DESCRIPTION

Title of Invention

GAS TURBINE PLANT, AND METHOD FOR SUPPLYING FUEL TO SAME

Technical Field

[0001]

The present disclosure relates to a gas turbine plant,
and a method for supplying fuel to the gas turbine plant.

This application claims the right of priority based on
Japanese Patent Application No. 2021-021755 filed with the
Japan Patent Office on February 15, 2021, the content of
which is incorporated herein by reference.

Background Art

[0002]

A gas turbine plant has a gas turbine and a fuel supply
facility that supplies fuel to the gas turbine.

[0003]

In the gas turbine plant described in PTL 1 below,
ammonia 1s supplied as fuel to a gas turbine. This gas
turbine plant includes, in addition to a fuel supply
facility that supplies ammonia as fuel to the gas turbine,
a heat recovery steam generator that generates steam by
utilizing the heat of an exhaust gas from the gas turbine.

[0004]



The fuel supply facility includes an ammonia tank that
stores liquid ammonia, a liquid ammonia line connected to
the ammonia tank, a warm water line through which warm water
flows, a wvaporizer, a flow rate regulating valve that
regulates the flow rate of warm water flowing into the
vaporizer, and a gaseous ammonia line that leads the gaseous
ammonia to the gas turbine. The vaporizer 1is connected to
an end of the liquid ammonia line. The vaporizer performs
heat exchange between the warm water from the warm water
line and liquid ammonia from the liquid ammonia line to heat
and vaporize the liquid ammonia.

[0005]

The vaporizer has a heat transfer tube through which
ammonia flows, and a vaporizer casing that covers the heat
transfer tube and temporarily stores the warm water. The
warm water line has a warm water heater that is disposed in
the heat recovery steam generator and that heats the warm
water via heat exchange between the warm water and the
exhaust gas, a high-temperature water line that leads the
high-temperature water heated by the warm water heater into
the vaporizer casing, and a low-temperature water line that
connects the vaporizer casing and the warm water heater. A
flow rate regulating wvalve 1is provided in the high-
temperature water line.

[0006]



In this fuel supply facility, the temperature of the
warm water in the vaporizer casing is maintained within a
target temperature range by regulating the flow rate of the
warm water flowing into the vaporizer casing with the flow
rate regulating valve. Then, heat exchange between the warm
water in the vaporizer casing and the liquid ammonia flowing
in the heat transfer tube is performed.

Citation List

Patent Literature

[0007]

[PTL 1] Japanese Patent No. 6245404
Summary of Invention
Technical Problem

[0008]

The temperature of the exhaust gas flowing through the
heat recovery steam generator changes according to a change
in the operation situation of the gas turbine. Therefore,
in the technique described in PTL 1, even if the flow rate
of the warm water flowing into the vaporizer casing changes
in an environment where the temperature of the exhaust gas
changes, the heat exchange amount between the liquid ammonia
and the warm water is not proportional to the flow rate of
the warm water, making it difficult to control the heat
exchange amount. Therefore, in the technique described in

PTL 1, it is considered that the required production amount



of the gaseous ammonia may not be secured.

[0009]

Therefore, an object of the present disclosure is to
provide a technique capable of easily obtaining the
production amount of gaseous ammonia that is required by a
gas turbine.

Solution to Problem

[0010]

A gas turbine plant as an aspect for achieving the
above object includes

a gas turbine that burns fuel and is capable of being
driven by a combustion gas generated by combustion of the
fuel, a heat recovery steam generator capable of generating
steam by utilizing heat of an exhaust gas from the gas
turbine, and a fuel supply facility capable of supplying
ammonia as the fuel to the gas turbine. The fuel supply
facility includes a 1liquid ammonia line connected to an
ammonia tank capable of storing ligquid ammonia, a warm water
line through which warm water flows, a vaporizer connected
to an end of the liquid ammonia line and capable of heating
and vaporizing the liquid ammonia via heat exchange between
the warm water from the warm water line and the liquid
ammonia, a heat exchanger capable of performing heat
exchange between the warm water in the warm water line and

a medium, a heat exchange amount regulator capable of



regulating a heat exchange amount between the warm water
and the medium to adjust a temperature of the warm water
flowing into the wvaporizer, and a gaseous ammonia line
capable of leading gaseous ammonia, which is ammonia
vaporized in the wvaporizer, to the gas turbine. The
vaporizer has an ammonia inlet, an ammonia outlet, a warm
water inlet, and a warm water outlet. The liquid ammonia
line 1is connected to the ammonia inlet of the wvaporizer.
The gaseous ammonia line is connected to the ammonia outlet
of the wvaporizer. The warm water line has a warm water
heater that is disposed in the heat recovery steam generator
and that heats the warm water via heat exchange between the
warm water and the exhaust gas, and a high-temperature water
line that connects the warm water heater and the warm water
inlet of the vaporizer. The heat exchanger is provided in
the high-temperature water line.

[0011]

In this aspect, the warm water heated by the heat
exchange between the warm water and the exhaust gas in the
warm water heater flows into the vaporizer after being
temperature-regulated. In the vaporizer, heat exchange
between the temperature-regulated warm water and the liquid
ammonia 1s performed to vaporize the ammonia. Since the
exhaust gas temperature at the outlet of the gas turbine

changes according to a change in the operation situation of



the gas turbine, the temperature at the inlet of the warm
water heater in the heat recovery steam generator changes
according to the operation situation of the gas turbine.
Therefore, if the temperature of the exhaust gas changes,
the temperature of the warm water heated by the warm water
heater also changes. However, in this aspect, as described
above, the warm water heated by the warm water heater flows
into the wvaporizer after Dbeing temperature-regulated.
Therefore, in this aspect, even if the temperature of the
exhaust gas changes, all of the liquid ammonia that has
flowed into the vaporizer can be easily converted into
gaseous ammonia.

[0012]

Further, the amount of gaseous ammonia required by the
gas turbine also changes according to a change 1in the
operation situation of the gas turbine. In this aspect,
even if the amount of gaseous ammonia required by the gas
turbine changes, all of the liquid ammonia flowing into the
vaporizer can be easily converted into gaseous ammonia by
changing the temperature of the warm water flowing into the
vaporizer.

[0013]

Therefore, 1in this aspect, even 1if the operation
situation of the gas turbine changes, the production amount

of gaseous ammonia required by the gas turbine can be easily



obtained. Further, in this aspect, it 1s possible to
enhance the responsiveness of the production amount of
gaseous ammonia to a change in the operation situation of
the gas turbine.

[0014]

A method for supplying fuel to a gas turbine plant as
an aspect for achieving the above object is

a method for supplying fuel to a gas turbine plant
that includes a gas turbine that burns fuel and is capable
of being driven by a combustion gas generated by combustion
of the fuel, and a heat recovery steam generator capable of
generating steam by utilizing heat of an exhaust gas from
the gas turbine, the method including: a warm water heating
step of performing heat exchange between warm water in a
warm water heater disposed 1in the heat recovery steam
generator and the exhaust gas outside the warm water heater
in the heat recovery steam generator to heat the warm water;
a heat exchange step of performing heat exchange between
the warm water heated in the warm water heating step and a
medium; a heat exchange amount regulating step of regulating
a heat exchange amount between the warm water heated in the
warm water heating step and the medium; a vaporization step
of performing heat exchange between the warm water after
the heat exchange amount with the medium has been regulated

in the heat exchange amount regulating step and liquid



ammonia from an ammonia tank storing the liquid ammonia to
vaporize the liquid ammonia in a wvaporizer; and a fuel
supply step of supplying gaseous ammonia, which is ammonia
vaporized in the vaporization step, to the gas turbine as
fuel. In the heat exchange amount regulating step, a
temperature of the warm water flowing into the vaporizer is
regulated by regulating the heat exchange amount between
the warm water and the medium in the heat exchange step.

[0015]

Also in this aspect, as 1in the aspect of the gas
turbine plant, even if the operation situation of the gas
turbine changes, it 1is possible to easily obtain the
production amount of gaseous ammonia required by the gas
turbine. Further, also in this aspect, it is possible to
enhance the responsiveness of the production amount of
gaseous ammonia to a change in the operation situation of
the gas turbine.

Advantageous Effects of Invention

[0016]

In an aspect of the present disclosure, it is possible
to obtain the production amount of gaseous ammonia that is
required by a gas turbine.

Brief Description of Drawings

[0017]

Fig. 1 is a system diagram of a gas turbine plant in



a first embodiment according to the present disclosure.

Fig. 2 1is a functional block diagram of a control
device in the first embodiment according to the present
disclosure.

Fig. 3 is a graph showing the relationship between a
fuel flow rate and a target temperature in the first
embodiment according to the present disclosure.

Fig. 4 is a flowchart showing procedures for a fuel
supply method in the first embodiment according to the
present disclosure.

Fig. 5 is a system diagram of a gas turbine plant in
a second embodiment according to the present disclosure.

Fig. 6 is a flowchart showing procedures for a fuel
supply method in the second embodiment according to the
present disclosure.

Fig. 7 is a functional block diagram of a control
device 1in a modification example according to the present
disclosure.

Description of Embodiments

[0018]

Hereinafter, various embodiments and various
modification examples according to the present disclosure
will be described using the drawings.

[0019]

"First Embodiment"



Hereinafter, a first embodiment of a gas turbine plant
according to the present disclosure will be described using
Figs. 1 to 4.

[0020]

As shown 1in Fig. 1, the gas turbine plant of the
present embodiment includes a gas turbine 10, a denitration
device 20 that decomposes NOx contained in an exhaust gas
from the gas turbine 10, a heat recovery steam generator 21
that generates steam by utilizing the heat of the exhaust
gas flowing out from the denitration device 20, a chimney
22 that exhausts the exhaust gas from the heat recovery
steam generator 21 to the outside, a steam turbine 23 that
is driven by steam from the heat recovery steam generator
21, a condenser 24 that converts the steam from the steam
turbine 23 back to water, a pump 25 that sends the water in
the condenser 24 to the heat recovery steam generator 21, a
fuel supply facility 40 that supplies fuel to the gas
turbine 10, and a control device 60. Therefore, the gas
turbine plant of the present embodiment is a combined cycle
plant.

