METHOD FOR OPERATNG A POWNER PLANT TECHNI CAL FI ELD The preeent
invention relates to a nethod for operating a power plant. In
particular in the followi ng reference to conbi ned power plants is
made. BACKGROUND Traditionally, power plants such as conbi ned. power
10 plants (i.e. power plants including gas and steam turbi nes)
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to connect a conbi ned power piaht (with. gaa turbine and steam
turbine) to a gri.d this nmethod includes the foll ow ng steps:

BACKGROUND
Traditionally, power plants such as combined power
10 plants (i.e. power plants including gas and steam turbines)
produce the base electric power that is supplied to the
grid.

With the deregulation of the energy market, increased
fuel prices and diffusion of renewable energiés, combined

15 power plants are more and more used to comply with peak
power requests.

In order to comply with peak power requests, combined
power plants are required to adapt their operation (in
particular the power supplied to the grid) very fast; in

20 other words they must be able to operate with great
flexibility. For example, when the energy required by the
grid is low they must be able to reduce the power supplied
to the grid up to zero and when the grid requires power
again they must be able to provide it very quickly (in some

25 cases they must be able to provide tens of megawatt in

seconds) .



inafirst. step the gas turbine ha8 full speed but. does not supply
any power to the grid. (in addition the breaker is open). During this
step the steamturbine loads up; - in a second step the breaker is
closed, During this step the steamturbine further |oado up; - in a.
third step the power plant energises thezgrid Al so during. this step
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- 1in a second step the breaker is closed. During this
step the steam turbine further loads up:

10 - 1in a third step the power plant energises the grid.

Also during this step the steam turbine loads up;

- 1in a fourth step the power plant supplies power to the
grid. During this step the steam turbine further loads
up.

15 It is thus apparent that during the first through
fourth steps the steam turbine does not supply any power to
the grid, namely the steam turbine 1is in a transient,
loading up operation.

For this reason the method above could have some

20 drawbacks.

In fact, when the steam turbine i1is in transient
operation, it is not able to supply any power to the grid;
the power plant could thus not be able to satisfy a sudden
power request from the grid. For example, 1in some cases

25 sudden power requests from the grid can be so large as 50

MW/s or more.



This and further aspects are attained according to the invention by

pi ovi dl ng nethods in accordance with the acconpahying cl ai ns, WBRI EF
DESCRI PTI ON OF THE DRAW NGS Further characteristicsand advant aoesof

tho invention will be nore apparent. fromthe description of a
preferred but nor-exclusive enbodi nent of. the method, illustrated by
way of non -limting exanple in the )5 acconpanyi ng draw ngs, in

whi ch. : Figures 1 and 2 are schematic views of. conbi nod power

pl ants that can be used to inplenent EB@MKE hod; Figures 3 and 4 show
two enbodi nents of the nethod; Figures and 6 show enbodi nents of a.
start up of the 20 power plant, to bring it to a condition in which

it is connected 2 theSgki 8 (CVFi O St Herl bredkEr” opent8HSné) Ravide
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This and further aspects are attained according to the
invention by providing methods in accordance with the

accompanying claims.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Further characteristics and advantages of the
invention will be more apparent from the description of a
preferred but non-exclusive embodiment of the method,
illustrated by way of non-limiting example in the
15 accompanying drawings, in which:
Figures 1 and 2 are schematic views of combined power
plants that can be used to implement the method;
Figures 3 and 4 show two embodiments of the method;
Figures 5 and 6 show embodiments of a start up of the
20 power plant, to bring it to a condition in which it 1is
connected to the grid (with either breaker open or not) but
without supplying any power to it; and
Figures 7 and 8 show embodiments of unload of the
power plant, to bring it to a condition in which it 1is
25 connected to the grid (with either breaker open or not) but

without supplying any power to it.



