on the country and power grid concerned, various
dynami c capabilities are required 5 to ensure security of supply,

such as primary control, secondary control, capability for island
operation, load rejection, black start capability, grid restoration
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shift operation®, that is, start-up and shut-down on a daily basis (and sometimes
several times per day) in order to compensate for fluctuations in load. Under
these operating conditions, it is essential that start-ups are able to take place
25  very rapidly and reliably, which is possible with combined cycle plants, due to the

relative simplicity of their fuel and combustion systems.

As it was mentioned, start-up reliability is becoming an increasingly impor-
tant issue and combined-cycle plants exhibit significant advantages over other
conventional technologies in this respect, due to the fact that they have the low-

30 est degree of complexity. Several start-up methods for combined-cycle power

plants are known in the state of the art, as per EP 2423462 A2, EP 0605156 A2,



As already stated, with the deregulation of the electricity market,

hi gh fuel prices and energing renewabl e energy, nore conbi ned-cycle
power plants are operated as peak | oad power plants, which can

t herefore adjust the power they supply as quickly as it is needed.
Thus, the power plant manufacturer nust design the conbi ned-cycle
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ment of the electrical network, particularly providing reliable start-up within a giv-
en time window. However, operating the power plant at the minimum possible
load has several problems:

- The de-loading of the power plant to the minimum load operation
25 leads to the over-stressing of the steam turbine materials. Below cer-
tain gas turbine operation range, reduced gas turbine exhaust tem-
perature leads to reduction of the Heat Recovery Steam Generator
(HRSG) steam temperature, consequently leading to cooling hot

steam turbine materials such as the rotor and the admission valves.
30 - The gas turbine is not capable to provide grid frequency support,
for example, primary response. Operation at minimum load does not

fulfill the transmission system requirements.



The m ninum | oad operation condition corresponds to that condition 15
where all turbines (both gas and steam turbines) of the power plant

are in operation (are online) and the-ldad that is produced (that is,
the total output |oad generated by all the turbines in the power

pl ant) does not exceed the house | oad consunption (that is, does not
exceed the | oad needed for internal consunption of the power plant).
Thus the | oad exported to the grid is zero. 20The nethod of the

i nvention is bas h rgl)_)\@f,

plant to the congﬁ?'%g%ﬁeo& éggrégp‘ﬁ%g({jbgg‘%%gjrgﬁcﬁ rﬂ%@gp F%Fslt&ﬂ tor to be
turbine is capabiadediseothengrovideidmoninimom patdiawen Toer pleabmuﬂtrb@ diso ca-

that in which  its conpr rlsoeratln snom . speed or to
oot oD ERIRe A& T0ad 2o BY 85 ebbsitle o o eratdit inteion, Seofieted
pr ovi des al ﬁﬁvdrb@pP&ﬁ@#nQQﬁ@%ﬁﬁ‘émé‘r@ianﬁ'd&ed@ tam ng the conpressor

in the gas turbine at nom nal speed. The steamturbine is also

de-loaded in coordination with the de | oadi ng of the gas turbine,
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bine is de-loaded to the minimum load condition corresponding to that in which
its compressor is operating at its nominal speed or to a condition lower than that,
in the case where the steam turbines provides also the load necessary for main-
25 taining the compressor in the gas turbine at nominal speed. The steam turbine is
also de-loaded in coordination with the de-loading of the gas turbine, that is, in
coordination with the load provided by the gas turbine. The minimum load condi-
tion of the steam turbine corresponds to that covering the internal auxiliary load
demand of the power plant and, if necessary, to an extra load needed for main-

30 taining the gas turbine compressor at its nominal speed.




25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
di scl oses a nethod for operating a conbi ned-cycle power plant as the
one schematically shown in Figure 1. 30Fhe power plant 1 conprises a
gas turbine 2 and a steam power genera- tion system 10: the gas

turbine 2 and the steam power generation system 10 activate (that is,
provi de excitation to) an electric generator 20 connectable to an -

6 - electric grid 21 via line 22. The gas turbine 2 conprises
a conpressor 3, Ac&Ssid ﬁﬁﬁ&?rof‘lhéﬁﬁvéhtfdﬁ t?hé"%!eE'lo f the tur-
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i nvent non. bine is alEbecapaeteot priomcmg pﬂmahefréqaénéy)s@pmt mothef power plant.
operating the conbi ned-cycle power plant 1 at mninmum | oad, where the
gas turbine 2 and the steamturbine 12 are connected (are online) and
the load that is produced (that is, the

BRIEF DESCRIPTION OF DRAWINGS

15 The foregoing objects and many of the attendant advantages of this in-
vention will become more readily appreciated as the same becomes better un-
derstood by reference to the following detailed description when taken in con-
junction with the accompanying drawings, wherein.