[0021]

The gas turbine 10 includes a compressor 14 that
compresses air A, a combustor 15 that burns fuel in the air
compressed by the compressor 14 to generate a combustion

gas, and a turbine 16 that is driven by the high-temperature



and high-pressure combustion gas.

[0022]

The compressor 14 includes a compressor rotor 14r that
rotates with a rotor axis Ar as a center, a compressor
casing 1l4c that covers the compressor rotor 14r, and an
intake air amount regulator (hereinafter referred to as IGV
(inlet guide wvane)) 14i provided in a suction port of the
compressor casing l4c. The IGV 141 regulates the flow rate
of air that is sucked into the compressor casing 1l4c
according to an instruction from the control device 60. The
turbine 16 has a turbine rotor 1l6r that rotates with the
rotor axis Ar as a center by means of the combustion gas
from the combustor 15, and a turbine casing 1l6c that covers
the turbine rotor 16r. The turbine rotor 16r and the
compressor rotor 1l4r are connected to each other to be
rotatable with the same rotor axis Ar as a center to form a
gas turbine rotor 11. For example, a rotor of a generator
is connected to the gas turbine rotor 11.

[0023]

The gas turbine 10 further includes an intermediate
casing 12. The intermediate casing 12 is disposed between
the compressor casing 1l4c and the turbine casing l6c in a
direction in which the rotor axis Ar extends, and connects
the compressor casing 1l4c and the turbine casing 16c. The

compressed air discharged from the compressor 14 flows into



the intermediate casing 12. Further, the combustor 15 is
fixed to the intermediate casing 12.

[0024]

Ammonia is supplied to the denitration device 20. The
denitration device 20 uses this ammonia to decompose NOx
contained in the exhaust gas from the gas turbine 10 into
nitrogen and water wvapor.

[0025]

The heat recovery steam generator 21 has a boiler
casing 21lc through which the exhaust gas from the
denitration device 20 flows, an economizer 2leco, an
evaporator 2leva, and a superheater 21s. The economizer
2leco, the evaporator 2leva, and the superheater 21s are
disposed in the order of the economizer 2leco, the
evaporator 2leva, and the superheater 21s from a downstream
side toward an upstream side in the flow of the exhaust gas
flowing in the boiler casing 21c. The economizer 2leco,
the evaporator 2leva, and the superheater 21s have heat
transfer tubes that perform heat exchange Dbetween the
exhaust gas flowing in the boiler casing 21c and water or
steam. The economizer 2leco heats the water via the heat
exchange between the exhaust gas flowing in the boiler
casing 21c and the water to generate warm water. The
evaporator 2leva heats the warm water via the heat exchange

between the exhaust gas flowing in the boiler casing 21c



and the warm water from the economizer 2leco to generate
steam. The superheater 21s heats the steam wvia the heat
exchange between the exhaust gas flowing in the boiler
casing 21c and the steam from the evaporator 2leva to
generate superheated steam.

[0026]

The economizer 2leco of the heat recovery steam
generator 21 and the condenser 24 are connected by a water
supply line 26. The water supply line 26 is provided with
the pump 25 that sends the water in the condenser 24 to the
heat recovery steam generator 21. The superheater 21s of
the heat recovery steam generator 21 and the steam turbine
23 are connected by a main steam line 27. The superheated
steam from the heat recovery steam generator 21 is sent to
the steam turbine 23 through the main steam line 27. For
example, a rotor of a generator is connected to the rotor
of the steam turbine 23. The steam exhausted from the steam
turbine 23 is converted back to water by the condenser 24.

[0027]

The denitration device 20 is disposed, for example, at
a position around the evaporator 2leva within the boiler
casing 21lc. Ammonia 1is supplied to the denitration device
20. The denitration device 20 wuses this ammonia to
decompose NOx contained in the exhaust gas from the gas

turbine 10 into nitrogen and water vapor.



[0028]

The fuel supply facility 40 includes an ammonia tank
41, a ligquid ammonia line 42, a liquid ammonia regulating
valve 43a, a fuel regulating valve 43b, an ammonia pump 44,
a vaporizer 45, a gaseous ammonia line 46, a warm water line
50, a warm water pump 54, a heat exchanger 55, a heat
exchange amount regulator 56, a medium line 58i, a medium
recovery line 580, and a medium flow rate regulator 59.

[0029]

Liquid ammonia is stored in the ammonia tank 41. One
end of the liquid ammonia line 42 is connected to the ammonia
tank 41. The liquid ammonia line 42 is provided with the
ammonia pump 44 that pressurizes the liquid ammonia from
the ammonia tank 41, and the liquid ammonia regulating valve
43a that regulates the flow rate of the ligquid ammonia
flowing through the liquid ammonia line 42.

[0030]

The vaporizer 45 1is a heat exchanger that performs
heat exchange between the warm water and the liquid ammonia
to heat and vaporize the liquid ammonia. The vaporizer 45
has a heat transfer tube 45p through which the warm water
flows, and a vaporizer casing 45c that covers the heat
transfer tube 45p and temporarily stores the liquid ammonia.
One end of the heat transfer tube 45p forms a warm water

inlet 45pi, and the other end of the heat transfer tube 45p



forms a warm water outlet 45po. The vaporizer casing 45c
has an ammonia inlet 45ci and an ammonia outlet 45co. The
other end of the liquid ammonia line 42 described above is
connected to the ammonia inlet 45ci of the vaporizer 45.
One end of the gaseous ammonia line 46 is connected to the
ammonia outlet 45co of the vaporizer 45. The other end of
the gaseous ammonia line 46 is connected to the combustor
15. The gaseous ammonia line 46 is provided with the fuel
regulating wvalve 43b that regulates the flow rate of the
gaseous ammonia as fuel flowing into the combustor 15.

[0031]

The warm water line 50 has a low-temperature water
line 51, a warm water heater 52, and a high-temperature
water line 53. The warm water heater 52 is disposed at a
position on the downstream side of the exhaust gas flow with
respect to the economizer 2leco inside the boiler casing
21lc. The low-temperature water line 51 connects the warm
water outlet 45po of the vaporizer 45 and the warm water
heater 52. The warm water pump 54 is provided in the low-
temperature water line 51. The high-temperature water line
53 has a main high-temperature water line 53x connecting
the warm water heater 52 and the warm water inlet 45pi of
the vaporizer 45, and a branch high-temperature water line
53y branched from the main high-temperature water line 53x

and then connected to the main high-temperature water line



53x.

[0032]

The warm water line 50 and the heat transfer tube 45p
of the wvaporizer 45 form a warm water circulation 1line
through which the warm water circulates. The flow rate of
the warm water circulating through the warm water
circulation line is controlled by the warm water pump 54
and is substantially constant.

[0033]

The heat exchanger 55 performs heat exchange between
a medium such as cooling water and the warm water. The heat
exchanger 55 has a heat transfer tube 55p through which the
medium flows, and a heat exchanger casing 55c that covers
the heat transfer tube 55p and temporarily stores the warm
water. One end of the heat transfer tube 55p forms a medium
inlet 55pi, and the other end of the heat transfer tube 55p
forms a medium outlet 55po. The medium line 581 is connected
to the medium inlet 55pi. The medium line 58i is provided
with the medium flow rate regulator 59 that regulates the
flow rate of the medium flowing through the medium line 58i.
The medium recovery line 580 1is connected to the medium
outlet 55po. The heat exchanger casing 55c is provided in
the branch high-temperature water line 53y. Therefore, the
high-temperature water from the branch high-temperature

water line 53y flows into the heat exchanger casing 55c.



The medium flowing into the heat exchanger 55 may be liquid
such as river water, seawater, or industrial water, or gas
such as air.

[0034]

The heat exchange amount regulator 56 has a three-way
valve 57 as a flow rate ratio regulator that regulates the
ratio between the flow rate of the warm water flowing
between the branch position of the branch high-temperature
water line 53y and the connection position of the branch
high-temperature water line 53y and the flow rate of the
warm water flowing through the branch high-temperature water
line 53y, in the main high-temperature water line 53x. The
three-way valve 57 1is provided at a connection position
between the main high-temperature water line 53x and the
branch high-temperature water line 53y. The flow rate ratio
regulator may not be the three-way wvalve 57 and may be
composed of a main high-temperature water regulating wvalve
provided between the branch position of the branch high-
temperature water line 53y and the connection position of
the branch high-temperature water line 53y in the main high-
temperature water line 53x, and a branch high-temperature
water regulating wvalve provided in the Dbranch high-
temperature water line 53y.

[0035]

A temperature sensor 48 is provided between the three-



way valve 057 and the wvaporizer 45 1in the main high-
temperature water line 53x to detect the temperature of the
high-temperature water flowing between the three-way valve
57 and the vaporizer 45. The gaseous ammonia line 46 1is
provided with a pressure sensor 49 that detects the pressure
of the gaseous ammonia flowing through this line.

[0036]

The control device 60 1includes a fuel flow rate
calculation unit ©1, a fuel wvalve control unit 62, an IGV
control unit 63, a temperature control system 65, and a
pressure control system 70, as shown in Fig. 2.

[0037]

The fuel flow rate <calculation wunit 61 receives
required output PWr for the gas turbine 10 from the outside.
The fuel flow rate calculation unit 61 obtains a fuel flow
rate corresponding to the required output PWr and outputs a
fuel flow rate command Fro indicating the fuel flow rate.
The fuel flow rate obtained by the fuel flow rate
calculation unit 61 has a positive correlation with the
required output PWr. That is, if the required output PWr
increases, the fuel flow rate obtained by the fuel flow rate
calculation unit 61 also increases.

[0038]

The fuel valve control unit 62 controls the degree of

opening of the fuel regulating wvalve 43b according to the



fuel flow rate command Fro. The IGV control unit 63 controls
the degree of opening of the IGV 14i according to the fuel
flow rate command Fro. Specifically, the IGV control unit
63 controls the IGV opening degree such that the IGV opening
degree has a positive correlation with the fuel flow rate
indicated by the fuel flow rate command Fro. In the liquid
ammonia regulating valve 43a, a valve opening degree thereof
changes according to the amount of liquid ammonia in the
vaporizer casing 45c. Specifically, if the amount of liquid
ammonia in the vaporizer casing 45c decreases, the liquid
ammonia regulating valve 43a 1s opened to replenish the
liquid ammonia.

