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FIG. 3A 
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FUEL CELL SYSTEMAND CONTROL 
METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of Korean Patent 
Application Nos. 10-2008-0038540 filed on Apr. 25, 2008, 
and 10-2008-0039464 filed on Apr. 28, 2008, in the Korean 
Intellectual Property Office, the disclosure of which are incor 
porated herein by reference. 

BACKGROUND 

0002 1. Field 
0003. The present invention relates to a fuel cell system 
and a control method thereof. More particularly, the present 
invention relates to a fuel cell system and a control method 
thereof, capable of rapidly and effectively raising the tem 
perature of a stack of the fuel cell system until the stack of the 
fuel cell system can be normally operated, by heating the 
stack of the fuel cell system by the circulation of a heat 
medium heated by heat generated from a fuel processor. 
0004 2. Description of the Related Art 
0005. In general, a fuel cell system obtains electric and 
thermal energy through an electrochemical reaction, such as 
an oxidation-reduction reaction. Reserves of fossil energy, 
Such as petroleum and coal, are limited. In addition, various 
pollutants are generated when using fossil energy, thereby 
causing a problem of environmental pollution. 
0006. The fuel cell system generates electric energy and 
thermal energy by performing an electrochemical reaction at 
high efficiency, so the fuel cell system is spotlighted as an 
alternative energy source capable of solving the problems of 
energy depletion and environmental pollution. 
0007 As disclosed in Korean Patent Application Nos. 
1998-0016383 and 2003-0047158, the fuel cell system 
includes a fuel Supply unit, a fuel processor, a stack and a 
cooling liquid Supply unit. 
0008 Hereinafter, the operation of the conventional fuel 
cell system will be described in detail with reference to FIG. 
1 

0009. The conventional fuel cell system 110 includes a 
fuel supply unit 150 which supplies CH-based fuel, such as 
LNG, LPG and kerosene, to a fuel processor 120. 
0010. The fuel processor 120 allows the fuel, which is 
desulfurized, to be subject to reforming and CO removal 
processes. As the fuel undergoes the above processes, the fuel 
is shifted into gas mainly including hydrogen with a low 
content of CO (carbon monoxide). The gas is mixed with 
external air, thereby forming reforming gas. The reforming 
gas is Supplied to a stack 130. 
0011. The stack 130 can be prepared by stacking a plural 

ity of single cells which are subject to the electrochemical 
reaction. The single cell is an MEA (membrane-electrode 
assembly) in which an anode and a cathode are disposed 
about an electrolyte layer. The anode dissolves hydrogen into 
a hydrogen ion and an electron by using a catalyst, thereby 
generating electricity and the cathode combines the hydrogen 
ion with the electron, thereby producing water. 
0012. A cooling liquid supply unit 140 supplies cooling 
liquid to cooling plates inserted between the single cells in 
order to dissipate heat, which is generated in the process of the 
electrochemical reaction, out of the stack 130. 
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0013 Meanwhile, since the chemical reaction may not be 
actively performed for a predetermined period of time from 
an initial operation of the fuel cell system 110, components of 
the fuel cell system 110 may not reach the temperature suit 
able for the normal operation. Since the temperature for the 
normal operation of the components may vary depending on 
the components, the components requiring the higher tem 
perature for the normal operation may not be normally oper 
ated even if some components are normally operated at the 
relatively low temperature. 
0014 For instance, a reformer (not shown) of the fuel 
processor 120 can effectively generate gas at the relatively 
low temperature, but a shift reactor (not shown) of the fuel 
processor 120 may not normally operate at the relatively low 
temperature, so that CO is not effectively removed. 
0015. In this case, gas that has passed through the shift 
reactor includes about 75% hydrogen and about 5% CO. If the 
gas containing about 5% CO is supplied to the stack 130, the 
stack 130 may be damaged. Thus, the gas may not be used as 
reforming gas even if the gas contains about 75% useful 
hydrogen. For this reason, the gas is Supplied to a combustion 
burner 160 or the fuel supply unit 150 such that the gas is 
burnt until the reforming gas containing CO less than a pre 
determined level can be generated. An external air Supply unit 
170 supplies external air to the fuel processor 120. 
0016. However, the conventional fuel cell system requires 
much time to reach the temperature suitable for the normal 
operation from the initial operation thereof. 
(0017. In order to solve this problem, there has been sug 
gested a method for increasing the temperature of the fuel cell 
system by heating the fuel cell system using an electric heater. 
However, according to this method, the fuel cell system must 
be heated for a long time, so that a great amount of electric 
energy is consumed, resulting in a high operating cost. 

SUMMARY 

0018. Accordingly, it is an aspect of the present invention 
to provide a fuel cell system and a control method thereof, 
capable of rapidly and effectively raising the temperature of a 
stack of the fuel cell system until the stack of the fuel cell 
system can be normally operated by heating the stack of the 
fuel cell system through the circulation of a heat medium 
heated by heat generated from a fuel processor. 
0019. Additional aspects and/or advantages will be set 
forth in part in the description which follows and, in part, will 
be apparent from the description, or may be learned by prac 
tice of the invention. 
0020. The foregoing and/or other aspects of the present 
invention are achieved by providing a method of controlling a 
fuel cell system including a fuel processor to generate reform 
ing gas and a stack to generate energy by receiving the 
reforming gas from the fuel processor. The method includes 
the operations of performing an initial operation, comprising 
operating the fuel processor to generate thermal energy, heat 
ing a heat medium by the generated thermal energy, and 
raising a temperature of the stack to a normal operation tem 
perature comprising heating the heat medium to a high tem 
perature, and performing a normal operation, comprising 
Supplying the reforming gas to the Stack after the temperature 
of the stack has reached the normal operation temperature. 
0021. The performing the initial operation includes Sup 
plying the heat medium having the high temperature to the 
stack, and heating the stack comprising circulating the heat 
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medium through a circulation heating circuit provided 
between the fuel processor and the stack. 
0022. The heat medium having the high temperature com 
prises directly supplying the heat medium to a cooling plate of 
the stack. 
0023 The heat medium having the high temperature is 
Supplied to a cooling plate of the stack through a cooling 
liquid reservoir provided in the stack. 
0024. The Supplying comprises simultaneously Supplying 
the heat medium to a cooling plate of the stack and providing 
a cooling liquid reservoir. 
0025. The heat medium passes through a heat exchanger 
of the fuel processor such that the heat medium is heated and 
then Supplying the heat medium to the stack after a tempera 
ture of a reformer provided in the fuel processor has reached 
an operation start temperature thereof. 
0026. The supplying the heat medium is performed after 
the draining. 
0027 Stopping the supplying of the heat medium to the 
stack occurs if an amount of the heat medium Supplied to the 
stack reaches an upper limit of a receiving capacity of the 
stack. 

