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(57) Abstract: To start a combined cycle thermal plant for energy- production from an off -state to an operational state, once the
minimum warm-up time of the steam turbine (ST) having been set, as well as the pressure of the warm-up steam, it is necessary to

O determine the steam optimum temperature to avoid stressing or straining the mechanical parts of the turbine itself.
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A method to start up a combined cycle thermal plant for
energy production £rom an off-state to an operational

state.

The present invention refers to a method for the
start-up of a combined cycle thermal plant for energy
producticn from an off-state to an operational state
according to the preamble of claim 1.

Within the range of the present invention,
expressions like “functional group” and similar
expressions indicate a precisely set sequence  of
successive operations automatically operated and 1inked
between them; substantially said expressions are used to
indicate a macro-instruction formed by a plu‘fality of
minor instructions linked between them both functionally
and temporally.

Plants for the production of electric energy of the
above specified type are known as combined cycle plants
since they have a recovery steam cycle subordinate to a
first thermal cycle through which they generate electric
energy by exploiting one or more gas and generator turbine
groups. These energy production plants are widespread
nowadays thanks to their high flexibility of use allowing
to change within a very large percentage range and in a
reasonable lapse of time the quantity of energy produced,

while maintaining a good total efficiency once the plant
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has reached substantially operating conditions.

Advantageously, combined cycle thermal plants can be
stopped and started up again within a reduced lapse of
time, thus being particularly suit for supplying daily
energy need peaks.

To this respect, it must be underlined that what
makes the use of said plants lucrative is the possibility
of wvarying from zero to the highest wvalue the energy
production, combined to the plant quickness when passing
from an off-state to an operational state at the required
load.

The requirement to meet when combined cycle plants
are concerned is that of determining how long before to
stért the plant, particularly the first gas turbine, or
master gas turbine, in order to have the steam generator
pressurized and be able to start the steam turbine so as
to supply at the set hour the energy required by the net
administrator.

As concerns the gas turbine start-up and the
pressurization of its relative steam generator, so as to
have steam at the pressure required to feed the steam
turbine, it must be underlined that it ‘is easy to
determine the timing since:

- the gas turbine needs a start-up time of about 15

minutes to cause the gas turbine reach the minimum
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technical level set for this specific turbine and

- the steam generator is pressurized according to a
congtant C°/minute pressure increase ratio, specifyiqg
that this ratioc may differ according to the steam
generator start-up state, i.e. a "“cold”, “warm” or “"hot”
state.

Differently, the start-up of the steam turbine
positioned after the gas turbine and the Ssteam generator
groups 1is a more delicate operation since feeding the
turbine stages with too hot or too cold steam with respect
te the temperature of the turbine stages themselves would
cause these stages a thermal stress and strain which could
jeopardize their goeds functioning irreversibly or cause
an early ageing.

To avoid thermal stress to the turbine FStages,
especially high and medium pressure stages, the best
solution would be to maximize thé warm-up time of the
turbine.

Basically, while the timing of the start-up

operations of the gas turbine and of the following

pressurization of the steam generator up to the required

value can be easily estimated, the warm-up timing of the
steam turbine changes according to the specific
temperature starting conditions of the turbine.

All the above being stated, it is self-evident that
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managing thermal combined cycle plants for the production
of electric energy is particularly difficult during the so
called transient phases, namely the transient phase where
the plant turns from an off-state to an operational state.

At present, 1f from an off-state the plant needs to
be started up quickly to face a scheduled energy request
by the net administrator, the plant will be started early
enough relying on the operator's experience who manages
the plant functioning to avoid stressing the steém turbine
stages too much while also trying to minimize the steam
turbine warm-up in consideration of the aforementioned
reasons.

It is almost unnecessary to remark that the aleatory
and decisional discreticnary power of the operator
handling the plant functioning to reduce as much as
possible the warm-up time of the steam turbine without
jeopardizing its structure may be considered as a problem.

