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(57) ABSTRACT 
A condenser condenses an unused exhaust gas exhausted 
from a fuel cell and recovers Water, condensation-capacity 
detection means alWays monitors the condensation capacity 
of the condenser, control means controls an output of 
heat-transport-medium circulation means, stores the exhaust 
heat of the fuel cell in heat-using means When a sufficient 
condensation capacity is left, and stops the heat-transport 
medium circulation means to complete exhaust-heat recov 
ery When the condensation capacity loWers. Moreover, a fuel 
cell, a cooling pipe through Which a ?rst heating medium of 
carrying the heat of the fuel cell circulates, a cooling-Water 
pump of circulating the ?rst heating medium, and a fuel 
cell-temperature detector of detecting the temperature of the 
fuel cell are used to operate a cooling-Water pump until the 
temperature detected by the fuel-cell-temperature detector 
becomes a predetermine threshold value or less even after 
supply of a fuel and an oxidant to the fuel cell is stopped. 
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FUEL CELL POWER GENERATING DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a fuel-cell poWer 
generation system of generating power or recovering 
exhaust heat by using a fuel cell. 

BACKGROUND ART 

[0002] A poWer-generation system using a conventional 
fuel cell is described beloW by referring to FIG. 9. 

[0003] In FIG. 9, symbol 1 denotes a fuel cell and a fuel 
treater 2 Water-vapor-reforms a material such as a natural 
gas, generates a gas mainly containing hydrogen, and sup 
plies the gas to the fuel cell 1. The fuel treater 2 is provided 
With a reformer 3 of generating a reformed gas and a 
carbon-monoxide shifter 4 of making carbon monoxide react 
With Water to produce carbon dioxide and hydrogen. A 
fuel-side humidi?er 5 humidi?es a fuel gas to be supplied to 
the fuel cell 1. Symbol 6 denotes an air feeder that supplies 
air serving as an oxidant to the fuel cell 1. In this case, an 
oxidation-side humidi?er 7 humidi?es supplied air. More 
over, the poWer-generation system is provided With a cool 
ing pipe 8 of supplying Water to the fuel cell 1 to cool it and 
a pump 9 of circulating the Water in the cooling pipe 8. 

[0004] Moreover, When generating poWer, the exhaust 
heat due to the poWer generation in the fuel cell 1 recovers 
in a hot-Water storage tank 13 via an exhaust-heat recovery 
pipe 12 by a heat exchanger 10 and a circulating pump 11 
under the connection of the system. 

[0005] When generating poWer by the above system, the 
fuel treater 2 requires Water in order to Water-vapor-reform 
a material such as a natural gas by the reformer 3 and 
moreover make the carbon monoxide contained in the 
reformed gas react With Water by means of the carbon 
monoxide shifter 4 to produce carbon dioxide and hydrogen, 
the fuel-side humidi?er 5 requires Water to humidify a fuel 
gas to be supplied to the fuel cell 1, and the oxidation-side 
humidi?er 7 requires Water in order to humidify supplied air. 
The Water required for the above poWer generation has been 
supplied as city Water or ion exchange Water from the 
outside. 

[0006] HoWever, the above conventional con?guration has 
a problem that a reformation catalyst or shift catalyst stored 
in the reformer 3 or carbon-monoxide shifter 4 of the fuel 
treater 2 is deteriorated due to chlorine ions or metallic ions 
eluted from a pipeline When using general Water such as city 
Water in the fuel-gas pipeline or oxidant-gas pipeline of the 
fuel cell 1, or a fuel gas or oxidant gas is ioniZed and electric 
conductivity is raised to cause a trouble in poWer generation 
by the fuel cell. 

[0007] Moreover, When providing ion removal means 
such as an ion exchange resin in order to remove chlorine 
ions of general Water such as city Water or metallic ions 
eluted from a pipeline for a fuel-gas supply system or 
oxidant-gas supply system, there is a problem that regular 
maintenance of the ion removal means is necessary to secure 
the ion-removing capacity in accordance With an operation 
time, the ion removal means must be regularly replaced, or 
large ion removal means must be used in order to reduce the 
frequency of regular replacement. 
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[0008] Moreover, a poWer-generation system using a con 
ventional fuel cell has the folloWing disadvantages. 

[0009] That is, to complete the poWer generation by the 
fuel cell 1, generally the system stops supply of a poWer 
generation material to a fuel generator 2 and at the same 
time, supplies an inert gas such as nitrogen to the fuel 
generator 2 and circulation channels of a material gas and 
fuel gas of the fuel cell 1 and exhausts a combustible gas 
from the fuel-cell poWer-generation system. 

[0010] Moreover, because the fuel cell 1 stops generating 
heat simultaneously When poWer generation stops, the cool 
ing-Water pump 9 and city-Water pump 11 stop their carrying 
operations and circulation of cooling Water and city Water 
stops. 

[0011] In the case of the above fuel-cell poWer-generation 
system, after poWer generation has completed, an inert gas 
such as nitrogen coming out of the fuel generator 2 at 
approx. 700° C. through the circulation channel of a fuel gas 
passes through the fuel cell 1 and is exhausted to the outside 
from the fuel cell 1. 

[0012] In this case, hoWever, the fuel gas remaining in the 
fuel generator 2 and the circulation channel passes through 
the fuel cell 1 by being pushed by the inert gas While almost 
keeping its temperature and is exhausted to the outside. 
Therefore, it is estimated that the inside of the fuel cell 1 has 
a higher temperature at only a part through Which this fuel 
gas passes. 

[0013] At the time of using the polymer electrolyte type 
for the fuel cell 1, it is necessary that a polymer electrolyte 
?lm used for an electrolyte is Wet. HoWever, When an inert 
gas Which has a high-temperature but Which is not humidi 
?ed ?oWs nearby the polymer electrolyte ?lm, the polymer 
electrolyte ?lm is locally dried to cause the poWer-genera 
tion ef?ciency of the fuel cell 1 to extremely deteriorate. 

[0014] Then, even if the fuel cell 1 stops poWer genera 
tion, it keeps a temperature of approx. 70° C. for a While. 
Because the temperature is higher than an environmental 
temperature and the heat retained by the fuel cell 1 is only 
exhausted to the outside after circulation of cooling Water is 
stopped. Therefore, it is necessary to use the heat of the fuel 
cell 1 also after poWer generation in order to effectively use 
the heat produced for the poWer generation. 

DISCLOSURE OF THE INVENTION 

[0015] It is an object of the present invention to provide a 
fuel-cell poWer-generation system causing no trouble in 
poWer generation by a fuel cell Without using ion removal 
means by considering the above conventional problems. 

[0016] The present invention is achieved to solve the 
above problems and its object is to provide a fuel-cell 
poWer-generation system not causing a trouble of loWering 
the poWer-generation ef?ciency of a fuel cell after poWer 
generation is completed. 

[0017] Moreover, it is an object of the present invention to 
provide a fuel-cell poWer-generation system capable of 
using the heat of a fuel cell even after poWer generation is 
completed. 
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[0018] To solve the above problems, a ?rst aspect of the 
present invention is a fuel-cell poWer-generation system 
comprising: 

[0019] a fuel cell of generating poWer by using a fuel 
gas and an oxidant gas; 

[0020] a condenser of condensing at least some of the 
unused exhaust gas exhausted from said fuel cell; 
and 

[0021] Water-using means of using the condensed 
Water exhausted from said condenser for humidi? 
cation of at least either of said fuel gas and said 
oxidant gas. 

