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(54) Variable heat/power ratio cogeneration system

(57) A variable heat/power ratio cogeneration sys-
tem is provided, which is capable of suppressing the
amount of NOx emission to the minimum level while en-
suring the stability of combustion of a gas turbine com-
bustor even when the ratio of gasification gas to be used
to a normal fuel (such as natural gas or light fuel oil) to
be used is changed or the composition of the gasification
gas fuel are changed. The variable heat/power ratio co-
generation system includes: a first steam system (301)
that injects extra steam on the upstream side of a flame
zone with respect to the flow of combustion gas in the
combustor (2); a second steam system (302) that is
branched from the first steam system (301) and injects

extra steam on the downstream side of the flame zone
with respect to the flow of the combustion gas in the com-
bustor(2); a first steam flow rate control valve (311) ca-
pable of controlling the flow rate of the steam to be in-
jected by the first steam system (301); a second steam
flow rate control valve (312) capable of controlling the
flow rate of the steam to be injected by the second steam
system (302); and a controller (400) that controls the first
steam flow rate control valve (311) on the basis of the
flow rate of the gasification gas and the flow rate of the
normal fuel and controls the second flow rate control
valve (312) on the basis of a demanded steam amount
necessary for a steam consumption facility.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a variable
heat/power ratio cogeneration system.

2. Description of the Related Art

[0002] A variable heat/power cogeneration system is
expected as a low-energy-loss high-efficiency distributed
power supply since it can supply heat and electricity and
change a heat-to-power ratio on the basis of a demanded
ratio of heat to electricity. Such a variable heat/power
cogeneration system has a dual system for steam injec-
tion into a combustor in order to prevent an increase in
nitrogen oxide (NOx) and unburnt fuel and maintain a
low-NOx operation and a high combustion efficiency in
an overall load range. This variable heat/power cogen-
eration system measures the concentrations of NOx and
unburnt fuel in exhaust gas, and on the basis-of the meas-
ured concentrations, controls the flow rate of steam to
be injected for each unit of the dual system (refer to, for
example, Japanese Patent No. 4386195).
[0003] Meanwhile, gas turbines that constitute a part
of a variable heat/power cogeneration system are intend-
ed to use a variety of fuels. For example, some gas tur-
bines use gas obtained by gasifying coal that is an abun-
dant energy resource, or gas obtained by gasifying bio-
mass that is a carbon-free energy resource. Such gas
turbines are adapted to spray, into the combustor, nitro-
gen separated and generated in a coal gasification plant,
thereby reducing NOx emission from a gas turbine com-
bustor that combusts coal gasification gas (refer to, for
example, JP-2010-230287-A).

SUMMARY OF THE INVENTION

[0004] If a variable heat/power ratio cogeneration sys-
tem uses a gasification gas fuel such as coal gasification
gas or biomass gasification gas, since the heating value
of the gasification gas is smaller than that of normal fuels
such as natural gas and light fuel oil, the flow rate of
steam that is injected into a part located near a flame
zone and is effective to suppress the amount of NOx is
relatively low. If steam is injected at a flow rate larger
than a rate necessary to reduce the NOx, flame may be
blown off. Therefore, the flow rate of steam needs to be
controlled in a smaller region with higher accuracy than
the case where a conventional normal fuel is used.
[0005] In an operation (described in Japanese Patent
No. 4386195) of controlling the flow rate of steam on the
basis of the exhaust gas composition, since it takes a lot
of time to detect the exhaust gas composition, response
delay from the detection to control may occur. Therefore,
if the gasification gas is used as a fuel in the technique

disclosed in Japanese Patent No. 4386195, the operation
of controlling the flow rate of the steam may be delayed,
the amount of NOx emission and the amount of unburnt
fuel emission may increase, and flame may be blown off.
[0006] The gas turbine described in JP-2010-230287-
A that uses the gasification gas may use a normal fuel
such as natural gas or light fuel oil upon start-up and
stopping of the gas turbine. Since the gasification gas
contains hydrogen and a carbon monoxide (CO), explo-
sion may occur upon ignition and carbon monoxide in-
toxication upon the stop. To prevent the explosion and
the intoxication, the normal fuel is substituted in a fuel
pipe upon start-up and stopping of the gas turbine.
[0007] In the gas turbine that uses both normal fuel
and gasification gas, switching between the normal fuel
and the gasification gas may be performed or mixed com-
bustion may occur at the constant ratio of the gasification
gas to the normal fuel. If this gas turbine performs the
operation (described in Japanese Patent No. 4386195)
of controlling the amount of steam on the basis of the
exhaust gas composition, the heating value and flow rate
of the fuel change. Thus, the flow rate of steam necessary
for reducing the NOx changes. Particularly, the fuel
switching is completed within a time of several seconds
to several tens of seconds. Thus, if the flow rate of the
steam is controlled on the basis of the detection (that
may be delayed by nearly the same time required for
completion of the fuel switching) of the components of
the exhaust gas, the control may be delayed, causing an
increase in the amount of the NOx discharged and flame
to be blown off.
[0008] Since the composition of gasification gas easily
vary compared with normal fuels, the heating value and
the flow rate of the gasification gas significantly vary.
Therefore, the flow rate of steam needs to be controlled
on the basis of not only the mixed combustion ratio of
the flow rate of the gasification gas to that of the normal
fuel but also a change in the composition of the gasifica-
tion gas.
[0009] Therefore, if the amount of steam to be con-
sumed is small, a variable heat/power ratio cogeneration
system injects extra steam into a combustor to increase
the amount of power to be generated, which also aims
to suppress the amount of the NOx emission. In this sys-
tem, a gasification gas fuel such as coal gasification gas
or biomass gasification gas is mainly used, whereas a
normal fuel such as natural gas or light fuel oil is used
for start-up and stop of a gas turbine and used to support
combustion. In this case, some measures are required
to control the flow rate of steam to be injected into the
combustor on the basis of a change in the amount of the
fuel to be consumed, a change in the amount of steam
to be used, a change in the ratio of the gasification gas
to the normal fuel, and a change in the composition of
gasification gas.
[0010] The invention was devised on the basis of the
aforementioned facts, and an object of the invention is
to provide a variable heat/power ratio cogeneration sys-
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tem that ensures the stability of combustion in a gas tur-
bine combustor and suppresses NOx emission to the
minimum level even when the use ratio of gasification
gas to a normal fuel (such as natural gas or light fuel oil)
is changed, or the composition of the gasification gas are
changed, or the amount of steam to be used is changed.
[0011] In order to solve the aforementioned problems,
configurations that are described in claims are used. The
present application includes multiple schemes for solving
the aforementioned problems. As an example of the
schemes, a variable heat/power ratio cogeneration sys-
tem includes a gas turbine that uses both gasification
gas obtained by gasifying a solid or liquid fuel and a nor-
mal fuel that is natural gas, oil gas, or light fuel oil, the
normal fuel being used as an alternative or auxiliary fuel
when the gas turbine is start-up and stopped or when the
amount of the gasification gas to be supplied is small; a
combustor that combusts the gasification gas and the
normal fuel to generate combustion gas; a heat recovery
steam generator that uses exhaust gas of the gas turbine
to generate steam; a process system that supplies the
generated steam to a steam consumption facility; and/or
a steam system that injects extra steam into the gas tur-
bine. The variable heat/power ratio cogeneration system
further includes a first steam system that injects the extra
steam on the upstream side of a flame zone with respect
to the flow of the combustion gas in the combustor; a
second steam system that is branched from the first
steam system and injects the extra steam on the down-
stream side of the flame zone with respect to the flow of
the combustion gas in the combustor; a first steam flow
rate control valve that is arranged in the first steam sys-
tem and capable of controlling the flow rate of the steam
to be injected by the first steam system; a second steam
flow rate control valve that is arranged in the second
steam system and capable of controlling the flow rate of
the steam to be injected by the second steam system; a
gasification gas flow rate detector that detects the flow
rate of the gasification gas; a normal fuel flow rate de-
tector that detects the flow rate of the normal fuel; a de-
manded steam amount detector that detects a demanded
amount of steam necessary for the steam consumption
facility; and a controller that acquires the flow rate de-
tected by the gasification gas flow rate detector and the
flow rate detected by the normal fuel flow rate detector
to control the first steam flow rate control valve on the
basis of signals indicating the detected flow rates, the
controller further acquiring the demanded steam amount
detected by the demanded steam amount detector and
necessary for the steam consumption facility to control
the second steam flow rate control valve on the basis of
a signal indicating the demanded steam amount.
[0012] According to the invention, even when the use
ratio of gasification gas to a normal fuel (such as natural
gas or light fuel oil) is changed, or the composition of the
gasification gas are changed, or the amount of steam to
be used is changed, it is possible to ensure the stability
of combustion in a gas turbine combustor and suppress

