
DESCRIPTION METHOD FOR OPERATING A COMMED CYCLE POWER PLANT TECHNICAL
FIELD   The present invention relates to the field of power plant
technology. It refers to a 20 method for operating a combined cycle
power plant according to the preamble of claim 1. BACKGROUND OF THE N
VENT C)N M the even; of a tote; breakdown of the ea:etrica
transmission system (AC network); seiected power-generating unZto
have the caoatty for restonhp the network. On account of the very
irktzed SZe of the network,t a; very dwzook, however, to mainkaM the
bogance between power generation end power
IonRsaooneectJenoe tneeo. ireouency ono,wzzzozz are conskjeraUe
compared wfth the norma conclitionp for the network operatMn,
Independently of the type of plant which is provided and set up for
carrying such a black start, the capability for accepting the
immediate satisfaction of demand blocks, which lie typically within
the range of 30 - 50 MW, is required. The power-generating unit must
be in the position to control the frequency and voltage level within
acceptable limits when satisfying such blocks. Large power plants are
particularly suitable for the restoration of networks. An example of
such a suitable power plant is a combined cycle power plant, as is
shown schernatically and greatly simplified in Fig. 1. The combined
cycle power 10plant 10 of Fig, 1 comprises a gas turbine 11 and a
water-steam cycle 12 which are interlinked via a heat restoration
steam generator 13. The gas turbine 11 draws in air 19 by a
compressor 15, compresses this, and discharges it to a combustion
chamber 16, to which a fuel 20 is fed, The fuel 20 is combusted with
the aid of the compressed air and produces a hot gas which is
expanded in a 15subsequent turbine 17, performing work, in the
process, the turbine 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 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,  3 A method for the primary control of
a combined cycle power plant operating on the network is generally
known from printed publication US 2009/0320493 Al, in which by the
corresponding operation of a valve which acts upon the steam turbine
a reserve power of the steam turbine is constantly held in readiness
in order to boost the network frequency in the event of a 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 modules of a
combined cycle power plant, the transient 10operation of the gas
turbine can lead to significant changes in the exhaust temperature.
This generally necessitates the arrangement of a bypass stack, This
can be an important point when judging whether a gas-turbine module
of a combined cycle power plant is suitable for a black start or not,
15Modern high-peiformance gas turbines are particularly well-suited
for network restoration. The flexibility during the operation of
these machines within the range of low outputs, however, is
restricted in general by process limitations. In the general case, an
individual unit cannot therefore fulfill the aforesaid requirements
for the entire operating range. 20 SUMMARY OF THE N'VE:INTiON R is
therefore the object of the invention to disciose a method for
operating a 25 combined cvde power dant with which network
restoration can be achieved in a simpie and rehable manner. 



The oMect is achieved by means of the sum tOtai of the features of
dawn :30 The invention relates to a method for operating a combined
cycie power giant, which :::iamprissett a gas turbine and a steam
turbthe which, via a connected electric 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
producing steam for the steam turbine. The method is 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,
wherein the operating point of the gas turbine is selected so that a
minimum steam temperature is achieved for the steam turbine, in a
second step, in island mode, the steam turbine is synchronized and
ramped up to an operating point at which a maximum power increase can
be achieved, wherein the resulting load change of 10 the steam
turbine is compensated by the gas turbine, 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, in a fifth step the load of the
steam turbine is gradually reduced for increasing its load-increasing
capacity, and steps three to five are repeated until 15 the base load
of the combined cycle power plant is achieved. One embodiment of the
method according toinvention is distinguished fact that in the first
step provision is made for the minimum steam temperature which is
determined or controlled on account of the rotor temperature of the
steam 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 25temperature 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 fromgas turbine, and
therefore entering the waste heat boiler, are sufficiently high so as
to allow such a minimum  5 steam temperature. in order to bring about
such a steam temperature, one of a iarge number of optimum operating
points for the gas turbine can be selected. Depending upon the type
of gas turbine, an operating point can be established inter alia by
means of parameters such as fuel quantity, air feed temperature or 5
guide wheel adjustments. 



