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COAL GASIFICATION COMBINED CYCLE 
POWER GENERATION PLANT AND AN 

OPERATING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a coal gasi?cation 
combined cycle power generation plant or facility Which 
selectively burns a coal gasi?cation fuel and a liquid fuel so 
as to generate a poWer and also relates to a method of 
operating the same, particularly for suitably preventing a 
combustion gas from conversely ?oWing into a fuel passage 
of a coal gasi?cation fuel When using a liquid fuel and for 
improving a safety in a combustor section. 

[0002] In recent years, in a vieWpoint of an effective 
utiliZation of natural resources, there has been made a study 
and development of a coal gasi?cation poWer generation 
equipment Which uses a coal gasi?cation fuel as a heat 
source in a gas turbine poWer generation plant, a combined 
cycle poWer generation plant or the like. 

[0003] In the coal gasi?cation poWer generation equip 
ment, a coal gasi?cation fuel is generated from coal by a coal 
gasi?cation furnace With the use of an air compressed by a 
gas turbine compressor or oxygen generated by leading the 
air to an air separator. The coal gasi?cation fuel thus 
generated is supplied to a gas turbine combustor so as to be 
burned, and then, by the generated combustion gas, a gas 
turbine is driven to generate a poWer. 

[0004] HoWever, the coal gasi?cation fuel has a Worse 
combustibility as compared With a liquid fuel or a natural 
gas fuel and has a small calori?c value. Further, in the case 
Where a combustion gas temperature in the combustor 
becomes loW, a lot of carbon monoxide is discharged, thus 
providing a problem in operational characteristics during a 
loW load operation. Therefore, it is desirable to employ a 
combined cycle facility for compensating the defect of coal 
gasi?cation fuel by burning other fuels during a starting 
operation or a loW load operation. In such vieWpoint, a liquid 
fuel has been employed as other fuel used in the combined 
cycle plant. 
[0005] As described above, the coal gasi?cation combined 
cycle equipment includes a combustor Which can selectively 
burn a coal gasi?cation fuel gasi?ed coal and a liquid fuel 
atomiZed by an atomiZation air and is constructed in a 
manner that a combustion gas generated by the combustor is 
supplied to a gas turbine so that a generator is driven by a 
poWer of the gas turbine. 

[0006] For example, ?rst, the liquid fuel is supplied to the 
combustor to be burned, and thereby, the gas turbine starts 
up. When the gas turbine starts up a generation of coal 
gasi?cation fuel is simultaneously started in a coal gasi? 
cation furnace. In an operation of the coal gasi?cation 
furnace during the start-up, an compressed air from an 
auxiliary compressor or oxygen separated from the com 
pressed air by an air separator is used. After the start-up, an 
air compressed by a gas turbine compressor or oxygen 
separated from the compressed air by the air separator is 
used. 

[0007] In an operation stage until about one fourth (%1) 
load of the gas turbine from the start-up operation, an 
incomplete coal gasi?cation fuel having a loW calori?c value 
is merely generated in the coal gasi?cation furnace. Such a 
coal gasi?cation fuel is not applicable to a gas turbine 
operation, and for this reason, the fuel as described above 
has been conventionally supplied to the combustor. 
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[0008] With a rise of load after that stage, in the coal 
gasi?cation furnace, a complete coal gasi?cation fuel com 
bustible in the combustor is generated. In this stage, a a 
combustion operation of using the liquid fuel is changed 
over to a combustion operation of using the coal gasi?cation 
fuel, and then, only coal gasi?cation fuel operation is carried 
out up to a gas turbine rating point. 

[0009] As described above, the coal gasi?cation fuel has a 
small calori?c value as compared With a liquid fuel or a 
natural gas. Thus, in the case Where a combustion gas 
temperature in the combustor becomes loW, a lot of carbon 
monoxide is discharged, and therefore, there is a problem in 
operational characteristics during a loW load operation. For 
this reason, in the case Where the gas turbine is in a load 
dump state or When the gas turbine is stopped, the operation 
change-over is again made from the operation of using the 
coal gasi?cation fuel to the operation of using only the liquid 
fuel. 

[0010] FIG. 10 is a vieW schematically shoWing an entire 
structure of a combustor included in the aforesaid coal 
gasi?cation combined cycle poWer generation plant, and 
FIG. 11 is an enlarge sectional vieW shoWing a fuel noZZle 
section of the combustor. 

[0011] As shoWn in FIG. 10, a combustor 1 is constructed 
in a manner that a combustor liner 4 used as an inner 
cylindrical casing is inserted into an outer cylindrical casing 
2 With a combustion air passage 3 de?ned therebetWeen, a 
fuel noZZle 5 is provided on an end portion on an upstream 
side of the combustor liner 4, and a transition piece 6 is 
connected to a doWnstream side of the combustor liner 4. An 
inner circumferential portion of the outer cylindrical casing 
2 is provided With a How sleeve 7 Which covers the com 
bustion air passage 3 and functions as an air guide. 

[0012] The fuel noZZle 5 has a multiple cylindrical struc 
ture ?xed to a head plate 8 provided on the end portion of 
the outer cylindrical casing 2. Further, the fuel noZZle 5 is 
provided, at its outer end positioned on the outside thereof, 
With a liquid fuel supply port 9 for supplying a liquid fuel, 
an atomiZation air supply port 10 for supplying an atomi 
Zation air for atomiZing the liquid fuel, and a coal gasi?ca 
tion fuel supply port 11 for supplying a coal gasi?cation fuel. 

[0013] As shoWn in FIG. 11, the fuel noZZle 5 is formed 
With a liquid fuel passage 12 for passing the liquid fuel at the 
center portion on the internal side thereof, an atomiZation air 
passage 13 for passing an atomiZation air of the liquid fuel 
at the outer side of the liquid fuel passage 12, and further, a 
coal gasi?cation fuel passage 14 for passing the coal gas 
i?cation fuel at the outer side of the atomiZation air passage 
13. These passages 12, 13 and 14 are arranged side-by-side 
in a manner of being partitioned by cylindrical Walls 15 and 
16 and communicate With the liquid fuel supply port 9, the 
atomiZation air supply port 10 and the coal gasi?cation fuel 
supply port 11, respectively. 
[0014] Moreover, an inner end portion of the fuel noZZle 
5 facing the inside of the combustor liner 4 is provided With 
a liquid fuel injection port 17 for injecting a liquid fuel “a” 
from the liquid fuel passage 12, an atomiZation air injection 
port 18 Which injects an atomiZation air “b” around the 
liquid fuel injection port 17 from the atomiZation air passage 
13 so that the liquid fuel “a” becomes an atomiZed state, and 
a coal gasi?cation fuel injection port 20 having a sWirler 19 
Which injects a coal gasi?cation fuel “c” from the coal 
gasi?cation fuel passage 14 in a rotating state. 

[0015] During the gas turbine operation, the coal gasi? 
cation fuel “c” or the liquid fuel “a” in an air atomiZed state 



US 2001/0001171 A1 

is selectively injected into the combustor 5 from the fuel 
noZZle 5 by a known means, and a combustion air “d” is 
supplied into the combustor liner 4 from a gas turbine 
compressor (not shoWn) via the combustion air passage 3 to 
thereby start the combustion. Then, a combustion gas 21 
thus generated is supplied to a gas turbine (not shoWn) via 
the transition piece 6. 

[0016] MeanWhile, as described above, conventionally, 
When the gas turbine is in the stage of start-up, stop or during 
a load dump, a combustion operation using only the liquid 
fuel “a” is carried out, and at this time, the supply of the coal 
gasi?cation fuel “c” is stopped. For this reason, an internal 
pressure of the coal gasi?cation fuel passage 14 for supply 
ing the coal gasi?cation fuel “c” becomes loWer than that of 
the combustor liner 4 in Which the combustion gas 21 
generated by the combustion of the liquid fuel “a” is ?lled. 
Thus, as shoWn by an arroW “e” in FIG. 11, by the 
differential pressure, there happens a phenomenon such that 
the combustion gas 21 conversely flows into the coal gas 
i?cation fuel passage 14 from the combustor liner 4 side. 

