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(57) A combined generation system according to one
embodiment of the present invention comprises: a natu-
ral gas synthesizing apparatus for receiving coal and ox-
ygen, generating synthetic gas by a gasifier, and permit-
ting the synthetic gas to pass through a methanation re-
actor so as to synthesize methane; a fuel cell apparatus
for receiving fuel that contains methane from the natural
gas synthesizing apparatus and generating electrical en-
ergy; and a generating apparatus for producing electrical
energy using the fluid discharged from the fuel cell ap-
paratus
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Description

[Technical Field]

[0001] Embodiments of the present invention relate to a combined power generation system complexly equipped with
a natural gas synthesis apparatus and a fuel cell apparatus.

[Background Art]

[0002] A natural gas synthesis apparatus is an apparatus for producing a Synthetic Natural Gas (hereinafter called
SNG). The natural gas synthesis apparatus is configured to implement a process of gasifying coal and organic raw
materials at high pressure and high temperature, performing a gas refining process, and producing gas having methane
as a main component by synthesizing CO and H2 included in a synthetic gas in a ratio of 1:3. The synthesized SNG is
alternative energy, and may be synthesized from several organic raw materials. The SNG is advantageous in that an
existing LNG supply network can be used without change, and may be used as the raw materials of synthetic petroleum
and synthetic compounds.
[0003] Furthermore, a fuel cell apparatus has been in the spotlight as a high efficiency and clean energy power
production system. The fuel cell apparatus is a power generation apparatus for directly converting chemical energy into
electrical energy. In the fuel cell apparatus, fuel including hydrogen continues to be supplied and air including oxygen
continues to be supplied, and the supplied hydrogen and oxygen experience an electrochemical reaction, thereby directly
converting an energy difference anterior and posterior to the reaction into electrical energy. A fuel cell may continue to
generate electrical energy as fuel and oxygen continue to be supplied as described above.
[0004] A coal thermoelectric power plant for producing electrical energy using coal as a main raw material discharges
a large amount of carbon dioxide. Carbon dioxide is the subject of the reduction of a greenhouse gas, and thus to reduce
the amount of carbon dioxide emitted from the coal thermoelectric power plant is an important problem of the coal
thermoelectric power plant.
[0005] Accordingly, a scheme for collecting carbon dioxide and supplying the collected carbon dioxide to a fuel cell
apparatus while implementing a more efficient power generation system by combining a natural gas synthesis apparatus
and the fuel cell apparatus may be taken into consideration.

[Disclosure]

[Technical Problem]

[0006] An object of the present invention is to provide a more efficient combined power generation system.
[0007] Another object of the present invention is to provide a combined power generation system having higher
efficiency and a higher carbon dioxide collection ratio by associating a natural gas synthesis apparatus with a fuel cell
apparatus or associating a natural gas synthesis apparatus and a fuel cell apparatus with a carbon dioxide discharge
facility, such as a coal thermoelectric power plant.

[Technical Solution]

[0008] In order to achieve the objects of the present invention, a combined power generation system in accordance
with an embodiment of the present invention includes a natural gas synthesis apparatus for being supplied with coal
and oxygen, generating a synthetic gas through a gasifier, and synthesizing methane through a methanation reactor, a
fuel cell apparatus for being supplied with fuel including the methane from the natural gas synthesis apparatus and
generating electrical energy, and a power generation apparatus for producing electrical energy using a fluid discharged
by the fuel cell apparatus.
[0009] In accordance with an embodiment related to the present invention, the natural gas synthesis apparatus may
further include a first reactor for generating hydrogen and carbon dioxide through a water gas shift reaction using a fluid
introduced by the gasifier and a second reactor for being supplied with a fluid discharged by the first reactor and separating
the carbon dioxide and sulfur compounds through physical or chemical segregation.
[0010] In accordance with an embodiment related to the present invention, the fuel cell apparatus may further include
a cathode electrode and an anode electrode, and the fuel supplied by the natural gas synthesis apparatus may be
supplied to the anode electrode.
[0011] In accordance with an embodiment related to the present invention, unused fuel discharged by the anode
electrode may be introduced into the first reactor.
[0012] In accordance with an embodiment related to the present invention, the carbon dioxide generated through the
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first reactor and the second reactor may be converted into the methane in the methanation reactor and introduced into
the anode electrode.
[0013] In accordance with an embodiment related to the present invention, the carbon dioxide discharged by the
second reactor may be supplied to the cathode electrode.
[0014] In accordance with an embodiment related to the present invention, an oxygen supply unit for supplying oxygen
to the gasifier is further includes, wherein the oxygen supply unit may supply at least some oxygen to the cathode electrode.
[0015] In accordance with an embodiment related to the present invention, a condenser connected to the cathode
electrode so that water and carbon dioxide are separated from the fluid discharged by the cathode electrode may be
further included.
[0016] In accordance with an embodiment related to the present invention, the power generation apparatus may
include a compressor for compressing fluid discharged by a stack unit, an oxidizer for oxidizing the fluid passing through
the compressor, and a turbine for generating power using gas discharged by the oxidizer.
[0017] In accordance with an embodiment related to the present invention, a heat recovery steam generator connected
to the turbine so that exhaust heat of the gas discharged by the turbine is absorbed may be further included.
[0018] Furthermore, in order to achieve the above objects, another embodiment of the present invention discloses a
combined power generation system, including a natural gas synthesis apparatus for being supplied with coal and oxygen,
generating a synthetic gas through a gasifier, and synthesizing methane through a methanation reactor, a fuel cell
apparatus for being supplied with fuel including the methane from the natural gas synthesis apparatus and generating
electrical energy, and a carbon dioxide supply unit for supplying the cathode electrode of the fuel cell apparatus with
carbon dioxide discharged by a carbon dioxide discharge facility adjacent to the fuel cell apparatus.
[0019] In accordance with an embodiment related to the present invention, the fuel cell apparatus may include an
anode electrode for being supplied with hydrogen formed from the methane generated by the methanation reactor.
[0020] In accordance with an embodiment related to the present invention, a first reactor for generating hydrogen and
carbon dioxide through a water gas shift reaction using a fluid introduced from the gasifier is further included, wherein
unused fuel discharged by the anode electrode is introduced into the first reactor.
[0021] In accordance with an embodiment related to the present invention, a second reactor for being supplied with
a fluid discharged by the first reactor and separating the carbon dioxide and sulfur compounds through physical or
chemical segregation may be further included.
[0022] In accordance with an embodiment related to the present invention, the carbon dioxide supply unit may further
include a desulfurization apparatus for removing sulfur from an exhaust gas discharged by a power plant and a pres-
surization apparatus for pressurizing an exhaust gas, including carbon dioxide, at a specific pressure or higher and
supplying the pressurized gas to the cathode electrode.
[0023] Furthermore, in order to achieve the above objects, another embodiment of the present invention discloses a
combined power generation system, including a natural gas synthesis apparatus including a gasifier for being supplied
with coal and oxygen and generating a synthetic gas, a first reactor for generating hydrogen using the generated synthetic
gas, and a methanation reactor for synthesizing methane using the generated hydrogen, a fuel cell apparatus for being
supplied with fuel including the methane from the natural gas synthesis apparatus and generating electrical energy, and
a separation membrane apparatus for separating hydrogen from a mixture gas discharged by the fuel cell apparatus
and supplying the separated hydrogen to the first reactor.
[0024] In accordance with an embodiment related to the present invention, at least some of carbon dioxide included
in the mixture gas may be separated and supplied to the gasifier.
[0025] In accordance with an embodiment related to the present invention, a carbon dioxide supply unit for supplying
the cathode electrode of the fuel cell apparatus with carbon dioxide discharged by a carbon dioxide discharge facility
adjacent to the fuel cell apparatus may be further included.
[0026] In accordance with an embodiment related to the present invention, the fuel cell apparatus may include an
anode electrode and a cathode electrode, and the carbon dioxide supply unit may supply the cathode electrode with
carbon dioxide.
[0027] In accordance with an embodiment related to the present invention, the carbon dioxide supply unit may further
include a desulfurization apparatus for removing sulfur from an exhaust gas discharged by the power plant and a
pressurization apparatus for pressurizing carbon dioxide at a specific pressure or higher and supplying the pressurized
carbon dioxide to the cathode electrode.
[0028] In accordance with an embodiment related to the present invention, a second reactor for being supplied with
a fluid discharged by the first reactor and separating carbon dioxide and sulfur compounds through physical or chemical
segregation may be further included.