DETAI LED DESCRI PTI ON OF EMBODI MENT' S OF THE | NVENTI ON The net hod can
be inplenented in a power plant: 8cl:enetically described in figure
1. The power plant 1 includes a ga8 turbine 2 having a
conpressor 3, a conkaiustion chanber 4 and a turbine S. The
conmbueti on chanber 4 is fed with fuel 6 4nd. oxidiser 7 (usually air
conpressed in the conpressor 3); fuel 6 and oxidiser 7 are conbusted
to generate hot cases that are expanded in the turbine 5 to gether

h I The  t uxbi 5 disch f 8
That are.t hen st iiep it BT et BENEREEN S 4P cFhe, 1HF=RRESH
t t t 10 hol.| I Il ed Heat
Recovery St cam CLRBr aPGr"PHSC) APhab ot odBRIGEPHET | 06 odeed 11T o 12t

t he gas turbkge 2 andlg guces % amthat is xpanbed in a steam
turbi ne 12 SHehara Vs 85 L dRGENSLr f?ugﬁd a punp 14 are provi ded.

Th b d

e &?‘??é“rg'eﬂiri{l%‘?pféfeirirr%ﬁﬁ“ﬁd PG Rt 0530 g A 61 AT

22. 2_sh f a different t

thi's 1 gur e RRESRaNBOrE | harelrEs Eane HPakp e{%“ %%%“%LEH? W rosthe

al r eady deSSr gtl chamibdl t Pé"""%rec{" b Ofe fdd “Eela%E;F f.%% ofi Lhe 5
E

gas turbine"2 d"steam power genera %n sys At es

one el ectri egﬁggﬁgt Jﬁ§0§?mé$QSSe&h 3%9%?§8ﬁ§552§0§n 20bf L€ @ and

in turn con rc gl‘l I nes 2’an are

connect ed m%%Pd§ggg thSEe.ﬁéh %' % é%ﬁg¥a€QfE8Ee §g§e@ﬁ%5n§&e

anyhow possi perating a po pl ant

descrlbﬁg 5e%bgpdé f%ﬁe@%% E%rg %r% %oi%%t ﬁfgpgﬁ? gaéﬂgﬂr the

met hod, eady operation o t he po ine 2

generat es a {1 " Sk OULBYE nB0YET 30, g1y ter. than zaro,. the, 51 eqm pover -

generation system 10 generates a seco out put power. greater.
than then supplied to a steam power generation system 10; the

steam power generation system 10 has a boiler 11 (also
called Heat Recovery Steam Generator HRSG) that receives

15 the flue gases 8 from the gas turbine 2 and produces steam
that is expanded in a steam turbine 12. As usual, also a
condenser 13 and a pump 14 are provided.

The gas turbine 2 and steam power generation system 10
activate an electric generator 20 connected to an electric

20 grid 21 via line 22.

Figure 2 shows an example of a different power plant;
in this figure same numbers indicate same or similar
components to those already described.

In the power plant of figure 2 each of the gas turbine

25 2 and steam power generation system 10 activates one

electric generator 20a, 20b; the generators 20a and 20b are



10 zero, and the total generated power 32 (the total generated power.
$2 being the sumof the first and second out put power 30.31) is
substantially equal to a house | oad 33 of the power plant 1. The
house | oad. 33 corresponds to that power that nast 15 be ptovided to
or produced by the power plant 1 to suppPy the auxiliaries and for

its internal. use. Thus, when operati at.. the house | oad 33 the
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generation. system 10.
10 zero, and the total generated power 32 (the total generated

power 32 being the sum of the first and second output power
30, 31) is substantially equal to a house load 33 of the
power plant 1.
The house load 33 corresponds to that power that must
15 be provided to or produced by the power plant 1 to supply
the auxiliaries and for its internal wuse. Thus, when
operating at the house load 33, the power plant produces
power for its internal use but it 1s not able to
substantially supply any power to the grid 21. In this
20 respect, reference 32 indicates that the power supplied to
the grid is zero.

Preferably, during this operation at steady state the
electric generator 20 is connected to the grid 21 (i.e. the
breaker is closed); therefore the generator 20 energises

25 the grid 21 but does not provide any power to it.