[0022] A second aspect of the present invention is the 
fuel-cell poWer-generation system according to the ?rst 
aspect of the present invention, comprising: 

[0023] heat exchange means of recovering exhaust 
heat due to the poWer generation of said fuel cell by 
means of heat exchange; 

[0024] heat-using means of storing a heat transport 
medium recovering exhaust heat in said heat 
exchange means; and 

[0025] circulation means of circulating said heat 
transport medium betWeen said heat exchange means 
and said heat-using means. 

[0026] A third aspect of the present invention is the 
fuel-cell poWer-generation system according to the second 
aspect of the present invention, Wherein 

[0027] said heat transport medium is constituted so as 
to pass through said condenser and contribute to 
condensation of the said unused exhaust gas in said 
condenser, and condensation-capacity detection 
means of detecting the condensation capacity of said 
condenser and control means of controlling the out 
put of said circulation means in accordance With a 
detection signal of said condensation-capacity detec 
tion means are comprised. 

[0028] By using the above con?guration, Water vapor of 
an unused exhaust gas exhausted from a fuel cell is con 
densed by a condenser to recover Water, the condensation 
capacity of the condenser is alWays monitored by condens 
ing-capacity-detection means, the output of circulation 
means is controlled by control means When the condensation 
capacity is kept, and the exhaust heat of the fuel cell is 
recovered and stored in heat-using means. Moreover, When 
the condensation capacity loWers, the circulation means is 
stopped to complete exhaust-heat recovery. Therefore, Water 
can be self-supported Without using outside Water by using 
the recover Water obtained by condensing Water by a con 
denser for the Water for Water-vapor reformation by the 
reformer of a fuel treater, the Water of making carbon 
monoxide react With Water to produce carbon dioxide and 
hydrogen, the Water of humidifying the fuel gas to be 
supplied to a fuel cell, and the Water for humidifying 
supplied air by an oxidation-side humidi?er. 

[0029] Moreover, it is possible to prevent a reformation 
catalyst and shift catalyst stored in a reformer and carbon 
monoxide shifter of a fuel treater from being deteriorated 
due to chlorine ions and the like When supplying Water (city 
Water) from the outside or metallic ions eluted from a 
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pipeline. Furthermore, it is possible to prevent a trouble 
caused by the fact that a fuel gas or oxidant gas is ioniZed 
and thereby electric conductivity is raised from occurring in 
poWer generation by a fuel cell. 

[0030] Furthermore, it is possible to reduce the frequency 
of regular maintenance of ion removal means or abolish the 
regular maintenance by greatly reducing the siZe of ion 
removal means such as ion exchange resins for removing 
chlorine ions from general Water such as city Water in a 
fuel-gas supply system and oxidant-gas supply system or 
preventing the deterioration of an ion-removing capacity 
according to operation time. 

[0031] A fourth aspect of the present invention is the 
fuel-cell poWer-generation system according to the third 
aspect of the present invention, Wherein 

[0032] said condensation-capacity detection means is 
condensed-Water-temperature detection means of 
detecting the temperature of condensed Water sup 
plied from said condenser. 

[0033] A ?fth aspect of the present invention is the fuel 
cell poWer-generation system according to the fourth aspect 
of the present invention, further comprising: 

[0034] medium-temperature detection means of 
detecting a temperature of said heat transport 
medium recovering exhaust heat in said heat 
exchange means, and Wherein said control means 
controls the output of said circulation means by also 
using the temperature of said heat transport medium 
detected by said medium-temperature detection 
means. 

[0035] A sixth aspect of the present invention is the 
fuel-cell poWer-generation system according to the third 
aspect of the present invention, Wherein 

[0036] said condensation-capacity detection means is 
medium-temperature detection means of detecting 
the temperature of said heat transport medium com 
ing into said condenser or medium-temperature 
detection means of detecting the temperature of said 
heat transport medium going out of said condenser. 

[0037] In the case of a sixth aspect of the present inven 
tion, When the entrance temperature of a heat transport 
medium incoming into a condenser or the exit temperature 
of a heat transport medium outgoing from the condenser is 
equal to or loWer than a predetermined temperature, the 
output of circulation means is controlled by control means to 
store the exhaust heat of a fuel cell in heat-using means by 
assuming that a condensation capacity is suf?cient. More 
over, When the entrance temperature or exit temperature is 
equal to or higher than the predetermined temperature, the 
circulation means is stopped to complete exhaust-heat 
recovery by assuming that the condensation capacity is 
deteriorated. 

[0038] A seventh aspect of the present invention is the 
fuel-cell poWer-generation system according to the third 
aspect of the invention, Wherein 

[0039] said condensation-capacity detection means is 
heat-using-temperature detection means of detecting 
the temperature of said heat-using means. 
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[0040] In the case of a seventh aspect of the present 
invention, When the temperature detected by heat-using 
temperature detecting means is equal to or loWer than a 
predetermined temperature, the output of the circulation 
means is continuously controlled by control means and 
stored in the heat-using means of a fuel cell by assuming that 
a condensation capacity is suf?cient. Moreover, When the 
temperature detected by the heat-using temperature detect 
ing means is equal to or higher than the predetermined 
temperature, the circulation means is stopped by the control 
means to complete exhaust heat recovery by assuming that 
the condensation capacity is deteriorated. 

[0041] An eighth aspect of the present invention is the 
fuel-cell poWer-generation system according to the third 
aspect of the present invention, Wherein 

[0042] said condensation-capacity detection means is 
medium-temperature detection means of detecting 
the temperature of said heat transport medium recov 
ering exhaust heat in said heat exchange means. 

[0043] In the case of the eighth aspect of the present 
invention, the output value of circulation means is obtained 
by using the temperature of a heat-transport medium 
detected by medium-temperature detection means. When the 
output value of the circulation means is equal to or less than 
a predetermined value, the output of the circulation means is 
continuously controlled by control means and stored in the 
heat-using means of a fuel cell by assuming that a conden 
sation capacity is suf?cient. HoWever, When the output value 
to the circulation means is equal to or more than the 
predetermined value, assuming that a condensation capacity 
is loWered, the circulation means is stopped by the control 
means to complete exhaust heat recovery 

[0044] A ninth aspect of the present invention is the 
fuel-cell poWer-generation system according to the ?rst 
aspect of the present invention, Wherein 

[0045] the unused exhaust gas to be condensed by 
said condenser is at least either of an oxidant gas and 
a fuel gas. 

[0046] A tenth aspect of the present invention is the 
fuel-cell poWer-generation system according to the ?rst 
aspect of the present invention, Wherein cooling is continued 
until the temperature of said fuel cell becomes a predeter 
mined threshold value or less even after supply of said fuel 
and said oxidant to said fuel cell is stopped. 

[0047] An eleventh aspect of the present invention is the 
fuel-cell poWer-generation system according to the ?rst 
aspect of the present invention, further comprising: 

[0048] a cooling-circulation system through Which a 
?rst heating medium set, so as to pass through said 
fuel cell and to carry the heat of said fuel cell, 
circulates; 

[0049] heating-medium circulation means of circu 
lating said ?rst heating medium through said cool 
ing-circulation system; 

[0050] heat release means of releasing the heat of 
said ?rst heating medium; and 

[0051] temperature detection means of directly or 
indirectly detecting the temperature of said fuel cell, 
and 
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[0052] said heat-medium circulation means operates 
at least until the temperature detected by said tem 
perature detection means becomes a predetermined 
threshold value or less after supply of said fuel and 
said oxidant to said fuel cell is stopped. 

[0053] A tWelfth aspect of the present invention is the 
fuel-cell poWer-generation system according to the eleventh 
aspect of the present invention, Wherein 

[0054] said heat release means has a heat exchanger 
of performing heat exchange betWeen said ?rst heat 
ing medium and a second heating medium, and 

[0055] said heat exchanger performs said heat 
exchange until the temperature detected by said 
temperature detection means becomes a predeter 
mined threshold value or less after supply of said 
fuel and said oxidant to said fuel cell is stopped. 