From the above stated, it highlights thev need to
operate the combined cycle plants of the aforementioned
type with a start-up sequence being able, in the shortest
possible delay, to turn the plant from an off-state to a
totally operational state, through a start-up procedure:

- being as optimized as possible, in order to reduce
the mechanical and thermal stress of the components,

namely of the steam turbine stages,
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- allowing to reduce at minimum the transient phases
timing, especially of the steam turbine warm-up and

- allowing reducing at minimum possible errors by
limiting chiefly the discretionary power of the operator.

The problem at the basis of the present invention is
that of devising and developing a method for the start-up
of a combined cycle thermal plant for the production of
electric energy from an off-state to an operatiqnal state
able to meet said needs, While also solving aforementioned
drawbacks with reference to the prior art.

This problem is solved by a method for the start-up
of a combined cycle thermal plant for energy production
from an off-state to an operational state according to
claim 1.

Further features and advantages ©of the method
according to this invention will enhance from the
description hereinafter detailed of one preferred example
embodiment thereof, given for indicating and not limiting
purposes, with reference to the following figures:

- figure 1 represents a schematic and diagram view of
a combined cycle thermal plant for energy production
wherein to implement the method according to this
invention and

- figure 2 shows the typical curves of a steam

turbine.
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In accordance with what shown in figure 1, the
thermal plant for energy production comprises:

- a first TGl gas turbine and generator group,

- a first GRV1 recovery steam generator to
regenerate the latent heat of the exhaust gases c¢f the
first TGl gas turbine and generator group;

- a second TG2 gas turbine and generator group,

- a second GRV2 7recovery steam generator to
regenerate the latent heat of the exhaust gases of the
second TG2 gas turbine and generator group;

- a TV steam turbine with low, medium and high
pressure stages Dbeing in fluid communication with the
first GRV1 steam generator through steam lines at high,
medium and low pressure, AP, MP and BP respectively;

- a CAP high pressure steam collector, a CMP medium
pressure steam collector and a CBP low pressure steam
collector to create a steam parallelism at high, medium
and, respectively, low pressure between the first GRV1
steam generator and the second GRV2 steam generator, the
CAP high pressure steam collector, the CMP medium
pressure steam collector and the CBP low pressure steam
collector being respectively in fluid communication with
AP' gteam lines at high pressure, MP' at medium pressure
and BP' at 1low pressure through which the different

stages of the TV steam turbine are fed and
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-a generator coupled to the steam turbine.

Each said stage of the TV steam turbine comprises its
respective nozzle/steam distributor through which steam is
introduced inside the wheel chamber of its respective
high, medium and low pressure stage.

According to this invention the plant also comprises
valve means and similar means opening or closing which it
is possible to change the plant working conditions. Said
valve means are not illustrated in the figure scheme and
are not detailed hereinafter since they are well known to
a technician of the sector.

Furthermore, the plant according to this invention
comprises detection and check means to monitor and detect
a plurality of parameters connected to the state of the
different components of said plant, namely: of the TGl and
TG2 first and second gas turbine and generator group, of
the GRV1 and GRV2 first and second steam generator and of
TV steam turbine. Particularly, said means can monitor
physical parameters like temperature, pressure, delivery,
etc., or parameteré connected to  the functioning
conditions such as the opening or closing state of a valve
or the revolution speed of a rotor etc...

Advantageously, the plant according to this
invention comprises a DCS control and processing unit

(not illustrated in the figure for the sake of simplicity
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of representation) where to memorize:

- each single functional group sequence necessary to
obtain the start/stop of each component 6f the plant
starting from the plant being partially or totally off
and/or operational and

- the different plant conditions to be detected by
the detection and check means to then give the green light
to the execution of the functional groups still to be
executed;

Advantageously, the control and processging unit is
connected to said detection and check means in order to:

- acquire and process information concerning the
functioning and/or malfunctioning state of the different
components of the plant and

- further to a reguest for a specific start/stop
sequence among the memorized start/stop seguences, set in
operation automatically and in succession the functional
groups of said specific sequence, subordinate to the
detection by the monitoring means of all the different
necessary plant conditions needing to be wverified in
order to allow the start-up of each functional group, by
c¢hecking the correct execution of each functional group
having been started up.