[Advantageous Effects]

[0029] The combined power generation system related to at least one embodiment of the present invention configured
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as above can reduce the cost of equipment and operating expenses and can collect CO2 by complexly configuring a
natural gas synthesis apparatus and a fuel cell apparatus.
[0030] In accordance with another embodiment, the volume of a carbon dioxide recovery apparatus, an installation
cost, and operating expenses can be reduced because the fuel cell apparatus is used to recover carbon dioxide discharged
in coal thermal power generation.
[0031] Furthermore, the volume of a carbon dioxide recovery apparatus and consumption power can be reduced
because the fuel cell apparatus is used to recover carbon dioxide discharged from a coal thermal power generation.
[0032] Furthermore, since carbon dioxide is separated from the mixture gas discharged by the anode electrode through
the separation membrane apparatus, the capacity of the second reactor can be reduced, additional fuel through the
reuse of carbon dioxide can be generated because a Boudouard reaction is induced, and power consumption of the
entire system can be reduced by reducing the amount of air supplied to the gasifier. Accordingly, energy efficiency of
the entire combined power generation system and a carbon dioxide collection ratio can be improved.

[Description of Drawings]

[0033]

FIGS. 1 and 2 are conceptual diagrams of the reaction process and apparatus of a natural gas synthesis apparatus
related to an embodiment of the present invention.
FIG. 3 is a conceptual diagram of a fuel cell apparatus related to the present invention.
FIGS. 4 to 8 are conceptual diagrams of a combined power generation system in accordance with embodiments of
the present invention.
FIG. 9 is a graph illustrating a conversion ratio according to a Boudouard reaction between carbon dioxide and
carbon monoxide according to temperature °C and pressure atm.

[Mode for Invention]

[0034] Hereinafter, a combined power generation system and a method of collecting carbon dioxide in the combined
power generation system related to the present invention are described in detail with reference to the accompanying
drawings. The suffixes of elements used in the following description, such as "module" and "unit," are assigned or
interchangeable with each other by taking only the easiness of writing this specification into consideration, but in them-
selves are not particularly given importance and roles. In this specification, the same or similar elements are assigned
the same or similar reference numerals although they are included in different embodiments, and descriptions thereof
are replaced with the first descriptions. An expression of the singular number used in this specification includes an
expression of the plural number unless clearly defined otherwise in the context.
[0035] FIGS. 1 and 2 are conceptual diagrams of the reaction process and apparatus of a natural gas synthesis
apparatus related to an embodiment of the present invention.
[0036] As illustrated in FIG. 1, the natural gas synthesis apparatus 100 is a clean coal fuel technology for producing
SNG, synthetic petroleum, or power by gasifying (CO + H2) cheap coal at a high temperature and at high pressure and
refining the gasified results.
[0037] As illustrated in FIG. 2, pre-processed raw materials meet oxygen in a gasifier 110, thereby producing hydrogen
(H2) and carbon monoxide (CO), that is, a synthetic gas, about 1400°C, and generating carbon dioxide (CO2), methane
(CH4), hydrogen sulfide (H2S), and ash, that is, by-products.
[0038] The gas having such a high temperature is thermally recovered through a synthetic gas cooling unit 120, and
then experiences a gas refining process for removing polluting gases, such as dust, sulfur, and mercury through a gas
refining unit 130. After the polluting gas refining process is performed, a synthetic gas including hydrogen, carbon
monoxide, carbon dioxide, methane, and hydrogen sulfide as main components is generated. The synthetic gas having
such a composition is introduced into a first reactor 140 configured to perform a water gas shift reaction.
[0039] Furthermore, the synthetic gas introduced into the first reactor 140 generates H2 and CO2 through a water gas
shift reaction (CO + H2O → CO2 + H2), and is then introduced into a Rectisol reactor (hereinafter referred to as a second
reactor). The second reactor 150 separates CO2 and sulfur components through physical or chemical segregation. In
this case, the separated CO2 may be compressed and buried in the underground.
[0040] That is, the natural gas synthesis apparatus 100 includes the first reactor 140 for generating H2 and CO2 through
the water gas shift reaction using an introduced fluid and the second reactor 150 for separating CO2 and sulfur components
through physical or chemical segregation.
[0041] The second reactor 150 is connected to a methanation reactor 160. The methanation reactor 160 generates
methane using carbon monoxide and hydrogen introduced by the second reactor 150, and may compress the methane
and supply the compressed methane to a fuel cell apparatus 200. Furthermore, although not illustrated, the natural gas
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synthesis apparatus 100 and a power generation unit may be associated so that methane generated by the natural gas
synthesis apparatus 100 may be used.
[0042] The methanation process occurring in the methanation reactor 160 is a process of regenerating the synthetic
gas into methane through a reaction of hydrogen, carbon dioxide, and carbon monoxide included in the synthetic gas,
and experiences the following (i) and/or (ii) reactions.

