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(54) COMBINED FUEL CELL AND BOILER SYSTEM

(57) The present invention relates to a combined fuel
cell and boiler system, and comprising: a fuel cell portion
for receiving supplied outside air and raw material gas
and generating electricity through a catalyst reaction; and
a boiler portion comprising a latent heat exchanger,
which is connected to an exhaust gas pipe of the fuel cell
portion, for collecting the latent heat of self-generated
exhaust gas with the latent heat of exhaust gas from the

fuel cell portion. The present invention can effectively
increase the efficiency of a boiler by supplying the ex-
haust gas from the fuel cell to the latent heat exchanger
in the boiler, so as to be heat-exchanged in the latent
heat exchanger with the exhaust gas from the boiler and
then discharged, and can simplify the composition by uni-
fying exhaust gas pipes.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This invention is a national stage of International Application No. PCT/KR2013/002595, filed March 28, 2013,
which claims the benefit of priority to Korean Application No. 10-2012-0059676, filed June 4, 2012, in the Korean Patent
Office. All disclosures of the documents named above are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a combined fuel cell and boiler system, and more particularly to a combined
fuel cell and boiler system, in which thermal efficiency of a boiler may be improved by using an exhaust gas from a fuel cell.

Description of the Related Art

[0003] In general, most of energies used by humans have been obtained from fossil fuels. However, the use of the
fossil fuels has significantly adverse effects on environment, such as air pollution, acid rain, global warming, and also
brings about a problem of low energy efficiency.
[0004] To solve the problems caused by using the fossil fuels, fuel cell systems have been recently developed. The
fuel cells are different from typical secondary batteries in that the fuel cells have a structure in which electricity is generated
by supplying fuels, such as hydrogen gas or hydrocarbon, to an anode and supplying oxygen to a cathode.
[0005] That is, fuel cells are referred to as "cells", however in reality, may be regarded as power generators for
generating electricity. Basically, the fuel cells employ a method in which fuels are not combusted but an electro-chemical
reaction between hydrogen and oxygen is triggered, and an energy difference before and after the reaction is converted
to electrical energy.
[0006] The fuel cells do not generate gases, such as NOx, SOx, which cause environmental pollution, and are noiseless
and vibrationless systems, so that the fuel cells may be considered a clean power-generation system having the thermal
efficiency of 80% or more by adding up an electricity generation amount and a heat collecting amount.
[0007] The reaction between hydrogen and oxygen in a fuel cell is an exothermic reaction, and thus generates heat.
Phosphoric acid is mainly used as an electrolyte in the fuel cell, and such a phosphoric acid fuel cell is known to have
an operation temperature of about 200°C. This temperature is a maximum allowable temperature for a phosphoric acid
electrolyte. The reaction between hydrogen and oxygen is most actively performed at about 200°C, which is a reaction
temperature of a fuel cell; however, heat is generated by the exothermic reaction between hydrogen and oxygen and
thus the reaction between hydrogen and oxygen is not readily performed, thereby leading to a decrease in efficiency.
Accordingly, a cooling structure for cooling the fuel cell is essentially required.
[0008] Also, as another example of a fuel cell, there is a molten carbonate type fuel cell in which a mixture of lithium
carbide and potassium carbide which have a low melting point is used as an electrolyte. An operation temperature of
the molten carbonate type fuel cell is about 650°C, and a hot box is installed to maintain the operation temperature.
[0009] In order to maintain the operation temperature having a close relation with the efficiency of the fuel cell and to
improve power generation efficiency, various fuel cell systems have been proposed.
[0010] For example, Korean Patent No. 10-0787244 discloses a structure which includes an air supply unit for supplying
oxygen-containing air for effective combustion of raw materials for power generation, and which uses a double intake
method of allowing outside air to be introduced for properly lowering the temperature of a hot box so as to generate
electrical power using oxygen of the intaken air.
[0011] The intaken air is finally discharged to the outside. In this case, the exhaust gas is higher in temperature than
outside air, and this may cause a problem in that a white gas is generated when the exhaust gas is discharged.
[0012] Also, Korean Patent No. 10-0787244 discloses a structure in which a carbon monoxide remover for removing
carbon monoxide is connected to an intake passage in order to supply oxygen-containing air.
[0013] However, this structure directly supplies air which is supplied through an outside air intake container, an air
intake port, and a filter, to a fuel treatment unit, etc., by using an air supply pressure adjustment unit. Because room-
temperature air is directly supplied and used, there may be a phenomenon that an internal temperature of the hot box
is lowered. When the temperature of the hot box is thus lowered than a reaction temperature, there is a problem in that
power generation efficiency may be lowered.
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SUMMARY OF THE INVENTION