As results from what above detailed, in the plant

control and processing unit it is possible to memorize the
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sequences of functional groups in addition to the single
functional group, i.e. more functional groups linked
between them according to an optimal and set sequence,
corresponding to the different start-up or stop
procedures, both total or partial, of the plant according
to the invention. At the same time, in said plant control
and processing unit it 1is also possible to memorize the
specific and different local conditions of the different
plant components and of the remaining parts of the plant
itself which must be detected to give the green light for
the execution of the functional groups still to be
executed. This 1is possible thanks to the fact that the
plant control and processing unit continuously detects the
specific and different local conditions of the plant
components and of the further parts of the plant itself
while comparing the detected wvalues with the reference
values (i.e. suitable to give the permission) and when
finds a value correspondence allows the automatic starting
of the following functional groups of the specific
start/stoﬁ sequence reguired.

Substantially, the plant control and processirig unit
allows the automatic and linked execution of the different
functional groups that compose the required sequence
thanks to a systematic and automatic control suitable to

give the green light to the execution of a specific
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functional group as soon as the values detected by the
control and detection means after having been communicated
to the control and processing unit meet the requirements
memorized in the control and processing unit to give the
consensus for the execution of the functional groups still
to be executed.

Therefore, the linkage between the different
functional groups necessary to have a start-up or stop
sequence, total or partial, of the plant, does not depend

on the experience and free will of the plant operator any
longer, but is assured in its best and repeatable form, by
the control and processing unit of the plant.

Specifically referring to the start-up proéedure of
the combined c¢ycle thermal plant as above detailed
starting from an off-state to get tb a fully operational
state, i.e. having both the turbine and steam generator
groups working and the steam parallelism executed to feed
the steam turbine, the start-up phases comprise, in order,
the following functional groups sequence:

GF1A: prearrangement of the start up of gaid
first TGl gas turbine and generator group;

GF2A: Start up of said first TGl gas turbine and
generator group and pressurization of said first GRV1

steam generator;

GF3A: Warm up and load increase of said TV steam

10
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turbine after the start-up of said first TGl gas turbine
and generator group with vacuum in the condenser;

GF4A: prearrangement of the start-up of said
second TG2 gas turbine and generator group;

GF5A: Start-up of said second TG2 gas turbine
and generator group and pressurization of said second
GRV2 steam generator and

GF6A: Insertion of a steam parallelism between
said second GRV2 steam generator and said first GRV1
steam generator through said CAP high pressure steam, CMP
medium pressure and CBP low pressure collectors feeding
respectively said high, medium and low pressure stages of
said TV steam turbine.

The start-up time of the plant from an off-state to
a configuration where a first TGl turbine and generator
group 1s set in operation and the TV steam turbine is
activated comprise the sum of the following times:

- washing and start-up time of TGl gas turbine;

- pressurization time of GRV1 steam generator and

- warm-up time of TVl steam turbine and

- load increase time of TV steam turbine.

As concerns the washing and start-up time of TGl gas
turbine (up to the sgynchronization) the total time is
generally 15 minutes.

The pressurization time of GRV1 steam generator may

11



WO 2012/131575 PCT/IB2012/051450

be determined in the following way:

- determine the specific pressure increase ratio in
time of GRV1 steam generator on the basis of the features
of GRV1 specific steam generator and of the thermal load

5 transferred to said GRV1 steam generator by the gases of
TGl gas turbine;

- detect the initial temperature inside GRV1 steam
generator;

- calculate the difference in temperature between

10 the steam temperature mnecessary to warm up TV steam
turbine and said initial temperature inside GRV1 steam
generator;

- define the minimum pressurization time for GRV1
steam generator by dividing said difference in

15 temperature by said pressure increase ratio of the steam
generator. |

The pressurization time of the steam generator 1is
generally about thirty wminutes (for hot start-up) and
ninety minutes (for cold start-up).

20 As a rule, the preferred T, warm-up time is to be
comprised within three hours (for cold starts) and
fifteen minutes (for hot starts)

Once having defined both the T, warm-up time and the
pressure needed to execute the warm-up, more specifically

25 the Py, warm-up pressure for the high pressure stage and

12
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the P, warm-up pressure for the low pressure stage, you
must determine the warm-up steam temperature so as to
avoid that TV steam turbine stages undergo excessive
thermal stresses and/or strain which could irreversibly
jeopardize their good functioning.