[0017] Even in the case Where no differential pressure is 
caused, by a mere change in a kinetic (dynamic) pressure of 
the combustion gas 21, a pressure change of the combustor 
1 or the like, there may be the case Where the combustion gas 
21 conversely flows into the coal gasi?cation passage 14. 

[0018] The conversely ?oWing phenomenon of the com 
bustion gas 21 as described above is a factor of damaging the 
fuel noZZle 5, hinders the gas turbine operation, and further, 
makes short the life of combustor. For this reason, various 
problems are caused in an operation, economics or the like. 

SUMMARY OF THE INVENTION 

[0019] An object of the present invention is to eliminate 
defects or draWbacks encountered in the prior art described 
above and to provide a coal gasi?cation fuel combined cycle 
poWer generation plant or facility and a method of operating 
the same Which can prevent a combustion gas from con 
versely flowing into a coal gasi?cation fuel supply passage 
during a liquid fuel operation and can avoid damaging of a 
fuel noZZle so as to stably carry out a gas turbine operation 
and to improve a usable life of the combustor. 

[0020] This and other objects can be achieved according to 
the present invention by providing, in one aspect, a coal 
gasi?cation combined cycle poWer generation plant includ 
ing a gas turbine system, a fuel supply system, an air supply 
system and an eXhaust gas system, Which are operatively 
connected to each other, 

[0021] the gas turbine system including a combustor pro 
vided With means for selectively burning a coal gasi?cation 
fuel obtained by gasifying a coal and a liquid fuel atomiZed 
by an atomiZation air and a gas turbine to Which a combus 
tion gas generated in the combustor is supplied, the com 
bustor being provided With a fuel noZZle, a liner disposed 
inside the combustor and a combustion air passage formed 
betWeen the liner and an outer casing of the combustor, 

[0022] the fuel supply system being provided With a liquid 
fuel supply passage for the combustor through the fuel 
noZZle, an atomiZation air supply passage for the combustor 
through the fuel noZZle and a coal gasi?cation fuel supply 
passage for the combustor through the fuel noZZle, all of the 
supply passages being arranged so as to be adjacent to each 
other, 
[0023] the atomiZation air supply passage being provided 
With an outlet portion to Which a branching outlet port for 
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injecting the atomiZation air toWard an outlet portion of the 
coal gasi?cation supply passage is formed. 

[0024] In another aspect, there is provided a coal gasi? 
cation combined cycle poWer generation plant including a 
gas turbine system, a fuel supply system, an air supply 
system and an eXhaust gas system, Which are operatively 
connected to each other, 

[0025] the gas turbine system including a combustor pro 
vided With means for selectively burning a coal gasi?cation 
fuel obtained by gasifying a coal and a liquid fuel atomiZed 
by an atomiZation air and a gas turbine to Which a combus 
tion gas generated in the combustor is supplied, the com 
bustor being provided With a fuel noZZle, a liner disposed 
inside the combustor and a combustion air passage formed 
betWeen the liner and an outer casing of the combustor, 

[0026] the fuel supply system being provided With a liquid 
fuel supply passage for the combustor through the fuel 
noZZle, an atomiZation air supply passage for the combustor 
through the fuel noZZle and a coal gasi?cation fuel supply 
passage for the combustor through the fuel noZZle, all of the 
supply passages being arranged so as to be adjacent to each 
other, 
[0027] the atomiZation air supply passage being provided 
With a passage Wall portion and an outlet portion and a 
bloWout hole for bloWing out the atomiZation air to the coal 
gasi?cation fuel supply passage in a vicinity of the outlet 
portion. 
[0028] In a further aspect, there is provided a coal gasi? 
cation combined cycle poWer generation plant including a 
gas turbine system, a fuel supply system, an air supply 
system and an eXhaust gas system, Which are operatively 
connected to each other, 

[0029] the gas turbine system including a combustor pro 
vided With means for selectively burning a coal gasi?cation 
fuel obtained by gasifying a coal and a liquid fuel atomiZed 
by an atomiZation air and a gas turbine to Which a combus 
tion gas generated in the combustor is supplied, the com 
bustor being provided With a fuel noZZle, a liner disposed 
inside the combustor and a combustion air passage formed 
betWeen the liner and an outer casing of the combustor, 

[0030] the fuel supply system being provided With a liquid 
fuel supply passage for the combustor through the fuel 
noZZle, an atomiZation air supply passage for the combustor 
through the fuel noZZle and a coal gasi?cation fuel supply 
passage for the combustor through the fuel noZZle, all of the 
supply passages being arranged so as to be adjacent to each 
other, 

[0031] the combustion air passage being provided With an 
outlet portion through Which a combustion air from a 
compressor of the gas turbine system is bloWn toWard the 
liner of the combustor and the outlet portion is provided With 
a combustion air injecting portion so as to inject a combus 
tion air toWard an outlet portion of the coal gasi?cation fuel 
supply passage. 

[0032] In a still further aspect, there is provided a coal 
gasi?cation combined cycle poWer generation plant includ 
ing a gas turbine system, a fuel supply system, an air supply 
system and an eXhaust gas system, Which are operatively 
connected to each other, 

[0033] the gas turbine system including a combustor pro 
vided With means for selectively burning a coal gasi?cation 
fuel obtained by gasifying a coal and a liquid fuel atomiZed 
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by an atomization air and a gas turbine to Which a combus 
tion gas generated in the combustor is supplied, the com 
bustor being provided With a fuel nozzle, a liner disposed 
inside the combustor and a combustion air passage formed 
betWeen the liner and an outer casing of the combustor, 

[0034] the fuel supply system being provided With a liquid 
fuel supply passage for the combustor through the fuel 
nozzle, an atomization air supply passage for the combustor 
through the fuel nozzle and a coal gasi?cation fuel supply 
passage for the combustor through the fuel nozzle, all of the 
supply passages being arranged so as to be adjacent to each 
other, 
[0035] the combustion air passage being communicated 
With the coal gasi?cation fuel supply passage so as to supply 
a combustion air to the coal gasi?cation fuel supply passage 
from the combustion air passage and a control means for 
controlling an air ?oW rate in the coal gasi?cation fuel 
supply passage is provided for the combustion air passage. 

[0036] In a preferred embodiment, the coal gasi?cation 
combined cycle poWer generation plant further includes a 
control unit provided for the coal gasi?cation fuel supply 
passage, the control unit, Which may include a normal 
operation ?oW control means for controlling a How rate in a 
coal gasi?cation fuel operation and an auxiliary ?oW control 
means for controlling a How rate of a little amount of the 
coal gasi?cation fuel supplied in a use of the liquid fuel. A 
temperature detector may be further provided for the fuel 
nozzle for injecting the coal gasi?cation fuel to the com 
bustor and a further control means for controlling the 
auxiliary ?oW control means Which operates in a case Where 
the temperature detector detects a temperature more than a 
?xed temperature, and the further control means is set so as 
to secure a minimum ?oW rate for preventing the coal 
gasi?cation fuel from conversely ?oWing into the fuel 
nozzle. 