0028 Draining a part of the heat medium stored in the 
stack occurs if an amount of the heat medium Supplied to the 
stack reaches an upper limit of a receiving capacity of the 
stack. 

0029. The supplying the heat medium and starting the 
heating the stack ifa temperature of a shift reactor provided in 
the fuel processor reaches a preset temperature of the shift 
reactOr. 

0030. The preset temperature of the shift reactor is 100° C. 
0031. The circulating may comprise repulsively circulat 
ing the heat medium through the circulation heating circuit. 
0032. The circulating may comprise circulating the heat 
medium through the circulation heating circuit due to ther 
mosyphon phenomenon. 
0033 Supplying fuel is supplied to the fuel processor and 
reforming gas generated by the fuel processor is Supplied to a 
burner of the fuel processor. 
0034. The reforming gas is supplied to the stack after 
stopping the heating of the stack through circulation of the 
heat medium and Supplying the reforming gas to the burnerif 
a temperature of the stack exceeds a proper operation tem 
perature of the stack. 
0035. The fuel processor is provided with a reformer, and 
the heat medium having a normal temperature is Supplied to 
the reformer to adjust a temperature of the reformer when the 
temperature of the reformer is higher than an operation limit 
temperature of the reformer. 
0036. The fuel processor is provided with a reformer, and 
the heat medium heated through a heat exchanger of the fuel 
processor is Supplied to the reformer to adjust a temperature 
of the reformer when the temperature of the reformer is higher 
than an operation limit temperature of the reformer. 
0037. The heat medium includes water. 
0038. The fuel processor includes a reformer, a carbon 
monoxide (CO) remover, and a shift reactor, the method 
further comprising heating the heat medium by at least one of 
thermal energy generated from the reformer and a thermal 
energy generated from the CO remover. 
0039 Supplying gas generated from the reformer and the 
shift reactor is supplied to the CO remover together with air to 
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operate the CO remover, and thermal energy generated from 
the CO remover to a heat exchanger of the fuel processor in 
the second operation. 
0040. The foregoing and/or other aspects, of the present 
invention are achieved by providing a fuel cell System includ 
ing a fuel processor to generate a reforming gas, a stack to 
generate energy by receiving the reforming gas from the fuel 
processor, and a circulation heating circuit provided between 
the fuel processor and the stack to raise a temperature of the 
stack using heat generated from the fuel processorin an initial 
operation, wherein the circulation heating circuit includes a 
cooling plate fluid path to Supply aheat medium from the fuel 
processor to the Stack, and a circulation fluid path to return the 
heat medium from the stack to the fuel processor. 
0041. The fuel processor comprises a heat exchanger and 
the stack comprises a cooling plate and the cooling plate fluid 
path is formed between the heat exchanger and the cooling 
plate. 
0042. The fuel processor comprises a heat exchanger and 
the stack comprises a liquid cooling liquid reservoir and the 
cooling plate fluid pathis formed between the heat exchanger 
and the cooling liquid reservoir. 
0043. The fuel processor comprises a heat exchanger and 
the stack comprises a liquid cooling unit and a cooling liquid 
reservoir and the cooling plate fluid path is formed between 
the heat exchanger and the cooling plate provided in the stack 
and between the heat exchanger and the cooling liquid reser 
WO1. 

0044. A first valve is installed in the cooling plate fluid 
path to control Supply of the heat medium, and a second valve 
is installed in the circulation fluid path to control circulation 
of the heat medium. 

0045. A drain pipe extending to an exterior is connected to 
a cooling plate provided in the stack to drain the heat medium 
stored in the cooling plate, and a valve is installed in the drain 
pipe to control drainage of the heat medium. 
0046. The fuel processor comprises a reformer, and the 
reformer comprises a first fluid path to supply the heat 
medium having a normal temperature to the reformer and a 
second fluid path which branches from the cooling plate fluid 
path to Supply the heat medium having a high temperature to 
the reformer. 