To this purpose the 6,; steam optimum temperature to
be introduced 1in the high pressure stage of TV steam
turbine in order to execute the warm-up in the T, set time
with steam at Pn set pressure can be determined as
follows:

a) establishing for the specific TV steam turbine a
correlation between the minimum warm-up time to Dbe
implemented for TV steam turbine taking into account the
difference in temperature between the temperature of the
steam introduced inside the wheel chamber of the high
pressure stage of TV steam turbine and the métal
temperature of the wheel chamber of the high pressure
stage of TV steam turbine;

b) determining on the basis of said set T, warm-up
time and of said correlation the maximum A6, allowable
difference in temperature between the temperature of the
steam introduced in the wheel chamber of the high
pressure stage and the temperature of the metal of the
wheel chamber of the high pressure stage;

¢) detecting the 06, temperature of the wheel chamber

13
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metal of the high pressure stage;

d) determining, taking into account the geometrical
and structural features o©of the specific nozzle/steam
distributor , the AH; enthalpy drop corresponding to the
enthalpy decrease that the steam undergoes when passing
through the nozzle/steam distributor .0f the high
pressure stage;

e) determining the H; calculated enthalpy of the
steam to be introduced into TV turbine by wmaking the
algebraic sum of said AH, enthalpy drop and the enthalpy
of some steam having a pressure equal to said P, warm-up
pressure and a temperature equal to the algebraic sum of
said 0O, detected temperature of the wheel chamber metal
of the high pressure stage and of said maximum allowable
difference in A61 temperature;

f) on the basis of said H, calculated enthalpy and of
said set P, warm-up pressure determine the 6,; temperature
of the steam to be introduced inside TV steam turbine so

as to be able to warm up sald TV steam turbine within

said T, set warm-up time through a steam at P, warm-up

pressure.

Preferably, if the turbine comprises more stages, it
is advisable to repeat steps from a) to £f) for the medium
pressure stage also. Therefore, the 8,; temperature of the

steam to be introduced inside the medium pressure stage

14
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of TV steam turbine so as to be able to warm up said TV
steam turbine within said T, set warm-up time With steam
at Pn pressure 1is properly calculated in the following
way:

a’) establishing for the specific TV steam turbine a
correlation between the minimum warm-up time to be
implemented for TV steam turbine taking into account the
difference in temperature between the temperature of the
steam introduced inside the wheel chamber of the medium
pressure stage of TV steam turbine and the wheel chamber
metal temperature of the medium pressure stage of TV
steam turbine;

b’) determining on the basis of said set T, warm-up
time and of said correlation the maximum A6, allowable
difference in temperature between the temperature of the
steam introduced in the wheel chamber of the medium
pressure stage and the temperature of the wheel chamber
metal of the medium pressure stage;

¢’) detecting the 6, temperature of the wheel
chamber metal of the medium pressure stage;

d’) determining, taking intc account the geometrical
and structural features of the specific nozzle/steam
distributor , the AH; enthalpy drop corresponding to the
enthalpy decrease the steam undergoes when passing

through the nozzle/steam distributor of the medium

15
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pressure stage;

e’) determining the H; calculated enthalpy of the
steam to be introduced irito TV turbine by making the
algebraic sum of said AH, enthalpy drop and the enthalpy
of a steam having a pressure equal to said Pm warm-up
pressure and a temperature equal to the algebraic sum of
said detected 9, temperature of the wheel chamber metal
of the medium pressure stage and of sald maximum
allowable difference in A82 temperature;

£/) on the basis of said H2z calculated enthalpy and
of said set P, warm-up pressure determine the 6,
temperature of the steam to be introduced inside TV steam
turbine so as to be able to warm up said TV steam turbine
within said T, set warm-up time through steam at P, warm-
up pressure.

Once it having been determined the 86y; perfect steam
temperature for the high pressure stage and the 6,
perfect steam temperature for the medium pressure stage,
it is necessary to choose the gas turbine load sc as to
generate steam having a temperature as close as possible
to the set 6y e 6y, best detected values, also by cooling
, if necessary, the steam for the stage needing a lower
temperature steam.