[0039]

The temperature control system 65 includes a target
temperature calculator 66, a temperature deviation
calculator 67, and a PI controller 68.

[0040]

The target temperature calculator 66 has a function F1
that indicates the relationship between a fuel flow rate
indicated by the fuel flow rate command Fro and a target
temperature of the warm water, as shown in Fig. 3. The
function F1 indicates a relationship in which the target
temperature increases as the fuel flow rate increases. The
target temperature calculator 66 uses this function F1 to

obtain the target temperature of the warm water with respect



to the fuel flow rate indicated by the fuel flow rate command
Fro.

[0041]

The temperature deviation calculator 67 obtains a
deviation AT between the target temperature and the
temperature detected by the temperature sensor 48.
Specifically, the temperature deviation calculator 67
subtracts the temperature detected by the temperature sensor
48 from the target temperature and outputs the obtained
value as the temperature deviation AT. The PI controller
68 obtains an opening degree correction amount corresponding
to the proportional/integral action corresponding to the
temperature deviation AT, and outputs a valve command
corresponding to the opening degree correction amount to
the three-way valve 57.

[0042]

The pressure control system 70 includes a pressure
correction mode button 71, a lower limit value memory 72a,
an upper limit wvalue memory 72b, a lower limit deviation
calculator 73a, an upper limit deviation calculator 73b, a
lower 1limit deviation determiner 74a, an upper limit
deviation determiner 74b, a lower limit correction indicator
75a, an upper limit correction indicator 75b, a lower limit
correction value calculator 77a, an upper limit correction

value calculator 77b, a first switcher 78a, a second



switcher 78b, a first adder 79%a, a second adder 79b, and
the PI controller 68. The pressure control system 70 and
the temperature control system 65 share the PI controller
68. The function or the like of each of the above elements
of the pressure control system 70 will be described in the
process of describing the operation of the pressure control
system 70.

[0043]

The control device 60 described above is a computer.
The control device 60 includes, in terms of hardware, a CPU
(central processing unit) that performs various arithmetic
operations, a main storage device such as a memory that
serves as a work area for the CPU, an auxiliary storage
device such as a hard disk drive device, an input device
such as a keyboard or a mouse, and a display device. Each
of the functional units in the control device 60, such as
the fuel flow rate calculation unit 61, the fuel wvalve
control unit 62, the IGV control unit 63, the temperature
control system 65, and the pressure control system 70,
functions, for example, by executing a control program
stored in an auxiliary storage device by the CPU.

[0044]

Next, the method for supplying fuel to the gas turbine
plant described above will be described according to the

flowchart shown in Fig. 4.



[0045]

In the fuel supply method of the present embodiment,
a warm water heating step S1, a heat exchange amount
regulating step S2, a heat exchange step S3, a temperature
control step S4, a vaporization step S6, a low-temperature
water recovery step S7, and a fuel supply step S8 are
executed. Further, in this fuel supply method, a pressure
control step S5 is also executed in response to a request
from an operator.

[0046]

In the warm water heating step S1, the warm water is
heated by the heat exchange between the warm water in the
warm water heater 52 disposed in the boiler casing 21c and
the exhaust gas outside the warm water heater 52 in the
boiler casing 2lc. In the warm water heating step S1, for
example, warm water of about 60°C (low-temperature water)
is heated to warm water of about 90°C (high-temperature
water) . The high-temperature water flows from the warm
water heater 52 into the main high-temperature water line
53x.

[0047]

In the heat exchange amount regulating step S2, the
heat exchange amount between the high-temperature water from
the warm water heater 52 and the medium flowing into the

heat exchanger 55 is regulated to regulate the temperature



of the high-temperature water flowing into the vaporizer 45.
The heat exchange amount regulating step S2 includes a flow
dividing step S2a and a flow rate ratio regulating step S2b.
In the flow dividing step S2a of the heat exchange amount
regulating step S2, part of the high-temperature water
flowing in through the main high-temperature water line 53x
is allowed to flow to the branch high-temperature water line
53y, while the remaining high-temperature water is allowed
to flow to the downstream side of the branch position of
the branch high-temperature water line 53y in the main high-
temperature water line 53x. That is, in the flow dividing
step S2a, the high-temperature water flowing in through the
main high-temperature water line 53x is divided into branch
high-temperature water flowing through the branch high-
temperature water line 53y and main high-temperature water
flowing through the main high-temperature water line 53x.
The flow rate ratio regulating step S2b of the heat exchange
amount regulating step S2 will be described later.

[0048]

In the heat exchange step S3, the branch high-
temperature water and the medium flowing into the heat
exchanger 55 are heat-exchanged in the heat exchanger 55
provided in the Dbranch high-temperature water 1line 53y.
Here, in a case where the medium flowing into the heat

exchanger 055 1is cooling water as described above, the



temperature of the branch high-temperature water decreases.

[0049]

In the temperature control step 5S4, the required
output PWr for the gas turbine 10 is received, and the heat
exchange amount in the heat exchange amount regulating step
S2 1s controlled according to the required output PWr. The
temperature control system 65 of the control device 60
executes the temperature control step S4.

[0050]

Here, the operation of the control device 60 will be
described with reference to Fig. 2.

[0051]

As described above, the fuel flow rate calculation
unit 61 of the control device 60 receives the required
output PWr for the gas turbine 10 from the outside. The
fuel flow rate calculation unit 61 obtains a fuel flow rate
corresponding to the required output PWr and outputs the
fuel flow rate command Fro indicating the fuel flow rate.
The flow rate here is a mass flow rate.

[0052]

The fuel valve control unit 62 controls the degree of
opening of the fuel regulating valve 43b such that the mass
flow rate of the fuel passing through the fuel regulating
valve 43b becomes the fuel flow rate indicated by the fuel

flow rate command Fro. As a result, the mass flow rate of

- 24 -



ammonia as fuel flowing into the combustor 15 from the
gaseous ammonia line 46 becomes the fuel flow rate indicated
by the fuel flow rate command Fro. The IGV control unit 63
controls the IGV opening degree such that the flow rate of
the air flowing into the compressor casing 1l4c becomes the
flow rate corresponding to the fuel flow rate indicated by
the fuel flow rate command Fro.

[0053]

As described above, the target temperature calculator
66 of the temperature control system 65 obtains the target
temperature of the warm water with respect to the fuel flow
rate indicated by the fuel flow rate command Fro, by using
the function Fl. The temperature deviation calculator 67
of the temperature control system 65 subtracts the
temperature detected by the temperature sensor 48 from the
target temperature and outputs the obtained value as the
temperature deviation AT.

[0054]

The PI controller 68 of the temperature control system
65 obtains an opening degree correction amount corresponding
to the proportional/integral action corresponding to the
temperature deviation AT, and outputs an operation amount
corresponding to the opening degree correction amount to
the three-way valve 57 as a valve command.

[0055]



The heat exchange amount in the heat exchange amount
regulating step S2 is regulated by controlling the operation
of the three-way wvalve 57 wvia the operation of the
temperature control system 65 described above.

[0056]

As described above, the pressure control step S5 1is
executed in a case where the operator or the like desires
pressure correction. The pressure control system 70 of the
control device 60 executes the pressure control step S5.

[0057]

The pressure correction mode button 71 of the pressure
control system 70 accepts whether or not the operator or
the like desires pressure correction. When the operator or
the 1like desires pressure correction and presses the
pressure correction mode button 71, the pressure correction
mode button 71 outputs an ON signal, and the control device
60 enters a pressure correction mode.

[0058]

A pressure lower limit value Pa of the fuel (gaseous
ammonia) flowing into the combustor 15 is stored in the
lower limit value memory 72a. A pressure upper limit value
Pb of the fuel (gaseous ammonia) flowing into the combustor
15 is stored in the upper limit value memory 72b.

[0059]

The lower 1limit deviation calculator 73a of the



pressure control system 70 obtains a deviation APat between
the pressure lower limit value Pa and the pressure detected
by the pressure sensor 49. Specifically, the lower limit
deviation calculator 73a subtracts the pressure detected by
the pressure sensor 49 from the pressure lower limit wvalue
Pa, and outputs the obtained wvalue as the lower limit
deviation APat. The upper limit deviation calculator 73b
of the pressure control system 70 obtains a deviation APbt
between the pressure upper limit value Pb and the pressure
detected by the pressure sensor 49. Specifically, the upper
limit deviation calculator 73b subtracts the pressure
detected by the pressure sensor 49 from the pressure upper
limit value Pb, and outputs the obtained value as the upper
limit deviation APDbt.

[0060]

The lower limit deviation determiner 74a of the
pressure control system 70 determines whether or not the
lower limit deviation APat 1is a positive wvalue, 1in other
words, whether or not the pressure detected by the pressure
sensor 49 is smaller than the pressure lower limit value Pa,
and outputs the effect. The upper limit deviation
determiner 74b of the pressure control system 70 determines
whether or not the upper limit deviation APbt is a negative
value, in other words, whether or not the pressure detected

by the pressure sensor 49 is greater than the pressure upper



limit value Pb, and outputs the effect.

[0061]

When the lower limit deviation APat is a positive value
and the ON signal from the pressure correction mode button
71 is received, the lower limit correction indicator 75a of
the pressure control system 70 outputs an ONa signal
indicating that the temperature correction based on the
pressure lower limit value Pa 1is to be executed. On the
other hand, when the lower limit deviation APat is not a
positive value or the ON signal from the pressure correction
mode button 71 is not received, the lower limit correction
indicator 75a outputs an OFFa signal indicating that the
temperature correction based on the pressure lower limit
value Pa 1is not to be executed. When the upper limit
deviation APbt 1is a negative value and the ON signal from
the pressure correction mode button 71 1is received, the
upper limit correction indicator 75b of the pressure control
system 70 outputs an ONb signal indicating that the
temperature correction based on the pressure upper limit
value Pb is to be executed. On the other hand, when the
upper limit deviation APbt is not a negative value or the
ON signal from the pressure correction mode button 71 is
not received, the upper 1limit correction indicator 75b
outputs an OFFb signal indicating that the temperature

correction based on the pressure upper limit value Pb is



not to be executed.