the NOx emission to the minimum level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a system flow diagram illustrating an exam-
ple of the configuration of a variable heat/power ratio
cogeneration system according to a first embodi-
ment of the invention.
Fig. 2 is a system flow diagram illustrating another
example of the configuration of the variable
heat/power ratio cogeneration system according to
the first embodiment of the invention and illustrating
that a position toward which steam is sprayed is dif-
ferent from the example illustrated in Fig. 1.
Fig. 3 is a system flow diagram illustrating a further
example of the configuration of the variable
heat/power ratio cogeneration system according to
the first embodiment of the invention and illustrating
that a position toward which the steam is sprayed is
different from the examples illustrated in Figs. 1 and
2.
Fig. 4 is a characteristic diagram illustrating an ex-
ample of a method for switching fuels in the variable
heat/power ratio cogeneration system according to
the first embodiment of the invention.
Fig. 5 is a characteristic diagram illustrating an ex-
ample of a method for mixing the normal fuel with
the gasification gas in the variable heat/power ratio
cogeneration system according to the first embodi-
ment of the invention.
Fig. 6 is a block diagram illustrating an example of
the configuration of a controller included in the var-
iable heat/power ratio cogeneration system accord-
ing to the first embodiment of the invention.
Figs. 7A to 7C are characteristic diagrams illustrating
examples of control of the flow rate of steam in the
variable heat/power ratio cogeneration system ac-
cording to the first embodiment of the invention.
Fig. 8 is a system flow diagram illustrating an exam-
ple of the configuration of the variable heat/power
ratio cogeneration system according to a second em-
bodiment of the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0014] Hereinafter, variable heat/power ratio cogen-
eration systems according to embodiments of the inven-
tion are described with reference to the accompanying
drawings.

First Embodiment

[0015] Fig. 1 is a system flow diagram illustrating an
example of the configuration of the heat/power ratio co-
generation system according to a first embodiment of the
invention. As illustrated in Fig. 1, the heat/power ratio
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cogeneration system is mainly composed of a gas turbine
4, a heat recovery steam generator 5, a generator 20,
and a steam supply system 300.
[0016] The gas turbine 4 includes a compressor 1, a
combustor 2, and a turbine 3. The compressor 1 com-
presses air 100 to generate high-pressure compressed
air 101 for combustion. The combustor 2 combusts the
compressed air 101 introduced from the compressor 1
and a fuel introduced from a fuel system 200 to generate
combustion gas 105. The combustion gas 105 generated
by the combustor 2 is introduced in the turbine 3. A rotary
shaft of the compressor 1 and that of the turbine 3 are
coupled to each other by a shaft 21. The generator 20 is
driven by the gas turbine 4 and generates power. A rotary
shaft of the generator 20 is coupled to the rotary shaft of
the compressor 1 and that of the turbine 3 by the shaft 21.
[0017] The combustor 2 includes a combustor casing
7, a combustor cover 8, a combustor nozzle 9, a com-
bustor liner 10, and a combustor transition duct 11. The
combustor casing 7 constitutes side surfaces of the com-
bustor 2. The combustor cover 8 is arranged at an edge
of the combustor casing 7. The combustor nozzle 9 is
arranged at a central portion of the combustor cover 8
arranged at the upstream-side edge. The combustor liner
10 is arranged on the downstream side of the combustor
nozzle 9 and formed in a substantially cylindrical shape
and separates unburnt air from combustion gas. The
combustor transition duct 11 is coupled to a downstream-
side portion of the combustor liner 10.
[0018] The high-pressure compressed air 101 ex-
hausted from the compressor 1 is injected in the com-
bustor casing 7. In the combustor casing 7, the com-
pressed air 101 passes through a substantially annular
space formed outside the combustor liner 10, flows to-
ward a head of the combustor 2, and is used for convec-
tion cooling of the combustor liner 10.
[0019] A part of the compressed air 101 illustrated in
Fig. 1 flows as liner cooling air 102 into the combustor
liner 10 from a cooling hole formed in the combustor liner
10 and is used for film cooling. Another part of the com-
pressed air 101 flows as dilution air 103 into the combus-
tor liner 10 from a dilution hole formed in the combustor
liner 10 and is mixed with combustion gas 105 described
later.
[0020] The remaining part of the compressed air 101
flows as combustion air 104 into the combustion liner 10
from a combustion hole formed in the combustion liner
10 on the upstream side of the combustion liner 10, is
used for combustion together with the fuel sprayed from
the combustor nozzle 9 and becomes high-temperature
combustion gas 105. The combustion gas 105 is mixed
with the liner cooling air 102 and the dilution air 103 and
transferred to the turbine 3. Low-pressure gas turbine
exhaust 106 is output from the turbine 3, and heat of the
gas turbine exhaust 106 is recovered by the heat recov-
ery steam generator 5. After that, the gas turbine exhaust
106 is discharged as exhaust gas 107 into the atmos-
phere.