Therefore the TV steam turbine is warmed up by

steam having a temperature equal to the highest

16
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temperature between said 6.; set temperature for the high
pressure stage and said 6,; set temperature for the medium
pressure stage.

In order to have an even heating of each stage of
TV steam turbine it is advisable to lengthen the warm-up
time by one or more time intervals, during which the
steam turbine rotates at an intermediate constant speed.

Once the specific features of the plant known,
namely of TV steam turbine and of the nozzle/steam
distributor s geometry, said correlations and said
enthalpy drops, along with the values connecting the
steam enthalpy to pressure and volume, can be entered in
the control and process unit of the plant, so that said
control and process unit will automatically determine
both the ©,; steam temperature most suitable for the high
pressure stage and the 0O,; steam temperature most suitable
for the medium pressure stage.

As an alternative, it 1is self-evident that it is
possible to determine the 6, perfect steam temperature for

one specific turbine stage by wusing graphs 1like the

graphs shown in figure 12, commonly known as mismatch

cards.

With reference to figure 2 it is underlined that this
same figure shows four graphs, labelled respectively with

I, II, III e IV to be explained as follows.

17
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Graph I

It reports on the axis of abscissae the enthalpy
value (expressed in Kcal/kg in the example) of the steam
introduced in the TV steam turbine stage.

It reports the steam pressure (expressed in BAR in
the example) on the axis of ordinates.

The reported iscotherm lines allow to calculate the
steam enthalpy at a set pressure taking intoc account the
specific temperature (expressed in °C in the example) of
the steam in a specific moment. It is a vphysical

correlation independent from the type of steam turbine

being used. Therefore, graph I indicates the steam

enthalpy value once pressure and temperature having been

set.

Gragh I1

It reports on the axis of abscissae the enthalpy
value (expressed in Kcal/kg in the example) of the steam
introduced in the TV sgteam turbine.

It reports on the axis of ordinates the steam
temperature (expressed in °C in the example) after the
nozzle/steam distributor through which the steam must
pass to enter the wheel chamber of the turbine stage. |

Practically:

- once the steam warm-up enthalpy known, i.e. the

steam enthalpy necessary to feed the TV steam turbine,

18
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and

- once the specific configuration of said
nozzle/steam distributor known,
it is possible to determine the enthalpy drop, namely the
enthalpy decrease, of the steam while passing through
said nozzle/steam distributor, so as to determine the
exact temperature of the steam while entering the wheel
chamber of the steam turbine stage.

Obviously, since while passing through said
nozzle/steam distributor, steam undergoes a loss in
enthalpy, the steam temperature on entering the wheel
chamber of the TV steam turbine stage will always be
lower than the temperature of steam introduced in v
steam turbine.

Then, taking into account the features‘ of the
specific nozzle/steam distributor, graph II reports the
relation through which it is possible to determine the
temperature of the steam introduced in the wheel chamber
of the steam turbine stage on the basis of the enthalpy
of the steam having been introduced, that is to say
taking into account the temperature and pressure
introduced in the TV steam turbine. This relation can be
calculated theoretically taking into account the geometry
of the specific nozzle/steam distributor and, as an

alternative, can be noted down by way of experiment

19
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during the functioning of the turbine or by testing
separately the nozzle/steam distributor.

The relation reported in graph IT has been
formulated by the steam turbine producer and is included
in the handbook going with the steam turbine.

Graph ITI

It reports on the axis of abscissae the AT
difference in temperature (expressed in °C) between the
temperature of the steam introduced in the first chamber
of the TV steam turbine stage and the metal temperature
of the first chamber of the TV steam turbine stage.

On the axis of ordinates it reports the temperature
(expressed in °C in the example) of the steam introduced
in the wheel chamber of the TV steam turbine stage, that
is to say of the steam after said nozzle/steam
distributor through which the steam must pass to enter
the wheel chamber of the turbine stage.