[0037] The above object can be also achieved by provid 
ing, in a still further aspect, a method of operating a coal 
gasi?cation combined cycle poWer generation plant includ 
ing a gas turbine system, a fuel supply system, an air supply 
system and an exhaust gas system, Which are operatively 
connected to each other, the gas turbine system including a 
combustor provided With means for selectively burning a 
coal gasi?cation fuel obtained by gasifying a coal and a 
liquid fuel atomized by an atomization air and a gas turbine 
to Which a combustion gas generated in the combustor is 
supplied, the combustor being provided With a fuel nozzle, 
a liner disposed inside the combustor and a combustion air 
passage formed betWeen the liner and an outer casing of the 
combustor, the fuel supply system being provided With a 
liquid fuel supply passage for the combustor through the fuel 
nozzle, an atomization air supply passage for the combustor 
through the fuel nozzle and a coal gasi?cation fuel supply 
passage for the combustor through the fuel nozzle, all of the 
supply passages being arranged so as to be adjacent to each 
other, the operation method comprising the steps of: 

[0038] carrying out an operation by the combustion 
of the liquid fuel during a start-up of the gas turbine; 

[0039] carrying out an operation by the combustion 
of the coal gasi?cation fuel after a predetermined 
time elapsed thereafter; and 

[0040] supplying an incomplete coal gasi?cation fuel 
from the coal gasi?cation fuel supply passage to the 
combustor through the fuel nozzle until a coal gas 
i?cation fuel operation from the start-up of the gas 
turbine. 
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[0041] In a still further aspect, there is provided a method 
of operating a coal gasi?cation combined cycle poWer 
generation plant including a gas turbine system, a fuel 
supply system, an air supply system and an exhaust gas 
system, Which are operatively connected to each other, the 
gas turbine system including a combustor provided With 
means for selectively burning a coal gasi?cation fuel 
obtained by gasifying a coal and a liquid fuel atomized by 
an atomization air and a gas turbine to Which a combustion 
gas generated in the combustor is supplied, the combustor 
being provided With a fuel nozzle, a liner disposed inside the 
combustor and a combustion air passage formed betWeen the 
liner and an outer casing of the combustor, the fuel supply 
system being provided With a liquid fuel supply passage for 
the combustor through the fuel nozzle, an atomization air 
supply passage for the combustor through the fuel nozzle 
and a coal gasi?cation fuel supply passage for the combustor 
through the fuel nozzle, all of the supply passages being 
arranged so as to be adjacent to each other, the operation 
method comprising the steps of: 

[0042] carrying out an operation by the combustion 
of the liquid fuel during a start-up of the gas turbine; 

[0043] carrying out an operation by the combustion 
of the coal gasi?cation fuel after a predetermined 
time elapsed thereafter; 

[0044] changing over the coal gasi?cation fuel opera 
tion into an operation by the combustion of the liquid 
fuel in a case Where a gas turbine load becomes less 
than a ?xed load; and 

[0045] supplying the coal gasi?cation fuel of a ?xed 
amount from the coal gasi?cation fuel supply pas 
sage to the combustor through the fuel nozzle after a 
change-over is made from a combustion operation by 
the coal gasi?cation fuel to a combustion operation 
by the liquid fuel. 

[0046] In a still further aspect, there is provided a method 
of operating a coal gasi?cation combined cycle poWer 
generation plant including a gas turbine system, a fuel 
supply system, an air supply system and an exhaust gas 
system, Which are operatively connected to each other, the 
gas turbine system including a combustor provided With 
means for selectively burning a coal gasi?cation fuel 
obtained by gasifying a coal and a liquid fuel atomized by 
an atomization air and a gas turbine to Which a combustion 
gas generated in the combustor is supplied, the combustor 
being provided With a fuel nozzle, a liner disposed inside the 
combustor and a combustion air passage formed betWeen the 
liner and an outer casing of the combustor, the fuel supply 
system being provided With a liquid fuel supply passage for 
the combustor through the fuel nozzle, an atomization air 
supply passage for the combustor through the fuel nozzle 
and a coal gasi?cation fuel supply passage for the combustor 
through the fuel nozzle, all of the supply passages being 
arranged so as to be adjacent to each other, the operation 
method comprising the steps of: 

[0047] carrying out an operation by the combustion 
of the liquid fuel during a start-up of the gas turbine; 

[0048] carrying out an operation by the combustion 
of the coal gasi?cation fuel after a predetermined 
time elapsed thereafter; 

[0049] changing over the coal gasi?cation fuel opera 
tion into an operation by the combustion of the liquid 
fuel at the same time With a load dump in a case of 
a load dump; and 
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[0050] supplying the coal gasi?cation fuel of a ?xed 
amount from the coal gasi?cation fuel passage to the 
combustor through the a fuel noZZle after a change 
over is made from a combustion operation by the 
coal gasi?cation fuel to a combustion operation by 
the liquid fuel. 

[0051] The above operation methods may further com 
prise the step of controlling a How rate in a coal gasi?cation 
operation, the controlling step may including normal con 
trolling of a How rate in a coal gasi?cation fuel operation and 
auxiliary controlling of a How rate of a little amount of the 
coal gasi?cation fuel supplied in a use of the liquid fuel. 

[0052] The auxiliary ?oW control is controlled, in a case 
Where a temperature more than a ?xed temperature is 
detected, so as to secure a minimum ?oW rate for preventing 
the coal gasi?cation fuel from conversely ?oWing into the 
fuel noZZle. 

[0053] According to the characters or subject features of 
the present invention mentioned above, it becomes possible 
to prevent the combustion gas from conversely ?oWing into 
the coal gasi?cation fuel supply passage during the liquid 
fuel operation. Therefore, the fuel noZZle is prevented from 
being damaged, Whereby the gas turbine operation can be 
stably carried out and the usable life of the combustor can be 
effectively increased. 

[0054] The nature and further detailed features of the 
present invention Will be made more clear from the folloW 
ing descriptions made With reference to the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] 
[0056] FIG. 1 shoWs a system diagram of a coal gasi? 
cation combined cycle poWer generation plant according to 
a ?rst embodiment of the present invention; 

In the accompanying draWings: 

[0057] FIG. 2 is a sectional vieW shoWing a structure of a 
gas turbine combustor in the ?rst embodiment; 

[0058] FIG. 3 is a partially enlarged vieW of the gas 
turbine combustor shoWn in FIG. 2; 

[0059] FIG. 4 shoWs a sectional vieW of a gas turbine 
combustor according to a second embodiment of the present 
invention; 
[0060] FIG. 5 shoWs a sectional vieW of a gas turbine 
combustor according to a third embodiment of the present 
invention; 
[0061] FIG. 6 shoWs a sectional vieW of a gas turbine 
combustor according to a fourth embodiment of the present 
invention; 
[0062] FIG. 7 is a graph shoWing a fuel ?oW characteristic 
to explain a ?fth embodiment of the present invention; 

[0063] FIG. 8 is a graph shoWing a fuel ?oW characteristic 
to explain a sixth embodiment of the present invention; 

[0064] FIG. 9 shoWs a system diagram of a coal gasi? 
cation combined cycle poWer generation plant according to 
a seventh embodiment of the present invention; 

[0065] FIG. 10 is a sectional vieW schematically shoWing 
a conventional gas turbine combustor; and 

[0066] FIG. 11 is a partially sectional vieW shoWing the 
gas turbine combustor shoWn in FIG. 10. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0067] Embodiments of the present invention Will be 
described hereunder With reference to the accompanying 
draWings. 

FIRST EMBODIMENT (FIG. 1 to FIG. 3) 

[0068] FIG. 1 is a system diagram shoWing the Whole 
construction of a coal gasi?cation combined cycle poWer 
generation plant of facility of the ?rst embodiment of the 
present invention. 

[0069] With reference to FIG. 1, the coal gasi?cation 
combined cycle poWer generation plant of this ?rst embodi 
ment comprises a gas turbine system 31, a fuel supply 
system 32, an air supply system 33 and a an exhaust gas 
system 34, Which are broadly classi?ed and operatively 
connected to each other. 

[0070] The gas turbine system 31 includes a combustor 35 
Which can selectively burn the coal gasi?cation fuel “c” and 
the liquid fuel “a”, a gas turbine 36 Which is driven by a 
combustion gas generated by the combustor 35, a gas turbine 
compressor 37 Which is provided coaxially With the gas 
turbine 36, and a generator 38. The selection of the coal 
gasi?cation fuel and the liquid fuel is performed by a knoWn 
means under the monitoring of the liquid fuel from the 
combustion start time. 