CO + 3H2 → CH4 + H2O (i)

CO2 + 4H2 → CH4 + 2H2O (ii)

[0043] The methanation reaction may be performed under any condition for which an object for supplying a fuel
electrode gas, including methane, to coal gasification combined power generation-associated fuel cell system of the
present invention may be achieved, but may be performed in any of reaction temperature ranges of 100 to 400°C, 200
to 350°C, and 250 to 300°C because the methanation reaction is an exothermic reaction and thus carbon monoxide has
a low equilibrium concentration and reaction speed also becomes slow if a reaction temperature is low.
[0044] The methanation reaction may be performed using one or more types of methanation catalysts selected from
the group consisting of a nickel-based methanation catalyst, an iron-based methanation catalyst, and a ruthenium-based
methanation catalyst.
[0045] As described above, the natural gas synthesis apparatus 100 produces methane, oxygen, and a recyclable
heat source using cheap coal. If the natural gas synthesis apparatus 100 is integrated with a fuel cell module, a combined
power generation plant having more excellent efficiency can be fabricated.
[0046] FIG. 3 is a conceptual diagram of the fuel cell apparatus related to the present invention.
[0047] Kinds of fuel cells are various, for example, a phosphoric acid fuel cell, an alkaline fuel cell, a proton exchange
membrane fuel cell, a molten carbonate fuel cell, a solid oxide fuel cell, and a direct methanol fuel cell. The kinds of fuel
cells, such as those described above, operate according to the same principle in terms of fuel, but are classified depending
on the type of fuel, operating temperature, and catalysts.
[0048] From among them, in particular, the Molten Carbonate Fuel Cell (MCFC) has a fast electrochemical reaction
speed because it operates at a high temperature of 650°C or more. Accordingly, the MCFC is advantageous in economy
because nickel instead of a platinum catalyst may be used as electrode materials, and carbon monoxide that acts on
the platinum electrode of a low-temperature type fuel cell as a poisoning substance may also be used as fuel through
a water gas shift reaction.
[0049] Furthermore, if a nickel electrode is used, there is an advantage in that a variety of kinds of fuel, such as a coal
gas, a natural gas, methanol, and bio mass, can be used.
[0050] Furthermore, in the case where a buttoming cycle using a heat recovery steam generator is applied, if waste
heat having high quality and a high temperature is recovered and used, heat efficiency of the entire power generation
system can be increased 60% or more.
[0051] Furthermore, since the MCFC operates at a high temperature, there is an advantage in that an internal reforming
type in which a fuel reforming reaction is simultaneously performed within a fuel cell stack in which an electrochemical
reaction is generated can be adopted.
[0052] Such an internal reforming MCFC is advantageous in that heat efficiency of the entire system is further improved
and a system configuration is simplified because heat generated in an electrochemical reaction is directly used in a
reforming reaction, that is, a heat absorption reaction, without a separate and external heat exchanger and thus the flow
of heat can be effectively controlled compared to an external reforming type MCFC.
[0053] The fuel cell apparatus 200 may include a fuel supply unit for supplying a specific amount of fuel, a reformer
unit 210 for being supplied with the fuel of the fuel supply unit and generating by-products including a hydrogen gas and
heat, and a stack unit for generating electricity and heat through an electrochemical reaction of hydrogen gas generated
by the reformer unit 210 and separately supplied oxygen.
[0054] The reformer unit 210 may include a reaction furnace and a burner. The stack unit may include a plurality of
stacked unit cells, each an anode electrode 220, an electrolyte membrane 240, and a cathode electrode 230.
[0055] The operation of the fuel cell module described above is as follows.
[0056] First, when fuel, including a Liquefied Natural Gas (also known as LNG) or methane (CH4) components, and
water are supplied from the fuel supply unit to the reformer unit 210, a steam reforming reaction and a partial oxidation
reaction are complexly generated in the reformer unit 210, thereby generating hydrogen gas, reaction heat, and other
by-products including water.

CH4 + 2H2O → 4H2 + CO2

[0057] Furthermore, the stack unit generates electricity, heat, and water because the hydrogen gas supplied by the
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reformer unit 210 and separately supplied oxygen are subject to an electrochemical reaction.
[0058] The electrochemical reaction generated in each of the unit cells that form the stack unit is described in more
detail below. First, hydrogen gas (H2) is supplied to the anode electrode (also known as fuel electrode) 220, thus
generating an electrochemical oxidation reaction with carbonate ions (CO3

2-) and thereby generating water, carbon
dioxide, and electrons e-.

H2 + CO3 2- → H2O + CO2 + 2e-

[0059] Furthermore, in the cathode electrode (also known as cathode) 230, externally supplied oxygen, carbon dioxide,
and electrons generate an electrochemical reduction reaction and thus generating carbonate ions (CO3

2-), reaction heat,
and water. The carbonate ions generated by the cathode electrode 230 moves from the cathode electrode 230 to the
anode electrode 220 through the electrolyte of the electrolyte membrane 240 placed between the cathode electrode
230 and the anode electrode 220. Electrons generated by the anode electrode 220 are moved via an external circuit,
thereby generating electrical energy due to the migration of the electrons. In this case, the electrolyte is present in the
solid state at normal times, but temperature thereof rises to about 650 °C when the fuel cell system normally operate,
so the electrolyte is liquefied.