[0062]

The fuel flow rate command Fro and the lower limit
deviation APat are input to the lower limit correction value
calculator 77a of the pressure control system 70. The lower
limit correction value calculator 77a obtains a lower limit
correction wvalue Ca corresponding to a fuel flow rate Fr
indicated by the fuel flow rate command Fro and the lower
limit deviation APat (>0) by using a function Fa shown below.
The lower limit correction wvalue Ca 1is a temperature
correction value based on the pressure lower limit value Pa.
Further, the lower limit correction value Ca is a positive
value.

Fa: Ca = k x APat/Fr

In the above expression, k is a correction coefficient.

[0063]

The fuel flow rate command Fro and the upper limit
deviation APbt are input to the upper limit correction value
calculator 77b of the pressure control system 70. The upper
limit correction value calculator 77b obtains an upper limit
correction value Cb corresponding to the fuel flow rate Fr
indicated by the fuel flow rate command Fro and the upper
limit deviation APbt (<0) by using a function Fb shown below.
The upper limit correction wvalue Cb 1s a temperature

correction value based on the pressure upper limit value Pb.



Further, the upper limit correction value Cb is a negative
value.

Fb: Cb = k x APbt/Fr

In the above expression, k is a correction coefficient.

[0064]

When the first switcher 78a of the pressure control
system 70 receives the ONa signal from the lower limit
correction indicator 75a, the first switcher 78a outputs
the lower limit correction value Ca obtained by the lower
limit correction wvalue calculator 77a. On the other hand,
in a case where the first switcher 78a does not receive the
ONa signal from the lower limit correction indicator 75a,
the first switcher 78a outputs 0 as the lower 1limit
correction wvalue. When the second switcher 78b of the
pressure control system 70 receives the ONb signal from the
upper limit correction indicator 75b, the second switcher
78b outputs the upper limit correction value Cb obtained by
the upper limit correction value calculator 77b. On the
other hand, in a case where the second switcher 78b does
not receive the ONb signal from the upper limit correction
indicator 75b, the second switcher 78b outputs 0 as the
upper limit correction value.

[0065]

The first adder 79a of the pressure control system 70

adds the lower limit correction value Ca to the temperature



deviation AT obtained Dby the temperature deviation
calculator 67. The second adder 79b of the pressure control
system 70 adds the upper limit correction wvalue Cb to the
temperature deviation AT obtained by the temperature
deviation calculator 67.

[0066]

The PI controller 68 of the pressure control system 70
obtains an opening degree correction amount corresponding
to the proportional/integral action corresponding to
(temperature deviation AT + lower limit correction value Ca)
or (temperature deviation AT + upper limit correction value
Cb), and outputs a wvalve command corresponding to this
opening degree correction amount to the three-way valve 57.

[0067]

The operation of the three-way wvalve 57 is controlled
by the operation of the temperature control system 65
described above, so that the heat exchange amount in the
heat exchange amount regulating step S2 is controlled such
that the pressure of the gaseous ammonia flowing into the
gas turbine 10 falls within a pressure range determined in
advance.

[0068]

The flow rate ratio regulating step S2b of the heat
exchange amount regulating step S2 is executed by the three-

way valve 57, which is the heat exchange amount regulator



56. The three-way valve 57 regulates the ratio between the
flow rate of the main high-temperature water and the flow
rate of the branch high-temperature water after the heat
exchange 1in the heat exchange step S3 according to an
instruction from the temperature control system 65, and
causes the main high-temperature water and the branch high-
temperature water after the heat exchange 1in the heat
exchange step S3 to be merged with each other. As a result,
the high-temperature water after the merging is regulated
to a temperature sufficient to vaporize the liquid ammonia
in the vaporizer 45. In the present embodiment, the boiling
point of the liquid ammonia pressurized by the ammonia pump
44 is less than 60°C. Therefore, in the present embodiment,
the temperature of the warm water flowing into the vaporizer
45 is regulated to a temperature in a range of about 90°C
to 60°C.

[0069]

Further, even in a case where the three-way wvalve 57
receives an instruction from the pressure control system 70,
the three-way valve 57 regulates the ratio between the flow
rate of the main high-temperature water and the flow rate
of the branch high-temperature water after the heat exchange
in the heat exchange step S3 according to the instruction,
and causes the main high-temperature water and the branch

high-temperature water after the heat exchange in the heat



exchange step S3 to be merged with each other. As a result,
the high-temperature water after the merging is regulated
to have a temperature sufficient to wvaporize the liquid
ammonia in the vaporizer 45 and such that the pressure of
the gaseous ammonia flowing into the gas turbine 10 falls
within a pressure range determined in advance.

[0070]

In the vaporization step S6, the ligquid ammonia is
vaporized by the heat exchange between the warm water after
the heat exchange amount with the medium has been regulated
in the heat exchange amount regulating step S2 and the
liquid ammonia, in the wvaporizer 45.

[0071]

In the low-temperature water recovery step S7, the
warm water cooled by the heat exchange with liquid ammonia
in the vaporizer 45 is returned to the warm water heater 52
through the low-temperature water line 51. The warm water
returned to the warm water heater 52 is heated here by the
exhaust gas. That is, the warm water heating step Sl
described above 1is executed in the warm water heater 52.

[0072]

In the fuel supply step S8, gaseous ammonia, which is
ammonia vaporized by the wvaporizer 45, is supplied to the
combustor 15 of the gas turbine 10 through the gaseous

ammonia line 46.



[0073]

As described above, in the present embodiment, the
warm water heated by the heat exchange between the warm
water and the exhaust gas in the warm water heater 52 flows
into the vaporizer 45 after being temperature-regulated.
In the wvaporizer 45, ammonia 1s vaporized by the heat
exchange between the temperature-regulated warm water and
the liguid ammonia. The temperature of the exhaust gas
flowing through the heat recovery steam generator 21 changes
according to a change in the operation situation of the gas
turbine 10. Therefore, if the temperature of the exhaust
gas changes, the temperature of the warm water heated by
the warm water heater 52 also changes. However, in the
present embodiment, as described above, the warm water
heated by the warm water heater 52 flows into the vaporizer
45 after being temperature-regulated. Therefore, in the
present embodiment, even if the temperature of the exhaust
gas changes, all of the liquid ammonia that has flowed into
the vaporizer 45 can be easily and reliably converted into
gaseous ammonia.

[0074]

Further, the amount of gaseous ammonia required by the
gas turbine 10 also changes according to a change in the
operation situation of the gas turbine 10. In the present

embodiment, even if the amount of gaseous ammonia required



by the gas turbine 10 changes, all of the liquid ammonia
that has flowed into the wvaporizer 45 can be easily and
reliably converted into gaseous ammonia by changing the
temperature of the warm water flowing into the vaporizer 45.

[0075]

Therefore, 1in the present embodiment, even if the
operation situation of the gas turbine 10 changes, the
production amount of gaseous ammonia required by the gas
turbine 10 can be easily and reliably obtained. Further,
in the present embodiment, it is possible to enhance the
responsiveness of the production amount of gaseous ammonia
to a change in the operation situation of the gas turbine
10.

[0076]

As described above, the flow rate of fuel that is
supplied to the gas turbine 10 changes according to a change
in the required output PWr of the gas turbine 10. In this
case, the heat exchange amount between the fuel and the warm
water in the vaporizer 45 changes with a change in fuel flow
rate. If the temperature of the warm water is regulated
according to the result of a change in heat exchange amount,
it takes time from a change in the required output PWr until
the production amount of gaseous ammonia 1is secured. In
the present embodiment, since the operation amount of the

heat exchange amount regulator 56 is determined according



to the required output PWr, the time from a change in the
required output PWr until the production amount of gaseous
ammonia 1is secured can be shortened. Therefore, in the
present embodiment, from the above point of view as well,
it 1s ©possible to enhance the responsiveness of the
production amount of gaseous ammonia to a change in the
required output PWr.

[0077]

If the pressure of the gaseous ammonia flowing into
the gas turbine 10 is not within a pressure range determined
in advance, the gaseous ammonia cannot be stably burned in
the gas turbine 10. In the present embodiment, the pressure
of gaseous ammonia flowing into the gas turbine 10 1is
controlled by the pressure control system 70 to fall within
a pressure range determined in advance. Therefore, in the
present embodiment, gaseous ammonia can be stably burned in
the gas turbine 10.

[0078]

Here, a case i1s considered where liquid ammonia flows
into the heat transfer tube 45p of the vaporizer 45 and the
warm water flows into the vaporizer casing 45c covering the
heat transfer tube 45p. In this case, the ligquid ammonia
becomes gaseous ammonia inside the heat transfer tube 45p,
and the gaseous ammonia stays in a part of the heat transfer

tube 45p. Therefore, the effective heat transfer area for



heat exchange between the liquid ammonia and the warm water
becomes smaller than the total heat transfer area of the
heat transfer tubes 45p. Moreover, 1in this case, the
effective heat transfer area for heat exchange between the
liquid ammonia and the warm water also changes with respect
to a change in the production amount of gaseous ammonia.
Therefore, in this case, it is difficult to control the heat
exchange amount between the ligquid ammonia and the warm
water, and the required production amount of gaseous ammonia
may not be secured.

[0079]

On the other hand, in the present embodiment, the warm
water flows into the heat transfer tube 45p of the vaporizer
45, and the liguid ammonia flows into the vaporizer casing
45c covering the heat transfer tube 45p. Therefore, in the
present embodiment, the liquid ammonia in contact with an
outer surface of the heat transfer tube 45p can be separated
from the outer surface of the heat transfer tube 45p when
vaporized. Therefore, in the present embodiment, the
effective heat transfer area for the heat exchange between
the ligquid ammonia and the warm water can be made larger
than that in the previous case with respect to the total
heat transfer area of the heat transfer tube 45p. Moreover,
in the present embodiment, the effective heat transfer area

for the heat exchange between the liquid ammonia and the



warm water does not substantially change with respect to a
change in the ©production amount of gaseous ammonia.
Therefore, in the present embodiment, from this point of
view as well, it is easy to control the heat exchange amount
between the 1ligquid ammonia and the warm water, and the
required production amount of gaseous ammonia can be easily
and reliably obtained.