[0071] The fuel supply system 32 is composed of tWo 
systems, that is, a coal gasi?cation fuel supply system 32a 
and a liquid fuel supply system 32b. The coal gasi?cation 
fuel supply system 32a includes a gasi?cation furnace 39 for 
gasifying coal, and a gas re?nery equipment 40 for purifying 
a coal gas re?ned by the gasi?cation furnace 39. Further, the 
coal gasi?cation fuel supply system 32a supplies the re?ned 
coal gasi?cation fuel “c” to the combustor 35 via a coal 
gasi?cation fuel pipe 41. The coal gasi?cation fuel pipe 41 
is provided With a How control valve 42 Which functions as 
a How control unit. 

[0072] The liquid fuel supply system 32b selectively sup 
plies the liquid fuel “a” and the atomiZation air “b” from a 
liquid fuel supply source (not shoWn) and a atomiZation air 
supply source (not shoWn), and the coal gasi?cation fuel “c” 
to the combustor 35 via a liquid fuel pipe 43 and an air pipe 
44. 

[0073] The air supply system 33 is a system for supplying 
oxygen required for coal gasi?cation in the gasi?cation 
furnace 39. Further, the air supply system 33 has an extrac 
tion pipe 45 for extracting a part of compressed air from a 
gas turbine compressor 37, an air separator 46 Which is 
connected to the extraction pipe 45 and generates oxygen, 
and an oxygen gas compressor 48 connected to the air 
separator 46 via an oxygen gas pipe 47. Further, in the air 
supply system 33, there is provided an auxiliary compressor 
49 for generating oxygen used in the gasi?cation furnace 39 
before the gas turbine compressor 37 is operated. 

[0074] The exhaust gas system 34 includes an exhaust gas 
pipe 50 connected to the gas turbine 36, an exhaust gas 
boiler 51 connected to the exhaust gas pipe 50 and a 
chimney stack 52. 

[0075] In the case of operating the coal gasi?cation com 
bined cycle poWer generation plant constructed in the man 
ner described above, ?rst, the liquid fuel “a” and the 
atomiZation air “b” are supplied to the combustor 35 to make 
combustion, and thereby, the gas turbine 36 starts up. With 



US 2001/0001171 Al 

the start-up of the gas turbine 36, the coal gasi?cation fuel 
is generated in the gasi?cation furnace 39. In this case, 
during the start-up of the gas turbine 36, at ?rst, in the 
gasi?cation furnace 39, a compressed air from the auxiliary 
compressor 49 or oxygen separated from the compressed air 
by the air separator 46 is used. After the gas turbine 36 starts 
up, the pressuriZed air by the gas turbine compressor 37 or 
oxygen separated from the pressurised air by the air sepa 
rator 46. 

[0076] In the operation stage until about one-fourth (%1) 
load of the gas turbine 36 from the start-up operation, only 
incomplete coal gasi?cation fuel having a loW calori?c value 
is generated in the gasi?cation furnace 39, and for this 
reason, the liquid fuel operation is continued. With the rise 
of load, a complete coal gasi?cation fuel is generated in the 
gasi?cation furnace 39, and thereafter, a change-over is 
made from the liquid fuel combustion operation to a coal 
gasi?cation fuel operation, and then, only coal gasi?cation 
fuel operation is carried out by a gas turbine rating point. 
Thereafter, in the case Where the gas turbine 36 is in a load 
dump state or When the gas turbine 36 is stopped, a change 
over is again made from the coal gasi?cation fuel operation 
to the liquid fuel operation. 

[0077] Next, the structure of the combustor 35 used in the 
coal gasi?cation combined cycle poWer generation plant Will 
be explained With reference to FIG. 2 and FIG. 3. 

[0078] As shoWn in FIG. 2, a combustor 35 is constructed 
in a manner that a combustor liner 64 used as an inner 
cylindrical casing is inserted into an outer cylindrical casing 
62 With a combustion air passage 63 de?ned therebetWeen, 
a fuel noZZle 65 is provided at an end portion on an upstream 
side of the combustor liner 64, and a transition piece 66 is 
connected to a doWnstream side of the combustor liner 64. 
An inner circumferential portion of the outer cylindrical 
casing 62 is provided With a How sleeve 67 Which covers the 
combustion air passage 63 and functions as an air guide. 

[0079] The fuel noZZle 65 has a multiple cylindrical shape 
?xed to a head plate 68 provided on the end portion of the 
outer cylindrical casing 62. Further, the fuel noZZle 65 is 
provided With a liquid fuel supply port 69 for supplying a 
liquid fuel “a”, an atomiZation air supply port 70 for 
supplying an atomiZation air for atomiZing the liquid fuel 
“a”, and a coal gasi?cation fuel supply port 71 for supplying 
a coal gasi?cation fuel “c”, at its outer end situated on the 
outer side of the outer cylindrical casing 62. 

[0080] As shoWn in FIG. 3, the fuel noZZle 65 is formed 
With a liquid fuel passage 72 for passing the liquid fuel “a” 
at the center portion on the internal side thereof, an atomi 
Zation air passage 73 for passing an atomiZation air “b” of 
the liquid fuel at the outer side of the liquid fuel passage 72, 
and further, a coal gasi?cation fuel passage 74 for passing 
the coal gasi?cation fuel “c” at the outer side of the 
atomiZation air passage 73. These passages 72, 73 and 74 are 
arranged side-by-side in a manner of being partitioned by 
cylindrical Walls 75 and 76 and communicate With the liquid 
fuel supply port 69, the atomiZation air supply port 70 and 
the coal gasi?cation fuel supply port 71, respectively. 

[0081] Moreover, an inner end portion of the fuel noZZle 
65 facing the inside of the combustor liner 64 is provided 
With a liquid fuel injection port 77 for injecting the liquid 
fuel “a” from the liquid fuel passage 72, an atomiZation air 
injection port 78 Which injects the atomiZation air “b” 
around the liquid fuel injection port 77 from the atomiZation 
air passage 73 so that the liquid fuel “a” becomes an 
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atomiZed state, and a coal gasi?cation fuel injection port 80 
having a sWirler 79 Which injects the coal gasi?cation fuel 
“c” from the coal gasi?cation fuel passage 74 in a rotating 
state. 

[0082] As described above, the fuel noZZle 65 for injecting 
a fuel to the combustor 35 is provided With the liquid fuel 
passage 72, the atomiZation air passage 73 and the coal 
gasi?cation fuel passage 74, Which are arranged so as to be 
adjacent to each other. In this embodiment, a branching 
outlet port 81 for injecting the atomiZation air “b” toWard the 
coal gasi?cation injection port 80 situated on the outside is 
provided at a position of the injection port 78 Which is an 
outlet portion of the atomiZation air passage 73. A plurality 
of the branching outlet ports 81 for the atomiZation air are 
formed along a circumferential direction of the fuel noZZle 
65 and continuously inject the atomiZation air “b” toWard 
the outside of the sWirler 79 of the coal gasi?cation fuel 
injection port 80 so that an air ?lm is formed on the coal 
gasi?cation fuel injection port 80. 

[0083] Therefore, during the start-up state of the gas 
turbine 36, during the load dump state or during the inter 
ruption of the gas turbine, in the case of carrying out an 
operation in accordance With the combustion by only the 
liquid fuel “a”, even if the coal gasi?cation fuel “c” is not 
supplied to the coal gasi?cation fuel passage 74, and as a 
result, the internal pressure of the coal gasi?cation fuel 
passage 74 is loWer than the combustion gas pressure of the 
combustor 35, the coal gasi?cation fuel passage 74 is 
shielded from the interior of the combustor liner 64 by an air 
?lm formed by a part of the atomiZation air “b” injected 
from the branching outlet port 81 for the atomization air “b”. 
Therefore, the combustion gas does not conversely ?oW into 
the coal gasi?cation fuel passage 74. 

[0084] Furthermore, during the operation made by using 
the coal gasi?cation fuel “c”, the supply of the liquid fuel “a” 
and the atomiZation air “b” is stopped, and therefore, there 
is no hindrance in injection and combustion of the coal 
gasi?cation fuel “c”. 