(1/2) O2 + CO2 + 2e- → CO3
2-

[0060] In this case, CO2 is moved from the cathode electrode 230 to the anode electrode 220 through the electrolyte
in accordance with an electrochemical reaction mechanism, and is then condensed. If an exhaust gas including carbon
dioxide having a low concentration is supplied from a thermoelectric power plant 310 to the cathode electrode 230 of
the fuel cell apparatus 200, carbon dioxide included in the exhaust gas of the thermoelectric power plant 310 is selectively
carbonated according to the above reaction equation and is moved to the anode electrode 220, so the carbon dioxide
can be condensed. The degree of such concentration may be a maximum of 90% of the amount of the carbon dioxide
discharged by the thermoelectric power plant 310.
[0061] Furthermore, the fuel cell apparatus 200 (i.e., the MCFC) according to the present invention may be divided
into an internal reforming type and an external reforming type depending on a natural gas reforming method. In particular,
if a fuel shift method according to the internal reforming type is used, a catalyst may be installed on the inside of the cell
and reformed, and thus natural gas can be directly used as fuel without installing a separate reformer on the outside.
Furthermore, heat generated by the stack unit during power generation is used in a reforming reaction. Accordingly, a
system can be simplified without a need to install a separate apparatus for stack cooling.

First embodiment

[0062] FIG. 4 is a conceptual diagram of a combined power generation system in accordance with the first embodiment
of the present invention.
[0063] Referring to FIG. 4, the fuel cell apparatus 200 is connected (a supply line 181 -> a supply line 252) to the
natural gas synthesis apparatus 100 so that it is supplied with hydrogen from the natural gas synthesis apparatus 100.
More specifically, methane generated by the methanation reactor 160 is supplied to the reformer unit 210, the reformer
unit 210 forms hydrogen and carbon dioxide through a chemical reaction, and hydrogen generated by the reformer unit
210 is supplied to the anode electrode 220 of the fuel cell apparatus 200.
[0064] As described above, hydrogen (H2) is supplied to the anode electrode 220, and an electrochemical oxidation
reaction of hydrogen (H2) and carbonate ions (CO3

2-) is generated, thereby generating water, carbon dioxide, and
electrons e-.
[0065] In this case, some of the mixture gas may be supplied to an oxidizer 201 through the discharge line 251 of the
anode electrode 220.
[0066] Furthermore, carbon dioxide discharged by the second reactor 150 is discharged through supply lines 151,
152. Any one supply line 152 of the supply lines 151, 152, together with an air supply unit 101, may be configured to
supply oxygen and the carbon dioxide to the oxidizer 201.
[0067] The oxygen and carbon dioxide supplied from the oxidizer 201 to the supply line 254 are supplied to the cathode
electrode 230 of the fuel cell apparatus. Furthermore, the oxygen, the carbon dioxide, and the electrons supplied to the
cathode electrode 230 generate an electrochemical reduction reaction, thereby generating carbonate ions (CO3

2-),
reaction heat, and water. The discharge line 253 of the cathode electrode 230 passes through the heat exchanger, and
fuel supplied to the anode electrode 220 may be heated through the heat exchanger.
[0068] As described above, the combined power generation system in accordance with the first embodiment of the
present invention does not require a pre-reformer or a desulfurizer which form the fuel cell apparatus 200 by integrating
the fuel cell apparatus 200 with the natural gas synthesis apparatus 100. Furthermore, since CO2 discharged by the



EP 2 800 188 A1

7

5

10

15

20

25

30

35

40

45

50

55

methanation reactor can be additionally supplied to the cathode electrode, efficiency of the fuel cell module can be
improved. In this case, the volumetic ratio of a gas component supplied to the methanation reactor 160 preferably is H2
(0.7%), CO (0.05%), CO2 (21.3%), CH4 (75.9%), C2 (0.05%), and N2 (2.0%).

Second embodiment

[0069] FIG. 5 is a conceptual diagram of a combined power generation system in accordance with a second embodiment
of the present invention.
[0070] Referring to FIG. 5, a fuel cell apparatus 1200 is connected (a supply line 1181 -> a supply line 1252) to a
natural gas synthesis apparatus 1100 so that it is supplied with hydrogen from the natural gas synthesis apparatus 1100.
More specifically, methane generated by a methanation reactor 1160 is supplied to a reformer unit 1210, the reformer
unit 1210 forms hydrogen and carbon dioxide through a chemical reaction, and hydrogen generated by the reformer
unit 1210 is supplied to the anode electrode 1220 of the fuel cell apparatus 1200.
[0071] As described above, hydrogen (H2) is supplied to the anode electrode 1220, and an electrochemical oxidation
reaction of hydrogen (H2) and carbonate ions (CO3

2-) is generated, thereby generating water, carbon dioxide, and
electrons e-.
[0072] Carbon dioxide discharged by a second reactor 1150 is supplied to a cathode electrode 1230 through a supply
line 1151. Furthermore, oxygen supplied by an oxygen supply unit 1104 is supplied to the cathode electrode 1230 through
an oxygen supply line 1105. Furthermore, in order to separate carbon dioxide and water from an exhaust gas discharged
by the cathode electrode, a condenser is connected to the cathode electrode. A heat exchanger may be disposed
between the condenser and the cathode electrode.
[0073] Furthermore, some of the carbon dioxide discharged by the condenser 1102 is separated and supplied to the
cathode electrode 1230 through a supply line 1103.
[0074] Accordingly, since CO2 can be collected using the fuel cell apparatus without an additional separation task,
the performance of the stack unit can be improved due to an increase in the partial pressure of CO2 of the cathode
electrode. Accordingly, power production performance efficiency can be increased.
[0075] Furthermore, a fluid including unused fuel that is discharged by the anode electrode 1220 through a discharge
line 1251 is recirculated and supplied to the first reactor 1140 in an SNG production process. Accordingly, overall
efficiency can be improved because a water gas shift reaction is additionally generated.
[0076] That is, H2 and CO are unused fuel discharged by the anode electrode 1220, and are supplied to a first reactor
1140 through the discharge line 1251, thereby generating a water gas shift reaction.
[0077] Accordingly, overall power production efficiency can be maximized.
[0078] In the combined power generation system in accordance with the second embodiment of the present invention,
the unused fuel discharged by the anode electrode 1220 is introduced into the first reactor 1140, and CO2 generated
through the first reactor 1140 and the second reactor 1150 is introduced into the cathode electrode 1230. Accordingly,
pure CO2 and O2 other than N2 are supplied to the stack unit. Furthermore, methane and H2 generated through the
methanation reactor 1160 are supplied to the anode electrode 1220 of the stack unit, thereby being capable of improving
overall power production efficiency.