[0056] A thirteenth aspect of the present invention is the 
fuel-cell poWer-generation system according to the eleventh 
or the tWelfth aspect of the present invention, Wherein 

[0057] the temperature detected by said temperature 
detection means is the temperature of said ?rst 
heating medium or said cooling-circulation system. 

[0058] A fourteenth aspect of the present invention is the 
fuel-cell poWer-generation system according to the tWelfth 
aspect of the present invention, Wherein 

[0059] the temperature detected by said temperature 
detection means is the temperature of said second 
heating medium. 

[0060] A ?fteenth aspect of the present invention is a 
fuel-cell poWer-generation system, comprising: 

[0061] a fuel cell of generating poWer by receiving 
supply of a fuel and an oxidant; 

[0062] a cooling-circulation system through Which a 
?rst heating medium set, so as to pass through said 
fuel cell and to carry the heat of said fuel cell, 
circulates; 

[0063] heating-medium circulation means of circu 
lating said ?rst heating medium in said cooling 
circulation system; 

[0064] heat release means of heat-exchanging the 
heat of said ?rst heating medium With a second 
heating medium; and 

[0065] heat detection means of detecting the tem 
perature of said second heating medium, and 

[0066] at least either of said heating-medium circu 
lation means and said heat release means continu 
ously operates until the temperature detected by said 
temperature detection means becomes a predeter 
mined threshold value or less even after supply of 
said fuel and said oxidant to said fuel cell is stopped. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] FIG. 1 is a block diagram of a fuel-cell poWer 
generation system of embodiment 1 of the present invention; 

[0068] FIG. 2 is a block diagram of a fuel-cell poWer 
generation system of embodiment 2 of the present invention; 



US 2003/0162065 A1 

[0069] FIG. 3 is a block diagram of a fuel-cell poWer 
generation system of embodiment 3 of the present invention; 

[0070] FIG. 4 is a block diagram of a fuel-cell poWer 
generation system of embodiment 4 of the present invention; 

[0071] FIG. 5 is a block diagram of a fuel-cell poWer 
generation system of embodiment 5 of the present invention; 
FIG. 6 is a block diagram shoWing a fuel-cell poWer 
generation system of an embodiment of the present inven 
tion; FIG. 7 is a How chart shoWing an operation mode 
under and after poWer generation by a fuel-cell poWer 
generation system of embodiment 6 of the present invention; 

[0072] FIG. 8 is a ?owchart shoWing an operation mode 
under and after poWer generation by a fuel-cell poWer 
generation system of embodiment 7 of the present invention; 
and 

[0073] FIG. 9 is a block diagram of a conventional 
fuel-cell poWer-generation system. 

Description of symbols 

1 Fuel cell 
10 Heat exchange means 
11 Heat-transport-medium circulation means 
13 Heat-using means 
14 Condenser 
15 Water-using means 
18 Condensation-capacity detection means 
19 Control means 

32 Fuel generator 
33 Blower 
34 Cooling pipe 
35 Cooling-Water pump 
36 Heat exchanger 
37 Hot-Water storage tank 
38 City-Water pipe 
39 City-Water pump 

310 Fuel-cell-temperature detector 
311 City-water-temperature detector 
100 Cooling system 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0074] Embodiments of the present invention are 
described beloW by referring to the accompanying draWings. 

[0075] (Embodiment 1) 
[0076] FIG. 1 is a block diagram of a fuel-cell poWer 
generation system of embodiment 1 of the present invention. 

[0077] In FIG. 1, components having the same functions 
as the poWer generation system using the conventional fuel 
cell shoWn in FIG. 9 are provided With the same symbol and 
descriptions of details of the functions are omitted by 
assuming that the functions conform to those in FIG. 9. 

[0078] Symbol 14 denotes a condenser of condensing and 
heat-exchanging the Water vapor contained in an unused 
exhaust gas (oxidant gas) exhausted from a fuel cell 1, 15 
denotes Water-using means of Water-vapor-reforming the 
condensed Water discharged from the condenser 14 by the 
reformer 3 of the fuel treater 2, making carbon monoxide in 
a reformed gas react With Water by the carbon-monoxide 
shifter 4 to produce carbon dioxide and hydrogen, and 
humidifying the fuel gas to be supplied to the fuel cell 1 by 
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the fuel-side humidi?er 5 and the supplied air by the 
oxidation-side humidi?er 7 respectively. The Water-using 
means 15 is constituted by a condensed-Water tank 16 of 
storing condensed Water, and a condensed-Water pump 17 of 
supplying condensed Water to the fuel treater 2, fuel-side 
humidi?er 5, and air-side humidi?er 7. 

[0079] Symbol 18 denotes condensation-capacity detec 
tion means of detecting the condensation capacity of the 
condenser 14, Which alWays monitors the quantity of con 
densed Water for unit time from the condenser 14. 

[0080] Symbol 19 denotes control means of controlling 
the output of heat-transport-medium circulation means 
(hereafter referred to as circulation pump 11) and thereby 
controlling the quantity of circulation Water of a heat trans 
port medium (circulation Water), making heat-using means 
(hereafter referred to as hot-Water storage tank) 13 recover 
the exhaust heat of the fuel cell 1 through the exhaust-heat 
recovery pipe 12, and receiving a condensation-capacity 
detection signal of the condensation-capacity detection 
means 18. 

[0081] Then, operations and functions are described 
beloW. 

[0082] When the fuel-cell poWer-generation system oper 
ates (generates poWer), it circulates the heat generated by the 
fuel cell 1 during poWer generation as cooling Water through 
the pump 9 and makes the heat transport medium (circula 
tion Water of city Water stored in the hot-Water storage tank 
13) ?oWing through the exhaust-heat recovery pipe 12 
heat-carry the heat by the heat exchange means 10. 

[0083] Moreover, an oxidant gas is humidi?ed by the 
oxidation-side humidi?er 7 by the air feeder 6 and supplied 
to the fuel cell 1. The unused gas not contributing to the 
poWer generation by the fuel cell 1 is heat-exchanged With 
a heat transport medium (circulation Water of city Water) 
?oWing through the exhaust-heat recovery pipe 12 by the 
condenser 14 similarly to the case of the heat exchange 
means 10, and the Water is condensed and recovered in the 
condensed-Water tank 16 of the Water-using means 15 as 
condensed Water. 

[0084] The control means 19 receives a condensation 
capacity detection signal from the condensation-capacity 
detection means 18. When the condensation capacity of the 
condenser 14 is equal to or more than a predetermined value, 
that is, When the quantity of high-temperature Water due to 
exhaust-heat recovery supplied to the hot-Water storage tank 
13 is small, or the temperature of the circulation Water 
supplied from the hot-Water storage tank 13 to the condenser 
14 is loW, the control means 19 controls the output of the 
circulation pump 11 and recovers the exhaust heat of the fuel 
cell 1 through the exhaust-heat recovery pipe 12. 

[0085] In the case of exhaust heat recover, the deW point 
of the unused gas exhausted from the fuel cell 1 is loWer and 
the heat capacity of the unused gas exhausted from the fuel 
cell 1 is smaller, compared With the temperature of the 
cooling Water in the cooling pipe 8 Which is almost equal to 
the operating temperature of the fuel cell 1 under poWer 
generation (approx. 70° to 80° C. for a polymer electrolytic 
fuel cell) and the heat capacity of the cooling Water. There 
fore, heat exchange of the circulation Water from the hot 
Water storage tank 13 is performed in order of the condenser 
14 ?rst and then heat exchange means 10. 
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[0086] Then, When the condensation capacity of the con 
denser 14 is equal to or less than a predetermined value, that 
is, When the quantity of high-temperature Water due to 
exhaust heat recover to the hot-Water storage tank 13, or 
When the quantity of hot Water in the hot-Water storage tank 
13 increases and the circulation Water incoming into the 
condenser 14 has a high temperature, the control means 19 
detects that a condensation-capacity detection signal output 
from the condensation-capacity detection means 18 
becomes a predetermined value or less, con?rms that the 
recovered quantity of condensed Water is decreased due to 
reduction of the condensation capacity of the condenser 14, 
and stops the poWer generation and exhaust-heat recovery 
by the fuel cell 1. 