Technical Problem

[0014] The present invention is provided to solve the above-described problems. An object of the present invention
is to provide a combined fuel cell and boiler system which may effectively use heat of exhaust gas from a fuel cell.
[0015] Another object of the present invention is to provide a combined fuel cell and boiler system which may minimize
an internal temperature variation of a hot box caused by outside air introduced.
[0016] Another object of the present invention is to provide a combined fuel cell and boiler system which may simplify
a system structure by unifying an air intake line and an air exhaust line.

Technical Solution

[0017] Embodiments of the present invention provide a combined fuel cell and boiler system, which may include a
fuel cell portion receiving outside air and raw material gas, and generate electricity through a catalytic reaction; and a
boiler portion including a latent heat exchanger connected to an exhaust gas pipe of the fuel cell portion, and collecting
latent heat of exhaust gas of the fuel cell portion together with latent heat of self-generated exhaust gas.
[0018] In an embodiment, the boiler portion may include a connection pipe connected to the exhaust gas pipe, and
supplying exhaust gas of the fuel cell portion to the latent heat exchanger by guiding the exhaust gas of the fuel cell
portion to contact a side surface of the latent heat exchanger.
[0019] In another embodiment, the fuel cell portion may include a hot box for accommodating a fuel cell and a reformer;
a start burner for heating the hot box such that the temperature of the hot box reaches a reaction temperature in an
initial operation; a first heat exchange portion which heats outside air by using heat of the start burner or heat of the
exhaust gas and supplies the heated air into the hot box; and a second heat exchange portion generating steam using
heat of the exhaust gas, supplying the steam, and maintaining the reaction temperature by cooling the fuel cell using
the exhaust gas having a lowered temperature.
[0020] In another embodiment, the reformer may include a reforming portion for receiving the raw material gas and
the steam to reform the gas and the steam into hydrogen gas; and a burner for heating the reforming portion.
[0021] In another embodiment, the burner may heat the reforming portion by an exothermic reaction in which unreacted
oxygen and hydrogen after reaction in the fuel cell are reacted.
[0022] In another embodiment, the burner may include a primary burner and a secondary burner, and the unreacted
oxygen and hydrogen are sequentially supplied to the primary and secondary burners.
[0023] In another embodiment, the system may further include a combustion gas line provided to surround the inside
of the hot box, connected to the first heat exchange portion, and maintaining a reaction temperature by heating the hot
box using heat of the start burner and by cooling the hot box using the exhaust gas from the second heat exchange portion.

ADVANTAGEOUS EFFECTS

[0024] A combined fuel cell and boiler system according to the present invention supplies exhaust gas of a fuel cell
to a latent heat exchanger of a boiler so as to be heat-exchanged in the latent heat exchanger and then discharged with
the exhaust gas of the boiler, thereby enhancing boiler efficiency and also simplifying a structure by unifying exhaust
gas pipes.
[0025] Also, the system of the present invention is equipped with a means for heating outside air in an initial operation,
continuously heats the intaken outside air using exhaust gas, and supplies the heated air to prevent an internal temper-
ature variation of a hot box caused by introduction of outside air, thereby maintaining the internal temperature of the hot
box to a reaction temperature to prevent a decrease in power generation efficiency.
[0026] Also, the system of the present invention is configured to use exhaust gas to generate steam for reforming raw
material gas and relieve an increased amount of heat generated in a fuel cell, and to heat introduced outside air. Thus,
the present invention has effects of enhancing efficiency of a system configuration and simplifying the configuration.Ad-
ditional aspects and/or advantages of the invention will be set forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] These and/or other aspects and advantages of the invention will become apparent and more readily appreciated
from the following description of the embodiments, taken in conjunction with the accompanying drawing of which:

FIG. 1 is a configuration diagram illustrating a combined fuel cell and boiler system according to an exemplary
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preferred embodiment of the present invention;
FIG. 2 is a detailed configuration diagram illustrating a boiler portion in FIG. 1; and
FIG. 3 is a detailed configuration diagram illustrating a fuel cell portion in FIG. 1.

DESCRIPTION OF THE EMBODIMENTS

[0028] FIG. 1 is a configuration diagram illustrating a combined fuel cell and boiler system according to a preferred
embodiment of the present invention.
[0029] Referring to FIG. 1, a combined fuel cell and boiler system according to a preferred embodiment of the present
invention, includes: a fuel cell portion 100 receiving outside air and raw material gas, and generating electricity through
a catalytic reaction; and a boiler portion 200 including a latent heat exchanger 250, and connected to an exhaust gas
pipe 170 of the fuel cell portion 100 so that exhaust gas of the fuel cell portion is supplied to a front end of the latent
heat exchanger 250.
[0030] Hereinafter, more detailed description will be given of a structure and functions of a combined fuel cell and
boiler system according to a preferred embodiment of the present invention.
[0031] First, the fuel cell portion 100, including a fuel cell, intakes outside air, receives fuel gas such as natural gas to
reform the air and gas into oxygen and hydrogen respectively, and generates electricity through a catalytic reaction in
the included fuel cell. The generated electricity is stored by using a storage battery, etc., or is directly used. The boiler
portion 200 may use electricity produced in the fuel cell portion 100 as a power source.
[0032] The fuel cell portion 100 has an exhaust gas pipe 170 discharging gas, which is not involved in the catalytic
reaction, or unreacted gas to the outside. The gas discharged through the exhaust gas pipe 170 is heated while used
for cooling the fuel cell in a hot box which will be described later.
[0033] Thus, the exhaust gas of the fuel cell portion 100, which is discharged through the exhaust gas pipe 170, is
introduced into a front end of the latent heat exchanger 250 of the boiler portion 200, so that waste heat may be collected
in the latent heat exchanger 250.
[0034] FIG. 2 is a detailed configuration diagram illustrating the boiler portion 200.
[0035] Referring to FIG. 2, the boiler portion 200 has a structure which includes a blower 210 located at the uppermost
end thereof; a downward combustion-type burner 220, a combustion chamber 230, a sensible heat exchanger 240, and
a latent heat exchanger 250, which are subsequently located under the blower 210; a condensed water collector 270
and a condensed water discharge hole 280 located under the latent heat exchanger 250; an exhaust hood 290 installed
at one side of the collector; and a connection pipe 263 located between the sensible heat exchanger 240 and the latent
heat exchanger 250 and connected to the exhaust gas pipe 170.
[0036] The air supplied through the blower 210 is heated by the downward combustion-type burner 220, and is heat-
exchanged in the sensible heat exchanger 240 to heat hot water. The heated hot water is transferred indoors through
a supply pipe 261 connected to one side of the sensible heat exchanger 240, is then cooled after transfer of thermal
energy, and thereafter returns to a return water pipe 262 connected to one side of the latent heat exchanger 250.
Afterwards, the returned water returned to the return water pipe 262 is re-introduced into the latent heat exchanger 250,
and condenses water vapor contained in a combustion product passing through the sensible heat exchanger 240 so as
to collect latent heat.