0047. The fuel processor includes a heat exchanger and a 
carbon monoxide (CO) remover to reduce a content of CO, 
and thermal energy generated from the CO remover is Sup 
plied to the heat exchanger. 
0048. At least one outer surface of the CO remover makes 
surface-contact with at least one outer surface of the heat 
exchanger and the thermal energy is Supplied from the CO 
remover to the heat exchanger through a Surface-contact part 
between the CO remover and the heat exchanger. 
0049. The fuel cell system and the control method thereof 
according to the embodiments of the present invention can 
rapidly and effectively raise the temperature of the stack of 
the fuel cell system until the stack of the fuel cell system can 
be normally operated by heating the stack of the fuel cell 
system through the circulation of the heat medium heated by 
heat generated from the fuel processor. 
0050. In addition, the fuel cell system and the control 
method thereof according to the embodiments of the present 
invention can rapidly and effectively raise the temperature of 
the stack of the fuel cell system until the stack of the fuel cell 
system can be normally operated by heating the stack of the 
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fuel cell system using the heat medium heated by thermal 
energy generated from the CO remover. 
0051. Further, the fuel cell system and the control method 
thereof according to the embodiments of the present inven 
tion can rapidly raise the temperature of the stack of the fuel 
cell system by Supplying the Stack with hot water generated 
during the initial operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0052. These and/or other aspects and advantages will 
become apparent and more readily appreciated from the fol 
lowing description of the embodiments, taken in conjunction 
with the accompanying drawings of which: 
0053 FIG. 1 is a block view showing the structure of a 
conventional fuel cell system; 
0054 FIG. 2 is a schematic view showing the structure of 
a fuel cell system according to a first embodiment of the 
present invention; 
0055 FIGS. 3A and 3B are flowcharts showing a control 
method of the fuel cell system shown in FIG. 2; 
0056 FIG. 4 is a schematic view showing the structure of 
a fuel cell system according to a second embodiment of the 
present invention; 
0057 FIG. 5 is a schematic view showing the structure of 
a fuel cell system according to a third embodiment of the 
present invention; and 
0058 FIG. 6 is a schematic view showing the structure of 
a fuel cell system according to a fourth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0059 Reference will now be made in detail to the embodi 
ments, examples of which are illustrated in the accompanying 
drawings, wherein like reference numerals refer to the like 
elements throughout. The embodiments are described below 
to explain the present invention by referring to the figures. 
0060 Reference will now be made in detail to the embodi 
ments, examples of which are illustrated in the accompanying 
drawings, wherein like reference numerals refer to the like 
elements throughout. The embodiments are described below 
to explain the present invention by referring to the figures. 
0061 FIG. 2 is a schematic view showing the structure of 
a fuel cell system according to a first embodiment of the 
present invention. 
0062. As shown in FIG. 2, the fuel cell system 10 accord 
ing to the first embodiment of the present invention includes 
a fuel processor 20 performing the reforming reaction, a stack 
30 generating electricity, a cooling liquid reservoir 40 storing 
cooling liquid, a circulation heating circuit 71 provided 
between a heat exchanger 24 of the fuel processor 20 and a 
cooling plate 36 of the stack 30, and a cooling plate fluid path 
72 supplying hot water heated by the heat exchanger 24 to the 
cooling plate 36. 
0063. The fuel processor 20 converts a CH-based fuel 50 
into reforming gas mainly including hydrogen through the 
reforming reaction. The fuel processor 20 includes a burner 
22, a reformer 23, a shift reactor 26, a mixer 27 and a CO 
remover 29. 
0064. The burner 22 generates heat by burning the CH 
based fuel 50, such as LNG, LPG or kerosene. The heat 
generated from the burner 22 is supplied to the reformer 23 to 
promote the reforming reaction. 
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0065. The reformer 23 is heated by the burner 22 to per 
form the reforming reaction. When the fuel cell system 10 is 
initially operated, air and the fuel 50 are supplied to the burner 
22 to ignite the burner 22. The ignited burner 22 heats the 
reformer 23 such that temperature of the reformer 23 reaches 
the operation starttemperature of 300°C. In this case, in order 
to operate the burner 22 to heat the reformer 23, most valves 
installed in the fuel cell system 10, except for an essential 
valve, are closed. Thus, the heat generated from the burner 22 
can be completely used to heat the reformer 23. If a first 
operation (shown in a dotted line) of the initial operation 
starts at the operation start temperature of the reformer 23, a 
first valve 91 is open so that deionized (DI) water 64 passes 
through the heat exchanger 24. The DI water 64 is heated 
while passing through the heat exchanger 24 and then Sup 
plied to the cooling plate 36 of the stack 30 through the 
cooling plate fluid path 72, thereby heating the stack 30. At 
the same time, the burner 22 continuously heats the reformer 
23 such that the temperature of the reformer 23 reaches the 
operation limit temperature of 500°C. The reformer 23 may 
represent optimal performance in the temperature range 
between the operation limit temperature and the operation 
start temperature. In order to allow the reformer 23 to be 
maintained in an optimum temperature range, if the tempera 
ture of the reformer 23 exceeds the operation limit tempera 
ture, a fourth valve 94 is open to supply the water 64 to the 
reformer 23. If the fourth valve 94 is open, the water 64 having 
the normal temperature is supplied to the reformer 23 so that 
the increase in the temperature of the reformer 23 can be 
restricted. The water supplied to the reformer 23 through the 
fourth valve 94 is converted into vapor having the high tem 
perature by absorbing heat from the reformer 23. The high 
temperature vapor is supplied to the shift reactor 26 to 
increase the temperature of the shift reactor 26 and then 
discharged to the exterior. The fourth valve 94 is frequently 
opened/closed under the control of a controller (not shown) 
during the initial operation of the fuel cell system 10 in order 
to maintain the temperature of the reformer 23 within a pre 
determined range. 
0066. The shift reactor 26 receives gas mainly including 
hydrogen and reduces a composition ratio of CO contained in 
the gas. The gas Supplied from the reformer 23 may include 
about 75% hydrogen, about 15% CO, and about 5% CO. The 
following reaction is performed in the shift reactor 26. 

0067. If the temperature of the shift reactor 26 is within the 
normal operation range, the forward reaction is activated, so 
the content of CO is reduced to about 0.5%. For the purpose 
of normal operation, the shift reactor 26 receives heat from 
thermal by-products including vapor generated due to the 
high-temperature reformer 23 in such a manner that the shift 
reactor 26 is heated up to 100° C., that is the preset tempera 
ture of the shift reactor 26. If the temperature of the shift 
reactor 26 is higher than the preset temperature of the shift 
reactor 26, the water 64 and the fuel 50 processed through a 
desulfurizer 62 are supplied to the reformer 23 to perform the 
reforming reaction in the reformer 23. As the reforming reac 
tion is performed in the reformer 23, gas generated from the 
reformer 23 is supplied to the shift reactor 26. Meanwhile, if 
the temperature of the stack 30 does not reach the proper 
operation temperature of the stack 30 even though the gas is 
generated from the reformer 23 through the reforming reac 
tion, a sixth valve 96 is open to perform a second operation 
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(shown in a dashed and dotted line) by Supplying the gas that 
has passed through the shift reactor 26 to the burner 22. The 
gas generated during the second operation, in which the tem 
perature of the shift reactor 26 is higher than the preset tem 
perature of the shift reactor 26, may contain sufficient hydro 
gen, so the combustion reaction for heating the reformer 23 
can be performed if the gas is supplied to the burner 22. As the 
gas is supplied to the burner 22 from the shift reactor 26 in the 
second operation, it is possible to reduce the amount of fuel 
50 supplied to the burner 22 or to stop the supply of fuel 50 to 
the burner 22, thereby saving the fuel 50. Meanwhile, if the 
temperature of the shift reactor 26 is higher than the preset 
temperature of the shift reactor 26 and the temperature of the 
stack 30 exceeds the proper operation temperature of the 
stack 30, the sixth valve 96 is closed and the normal operation 
(shown in a solid line) is performed by Supplying the gas to 
the mixer 27. 
0068. When the normal operation is performed, the mixer 
27 receives the gas generated from the shift reactor 26. The 
mixer 27 mixes the gas supplied from the shift reactor 26 with 
external air 66 according to a control signal of a controller 
(not shown). The gas mixed in the mixer 27 is supplied to the 
CO remover 29 when the stack 30 is a lower temperature type. 
0069. The CO remover 29 reduces the amount of CO 
through the preferential oxidation reaction such that the 
amount of CO is within an allowable range. The following 
reactions are performed in the CO remover 29. 