Another embodiment is characterized in that in the second step the
total output power is used for the station service of the combined
cycle power plant and; depending upon the optimurn operating point of
the gas turbine: the steam turbine 10alone: or the steam turbine and
the gas turbine together, or the gas turbine alone, nr.m.F:dcs thes,
ne.w.N.1-CnruNe. internen ,l consumers. ,"," internal" Another
embodiment is characterized in that the surplus power in island 'node
which cannot be used by the internal consumers can be used for
operating th 15 gas-turbine compressor ( Another embodiment is
characterized in that in island mode of the power plant the current
generated hy generators (18, 24) corresponds to a connected
alternatinc; 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 it must also be operated, however, so as to observe, for
example, emissions limit values, which in lower load ranges limits
the operati  range of the gas turbine, If a sharper and quicker load
increase is demanded and only the gas turbine operated, an gap
between demanded load increase and oad increase realized by means of
the gas turbine can be formed. This gap can be covered in this case
by means of the additional operation of the steam turbine, Yet
another embodiment of the invention is characterized in that as a
result of a permanent provision of the demanded load by the steam
turbine the load ranges the gas turbine operation which are
restricted by process or emissions limits, are avoided. According to
another embodiment, the steam turbine possibility of load increasing
and of load decreasing of ti provided. 



perated so that both the turbine is  A further embodiment a
chqnctedzed in that a minimum load of the steam turbine is maintained
in such a way that in the case of singie-shaft configurations opening
oupiing, or in the case of muitishaft configurations opening of the
generator circuitbreaker. is avoided. 20 BRIEF EXPLANATION OF THE
FIGURES The invention shail subsequently be explained in more detail
based on exemplary. embodiments in conjunction with the drawing. In
the drawing 25shows the on:lc:pie construction o a combined ow:is
cower eioot, as ;s suitabie tor intpietnenting the method according
to the :nvenuon; shows different time curves urinn the svncnron7atmn
cyt the $0steam turbine of a combined oyde power Mont during a Hack
start according to an exempiary embodiment of the method soot:Ming to
the invention;  Fig, 3shows different time curves when a load block
is being corm to a combined cycle power plant according to an
exemplaiy embodiment of the method according to the invention; Fig,
4shows different Ume curves during theed cycle power plant after the
connection of a load block accorthng to xernplary embodiment of the
method according to the 10 Fig. 5shows the further connection of a
load block and the timeces associated therewith. 



15 WAYS FOR IMPLEMENTING THE INVENTION The method accoto the
invention is nescd on a tuned controftng "toes turbine and steam
turbine over the entire operating range of the plant (from station
service up to base load). The method is suitable in this case both
for singleshatt plants and for multishaft plants and is distinguished
by the foilowing advantages: Larger demand blocks can be connected.
The contribution of the steam turbine compensates in this case for
possibi-HmtaUonS for the gas turbine operation in the load range in
the event of a) process e.,,,,-ieering limitations, ac ) flue
gas-induced limitations. On account of the superior dynamic
characteristics of the steam turbine, improved control stability is
created. Ili. A capacity of the network restoration which extends up
to the base load of the combined cycle power plant is created. :110IV
A bypass stack is not necessary because excessive fluctuations in the
gas temperature can be avoided,  The types of operation of the
combined cycle power plant within the scope of the invention shall
subsequently be explained in more detail with reference to Figs. 2 -
5. Hg. 2 relates in this case to the synchronization of the steam
turbine, wherein in the figure as we as in the other figures - power
outputs (in megawatts) over timeseconds) are plotted on the ieft-hand
scale, and the frequency (in Hz) over time (in seconds) is plotted on
the right-hand scale. The curve (a) (in all the Figures 2 - 5)
represents the time characteristic of the thermal power of the
combined cycle power plant (CC PWR THERM), the curve (b) represents
the corresponding power consumption (LOAD CONSUMPTION), the curve (0)
represents the corresponding thermal power of the gas turbine (OT PWR
THERM), the curve (d) represents the corresponding thermal power of
the steam turbine (ST PWR THERM), the curve (e) represents the
corresponding frequency of the gas turbine (FREQ GT) and the curie
(f) represents the corresponding frequency of the steam turbine (FREQ
ST). 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 neces steam
temperature is primarily determined by the rotor temperature of the
steam turbine. The steam turbine is synchronized ("synchronization of
Sr in Fig. 2) and is 