[Description of the Reference Symbols]
100: Fuel cell portion 200: Boiler portion
110: Start burner 111: Combustion gas line
120: First heat exchange portion 130: Hot box

140: Reformer 141: Main burner
142: Reforming portion 143: Auxiliary burner
144: Exhaust gas pipe 150: Fuel cell
151: Cathode 152: Anode
153: Connection pipe 160: Second heat exchange portion
170: Exhaust gas pipe 210: Blower

220: Downward combustion-typeburner 230: Combustion chamber
240: Sensible heat exchanger 250: Latent heat exchanger
261: Supply pipe 262: Return water pipe
263: Connection pipe 270: Condensed water collector
280: Discharge hole 290: Exhaust hood
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[0037] At this time, the exhaust gas of the fuel cell portion 100 is also supplied to the latent heat exchanger 250 through
the connection pipe 263, and the latent heat exchanger 250 collects not only the exhaust gas of the boiler portion 200
passing through the sensible heat exchanger 240 but also latent heat of the exhaust gas of the fuel cell, thereby enhancing
thermal efficiency.
[0038] Also, the boiler portion 200 is configured such that the exhaust gas of the boiler portion 200 and the exhaust
gas of the fuel cell portion 100 are completely discharged through the exhaust hood 290 so that discharge holes may
be unified and the system may be simplified.
[0039] The connection pipe 263 has a shape of a bent structure surrounding a side portion of the latent heat exchanger
250 to further enhance the thermal efficiency, and the exhaust gas of the fuel cell portion 100 is supplied to the entire
periphery of the latent heat exchanger 250, so that the latent heat exchanger 250 is prevented from being locally
overheated.
[0040] FIG. 3 is a block diagram illustrating the fuel cell portion.
[0041] Referring to FIG. 3, the fuel cell portion 100 includes: a start burner 110 for heating a hot box 130 in an initial
operation; a first heat exchange portion 120 for heating outside air by heat of the start burner 110 or heat of exhaust
gas and supplying the heated air into the hot box 130; a reformer 140 which is located inside the hot box 130 and reforms
raw material gas NG; a fuel cell 150 for generating electricity through a catalytic reaction in the hot box 130 by receiving
the outside air heated through the first heat exchange portion 120 and the reformed raw material gas from the reformer
140; a second heat exchange portion 160 receiving, through the reformer 140, unreacted exhaust gas which does not
react in the fuel cell 150, generating steam using sensible heat of the unreacted exhaust gas to supply the steam together
with the raw material gas NG to the reformer 140, and discharging the heat-exchanged unreacted exhaust gas to the
air through the first heat exchange portion 120; and an exhaust gas pipe 170 for supplying the exhaust gas of the first
heat exchange portion 120 to the boiler portion 200.
[0042] A structure and functions of the fuel cell portion 100 used in the present invention having the above-described
configuration will be described in more detail. The hot box 130 serves to prevent the reformer 140 and the fuel cell 150
which are accommodated therein from contacting outside air in order to maintain a reaction temperature. The hot box
130 is required to be preheated to the reaction temperature to enhance power generation efficiency even in an initial
operation.
[0043] In order to satisfy operation conditions of the hot box 130, the hot box 130 is heated to the reaction temperature
using the start burner 110 in an initial operation. Assuming the reaction temperature in the fuel cell 150 to be 750°C, a
combustion gas line 111 for supplying the air heated by the start burner 110 to the hot box 130 is provided and the hot
box 130 is thus heated to a temperature of 750°C.
[0044] Although the combustion gas line 111 is illustrated in FIG. 1 as if it passes through the hot box 130 vertically
for convenience of description, the combustion gas line 111 really has a wound structure inside the hot box 130.
[0045] As described above, the start burner 110 stops operation in a state where the hot box 130 is heated to a reaction
temperature by the start burner 110.
[0046] The combustion gas line 111 is connected to the first heat exchange portion 120 and serves to heat the outside
air supplied from the first heat exchange portion 120 to the hot box 130 through heat exchange.
[0047] Here, when the room-temperature outside air is introduced, an internal temperature of the hot box may be
lowered. Thus, an internal temperature variation of the hot box may be minimized by heating the outside air and then
supplying the heated air.
[0048] Accordingly, a decrease in reaction efficiency, that is, a decrease in power generation efficiency may be pre-
vented, and a temperature variation of an overall system is readily expected. Thus, it is easy to design the system such
that the system operates in an accurate temperature range.
[0049] The heated outside air contains oxygen, and the heated outside air containing oxygen is introduced into the
hot box 130 and supplied to a cathode 151 of the fuel cell 150.
[0050] Hydrogen is supplied to an anode 152 of the fuel cell 150, and resultantly power is generated by a reaction
between hydrogen and oxygen. The reformer 140 is used for supplying hydrogen to the anode 152.
[0051] The reformer 140 includes a reforming portion 142, a primary burner 141, and a secondary burner 143, wherein
the reformer portion 142 receives a raw material gas NG and the steam of the second heat exchange portion 160 to
reform them, and supplies the hydrogen gas to the fuel cell 150.