[0085] According to the ?rst embodiment mentioned 
above, it is possible to securely prevent the combustion gas 
from conversely ?oWing into the coal gasi?cation fuel 
passage 74 during the liquid fuel operation. Therefore, the 
gas turbine operation can be stably carried out Without 
damaging the fuel noZZle 65 and the life of the combustor 
can be made long. As a result, great advantage is obtainable 
in both the vieWpoints of operation and economics as 
compared With the conventional poWer generation plant or 
facility. 

SECOND EMBODIMENT (FIG. 4) 

[0086] FIG. 4 is an enlarged sectional vieW shoWing a fuel 
noZZle 65 of a combustor 35 of a coal gasi?cation combined 
cycle poWer generation plant according to a second embodi 
ment of the present invention. 

[0087] As shoWn in FIG. 4, in this second embodiment, 
the fuel noZZle 65 for injection a fuel to the combustor 35 is 
provided With a liquid fuel passage 72, an atomiZation air 
passage 73 and a coal gasi?cation fuel passage 74, Which are 
arranged so as to be adjacent to each other. Further, the fuel 
noZZle 65 is provided With a bloWout hole 82 for bloWing out 
the atomiZation air to the coal gasi?cation fuel passage 74 at 
a passage Wall 76 in the vicinity of the outlet portion of the 
atomiZation air passage 73. A plurality of the bloWout holes 
82 for atomiZation air are formed along the circumferential 
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direction of the fuel nozzle 65 and are individually opened 
in the vicinity of the coal gasi?cation fuel passage injection 
port 80. For instance, the atomization air is continuously 
bloWn out toWard the inner surface of the sWirler 79, and 
thereafter, the atomization air “b” is injected from the coal 
gasi?cation fuel outlet port 80 into the combustor liner 64. 
Further, the other construction is the substantially same as 
the aforesaid ?rst embodiment, and therefore, the same 
reference numbers are used to designate the portions corre 
sponding to those shoWn in FIG. 3, and the details thereof 
are omitted herein. 

[0088] In this second embodiment, during the start-up 
state of the gas turbine 36, during the load dump state or 
during the interruption of the gas turbine, in the case of 
carrying out an operation in accordance With the combustion 
by only liquid fuel “a”, even if the coal gasi?cation fuel is 
not supplied to the coal gasi?cation fuel passage 74, and as 
a result, the internal pressure of the coal gasi?cation fuel 
passage 74 is loWer than the combustion gas pressure of the 
combustor 35, the atomization air is bloWn out from the 
bloWout hole to the coal gasi?cation fuel passage 74, so that 
coal gasi?cation fuel passage 74 becomes a pressurized 
state. Therefore, the combustion gas does not conversely 
?oW into the coal gasi?cation fuel passage 74. 

[0089] Furthermore, during the operation made by using 
the coal gasi?cation fuel, the supply of the liquid fuel and the 
atomization air is stopped, and therefore, there is no hin 
drance in injection and combustion of the coal gasi?cation 
fuel. 

[0090] According to the second embodiment mentioned 
above, it is possible to securely prevent the combustion gas 
from conversely ?oWing into the coal gasi?cation fuel 
passage 74 during the liquid fuel operation. Therefore, the 
gas turbine operation can be stably carried out Without 
damaging the fuel nozzle 65 and the life of the combustor 
can be made long. Accordingly, great advantage is obtain 
able in both the vieWpoints of operation and economics as 
compared With the conventional plant or facility. 

THIRD EMBODIMENT (FIG. 5) 

[0091] FIG. 5 is an enlarged sectional vieW shoWing a fuel 
nozzle 65 of a combustor 35 of a coal gasi?cation combined 
cycle poWer generation plant according to a third embodi 
ment of the present invention. 

[0092] As shoWn in FIG. 5, in this third embodiment, a 
combustion air injecting portion 83 for injecting a combus 
tion air “d” toWard an outlet portion of the coal gasi?cation 
fuel passage 74 is provided at an outlet portion of the 
combustion air passage 63 Which bloWs the combustion air 
“d” from the gas turbine compressor 37 (see FIG. 1) into the 
combustor liner 64. The combustion air injecting portion 83 
is composed of, for eXample, a hole 84 Which is formed at 
an end Wall 64a on the fuel nozzle 65 side of the combustor 
liner 64, and a guide member 85 Which is disposed on the 
outer peripheral side of the hole 84 and projects to the inner 
face of the end Wall 64a of the combustor liner 64. The 
combustion air is continuously injected toWard the outer side 
of the sWirler 79 of the coal gasi?cation fuel injection port 
80 so that an air ?lm is formed in the coal gasi?cation fuel 
port 80. 

[0093] Therefore, in this third embodiment, during the 
start-up state of the gas turbine 36, during the load dump 
state or during the interruption of the gas turbine, in the case 
of carrying out an operation in accordance With the com 
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bustion by only the liquid fuel “a”, even if the coal gasi? 
cation fuel “c” is not supplied to the coal gasi?cation fuel 
passage 74. As a result, the internal pressure of the coal 
gasi?cation fuel passage 74 is loWer than the combustion gas 
pressure of the combustor 35, the coal gasi?cation fuel 
passage 74 is shielded from the interior of the combustor 
liner 64 by the air ?lm formed by the combustion air “d”. 
Therefore, the combustion gas does not conversely ?oW into 
the coal gasi?cation fuel passage 74. 

[0094] According to the third embodiment mentioned 
above, it is possible to securely prevent the combustion gas 
from conversely ?oWing into the coal gasi?cation fuel 
passage 74 during the liquid fuel operation. Therefore, the 
gas turbine operation can be stably carried out Without 
damaging the fuel nozzle 65, and the life of the combustor 
can be made long. Accordingly, great advantage is obtain 
able in both the vieWpoints of operation and economics in 
the same manner as that of the ?rst embodiment. 

FOURTH EMBODIMENT (FIG. 6) 

[0095] FIG. 6 is an enlarged sectional vieW shoWing a 
combustor 35 of a coal gasi?cation combined cycle poWer 
generation plant according to a fourth embodiment of the 
present invention. 

[0096] As shoWn in FIG. 6, in this fourth embodiment, a 
combustion air injecting portion 86 for injecting a combus 
tion air “d” toWard an outlet portion of the coal gasi?cation 
fuel passage 74 is provided at an outlet portion of the 
combustion air passage 63 Which bloWs the combustion air 
“d” from the gas turbine compressor 37 into the combustor 
liner 64. The combustion air injecting portion 86 is con 
structed in a manner that the combustion air passage 63 and 
the coal gasi?cation fuel passage 74 communicates With 
each other by means of a pipe 87 penetrating through the 
head plate 68, and the pipe 87 is provided With a control 
valve 88. 

[0097] With the construction as described above, the com 
bustion air “d” is supplied to the coal gasi?cation fuel 
passage 74 via the pipe 87 provided on the head plate 68. 
Thus, in the case Where the coal gasi?cation fuel “c” is not 
supplied to the coal gasi?cation fuel passage 74, the control 
valve 88 is opened so that the combustion air “d” is bloWn 
into the combustor liner 64 from the coal gasi?cation fuel 
passage 74 via the sWirler 79. Thus, it becomes possible to 
prevent the combustion gas from conversely ?oWing into the 
coal gasi?cation fuel passage 74 as like as in the above 
mentioned embodiments. 

[0098] Moreover, in this fourth embodiment, at the time 
When the supply of the coal gasi?cation fuel “c” is started, 
in the case Where a pressure of the combustion air “d” side 
is high, the combustion air “d” is miXed With the coal 
gasi?cation fuel “c” in the coal gasi?cation fuel passage 74, 
and then, becomes a premiXing lean fuel. For this reason, 
there is the possibility that combustion happens in the coal 
gasi?cation fuel passage 74. Further, conversely, in the case 
Where the pressure of the coal gasi?cation fuel “c” is higher 
than the pressure of the combustion air “d”, there is the 
possibility that the coal gasi?cation fuel “c” ?oWs from the 
coal gasi?cation fuel passage 74 into the combustion air 
passage 63 side. 