[0021] The compressor 1 has a pressure ratio detector
13 that detects differential pressure (pressure ratio) be-
tween the pressure of the suctioned air and the pressure
of air to be discharged. A thermometer 14 for detecting
the temperature of the gas turbine exhaust 106 is ar-
ranged between the turbine 3 and the heat recovery
steam generator 5. Signals detected by the pressure ratio
detector 13 and the thermometer 14 are input to a con-
troller 400 described later.
[0022] The fuel system 200 of the gas turbine includes
a gasification gas fuel system 201 and a normal fuel sys-
tem 202. A gasification gas fuel of the gasification gas
fuel system 201 is a gas fuel generated by gasifying coal
or biomass in a gasification furnace (not illustrated) and
contains hydrogen and a carbon monoxide as well as a
hydrocarbon gas fuel such as methane, ethane, or pro-
pane. In addition, the gasification gas fuel contains a car-
bon dioxide and nitrogen and sometimes a component
(such as moisture) with no heating value.
[0023] The normal fuel system 202 is provided together
with the gasification gas fuel system 201 and supplies a
normal fuel such as natural gas, oil gas, or light fuel oil.
This is because explosion may occur upon ignition and
carbon monoxide intoxication upon the stop since the
gasification gas contains hydrogen and a carbon mon-
oxide (CO). Therefore, to prevent the explosion and the
carbon monoxide intoxication, the normal fuel is substi-
tuted in a fuel pipe upon start-up and stopping of the gas
turbine operation of the variable heat/power ratio cogen-
eration system.
[0024] The gasification gas fuel system 201 includes
a gasification gas flow rate control valve 211, while the
normal fuel system 202 includes a normal fuel flow rate
control valve 212. Power output from the gas turbine 4
can be controlled by adjusting the flow rates of the fuels.
[0025] The gasification gas fuel system 201 includes
a gasification gas flowmeter 15 serving as a fuel flow rate
detector and a heating value measurer 17 serving as a
heating value detector that detects the heating value of
the gasification gas. The normal fuel system 202 includes
a normal fuel flowmeter 16 serving as a fuel flow rate
detector. Signals that are detected by the detectors are
input to the controller 400 (described later).
[0026] As the fuel flow rate detectors, opening degrees
of the flow rate control valves, opening degree com-
mands to the flow rate control valves, and the like can
be used, instead of the fuel flowmeters described in the
present embodiment. This is because the fuel flow rates
are functions of the opening degrees as long as the pres-
sure of the fuels and the temperatures of the fuels are
almost constant. If the pressure and temperature of the
gasification gas fuel change, on the other hand, the pres-
sure and temperature of the gasification gas fuel are de-
tected, the flow rates are calculated using the detected
pressure and the detected temperature and thus can be
detected with high accuracy.
[0027] As the heating value detector, a device such as
a gas chromatography device which is capable of meas-
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uring the composition of the gasification gas may be used
to detect the heating value of the gasification gas. It takes
about several minutes for the gas chromatography to per-
form analysis. Thus, if a change in the heating value of
the gasification gas over time is small, the gas chroma-
tography is suitable.
[0028] A change in the concentration of a specific com-
ponent, which has a high correlation with a change in the
heating value of the gasification gas, may be detected
as an easier method. For example, a method for contin-
uously measuring a monocomponent such as hydrogen
or methane or a method for continuously measuring
moisture contained in the gasification gas by a dew-point
meter may be used. According to these methods, the
continuous measurement can be easily performed and
steam can be controlled even if the heating value of the
gasification gas rapidly changes. In addition, if two meas-
urers are used to continuously measure two components,
and the heating value of the gasification gas is estimated
from the results of the continuous measurements, the
two measurers serve as a heating value detector that
detects the heating value with higher accuracy than the
estimation of the monocomponent. Thus, it is possible to
stabilize flame and reduce the NOx.
[0029] Next, the steam supply system 300 is de-
scribed.
[0030] The heat recovery steam generator 5 includes
a feed-water heater 24, a boiler 25, and a stem heater
26. Steam that is generated and passes through the
steam heater 26 is consumed mainly by a steam con-
sumption facility 6. A facility such as a factory that needs
a heat source may be used as the steam consumption
facility 6. A process steam flow rate control valve 313 is
arranged in a pipe of a process steam system 303 pro-
vided to supply the steam to the steam consumption fa-
cility 6. The process steam flow rate control valve 313
controls the amount of the steam to be transferred. A
steam pressure indicator 12 is arranged in a main pipe
extending from the heat recovery steam generator 5 and
detects the pressure of the steam generated by the heat
recovery steam generator 5. A signal indicating the pres-
sure of the steam, detected by the steam pressure indi-
cator 12, is input to the controller 400 described later.
[0031] A steam release system 304 is arranged in or-
der to release the steam generated by the heat recovery
steam generator 5 into the atmosphere when necessary.
A steam release valve 314 is arranged in a pipe of the
steam release system 304 and controls the amount of
steam to be released.
[0032] If the amount of the steam generated by the
heat recovery steam generator 5 exceeds the amount of
steam necessary for the steam consumption facility 6,
the variable heat/power ratio cogeneration system injects
extra steam in the combustor 2 to increase output of the
generator 20, causing a heat-to-power ratio to be varia-
ble.
[0033] In the variable heat/power ratio cogeneration
system according to the first embodiment of the inven-