[0052] If necessary, the reformer 140 may have a function of removing carbon monoxide by oxidization. The reformation
reaction performed in the reforming portion 142 of the reformer 140 is an endothermic reaction and a continuous supply
of heat is necessary to continue the reformation reaction.
[0053] In order to supply the heat, the reforming portion 142 is heated by use of the primary and secondary burners
141 and 143.
[0054] The primary and secondary burners 141 and 143 are catalyst burners, and heat the reforming portion 142 with
heat of about 800 to about 900°C through an exothermic reaction caused by the reaction between hydrogen and oxygen
in the unreacted gas discharged from the fuel cell 150, thereby triggering a reformation reaction.
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[0055] The reformed raw material gas NG is supplied to the anode 152 of the fuel cell 150 as described above.
[0056] Hydrogen is supplied to the anode 152 of the fuel cell 150 and oxygen is supplied to the cathode 152 so that
power is generated by the electrical reaction between hydrogen and oxygen. The reaction between oxygen and hydrogen
is an exothermic reaction, and accordingly, the temperature of the fuel cell and the internal temperature of the hot box
130 are increased.
[0057] Since the increase in the internal temperature of the hot box 130 and the temperature of the fuel cell 150 may
cause power generation efficiency of the fuel cell 150 to be lowered again, it is necessary to reduce and maintain the
temperature to the reaction temperature by cooling. The cooling process will be described later in more detail.
[0058] Power is generated by the reaction between oxygen and hydrogen in the fuel cell 150, and other gases uninvolved
in the reaction, or unreacted oxygen and hydrogen, and water vapor mixed with the unreacted oxygen and hydrogen
are discharged through the connection pipe 153 which is disposed at the other sides of the cathode 151 and the anode 152.
[0059] The connection pipe 153, through which the exhaust gas is discharged, is sequentially connected to the primary
and secondary burners 141 and 143, and the unreacted oxygen and hydrogen are sequentially supplied to the primary
and secondary burners 141 and 143, so that an exothermic reaction is triggered between oxygen and hydrogen.
[0060] Heat generated at this time has a temperature of about 800 to about 900°C as described above, and is supplied
to the reforming portion 142 so that a gas mixture of raw material gas and steam is reformed into hydrogen gas.
[0061] Why the burner for heating the reforming portion 142 is divided into the primary burner 141 and the secondary
burner 143 is because a discharge of unreacted gas is minimized by gradually reacting oxygen and hydrogen contained
in the exhaust gas.
[0062] Afterwards, the exhaust gas discharged from the secondary burner 143 is discharged out of the hot box 130
through the exhaust gas pipe 144.
[0063] The exhaust gas discharged through the exhaust gas pipe 144 is heated by the primary and secondary burners
141 and 143 and has a temperature close to the reaction temperature. This exhaust gas is supplied to the second heat
exchange portion 160 and is heat-exchanged with water supplied from the outside.
[0064] The water that was heat-exchanged with the exhaust gas in the second heat exchange portion 160 is phase-
changed into a steam state, and mixed with the raw material gas NG to be supplied to the reforming portion 142 as
described above.
[0065] Also, the exhaust gas deprived of heat by the water in the second heat exchange portion 160 is supplied to the
combustion gas line 111 and re-supplied into the hot box 130. The exhaust gas supplied into the hot box 130 is in a
state where a temperature is lowered in the second heat exchange portion 160, and thus cools the hot box heated by
the exothermic reaction of the fuel cell, so that the temperature of the hot box 130 is lowered to the reaction temperature.
[0066] Accordingly, the internal temperature of the hot box 130 may be continuously maintained at the reaction tem-
perature, and the reaction between hydrogen and oxygen is readily performed, thereby preventing power generation
efficiency from being decreased.
[0067] The exhaust gas passing through the hot box 130 is supplied again to the first heat exchange portion 120. The
exhaust gas is heated again while passing through the hot box 130, and thus heats the outside air by heat-exchanging
with the outside air introduced from the first heat exchange portion 120. Then, the exhaust gas is supplied to the boiler
portion 200 through the exhaust gas pipe 170 after heating the outside air. Behaviors after this have been previously
described in detail and will be omitted herein.
[0068] As described above, the outside air is heated and then supplied into the hot box 130, thereby making it possible
to prevent an internal temperature variation of the hot box 130 caused by supply of the room-temperature outside air.
[0069] Thus, according to the present invention, by heating outside air to be supplied, it is possible to prevent an
internal temperature variation of the hot box 130 which may be caused when the room-temperature outside air is supplied.
Therefore, a decrease in power generation efficiency may be prevented and the temperature increase by an exothermic
reaction of the fuel cell 150 may also be reduced using the exhaust gas.
[0070] Although a 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 this embodiment without departing from the principles and spirit
of the invention, the scope of which is defined in the claims and their equivalents.