Third embodiment

[0079] FIG. 6 is a conceptual diagram of a combined power generation system in accordance with a third embodiment
of the present invention.
[0080] Referring to FIG. 6, a fuel cell apparatus 2200 is connected (a supply line 2181 -> a supply line 2252) to a
natural gas synthesis apparatus 2100 so that it is supplied with hydrogen from the natural gas synthesis apparatus 2100.
More specifically, methane generated by a methanation reactor 2160 is supplied to a reformer unit 2210, the reformer
unit 2210 forms hydrogen and carbon dioxide through a chemical reaction, and hydrogen generated by the reformer
unit 2210 is supplied to the anode electrode 2220 of the fuel cell apparatus 2200.
[0081] As described above, hydrogen (H2) is supplied to the anode electrode 2220, and an electrochemical oxidation
reaction of hydrogen (H2) and carbonate ions (CO3

2-) is generated, thereby generating water, carbon dioxide, and
electrons e-.
[0082] Carbon dioxide discharged by a second reactor 2150 is supplied to a cathode electrode 2230 through a supply
line 2151. Furthermore, oxygen supplied by an oxygen supply unit 2104 is supplied to the cathode electrode 2230 through
an oxygen supply line 2105. Furthermore, some of carbon dioxide discharged by a condenser 2102 is separated and
supplied to the cathode electrode 2230 through a supply line 2103.
[0083] Accordingly, since CO2 can be collected using the fuel cell apparatus without an additional separation task,
the performance of the stack unit can be improved due to an increase in the partial pressure of CO2 of the cathode
electrode. Accordingly, power production performance efficiency can be increased.
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[0084] Furthermore, a fluid including unreacted fuel discharged through the discharge lines 2251, 2253 of the anode
electrode 2220 and the cathode electrode 2230 is introduced into a compressor 2106. The fluid that has passed through
the compressor 2106 passes through an oxidizer 2107, thereby producing power through a turbine 2108.
[0085] Gas of a high temperature that has passed through the turbine 2108 is supplied to a condenser 2102 via a heat
recovery steam generator 2109. The fluid supplied to the condenser 2102 is condensed and separated into CO2 and
H2O. Some of carbon dioxide discharged by the condenser 2102 is separated and supplied to the cathode electrode
2230 through the supply line 2103.
[0086] If the fuel cell apparatus 2200 is a first power generation apparatus, the compressor 2106, the oxidizer 2107,
and the turbine 2108 become a second power generation apparatus. Furthermore, a fluid recovered by the heat recovery
steam generator 2109 may be supplied to a third power generation apparatus (not illustrated) equipped with a steam
turbine. Fluid discharged by the anode electrode and the cathode electrode that form the stack unit as described above
can produce additional power through the second or third power generation apparatus. Accordingly, efficiency of the
entire system can be increased.

Fourth embodiment

[0087] FIG. 7 is a conceptual diagram of a combined power generation system in accordance with a fourth embodiment
of the present invention.
[0088] Referring to FIG. 7, a fuel cell apparatus 3200 is connected (a supply line 3181 -> a supply line 3252) to a
natural gas synthesis apparatus 3100 so that it is supplied with hydrogen from the natural gas synthesis apparatus 3100.
More specifically, methane generated by a methanation reactor 3160 is supplied to a reformer unit 3210, the reformer
unit 3210 forms hydrogen and carbon dioxide through a chemical reaction, and hydrogen generated by the reformer
unit 3210 is supplied to the anode electrode 3220 of the fuel cell apparatus 3200.
[0089] As described above, hydrogen (H2) is supplied to the anode electrode 3220, and an electrochemical oxidation
reaction of hydrogen (H2) and carbonate ions (CO3

2-) is generated, thereby generating water, carbon dioxide, and
electrons e-. In this case, hydrogen and carbon monoxide are also supplied as by-products. The discharge line 3220 of
the anode electrode may be connected up to a first reactor 3140 so that the remaining products other than electrons
are supplied to the first reactor 3140 in which a water gas shift reaction is generated.
[0090] A mixture gas discharged by the anode electrode may include carbon monoxide, hydrogen, carbon dioxide,
and H2O. From among them, hydrogen (H2) and carbon monoxide (CO) are unused fuel, and may be supplied to the
first reactor 3140 because they may be reused.
[0091] As described above, hydrogen (H2) and carbon monoxide (CO), that is, unused fuel, are supplied from the
discharge line 3251 of the anode electrode to the first reactor 3140, thereby generating a water gas shift reaction. A
reaction equation occurring at this time is as follows.

