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& (57) Abstract: Provided is a power plant having a pure oxygen combustor. The power plant includes a heat supplying unit supply-
ing a heated steam; a turbine unit generating mechanical energy by rotating a turbine using the heated steam supplied by the heat
supplying unit; a power generator converting mechanical energy generated by the turbine unit into electrical energy; a steam con-
denser condensing steam passing through the turbine unit; and a first combustor disposed at one side of the turbine unit and reheating
the steam supplied to the turbine unit by using pure oxygen combustion.
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Description

POWER PLANT HAVING PURE OXYGEN COMBUSTOR

Technical Field

The present invention relates to a high efficiency power plant, and more particularly,
to a power plant equipped with a pure oxygen combustor to improve thermal efficiency
using pure oxygen combustion.

Background Art

From the related art, a research for designing an efficient power plant has proceeded.
Various power plants to obtain high efficiency have been designed. Among them the
Rankine cycle, which is applied to a thermal power plant is also called a steam cycle or
a vapor cycle and uses steam as a working fluid. The Rankine cycle is realized by each
element, such as a water supplying pump (adiabatic compression), a boiler and a su-
perheater (isobaric heating), a turbine (adiabatic expansion), and a steam condenser
(isobaric heat dissipation).

There have been many efforts to apply the principle of a regenerative cycle, a reheat
cycle, etc. to a power plant to improve the thermal efficiency of the plant. However,
even when such a regenerative cycle or reheat cycle is used, the used steam is not
directly heated. Thus, the thermal efficiency of the thermal power plant is not fully
achieved. In a conventional power generation system, when steam is reheated using
heat exchange of a combustion gas, the temperature of a discharged combustion gas is
high, and a thermal loss is large.

Meanwhile, there also have been many efforts for designing a more efficient power
plant in connection with other systems, such as fuel cells.

In general, fuel cells convert chemical energy into electrical energy by elec-
trochemical reaction in anode and cathode. In fuel cells, a reactant is supplied con-
tinuously from the outside and reaction products are continuously removed to the
outside of a fuel cell system.

Fuel cells use various fuels, such as a fossil fuel, a liquid fuel, and a gaseous fuel.
Fuel cells can be classified into low temperature type fuel cells of less than 100°C, in-
termediate temperature type fuel cells of about 150 to 300°C, and high temperature
type fuel cells of 600°C or higher according to its working temperature. In addition,
fuel cells can be classified into phosphoric acid fuel cells (PAFC), molten carbonate
fuel cells (MCFC), solid oxide fuel cells (SOFC), polymer electrolyte fuel cells
(PEFC), etc. according to the type of an electrolyte.

Low temperature type PEFC are mainly used for transportation or home power

generator, and high temperature type MCFC or SOFC are mainly used for large scale
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power generation.

A conventional method of additionally using an exhaust gas of a fuel cell has been
devised. In other words, a high temperature gas exhausted in an MCFC system or a
PAFC system is used for cooling/heating, etc. so as to use heat more efficiently.
However, additional power generation is not easy in the conventional method of ad-
ditionally using the exhaust gas of the fuel cell. So, it is needed to invent a new system
to make more electric power generation in order to use the heat more efficiently.

When the steam is produced by heat exchanging with the exhausted gas from a fuel
cell and the steam is used to drive conventional steam turbine, the amount of electric
power generation is not large. A hybrid system can also be constituted by connecting a
gas turbine to the fuel cell. However, it is very difficult to constitute such a hybrid
system due to some technical problems.

A conventional fuel cell system has a high efficiency. However, the development of a
hybrid system with other engines is needed to take superiority over competitive
technologies.

As an example, when such a fuel cell system is connected to a gas turbine, higher
efficiency can be obtained. However, it is difficult to redesign the inside of the con-
ventional fuel cell system and simultaneous operations that link the fuel cell and the
gas turbine is very complicated.

When a high temperature exhausted gas from the fuel cell system is used as a heat
supplying source of the bottoming system, total power generation efficiency can be
increased. Thus, the needs for development of a high efficiency power plant combining
the thermal power plant with the fuel cell system are increasing.

As such, the development of a power plant designed to more efficiently increase
thermal efficiency is needed.