Figure 1 shows a schematic view of a combined-cycle power plant that

20 can be used to implement the method according to the invention.

Figure 2 shows the method for operating a combined-cycle power plant
similar to that in Figure 1 at minimum load, with the method according to the

present invention.

25
DETAILED DESCRIPTION OF THE INVENTION
The present invention discloses a method for operating a combined-cycle
power plant as the one schematically shown in Figure 1.
30 The power plant 1 comprises a gas turbine 2 and a steam power genera-

tion system 10: the gas turbine 2 and the steam power generation system 10

activate (that is, provide excitation to) an electric generator 20 connectable to an




20 total output |oad generated by the gas turbine 2 and the steam
power generation system 10 does not exceed the house | oad consunption
(that is, does not exceed the | oad needéd-for internal consunption of
the power plant 1), the |load exported to the grid 21 being equal to
zero or substantially equal to zero. 25According to the nethod of the
i nvention, the de-loading of the gas turbine 2 and of the steam
turbine 12 to reach the mninmum | oad operation condition of the

conbi ned- cygleetrRAYWRT 2PhRinelops coordinated, and is characterized as
follows: a) Starting fromthe plant 1 at base |oad or at part |oad
condi tion, the 30gagasuitbbine 2 camprishe & cempressdsi hea renshustiontehamber 4

de-l1oad. b)_The steam Lurhine 12 i s de-loaded to,the.condition,which
corre -t B BLRAE 5 TRRC R RariShe ARG & Isoied MR b by SR SHidizer 7
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The gas turbine 2 is de-loaded with a de-Ioadlgg.gradl ent whi ch _
ensur es 5t habustpd tetgeneratenpel gasasethat areexpanted inthe herbimeb Rty me-

5 Steam Ge r i s above the all owabl e tenperature required by
t he steamt%‘f%rﬁérl% pf%‘?erbef ore the steamturbine 12 has reached the

m ni mum | oad cornthé itgmir® 5\Wisthdrges dxnhbasdfiing gakes Bettait eaethen Riupglied to
12, the bypass 40 opens to reduce the steam pressure to a fixed
val ue, pr ef BeaBiegmpeewpeaenereton fyaternddh dhe stram eeves ggnesatinn system 10

more pref er gh ¥ndsd ¥eNer10ERE RN Hhedt IRe VB Btedth B8 Kiktor, HRSG) that

10 receives the flue gases 8 from the gas turbine 2 and produces steam that is ex-
panded in a steam turbine 12, comprising a stator 12a and a rotor 12b. Typically,
as shown in Figure 1, the steam power generation system 10 also comprises a
condenser 13 and a pump 14. The steam produced by the boiler 11 may be
dumped into the condenser 13 through a bypass line 40.

15 Different schemes to the exemplary one shown in Figure 1 are also pos-
sible for implementing the method of the invention.

The present invention relates to a method for operating the combined-
cycle power plant 1 at minimum load, where the gas turbine 2 and the steam
turbine 12 are connected (are online) and the load that is produced (that is, the

20 total output load generated by the gas turbine 2 and the steam power generation
system 10 does not exceed the house load consumption (that is, does not ex-
ceed the load needed for internal consumption of the power plant 1), the load
exported to the grid 21 being equal to zero or substantially equal to zero.