H+0.5O (-PHO--68 kcal/mol 

0070 If the forward reaction is performed in the CO 
remover 29, CO is converted into CO., which means that the 
content of the CO is reduced. The content of CO is reduced to 
less than 10 ppm (part per million) as CO has passed through 
the CO remover 29. The CO remover 29 is necessary if the 
stack 30 is the low temperature type, but can be omitted if the 
stack 30 is a high temperature type which has endurance 
against CO. The reforming gas discharged from the CO 
remover 29 is supplied to the stack 30. 
0071. The stack 30 causes the electrochemical reaction to 
the reforming gas, thereby producing electric energy and 
thermal energy. The stack 30 performs the oxidation and 
reduction reaction and is prepared by Stacking a plurality of 
single cells (not shown) capable of generating electricity. 
Although FIG. 2 schematically shows an anode 32, a cathode 
34 and the cooling plate for the purpose of convenience, the 
anode 32 and the cathode 34 are disposed about the electro 
lyte layer (not shown) in the single cell and the cooling plate 
36 is inserted between the single cells. In addition, end plates 
38 are provided at left and right parts of the stack 30. 
0072 Electricity is generated from the anode 32 and the 
cathode 34 through the oxidation and reduction reaction of 
hydrogen. That is, the anode 32 dissolves hydrogen into a 
hydrogen ion and an electron by using a catalyst, thereby 
generating electricity and the cathode 34 combines the hydro 
gen ion with the electron, thereby producing water. 
0073. The cooling plate 36 is inserted between the anode 
32 and the cathode 34 to control the temperature of the stack 
30. That is, during the first and second operations of the initial 
operation, heat is transferred to the cooling plate 36 from the 
circulation heating circuit 71 and a heat medium of the cool 
ing plate fluid path 72, thereby raising the temperature of the 
stack 30. In addition, during the normal operation, ninth and 
tenth valves 99 and 100 installed in a cooling liquid path 73 
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are frequently opened and closed under the control of the 
controller, thereby constantly maintaining the temperature of 
the Stack 30. 

0074 The end plates 38 are provided at outermost portions 
of the left and right parts of the stack 30. The end plates 38 are 
formed with holes to allow the reforming gas to pass there 
through when the reforming gas is introduced into the stack 
30. In addition, various types offixing screws (not shown) can 
be screwed to the end plates 38 in order to fix unit cells (not 
shown). The end plates 38 support the weight of the stack 30 
and keep the configuration of the stack 30. To this end, the end 
plates 38 are made from rigid metal. Such as duralumin. 
0075. The circulation heating circuit 71 refers to a circu 
lation system provided between the heat exchanger 24 and the 
cooling plate 36 of the stack 30. When the fuel cell system 10 
is initially operated, water is naturally circulated through the 
circulation heating circuit 71 due to the thermosyphon phe 
nomenon, thereby effectively and rapidly heating the cooling 
plate 36. Since the water is naturally circulated due to the 
thermosyphon phenomenon, an energy consuming circula 
tion device, such as a pump, is not necessary so that energy 
consumption is reduced and the cost increase caused by an 
additional device can be prevented. The thermosyphon phe 
nomenon refers to the two phase flow at a region Subject to 
gravity. In detail, water serving as a heat medium is filled in 
the circulation heating circuit 71 and the liquid-phase water 
absorbs heat supplied from the burner 22 and the reformer 23 
at the heat exchanger 24 Serving as a heating unit so that the 
liquid-phase water is shifted into vapor-phase steam having 
the high temperature. As the liquid-phase water is shifted into 
vapor-phase steam, the Volume of the heat medium is 
expanded and density thereof is reduced. The vapor-phase 
steam is transferred to the cooling plate 36, which is posi 
tioned relatively higher than the heat exchanger 24, through 
the circulation heating circuit 71. The cooling plate 36 serves 
as a condenser. The vapor-phase steam having the high-tem 
perature is shifted into the liquid-phase water while passing 
through the cooling plate 36 by performing heat exchange 
with the stack 30, so that the volume is reduced and the 
density is increased. The liquid-phase water with increased 
density is transferred to the heat exchanger 24, which is 
disposed at a relatively lower position, due to the gravity. The 
liquid-phase water is shifted into the vapor-phase steam or 
Vice versa through the repetition of the heating and cooling, 
so that the heat medium can naturally circulate through the 
circulation heating circuit 71 without the repulsive circulation 
device, thereby heating the stack 30. A fifth valve 95 is pro 
vided in the circulation heating circuit 71. The fifth valve 95 
is open upon the second operation of the fuel cell system 10. 
The circulation of the heat medium caused by the thermosy 
phon phenomenon mainly occurs during the second operation 
in which the heat exchanger 24 has been sufficiently heated. 
The fifth valve 95 is closed when the temperature of the stack 
30 exceeds the proper operation temperature of the stack 30. 
In this case, the circulation of the heat medium through the 
circulation heating circuit 71 may be stopped. 
0076. The cooling plate fluid path 72 supplies hot water, 
which is heated through the heat exchanger 24, to the cooling 
plate 36. When the first operation starts, the first valve 91 and 
a second valve 92 provided in the cooling plate fluid path 72 
are open. The water 64 having the normal temperature is 
supplied to the heat exchanger 24 through the first valve 91. In 
the heat exchanger 24, the water 64 absorbs heat from the 
burner 22 and the reformer 23 so that the temperature of the 
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water 64 is increased. Then, the water 64 is supplied to the 
cooling plate 36 through the second valve 92 so that the heat 
is transferred from the cooling plate 36 to the stack 30, 
thereby raising the temperature of the stack 30. Meanwhile, 
before the water 64 having the high temperature is supplied to 
the cooling plate 36, water stored in the cooling plate 36 of the 
stack 30 may be previously drained through a third valve 93. 
If the water stored in the cooling plate 36 of the stack 30 is 
previously drained, heat capacity of the stack 30 can be 
reduced, so that thermal energy of the hot water Supplied to 
the stack 30 may be completely used to raise the temperature 
of the stack 30, so that the temperature of the stack 30 can be 
rapidly raised. In addition, even if ion conductivity of water 
existing in the cooling plate 36 rises above a reference level, 
the water stored in the cooling plate 36 can be drained. Fur 
ther, in order to continuously raise the temperature of the 
stack 30 even if the water level in the cooling plate 36 has 
reached a target limit level, new water can be supplied to the 
cooling plate 36 while draining the hot water stored in the 
cooling plate 36 by controlling the first to third valves 91.92 
and 93. 