Alternatively the electric generator 20 can also be not



In this respect -xgure 4 shows that the steam power generation system
| U generates an output. power 31. larger 45 than the house | oad. 33
and the gas tutbine 2 requites power (becanse the output power 30 is
negative), Since the positive output power 31 cpnpensate for the
negati ve out put power. 30; the total genér ated power 32 (ttlat is

supplied to the grid 21) is zero, .20Wen operating under these
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can produce a negative power or, 1in other words, can
require power to operate (mainly to operate the

10 compressor); in this case the power needed for the gas
turbine operation is provided by the steam power generation
system 10.

In this respect figure 4 shows that the steam power
generation system 10 generates an output power 31 larger

15 than the house load 33 and the gas turbine 2 requires power
(because the output power 30 is negative). Since the
positive output power 31 compensate for the negative output
power 30, the total generated power 32 (that is supplied to
the grid 21) is zero.

20 When operating under these conditions, the power plant
1 is ready to provide large power to the grid 21 in very
short time periods, because both the gas turbine 2 and the
steam power generation system 10 are already in working
conditions (either connected to the grid 21 or not). In

25 addition these <conditions can be maintained for 1long

periods, such that the power plant 1 can be continuously



START UP The start up is described with reference to figure 5,
that shows the output power 30 of the gas turbine 2, the output power
31 of the steam power generation system 10 and the total generated.
power 32 (equal to the sum of the ontput power 30 and 31), In
order to start up t e power plaht 1 the &as turbine 2 is storted no
and | oaded up i u to thejégyse | oad 3 .and is then
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power plant supply electric power to the grid 21 (thus the
power plant must be unloaded).
10
START UP
The start up is described with reference to figure 5,
that shows the output power 30 of the gas turbine 2, the
output power 31 of the steam power generation system 10 and
15 the total generated power 32 (equal to the sum of the
output power 30 and 31).
In order to start up the power plant 1 the gas turbine
2 is started up and loaded up in a step 45 up to the house
load 33 and is then maintained at the house load 33 (step
20 406).
In addition, during the step 46 the steam power
generation system 10 is started up (i.e. it is accelerated
up to the synchronism speed) and is then loaded up in a
step 47; in these conditions the steam power generation
25 system 10 generates a second output power 31 greater than

Zero.



Woperate.; as already explained, in this case the power reghdren by
the gas turbine 2 can be provided by the steam power gEne."-ati.(in
sT),(tem 10 that c:.... m generate an clap:it power 31 greater than

t he house | oan 33, such that the power 31 conpensates for the power..
30 and the totad M generated power 32 isssubstantially zero.
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the gas required by the gas turbine 2 can be provided by the steam
power generation system 10 that can generate an output
power 31 greater than the house load 33, such that the
power 31 compensates for the power 30 and the total
15 generated power 32 is substantially =zero.

The plant 1 is then maintained in a steady operation
with the total generated power 32 substantially equal to
the house load 33 (i.e. no power is supplied to the grid
21).

20 Advantageously, the electric generator 20 is connected
to the grid 21; in this condition, since the power plant 1
only produces a power equal to the house load 33, the power
plant 1 does not provide any power to the grid 21.

Within the boiler 11 steam is generated that is then

25 expanded in the steam turbine 12; in addition the turbine

12 has a stator 12a and a rotor 12b. Preferably while the



turbine 2, the second ontp-ut power 31 of the steam power generation.
system 10, the, total generated powem 32 20:.corresponding to the

power supplied to the gr. d 21) and the house |load 33. Staruin froma
steady operation hzl with the power plant 1 that supplies power to

the grid 21, the nethod. cozprises a steB 55 of decreasing the first
out put power 30 25 of the gas_turbine 2. In a preferred enPodi nent of
thepn'et Iﬁod, OYhBUFi Pﬁwe&ut%(gt °hower i%a%eEPéﬁéﬁg %p to g@ﬁF‘éé‘ée&‘ éurlng
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generation &Br&Q? %qdég the steam exchanges heat with the rotor 12b

5 the steam temperature cannot be too different from the
temperature of the same rotor 12b, because it can cause
high stress. For this reason the temperature of the steam
should preferably be close to the temperature of the rotor
12b.