[0087] Therefore, the condenser 14 condenses the unused 
exhaust gas exhausted from the fuel cell 1 to recover Water, 
the condensation-capacity detection means 18 alWays moni 
tors the condensation capacity of the condenser, and the 
control means 19 controls the output of the circulation pump 
11 to store the exhaust heat of the fuel cell 1 When suf? 
ciently having a condensation capacity and stops the circu 
lation pump 11 and completes exhaust-heat recovery When 
the condensation capacity loWers. 

[0088] Therefore, Water can be self-supported Without 
taking in Water from the outside-by using the recovered 
Water obtained by condensing the Water for humidifying 
supplied air by the condenser 14 for the Water for reforma 
tion and shift to the reformer 3 and carbon-monoxide shifter 
4 of the fuel treater 2, supplied gas at the fuel-side humidi?er 
5 and oxidation-side humidi?er 7. 

[0089] Moreover, it is possible to prevent the reformation 
catalyst and shift catalyst stored respectively in the reformer 
3 and carbon-monoxide shifter 4 of the fuel treater 2 from 
deteriorating caused by chlorine ions in case of supplying 
Water (general Water) from outside. Furthermore, it is pos 
sible to prevent a fuel cell from a trouble from occurring in 
poWer generation by a fuel cell caused by the fact that a fuel 
gas or oxidant gas is ioniZed and its electric conductivity is 
raised. Furthermore, it is possible to reduce the frequency of 
regular maintenance of ion removal means or eliminate the 
need of abolish the maintenance by greatly reducing ion 
removal means such as ion exchange resin of removing 
chlorine ions from general Water such as city Water or 
preventing the ion removal capacity proportionate to oper 
ating time from deteriorating. HoWever, to realiZe the above 
mentioned, it is necessary to previously store high-purity 
Water in the condensed-Water tank 16. 

[0090] In the case of the fuel-cell poWer-generation sys 
tem of this embodiment, humidi?ed exhaust gas having 60° 
to 65° C. as the temperature of unused exhaust gas after 
chemically reacting in the fuel cell 1 under operation is 
obtained and a temperature rise of approx. 15° to 20° C. is 
obtained When the How rate of a heat transport medium is set 
to 0.8 to 1.0 L/min When heat-exchanging the heat transport 
medium With Water by the condenser 14. After performing 
heat exchange by the condenser 14, by performing heat 
exchange by the heat exchange means 10, it is possible to 
raise the temperature up to approx. the cooling-Water circu 
lation temperature (70° to 80° C.) Therefore, the exhaust 
heat recover ef?ciency of the fuel cell 1 is further improved. 
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[0091] Moreover, in the case of the above embodiment, 
the condenser 14 is constituted so as to condense only an 
oxidant gas among unused exhaust gases of the fuel cell 1. 
HoWever, it is needless to say that the same advantage can 
be also obtained by adding a con?guration of condensing the 
unused exhaust gas of a fuel gas. It is also alloWed to 
condense only the fuel gas. 

[0092] Furthermore, it is alloWed to set an ion exchange 
resin to the Water-using means 15 and improve the purity of 
the Water to be supplied from the condensed-Water tank 16 
to the fuel treater 2, fuel-side humidi?er 5, and oxidation 
side humidi?er 7 by using the ion exchange resin. In this 
case, it is possible to set the ion exchange resin to the 
doWnstream side of the condensed-Water pump 17. By using 
the ion exchange resin as described above, an advantage is 
obtained that high-purity Water is supplied to the fuel treater 
2, fuel-side humidi?er 5, and oxidation-side humidi?er 7 
even if city Water must be really and slightly supplied to the 
condensed-Water tank 16 at need. 

[0093] (Embodiment 2) 
[0094] FIG. 2 is a block diagram of a fuel-cell poWer 
generation system of embodiment 2 of the present invention. 
In FIG. 2, components having functions same as those of the 
conventional fuel-cell poWer-generation system shoWn in 
FIG. 9 and the fuel-cell poWer-generation system of the 
embodiment 1 shoWn in FIG. 1 are provided With the same 
symbol and descriptions of details of those functions are 
omitted by assuming that the functions conform to those 
described for FIGS. 9 and 1. 

[0095] Symbol 20 denotes exhaust-heat-recovery-tem 
perature detection means of detecting the temperature of a 
heat transport medium at the exit of an exhaust-heat recov 
ery pipe 12 connected to heat exchange means 10 so as to 
output the exhaust-heat recovery temperature for a hot-Water 
storage tank 13 to control means 19. 

[0096] Then, operations and functions are described 
beloW. 

[0097] When the fuel-cell poWer-generation system oper 
ates (generates poWer), the heat generated by a fuel cell 1 
during poWer generation is circulated as cooling Water 
through a pump 9 and the heat exchange means 10 makes a 
heat transport medium (circulation Water of city Water stored 
in the hot-Water storage tank 13) ?oWing through an 
exhaust-heat recover pipe 12 carry the heat. 

[0098] Moreover, an oxidant gas is humidi?ed in an 
oxidation-side humidi?er 7 by an air feeder 6 and supplied 
to a fuel cell 1. The unused gas not contributing to the poWer 
generation by the fuel cell 1 is heat-exchanged With a heat 
transport medium (circulation Water of city Water) ?oWing 
through the exhaust-heat recovery pipe 12 by a condenser 14 
similarly to the case of the heat exchange means 10, and 
moisture is condensed and recovered in a condensed-Water 
tank 16 of Water-using means 15 as condensed Water. 

[0099] The control means 19 receives a condensation 
capacity detection signal from condensation-capacity detec 
tion means 18 and When the condensation capacity of the 
condenser 14 is equal to or more than a predetermined value, 
that is, When the quantity of high-temperature Water due to 
exhaust-heat recovery to the hot-Water storage tank 13 is 
small, or When the temperature of circulation Water coming 
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into the condenser 14 from the hot-Water storage tank 13 is 
loW, controls the output of a circulation pump 11 so that the 
exhaust-heat recovery temperature by exhaust-heat-recov 
ery-temperature detection means 20 becomes a predeter 
mined value (60° to 80° C. in the case of a polymer 
electrolytic fuel cell), and recovers the exhaust heat of the 
fuel cell 1 through the exhaust-heat recovery pipe 12. That 
is, hot Water is stored in a laminated state at a predetermined 
stored hot-Water temperature (60° to 80° C.) from the upper 
portion of the hot-Water storage tank 13. 

[0100] In the case of exhaust heat recovery, because the 
deW point and heat capacity of the unused gas exhausted 
from the fuel cell 1 are loWer and smaller respectively than 
the temperature and heat capacity of the cooling Water in a 
cooling pipe 8 almost equal to the operating temperature 
(70° to 80° C. in the case of a polymer electrolytic fuel cell) 
of the fuel cell 1 under poWer generation, heat exchange of 
the circulation Water supplied from the hot-Water storage 
tank 13 is executed in order of the condenser 14 and heat 
exchange means 10. 