CO+H2O→CO2+H2

[0092] Accordingly, overall power production efficiency can be maximized.
[0093] Furthermore, the fuel cell apparatus 3200 is connected to a carbon dioxide discharge facility 3310, such as a
coal thermoelectric power plant, through a carbon dioxide supply unit 3320 and a supply line 3311 so that it is supplied
with carbon dioxide from the carbon dioxide discharge facility 3310. Since the exhaust gas of the carbon dioxide discharge
facility 3310 includes unnecessary sulfur, the carbon dioxide supply unit 3320 may include a desulfurization apparatus.
Furthermore, since the exhaust gas of the carbon dioxide discharge facility 3310 has low pressure, the carbon dioxide
supply unit 3320 may further include a pressurization apparatus for pressurizing carbon dioxide at a specific pressure
or higher and supplying the pressurized carbon dioxide to a cathode electrode 3230.
[0094] As described above, according to the present invention, CO2 can be collected without an additional collection
apparatus in the stack unit because the carbon dioxide discharged by the carbon dioxide discharge facility 3310 is
supplied to the cathode electrode 3230 of the fuel cell apparatus 3200 through a supply line 3321. Accordingly, the
power generation performance of the stack unit can be improved because the partial pressure of CO2 in the cathode
electrode 3230 of the stack unit is increased, and thus power production performance efficiency can be improved.
[0095] Furthermore, a fluid including unused fuel discharged by the stack unit is recirculated into the first reactor 3140
in an SNG production process. Accordingly, overall efficiency can be improved because a water gas shift reaction is
additionally generated.
[0096] A method of collecting carbon dioxide in the combined power generation system according to the present
invention includes the following steps. In a first step, the carbon dioxide discharged by the carbon dioxide discharge
facility 3310, such as a coal thermoelectric power plant, is subject to desulfurization processing, pressurized, and then
supplied to the cathode electrode 3230 of the fuel cell.
[0097] In a second step, the carbon dioxide supplied to the cathode electrode 3230 is converted into carbonate ions
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(CO3
2- ), condensed through the anode electrode 3220, and discharged as carbon dioxide again through the anode

electrode 3220.
[0098] In a third step, the carbon dioxide discharged by the anode electrode 3220 passes through the first reactor
3140 and the second reactor 3150 of the natural gas synthesis apparatus. The carbon dioxide that has passed through
the second reactor 3150 is separately separated, compressed, and buried in a repository.
[0099] Through such a process, the combined power generation system in accordance with an embodiment of the
present invention can collect carbon dioxide, discharged by the carbon dioxide discharge facility 3310, to a maximum
of 90%.
[0100] In the combined power generation system in accordance with the fourth embodiment of the present invention,
the carbon dioxide discharge facility 3310, the fuel cell apparatus 3200, and the natural gas synthesis apparatus 3100
are associated. That is, a coal thermoelectric power plant, that is, one of the carbon dioxide discharge facilities 3310,
discharges carbon dioxide while producing electrical energy using coal, that is, a main raw material. Furthermore, the
natural gas synthesis apparatus 3100 generates methane using organic compounds. Furthermore, the fuel cell apparatus
3200 produces electrical energy using hydrogen generated from methane and carbon dioxide discharged by the carbon
dioxide discharge facility 3310, and condenses and collects carbon dioxide.

Fifth embodiment

[0101] FIG. 8 is a conceptual diagram of a combined power generation system in accordance with a fifth embodiment
of the present invention, and FIG. 9 is a graph illustrating a conversion ratio according to a Boudouard reaction between
carbon dioxide and carbon monoxide according to temperature °C and pressure atm.
[0102] Referring to FIG. 8, a fuel cell apparatus 4200 is connected (a supply line 4181 -> a supply line 4252) to a
natural gas synthesis apparatus 4100 so that it is supplied with hydrogen from the natural gas synthesis apparatus 4100.
More specifically, methane generated by a methanation reactor 4160 is supplied to a reformer unit 4210, the reformer
unit 4210 forms hydrogen and carbon dioxide through a chemical reaction, and hydrogen generated by the reformer
unit 4210 is supplied to the anode electrode 4220 of the fuel cell apparatus 4200.
[0103] As described above, hydrogen (H2) is supplied to the anode electrode 4220, and an electrochemical oxidation
reaction of hydrogen (H2) and carbonate ions (CO3

2-) is generated, thereby generating water, carbon dioxide, and
electrons e-. In this case, hydrogen, CH4, H2O, and carbon monoxide unreacted in the cathode electrode are also
supplied. The discharge line 4251 of the anode electrode may be connected up to a first reactor 4140 so that the remaining
products other than electrons are supplied to the first reactor 4140 in which a water gas shift reaction is generated.
[0104] A separation membrane apparatus 4190 is formed at any one point on the discharge line 4251 of the anode
electrode.
[0105] A mixture gas discharged by the anode electrode 4220 may include carbon monoxide, hydrogen, carbon dioxide,
H2O, etc. From among them, hydrogen (H2) and carbon monoxide (CO) are unused fuel, and may be supplied to the
first reactor 4140 because they may be reused. If even the carbon dioxide is supplied to the first reactor 4140, however,
the capacity of a second reactor 4150 for collecting the carbon dioxide needs to be increased. If the capacity of the
second reactor 4150 is increased, efficiency of the entire system is reduced, and a coast is increased.
[0106] In order to solve such problems, the separation membrane apparatus 4190 is configured to separate hydrogen
and carbon dioxide included in the mixture gas discharged by the anode electrode 4220. A polymeric membrane, an
inorganic membrane, a carbon membrane, a Zeolite membrane, or a facilitated transport membrane may be used as a
separation membrane that forms the separation membrane apparatus 4190.
[0107] Hydrogen (H2) and carbon monoxide (CO), that is, unused fuel that belongs to the mixture gas discharged by
the discharge line 4251 of the anode electrode and that has been separated by the separation membrane apparatus
4190, are supplied to the first reactor 4140. When the fuel is supplied, a water gas shift reaction is generated within the
first reactor 4140. A reaction equation occurring at this time is as follows.

CO+H2O→CO2+H2

[0108] Accordingly, overall power production efficiency can be maximized.
[0109] Furthermore, some of the carbon dioxide separated by the separation membrane apparatus 4190 is supplied
to the gasifier 4110 through a supply line 4192. The carbon dioxide supplied to the gasifier 4110 is a kind of gas transport
gas, and may be used as the alternative of nitrogen supplied to the gasifier 4110. Accordingly, the amount of air supplied
to the gasifier 4110 can be reduced, and power consumption related to the supply of air can also be reduced. Furthermore,
since the carbon dioxide is subject to a conversion reaction with carbon monoxide through a reaction with carbon,
efficiency can be improved because fuel is additionally generated. A collection ratio of carbon dioxide can be increased
because such carbon dioxide is collected again through the second reactor 4150.
[0110] Efficiency can be improved because carbon dioxide is supplied to the gasifier 4110, and a reaction thereof is
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as follows.