10

UNLOAD

The reduction of output power to bring a power plant 1
from a condition in which it supplies power to the grid 21
to a condition in which it is connected to the grid 21 but

15 does not supply any power to it is described with reference
to figure 7.

Figure 7 shows the first output power 30 of the gas
turbine 2, the second output power 31 of the steam power
generation system 10, the total generated power 32

20 (corresponding to the power supplied to the grid 21) and
the house load 33.

Starting from a steady operation 54 with the power
plant 1 that supplies power to the grid 21, the method
comprises a step 55 of decreasing the first output power 30

25 of the gas turbine 2. In a preferred embodiment of the

method, the first output power is decreased up to achieve a



11 Then, in a step 56, the second output pswer 31 ct the steam
power generation system 10 is decreased to a. stable operation (while
the first output. power 30 of the gas Wturbine 2 is naintained
substantially constant) and in a subsequent step 57 the first output.
power 30 of the as turbine 2 is further d#&creased, such that the

totai. generated power. 32, i.e., the SUMof the first and second
out put powef 139781 SHEEHUEETPEY e SgAS™PRBIHE 2/ 1did % dii & O pote?

generation system 10 is substantially. equal to the house | oad 33 of

t he power plant Ebrlng éaﬁ%yﬁh?sf s s%ﬂo%QaﬂBFEuFnpﬁﬁﬁéhgﬁoﬁﬁgtﬁ%eam
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mai nt ai ned FE a steady operation (step 58), with tte total generated.
power 32 fl substantially equal to a house |oad 3% of the power

plant. L. = oIbg pover, plant deof flovce fahas the Lupine 5. e cpe

steam turbine 12 and’génerator connect e ough“one~“singl e s
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such. as fo%p@%@%ﬁ%ﬁ t?Qthgertﬁ%E”PifQE f%ﬂ%%ﬁtz—power 30 of the gas

10 turbine 2 is maintained substantially constant) and in a
subsequent step 57 the first output power 30 of the gas
turbine 2 is further decreased, such that the total
generated power 32, i.e. the sum of the first and second
output power 30, 31 produced by the gas turbine 2 and steam

15 power generation system 10 is substantially equal to the
house load 33 of the power plant 1.

Figure 7 shows an example in which both the gas
turbine 2 and the steam power generation system 10 generate
a positive first power output 30 and second power output

20 31.

Figure 8 shows an example in which the output power 30
of the gas turbine 2 is reduced up to below zero. In this
case the gas turbine 2 requires power to operate, this
power is supplied by the steam power generation system 10.

25 Thus the power plant is maintained in a steady

operation (step 58), with the total generated power 32



In this case the gas turbine 2 (or each gas turbine 2 if nore than

one gas turbine is provided and the steam W pbwer generation system
10 ; or each steam power gpneration system 10 if nore of themare

provi ded) are connected to generators 20a, 20b that are connected to
the grid 21, The power tranpfer fron1the1§tean1pomer generation
systam 10 to th S r bi ne ;when this is needed) can _ocPur via

the 15 gri dSoPSTANCOPHDY GRHS 1116 St BEHPBoSI ehbIat | DS &tmatant
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power from the gr.. 5 21. (its generator 20b works as a notor) such
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In this case the gas turbine 2 (or each gas turbine 2
if more than one gas turbine is provided) and the steam
10 power generation system 10 (or each steam power generation
system 10 if more of them are provided) are connected to
generators 20a, 20b that are connected to the grid 21. The
power transfer from the steam power generation system 10 to
the gas turbine 2 (when this is needed) can occur via the
15 grid 21. In other words the steam power generation system
10 can provide power to the grid 21 and the gas turbine 2
can adsorb power from the grid 21 (its generator 20b works
as a motor) such that the total generated power (that is
supplied to the grid 21 and being the difference between
20 the power supplied by the steam power generation system 10
and the power adsorbed by the gas turbine 2) is zero.
In addition or alternatively the power can be
transferred directly between the generators 20a, 20b via
the line 23.
25 Additionally, it is also possible disconnecting the

power plant 1 from the grid 21.