tion, the steam supply system 300 includes a dual sys-
tem, i.e., a first steam injection system 301 and a second
steam injection system 302. The first steam injection sys-
tem 301 has a first steam flow rate control valve 311,
while the second steam injection system 302 has a sec-
ond steam flow rate control valve 312. The flow rates of
steam of the first and second steam injection systems
301 and 302 can be controlled by the first and second
steam flow rate control valves 311 and 312, respectively.
The controller 400 described later outputs opening de-
gree commands to the first and second steam flow rate
control valves 311 and 312.
[0034] Next, the steam supply system 300 is described
with reference to Figs. 1 to 3. Fig. 2 is a system flow
diagram illustrating another example of the configuration
of the variable heat/power ratio cogeneration system ac-
cording to the first embodiment of the invention and illus-
trating that a position toward which the steam is sprayed
is different from the example illustrated in Fig. 1. Fig. 3
is a system flow diagram illustrating another example of
the configuration of the variable heat/power ratio cogen-
eration system according to the first embodiment of the
invention and illustrating that a position toward which the
steam is sprayed is different from the examples illustrated
in Figs. 1 and 2. Reference numerals that are illustrated
in Figs. 2 and 3 and the same as those illustrated in Fig.
1 indicate the same parts as those illustrated in Fig. 1,
and a detailed description thereof is omitted.
[0035] First, a first position toward which the first steam
injection system 301 sprays the steam is described be-
low.
[0036] As illustrated in Fig. 1, the first steam injection
system 301 injects first steam 321 to the first position at
which most part of the sprayed part is mixed with the
combustion air 104 or the fuel on the upstream side of
the flame zone with respect to the flow of the combustion
gas 105. Specifically, as indicated by a symbol "a" in Fig.
1, the first steam injection system 301 injects the first
steam 321 into a space located outside the combustor
liner 10 on the upstream side of the flame zone with re-
spect to the flow of the combustion gas 105 and sur-
rounded by the combustor casing 7, the combustor cover
8, and the combustor liner 10.
[0037] The combustion air 104 located at the first po-
sition is air after the compressor 101 divides the air 101
into the liner cooling air 102, the dilution air 103, and the
like. Most part of the combustion air 104 located at the
first position is consumed for combustion with the fuel.
Thus, the first steam 321 mixed with the combustion air
104 at the first position has an effect to reduce the tem-
perature of the flame zone and significantly contributes
to a reduction in the NOx.
[0038] As the other example of the first position toward
which the first steam 321 is sprayed, the first steam 321
may be sprayed to an outer circumference of the com-
bustor nozzle 9, as indicated by a symbol "b" in Fig. 2.
Alternatively, as the other example of the first position
toward which the first steam 321 is sprayed, the first
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steam 321 may be sprayed to a spray hole through which
the combustion air 104 flows, as indicated by a symbol
"c" in Fig. 3. When the first steam 321 is sprayed to any
of the positions described in the examples, the sprayed
steam is mixed with the combustion air 104 or the fuel
on the upstream side of the flame zone and can reduce
the amount of the NOx emission.
[0039] When the first steam 321 is sprayed into the
space indicated by the symbol "a" in Fig. 1, the length of
a steam spray nozzle that protrudes in the combustor 2
can be reduced. This allows not only ensuring the relia-
bility of the steam spray nozzle but also reducing an effect
of disturbing the flow of the combustion air 104 to thereby
reduce loss of pressure.
[0040] When the first steam 321 is sprayed to the outer
circumference of the combustor nozzle 9 as indicated by
the symbol "b" in Fig. 2, the steam spray nozzle can be
formed on the basis of the structure of the combustor
nozzle 9 or unified with the combustor nozzle 9. Thus,
the length of the steam spray nozzle that protrudes in the
combustor 2 can be reduced in the same manner as the
first example illustrated in Fig. 1. This allows not only
ensuring the reliability of the steam spray nozzle but also
reducing the effect of disturbing the flow of the combus-
tion air 104 to thereby reduce loss of pressure. In addition,
since the steam can be sprayed to the outer circumfer-
ence located immediately near the fuel, the mixing with
the fuel can be promoted, and the effect of reducing the
NOx becomes large.
[0041] When the first steam 321 is sprayed to the spray
hole as indicated by the symbol "c" in Fig. 3, the steam
spray nozzle can be formed on the basis of the structure
of the combustor liner 10 or unified with the combustor
liner 10. Thus, the length of a steam spray nozzle that
protrudes in the combustor 2 can be reduced in the same
manner as described above. This allows ensuring the
reliability of the steam spray nozzle. In addition, since
the steam can be sprayed directly to the combustion hole,
the mixing with the combustion air 104 can be promoted
and the effect of reducing the NOx becomes large.
[0042] Next, a second position toward which the sec-
ond steam injection system 302 sprays second steam
322 is described.
[0043] As illustrated in Fig. 1, the second steam injec-
tion system 302 injects the second steam 322 toward the
second position at which most part of the steam is mixed
with the combustion gas 105 after the combustion on the
downstream side of the flame zone with respect to the
flow of the combustion gas 105. Specifically, as indicated
by a symbol "d" in Fig. 1, the second steam injection
system 302 injects the second steam 322 into the com-
bustor liner 10 on the downstream side of the combustor
liner 10 with respect to the flow of the combustion gas
105.
[0044] Since the sprayed steam is mixed with the com-
bustion gas 105 after the combustion and the dilution air
103 at the second position, the steam does not directly
affect the flame zone. Thus, the stability of the combus-

tion is not affected, and the output can be increased by
spraying extra steam to the gas turbine combustor 2. In
addition, since the second position is located on the up-
stream side with respect to the turbine 3, the energy of
the steam can be effectively converted into power by the
turbine 3. When the combustion gas 105 flows into the
turbine 3, the combustion gas 105 is mixed with steam
and the temperature of the combustion gas 105 is re-
duced. Thus, when the output is not changed, the tem-
peratures of metal of the combustor transition duct 11
and turbine 3 can be reduced and the reliability and the
service life can be improved. In addition, the flow rate of
the fuel can be increased by the amount of the mixed
steam. If the temperature of the combustion gas 105 with-
in the turbine 3 does not change, the output and the ef-
ficiency can be improved by the amount of the mixed
steam.
[0045] As another example of the second position to-
ward which the second steam 322 is sprayed, the second
steam 322 may be sprayed into the combustor transition
duct 11, as indicated by a symbol "e" in Fig. 2. As a further
example of the second position toward which the second
steam 322 is sprayed, the second steam 322 may be
sprayed into a space within the casing 7 provided with
the combustor transition duct 11, as indicated by a sym-
bol "f" in Fig. 3. When the second steam 322 is sprayed
to any of the positions indicated by the symbols "d", "e"
and "f", most part of the sprayed second steam 322 is
mixed with the combustion gas 105 on the downstream
side of the flame zone after the combustion and does not
affect the stability of the combustion.
[0046] When the second steam 322 is sprayed into the
combustor liner 10 indicated by the symbol "d" illustrated
in Fig. 1, a steam spray system can extend through the
combustor casing 7. Thus, the steam spray system can
be more easily assembled and disassembled than the
case where the steam spray system is arranged on the
side of the combustor transition duct 11 as illustrated in
Figs. 2 and 3. In addition, since a distance between the
position toward which the second steam 322 is sprayed
and an inlet of the turbine 3 is large, the mixing of the
second steam 322 with the combustion gas 105 is pro-
moted, and a thermal load to be applied to the turbine 3
is small. Thus, the reliability and service life of the turbine
3 are improved.
[0047] If the second steam 322 is sprayed to the posi-
tion indicated by the symbol "e" in Fig. 2, the position
toward which the second steam 322 is sprayed is far from
the flame, and an effect on the stability of the combustion
can be suppressed to the minimum level.
[0048] If the second steam 322 is sprayed to the posi-
tion indicated by the symbol "f" in Fig. 3, the length of a
steam spray nozzle that protrudes in the gas turbine 4
can be reduced. This allows not only ensuring the relia-
bility of the steam spray nozzle but also reducing an effect
of disturbing the flow of the compressed air 101 to thereby
reduce loss of pressure. In addition, since the length of
a space in which the second steam 322 is mixed with the
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compressed air 101 can be large, thermal stress of a
steam spray unit and a temperature deviation at the inlet
of the turbine can be small, and the reliability of the overall
gas turbine 4 can be improved.
[0049] Next, a method for operating the gas turbine of
the variable heat/power ratio cogeneration system ac-
cording to the first embodiment of the invention is de-
scribed with reference to Figs. 4 and 5. Fig. 4 is a char-
acteristic diagram illustrating an example of a method for
switching the fuels of the variable heat/power ratio co-
generation system according to the first embodiment of
the invention. Fig. 5 is a characteristic diagram illustrating
an example of a method for combusting a mixture of the
normal fuel and the gasification gas in the variable
heat/power ratio cogeneration system according to the
first embodiment of the invention.
[0050] Upon start-up of the gas turbine 4, only the nor-
mal fuel system 202 illustrated in Fig. 1 is used, and the
normal fuel is combusted to activate the gas turbine 4.
This prevents the gasification gas from being explosively
combusted by hydrogen contained in the gasification
gas. Upon stopping of the gas turbine 4, only the normal
fuel system 202 illustrated in Fig. 1 is used, and the output
and rotational speed of the gas turbine 4 are reduced.
After that, the gas turbine 4 is stopped. This prevents the
carbon monoxide contained in the gasification gas from
remaining in the gas turbine 4 after the stop of the gas
turbine 4. As a result, it is possible to prevent an operator
and the like from being intoxicated by the carbon mon-
oxide.
[0051] A method for increasing the amount of power
to be generated after the start-up of the gas turbine 4 is
described with reference to Fig. 4. In Fig. 4, the abscissa
indicates the amount of power to be generated, and the
ordinate indicates the flow rates of the gasification gas
fuel and normal fuel. As illustrated in Fig. 4, in a range in
which the amount of power to be generated is small, a
demand to increase and reduce the amount of power to
be generated is met by increasing and reducing the
amount of the normal fuel to be used for the start-up.
When the amount of power to be generated reaches a
value indicated by "the start of the fuel switching" in Fig.
4 and is further increased, the normal fuel starts to be
switched to the gasification gas. When the amount of
power to be generated reaches the value indicated by
"the start of the fuel switching" and does not reach a value
indicated by "the end of the fuel switching", the flow rate
of the normal fuel is reduced at a constant rate and the
flow rate of the gasification gas is increased at a constant
rate. When the amount of power to be generated reaches
the value indicated by "the end of the fuel switching", only
the gasification gas is used. In a range in which the
amount of power to be generated is larger than the value
indicated by "the end of the fuel switching", a demand to
increase and reduce the amount of power to be gener-
ated is met by increasing and reducing only the flow rate
of the gasification gas fuel.
[0052] Next, a method for combusting the mixture of