C + CO2 → 2CO

[0111] Some of the carbon dioxide separated by the separation membrane apparatus 4190 moves through a supply
line 4193, and may be collected and stored in a carbon dioxide repository 4170 along with the carbon dioxide discharged
through the second reactor 4150. A separate apparatus for increasing the concentration of carbon dioxide is not required
because the carbon dioxide separated by the separation membrane apparatus 4190 has high purity.
[0112] A valve 4191 is formed between the supply lines 4192 and 4193 so that carbon dioxide is divided and supplied.
[0113] The capacity of the second reactor 4150 can be reduced because carbon dioxide is separated from the mixture
gas, discharged by the anode electrode 4220, through the separation membrane apparatus 4190 as described above.
Furthermore, power consumption of the entire system can be reduced because the amount of air supplied to the gasifier
4110 is reduced. Furthermore, efficiency can be improved through the reuse of carbon dioxide because CO, that is, a
raw material, is generated through a Boudouard reaction as illustrated in FIG. 5. That is, energy efficiency of the entire
system and a collection ratio of carbon dioxide can be improved by the separation membrane apparatus 4190.
[0114] Furthermore, the fuel cell apparatus 4200 is connected to a carbon dioxide discharge facility 4310 through a
carbon dioxide supply unit 4320 and a supply line 4311 so that it is supplied with carbon dioxide from the carbon dioxide
discharge facility 4310. Since the exhaust gas of the carbon dioxide discharge facility 4310 includes unnecessary sulfur,
the carbon dioxide supply unit 4320 may include a desulfurization apparatus. Furthermore, since the exhaust gas of the
carbon dioxide discharge facility 4310 has low pressure, the carbon dioxide supply unit 4320 may further include a
pressurization apparatus for pressurizing carbon dioxide at a specific pressure or higher and supplying the pressurized
carbon dioxide to a cathode electrode 4230.
[0115] As described above, according to the present invention, CO2 can be collected without an additional collection
apparatus in the stack unit because the carbon dioxide discharged by the carbon dioxide discharge facility 4310 is
supplied to the cathode electrode 4230 of the fuel cell apparatus 4200 through a supply line 4321.
[0116] Furthermore, a fluid including unused fuel discharged by the stack unit is recirculated into the first reactor 4140
in an SNG production process. Accordingly, overall efficiency can be improved because a water gas shift reaction is
additionally generated.
[0117] A method of collecting carbon dioxide in the combined power generation system in accordance with the fifth
embodiment of the present invention includes the following steps. In a first step, the carbon dioxide discharged by the
carbon dioxide discharge facility 4310, such as a coal thermoelectric power plant, is subject to desulfurization processing,
pressurized, and then supplied to the cathode electrode 4230 of the fuel cell.
[0118] In a second step, the carbon dioxide supplied to the cathode electrode 4230 is converted into carbonate ions
(CO3

2- ), condensed through the anode electrode 4220, and discharged as carbon dioxide again through the anode
electrode 4220.
[0119] In a third step, the carbon dioxide discharged by the anode electrode 4220 is separated by the separation
membrane apparatus 4190, and some of the separated carbon dioxide is supplied to the gasifier 4110. The remainder
of the separated carbon dioxide is separately separated and compressed along with carbon dioxide that has passed
through the second reactor 4150, and is then buried in the carbon dioxide repository. Furthermore, the carbon dioxide
introduced into the gasifier 4110 passes through the first reactor 4140 and the second reactor 4150.
[0120] Through such a process, the combined power generation system in accordance with an embodiment of the
present invention can collect carbon dioxide, discharged by the carbon dioxide discharge facility 4310, to a maximum
of 90%.
[0121] Furthermore, the capacity of the second reactor 4150 can be reduced because carbon dioxide is separated
from the mixture gas, discharged by the anode electrode, through the separation membrane apparatus 4190. Further-
more, power consumption of the entire system can be reduced because the amount of air supplied to the gasifier 4110
is reduced. Furthermore, efficiency can be improved through the reuse of carbon dioxide because CO, that is, a raw
material, is generated through a Boudouard reaction. That is, energy efficiency of the entire combined power generation
system and a collection ratio of carbon dioxide can be improved by the separation membrane apparatus 4190.
[0122] In the combined power generation system in accordance with the fifth embodiment of the present invention,
the carbon dioxide discharge facility 4310, the fuel cell apparatus 4200, and the natural gas synthesis apparatus 4100
are associated. That is, the coal thermoelectric power plant discharges carbon dioxide while producing electrical energy
using coal, that is, a main raw material. Furthermore, the natural gas synthesis apparatus 4100 generates methane
using organic compounds. Furthermore, the fuel cell apparatus 4200 produces electrical energy using hydrogen gen-
erated from methane and carbon dioxide discharged by the carbon dioxide discharge facility 4310, and condenses and
collects carbon dioxide.
[0123] The aforementioned combined power generation system and method of collecting carbon dioxide in the com-
bined power generation system are not limitedly applied to the configurations and methods of the aforementioned
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embodiments, and all of or some of the embodiments may be selectively combined and configured so that the embod-
iments are modified in various ways.

[Industrial Applicability]

[0124] The embodiments of the present invention may be applied to a combined power generation system complexly
equipped with a natural gas synthesis apparatus and a fuel cell apparatus.

Claims

1. A combined power generation system, comprising:

a natural gas synthesis apparatus for being supplied with coal and oxygen, generating a synthetic gas through
a gasifier, and synthesizing methane through a methanation reactor;
a fuel cell apparatus for being supplied with fuel comprising the methane from the natural gas synthesis apparatus
and generating electrical energy; and
a power generation apparatus for producing electrical energy using a fluid discharged by the fuel cell apparatus.