REFERENCE NUMBERS 1 power plant 2 gas turbine 3 cpnpressor 4
conmbusti on chanber 5 turbine 6 rue' 7 oxidiser' 8 flue geses 10 10
st eam power generation system 11 boiler 12 turbine 12a stator

12
Naturally the features described may be independently
provided from one another.
In practice materials and dimensions can be chosen at

will according to requirements and to the state of the art.



12b rotor ]5 13 condenser 14 punp 20, 23a, 206 elentrie generator 21
orid 22 line 20 23 line 30 (30a) first outpub power from2 31
(31a) second output power from 12 32 total qgpnerated power (30-M1)
33 housed 2545, 46, 47, steps 54, 55, 561357 st eps

REFERENCE NUMBERS
1 power plant
2 gas turbine
3 compressor
5 4 combustion chamber
5 turbine
6 fuel
7 oxidiser
8 flue gases
10 10 steam power generation system
11 boiler
12 turbine
12a stator
12b rotor
15 13 condenser
14 pump
20, 20a, 20b electric generator
21 grid
22 line
20 23 line
30 (30a) first output power from 2
31 (31la) second output power from 12
32 total generated power (30+31)
33 house load
25 45, 46, 47, steps

54, 55, 56, 57 steps



15 1. Metded for operating a. power plant (1.) conprising a gas
turbine (2) and a steam power generation system (10) that activate at
| east. one electric generator (20), wherein the gas turbine produces
flue gases (8) that are supplied into a boiler (U ) of the steam
power generation. system (10), characterised in that in a st eady
operation the gas turbine (2) generates a. first output power. (30)
greater or e55"Fhan zero, the steam power generation. system (10)
generates a second output power (31) greater than zero, and the total
gener ate& power (32) being the sumof the first. and second out put
power (30, 31) is substantially equal to a house |oan (33) of the
power plant (I), 15 2, Method according to claim 1, characterised
in that. the steam power generation system (1.0) generatea a second.
out put power (31) larger. than the house load. (33), and in that the
power generated by the steam power generation system (10) in excess
of the house 20l oad (33) is used to drive the gas turbine (2), 3,
Met hod according to claipa |, characterised in that. the electric
generator (20) is connected to a grid (21). Method fri T starting. up
a power plant (1) conprising. a gas turbine (2) and a steam power
generation system (10) that activate at |east one electric generator
(20), wherein the gas turbine (2) produces flue gases (8) that. are
supplied into a boiler ()_11 of the steam power generation system
(10), characterised by: starting up and | bading up the gas turbine
(2) for 5 it to generate a. first output power (30) greater than
zero and substantially equal to house | oan, then.



Start if:9. up and :Load i.304 up the st:eam power generation system
(10) fot it to genetate a second 10out put power (31) greater then.
zero, Wwhile the steam power generation system (10) is | oaded up,
decreasing the first output power ;30) while the total generated
power (32) being the sum of the first amd second out put power (30,
31) is 1l5substantially equal to a hougg 4 $ (33) of the power plant
(1), then maintaining the power plant % ﬁ@'n a. steady operation

LD the total depeLgLad maner 48, syvst Al L eal o Bulee
et actorf e by SUNSGLLTR e 1 SELTLC SIS A8 (0 L5 e
the boiler (1) SEBM ichfengretsdethale 13atben, expandedy;Ln 0 fleor
5 (20), wherein the gas turbine (2) produces flue gases
(8) that are supplied into a boiler (11) of the steam
power generation system (10), characterised in that
in a steady operation the gas turbine (2) generates a
first output power (30) greater or less than zero,
10 the steam power generation system (10) generates a
second output power (31) greater than zero, and the
total generated power (32) being the sum of the first
and second output power (30, 31) is substantially

equal to a house load (33) of the power plant (1).
15 2. Method according to claim 1, characterised in that
the steam power generation system (10) generates a
second output power (31) larger than the house load
(33), and in that the power generated by the steam
power generation system (10) in excess of the house

20 load (33) is used to drive the gas turbine (2).