Once you know the temperature of the wheel chamber
metal of the turbine stage, represented by one of the
isotherm 1lines (expressed in ©°C in the example),
reporting in the graph on the axis of ordinates the value
of the steam temperature introduced in the wheel chamber
up to intersecting horizontally the isotherm 1line
corresponding to the value of the metal temperature of

the turbine wheel chamber, you will read on the axis of

20
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abscissae the value of the AT difference in temperature
(expressed in °C in the example) between the inlet steam
temperature and the wheel chamber metal temperature of

the turbine stage.

Gragh Iv

It reports on the axis of abscissae the AT
difference in temperature (expressed in °C) between the
temperature of the steam introduced in the first chamber
of the TV steam turbine stage and the metal temperature
of the wheel chamber of the TV steam turbine stage.
on the axis of ordinates it reports the warm-up time
(expressed in minutes) of the steam turbine.

Basically, the line in graph IV defines a
correlation suitable to underline the minimum warm-up
time of TV steam turbine taking into account the
difference in temperaturé between the temperature of the
steam introduced in the wheel chamber of TV steam turbine
stage and the temperature of the metal of TV steam
turbine stage. Substantially by choosing a time
combination of warm-up time and of the AT difference in
temperature along the graphic line you can be sure of
avoiding to stress thermally and structurally the steam
turbine stage (TV).

For each specific TV steam turbine, the producer of

the steam turbine has developed graph IV and includes it

21
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in the documents supplied with the steam turbine.
Khk * kkk

It goes without saying it being necessary to count
with said graphs for each stage of the steam turbine you
need to calculate the perfect temperature of steam to be
introduced without stressing the turbine and minimizing
the warm-up time of the turbine itself.

For example, with reference to graphs of figure 2,
if you want to warm up the steam turbine within fifteen
minutes having a temperature of the metal of the stage
first chamber of 250°C and a steam pressure of 140 bar,
on the basis of said graphs you will have an optimum
steam temperature equal to 500 °C.

To obtain said value it is necessary to:

- follow the axis of ordinates in graphic IV with
the chosen warm-up time as far as you meet the optimum
curve;

- go down as far as meeting in graph III the
isotherm curve corresponding to the surveyed temperature
of the wheel chamber metal (in the example 250° C);

- move along the axis of abscissae in graph III up
to meeting the represented curve;

- go up from graph II as to meet the isobar
corresponding to the pressure value of the available

steam (in the example 140 BAR) and, in the intersection

22
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identified by the isothermal 1line passing by said
intersection point.

As can be appreciated from what has been described,
the method according to the present invention allows
meeting above mentioned needs and at the same time
overcoming the drawbacks referred to in the introductory
part of the present description with reference to the
prior art. As a matter of fact, even when defining a warm-
up time short at will (generally not lower than ten
minutes), so as to reduce the plant start-up time, thanks
to the method according to the present invention it is
possible to determine the exact temperature of the steam
to be produced in the steam generator so as to be able to
warm up the steam turbine within said time without
exerting thermal stress and/or excessive mechanicallstrain
on the turbine components.

Obviously, a technical expert, may apply several
modifications and arrangements to the above detailed
method in order to satisfy contingent and specific needs
but without exceeding the range of the protection of the

present invention as defined by the following claims

*khkk * K%k
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CLAIMS

1. A method to minimize the time for the start up of a
combined cycle thermal plant for energy production from
an off-state to an operational state, said combined cycle
thermal plant for energy production comprising a first
gas turbine and generator group (TGl), a first recovery
steam generator (GRV1l) to regenerate the latent heat of
the exhaust gases of said first gas turbine and generator
group (TGl), a steam turbine (TV) and a generator coupled
to szaid steam turbine (TV), wherein:

- said first steam generator (GRV1) is in fluid
communication with said steam turbine (TV),

- said steam generator (GRV1l) is kinematic coupled

to said steam turbine (TV) to be rotaticnally operated

and,

- said plant comprises detection and check means to
monitor and detect a plurality of parameters connected to
the correct functioning and/or malfunctioning of said
first gas turbine group (TGl) and steam generatér (GRV1)
and, respectively of said steam turbine (TV},