Claims

1. A combined fuel cell and boiler system, comprising:

a fuel cell portion receiving outside air and raw material gas, and generating electricity through a catalytic
reaction; and
a boiler portion comprising a latent heat exchanger connected to an exhaust gas pipe of the fuel cell portion,
and collecting the latent heat of self-generated exhaust gas together with the latent heat of exhaust gas from
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the fuel cell portion.

2. The system of claim 1, wherein the boiler portion comprises a connection pipe connected to the exhaust gas pipe,
and supplying the exhaust gas of the fuel cell portion to the latent heat exchanger by guiding the exhaust gas of the
fuel cell portion to contact a side surface of the latent heat exchanger.

3. The system of claim 1, wherein the fuel cell portion comprises:

a hot box accommodating a fuel cell and a reformer;
a start burner heating the hot box such that the temperature of the hot box is raised up to a reaction temperature
in an initial operation;
a first heat exchange portion heating intaken outside air by heat of the start burner or heat of the exhaust gas
and supplying the heated outside air into the fuel cell; and
a second heat exchange portion generating steam using heat of the exhaust gas to supply the steam, and
maintaining the reaction temperature by cooling the fuel cell using the exhaust gas with a lowered temperature.

4. The system of claim 3, wherein the reformer comprises:

a reforming portion receiving the raw material gas and steam, and reforming the gas and the steam into hydrogen
gas; and
a burner for heating the reforming portion.

5. The system of claim 4, wherein the burner heats the reforming portion by an exothermic reaction in which unreacted
oxygen and hydrogen after reaction in the fuel cell are reacted.

6. The system of claim 5, wherein the burner comprises a primary burner and a secondary burner, and the unreacted
oxygen and hydrogen are sequentially supplied to the primary and secondary burners.

7. The system of claim 3, further comprising a combustion gas line provided to surround the inside of the hot box,
connected to the first heat exchange portion, and maintaining the reaction temperature by heating the hot box using
heat of the start burner and by cooling the hot box using the exhaust gas from the second heat exchange portion.
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