[0099] Considering the above situation, in this fourth 
embodiment, the control valve 88 provided on the pipe 87 is 
closed during the coal gasi?cation fuel operation so as to 
make a closed state. Further, a check valve (not shoWn) may 
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be used so as to prevent the combustion air from conversely 
?owing to the combustion air passage 63 side. 

[0100] In the fourth embodiment mentioned above, it is 
possible to securely prevent the combustion gas from con 
versely ?oWing into the coal gasi?cation fuel passage 74 
during the liquid fuel operation. Thus, the same operations 
and effects as those of the respective embodiments men 
tioned above can be obtained. 

FIFTH EMBODIMENT (FIG. 1 and FIG. 7) 

[0101] This ?fth embodiment shoWs an operating method 
of the coal gasi?cation fuel combined cycle poWer genera 
tion plant according to the present invention. In particular, 
an incomplete coal gasi?cation fuel is supplied to the coal 
gasi?cation fuel passage, and thereby, there is provided an 
operating method of preventing the combustion gas from 
conversely ?oWing into the coal gasi?cation fuel passage 
during the liquid fuel operation until the coal gasi?cation 
fuel operation from the gas turbine start-up. 

[0102] More speci?cally, for eXample, in the case of 
operating the coal gasi?cation fuel combined cycle poWer 
generation plant shoWn in FIG. 1, an operation is made by 
the combustion by only the liquid fuel “a” until the gas 
turbine load becomes about one fourth (%1) load from the 
start-up of the gas turbine 36, and thereafter, the operation is 
changed into an operation by a complete coal gasi?cation 
fuel “c”. The coal gasi?cation fuel generated in the gasi? 
cation furnace 39 until the load operation of the aforesaid 
load is incomplete and is not burned. 

[0103] Conventionally, the supply of the incomplete coal 
gasi?cation fuel has been stopped during the liquid fuel 
operation until the gas turbine load becomes one fourth (%1) 
load from the gas turbine start-up. HoWever, in this ?fth 
embodiment, during the liquid fuel operation, the incom 
plete coal gasi?cation fuel “c” is supplied from the coal 
gasi?cation fuel passage to the combustor 35 via the fuel 
noZZle 35. 

[0104] FIG. 7 is a graph shoWing a fuel ?oW rate to 
eXplain the operating method mentioned above and taking a 
How rate of liquid fuel and coal gasi?cation fuel as an 
ordinate and taking a gas turbine load as an abscissa. 

[0105] As shoWn in FIG. 7, in this ?fth embodiment, the 
incomplete coal gasi?cation fuel generated in the gasi?ca 
tion furnace 39 is gradually supplied to the combustor 
together With a liquid fuel Whose supplying ?oW rate gradu 
ally increases from the start-up. In other Words, With the 
increase of the liquid fuel ?oW rate, the combustion gas 
increases, and then, the internal pressure of the combustor 
liner is made high. With the high pressure the combustor 
liner, the supply of incomplete coal gasi?cation fuel is 
increased so that an internal pressure of the coal gasi?cation 
fuel passage is made high. According to this function, it is 
possible to prevent the combustion gas from conversely 
?oWing into the coal gasi?cation fuel passage. 

[0106] The operation is changed into a coal gasi?cation 
fuel operation at the time When the complete coal gasi?ca 
tion fuel “c” is generated in the gasi?cation furnace 39, and 
then, from this set time, the How rate of the liquid fuel is 
gradually reduced. After that, the How rate of the coal 
gasi?cation fuel is increased until the rating load, and 
thereafter, the operation is carried out at a ?Xed ?oW rate. 

[0107] According to the operating method of this embodi 
ment, in particular, the fuel noZZle has no need of change in 
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its structure. Further, only through the fuel supply control, it 
becomes possible to securely prevent the combustion gas 
from conversely ?oWing into the coal gasi?cation fuel 
passage, as like as in the above-mentioned embodiments. 
Therefore, the gas turbine operation can be stably carried 
out, and the life of the combustor can be made long. As a 
result, great advantage is obtainable in both the vieWpoints 
of operation and economics of the poWer generation plant or 
facility. 

SIXTH EMBODIMENT (FIG. 1) 

[0108] This siXth embodiment shoWs an operating method 
of the coal gasi?cation fuel poWer generation plant of the 
present invention. There is provided an operating method of 
preventing the combustion gas from conversely ?oWing into 
the coal gasi?cation fuel passage 74 by supplying the coal 
gasi?cation fuel to the coal gasi?cation fuel passage during 
the liquid fuel operation in the case Where a load becomes 
loWer than a ?Xed load as the gas turbine stop operation. 

[0109] More speci?cally, in the case of operating the coal 
gasi?cation fuel combined cycle poWer generation plant 
shoWn in FIG. 1, as described in the ?fth embodiment 
mentioned above, after the gas turbine load becomes about 
one fourth (%1) load, an operation using the complete coal 
gasi?cation fuel “c” is carried out, and after that, the How 
rate of the coal gasi?cation fuel “c” is increased until the 
rating load, and thereafter, the operation is carried out at a 
?Xed ?oW rate. In the case Where the gas turbine load 
becomes loWer than a ?Xed load as the case that the gas 
turbine is stopped, it is dif?cult to use the coal gasi?cation 
fuel “c”. For this reason, the operation is changed into an 
operation made by the combustion of the liquid fuel “a”, and 
after the change-over, the supply of the coal gasi?cation fuel 
“c” has been stopped in the conventional manner. 

[0110] HoWever, in this siXth embodiment, even during 
the liquid fuel operation, the coal gasi?cation fuel is sup 
plied to the combustor from the coal gasi?cation fuel 
passage via the fuel noZZle. 

[0111] According to the operating method of this embodi 
ment, in particular, the fuel noZZle and the like have no need 
of change in their structure. Further, through only the fuel 
supply control, it becomes possible to securely prevent the 
combustion gas from conversely ?oWing into the coal gas 
i?cation fuel passage as like as in the above-mentioned 
embodiments. Therefore, the gas turbine operation can be 
stably carried out, and the life of the combustor can be made 
long. As a result, great advantage is obtainable in both the 
vieWpoints of operation and economics of the poWer gen 
eration plant or facility. 

SEVENTH EMBODIMENT (FIG. 8) 

[0112] This seventh embodiment shoWs an operating 
method of the coal gasi?cation fuel combined cycle poWer 
generation plant according to the present invention. There is 
provided a method of preventing the combustion gas from 
conversely ?oWing into the coal gasi?cation fuel passage by 
supplying the coal gasi?cation fuel to the coal gasi?cation 
fuel passage during the liquid fuel operation in the case 
Where a change-over is made from an operation using the 
coal gasi?cation fuel into an operation using the liquid fuel 
during the gas turbine load dump state. 

[0113] More speci?cally, in the case Where the gas turbine 
load is dumped during the coal gasi?cation fuel operation, 
there is a need of decreasing the fuel supply amount to 
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prevent an over speed from causing. In this case, it is 
dif?cult to carry out a combustion operation by a little coal 
gasi?cation fuel in vieW of combustibility, and for this 
reason, the operation is changed into an operation by the 
combustion of the liquid fuel. After the change-over, the 
supply of the coal gasi?cation fuel has been stopped in the 
conventional manner. 

[0114] HoWever, in this seventh embodiment, even during 
the liquid fuel operation, the coal gasi?cation fuel is sup 
plied to the combustor from the coal gasi?cation fuel 
passage via the fuel noZZle. 

[0115] FIG. 8 is a graph shoWing a fuel ?oW rate to 
eXplain the operating method, and taking a How rate of 
liquid fuel and coal gasi?cation fuel as an ordinate and 
taking a time as an abscissa. 