the normal fuel and the gasification gas is described with
reference to Fig. 5. In Fig. 5, the abscissa indicates the
amount of power to be generated, and the ordinate indi-
cates the flow rates of the gasification gas fuel and normal
fuel. The method illustrated in Fig. 5 for combusting the
mixture is performed in the case where the flow rate or
heating value of the gasification gas is insufficient in the
range in which the amount of power to be generated is
larger than the value indicated by "the end of the fuel
switching". In this case, a part of the normal fuel is left
and the normal fuel and the gasification gas are mixed
and combusted. In this case, the heating value and flow
rate of the mixture (fuel) vary depending on the ratio
(mixed combustion ratio) of the flow rate of the gasifica-
tion gas to the flow rate of the normal fuel.
[0053] An upper limit of the flow rate of the fuel can be
controlled by causing the thermometer 14 to detect the
temperature of the gas turbine exhaust 106 illustrated in
Fig. 1 and controlling the flow rate of the fuel while pre-
venting the temperature of the gas turbine exhaust 106
from exceeding a predetermined temperature (control of
the temperature of the exhaust gas).
[0054] Next, control of the flow rate of steam in the
variable heat/power ratio cogeneration system according
to the first embodiment of the invention is described. In
the first embodiment, the control of the flow rate of the
steam includes heat prioritized steam flow rate control
and electricity prioritized steam flow rate control.
[0055] First, the heat prioritized steam flow rate control
is described. In the variable heat/power ratio cogenera-
tion system (illustrated in Fig. 1) according to the first
embodiment of the invention, in order for the generator
20 to increase the amount of power to be generated on
the basis of a demanded command value of electricity,
the flow rate of the gasification gas fuel is increased by
increasing the opening degree of the gasification gas flow
rate control valve 211, the amount of the steam generated
by the heat recovery steam generator 5 is increased and
steam pressure detected by the steam pressure indicator
12 is increased. If the pressure of the steam exceeds a
predetermined threshold, the process steam flow rate
control valve 313 is opened and the steam starts to be
supplied to the steam consumption facility 6. When the
steam starts to be supplied, the steam pressure detected
by the steam pressure indicator 12 is reduced.
[0056] To maintain the steam pressure detected by the
steam pressure indicator 12 at a predetermined value, it
is necessary that a gas turbine load command value or
a rotational speed command value be increased and the
opening degree of the gasification gas flow rate control
valve 211 be increased. In this manner, the heat priori-
tized steam flow rate control is performed to control the
flow rate of the gasification gas fuel while maintaining the
steam pressure detected by the steam pressure indicator
12 at the predetermined value. In the heat prioritized
steam flow rate control, the amount of power output by
the generator 20 varies depending on a variation in the
steam pressure. Thus, the difference between the
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amount of power output by the generator 20 and the de-
manded command value of electricity needs to be ad-
justed by supply (so-called power purchase) of an elec-
tricity system or the like.
[0057] If the generator 20 is not connected to the elec-
tricity system, and control of electricity is prioritized over
control of heat generated by the variable heat/power ratio
cogeneration system, the electricity prioritized steam
flow rate control is performed. In the variable heat/power
ratio cogeneration system according to the first embod-
iment of the invention, when the generator 20 increases
the amount of power to be generated on the basis of a
demanded command value of electricity, and the flow
rate of the gasification gas fuel is increased by increasing
the opening degree of the gasification gas flow rate con-
trol valve 211, the amount of steam generated by the
heat recovery steam generator 5 is increased and the
steam pressure detected by the steam pressure indicator
12 is increased accordingly.
[0058] When the pressure of the steam is increased,
the maximum amount of steam that can be used by the
steam consumption facility 6 is also increased. When ex-
tra steam is generated by increasing the amount of steam
to be generated or reducing the amount of steam to be
consumed by the steam consumption facility 6 and the
steam pressure detected by the steam pressure indicator
12 is further increased, the steam flow rate control valve
311 of the first steam injection system 301 is opened and
the first steam 321 starts to be injected. The opening
degree of the first steam flow rate control valve 311 is
controlled so that the pressure of the steam is maintained
at an almost constant value.
[0059] The first steam injection system 301 sprays the
first steam 321 at the upstream-side edge of the com-
bustor 2. The sprayed first steam 321 flows into the com-
bustor liner 10 while being mixed with the combustion air
104. The first steam 321 and the fuel sprayed by the
combustor nozzle 9 are combusted. In this case, since
the heat capacity of the combustion air 104 is increased
by the amount of the mixed first steam 321, the temper-
ature of the flame is reduced and the amount of generated
NOx is reduced.
[0060] Next, the controller 400 that controls the flow
rate of the steam and operations thereof are described
with reference to Figs. 6 and 7. Fig. 6 is a block diagram
illustrating an example of the configuration of the control-
ler 400 that constitutes a part of the variable heat/power
ratio cogeneration system according to the first embod-
iment of the invention. Figs. 7A to 7C are characteristic
diagrams illustrating examples of the control of the flow
rate of the steam in the variable heat/power ratio cogen-
eration system according to the first embodiment of the
invention. Reference numerals that are illustrated in Fig.
6 and the same as those illustrated in Figs. 1 to 3 indicate
the same parts as those illustrated in Figs. 1 to 3, and a
detailed description thereof is omitted.
[0061] As illustrated in Fig. 6, the controller 400 in-
cludes a divider 401, a calculator 402 for maximum open-