25 According to the method of the invention, the de-loading of the gas
turbine 2 and of the steam turbine 12 to reach the minimum load operation
condition of the combined-cycle power plant 1 is coordinated, and is char-
acterized as follows:

a) Starting from the plant 1 at base load or at part load condition, the

30 gas turbine 2 and the steam turbine 12 start to de-load.

b) The steam turbine 12 is de-loaded to the condition which corre-



e) The de-loading of the steamturbine 12 and the reduction of the
steam pressure by acting on the bypass 40 in the steam power
generation system 10 are chosen such thdt -t he m ni mum st eam t ur bi ne
12 15 |l oad and the m ni num steam pressure are reached prior to the
reduction of the steamtenperature caused by the reduction of the gas
turbine 2 exhaust tenperature during the de-loading of the gas
turbine 2. f) The gas turbine 2 stops de-loading as soon as the gas

turbine 2 |oad plugp bhas%%&éﬂ@dﬁﬁurﬁ%um%dw%&&al é’kzﬁd'ﬂed load to the

auxiliaries |oad 20demand, the load exported to the grid bei ng
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steam pressure by acting on the bypass 40 in the steam power gen-

eration system 10 are chosen such that the minimum steam turbine 12

15 load and the minimum steam pressure are reached prior to the reduc-
tion of the steam temperature caused by the reduction of the gas tur-

bine 2 exhaust temperature during the de-loading of the gas turbine 2.

f) The gas turbine 2 stops de-loading as soon as the gas turbine 2

load plus the steam turbine 12 load reach the plant auxiliaries load

20 demand, the load exported to the grid 21 being substantially equal to

ZEro.

In the method of the invention, the power plant 1 can operate at house

load condition (under step f) above, the total load exported to the grid 21 being

25 substantially equal to zero) with a connection breaker (not shown) connecting
the electric generator 20 to the grid 21 closed, so that the generator 20 is con-
nected to the grid 21 but does not provide any power to it, though the plant 1 can
provide load by the steam turbine 12 and the gas turbine 2, if required. Alterna-
tively, the electric generator 20 can also be disconnected to the grid 21, when

30 the cited breaker is open: in this situation, the steam turbine 12 and the gas tur-
bine 2 provide the load necessary for the plant auxiliaries, controlling at the

same time the plant frequency.



3 conpressor 10 4 conbustion chanber 5 turbine 6 fuel 7 oxidizer 8
flue gases 15 10 steam power generation system 11 boiler 12 steam
turbine 12a stator 12b rotor 2013 condergser 14 punp 20 electric
generator 21 grid 22 line 25 40 bypass |line

10

15

20

25

Although the present invention has been fully described in connec-
tion with preferred embodiments, it is evident that modifications may be
introduced within the scope thereof, not considering this as limited by these

embodiments, but by the contents of the following claims.

REFERENCE NUMBERS
1 power plant
2 gas turbine
3 compressor
4 combustion chamber
5 turbine
6 fuel
7 oxidizer
8 flue gases
10 steam power generation system
11 boiler
12 steam turbine
12a stator
12b rotor
13 condenser
14 pump
20 electric generator
21 grid
22 line
40 bypass line



-9- CLAIMS 1. Method for operating a conbi ned-cycle power plant (1),
the plant (1) conprising at |least a gas turbine (2) and at |east a
st eam power genera- 5 tion system (10), St he plant (1) activating at

| east one el ectric generator (20) connectable to an electric grid
(21), wherein the gas turbine (2) conprises a conpressor (3) and
wherein the steam power generation system (10) conprises a steam
turbine (12), a heat recovery steam generator (11) and a bypass |ine
(40), the nethodchaime characterized in o that the gas turbine (2)
de-loads to a condition, where the conpressor (3) operates at its
nom nal speed, the nethod being further characterized in that the
steamturbine (12) de-loads in coordination with the de-load of the

gas turbineq(2), M%tlﬁ)&%};jbbé%f‘in ér&rﬁﬁﬁeaqggig Feﬁér?ffé’rﬂrﬁgdtﬁ% pldift (1)

plant (1) to the grid (21) Is substantially al to zero, bein

15bot h the gas t%&h?ﬁsiﬁé)atﬁélht_tah@asghﬁﬁme@ hdtNeastd %aﬁ%’ﬁb@@k géRera-

connected. 2. The method of clainmil, characterized In that the stéam

turbineg(12) de- |l‘i&ﬂ§¥§t@nﬁ(mf‘%é ip%ts(q?fécﬁ@é’ﬂnrgt Q?Ié%@%ﬁbtélé?ﬂrig%érﬂe%tor

covers the 20 internal auxili‘ary I oad demand of” the plant (1

al so covers the |@af dappeeadly tdln BRICKI@GRENG 1Y hﬁ/h@ﬁ&iﬁﬁﬁ@s‘@f'as(@rbine (2}
operating at its nom nal speed. 3. Method according to any of clains