[0116] As shoWn by a solid-line curve in FIG. 8, in this 
seventh embodiment, in the case Where there is a load dump 
during the coal gasi?cation fuel operation, a How rate of the 
coal gasi?cation fuel is reduced for a short time at the same 
time With the load dump. Further, as shoWn by a broken-line 
curve, the operation is changed into the liquid fuel operation. 
In this case, a little coal gasi?cation fuel continues to be 
supplied to the coal gasi?cation fuel passage Without stop 
ping the supply of the coal gasi?cation fuel. According to 
this operation, it becomes possible to prevent the combus 
tion gas from conversely ?oWing into the coal gasi?cation 
fuel passage. 

[0117] According to the operating method of this embodi 
ment, in particular, the fuel noZZle has no need of change in 
its structure. Further, through only the fuel supply control, it 
becomes possible to securely prevent the combustion gas 
from conversely ?oWing into the coal gasi?cation fuel 
passage as like as in the respective embodiments mentioned 
above. Therefore, the gas turbine operation can be stably 
carried out, and the life of the combustor can be made long. 
As a result, great advantage is obtainable in both the 
vieWpoints of operation and economics of the poWer gen 
eration plant or facility. 

EIGHTH EMBODIMENT (FIG. 9) 

[0118] This eighth embodiment shoWs a coal gasi?cation 
combined cycle poWer generation plant Which is preferable 
to the case of carrying out the operating method described 
With respect to the ?fth to seventh embodiments and is an 
improvement in the coal gasi?cation combined cycle poWer 
generation plant of the ?rst embodiment shoWn in FIG. 1. 

[0119] More speci?cally, according to the construction 
shoWn in FIG. 1, in the case of supplying the coal gasi? 
cation fuel in order to prevent the combustion gas from 
conversely ?oWing into the coal gasi?cation fuel passage 
during the liquid fuel operation, a How rate is controlled by 
means of the How control valve 42 mounted to the coal 
gasi?cation fuel pipe 41. HoWever, the How control valve 42 
is provided for controlling a How rate of the coal gasi?cation 
fuel “c” during a normal operation and is constructed in a 
manner that the How rate of the coal gasi?cation fuel “c” is 
controlled to the 100% load ?oW rate. For this reason, the 
How control valve 42 is not alWays suitable to the control of 
a little coal gasi?cation fuel “c” for preventing the combus 
tion gas from conversely ?oWing. 

[0120] Considering such circumstances, in this eighth 
embodiment, as shoWn in FIG. 9, the How control unit 
provided on the coal gasi?cation fuel pipe 41 is divided into 
tWo systems. More speci?cally, there is provided the How 
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control valve 42 Which functions as a normal operation ?oW 
control unit for controlling the How of the case of carrying 
out the coal gasi?cation fuel operation. In addition to the 
How control valve 42, there is provided an auXiliary ?oW 
control valve 89 Which functions as an auXiliary ?oW control 
unit in the case of supplying a little coal gasi?cation fuel “c” 
so as to prevent the combustion gas from conversely ?oWing 
into the coal gasi?cation fuel passage during the liquid fuel 
operation. The other construction is the substantially same as 
that shoWn in FIG. 1, and therefore, the same reference 
numerals are used to designate parts corresponding to those 
shoWn in FIG. 1 and the details thereof are omitted herein. 

[0121] As described above, the auXiliary ?oW control 
valve 89 for controlling a little coal gasi?cation fuel “c” is 
provided, and thereby, it becomes possible to perform a 
precise ?oW control of the necessary and minimum coal 
gasi?cation fuel. Therefore, it is possible to further improve 
a function of preventing the combustion gas from conversely 
?oWing into the coal gasi?cation fuel passage. 

[0122] Further, in this eighth embodiment, there is pro 
vided a temperature detector 90 in the fuel noZZle for 
injecting the coal gasi?cation fuel to the combustor 35 or at 
the vicinity thereof. In the case Where the temperature 
detector 90 detects a temperature more than a ?Xed one, a 
control unit 91 for controlling the auXiliary ?oW control 
valve is provided. The control unit is set so as to secure the 
minimum ?oW rate for preventing the coal gasi?cation fuel 
from conversely ?oWing into the fuel noZZle 65. 

[0123] According to the structures mentioned above, a 
temperature rise of the coal gasi?cation fuel passage is 
detected When the combustion gas conversely ?oWs into the 
fuel noZZle, and thereby, it is possible to automatically 
supply the minimum ?oW rate of the coal gasi?cation fuel 
“c” for preventing the combustion gas from conversely 
?oWing to the coal gasi?cation fuel passage. 

[0124] As is evident from the above description, according 
to the present invention, it is possible to prevent the com 
bustion gas from conversely ?oWing into the coal gasi?ca 
tion fuel passage during the liquid fuel operation. Thus, the 
fuel noZZle is prevented from being damaged, so that the gas 
turbine operation can be stably carried out. 

[0125] It is also to be noted that the present invention is 
not limited to the described embodiments and many other 
changes, modi?cation and combinations may be made With 
out departing from the scopes of the appended claims. 

1. A coal gasi?cation combined cycle poWer generation 
plant including a gas turbine system, a fuel supply system, 
an air supply system and an exhaust gas system, Which are 
operatively connected to each other, 

said gas turbine system including a combustor provided 
With means for selectively burning a coal gasi?cation 
fuel obtained by gasifying a coal and a liquid fuel 
atomiZed by an atomiZation air and a gas turbine to 
Which a combustion gas generated in the combustor is 
supplied, said combustor being provided With a fuel 
noZZle, a liner disposed inside the combustor and a 
combustion air passage formed betWeen the liner and 
an outer casing of the combustor, 

said fuel supply system being provided With a liquid fuel 
supply passage for the combustor through the fuel 
noZZle, an atomiZation air supply passage for the com 
bustor through the fuel noZZle and a coal gasi?cation 
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fuel supply passage for the combustor through the fuel 
nozzle, all of said supply passages being arranged so as 
to be adjacent to each other, 

said atomization air supply passage being provided With 
an outlet portion to Which a branching outlet port for 
injecting the atomization air toWard an outlet portion of 
the coal gasi?cation supply passage is formed. 

2. A coal gasi?cation combined cycle poWer generation 
plant including a gas turbine system, a fuel supply system, 
an air supply system and an eXhaust gas system, Which are 
operatively connected to each other, 

said gas turbine system including a combustor provided 
With means for selectively burning a coal gasi?cation 
fuel obtained by gasifying a coal and a liquid fuel 
atomized by an atomization air and a gas turbine to 
Which a combustion gas generated in the combustor is 
supplied, said combustor being provided With a fuel 
nozzle, a liner disposed inside the combustor and a 
combustion air passage formed betWeen the liner and 
an outer casing of the combustor, 

said fuel supply system being provided With a liquid fuel 
supply passage for the combustor through the fuel 
nozzle, an atomization air supply passage for the com 
bustor through the fuel nozzle and a coal gasi?cation 
fuel supply passage for the combustor through the fuel 
nozzle, all of said supply passages being arranged so as 
to be adjacent to each other, 

said atomization air supply passage being provided With 
a passage Wall portion and an outlet portion and a 
bloWout hole for bloWing out the atomization air to the 
coal gasi?cation fuel supply passage in a vicinity of the 
outlet portion. 

3. A coal gasi?cation combined cycle poWer generation 
plant including a gas turbine system, a fuel supply system, 
an air supply system and an eXhaust gas system, Which are 
operatively connected to each other, 

said gas turbine system including a combustor provided 
With means for selectively burning a coal gasi?cation 
fuel obtained by gasifying a coal and a liquid fuel 
atomized by an atomization air and a gas turbine to 
Which a combustion gas generated in the combustor is 
supplied, said combustor being provided With a fuel 
nozzle, a liner disposed inside the combustor and a 
combustion air passage formed betWeen the liner and 
an outer casing of the combustor, 

said fuel supply system being provided With a liquid fuel 
supply passage for the combustor through the fuel 
nozzle, an atomization air supply passage for the com 
bustor through the fuel nozzle and a coal gasi?cation 
fuel supply passage for the combustor through the fuel 
nozzle, all of said supply passages being arranged so as 
to be adjacent to each other, 

said combustion air passage being provided With an outlet 
portion through Which a combustion air from a com 
pressor of the gas turbine system is bloWn toWard the 
liner of the combustor and said outlet portion is pro 
vided With a combustion air injecting portion so as to 
inject a combustion air toWard an outlet portion of the 
coal gasi?cation fuel supply passage. 