[0080]

Inside the boiler casing 21c, the temperature of the
exhaust gas decreases toward the downstream side of the flow
of the exhaust gas. In the present embodiment, the warm
water heater 52 is disposed on the downstream side with
respect to the economizer 2leco, which is a heat transfer
tube on the most downstream side among the plurality of heat
transfer tubes, in the boiler casing 2lc. Therefore, in
the present embodiment, the heat of the exhaust gas whose
temperature has become low can be effectively utilized in
the warm water heater 52.

[0081]

"Second Embodiment"

Next, a second embodiment of the gas turbine plant
according to the present disclosure will be described using
Figs. 5 and 6.

[0082]

As shown in Fig. 5, the gas turbine plant of the



present embodiment also includes the gas turbine 10, the
denitration device 20, the heat recovery steam generator 21,
the chimney 22, the steam turbine 23, the condenser 24, the
pump 25, and the control device 60, as in the gas turbine
plant of the first embodiment. Further, the gas turbine
plant of the present embodiment includes a fuel supply
facility 40a different from the fuel supply facility 40 of
the first embodiment.

[0083]

As in the fuel supply facility 40 of the first
embodiment, the fuel supply facility 40a of the present
embodiment includes the ammonia tank 41, the liquid ammonia
line 42, the liquid ammonia regulating wvalve 43a, the fuel
regulating valve 43b, the ammonia pump 44, the vaporizer 45,
the gaseous ammonia line 46, the warm water pump 54, the
heat exchanger 55, the medium line 58i, the medium recovery
line 580, and the medium flow rate regulator 59. Further,
the fuel supply facility 40a of the present embodiment
includes a warm water line 50a different from the warm water
line 50 of the first embodiment, and a heat exchange amount
regulator b56a different from the heat exchange amount
regulator 56 of the first embodiment.

[0084]

The warm water line 50a of the present embodiment has

the low-temperature water line 51 and the warm water heater



52, as in the warm water line 50 of the first embodiment.
Further, the warm water line 50a of the present embodiment
has a high-temperature water line 53a different from the
high-temperature water 1line 53 of the first embodiment.
Although the high-temperature water line 53 of the first
embodiment has the branch high-temperature water line 53y,
the high-temperature water 1line ©53a of the present
embodiment does not have the branch high-temperature water
line 53y.

[0085]

The heat exchanger 55 of the present embodiment is
provided in the high-temperature water line 53a. Therefore,
all of the high-temperature water from the warm water heater
52 flows into the heat exchanger 055 through the high-
temperature water line 53a. The medium flow rate regulator
59 is provided in the medium line 58i connected to the heat
exchanger 55, as in the first embodiment. The heat exchange
amount regulator 56a of the present embodiment has the
medium flow rate regulator 59.

[0086]

The control device 60 of the present embodiment
controls the operation of the medium flow rate regulator 59
when regulating the temperature of the warm water.

[0087]

Next, a method for supplying fuel to the gas turbine



plant according to the present embodiment will be described
according to the flowchart shown in Fig. 6.

[0088]

In the fuel supply method of the present embodiment,
as in the fuel supply method of the first embodiment, the
warm water heating step S1, the heat exchange step S3, the
pressure control step S5, the temperature control step S4,
the vaporization step S6, the low-temperature water recovery
step S7, and the fuel supply step S8 are executed. Further,
also in the fuel supply method of the present embodiment,
the pressure control step S5 is also executed in response
to a request from the operator, as in the fuel supply method
of the first embodiment. Further, in the fuel supply method
of the present embodiment, a heat exchange amount regulating
step S2X different from the heat exchange amount regulating
step S2 of the first embodiment is executed.

[0089]

Also in the heat exchange amount regulating step S2X
of the present embodiment, as in the heat exchange amount
regulating step S2 of the first embodiment, the temperature
of the high-temperature water flowing into the vaporizer 45
is regulated by regulating the heat exchange amount between
the high-temperature water from the warm water heater 52
and the medium flowing into the heat exchanger 55. However,

the heat exchange amount regulating method in the heat



exchange amount regulating step S2X of the present
embodiment 1s different from the heat exchange amount
regulating method in the heat exchange amount regulating
step S2 of the first embodiment. The heat exchange amount
regulating step S2X of the present embodiment includes a
medium flow rate regulating step S2c.

[0090]

In the medium flow rate regulating step S2c, the medium
flow rate regulator 59 as the heat exchange amount regulator
56a operates based on an instruction from the temperature
control system 65 or the pressure control system 70 of the
control device 60. As a result, the flow rate of the medium
flowing into the heat exchanger 55 1is regulated. As a
result, the heat exchange amount between the medium and the
high-temperature water in the heat exchanger 55 is regulated,
and the temperature of the high-temperature water flowing
into the wvaporizer 45 is regulated.

[0091]

The PI controller 68 of the temperature control system
65 1in the present embodiment obtains an opening degree
correction amount corresponding to the
proportional/integral action corresponding to the
temperature deviation AT, and outputs an operation amount
corresponding to the opening degree correction amount to

the medium flow rate regulator 59. Further, the PI



controller 68 of the pressure control system 70 in the
present embodiment obtains the opening degree correction
amount corresponding to the proportional/integral action
corresponding to (temperature deviation AT + lower limit
correction value Ca) or (temperature deviation AT + upper
limit correction value Cb), and outputs an operation amount
corresponding to the opening degree correction amount to
the medium flow rate regulator 59.

[0092]

In this manner, the operation of the medium flow rate
regulator 59 1is controlled by the operation of the
temperature control system 65 or the pressure control system
70, so that the heat exchange amount in the heat exchange
amount regulating step S2X is controlled.

[0093]

As described above, also in the present embodiment,
the warm water heated by the warm water heater 52 flows into
the vaporizer 45 after being temperature-regulated, and
therefore, even 1if the operation situation of the gas
turbine 10 changes, the production amount of gaseous ammonia
required by the gas turbine 10 can be easily obtained.
Further, in the present embodiment, it 1is possible to
enhance the responsiveness of the production amount of
gaseous ammonia to a change in the operation situation of

the gas turbine 10.



[0094]

Further, since the high-temperature water line 53a of
the present embodiment does not have the Dbranch high-
temperature water line 53y, the line configuration becomes
simpler than that of the gas turbine plant of the first
embodiment, and equipment costs can be reduced.

[0095]

The heat exchange amount regulator 56 of the first
embodiment may have the medium flow rate regulator 59, as
in the present embodiment, in addition to the three-way
valve 57.

[0096]

"Modification Example of Control Device"

Next, a modification example of the control device
described above will be described using Fig. 7. In the
control device 60 of each of the embodiments described above,
a pressure correction mode can be set. In a control device
60a of the present modification example, in addition to the
pressure correction mode, a pressure lower limit wvalue
control mode and a pressure upper limit value control mode
can also be set.

[0097]

The control device 60a of the present modification
example includes the fuel flow rate calculation unit 61,

the fuel valve control unit 62, and the IGV control unit 63,



as in the control device 60 of each of the embodiments
described above. Further, the control device 60a of the
present modification example includes a temperature control
system 65a different from the temperature control system 65
of each of the embodiments described above, and a pressure
control system 70a different from the pressure control
system 70 of each of the embodiments described above.

[0098]

The temperature control system 65a of the present
modification example includes +the target temperature
calculator 66 and the temperature deviation calculator 67,
as 1in the temperature control system 65 of each of the
embodiments described above. Further, the temperature
control system 65a of the present modification example
includes a PI control/switching unit 68a having the same
function as the PI controller 68 of each of the embodiments
described above.

[0099]

The temperature control system 65a of the present
modification example obtains an opening degree correction
amount corresponding to the proportional/integral action
corresponding to the deviation temperature AT between the
target temperature and the temperature detected by the
temperature sensor 48, and outputs an operation amount

corresponding to the opening degree correction amount to



the three-way valve 57 or the medium flow rate regulator 59
as the heat exchange amount regulator 56 or 56a, as in the
temperature control system 65 of each of the embodiments
described above.

[0100]

The pressure control system 70a of the present
modification example includes the pressure correction mode
button 71, the lower limit value memory 72a, the upper limit
value memory 72b, the lower limit deviation calculator 73a,
the upper limit deviation calculator 73b, the lower limit
deviation determiner 74a, the upper limit deviation
determiner 74b, the lower limit correction indicator 75a,
the upper limit correction indicator 75b, the lower limit
correction value calculator 77a, the upper limit correction
value calculator 77b, the first switcher 78a, the second
switcher 78b, the first adder 79a, and the second adder 79b,
as 1n the pressure control system 70 of each of the
embodiments described above. The pressure control system
70a of the present modification example further includes
the PI control/switching unit 68a. The pressure control
system 70a and the temperature control system 65a share the
PI control/switching unit 68a.

[0101]

The pressure control system 70a of the present

modification example further includes a lower limit control



mode button 7la, an upper limit control mode button 71b, a
lower 1limit control indicator 76a, and an upper limit
control indicator 76b.

[0102]

The lower limit control mode button 7la accepts
whether or not the operator or the like desires pressure
lower limit wvalue control. When the operator or the 1like
desires pressure lower limit value control and presses the
lower limit control mode button 7la, the lower limit control
mode button 7la outputs an ON signal, and the control device
60a enters a pressure lower limit value control mode. The
upper limit control mode button 71b accepts whether or not
the operator or the like desires pressure upper limit value
control. When the operator or the like desires pressure
upper 1limit wvalue control and presses the upper limit
control mode button 71b, the upper limit control mode button
71b outputs an ON signal, and the control device 60a enters
a pressure upper limit value control mode.

[0103]

When the lower 1limit deviation APat obtained by the
lower limit deviation calculator 73a is a positive wvalue
and an ON signal from the lower limit control mode button
71la 1is received, the lower 1limit control indicator 76a
outputs an ONac signal indicating that temperature control

based on the pressure lower limit value Pa is to be executed.