0077. Hereinafter, the control method for the fuel cell 
system 10 according to the first embodiment of the present 
invention shown in FIG. 2 will be described with reference to 
FIGS 3A and 3B. 
0078. When the fuel cell system 10 is initially operated, 
each component of the fuel cell system 10 is not within the 
normal temperature range to generate electric energy through 
an electrochemical reaction, so the fuel cell system 10 is 
initialized by shutting off various valves installed in the fuel 
cell system 10 (S10) and the burner 22 is operated to heat the 
reformer 23 (S20). 
0079. Then, it is determined whether the temperature of 
the reformer 23 reaches the operation start temperature of 
300° C. (S30). 
0080. If the temperature of the reformer 23 exceeds the 
operation start temperature, the first and second valves 91 and 
92 provided in the cooling plate fluid path 72 are open to 
supply the heat medium (hot water) to the cooling plate 36 
(S40). At this time, the water previously stored in the cooling 
plate 36 can be drained by opening the third valve 93 before 
the hot water is supplied to the cooling plate 36 through the 
first and second valves 91 and 92. In addition, the hot water 
can be discharged to the exterior through the cooling plate 36 
while new hot water is supplied to the cooling plate 36. That 
is, in order to continuously raise the temperature of the stack 
30 even if the water level in the cooling plate 36 has reached 
a target limit level, new hot water can be supplied to the 
cooling plate 36 while draining the hot water previously 
stored in the cooling plate 36 by controlling the first to third 
valves 91, 92 and 93. As the hot water is supplied to the 
cooling plate 36 through the cooling plate fluid path 72, the 
temperature of the cooling plate 36 rises, so that the tempera 
ture of the stack 30 also rises. 
0081. Since the burner 22 continuously heats the reformer 
23, it is determined whether the temperature of the reformer 
23 has reached the operation limit temperature of 500° C. 
(S50). 
I0082 If the temperature of the reformer 23 exceeds the 
operation limit temperature, the temperature of the reformer 
23 is adjusted by controlling the fourth valve 94 provided in 
the fluid path that serves to supply the water 64 to the reformer 
23 (S60). As the water 64 having the normal temperature is 
supplied to the reformer 23, the temperature of the reformer 
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23 is lowered. If the water 64 being supplied to the reformer 
23 is shut off, the temperature of the reformer 23 rises again 
due to heat generated from the burner 22. 
I0083. Then, the amount of water stored in the cooling plate 
36 is compared with the target limit value thereof (S70). 
I0084. If the amount of water stored in the cooling plate 36 
exceeds the target limit value, the first valve 91 is shut off so 
as to constantly maintain the amount of water stored in the 
cooling plate 36 (S80). As mentioned above, even if the water 
level in the cooling plate 36 has reached the target limit value, 
new hot water can be supplied to the cooling plate 36 while 
draining the hot water previously stored in the cooling plate 
36 by controlling the first to third valves 91.92 and 93 in order 
to continuously raise the temperature of the stack 30. 
I0085. Then, it is determined whether the temperature of 
the shift reactor 26 is higher than the preset temperature of the 
shift reactor (S90). Since thereformer 23 is directly heated by 
the burner 22, the temperature of the reformer 23 is raised at 
a relatively high speed. In contrast, the shift reactor 26 is 
indirectly heated by heat generated from the reformer 23 or 
steam heated by the reformer 23, so that the temperature of the 
shift reactor 26 is lower than the temperature of the reformer 
23 and is raised at a relatively low speed. Since the tempera 
ture of the shift reactor 26 is raised at the relatively low speed 
as compared with the temperature of the reformer 23, the 
temperature of the shift reactor 26 may not reach the preset 
temperature of 100° C., which is the relatively low tempera 
ture, even if the temperature of the reformer 23 has reached 
the operation limit temperature of 500°C., which is the rela 
tively high temperature. 
I0086. If the temperature of the shift reactor 26 is higher 
than the preset temperature of the shift reactor 26, the fuel cell 
system 10 is subject to the second operation of the initial 
operation. That is, it is determined whether the temperature of 
the stack 30 reaches the proper operation temperature of the 
stack 30 enabling the normal operation of the stack 30 (S100). 
The proper operation temperature of the stack 30 may vary 
depending on the type of the stack 30, that is, the high tem 
perature type and the low temperature type. 
I0087. If the temperature of the stack 30 is lower than the 
proper operation temperature of the stack 30, the first valve 91 
is closed and the fifth valve 95 is open. As mentioned above, 
the fifth valve 95 is provided in the circulation heating circuit 
71 (S.110). Although the fifth valve 95 can be open during the 
first operation, the internal temperature of the circulation 
heating circuit 71 may be insufficient to activate the thermo 
syphon phenomenon. However, if the temperature of the shift 
reactor 26 exceeds the preset temperature of the shift reactor 
26 suitable for the second operation, the internal temperature 
of the circulation heating circuit 71 may rise above the boiling 
point of water Suitable to activate the thermosyphon phenom 
enon. Thus, if the temperature of the stack 30 is lower than the 
proper operation temperature of the stack 30, the fifth valve 
95 is open to activate the thermosyphon phenomenon, 
thereby heating the stack 30. Due to the thermosyphon phe 
nomenon, heat can be transferred to the stack 30 through 
natural convection according to a temperature difference 
without using an additional pressing device. Such as a pump, 
so that the temperature of the stack 30 can be effectively and 
rapidly raised. In order to facilitate the natural convection, a 
repulsive circulation device can be added to the fuel cell 
system 10. In this case, the size and energy consumption of 
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the repulsive circulation device can be reduced as compared 
with the case where the thermosyphon phenomenon is not 
employed. 
I0088. After opening the fifth valve 95, the fuel 50 is sup 
plied to the reformer 23 and the temperature of the reformer 
23 is adjusted by controlling the fifth valve 94 (S120). The 
fuel 50 is desulfurized while passing through the desulfurizer 
62 and then supplied to the reformer 23. In addition, the water 
64 is supplied to the reformer 23 through the fourth valve 94. 
If the water 64 and the desulfurized fuel 50 are supplied to the 
reformer 23, the reforming reaction is performed in the 
reformer 23 while generating gas. The gas generated through 
the reforming reaction is supplied to the shift reactor 26 by 
passing through the heat exchanger 24. At this time, since the 
temperature of the shift reactor 26 exceeds the preset tem 
perature Suitable for removing CO, the gas that has passed 
through the shift rector 26 may have CO less than a predeter 
mined level. 
0089. As the gas is generated from the shift reactor 26, the 
sixth valve 96 is open to supply the gas to the burner 22 
(S130). At this time, since the temperature of the stack 30 is 
lower than the proper operation temperature of the stack 30, 
the stack 30 may not be properly operated. Thus, the gas 
generated from the shift reactor 26 is not supplied to the stack 
30, but is supplied to the burner 22. Since the gas generated 
from the shift reactor 26 is supplied to the burner 22, the 
amount of the fuel 50 can be reduced or the supply of the fuel 
50 can be stopped, so that the fuel cell system 10 can be 
economically managed. 
0090. If the temperature of the stack 30 is less than the 
proper operation temperature of the stack 30, the fuel cell 
system 10 is subject to the normal operation. 
0091. The normal operation of the fuel cell system 10 may 
start by shutting off the fourth to sixth valves 94, 95 and 96 
(S140). If the fifth valve 95 is shut off, the fluid flowing in the 
circulation heating circuit 71 is blocked, so that the thermo 
Syphon phenomenon may stop. Thus, heat may not be trans 
ferred to the stack 30 through the circulation heating circuit 
71. If the fourth valve 94 is shut off, the direct supply of the 
water 64 to the reformer 23 is stopped. Since the fourth valve 
94, which allows the water 64 having the normal temperature 
to be directly supplied to the reformer 23, is shut off, the 
reformer 23 may not be subject to sudden temperature varia 
tion even if there is temperature difference between the water 
64 having the normal temperature and the reformer 23 having 
the high temperature. If the sixth valve 96 is shut off, the gas 
generated from the shift reactor 26 is not supplied to the 
burner 22. 