ramped up in power according to curve (d) to an ideai 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  9 gas turbine is ramped down
("negative GT power output" of the curve (c); the constant curve (b)
repreinternal consumption, the total thermal power (a)    he sum of
the thermal gas4urbine power (e) and the thermal steam-turbine power
(d)). 5 Fig, a relates to theconnection of load blocks. After the
connection of a block of consumer ads (steplike increase ("consumer
load step') in curve (b)), the gas nd the steam turbine react at the
same time to the frequency change d therewith (at the start, this is
a "frequency fall"; curve (f)). The 10coordination of both turbines
is subject to the following characteristics: I. The general procedure
is with some adjustments in the same way as has been described in
printed publication US 2009/0320493 Al. The deviation betvveen bad
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 - totaliy 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 20avoiding load ranges
with restricted gas turbine operation (process-indueed or
emissions-induced limitations). II. 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 turbined
is always bentained in order to avoid opening of the coupling (in the
case of single-shaft -igurations), or 30opening of the generator
circuit-breaker (in the case of multishaft configurations). 



10 Fig. 4. relates to stabilization after connection of the load
blocks. After frequency stabilization, the Want 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
(d)) and consequently its capacity for a load increase is increased.
The subsequent limits are created for the reduction of the steam
turbine iced: I. A minimum capacity for load reductions must be made
available in order to maintain the system stabiiity (operating ranges
with limited reaction capability of the gas turbine). 10II. A minimum
steam turbine load ("min. ST load" in curve (d)) must he 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). ID. It may be possible
that the steam turbine has to cover a portion of the 18 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. lV. The steam turbine is ramped up as soon as the predetermined
capacity for the transient load increase is reached ("max. ST load
increase capacity 20reached" 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 (0)), wherein the steam turbine is throttled back
again as gas turbine power 28increases. The connection of load blocks
and the subsequent stabilization according to Figs. 3 - 5 are
repeated consecutively until the base bad of the combined cycle power
plant is achieved. 30 LIST OF DESIGNATIONS 



11  10  Combined cycle power plant  11  Gas turbine  12  Water-steam
cycle  13  Waste heat steam generator  14 



Control unit  15  Compressor  16  Combustion chamber  17  Turbine
18: 24 Generator 10 19 



Air  20  Fuel    Flue gas  22  Flue gas stack  23  Steam turbine 15
25 



Condenser    Feedwater pump  27  Evaporator  28  (AC) network
Steam-turbine (Si) bypass station  12 



PATENT CLANS        1. A method for operating a combined cycle power
plant (10), which compgas) and a steam turbine (23) which, via a
connected electric generator (18, 24) in each case, generate
alternating voltage of an       ed frequency and deliver it to an AC
network (28), wherein the flue gas 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 1
mode, internal consumers are supplied by the gas turbine (11),
vvherein the 10operating 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
15 network-side power consumption corresponds to zero PM, in a third
step consumer loads are connected block by block, in a fourth step
the increase in the demanded bad 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 graditaily reduced for
increasing its load-increasing capacity, and steps three to five are
20repeated 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 or 2, characterized in tha 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 30the gas turbine (11), the steam turbine (23) alone, or the steam
turbine (23) and the gas turbine (11) toggas turbine (11) alone,
provides the power for the internal consumers.         4. The method
as claimed in one of olaiins 1 -3, characterized in that in the
second step the surplus power in island mode which cannot be used by
the internal consumer can be used for operating the gas-turbine.
compressor (15). 6. The method as claimed in one of olairns 1 - 4,
characterized that d second step in island mode of the power plant
(10) the current generated 



by generators (18, 24) corresponds to a connected alternating current
network (28) zero. 10        6. The method as claimed in one of
dawnscharacterized in that in the fourth step the demanded load is
provided by a coordinated and simultaneous reaction of gas turbine
(11), steam turbine (23) and ST bypass stations (29), wherein the
network frequency is selectively controlled by the gas turbine (11)
or 15 the steam turbine (23)        7. The method as claimed in one
of claims 1 - 6, characterized in that in the te.p the demanded load
is provided totaliy by the steam turbine (23), or the      gap
between a demanded load and the total reaction of the gas turoine
(11) is 20 covered by the steam turbine        8. The method as
ciaimed in one of claims I - 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 25emissions limitations are avoided,     9. The method as
ci imed in one of ciaims 1 steam turbine (23) is operated so that
both the pos (.1 decrease of the steam turbine (23) is provided,
terized in that the of load increase and of         10. The method as
claimeone of claims 1 - 9, characterized in that a  14 single-shalt
configurations opening of the coupling, or in the case of muttichaft
configurations opening of the generator circuit-tmeaker, is avoided, 