On the other hand, in a case where the lower limit deviation
APat is not a positive value or an ON signal from the lower
limit control mode button 7la is not received, the lower
limit control indicator 76a outputs an OFFac signal
indicating that temperature control based on the pressure
lower limit value Pa is not to be executed. When the upper
limit deviation APbt obtained by the upper limit deviation
calculator 73b is a negative wvalue and an ON signal from
the upper limit control mode button 71b is received, the
upper limit control indicator 76b outputs an ONbc signal
indicating that temperature control based on the pressure
upper limit value Pb is to be executed. On the other hand,
in a case where the upper 1limit deviation APbt is not a
negative value or an ON signal from the upper limit control
mode button 71b is not received, the upper limit control
indicator 76b outputs an OFFbc signal indicating that
temperature control based on the pressure upper limit value
Pb is not to be executed.

[0104]

When the PI control/switching unit 68a receives the
ONac signal from the lower limit control indicator 76a, the
PI control/switching unit 68a obtains an operation amount
based on the lower limit deviation APat obtained by the
lower 1limit deviation <calculator 73a, and outputs the

operation amount to the three-way valve 57 or the medium



flow rate regulator 59 as the heat exchange amount regulator
56 or 56a. The operation amount of the three-way wvalve 57
or the medium flow rate regulator 59 at this time 1is
different from the operation amount in a case where
temperature correction based on the pressure lower limit
value Pa 1s performed in the pressure correction mode.
Therefore, the operation amount of the three-way valve 57
or the medium flow rate regulator 59 changes according to
whether the operator or the 1like selects the pressure
correction mode or selects the pressure lower limit value
control mode.

[0105]

Further, when +the PI control/switching wunit 68a
receives the ONbc signal from the upper 1limit control
indicator 76b, the PI control/switching unit 68a obtains an
operation amount based on the upper limit deviation APbt
obtained by the upper limit deviation calculator 73b, and
outputs the operation amount to the three-way valve 57 or
the medium flow rate regulator 59 as the heat exchange
amount regulator 56 or 56a. The operation amount of the
three-way valve 57 or the medium flow rate regulator 59 at
this time is different from the operation amount in a case
where temperature correction based on the pressure upper
limit value Pb is performed in the pressure correction mode.

Therefore, the operation amount of the three-way valve 57



or the medium flow rate regulator 59 changes according to
whether the operator or the 1like selects the pressure
correction mode or selects the pressure condition value
control mode.

[0106]

The buttons of the control device 60 in each of the
above-described embodiments and the control device 60a of
the present modification example may be Dbuttons that
physically exist, or buttons that exist virtually on a
display or the like.

[0107]

“Other Modification Examples”

In the above, cooling water is exemplified as a medium
that is an object of heat exchange with warm water. However,
mediums other than the cooling water may be used as long as
there is a temperature difference of a certain value or more
from the temperature of the warm water.

[0108]

In each of the embodiments and the modification
example described above, after the warm water is heated to
about 90°C by the warm water heater 52, the warm water is
cooled to a warm water temperature in a range of 90°C to
60°C by the heat exchange between the warm water and the
medium such as cooling water. However, the heated warm

water may be further heated by the warm water heater 52 to



regulate the temperature of the warm water. 1In this case,
in the warm water heater 52, the warm water 1s heated to
about 50°C, for example. Then, the heated warm water is
further heated to a warm water temperature in a range of
90°C to 60°C by the heat exchange between the warm water
and the medium having a temperature in a range of about
100°C to 70°C, for example.

[0109]

In each of the embodiments and the modification
example described above, the warm water heater 52 1is
disposed on the downstream side with respect to the
economizer 2leco, which is a heat transfer tube on the most
downstream side among the plurality of heat transfer tubes,
in the boiler casing 2lc. However, the warm water heater
52 may be disposed at a position overlapping the heat
transfer tube on the most downstream side in the flow
direction of the exhaust gas in the boiler casing 21lc.

[0110]

The gas turbines 10 of each of the embodiments and the
modification example described above are so-called single-
shaft gas turbines. However, the gas turbine may also be a
twin-shaft gas turbine. That is, the gas turbine may have
a compressor, a combustor, a high-pressure turbine, and a
low-pressure turbine. 1In this case, a compressor rotor and

a high-pressure turbine rotor are connected to each other



to form a first gas turbine rotor. Further, a low-pressure
turbine rotor forms a second gas turbine rotor and is not
mechanically connected to the first gas turbine rotor.

[0111]

The gas turbine plants of each of the embodiments and
the modification example described above are combined cycle
plants each including the gas turbine 10, the heat recovery
steam generator 21, and the steam turbine 23. However, the
gas turbine plant may be a cogeneration plant that includes
the gas turbine 10 and the heat recovery steam generator 21
and that does not include the steam turbine. In this case,
the steam generated by the heat recovery steam generator 21
is utilized within the factory, for example.

[0112]

The gas turbine plants of each of the embodiments and
the modification example described above include the
denitration device 20. However, 1in a case where the NOx
concentration in the exhaust gas discharged from the gas
turbine 10 satisfies the environmental standard, the gas
turbine plant may be a plant that does not have a denitration
device.

[0113]

The embodiments and modification examples of the
present disclosure have been described in detail above.

However, the present disclosure is not limited to the above



embodiments and modification examples. Various additions,
changes, replacements, partial deletions, and the like are
possible within a scope which does not depart from the
conceptual idea and gist of the present invention which are
derived from the content defined 1in the <claims and
equivalents thereof.

[0114]

“Additional Remarks”

The gas turbine plants in the above embodiments are
understood as follows, for example.

[0115]

(1) A gas turbine plant in a first aspect includes

the gas turbine 10 that burns fuel and is capable of
being driven by a combustion gas generated by combustion of
the fuel, the heat recovery steam generator 21 capable of
generating steam by utilizing heat of an exhaust gas from
the gas turbine 10, and the fuel supply facility 40 or 40a
capable of supplying ammonia as the fuel to the gas turbine
10. The fuel supply facility 40 or 40a includes the liquid
ammonia line 42 connected to the ammonia tank 41 capable of
storing liquid ammonia, the warm water 1line 50 or 50a
through which warm water can flow, the vaporizer 45
connected to an end of the liquid ammonia line 42 and capable
of heating and vaporizing the liquid ammonia wvia the heat

exchange between the warm water from the warm water line 50



or 50a and the liquid ammonia, the heat exchanger 55 capable
of performing heat exchange between the warm water in the
warm water line 50 or 50a and a medium, the heat exchange
amount regulator 56 or 56a capable of regulating a heat
exchange amount between the warm water and the medium to
adjust a temperature of the warm water flowing into the
vaporizer 45, and the gaseous ammonia line 46 capable of
leading gaseous ammonia, which is ammonia vaporized in the
vaporizer 45, to the gas turbine 10. The vaporizer 45 has
the ammonia inlet 45ci, the ammonia outlet 45co, the warm
water inlet 45pi, and the warm water outlet 45po. The
liquid ammonia 1line 42 is connected to the ammonia inlet
45ci of the vaporizer 45. The gaseous ammonia line 46 1is
connected to the ammonia outlet 45co of the vaporizer 45.
The warm water line 50 or 50a has the warm water heater 52
that is disposed in the heat recovery steam generator 21
and that heats the warm water via the heat exchange between
the warm water and the exhaust gas, and the high-temperature
water line 53 or 53a that connects the warm water heater 52
and the warm water inlet 45pi of the vaporizer 45. The heat
exchanger 55 is provided in the high-temperature water line
53 or 53a.

[0116]

In this aspect, the warm water heated by the heat

exchange between the warm water and the exhaust gas in the



warm water heater 52 flows into the vaporizer 45 after being
temperature-regulated. In the wvaporizer 45, ammonia 1is
vaporized by the heat exchange between the temperature-
regulated warm water and the 1liquid ammonia. The
temperature of the exhaust gas flowing through the heat
recovery steam generator 21 changes according to a change
in the operation situation of the gas turbine 10. Therefore,
if the temperature of the exhaust gas changes, the
temperature of the warm water heated by the warm water
heater 52 also changes. However, 1in this aspect, as
described above, the warm water heated by the warm water
heater 52 flows into the wvaporizer 45 after being
temperature-regulated. Therefore, in this aspect, even if
the temperature of the exhaust gas changes, all of the
liquid ammonia that has flowed into the vaporizer 45 can be
easily converted into gaseous ammonia.

[0117]

Further, the amount of gaseous ammonia required by the
gas turbine 10 also changes according to a change in the
operation situation of the gas turbine 10. In this aspect,
even if the amount of gaseous ammonia required by the gas
turbine 10 changes, all of the liquid ammonia flowing into
the wvaporizer 45 can Dbe easily converted into gaseous
ammonia by changing the temperature of the warm water

flowing into the vaporizer 45.



[0118]

Therefore, 1in this aspect, even if the operation
situation of the gas turbine 10 changes, the production
amount of gaseous ammonia required by the gas turbine 10
can be easily obtained. Further, in this aspect, it 1is
possible to enhance the responsiveness of the production
amount of gaseous ammonia to a change in the operation
situation of the gas turbine 10.

[0119]

(2) In a gas turbine plant in a second aspect,

in the gas turbine plant in the first aspect, the high-
temperature water line 53 has the main high-temperature
water line 53x that connects the warm water inlet 45pi of
the wvaporizer 45 and the warm water heater 52, and the
branch high-temperature water line 53y branched from the
main high-temperature water line 53x and then connected to
the main high-temperature water line 53x. The heat
exchanger 55 1is provided in the branch high-temperature
water line 53y. The heat exchange amount regulator 56 has
a flow rate ratio regulator that regulates the ratio between
the flow rate of the warm water flowing between the branch
position of the branch high-temperature water line 53y and
the connection position of the branch high-temperature water
line 53y and the flow rate of the warm water flowing through

the Dbranch high-temperature water line 53y, in the main



high-temperature water line 53x.