- a first stage of said steam turbine comprises a
wheel chamber to be fed with steam produced by said steam
generator (GRV1) through a nozzle/steam distributor ,
wherein the start-up phases of the plant starting from an

off-state comprise, in order, the following sequence of
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functional groups:

GF1A: Prearranging said first gas turbine and generator
group (TGl) for start-up;

GF2A: Start-up of said first gas turbine and generator
group (TGl) and pressurization of said first steam
generator (GRV1);

GF3A: Warming up and load increase of said steam
turbine (TV) with steam at a set pressure coming
from said steam generator (GRV1);

wherein the start-up time of the plant starting from an

off-state comprises the sum of the following times:

- time for washing and start-up of the gas turbine

(TG1) ;

pressurization time of the steam generator (GRV1)

{

and

warm-up time of the steam turbine (TV);
characterized in that the 6,; steam optimum temperature to
be introduced in the steam turbine in order to execute
the warm-up of sald steam turbine (TV) with steam at a Py
set warm-up pressure and for a set T, warm-up time can be
determined as follows:

a) establishing for the specific steam turbine (TV)
a correlation between the minimum warm-up time to be
implemented for the steam turbine (TV) taking into

account the difference in temperature Dbetween the
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temperature of the steam introduced inside the wheel
chamber of said first stage of the steam turbine (TV) and
the metal temperature of the wheel chamber of said first
stage of the steam turbine (TV);

b) determining on the basis of said set T, warm-up
time and of said correlation the maximum AB8; allowable
difference in temperature between the temperature of the
steam introduced in the wheel <chamber of sgaid first
stage of the steam turbine (TV) and the temperature of
the metal of the wheel chamber of said first stage of the
steam turbine (TV);

¢) detecting the 06, temperature of the wheel chamber

metal of sald first stage of the steam turbine (TV);

d) determining, taking into account the geometrical
and structural features of the specific nozzle/steam
distributor, the AH, enthalpy drop corresponding to the
enthalpy decrease the steam undergoes when passing
through said nozzle/steam distributor;

e) determining the H; calculated enthalpy of the
steam to be introduced into the turbine (TV) by making
the algebraic sum of said AH; enthalpy drop and the
enthalpy of steam having a pressure equal to said P, warm-
up pressure and a temperature equal to the algebraic sum
of said detected 6, temperature of the wheel chamber

metal of said first stage and of said A8l maximum
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allowable difference in temperature;

f£) on the basis of said H), calculated enthalpy and of
said set Pn warm-up pressure determining the 6,
temperature of the steam to be introcduced -inside the
steam turbine (TV) so as to be able to warm up said
steam turbine (TV) within said T, set warm-up time with
steam at Py warm-up pressure.

2. Methcd in accordance with claim 1, wherein:

- said steam turbine (TV) 1is a multi-stage steam
turbine comprising high, medium and low pressure stages;

- said first steam generator (GRV1) is in fluid
communication through steam lines at high, medium and low
pressure having corresponding stages at high, medium and
low pressure of said steam turbine (TV),

- each one of said stages comprising a wheel chamber
to be fed with steam through & nozzle/steam distributor,

- said first stage is the high pressure stage of
gaid steam turbine (TV) and

- said Py warm-up pressure is the warm-up pressure of
gsaid high pressure stage.

3. Method in accordance with c¢laim 2, wherein said
medium pressure stage is warmed up with steam having a P,
pressure during said T, warm-up time, the 6,, temperature
of the steam to be introduced in the medium pressure

stage of the steam turbine (TV) so as to allow warming up
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said steam turbine (TV) within said set T, warm-up time
can be determined in the following way:

a’) establish for the specific steam turbine (TV) a
correlation between the minimum warm-up time to be
implemented for steam turbine (TV) .taking into account
the difference in temperature between the temperature of
the steam introduced inside the wheel chamber of said
medium pressure stage of the steam turbine (TV) and the
metal temperature of the wheel chamber of said medium
pressure stage of the steam turbine (TV);

b’) determining on the basis of said set T, warm-up
time and of sald correlation the maximum A6, allowable
difference in temperature between the temperature of the
steam introduced in the wheel chamber of said wmedium
pressure stagée and the temperature of the wheel chamber
metal of the medium pressure stage;