ing degrees of the first steam flow rate control valve, a
calculator 403 for opening degree commands of the first
steam flow rate control valve, a calculator 404 for maxi-
mum opening degrees of the second steam flow rate con-
trol valve, and a calculator 405 for opening degree com-
mands of the second steam flow rate control valve. In
addition, the controller 400 receives a signal detected by
the gasification gas flowmeter 15 and indicating the flow
rate of the gasification gas, a signal detected by the nor-
mal flowmeter 16 and indicating the flow rate of the nor-
mal fuel, a signal detected by the heating value measurer
17 and indicating the heating value of the gasification
gas, a signal detected by the steam pressure indicator
12 and indicating the pressure of the steam, and a signal
detected by the pressure ratio detector 13 and indicating
the differential pressure (pressure ratio) between the
pressure of the suctioned air and the pressure of air to
be discharged. The controller 400 outputs an opening
degree command 411 to the first steam flow rate control
valve 311. The controller 400 outputs an opening degree
command 412 to the second steam flow rate control valve
312.
[0062] The divider 401 receives the signal indicating
the flow rate of the gasification gas and the signal indi-
cating the flow rate of the normal fuel to calculate the
ratio (mixed combustion ratio) of the flow rate of the gas-
ification gas to the flow rate of the normal fuel. The divider
401 outputs a signal indicating the calculated mixed com-
bustion ratio to the first steam flow rate control valve max-
imum opening degree calculator 402.
[0063] The first steam flow rate control valve maximum
opening degree calculator 402 receives the signal indi-
cating the flow rate of the gasification gas, the signal in-
dicating the flow rate of the normal fuel, the signal indi-
cating the heating value of the gasification gas, and the
signal output from the divider 401 and indicating the
mixed combustion ratio and calculates the maximum
opening degree of the first steam flow rate control valve
311 from the four received signals. Specifically, the first
steam flow rate control valve maximum opening degree
calculator 402 calculates the maximum opening degree
so that the higher the flow rate of the fuel, or the smaller
the mixed combustion ratio of the gasification gas to the
normal fuel, or the larger the heating value of the gasifi-
cation gas, the larger the maximum opening degree. A
signal 406 that indicates the calculated maximum open-
ing degree is input to the first steam flow rate control
valve opening degree command calculator 403.
[0064] The first steam flow rate control valve opening
degree command calculator 403 receives the signal 406
output from the first steam flow rate control valve maxi-
mum opening degree calculator 402 and indicating the
maximum opening degree and the signal indicating the
pressure of the steam, calculates an opening degree
command 411 of the first steam flow rate control valve
311, and outputs the opening degree command 411 to
the first steam flow rate control valve 311.
[0065] The second steam flow rate control valve max-
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imum opening degree calculator 404 receives the signal
indicating the differential pressure (pressure ratio) be-
tween the pressure of the suctioned air and the pressure
of air to be discharged and calculates the maximum open-
ing degree of the second steam flow rate control valve
312 from the signal indicating the pressure ratio. Specif-
ically, the calculator 404 calculates the maximum open-
ing degree so that the higher the pressure ratio, the small-
er the maximum opening degree. A signal 407 that indi-
cates the calculated maximum opening degree is input
to the second steam flow rate control valve opening de-
gree command calculator 405.
[0066] The second steam flow rate control valve open-
ing degree command calculator 405 receives the signal
407 output from the second steam flow rate control valve
maximum opening degree calculator 404 and indicating
the maximum opening degree and the signal indicating
the pressure of the steam, calculates an opening degree
command 412 of the second steam flow rate control valve
312, and outputs the opening degree command 412 to
the second steam flow rate control valve 312.
[0067] Next, operations of the controller 400 are de-
scribed with reference to Figs. 7A to 7C. Figs. 7A to 7C
are the characteristic diagrams indicating the examples
of the control of the flow rate of the steam and illustrate
examples of operations for the control of the flow rate of
the steam.
[0068] In Figs. 7A to 7C, the abscissa indicates the
signal detected by the steam pressure indicator 12 and
indicating the pressure of the steam. In Figs. 7A to 7C,
from above, the ordinates indicate the opening degree
of the first steam flow rate control valve 311, the opening
degree of the second steam flow rate control valve 312,
and the opening degree of the steam release valve 314.
Steam pressure P1 indicates the pressure of the first
steam 321 when the first steam 321 starts to be injected.
Steam pressure P2 indicates the pressure of the second
steam 322 when the second steam 322 starts to be in-
jected. Steam pressure P3 indicates the pressure of the
steam when the steam starts to be released.
[0069] In the electricity prioritized steam flow rate con-
trol, the generator 20 increases the amount of power to
be generated on the basis of the demanded command
value of electricity, and the steam generated by the heat
recovery steam generator 5 is used by the steam con-
sumption facility 6. In this case, when extra steam is gen-
erated by an increase in the amount of generated steam
or a reduction in the amount of steam consumed by the
steam consumption facility 6, and the steam pressure
detected by the steam pressure indicator 12 exceeds the
set steam pressure P1, the first steam flow rate control
valve 311 is opened and starts to inject the first steam
321 as illustrated in Fig. 7A. The opening degree of the
first steam flow rate control valve 311 is controlled so that
the pressure of the first steam 321 is maintained at an
almost constant level, for example. As described above
with reference to Fig. 6, the opening degree command
411 (of the first steam flow rate control valve 311) calcu-