0092. After shutting off the fourth to sixth valves 94, 95 
and 96, the second valve 92 is shut off and the first, seventh 
and eights valves 91, 97 and 98 are open (S150) to supply 
reforming gas to the stack. If the first valve 91 is open, the 
temperature of the water 64 is raised while passing through 
the heat exchanger 24. The seventh valve 97 is provided in the 
fluid path that serves to supply the water 64 having the 
increased temperature to the reformer 23. Since the first and 
seventh valves 91 and 97 are open in a state in which the 
second and fourth valves 92 and 94 have been shut off, the 
reformer 23 receives heated water 64 instead of the water 
having the normal temperature, so that Sudden temperature 
variation of the reformer 23 may not occur. If the eighth valve 
98 is open, reforming gas that has passed through the CO 
remover 29 is supplied to the stack 30. The gas generated 
from the shift reactor 26 is mixed with the external air 66 so 
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that mixed gas is supplied to the CO remover 29. The CO 
remover 29 is necessary when the stack 30 is the low tem 
perature type. 
0093. If the reforming gas is supplied through the eighth 
valve 98, the stack 30 is operated (S.160). 
0094. As the stack 30 operates, the ninth and tenth valves 
99 and 100 are open and closed according to the control signal 
of the controller to maintain the temperature of the stack 30 
within a proper range (S170). The ninth and tenth valves 99 
and 100 are provided in the cooling liquid path 73. In addi 
tion, the stack 30 generates electric energy with a great 
amount of heat. Thus, the stack 30 may not be normally 
operated if the heat is not effectively dissipated. For this 
reason, cooling liquid is Supplied to the cooling plate 36 
through the cooling liquid path 73 communicated with a 
cooling liquid reservoir 40 to adjust the temperature of the 
stack 30. As mentioned above, the ninth and tenth valves 99 
and 100 are provided in the cooling liquid path 73 to adjust the 
amount of the cooling liquid such that the stack 30 can be 
operated within a proper temperature range. 
0.095 FIG. 4 is a schematic view showing the structure of 
a fuel cell system according to a second embodiment of the 
present invention. The following description will be focused 
on the structure and elements different from those of the first 
embodiment and the like reference numerals will be used to 
refer to the like elements. In addition, modified elements will 
be denoted with reference marks “a”. 
0096. The fuel cell system 10a according to the second 
embodiment of the present invention includes a cooling plate 
fluid path 72a directly connected to the cooling liquid reser 
voir 40. 
(0097. Since the cooling plate fluid path 72a is directly 
connected to the cooling liquid reservoir 40, the ninth valve 
99 is open as the first operation starts, so that the hot water of 
the cooling liquid reservoir 40 is Supplied to the cooling plate 
36 through the cooling liquid path 73a. According to the 
second embodiment, similar to the first embodiment, the 
cooling liquid can be drained or exchanged upon the initial 
operation of the fuel cell system 10a through the third valve 
93 or a valve (not shown) provided in the cooling liquid path 
73. 
0.098 FIG. 5 is a schematic view showing the structure of 
a fuel cell system according to a third embodiment of the 
present invention. The following description will be focused 
on the structure and elements different from those of the first 
embodiment and the like reference numerals will be used to 
refer to the like elements. In addition, modified elements will 
be denoted with reference marks “b'. 
(0099. The fuel cell system 10b according to the third 
embodiment of the present invention includes a cooling plate 
fluid path 72b, which branches into a first cooling plate fluid 
path 74b and a second cooling plate fluid path 76b at a sepa 
rator 78b. 
0100. The first cooling plate fluid path 74b serves to 
directly supply water to the cooling plate 36 to raise the 
temperature of the stack 30, and the second cooling plate fluid 
path 76b serves to supply the water from the cooling liquid 
reservoir 40 to the cooling plate 36 through the cooling liquid 
path 73b to raise the temperature of the stack 30. 
0101 FIG. 6 is a schematic view showing the structure of 
a fuel cell system according to a fourth embodiment of the 
present invention. The following description will be focused 
on the structure and elements different from those of the first 
embodiment and the like reference numerals will be used to 
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refer to the like elements. In addition, modified elements will 
be denoted with reference marks “c”. 