2. The combined power generation system of claim 1, wherein the natural gas synthesis apparatus further comprises:

a first reactor for generating hydrogen and carbon dioxide through a water gas shift reaction using a fluid
introduced by the gasifier; and
a second reactor for being supplied with a fluid discharged by the first reactor and separating the carbon dioxide
and sulfur compounds through physical or chemical segregation.

3. The combined power generation system of claim 2, wherein:

the fuel cell apparatus further comprises a cathode electrode and an anode electrode, and
the fuel supplied by the natural gas synthesis apparatus is supplied to the anode electrode.

4.  The combined power generation system of claim 3, wherein unused fuel discharged by the anode electrode is
introduced into the first reactor.

5. The combined power generation system of claim 4, wherein the carbon dioxide generated through the first reactor
and the second reactor is converted into the methane in the methanation reactor and introduced into the anode
electrode.

6. The combined power generation system of claim 3, wherein the carbon dioxide discharged by the second reactor
is supplied to the cathode electrode.

7. The combined power generation system of claim 3, further comprising an oxygen supply unit for supplying oxygen
to the gasifier, wherein the oxygen supply unit supplies at least some oxygen to the cathode electrode.

8. The combined power generation system of claim 3, further comprising a condenser connected to the cathode
electrode so that water and carbon dioxide are separated from the fluid discharged by the cathode electrode.

9. The combined power generation system of claim 1, wherein the power generation apparatus comprises:

a compressor for compressing fluid discharged by a stack unit,
an oxidizer for oxidizing the fluid passing through the compressor, and
a turbine for generating power using gas discharged by the oxidizer.

10.  The combined power generation system of claim 8, further comprising a heat recovery steam generator connected
to the turbine so that exhaust heat of the gas discharged by the turbine is absorbed.

11. A combined power generation system, comprising:
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a natural gas synthesis apparatus for being supplied with coal and oxygen, generating a synthetic gas through
a gasifier, and synthesizing methane through a methanation reactor;
a fuel cell apparatus for being supplied with fuel comprising the methane from the natural gas synthesis apparatus
and generating electrical energy; and
a carbon dioxide supply unit for supplying a cathode electrode of the fuel cell apparatus with carbon dioxide
discharged by a carbon dioxide discharge facility adjacent to the fuel cell apparatus.

12. The combined power generation system of claim 11, wherein the fuel cell apparatus comprises an anode electrode
for being supplied with hydrogen formed from the methane generated by the methanation reactor.

13. The combined power generation system of claim 12, further comprising a first reactor for generating hydrogen and
carbon dioxide through a water gas shift reaction using a fluid introduced from the gasifier, wherein unused fuel
discharged by the anode electrode is introduced into the first reactor.

14. The combined power generation system of claim 13, further comprising a second reactor for being supplied with a
fluid discharged by the first reactor and separating the carbon dioxide and sulfur compounds through physical or
chemical segregation.

15. The combined power generation system of claim 11, wherein the carbon dioxide supply unit comprises:

a desulfurization apparatus for removing sulfur from an exhaust gas discharged by a power plant, and
a pressurization apparatus for pressurizing an exhaust gas, comprising carbon dioxide, at a specific pressure
or higher and supplying the pressurized gas to the cathode electrode.

16. A method of collecting carbon dioxide in a combined power generation system in which a natural gas synthesis
apparatus, a fuel cell apparatus, and a carbon dioxide discharge facility are associated, the method comprising
steps of:

supplying carbon dioxide, discharged by the carbon dioxide discharge facility, to a cathode electrode of the fuel
cell apparatus;
converting the carbon dioxide, supplied to the cathode electrode, into carbonate ions (CO3

2-) and converting
the carbonate ions (CO3

2-) into carbon dioxide again through a reaction with hydrogen in an anode electrode; and
collecting, by the natural gas synthesis apparatus, the carbon dioxide discharged by the anode electrode.

17. A combined power generation system, comprising:

a natural gas synthesis apparatus comprising a gasifier for being supplied with coal and oxygen and generating
a synthetic gas, a first reactor for generating hydrogen using the generated synthetic gas, and a methanation
reactor for synthesizing methane using the generated hydrogen;
a fuel cell apparatus for being supplied with fuel comprising the methane from the natural gas synthesis apparatus
and generating electrical energy; and
a separation membrane apparatus for separating hydrogen from a mixture gas discharged by the fuel cell
apparatus and supplying the separated hydrogen to the first reactor.

18. The combined power generation system of claim 17, wherein at least some of carbon dioxide comprised in the
mixture gas is separated and supplied to the gasifier.

19. The combined power generation system of claim 17, further comprising a carbon dioxide supply unit for supplying
a cathode electrode of the fuel cell apparatus with carbon dioxide discharged by a carbon dioxide discharge facility
adjacent to the fuel cell apparatus.

20. The combined power generation system of claim 19, wherein:

the fuel cell apparatus comprises an anode electrode and a cathode electrode, and
the carbon dioxide supply unit supplies the cathode electrode with carbon dioxide.

21. The combined power generation system of claim 19, wherein the carbon dioxide supply unit further comprises:
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a desulfurization apparatus for removing sulfur from an exhaust gas discharged by the power plant, and
a pressurization apparatus for pressurizing carbon dioxide at a specific pressure or higher and supplying the
pressurized carbon dioxide to the cathode electrode.

22. The combined power generation system of claim 17, further comprising a second reactor for being supplied with a
fluid discharged by the first reactor and separating carbon dioxide and sulfur compounds through physical or chemical
segregation.

23. A method of collecting carbon dioxide in a combined power generation system in which a natural gas synthesis
apparatus, a fuel cell apparatus, and a carbon dioxide discharge facility are associated, the method comprising
steps of:

supplying carbon dioxide, discharged by the carbon dioxide discharge facility, to a cathode electrode of the fuel
cell apparatus;
converting the carbon dioxide, supplied to the cathode electrode, into carbonate ions (CO3

2-) and converting
the carbonate ions (CO3

2-) into carbon dioxide again through a reaction with hydrogen in an anode electrode; and
supplying carbon dioxide that belongs to a mixture gas discharged by the anode electrode and that has been
separated through a separation membrane apparatus, to a gasifier or a carbon dioxide repository.
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