lated by the first steam flow rate control valve opening
degree command calculator 403 of the controller 400 is
output to the first steam flow rate control valve 311. The
opening degree of the first steam flow rate control valve
311 is changed basically as illustrated in Fig. 7A.
[0070] Next, control performed after the opening de-
gree of the first steam flow rate control valve 311 of the
first steam injection system 301 reaches an upper limit
is described. If the demanded command value of elec-
tricity is increased after the opening degree of the first
steam flow rate control valve 311 reaches the upper limit,
and the steam pressure detected by the steam pressure
indicator 12 exceeds the set steam pressure P2, the sec-
ond steam flow rate control valve 312 is opened and
starts to inject the second steam 322. The opening de-
gree of the second steam flow rate control valve 312 is
controlled so that the pressure of the second steam 322
is maintained at an almost constant level, for example.
As described above with reference to Fig. 6, the opening
degree command 412 (of the second steam flow rate
control valve 312) calculated by the second steam flow
rate control valve opening degree command calculator
405 of the controller 400 is output to the second steam
flow rate control valve 312. The opening degree of the
second steam flow rate control valve 312 is changed ba-
sically as illustrated in Fig. 7B.
[0071] After that, when the demanded command value
of electricity is increased and the steam pressure detect-
ed by the steam pressure indicator 12 exceeds the set
steam pressure P3, the steam release valve 314 illus-
trated in Fig. 1 can be opened, introduce the steam to an
exhaust tower, and control the pressure of the steam.
The opening degree of the steam release valve 314 is
changed basically as illustrated in Fig. 7C.
[0072] As described above, in the present embodi-
ment, when the amount of steam necessary for the steam
consumption facility 6 is changed, or a variable heat/pow-
er ratio operation is performed by changing the amount
of steam to be injected into the gas turbine 4, the com-
bustion can be performed in a stable manner and the
amount of the NOx emission can be suppressed to the
minimum level.
[0073] Next, the case where the mixed combustion ra-
tio that is the ratio of the flow rate of the gasification gas
to the flow rate of the normal fuel is changed is described.
[0074] For example, when the mixed combustion ratio
of the gasification gas to the normal fuel is reduced, the
heating value of the fuel after the mixing increases. Thus,
in order to maintain the output of the generator 20 of the
gas turbine 4 or the pressure of the steam generated by
the heat recovery steam generator 5 at a constant level,
the flow rate of the fuel needs to be reduced, and thus
the amount of the first steam 321 to be injected needs to
be reduced. In this case, the temperature of the flame is
increased by the reduction in the amount of the injected
steam, unlike the case where only the flow rate of the
fuel is reduced and the heating value of the fuel is con-
stant when the normal fuel is used. Although the stability
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of the flame is improved, the amount of the NOx to be
generated may increase.
[0075] In the present embodiment, since the mixed
combustion ratio of the gasification gas is detected by
the divider 401 (illustrated in Fig. 6) and the first steam
flow rate control valve maximum opening degree calcu-
lator 402 performs the calculation that causes the max-
imum opening degree to be large, the amount of the
steam to be injected is increased. As a result, low-NOx
performance can be maintained. When the measure-
ment signal that indicates the differential pressure (pres-
sure ratio) between the pressure of the suctioned air and
the pressure of the air to be discharged exceeds a set
value, the second steam flow rate control valve maximum
opening degree calculator 404 performs the calculation
that causes the maximum opening degree to be reduced.
Thus, the opening degree of the second steam flow rate
control valve 312 is reduced, and the pressure ratio can
be maintained at its upper limit.
[0076] When the mixed combustion ratio of the gasifi-
cation gas is increased, the flow rate of the fuel needs to
be increased in order to maintain the output of the gen-
erator 20 of the gas turbine 4 or the pressure of the steam
generated by the heat recovery steam generator 5 at a
constant level. Although the amount of the first steam
321 needs to be increased due to the increase in the flow
rate of the fuel, the controller 400 performs the control
on the basis of the mixed combustion ratio in the afore-
mentioned manner. Thus, the increase in the amount of
the first steam 321 can be suppressed, and the stability
of the combustion can be maintained.
[0077] Next, the case where the heating value of the
gasification gas is changed is described.
[0078] For example, when the heating value of the gas-
ification gas is reduced, the flow rate of the fuel needs to
be increased in order to maintain the output of the gen-
erator 20 of the gas turbine 4 or the pressure of the steam
generated by the heat recovery steam generator 5 at a
constant level, and the amount of the first steam 321 to
be injected is increased due to the increase in the flow
rate of the fuel. In this case, the temperature of the flame
is reduced by the increase in the amount of the injected
steam, unlike the case where only the flow rate is in-
creased and the heating value of the fuel is constant when
the normal fuel is used. Although the reduction in the
temperature of the flame contributes to a reduction in the
amount of the NOx, the stability of the combustion may
be reduced.
[0079] In the present embodiment, as illustrated in Fig.
6, since the first steam flow rate control valve maximum
opening degree calculator 402 that receives the signal
detected by the heating value measurer 17 and indicating
the heating value of the gasification gas performs the
calculation to reduce the maximum opening degree, the
amount of the steam to be injected is suppressed. As a
result, a stable combustion state can be maintained.
[0080] When the heating value of the gasification gas
is increased, the flow rate of the fuel needs to be reduced

in order to maintain the output of the generator 20 of the
gas turbine 4 or the pressure of the steam generated by
the heat recovery steam generator 5 at a constant level.
Although the first steam injection system 301 tries to re-
duce the amount of the first steam 321 to be injected due
to the reduction in the flow rate of the fuel, the controller
400 performs the control on the basis of the heating value
in the aforementioned manner. Thus, the reduction in the
amount of the steam to be injected is suppressed, and a
low-NOx combustion state can be maintained. In addi-
tion, as described above, when the measurement signal
that indicates the differential pressure (pressure ratio)
between the pressure of the suctioned air and the pres-
sure of the air to be discharged exceeds the set value,
the second steam flow rate control valve maximum open-
ing degree calculator 404 of the controller 400 performs
the calculation that causes the maximum opening degree
to be reduced. Thus, the opening degree of the second
steam flow rate control valve 312 is reduced, and the
pressure ratio can be maintained at its upper limit.
[0081] In the variable heat/power ratio cogeneration
system according to the first embodiment of the inven-
tion, even when the ratio of the amount of the gasification
gas used to the amount of the normal fuel (such as natural
gas or light fuel oil) is changed, or the composition of the
gasification gas are changed, or the amount of the steam
used is changed, the stability of the combustion of the
gas turbine combustor 2 can be ensured and the amount
of the NOx emission can be suppressed to the minimum
level.
[0082] In the variable heat/power ratio cogeneration
system according to the first embodiment of the inven-
tion, when the amount of the steam to be consumed is
small, the amount of power to be generated is increased
by injecting extra steam into the combustor 2 while the
amount of the NOx emission is suppressed. The variable
heat/power ratio cogeneration system according to the
first embodiment uses the gasification gas fuel such as
coal gasification gas or biomass gasification gas and us-
es the normal fuel such as natural gas or light fuel oil in
order to activate and stop the gas turbine 4 and support
the combustion. When the amount of the fuel to be con-
sumed, the amount of the steam to be used, the ratio of
the gasification gas, or the composition of the gasification
gas is changed, the amount of the steam to be injected
into the combustor 2 can be controlled, the stable com-
bustion can be maintained, and the amount of the NOx
emission can be suppressed to the minimum level.