[0101] Then, When the condensation capacity of the con 
denser 14 becomes a predetermined value or less, that is, the 
quantity of high-temperature Water due to exhaust heat 
recovery to the hot-Water storage tank 13 increases, or When 
the quantity of hot Water stored in the hot-Water storage tank 
13 becomes almost full and the circulation Water coming 
into the condenser 14 has a high temperature, the control 
means 19 receives that a condensation-capacity detection 
signal output from the condensation-capacity detection 
means 18 becomes a predetermined value or less, and 
con?rms that hot-Water storage due to exhaust heat recovery 
to the hot-Water storage tank 13 is almost completed and a 
storage volume of condensed Water is loWered by the drop 
of condensation capacity of the condenser 14, and then stops 
the output of the circulation pump 11 and the poWer gen 
eration and exhaust heat recovery by the fuel cell 1. 

[0102] Therefore, the condenser 14 condenses the unused 
exhaust gas exhausted from the fuel cell 1 to recover Water, 
the condensation-capacity detection means 18 alWays moni 
tors the condensation capacity of the condenser 14, the 
control means 19 controls the output of the circulation pump 
11 and stores the exhaust heat of the fuel cell 1 in the 
hot-Water storage tank 13 When a sufficient condensation 
capacity is left, and stops the circulation pump 11 to com 
plete exhaust heat recovery When the condensation capacity 
decreases. 

[0103] Therefore, Water can be self-supported Without 
taking in Water from the outside by using the recovered 
Water obtained by condensing the Water by the condenser 14 
for the Water for reformation and shift to be supplied to the 
reformer 3 and carbon-monoxide shifter 4 of the fuel treater 
2 and for the Water for humidifying supplied air and supplied 
gas at the fuel-side humidi?er 5 and the oxdation-side 
humidi?er 7. 

[0104] Moreover, it is possible to prevent the reformation 
catalyst and shift catalyst stored respectively in the reformer 
3 and carbon-monoxide shifter 4 of the fuel treater 2 from 
being deteriorated due to chlorine ions When supplying 
Water (city Water) from the outside or metallic ions eluted 
from a pipeline. Furthermore, it is possible to prevent a 
trouble from occurring in poWer generation by a fuel cell 
caused by the fact that a fuel gas or oxidant gas is ioniZed 
and electric conductivity is raised. Furthermore, it is pos 
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sible to reduce the frequency of regular maintenance of ion 
removal means or eliminate the need of the maintenance by 
greatly decreasing the level of ion removal means such as 
ion exchange resin for removing chlorine ions from general 
Water such as city Water in a fuel-gas supply system and 
oxidant-gas supply system or by reducing deterioration of 
ion removal capacity proportionate to Work time. To realiZe 
the abovementioned, it is necessary to previously store 
high-purity Water in the condensed-Water tank 16. 

[0105] Furthermore, because the exhaust-heat-recovery 
temperature detection means 20 controls an exhaust-heat 
recovery temperature so that it becomes a predetermined 
temperature and the control means 19 controls the output of 
the circulation pump 11, it is possible to store hot Water in 
the hot-Water storage tank 13 in a laminated state from the 
upper portion. Therefore, it is alWays possible to keep stored 
hot Water at a high temperature (60° to 80° C.) in the normal 
hot-Water-supply-pipe con?guration in Which a hot-Water 
supply-pipe opening is formed on the upper portion of the 
hot-Water storage tank 13, and even When the hot Water in 
the hot-Water storage tank 13 is entirely exhausted, it is 
possible to secure the necessary minimum quantity of hot 
Water through short-time poWer generation compared to the 
case of a system of uniformly storing hot Water in the Whole 
hot-Water storage tank 13. 

[0106] Moreover, in the case of the fuel-cell poWer-gen 
eration system of this embodiment, humidi?ed exhaust gas 
air of 60° to 65° C. is obtained as the temperature of unused 
exhaust gas after chemical reaction With the fuel cell 1 While 
the fuel cell is operated and When heat-exchanging the air 
With Water serving as a heat transport medium by the 
condenser 14, a temperature rise of 15° to 20° C. is obtained 
When keeping the How rate of the heat transport medium at 
0.8 to 1.0 L/min. After performing heat exchange by the 
condenser 14, by further performing heat exchange by the 
heat exchange means 10, it is possible to raise the tempera 
ture up to the vicinity of a cooling-Water circulation tem 
perature (70° to 80° C.) Therefore, the exhaust-heat recovery 
ef?ciency of the fuel cell 1 is further improved. 

[0107] Furthermore, in the case of the above embodiment, 
the condenser 14 is constituted so as to condense only the 
oxidant gas among unused exhaust gases of the fuel cell 1. 
HoWever, it is needless to say that the same advantage can 
be obtained by additionally using a con?guration of con 
densing the unused exhaust gas of a fuel gas. Moreover, it 
is alloWed to condense only a fuel gas. 

[0108] (Embodiment 3) 
[0109] FIG. 3 is a block diagram of a fuel-cell poWer 
generation system of embodiment 3 of the present invention. 

[0110] In FIG. 3, components having the same functions 
as those of the conventional fuel-cell poWer-generation 
system shoWn in FIG. 9 and the fuel-cell poWer-generation 
system of the embodiment 1 shoWn in FIG. 1 are provided 
With the same symbol. Descriptions of details of those 
functions are omitted by assuming that the functions con 
form to those shoWn in FIGS. 9 and 1. 

[0111] Symbol 21 denotes condensation-capacity detec 
tion means of detecting the condensation capacity of a 
condenser 14, Which is a thermistor serving as condenser 
temperature detection means of detecting the entrance tem 
perature of a heat transport medium to the condenser 14. 
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[0112] Then, operations and functions are described 
below. 

[0113] When the fuel-cell poWer-generation system oper 
ates (generates poWer), the heat due to poWer generation by 
a fuel cell 1 is circulated as cooling Water through a pump 
9 and heat-exchange means 10 makes a heat transport 
medium (circulation Water of city Water stored in a hot-Water 
storage tank 13) ?oWing through an exhaust-heat recovery 
pipe 12 carry heat. 

[0114] Moreover, an oxidant gas is humidi?ed by an 
oxidation-side humidi?er 7 and supplied to the fuel cell 1 by 
an air feeder 6. The unused gas not contributing to the poWer 
generation by the fuel cell 1 is heat-exchanged With a heat 
transport medium (circulation Water of city Water) ?oWing 
through the exhaust-heat recovery pipe 12 by means of the 
condenser 14 similar to the case of the heat exchange means 
10, and moisture is condensed and recovered by a con 
densed-Water storage tank 16 of Water-using means 15 as 
condensed Water. 

[0115] The control means 19 receives a condensation 
capacity detection signal (condenser entrance temperature of 
heat transport medium) from condenser-temperature detec 
tion means 21 and When the entrance temperature is suf? 
ciently loWer than the exhaust-gas temperature (60° to 65° 
C.), that is, When the quantity of high-temperature Water due 
to exhaust heat recovery to the hot-Water storage tank 13 is 
small, determines that the condensation capacity of the 
condenser 14 is equal to or more than a predetermined value, 
controls the output of a circulation pump 11, and recovers 
the exhaust heat of the fuel cell 1 through the exhaust-heat 
recovery pipe 12. 

[0116] Then, When the condensation capacity of the con 
denser 14 is equal to or less than a predetermined value, that 
is, When the quantity of high-temperature Water due to 
exhaust-heat recovery to the hot-Water storage tank 13 
increases, the condensation-capacity detection signal (con 
denser entrance temperature of heat transport medium) of 
the condenser-temperature detection means 21 becomes a 
predetermined value or more and the control means 19 
con?rms that the quantity of recovered condensed Water is 
decreased due to deterioration of the condensation capacity 
of the condenser 14, stops the output of the circulation pump 
11, and stops the poWer generation and exhaust heat recov 
ery by the fuel cell 1. 