[0120]

In this aspect, the heat exchange amount between the
warm water and the medium can be regulated by regulating
the ratio between the flow rate of the warm water flowing
between the branch position of the branch high-temperature
water line 53y and the connection position of the branch
high-temperature water line 53y and the flow rate of the
warm water flowing through the branch high-temperature water
line 53y, in the main high-temperature water line 53x.

[0121]

(3) In a gas turbine plant in a third aspect,

in the gas turbine plant in the first or second aspect,
the heat exchange amount regulator 56a has the medium flow
rate regulator 59 that regulates the flow rate of the medium
flowing into the heat exchanger 55.

[0122]

In this aspect, the heat exchange amount between the
warm water and the medium can be regulated by regulating
the flow rate of the medium flowing into the heat exchanger
55.

[0123]

(4) In a gas turbine plant in a fourth aspect,

in the gas turbine plant in any one of the first to

third aspects, the vaporizer 45 has the heat transfer tube



45p that has the warm water inlet 45pi and the warm water
outlet 45po and through which the warm water can flow, and
the vaporizer casing 45c that covers the heat transfer tube
45p and is capable of temporarily storing the liquid ammonia.
The vaporizer casing 45c has the ammonia inlet 45ci and the
ammonia outlet 45co. The liquid ammonia 1line 42 1is
connected to the ammonia inlet 45ci of the vaporizer casing
45c, and the gaseous ammonia line 46 is connected to the
ammonia outlet 45co of the vaporizer casing 45c.

[0124]

In a case where the liquid ammonia flows into the heat
transfer tube 45p and the warm water flows into the
vaporizer casing 45c covering the heat transfer tube 45p,
the 1liquid ammonia becomes gaseous ammonia in the heat
transfer tube 45p, and the gaseous ammonia stays in a part
of the heat transfer tube 45p. Therefore, the effective
heat transfer area for heat exchange between the liquid
ammonia and the warm water becomes smaller than the total
heat transfer area of the heat transfer tubes 45p. Moreover,
in this case, the effective heat transfer area for heat
exchange between the liquid ammonia and the warm water also
changes with respect to a change in the production amount
of gaseous ammonia. Therefore, in this case, it 1is
difficult to control the heat exchange amount between the

liquid ammonia and the warm water, and the required



production amount of gaseous ammonia may not be secured.

[0125]

On the other hand, in this aspect, the warm water flows
into the heat transfer tubes 45p, and the liquid ammonia
flows into the vaporizer casing 45c covering the heat
transfer tubes 45p. Therefore, in this aspect, the liquid
ammonia 1in contact with the outer surface of the heat
transfer tube 45p can be separated from the outer surface
of the heat transfer tube 45p when vaporized. Therefore,
in this aspect, the effective heat transfer area for heat
exchange between the liquid ammonia and the warm water can
be made larger than in the previous case with respect to
the total heat transfer area of the heat transfer tubes 45p.
Moreover, in this aspect, the effective heat transfer area
for heat exchange between the liquid ammonia and the warm
water does not substantially change with respect to a change
in the production amount of gaseous ammonia. Therefore, in
this aspect, it is easy to control the heat exchange amount
between the 1ligquid ammonia and the warm water, and the
required production amount of gaseous ammonia can be easily
obtained.

[0126]

(5) In a gas turbine plant in a fifth aspect,

in the gas turbine plant in any one of the first to

fourth aspects, the heat recovery steam generator 21 has



the boiler casing 21c through which the exhaust gas from
the gas turbine 10 flows, and a plurality of heat transfer
tubes that are disposed in the boiler casing 21c and through
which water or steam flows. The plurality of heat transfer
tubes are arranged in a flow direction of the exhaust gas
within the boiler casing 21c. The warm water heater 52 is
disposed, in the boiler casing 21c, at a position
overlapping the heat transfer tube on the most downstream
side in the flow direction of the exhaust gas among the
plurality of heat transfer tubes, in the flow direction of
the exhaust gas, or at a position on the further downstream
side.

[0127]

Inside the boiler casing 21c, the temperature of the
exhaust gas decreases toward the downstream side of the flow
of the exhaust gas. In this aspect, the heat of the exhaust
gas whose temperature has become low can be effectively
utilized by the warm water heater 52.

[0128]

(6) In a gas turbine plant in a sixth aspect,

the gas turbine plant in any one of the first to fifth
aspects further includes the control device 60 or 60a that
controls an operation of the heat exchange amount regulator
56 or 56a. The control device 60 or 60a includes the

temperature control system 65 or 65a that determines an



operation amount of the heat exchange amount regulator 56
or 56a according to the required output PWr for the gas
turbine 10 from the outside and that instructs the heat
exchange amount regulator 56 or 56a on the operation amount.

[0129]

The flow rate of the fuel that is supplied to the gas
turbine 10 changes according to a change in the required
output PWr for the gas turbine 10. In this case, the heat
exchange amount between the fuel and the warm water in the
vaporizer 45 changes with a change in fuel flow rate. If
the temperature of the warm water is regulated according to
the result of a change in heat exchange amount, it takes
time from a change in the required output PWr until the
production amount of gaseous ammonia is secured. In this
aspect, since the operation amount of the heat exchange
amount regulator 56 or 56a is determined according to the
required output PWr, the time from a change in the required
output PWr until the production amount of gaseous ammonia
is secured can be shortened. 1In other words, in this aspect,
it 1s ©possible to enhance the responsiveness of the
production amount of gaseous ammonia to a change in the
required output PWr.

[0130]

(7) In a gas turbine plant in a seventh aspect,

in the gas turbine plant in the sixth aspect, the



control device 60 or 60a further includes the pressure
control system 70 or 70a that determines the operation
amount of the heat exchange amount regulator 56 or 56a such
that the pressure of the gaseous ammonia flowing into the
gas turbine 10 falls within a pressure range determined in
advance, and that instructs the heat exchange amount
regulator 56 or 56a on the operation amount.

[0131]

If the pressure of the gaseous ammonia flowing into
the gas turbine 10 is not within a pressure range determined
in advance, the gaseous ammonia cannot be stably burned in
the gas turbine 10. In this aspect, the pressure of the
gaseous ammonia flowing into the gas turbine 10 1is
controlled by the pressure control system 70 or 70a such
that the pressure of the gaseous ammonia falls within a
pressure range determined in advance. Therefore, in this
aspect, the gaseous ammonia can be stably burned within the
gas turbine 10.

[0132]

The method for supplying fuel to a gas turbine plant
in each of the embodiments and each of the modification
examples described above 1s understood as follows, for
example.

(8) A method for supplying fuel to a gas turbine plant

in an eighth aspect is



a method for supplying fuel to a gas turbine plant
that includes the gas turbine 10 that burns fuel and 1is
capable of being driven by a combustion gas generated Dby
combustion of the fuel, and the heat recovery steam
generator 21 capable of generating steam by utilizing heat
of an exhaust gas from the gas turbine 10, the method
including: a warm water heating step S1 of performing heat
exchange between warm water 1in a warm water heater 52
disposed in the heat recovery steam generator 21 and the
exhaust gas outside the warm water heater 52 in the heat
recovery steam generator 21 to heat the warm water; a heat
exchange step S3 of performing heat exchange between the
warm water heated in the warm water heating step S1 and a
medium; a heat exchange amount regulating step S2 or S2X of
regulating a heat exchange amount between the warm water
heated in the warm water heating step S1 and the medium; a
vaporization step S6 of performing heat exchange between
the warm water after the heat exchange amount with the
medium has Dbeen regulated in the heat exchange amount
regulating step S2 or S2X and liquid ammonia from the
ammonia tank 41 storing the liquid ammonia to vaporize the
liquid ammonia in the vaporizer 45; and a fuel supply step
S8 of supplying gaseous ammonia, which is ammonia vaporized
in the vaporization step S6, to the gas turbine 10 as fuel.

In the heat exchange amount regulating step S2 or S2X, a



temperature of the warm water flowing into the vaporizer 45
is regulated by regulating the heat exchange amount between
the warm water and the medium in the heat exchange step S3.

[0133]

In this aspect, as in the gas turbine plant in the
first aspect, even 1if the operation situation of the gas
turbine 10 changes, the production amount of gaseous ammonia
required by the gas turbine 10 can be easily obtained.
Further, also in this aspect, it is possible to enhance the
responsiveness of the production amount of gaseous ammonia
to a change in the operation situation of the gas turbine
10.

[0134]

(9) In a method for supplying fuel to a gas turbine
plant in a ninth aspect,

in the method for supplying fuel to a gas turbine plant
in the eighth aspect, the heat exchange amount regulating
step S2 includes a flow dividing step S2a of dividing the
warm water heated in the warm water heating step S1 into
main high-temperature water and branch high-temperature
water, and a flow rate ratio regulating step S2b. In the
heat exchange step S3, heat exchange between the branch
high-temperature water and the medium is performed. In the
flow rate ratio regulating step S2b, the ratio between the

flow rate of the main high-temperature water and the flow



rate of the branch high-temperature water after the heat
exchange in the heat exchange step S3 is regulated, and the
main high-temperature water and the branch high-temperature
water after the heat exchange in the heat exchange step S3
are merged with each other.

[0135]

In this aspect, as in the gas turbine plant in the
second aspect, the heat exchange amount between the warm
water and the medium can be regulated.

[0136]

(10) In a method for supplying fuel to a gas turbine
plant in a tenth aspect,

in the method for supplying fuel to a gas turbine plant
in the eighth or ninth aspect, the heat exchange amount
regulating step S2X includes a medium flow rate regulating
step S2c of regulating the flow rate of the medium that
heat-exchanges with the warm water in the heat exchange step
S3.

[0137]

In this aspect, as in the gas turbine plant in the
third aspect, the heat exchange amount between the warm
water and the medium can be regulated.

[0138]

(11) In a method for supplying fuel to a gas turbine

plant in an eleventh aspect,



the method for supplying fuel to a gas turbine plant
in any one of the eighth to tenth aspects further includes
a temperature control step S4 of controlling the regulation
of the heat exchange amount in the heat exchange amount
regulating step S2 or S2X according to the required output
PWr for the gas turbine 10 from the outside.

[0139]

In this aspect, as in the gas turbine plant in the
sixth aspect, it is possible to enhance the responsiveness
of the production amount of gaseous ammonia to a change in
the required output PWr.