Second Embodiment

[0083] The variable heat/power ratio cogeneration sys-
tem according to the second embodiment of the invention
is described with reference to Fig. 8. Fig. 8 is a system
flow diagram illustrating an example of the configuration
of the variable heat/power ratio cogeneration system ac-
cording to the second embodiment of the invention. Ref-
erence numerals that are illustrated in Fig. 8 and the
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same as those illustrated in Figs. 1 to 3 and 6 indicate
the same parts as those illustrated in Figs. 1 to 3 and 6,
and a detailed description thereof is omitted.
[0084] The variable heat/power ratio cogeneration sys-
tem according to the second embodiment of the invention
includes the same devices as the first embodiment, but
is different in the following configurations from the first
embodiment. In the second embodiment, a recuperator
27 that uses, as a heat source, the low-pressure gas
turbine exhaust 106 output from the turbine 3 is arranged
on the upstream side of the heat recovery steam gener-
ator 5. After the air 101 compressed by the compressor
1 is extracted from the gas turbine 4, the compressed air
101 flows into the recuperator 27, exchanges heat with
the gas turbine exhaust 106, and becomes high-temper-
ature air 108. Since the recuperator 27 uses heat of the
gas turbine exhaust 106 to heat the compressed air 101,
the fuel necessary for the combustor 2 can be saved and
the efficiency can be improved.
[0085] In the second embodiment, the second steam
injection system 302 injects the steam through the sec-
ond steam flow rate control valve 312 into a space in
which the compressed air 101 exists on the upstream
side (location indicated by a symbol "g" in Fig. 8) of the
recuperator 27.
[0086] The high-temperature air 108 heated by the re-
cuperator 27 flows into the combustor casing 7 and is
used as the liner cooling air 102, the dilution air 103, and
the combustion air 104 in the same manner as the first
embodiment. Most part of the high-temperature air 108
does not flow into the flame zone and joins the combus-
tion gas 105 after the combustion as the liner cooling air
102 and the dilution air 103. Thus, the steam can be
injected into the gas turbine 4 without a reduction in the
stability of the flame in the same manner as the first em-
bodiment.
[0087] The variable heat/power ratio cogeneration sys-
tem according to the second embodiment of the invention
can obtain the same effects as the first embodiment.
[0088] In the variable heat/power ratio cogeneration
system according to the second embodiment of the in-
vention, the exhaust heat of the gas turbine exhaust 106
can be recovered by the compressed air 101 as well as
the steam. Thus, the variable heat/power ratio cogenera-
tion system according to the second embodiment of the
invention is suitable for the case where the maximum
amount of steam to be generated is small or the case
where the amount of steam required by the steam con-
sumption facility 6 is small and a demanded amount of
electricity is large or the heat-to-power ratio is low.
[0089] Features, components and specific details of
the structures of the above-described embodiments may
be exchanged or combined to form further embodiments
optimized for the respective application. As far as those
modifications are apparent for an expert skilled in the art
they shall be disclosed implicitly by the above description
without specifying explicitly every possible combination.

Claims

1. A variable heat/power ratio cogeneration system
comprising:

a gas turbine (4) that uses gasification gas ob-
tained by gasifying a solid or liquid fuel and a
normal fuel that is natural gas, oil gas, or light
fuel oil, the normal fuel being used as an alter-
native or auxiliary fuel when the gas turbine (4)
is start-up and stopped or when the amount of
the gasification gas to be supplied is small;
a combustor (2) that combusts the gasification
gas and the normal fuel to generate combustion
gas;
a heat recovery steam generator (5) that uses
exhaust gas of the gas turbine (4) to generate
steam;
a process system that supplies the generated
steam to a steam consumption facility (6);
a steam system that injects extra steam into the
gas turbine (4);
a first steam system (301) that injects the extra
steam on the upstream side of a flame zone with
respect to the flow of the combustion gas in the
combustor (2);
a second steam system (302) that is branched
from the first steam system (301) and injects the
extra steam on the downstream side of the flame
zone with respect to the flow of the combustion
gas in the combustor (2);
a first steam flow rate control valve (311) that is
arranged in the first steam system (301) and ca-
pable of controlling the flow rate of the steam to
be injected by the first steam system (301);
a second steam flow rate control valve (312) that
is arranged in the second steam system (302)
and capable of controlling the flow rate of the
steam to be injected by the second steam sys-
tem (302);
a gasification gas flow rate detector (15) that de-
tects the flow rate of the gasification gas;
a normal fuel flow rate detector (16) that detects
the flow rate of the normal fuel;
a demanded steam amount detector that de-
tects a demanded amount of steam necessary
for the steam consumption facility; and
a controller (400) that acquires the flow rate of
the gasification gas detected by the gasification
gas flow rate detector (15) and the flow rate of
the normal fuel detected by the normal fuel flow
rate detector (16) to control the first steam flow
rate control valve (311) on the basis of signals
indicating the acquired flow rates, the controller
(400) further acquiring the demanded steam
amount detected by the demanded steam
amount detector and necessary for the steam
consumption facility to control the second steam
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flow rate control valve (312) on the basis of a
signal indicating the demanded steam amount.

2. The variable heat/power ratio cogeneration system
according to claim 1,
wherein the combustor (2) has a part in which the
extra steam is injected by the first steam system
(301), the part corresponding to a position at which
most part of the sprayed steam is mixed with com-
bustion air or the fuel on the upstream side of the
flame zone with respect to the flow of the combustion
gas.

3. The variable heat/power ratio cogeneration system
according to claim 1 or 2,
wherein the combustor (2) has a part in which the
extra steam is injected by the second steam system
(302), the part corresponding to a position at which
most part of the sprayed steam is mixed with the
combustion gas after the combustion on the down-
stream side of the flame zone with respect to the flow
of the combustion gas.

4. The variable heat/power ratio cogeneration system
according to any one of claims 1 to 3,
wherein the demanded steam amount detector is a
steam pressure indicator (12).

5. The variable heat/power ratio cogeneration system
according to any one of claims 1 to 4,
wherein the controller (400) includes:

a divider (401) for acquiring the flow rate detect-
ed by the gasification gas flow rate detector (15)
and the flow rate detected by the normal fuel
flow rate detector (16) to calculate a mixed com-
bustion ratio of the flow rate of the gasification
gas to the flow rate of the normal fuel; and
a calculator for calculating, on the basis of a sig-
nal indicating the mixed combustion ratio, an
opening degree of the first steam flow rate con-
trol valve to control the first steam flow rate con-
trol valve (311).

6. The variable heat/power ratio cogeneration system
according to any one of claims 1 to 5, further com-
prising
a heating value detector (17) that detects the heating
value of the gasification gas,
wherein the controller (400) acquires the heating val-
ue of the gasification gas detected by the heating
value detector (17), calculates the opening degree
of the first steam flow rate control valve on the basis
of a signal indicating the heating value of the gasifi-
cation gas, and controls the first steam flow rate con-
trol valve (311).
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