[0117] Therefore, the condenser 14 condenses the unused 
exhaust gas exhausted from the fuel cell 1 to recover Water, 
and simultaneously the condenser-temperature detection 
means 21 alWays monitors the condensation capacity of the 
condenser 14, the control means 19 controls the output of the 
circulation pump 11 to store the exhaust heat of the fuel cell 
1 in the hot-Water storage tank 13 When a sufficient con 
densation capacity is left, and stops the circulation pump 11 
to complete the exhaust-heat recovery When the condensa 
tion capacity is decreased. 

[0118] Therefore, functions and advantages same as those 
of the embodiment 1 are obtained. 

[0119] Moreover, by applying the embodiment 3 to the 
embodiment 2, functions and advantages same as those of 
the embodiment 2 are obtained. 

Aug. 28, 2003 

[0120] Furthermore, because the condenser-temperature 
detection means can be realiZed by a simple con?guration 
such as adding a thermistor to the entrance of the condenser 
14, it is possible to doWnsiZe and rationaliZe the fuel-cell 
poWer-generation system. 

[0121] In the case of the above embodiment, the con 
denser-temperature detection means of detecting the con 
densation capacity of the condenser 14 is constituted so as 
to detect the entrance temperature of the heat transport 
medium to the condenser 14. HoWever, it is needless to say 
that the same advantage is obtained by using a con?guration 
of detecting the exit temperature of the heat transport 
medium of the condenser 14. 

[0122] (Embodiment 4) 
[0123] FIG. 4 is a block diagram of a fuel-cell poWer 
generation system of embodiment 4 of the present invention. 

[0124] In FIG. 4, components having the same functions 
as those of the conventional fuel-cell poWer-generation 
system shoWn in FIG. 9 and the fuel-cell poWer-generation 
system of the embodiment 1 shoWn in FIG. 1 are provided 
With the same symbol and descriptions of details of those 
functions are omitted by assuming that the functions con 
form to those in FIGS. 9 and 1. 

[0125] Symbols 22, 23, and 24 denote condensation-ca 
pacity detection means of respectively detecting the con 
densation capacity of a condenser 14 and are thermistors 
serving as a plurality of heat-using-temperature detection 
means provided to con?rm a stored-heat-temperature distri 
bution due to exhaust heat recovery by a hot-Water storage 
tank 13. 

[0126] Then, operations and functions are described 
beloW. 

[0127] When the fuel-cell poWer-generation system oper 
ates (generates poWer), it circulates the heat generated by a 
fuel cell 1 during poWer generation as cooling Water through 
a pump 9 and heat exchange means 10 makes a heat 
transport medium (circulation Water of city Water stored in 
a hot-Water storage tank 13) ?oWing through an exhaust-heat 
recovery pipe 12 carry heat. 

[0128] Moreover, by means of the air feeder 6 an oxidant 
gas is humidi?ed by an oxidation-side humidi?er 7 and 
supplied to the fuel cell 1. The unused gas not contributing 
to the poWer generation by the fuel cell 1 is heat-exchanged 
With a heat transport medium (circulation Water of city 
Water) ?oWing through an exhaust-heat recovery pipe 12 by 
a condenser 14 as is the case of the heat exchange means 10, 
and moisture is condensed and recovered as condensed 
Water by a condensed-Water tank 16 of Water-using means 
15. 

[0129] Control means 19 receives a stored-heat-tempera 
ture-distribution detection signal from heat-using-tempera 
ture detection means 22, 23, or 24 and When the condensa 
tion capacity of the condenser 14 is equal to or more than a 
predetermined value, that is, When the quantity of high 
temperature Water due to exhaust heat recovery to a hot 
Water storage tank 13 is small (When the detection tempera 
ture of the heat-using-temperature detection means 24 
closest to the circulation-Water suction port of the exhaust 
heat recovery pipe 12 among the heat-using-temperature 
detection means 22, 23, and 24 is equal to or loWer than a 
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predetermined value), controls the output of a circulation 
pump 11 and recovers exhaust heat of the fuel cell 1 through 
the exhaust-heat recovery pipe 12. 

[0130] Then, When the condensation capacity of the con 
denser 14 is equal to or less than a predetermined value, that 
is, the quantity of high-temperature Water due to the exhaust 
heat recovery to the hot-Water storage tank 13 increases 
(When the detection temperature of the heat-using-tempera 
ture detection means 24 closest to the circulation-Water 
suction side of the exhaust-heat recovery pipe 12 among the 
heat-using-temperature detection means 22, 23, and 24 is 
equal to or higher than a predetermined value), the control 
means 19 estimates deterioration of the condensation capac 
ity of the condenser 14 (decrease in the quantity of recovered 
condensed Water) due to a rise of the circulation-Water 
temperature of the exhaust-heat recovery pipe 12, stops the 
output of the circulation pump 11, and stops the poWer 
generation and exhaust heat recovery by the fuel cell 1. 

[0131] Therefore, the condenser 14 condenses the unused 
exhaust gas exhausted from the fuel cell 1 and recovers 
Water, the heat-using-temperature detection means 22, 23, 
and 24 alWays monitor the condensation capacity of the 
condenser 14, and the control means 19 controls the output 
of the circulation pump 11 and stores the exhaust heat of the 
fuel cell 1 in he hot-Water storage tank 13 When a suf?cient 
condensation capacity is left and stops the circulation pump 
11 to complete the exhaust heat recovery When the conden 
sation capacity is deteriorated. 

[0132] Therefore, functions and advantages same as those 
of the embodiment 1 can be obtained. 

[0133] Moreover, by applying the embodiment 4 to the 
embodiment 2, functions and advantages same as those of 
the embodiment 2 are obtained. 

[0134] Furthermore, because the condenser-temperature 
detection means can be also used as a thermistor serving as 
the heat-using-temperature detection means of con?rming 
the stored-heat temperature distribution of the heat-using 
means (hot-Water storage tank), it is possible to doWnsiZe 
and rationaliZe the fuel-cell poWer-generation system. 

[0135] (Embodiment 5) 
[0136] FIG. 5 is a block diagram of a fuel-cell poWer 
generation system of embodiment 5 of the present invention. 

[0137] In FIG. 5, components having the same functions 
as those of the conventional fuel-cell poWer-generation 
system shoWn in FIG. 9 and the fuel-cell poWer-generation 
system of the embodiment 2 shoWn in FIG. 2 are provided 
With the same symbol and descriptions of details of those 
functions are omitted by assuming that the functions con 
form to those in FIGS. 9 and 2. 

[0138] Because control means 19 receives an exhaust-heat 
recovery temperature from exhaust-heat-recovery-tempera 
ture detection means 20 of detecting the temperature of a 
heat transport medium at the exit side of an exhaust-heat 
recovery pipe 12 connected to heat exchange means 10 and 
controls the output of a circulation pump 11 so that an 
exhaust-heat temperature becomes a predetermined value 
(60° to 80° C.) condensation-capacity detection means is 
constituted so as to detect a condensation capacity by using 
the fact that a value output to the circulation pump 11 
correlates With a circulation-Water temperature at the suction 
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side of the circulation pump 11 of the exhaust-heat recovery 
pipe 12. That is, When a condensation capacity is high, the 
temperature of a condenser 14 at the heat-transport medium 
side is sufficiently loWer than the temperature of the con 
denser 14 at the exhaust gas side. Thus, to, keep the above 
exhaust-heat recovery temperature at a predetermined value 
(60° to 80° C.), the circulation pump 11 sloWly rotates. 
HoWever, When a condensation capacity is loW, the tem 
perature of the condenser 14 at the heat-transport medium 
side is not suf?ciently loWer but higher than the temperature 
of the condenser 14 at the exhaust-gas side. Therefore, the 
circulation pump 11 quickly rotates in order to keep the 
above exhaust-heat recover temperature at the predeter 
mined value (60° to 80° C.) 