[0140]

(12) In a method for supplying fuel to a gas turbine
plant in a twelfth aspect,

the method for supplying fuel to a gas turbine plant
in the eleventh aspect further includes a pressure control
step S5 of controlling the regulation of the heat exchange
amount in the heat exchange amount regulating step S2 or
S2X such that the pressure of the gaseous ammonia flowing
into the gas turbine 10 falls within a pressure range
determined in advance.

[0141]

In this aspect, as in the gas turbine plant in the
seventh aspect, gaseous ammonia can be stably burned in the

gas turbine 10.



Industrial Applicability

[0142]

According to an aspect of the present disclosure, it
is possible to easily obtain the production amount of
gaseous ammonia that is required by a gas turbine.
Reference Signs List

[0143]

10: gas turbine

11: gas turbine rotor

12: intermediate casing

14: compressor

l4r: compressor rotor

l4c: compressor casing

14i: intake air amount regulator (or IGV)

15: combustor

16: turbine

l6r: turbine rotor

16c: turbine casing

20: denitration device

21: heat recovery steam generator

21lc: boiler casing

2leco: economizer

2leva: evaporator

21s: superheater

22: chimney



23: steam turbine

24: condenser

25: pump

26: water supply line

27: main steam line

40, 40a: fuel supply facility
41: ammonia tank

42: liquid ammonia line

43a: liquid ammonia regulating valve
43b: fuel regulating valve
44: ammonia pump

45: vaporizer

45c: vaporizer casing

45ci: ammonia inlet

45co: ammonia outlet

45p: heat transfer tube

45pi: warm water inlet

45po: warm water outlet

46: gaseous ammonia line

48: temperature sensor

49: pressure sensor

50, 50a: warm water line

51: low-temperature water line
52: warm water heater

53, 53a: high-temperature water line



53x: main high-temperature water line
53y: branch high-temperature water line
54: warm water pump

55: heat exchanger

55c: heat exchanger casing

55p: heat transfer tube

55pi: medium inlet

55po: medium outlet

56, 56a: heat exchange amount regulator
57: three-way valve (or flow rate ratio regulator)
58i: medium line

580: medium recovery line

59: medium flow rate regulator

60, ©60a: control device

61: fuel flow rate calculation unit

62: fuel valve control unit

63: IGV control unit

65, 65a: temperature control system

66: target temperature calculator

67: temperature deviation calculator
68: PI controller

68a: PI control/switching unit

70, 70a: pressure control system

71: pressure correction mode button

7la: lower limit control mode button



71b:

72a:

72b:

73a:

73b:

T74a:

74b:

75a:

75b:

Toa:

76b:

T7a:

T77b:

78a:

78b:

79%a:

79%b:

upper limit control mode button

lower limit value memory

upper limit value memory

lower limit deviation calculator

upper limit deviation calculator

lower limit deviation determiner

upper limit deviation determiner

lower limit correction indicator

upper limit correction indicator

lower limit control indicator

upper limit control indicator

lower limit correction wvalue calculator
upper limit correction value calculator
first switcher

second switcher

first adder

second adder



Claims

[Claim 1]

A gas turbine plant comprising:

a gas turbine that burns fuel and is capable of being
driven by a combustion gas generated by combustion of the
fuel;

a heat recovery steam generator capable of generating
steam by utilizing heat of an exhaust gas from the gas
turbine; and

a fuel supply facility capable of supplying ammonia as
the fuel to the gas turbine,

wherein the fuel supply facility includes

a liquid ammonia line connected to an ammonia tank
capable of storing liquid ammonia,

a warm water line through which warm water flows,

a vaporizer connected to an end of the liquid ammonia
line and capable of heating and vaporizing the 1liquid
ammonia wvia heat exchange between the warm water from the
warm water line and the liquid ammonia,

a heat exchanger capable of performing heat exchange
between the warm water in the warm water line and a medium,

a heat exchange amount regulator capable of regulating
a heat exchange amount between the warm water and the medium

to adjust a temperature of the warm water flowing into the



vaporizer, and

a gaseous ammonia line capable of leading gaseous
ammonia, which is ammonia vaporized in the wvaporizer, to
the gas turbine,

the vaporizer has an ammonia inlet, an ammonia outlet,
a warm water inlet, and a warm water outlet,

the liquid ammonia line is connected to the ammonia
inlet of the vaporizer,

the gaseous ammonia line is connected to the ammonia
outlet of the wvaporizer,

the warm water line has a warm water heater that is
disposed in the heat recovery steam generator and that heats
the warm water via heat exchange between the warm water and
the exhaust gas, and a high-temperature water line that
connects the warm water heater and the warm water inlet of
the vaporizer, and

the heat exchanger is provided in the high-temperature

water line.

[Claim 2]

The gas turbine plant according to Claim 1,

wherein the high-temperature water line has a main
high-temperature water line that connects the warm water
inlet of the vaporizer and the warm water heater, and a

branch high-temperature water line branched from the main



high-temperature water line and then connected to the main
high-temperature water line,

the heat exchanger is provided in the branch high-
temperature water line, and

the heat exchange amount regulator has a flow rate
ratio regulator that regulates a ratio between a flow rate
of the warm water flowing between a branch position of the
branch high-temperature water line and a connection position
of the branch high-temperature water line and a flow rate
of the warm water flowing through the branch high-
temperature water line, in the main high-temperature water

line.

[Claim 3]
The gas turbine plant according to Claim 1 or 2,
wherein the heat exchange amount regulator includes a
medium flow rate regulator that regulates a flow rate of

the medium flowing into the heat exchanger.

[Claim 4]

The gas turbine plant according to any one of Claims
1 to 3,

wherein the vaporizer has a heat transfer tube that
has the warm water inlet and the warm water outlet and

through which the warm water flows, and a vaporizer casing



that covers the heat transfer tube and is capable of
temporarily storing the liquid ammonia,

the vaporizer casing has the ammonia inlet and the
ammonia outlet, and

the liquid ammonia line is connected to the ammonia
inlet of the vaporizer casing, and the gaseous ammonia line

is connected to the ammonia outlet of the vaporizer casing.

[Claim 5]

The gas turbine plant according to any one of Claims
1 to 4,

wherein the heat recovery steam generator includes a
boiler casing through which the exhaust gas from the gas
turbine flows, and a plurality of heat transfer tubes that
are disposed in the boiler casing and through which water
or steam flows,

the plurality of heat transfer tubes are arranged in
a flow direction of the exhaust gas within the boiler casing,
and

the warm water heater is disposed, in the boiler casing,
at a position overlapping the heat transfer tube on a most
downstream side in the flow direction of the exhaust gas
among the plurality of heat transfer tubes, in the flow
direction of the exhaust gas, or at a position on the further

downstream side.



[Claim 6]

The gas turbine plant according to any one of Claims
1 to 5, further comprising:

a control device that controls an operation of the
heat exchange amount regulator,

wherein the control device includes a temperature
control system that determines an operation amount of the
heat exchange amount regulator according to required output
for the gas turbine from an outside and that instructs the

heat exchange amount regulator on the operation amount.

[Claim 7]

The gas turbine plant according to Claim 6,

wherein the control device further includes a pressure
control system that determines the operation amount of the
heat exchange amount regulator such that pressure of the
gaseous ammonia flowing into the gas turbine falls within a
pressure range determined in advance, and that instructs

the heat exchange amount regulator on the operation amount.

[Claim 8]
A method for supplying fuel to a gas turbine plant
that includes a gas turbine that burns fuel and is capable

of being driven by a combustion gas generated by combustion



of the fuel, and a heat recovery steam generator capable of
generating steam by utilizing heat of an exhaust gas from
the gas turbine, the method comprising:

a warm water heating step of performing heat exchange
between warm water in a warm water heater disposed in the
heat recovery steam generator and the exhaust gas outside
the warm water heater in the heat recovery steam generator
to heat the warm water;

a heat exchange step of performing heat exchange
between the warm water heated in the warm water heating step
and a medium;

a heat exchange amount regulating step of regulating
a heat exchange amount between the warm water heated in the
warm water heating step and the medium;

a vaporization step of performing heat exchange
between the warm water after the heat exchange amount with
the medium has been regulated in the heat exchange amount
regulating step and liquid ammonia from an ammonia tank
storing the liquid ammonia to vaporize the liquid ammonia
in a vaporizer; and

a fuel supply step of supplying gaseous ammonia, which
is ammonia vaporized in the vaporization step, to the gas
turbine as fuel,

wherein in the heat exchange amount regulating step,

a temperature of the warm water flowing into the vaporizer



is regulated by regulating the heat exchange amount between

the warm water and the medium in the heat exchange step.

[Claim 9]

The method for supplying fuel to a gas turbine plant
according to Claim 8,

wherein the heat exchange amount regulating step
includes a flow dividing step of dividing the warm water
heated in the warm water heating step into main high-
temperature water and branch high-temperature water, and a
flow rate ratio regulating step,

in the heat exchange step, heat exchange between the
branch high-temperature water and the medium is performed,
and

in the flow rate ratio regulating step, a ratio between
a flow rate of the main high-temperature water and a flow
rate of the branch high-temperature water after heat
exchange in the heat exchange step is regulated, and the
main high-temperature water and the branch high-temperature
water after heat exchange in the heat exchange step are

merged with each other.

[Claim 10]
The method for supplying fuel to a gas turbine plant

according to Claim 8 or 9,



wherein the heat exchange amount regulating step
includes a medium flow rate regulating step of regulating a
flow rate of the medium that heat-exchanges with the warm

water in the heat exchange step.

[Claim 11]
The method for supplying fuel to a gas turbine plant
according to any one of Claims 8 to 10, further comprising:
a temperature control step of controlling regulation
of the heat exchange amount in the heat exchange amount
regulating step according to required output for the gas

turbine from an outside.

[Claim 12]

The method for supplying fuel to a gas turbine plant
according to Claim 11, further comprising:

a pressure control step of controlling the heat
exchange amount in the heat exchange amount regulating step
such that pressure of the gaseous ammonia flowing into the
gas turbine falls within a pressure range determined in

advance.