¢’) detecting the 6, temperature of the wheel
chamber metal of said medium pressure stage;

d’) determining, taking into account the geometrical
and structural features of the specific nozzle/steam
distributor , the AH, enthalpy drop corresponding to the
enthalpy decrease the steam undergoes when passing
through said nozzle/steam distributor of said medium

pressure stage;

e’) determining the H, calculated enthalpy of the
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steam to be introduced into the turbine (TV) by making
the algebraic sum of said AH; enthalpy drop and the
erithalpy of steam having a pressure equal to said Pm warm-
up pressure and a temperature equal to the algebraic sum
of said detected 6,, temperature of the wheel chamber
metal of the medium pressure stage and of said maximum
allowable difference in A8, temperature;

£’) on the basis of said Hz calculated enthalpy and
of said set P, warm-up pressure determining the 6y,
temperature of the steam to be introduced inside the
steam turbine (TV) so as to be able to warm up said
steam turbine (TV) within said T, set warm-up time through
a steam at P, warm-up pressure;
once it having been determined the 6 perfeét Steam
temperature for the high pressure stage and the 6.,
perfect steam temperature for the low pressure stage, it
is necessary to choose the gas turbine load so as to
generate steam having a temperature as close as possible
to the set 6w e 6; best detected values, also by cooling,
if necessary, the steam for the stage needing a lower
temperature steam.
4. Method in accordance with any one of claims 1 to 3,
wherein said T, warm-up time is comprised within fifteen
minutes and ninety minutes.

5. Method in accordance with any one of claims 1 to 4,
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wherein said plant comprises:

- a second gas turbine and generator group (TG2), a
second recovery steam generator (GRV2) to regenerate the
latent heat of the exhaust gases of said second gas
turbine and generator group (TG2); |

- said second steam generator (GRV2) being in fluid
communication through a high pressure steam collector
(CAP), through a medium pressure steam collector (CMP)
and through a low pressure steam collector (CBP) with
said high, medium and low pressure steam lines of said
first steam generator (GRV1) to feed said high, medium
and low pressure stages of said steam turbine (TV)
through a steam parallelism at high, medium and low
pressure between said first steam generator (GRV1) and
gaid second steam generator (GRV2),

GF4A: To prearraﬁge said second gas turbine and
generator group (TG2) for start-up;

GF5A: Start-up of said second gas turbine and
generator group (TG2) and pressurization of said second
steam generator (GRV2) and

GF6A: Insertion of a steam parallelism between
said second steam generator (GRVZ2) and said first steam
generator (GRV1) through said steam collectors at high
(CAP), medium (CMP) and low (CBP) pressure respectively

feeding said high, medium and low pressure stages of said
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steam turbine (TV).

6. Method in accordance with any one of claims 1 to 5,
wherein said warm-up time of the steam generator (GRV1)
is determined in the following way:

- define the specific pressure increase ratio in
time of the steam generator (GRV1) on the basis of the
specific steam generator (GRV1) features and of the
thermal load transferred to said steam generator (GRV1)
by the gases of gas turbine (TGl);

- detect the initial temperature inside the steam
generator (GRV1);

- calculate the difference in temperature between
the steam temperature necessary to warm up the steam
turbine (TV) and said initial temperature inside the
steam generator (GRV1);

- define the minimum time necessary to pressurize
the steam generator (GRV1) by dividing by said
pressurization ratio of the steam generator (GRV1) the
difference in temperature between the steam temperature
necessary to warm up the steam turbine (TV) and the
initial temperature inside the steam generator (GRV1).

7. Method in accordance with any one of claims 1 to 6,
wherein said washing and start-up time of the gas turbine
(TG1) 1is generally about fifteen minutes.

8. Method in accordance with any one of claims 1 to 6,
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wherein said warm-up time of the steam turbine (TV) is
lengthened of at least one additional lapse of time
during which the steam turbine (TV) is caused to rotate
at an intermediate constant rotation speed in order to
5 obtain an even warming up of each single stage of the
steam turbine (TV).
9. Method in accordance with c¢laim 8, wherein said
additional 1lapse of time 1is equal to at least five

minutes.
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