3. Method according to claim 1, characterised in that

the electric generator (20) 1is connected to a grid

(21) .
4, Method for starting up a power plant (1) comprising a
25 gas turbine (2) and a steam power generation system

(10) that activate at least one electric generator



17 steam power generation syaten (10), the turbine (12) has a
stator (1.2a) and. a rotor (12b), whi | e decreeeing the
first output. power (30), the 5.gas turb:Lne (2) is regulated to get
a steam m ni numtenperature conpatible with the rotor (12b).
|.Method to :::: r adid C1. nq the pO\J\Er of power plant ( 1. )
conprising a gas t ine (2) .and. a steam neration Sy

C{ &F epases

(10) that activat éléggt /| FREECdHe G BTt ator®
0 e () s ug anser () 01t sl nie .,
oi | er 0

ithin the boil 1 t t dt i th

turbi ne (12) of C18° te)ﬁe%&%%?r‘?‘:ts Sher VGarE a(t]:b@ e expa”@ﬁﬁ%vm ?

ot hod conpr i Si ngr -2 #bhT Sbs RGBT FPEE e it a%mé&%ts?ﬁ Gt hié‘i for

turbine (2), then 207, degMeasidyl & Sgce] %s%uta%p&owsowg]%l)(s% Peeator

than zero and substantially equal to house load,
then
— starting up and loading wup the steam power
generation system (10) for it to generate a second
10 output power (31) greater then zero,
— while the steam power generation system (10) 1is
loaded up, decreasing the first output power (30)
while the total generated power (32) being the sum
of the first and second output power (30, 31) is
15 substantially equal to a house locad (33) of the
power plant (1), then
— maintaining the power plant (1) in a steady
operation with the total generated power (32)
substantially equal to a house load (33) of the
20 power plant (1).
O Method according to claim 4, characterised by
connecting the electric generator (20) to a grid
(21) s
6. Method according to claim 4, characterised in that:
25 - within the boiler (11) steam is generated that is

then expanded in one or more turbines (12) of the



power generation system (10), then - farther decreasing the first.

out put power (30) of. the gas tuTbine (2), such that the total

gener ated power (32) being sumof. the first and second 28out put
power (30, 31) is substantially equal to _a. house load (33) of the
power plant (1), then - maintaining the bomer plant (1) in a. steady
operation with the totel enerated power g%g%_ syl tantially equal to
a. house | oad (3§§68P PR ﬁoﬂgpeﬁﬁgﬁpn( g,'W8t'hod accerding to

claim7, characterised in th t dur the first decre t he

first output power (3g51 fllnrest ]g%t puts p8v\€rta(d°§ﬁ) F@ ec?@gsé‘d ot
to achieve a m ni ggg&steamterrperature conpatible wth the rotor

(12b), 10 9,thhé ¢ctding to claim 7, characterised by tho

di sconnecting the-pomﬁﬁiggaggcgégsgﬁgnkkg 9risd (R %kut power (30), the

5 gas turbine (2) 1s regulated to get a steam minimum
temperature compatible with the rotor (12b).

7. Method for reducing the power of power plant (1)
comprising a gas turbine (2) and a steam power
generation system (10) that activate at least one

10 electric generator (20), wherein the gas turbine (2)
produces flue gases (8) that are supplied into a
boiler . (11) of the steam power generation system
(10), wherein within the boiler (11) steam is
generated that is then expanded in a turbine (12) of

15 the steam power generation system (10), and wherein
the turbine (12) has a stator (12a) and a rotor
(12b), the method comprising:

— decreasing a first output power (30) of the gas
turbine (2), then

20 — decreasing a second output power (31) of the steam

power generation system (10), then

— further decreasing the first output power (30) of
the gas turbine (2), such that the total generated
power (32) being sum of the first and second

25 output power (30, 31) is substantially equal to a

house load (33) of the power plant (1), then



10

18
— maintaining the power plant (1) in a steady
operation with the total generated power (32)
substantially equal to a house load (33) of the
power plant (1).
Method according to claim 7, characterised in that
during the first decreasing of the first output power
(30), the first output power (30) is decreased up to
achieve a minimum steam temperature compatible with
the rotor (12b).
Method according to claim 7, characterised by the

disconnecting the power plant (1) from the grid (21).