1-2, characterizegbrhpriédtats &diip@asof Y8y ar@bivRErelrPihd Stélfn | RAEdgeneration

followi ng a gradient such that the steamtenpera- ture at the outlet

of the heat recoy@,rsyerﬁt(ﬁaﬂt@m@ﬁééé arstédd) turisin@PeYe at MeatabboVEsteam gen-
tenperature required by the steamturbine (12), before the steam

turbine (12) has graasrh@d)tdiRl B ByFEs rad@pneé théthod BeinlyBdH@8cterized in

according to any of the previous clains, characterized in that with
t he dealgoadi ng ofthtihénes gasrutbindi(2p deddads tder byrdsen,| wherd tHe) comehsssor

to reduce the steampressure to a fixed value relative to the nom nal
pressure. S (3) operates at its nominal speed, the method being further character-
ized in that the steam turbine (12) de-loads in coordination with the de-
load of the gas turbine (2), to a condition where the total load exported
by the plant (1) to the grid (21) is substantially equal to zero, being
15 both the gas turbine (2) and the steam power generation system (10)

connected.

2. The method of claim 1, characterized in that the steam turbine (12)
de-loads to a condition such that the steam turbine (12) covers the

20 internal auxiliary load demand of the plant (1) and also covers the
load necessary for maintaining the compressor (3) operating at its

nominal speed.

3. Method according to any of claims 1-2, characterized in that the gas tur-

25 bine (2) is de-loaded following a gradient such that the steam tempera-
ture at the outlet of the heat recovery steam generator (11) is above the

allowable temperature required by the steam turbine (12), before the

steam turbine (12) has reached the minimum load condition.



5. Method according to claim4, characterized in that the bypass |ine
(40) opens to reduce the steampressure to a fixed val ue between 15%
and 100% of the nom nal pressure. 106-Miéhed according to claim4,
characterized in that the bypass line (40) opens to reduce the steam
pressure to a fixed val ue between 30% and 50% of the nom nal

pressure. 7. Method according to any of clains 4-6, characterized in
that the de- 15l oading of the steamturbine (12) and the reduction of

the steam pges- syiethdd ad€didiy & atnbeoﬂot{"@%)?e\}ltblﬂ? clel, cRafdt€ertARRIR that

power generation system (10) are such that the mni mum st eam t ur bi ne
(12) load and thewmnmherdmlea@amqﬁrtbeﬁ&améu@nn@é‘bﬂieﬁqobypassﬂmet(hl@) opens

reduction of the stea te erature caused b duct | f

turbine (2) exhau t I pgteg{rh'péew?&a %Hc ﬁe\qu'deold'? V813 t'%'g B&?'nal
turbine (2). 8. MsicRegreaccording to any of the previous clains,
characterized in that the generator (20) is connected to the grid

(21). 2%9. Method according to any of clains 1-7, characterized in

that the gehera- tMﬂthQQ(a)chsjim@ $e clawacd echdraoterizee igthat thal)ypass line (40)

10. Met hod accor di n to an reV| ous cl harac i zed, |

that the R B A Tb RSy, Bl el VAL bEME % and
support to the p'ﬂﬁﬁ%(ol?)thé))‘ioﬁﬂﬁéltﬂrégstﬂ'@ a steam turbine control

val ve.

10 6. Method according to claim 4, characterized in that the bypass line (40)
opens to reduce the steam pressure to a fixed value between 30% and

50% of the nominal pressure.

7. Method according to any of claims 4-6, characterized in that the de-

15 loading of the steam turbine (12) and the reduction of the steam pres-
sure by acting on the bypass line (40) in the steam power generation

system (10) are such that the minimum steam turbine (12) load and the

minimum steam pressure are reached prior to the reduction of the steam

temperature caused by the reduction of the gas turbine (2) exhaust tem-

20 perature during the de-loading of the gas turbine (2).

8. Method according to any of the previous claims, characterized in that the

generator (20) is connected to the grid (21).

25 9. Method according to any of claims 1-7, characterized in that the genera-
tor (20) is disconnected from the grid (21).

10. Method according to any of the previous claims, characterized in that the
steam turbine (12) provides primary frequency support to the plant (1) by

30 acting on a steam turbine control valve.