[0139] Therefore, by checking the rotational-speed com 
mand to the circulation pump 11, a condensation capacity 
can be obtained. 

[0140] Then, operations and functions are described 
beloW. 

[0141] When the fuel-cell poWer-generation system oper 
ates (generates poWer), it circulates the heat generated by a 
fuel cell 1 during poWer generation as cooling Water through 
a pump 9 and the heat exchange means 10 makes a heat 
transport medium (circulation Water of city Water stored in 
a hot-Water storage tank 13) carry heat. 

[0142] Moreover, an oxidant gas is humidi?ed by an 
oxidation-side humidi?er 7 and supplied to the fuel cell 1 by 
an air feeder 6. The unused gas not contributing to the poWer 
generation by the fuel cell 1 is heat-exchanged With a heat 
transport medium (circulation Water of city Water) ?oWing 
through the exhaust-heat recovery pipe 12 by the condenser 
14 as is the case of the heat exchange means 10, and 
moisture is condensed and recovered by the condensed 
Water tank 16 of Water-using means 15 as condensed Water. 

[0143] The control means 19 receives an exhaust-heat 
recovery temperature from the exhaust-heat-recovery-tem 
perature detection means 20 of detecting the temperature of 
a heat transport medium at the exit side of the exhaust-heat 
recovery pipe 12 and When the condensation capacity of the 
condenser 14 is equal to or more than a predetermined value, 
that is, When the quantity of high-temperature Water due to 
exhaust heat recovery to the hot-Water storage tank 13 is 
small, or the output value of the circulation pump 11 to be 
output so that an exhaust-heat recovery temperature is 
alWays kept at a predetermined temperature (60° to 80° C.) 
is equal to or less than a predetermined value, controls the 
output of the circulation pump 11, and recovers exhaust heat 
of the fuel cell 1 through the exhaust-heat recovery pipe 12. 

[0144] Then, When the condensation capacity of the con 
denser 14 becomes a predetermined value or less, that is, 
When the quantity of high-temperature Water due to exhaust 
heat recovery to the hot-Water storage tank 13 increases, or 
When the output value of the circulation pump 11 to be 
output so that an exhaust-heat recovery temperature is 
alWays kept at a predetermined temperature (60° to 80° C.) 
is equal to or more than a predetermined temperature, the 
control means 19 estimates deterioration of the condensation 
capacity of the condenser 14 due to a rise of the circulation 
Water temperature (decrease of quantity of recovered con 
densed Water) of the exhaust-heat recovery pipe 12, stops the 
output of the circulation pump 11, and stops the poWer 
generation and exhaust heat recovery by the fuel cell 1. 
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[0145] Therefore, the condenser 14 condenses the unused 
exhaust gas exhausted from the fuel cell 1 to recover Water 
and receives an exhaust-heat recovery temperature from the 
exhaust-heat-recovery-temperature detection means 20, the 
control means 19 of controlling the output of the circulation 
pump 11 alWays monitors the condensation capacity of the 
condenser 14, and the control means 19 controls the output 
of the circulation pump 11 and stores the exhaust heat of the 
fuel cell 1 in the hot-Water storage tank 13 When a suf?cient 
condensation capacity is left and stops the circulation pump 
11 to complete exhaust heat recovery When the condensation 
capacity loWers. 

[0146] Therefore, functions and advantages same as those 
of the embodiment 2 are obtained. 

[0147] Moreover, the exhaust-heat-temperature detection 
means 20 makes it possible to also use the control means 19 
as condenser-temperature detection means because a value 
output to the circulation pump correlates With a circulation 
temperature of the circulation pump at the suction side of the 
exhaust-heat recovery pipe by using the fact that the control 
means 19 receives an exhaust-heat recovery temperature 
from the exhaust-heat-recovery-temperature detection 
means of detecting the temperature of a heat transport 
medium at the exit side of the exhaust-heat recovery pipe 12 
and controls the output of the circulation pump 11 so that the 
exhaust-heat recovery temperature becomes a predeter 
mined temperature (60° to 80° C.). Therefore, it is possible 
to further doWnsiZe and rationaliZe the fuel-cell poWer 
generation system. 

[0148] Then, another embodiment of the present invention 
is described beloW by referring to the accompanying draW 
ings. 

[0149] (Embodiment 6) 
[0150] FIG. 6 is an illustration shoWing a con?guration of 
a fuel-cell poWer-generation system of sixth embodiment of 
the present invention. 

[0151] As shoWn in FIG. 6, the fuel-cell poWer-generation 
system of this embodiment is provided With a fuel cell 1 of 
generating poWer by using a fuel gas and an oxidant, a fuel 
generator 32 of generating a hydrogen-rich fuel gas by 
adding Water to a poWer-generation material such as a 

natural gas and reforming the material, a bloWer 33 of 
supplying air to the fuel cell 1 as an oxidant, a cooling pipe 
34 of supplying cooling Water serving as a ?rst heating 
medium of taking out the heat generated by the fuel cell 1 
to the outside to the fuel cell 1, a cooling-Water pump 35 
located at the cooling pipe 34 to carry cooling Water, a heat 
exchanger 36 of transferring the heat of the cooling Water 
serving as the ?rst heating medium to city Water serving as 
a second heating medium, a hot-Water storage tank 37 of 
storing city Water, a city-Water pipe 38 of connecting the 
heat exchanger 36 With the hot-Water storage tank 37, and a 
city-Water pump 39 of carrying city Water. 

[0152] FIG. 7 is a ?oWchart shoWing operation modes of 
the cooling-Water pump 35 and city-Water pump 39 While 
the fuel-cell poWer-generation system of the embodiment 6 
of the present invention generates poWer and after poWer 
generation is stopped. 
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[0153] Operations of the fuel-cell poWer-generation sys 
tem of this embodiment having the above con?guration are 
described beloW. 

[0154] The fuel cell 1 generates poWer and heat using the 
hydrogen-rich fuel gas generated by the fuel generator 32 
and the air supplied by the bloWer 33. 

[0155] Because the fuel generator 32 generates a hydro 
gen-rich fuel gas by adding Water to a poWer-generation 
material such as a natural gas, it is kept at a high temperature 
(approx. 700° C.) by a burner (not illustrated). 
[0156] The heat generated by the fuel cell 1 is carried to 
the outside by the cooling Water ?oWing through the cooling 
pipe 34. The How rate of the cooling Water adjusts the 
carrying capacity of the cooling pump 35 for the temperature 
Tf of the cooling Water detected by a fuel-cell-temperature 
detector 10 set to a position Where the cooling Water ?oWs 
out of the fuel cell 1 to coincide With a target temperature 
Tr1 (approx. 70° C.). In this case, because it is considered 
that the temperature of the fuel cell 1 is approximately equal 
to the temperature of the cooling Water ?oWing out of the 
fuel cell 1, it is possible to regard the temperature detected 
by the fuel-cell-temperature detector 10 as the temperature 
of the fuel cell 1. 

[0157] The heat obtained by the cooling Water is trans 
ferred to the city Water ?oWing through the city-Water pipe 
38 through the heat exchanger 36. The How rate of the city 
Water adjusts the carrying capacity of the city-Water pump 
39 so that the temperature TW of city Water detected by a 
city-Water-temperature detector 311 set to a position Where 
the city Water ?oWs out of the heat exchanger 36 coincides 
With a target temperature Tr2 (approx. 60° C.) Then, to end 
the poWer generation by the fuel cell 1, supply of a material 
gas and Water to the fuel generator 32 is stopped and at the 
same time, an inert gas such as nitrogen is supplied to 
circulation paths of the material gas and a fuel gas extending 
from the fuel generator 32 to the fuel cell 1 and circulation 
paths of the material gas and fuel gas in the fuel cell 1 to 
exhaust combustible gases remaining in the fuel generator, 
circulation paths, and fuel cell 1 from the fuel cell generator. 