0102 The fuel cell system 10c according to the fourth 
embodiment of the present invention includes a heat Supply 
path 180c provided between the CO remover of the fuel 
processor 20 and the heat exchanger 24. 
0103) As the reforming reaction is performed, the gas gen 
erated from the reformer 23 is supplied to the CO remover 29 
through the shift reactor 26 and the mixer 27. 
0104. When the second operation of the initial operation 
and the normal operation are performed, the gas generated 
from the shift reactor 26 is supplied to the mixer 27. 
0105. The mixer 27 mixes the gas supplied from the shift 
reactor 26 with the external air 66 according to the control 
signal of the controller. The mixed gas is supplied to the CO 
remover 29. 

0106. In the second operation state, in which the tempera 
ture of the stack 30 does not reach the proper operation 
temperature of the stack 30, the electrochemical reaction is 
performed in the CO remover 29. In addition, perfect com 
bustion may occur by adjusting the amount of air Supplied to 
the mixer 27 and thermal energy generated from the CO 
remover 29 is transferred to the heat exchanger 24. The ther 
mal energy refers to heat of reaction generated when the 
electrochemical reaction is performed in the forward direc 
tion. The forward reaction performed in the CO remover 29 is 
an exothermic reaction during which a great amount of ther 
mal energy is generated. The CO and water generated during 
the exothermic reaction are drained to the exterior. In addi 
tion, the thermal energy is Supplied to the heat exchanger 24 
through the heat supply path 180c. According to the present 
embodiment, the heat supply path 180c is provided between 
the CO remover 29 and the heat exchanger 24. However, if the 
CO remover 29 makes surface-contact with an outer portion 
of the heat exchanger 24, the thermal energy can be directly 
supplied from the CO remover 29 to the heat exchanger 24, so 
that an additional heat Supply path may not be required. 
Meanwhile, in the normal operation State, the reforming gas 
discharged from the CO remover 29 is supplied to the stack 
3O. 

0107 The cooling plate fluid path 72 branches into a first 
cooling plate fluid path 74c and a second cooling plate fluid 
path 76c at a separator 78c. The separator 78c can supply the 
heated water 64 through one of the first cooling plate fluid 
path 74c and the second cooling plate fluid path 76c or 
through both of the first cooling plate fluid path 74c and the 
second cooling plate fluid path 76c according to the control 
signal of the controller. The first cooling plate fluid path 74c 
serves to directly supply the hot water to the cooling plate 36 
and the second cooling plate fluid path 76c supplies hot water 
to the cooling liquid reservoir 40. The hot water of the cooling 
liquid reservoir 40 is supplied to the cooling plate 36 through 
the cooling liquid path 73 depending on the status of the ninth 
valve 99 which is open or closed under the control of the 
controller. Thermal energy is transferred to the stack 30 by the 
hot water 64 supplied to the cooling plate 36 through the first 
and second cooling plate fluid paths 74c and 76c, thereby 
raising the temperature of the stack 30. 
0108. Although the above embodiments have been 
described in relation to the low temperature type stack 
employing the CO remover, the CO remover can be omitted 
according to the type of the stack and characteristics of each 
component of the fuel cell system. 
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0109. In addition, although the above embodiments have 
been described in that the CO remover and the reformer 
simultaneously heat the stack, it is also possible to heat the 
stack by selectively using the CO remover or the reformer. 
0110. Although few embodiments of the present invention 
have been shown and described, it would be appreciated by 
those skilled in the art that changes may be made in these 
embodiments without departing from the principles and spirit 
of the invention, the scope of which is defined in the claims 
and their equivalents. 
What is claimed is: 
1. A method of controlling a fuel cell System including a 

fuel processor to generate reforming gas and a stack to gen 
erate energy by receiving the reforming gas from the fuel 
processor, the method comprising: 

performing an initial operation, comprising operating the 
fuel processor to generate thermal energy, heating a heat 
medium by the generated thermal energy, and raising a 
temperature of the stack to a normal operation tempera 
ture comprising heating the heat medium to a high tem 
perature; and 

performing a normal operation, comprising Supplying the 
reforming gas to the stack after the temperature of the 
stack has reached the normal operation temperature. 

2. The method as claimed in claim 1, wherein performing 
the initial operation comprises: 

Supplying the heat medium having the high temperature to 
the stack; and 

heating the stack comprising circulating the heat medium 
through a circulation heating circuit provided between 
the fuel processor and the stack. 

3. The method as claimed in claim 2, wherein the Supplying 
the heat medium having the high temperature comprises 
directly supplying the heat medium to a cooling plate of the 
stack. 