4. A coal gasi?cation combined cycle poWer generation 
plant including a gas turbine system, a fuel supply system, 
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an air supply system and an eXhaust gas system, Which are 
operatively connected to each other, 

said gas turbine system including a combustor provided 
With means for selectively burning a coal gasi?cation 
fuel obtained by gasifying a coal and a liquid fuel 
atomized by an atomization air and a gas turbine to 
Which a combustion gas generated in the combustor is 
supplied, said combustor being provided With a fuel 
nozzle, a liner disposed inside the combustor and a 
combustion air passage formed betWeen the liner and 
an outer casing of the combustor, 

said fuel supply system being provided With a liquid fuel 
supply passage for the combustor through the fuel 
nozzle, an atomization air supply passage for the com 
bustor through the fuel nozzle and a coal gasi?cation 
fuel supply passage for the combustor through the fuel 
nozzle, all of said supply passages being arranged so as 
to be adjacent to each other, 

said combustion air passage being communicated With 
said coal gasi?cation fuel supply passage so as to 
supply a combustion air to the coal gasi?cation fuel 
supply passage from the combustion air passage and a 
control means for controlling an air flow rate in the coal 
gasi?cation fuel supply passage is provided for the 
combustion air passage. 

5. A coal gasi?cation combined cycle poWer generation 
plant according to any one of claims 1 to 4, further com 
prising a control unit provided for the coal gasi?cation fuel 
supply passage for controlling a floW rate in a coal gasi? 
cation operation. 

6. Acoal gasi?cation combined cycle poWer plant accord 
ing to claim 5, Wherein said control unit includes a normal 
operation flow control means for controlling a flow rate in a 
coal gasi?cation fuel operation and an auXiliary flow control 
means for controlling a flow rate of a little amount of the 
coal gasi?cation fuel supplied in a use of the liquid fuel. 

7. A coal gasi?cation combined cycle poWer generation 
plant according to claim 6, further comprising a temperature 
detector provided for the fuel nozzle for injecting the coal 
gasi?cation fuel to the combustor and a further control 
means for controlling the auXiliary flow control means 
Which operates in a case Where the temperature detector 
detects a temperature more than a ?xed temperature, and the 
further control means is set so as to secure a minimum flow 

rate for preventing the coal gasi?cation fuel from conversely 
flowing into the fuel nozzle. 

8. A method of operating a coal gasi?cation combined 
cycle poWer generation plant including a gas turbine system, 
a fuel supply system, an air supply system and an exhaust 
gas system, Which are operatively connected to each other, 
said gas turbine system including a combustor provided With 
means for selectively burning a coal gasi?cation fuel 
obtained by gasifying a coal and a liquid fuel atomized by 
an atomization air and a gas turbine to Which a combustion 
gas generated in the combustor is supplied, said combustor 
being provided With a fuel nozzle, a liner disposed inside the 
combustor and a combustion air passage formed betWeen the 
liner and an outer casing of the combustor, said fuel supply 
system being provided With a liquid fuel supply passage for 
the combustor through the fuel nozzle, an atomization air 
supply passage for the combustor through the fuel nozzle 
and a coal gasi?cation fuel supply passage for the combustor 
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through the fuel nozzle, all of said supply passages being 
arranged so as to be adjacent to each other, said method 
comprising the steps of: 

carrying out an operation by the combustion of the liquid 
fuel during a start-up of the gas turbine; 

carrying out an operation by the combustion of the coal 
gasi?cation fuel after a predetermined time elapsed 
thereafter; and 

supplying an incomplete coal gasi?cation fuel from the 
coal gasi?cation fuel supply passage to the combustor 
through the fuel noZZle until a coal gasi?cation fuel 
operation from the start-up of the gas turbine. 

9. A method of operating a coal gasi?cation combined 
cycle poWer generation plant including a gas turbine system, 
a fuel supply system, an air supply system and an exhaust 
gas system, Which are operatively connected to each other, 
said gas turbine system including a combustor provided With 
means for selectively burning a coal gasi?cation fuel 
obtained by gasifying a coal and a liquid fuel atomiZed by 
an atomiZation air and a gas turbine to Which a combustion 
gas generated in the combustor is supplied, said combustor 
being provided With a fuel noZZle, a liner disposed inside the 
combustor and a combustion air passage formed betWeen the 
liner and an outer casing of the combustor, said fuel supply 
system being provided With a liquid fuel supply passage for 
the combustor through the fuel noZZle, an atomiZation air 
supply passage for the combustor through the fuel noZZle 
and a coal gasi?cation fuel supply passage for the combustor 
through the fuel noZZle, all of said supply passages being 
arranged so as to be adjacent to each other, said method 
comprising the steps of: 

carrying out an operation by the combustion of the liquid 
fuel during a start-up of the gas turbine; 

carrying out an operation by the combustion of the coal 
gasi?cation fuel after a predetermined time elapsed 
thereafter; 

changing over the coal gasi?cation fuel operation into an 
operation by the combustion of the liquid fuel in a case 
Where a gas turbine load becomes less than a ?xed load; 
and 

supplying the coal gasi?cation fuel of a ?xed amount 
from the coal gasi?cation fuel supply passage to the 
combustor through the fuel noZZle after a change-over 
is made from a combustion operation by the coal 
gasi?cation fuel to a combustion operation by the liquid 
fuel. 
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10. A method of operating a coal gasi?cation combined 
cycle poWer generation plant including a gas turbine system, 
a fuel supply system, an air supply system and an exhaust 
gas system, Which are operatively connected to each other, 
said gas turbine system including a combustor provided With 
means for selectively burning a coal gasi?cation fuel 
obtained by gasifying a coal and a liquid fuel atomiZed by 
an atomiZation air and a gas turbine to Which a combustion 
gas generated in the combustor is supplied, said combustor 
being provided With a fuel noZZle, a liner disposed inside the 
combustor and a combustion air passage formed betWeen the 
liner and an outer casing of the combustor, said fuel supply 
system being provided With a liquid fuel supply passage for 
the combustor through the fuel noZZle, an atomiZation air 
supply passage for the combustor through the fuel noZZle 
and a coal gasi?cation fuel supply passage for the combustor 
through the fuel noZZle, all of said supply passages being 
arranged so as to be adjacent to each other, said method 
comprising the steps of: 

carrying out an operation by the combustion of the liquid 
fuel during a start-up of the gas turbine; 

carrying out an operation by the combustion of the coal 
gasi?cation fuel after a predetermined time elapsed 
thereafter; 

changing over the coal gasi?cation fuel operation into an 
operation by the combustion of the liquid fuel at the 
same time With a load dump in a case of a load dump; 
and 

supplying the coal gasi?cation fuel of a ?xed amount 
from the coal gasi?cation fuel passage to the combustor 
through the a fuel noZZle after a change-over is made 
from a combustion operation by the coal gasi?cation 
fuel to a combustion operation by the liquid fuel. 

11. An operating method according to any one of claims 
8 to 10, further comprising the step of controlling a How rate 
in a coal gasi?cation operation. 

12. An operating method according to claim 11, Wherein 
said controlling step further includes a normally controlling 
a How rate in a coal gasi?cation fuel operation and auxil 
iarily controlling a How rate of a little amount of the coal 
gasi?cation fuel supplied in a use of the liquid fuel. 

13. An operating method according to claim 12, Wherein 
said auxiliary ?oW control is controlled, in a case Where a 
temperature more than a ?xed temperature is detected, so as 
to secure a minimum ?oW rate for preventing the coal 
gasi?cation fuel from conversely ?oWing into the fuel 
noZZle. 