[0158] The embodiment of the present invention is more 
minutely described beloW by referring to the ?oWchart in 
FIG. 7. 

[0159] First, a fuel-cell-temperature detector 310 detects 
the temperature Tf of the cooling Water ?oWing out of the 
fuel cell 1 corresponding to the temperature of the fuel cell 
1 under poWer generation (001). 

[0160] When the detected temperature Tf is higher than 
the predetermined target temperature Tr1, the cooling-Water 
carrying capacity of the cooling-Water pump 35 is increased 
but When the detected temperature Tf is loWer than the target 
temperature Tr1, the cooling-Water carrying capacity of the 
cooling-Water pump 35 is decreased (002). In this case, to 
decide the cooling-Water carrying capacity of the cooling 
Water pump 35, it is alloWed to operate the cooling-Water 
pump 35 by using a generally-used PID controller and 
thereby computing the cooling-Water carrying poWer of the 
cooling-Water pump 35 so that the temperature Tf of the 
cooling Water coincides With the target temperature Tr1. 

[0161] Then, the city-Water detector 311 detects the tem 
perature TW of the city Water ?oWing out of the heat 
exchanger 36 (003). 
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[0162] When the detected temperature TW is higher than 
the predetermined target temperature Tr2, the city-Water 
carrying capacity of the city-Water pump 39 is increased but 
When the detected temperature TW is loWer than the target 
temperature Tr2, the city-Water carrying capacity of the 
city-Water pump 39 is decreased (004). In this case, to decide 
the city-Water carrying capacity of the city-Water pump 39, 
it is allowed to operate the city-Water pump 39 by using a 
generally-used PID controller and thereby computing the 
city-Water carrying poWer of the city-Water pump 39 so that 
the temperature TW of the city Water may be consistent With 
the target temperature Tr2. 

[0163] Then, a system controller, not illustrated, deter 
mines Whether poWer generation by the fuel-cell poWer 
generation system is stopped (005). When poWer generation 
is in operation, step 002 is restarted to repeat operations 
according to the above ?oW. 

[0164] HoWever, When the poWer generation by the fuel 
cell 1 is stopped, supply of a fuel cell from the fuel generator 
32 and supply of air from the bloWer 33 are stopped and 
introduction of an inert gas to the fuel generator 32 and fuel 
cell 1 is started. The fuel-cell-temperature detector 310 
compares the temperature Tf of cooling Water With a pre 
determined threshold temperature Tel (approx. 60° C.) 
(006) and When the temperature Tf of the cooling Water is 
higher than the threshold temperature Tel (approx. 60° C.), 
and returns to step 002 to repeat operations according to the 
above ?oW. 

[0165] When the temperature Tf of the cooling Water 
becomes loWer than the threshold temperature Tel (approx. 
60° C.), operations of the cooling-Water pump 35 and 
city-Water pump 39 are stopped. 

[0166] As described above, in the case of this embodi 
ment, the cooling-Water pump 35 and city-Water pump 39 
for carrying the heat generated by the fuel cell 1 to the 
outside continues operations even if the poWer generation by 
the fuel cell 1 is stopped. Therefore, even if an inert gas such 
as nitrogen is supplied to the fuel cell 1 through circulation 
paths of the material gas and fuel gas of the fuel generator 
32 and fuel cell 1, the heat held by the inert gas and the 
high-temperature remaining fuel gas to be carried by the 
inert gas is exhausted to the outside through cooling Water. 
Therefore, the fuel cell 1 does not even locally become high 
in temperature. Therefore, even if the solid polymer type is 
used for the fuel cell 1, a solid polymer ?lm is not dried or 
the poWer-generation ef?ciency of the fuel cell 1 is not 
extremely deteriorated. 

[0167] Moreover, it is possible to ef?ciently recover the 
heat generated under the poWer generation by the fuel cell 1 
by continuing operations of the cooling-Water pump 35 and 
city-Water pump 39 even if the fuel cell 1 stops poWer 
generation and stopping the operations When the tempera 
ture Tf of cooling Water becomes loWer than the threshold 
temperature Tel. 

[0168] Furthermore, When the temperature Tf of the cool 
ing Water is loWer than the threshold temperature Tel, the 
temperature of the stored hot city Water is not extremely 
loWered because the cooling-Water pump 35 and city-Water 
pump 39 are stopped and it is possible to keep the city Water 
at a very-useful temperature. 
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[0169] (Embodiment 7) 
[0170] Then, embodiment 7 of the present invention is 
described beloW. 

[0171] Because this embodiment also has the same con 
?guration as the embodiment 6, FIG. 6 is used for the 
description of this embodiment and the fuel-cell poWer 
generation system of the embodiment 6 of the present 
invention applies to the detailed description of this embodi 
ment. 

[0172] Moreover, FIG. 8 is a ?oWchart shoWing operation 
modes of a cooling-Water pump 35 and city-Water pump 39 
While the fuel-cell poWer-generation system of the embodi 
ment 7 of the present invention generates poWer and after the 
poWer generation is stopped. 

[0173] Operations of the fuel-cell poWer-generation sys 
tem of this embodiment having the above con?guration are 
described beloW. 

[0174] First, a fuel-cell-temperature detector 310 detects 
the temperature Tf of the cooling Water ?oWing out of a fuel 
cell 1 corresponding to the temperature of the fuel cell 1 
(001). 
[0175] When the detected temperature Tf is higher than a 
target temperature Trl, the cooling-Water carrying capacity 
of the cooling-Water pump 35 is increased but When the 
detected temperature Tf is loWer than the target temperature 
Trl, the cooling-Water carrying capacity of the cooling 
Water pump 35 is decreased (002). In this case, to decide the 
cooling-Water carrying capacity of the cooling-Water pump 
35, it is alloWed to operate the cooling-Water pump 35 by 
using a generally-used PID controller and thereby comput 
ing the cooling-Water carrying poWer of the cooling-Water 
pump 35 so that the temperature Tf of the cooling Water 
coincides With the target temperature Trl. 

[0176] Then, a city-Water-temperature detector 311 detects 
the temperature TW of the city Water ?oWing out of a heat 
exchanger 36 (003). When the detected temperature TW is 
higher than a predetermined target temperature Tr2, the 
city-Water carrying capacity of the city-Water pump 39 is 
increased but When the detected temperature TW is loWer 
than the target temperature Tr2, the city-Water carrying 
capacity of the city-Water pump 39 is decreased (004). In 
this case, to decide the city-Water carrying capacity of the 
city-Water pump 39, it is alloWed to operate the city-Water 
pump 39 by using a generally-used PID controller and 
thereby, computing the city-Water carrying poWer of the 
city-Water pump 39 so that the temperature TW of city Water 
coincides With the target temperature Tr2. 

[0177] Then, a not-illustrated system controller deter 
mines Whether the poWer generation by the fuel-cell poWer 
generation system is stopped (005). When the poWer gen 
eration is continued, step 002 is restarted to repeat 
operations according to the above ?oW. 

[0178] HoWever, When the poWer generation by the fuel 
cell 1 is stopped, the temperature TW of city Water is 
compared With a predetermined threshold temperature Te2 
(approx. 55° C.) (006). When the temperature TW of the city 
Water is higher than the threshold temperature Te2 (approx. 
55° C.),step 002 is restarted to repeat operations according 
to the above ?oW. 