4. The method as claimed in claim 2, wherein the Supplying 
the heat medium having the high temperature comprises Sup 
plying the heat medium to a cooling plate of the stack through 
a cooling liquid reservoir provided in the stack. 

5. The method as claimed in claim 2, wherein the supplying 
comprises simultaneously Supplying the heat medium to a 
cooling plate of the stack and providing a cooling liquid 
reservoir. 

6. The method as claimed in claim 2, further comprising 
passing the heat medium through a heat exchanger of the fuel 
processor Such that the heat medium is heated and then Sup 
plying the heat medium to the stack in the first operation after 
a temperature of a reformer provided in the fuel processor has 
reached an operation start temperature. 

7. The method as claimed in claim 2, further comprising 
draining the heat medium to an exterior, wherein the Supply 
ing the heat medium is performed after the draining. 

8. The method as claimed in claim 2, further comprising 
stopping the Supplying the heat medium to the Stack if an 
amount of the heat medium Supplied to the Stack reaches an 
upper limit of a receiving capacity of the stack. 

9. The method as claimed in claim 2, further comprising 
draining a part of the heat medium stored in the stack if an 
amount of the heat medium Supplied to the Stack reaches an 
upper limit of a receiving capacity of the stack. 

10. The method as claimed in claim 2, further comprising 
stopping the Supplying the heat medium and starting the 
heating the Stack ifa temperature of a shift reactor provided in 
the fuel processor reaches a preset temperature. 
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11. The method as claimed in claim 10, wherein the preset 
temperature of the shift reactor is 100° C. 

12. The method as claimed in claim 2, wherein the circu 
lating comprises repulsively circulating the heat medium 
through the circulation heating circuit. 

13. The method as claimed in claim 2, wherein the circu 
lating comprises circulating the heat medium through the 
circulation heating circuit due to thermosyphon phenom 
CO. 

14. The method as claimed in claim 2, further comprising 
Supplying fuel to the fuel processor, generating reforming gas 
from the Supplied fuel and Supplying the generated reforming 
gas to a burner of the fuel processor. 

15. The method as claimed in claim 14, further comprising 
Supplying the reforming gas to the stack after stopping the 
raising the temperature of the stack and Supplying the reform 
ing gas to the burner if a temperature of the stack exceeds a 
proper operation temperature of the stack. 

16. The method as claimed in claim 1, further comprising 
providing the fuel processor with a reformer, and Supplying 
the heat medium having a normal temperature to the reformer 
to adjust a temperature of the reformer when the temperature 
of the reformer is higher than an operation limit temperature 
of the reformer. 

17. The method as claimed in claim 1, further comprising 
providing the fuel processor with a reformer, and Supplying 
the heat medium heated through a heat exchanger of the fuel 
processor to the reformer to adjust a temperature of the 
reformer when the temperature of the reformer is higher than 
an operation limit temperature of the reformer. 

18. The method as claimed in claim 1, wherein the heat 
medium includes water. 

19. The method as claimed in claim 2, wherein the fuel 
processor includes a reformer, a carbon monoxide (CO) 
remover, and a shift reactor, the method further comprising 
heating the heat medium by at least one of thermal energy 
generated from the reformer and a thermal energy generated 
from the CO remover. 

20. The method as claimed in claim 19, further comprising 
Supplying gas generated from the reformer and the shift reac 
tor to the CO remover together with air to operate the CO 
remover, and Supplying thermal energy generated from the 
CO remover to a heat exchanger of the fuel processor. 

21. A fuel cell system comprising: 
a fuel processor to generate a reforming gas; 
a stack to generate energy by receiving the reforming gas 

from the fuel processor; and 
a circulation heating circuit provided between the fuel 

processor and the stack to raise a temperature of the 
stack using heat generated from the fuel processor in an 
initial operation, wherein 
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the circulation heating circuit comprises: 
a cooling plate fluid path to Supply aheat medium from the 

fuel processor to the stack; and 
a circulation fluid path to return the heat medium from the 

stack to the fuel processor. 
22. The fuel cell system as claimed in claim 21, wherein the 

fuel processor comprises aheat exchanger and the stack com 
prises a cooling plate and the cooling plate fluid path is 
formed between the heat exchanger and the cooling plate. 

23. The fuel cell system as claimed in claim 21, wherein the 
fuel processor comprises aheat exchanger and the stack com 
prises a liquid cooling liquid reservoir and the cooling plate 
fluid path is formed between the heat exchanger and the 
cooling liquid reservoir. 

24. The fuel cell system as claimed in claim 21, wherein the 
fuel processor comprises aheat exchanger and the stack com 
prises a liquid cooling unit and a cooling liquid reservoir and 
the cooling plate fluid path is formed between the heat 
exchanger and the cooling plate provided in the stack and 
between the heat exchanger and the cooling liquid reservoir. 

25. The fuel cell system as claimed in claim 21, further 
comprising a first valve installed in the cooling plate fluid 
path to control Supply of the heat medium, and a second valve 
installed in the circulation fluid path to control circulation of 
the heat medium. 

26. The fuel cell system as claimed in claim 21, further 
comprising a cooling plate provided in the Stack to drain the 
heat medium stored in the cooling plate and a drain pipe 
extending to an exterior, and a valve installed in the drain pipe 
to control drainage of the heat medium. 

27. The fuel cell system as claimed in claim 21, wherein the 
fuel processor comprises a reformer, and the reformer com 
prises a first fluid path to Supply the heat medium having a 
normal temperature to the reformer and a second fluid path 
which branches from the cooling plate fluid path to supply the 
heat medium having a high temperature to the reformer. 

28. The fuel cell system as claimed in claim 21, wherein the 
fuel processor includes a heat exchanger and a carbon mon 
oxide (CO) remover to reduce a content of CO, and thermal 
energy generated from the CO remover is supplied to the heat 
exchanger. 

29. The fuel cell system as claimed in claim 28, wherein at 
least one outer surface of the CO remover makes surface 
contact with at least one outer Surface of the heat exchanger 
and the thermal energy is supplied from the CO remover to the 
heat exchanger through a Surface-contact part between the 
CO remover and the heat exchanger. 
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