In addition, in various general industry field, such as power plants, motor vehicles,
boilers, etc., a lot of fossil fuel, such as petroleum, coal, etc., are combusted as a heat
source. Thus, an enormous amount of a combustion gas is exhausted to the atmosphere
from various exhaust sources so that the content of carbon dioxide (COZ) in the
atmosphere increases gradually.

As such, global warming due to the so-called greenhouse effect becomes serious, and
the development of a method of reducing CO2 that is inevitably dissipated from the
power plant using a fossil fuel, etc. is in urgent need.

Accordingly, the development of a system for obtaining high efficiency and for
reducing CO2 generated in the power plant without dissipating CO2 to the atmosphere
is required.

Disclosure of Invention
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Technical Problem

The present invention provides a power plant having a pure oxygen combustor to
improve thermal efficiency and separate carbon dioxide (COQ) from exhausted gas.

The present invention also provides a power plant having a pure oxygen combustor
which is more economical and is designed to achieve high efficiency in connection
with other systems.
Technical Solution

In a power plant having a pure oxygen combustor according to the present invention,
steam supplied to a turbine unit is directly heated by using the pure oxygen combustor
so that higher thermal efficiency can be obtained. In addition, an additional recovery
pump is provided so that high concentration carbon dioxide (COZ) can be recovered
from a gas exhausted by a steam condenser and a power plant that is more economical

and has higher efficiency can be provided in connection with other systems.

Advantageous Effects

As described above, a power plant having a pure oxygen combustor according to the
present invention has the following advantages.

First, the steam is directly heated using pure oxygen combustion such that a high
efficiency power plant is designed and high concentration carbon dioxide (COZ) is
separated from an exhausted gas.

Second, since the combustor is designed such that a portion of steam is injected
directly into the combustor, the temperature of the combustor is lowered and
overheating of a particular portion can be prevented.

Third, since a waste steam of other facilities is supplied to obtain energy, a power
plant can be designed that is economical and environment-friendly by using a simple,
economical cooling unit.

Fourth, system can have high efficiency because steam is generated by the high
temperature exhausted gas from fuel cell and only a small amount of additional fuel is
needed in pure oxygen combustor of the invented system.

Fifth, intermediate pressure and intermediate temperature steam passing through an
intermediate pressure turbine is reheated using pure oxygen combustion such that a
low pressure turbine can operate with the degree of dryness at 90% or greater at a
lower turbine outlet pressure.

Brief Description of the Drawings

FIG. 1 schematically illustrates a power plant having a pure oxygen combustor
according to an embodiment of the present invention.

FIG. 2 illustrates a formula when methane is supplied as a fuel from the power plant

having a pure oxygen combustor of FIG. 1 and pure oxygen combustion is performed.
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FIG. 3 schematically illustrates a first combustor of the power plant having the pure
oxygen combustor of FIG. 1.

FIG. 4 is a graph showing the Rankine cycle of the power plant having the pure
oxygen combustor of FIG. 1.

FIG. 5 schematically illustrates a power plant having a pure oxygen combustor
according to another embodiment of the present invention.

FIG. 6 schematically illustrates a power plant having a pure oxygen combustor
according to another embodiment of the present invention.

FIG. 7 schematically illustrates a power plant having a pure oxygen combustor
according to another embodiment of the present invention.

<Explanation of Reference Numerals Designating the Major Elements of the
Drawings>

100, 200, 300, 400 : power plant having pure oxygen combustors

110, 210, 310, 410 : heat supplying unit

111, 211 : heater 113, 213 : boiler

120, 220, 320, 420 : turbine unit 121, 221 : high pressure turbine

123, 223 : intermediate turbine 125, 225 : low pressure turbine

130, 230, 330, 430 : first combustor 131 : inlet portion

133 : injection hole 135 : main body portion

140, 240, 340, 440 : power generator

150, 250, 350, 450 : steam condenser

160, 260, 360, 460 : recovery pump

170, 270, 470 : water supplying pump

280 : pump actuator 281 : second combustor

283 : second turbine unit 285 : second power generator

411 : fuel cell system 413 : heat exchanger
Best Mode for Carrying Out the Invention

According to an aspect of the present invention, invented power plant with pure
oxygen combustor is composed of: a heat supplying unit supplying a heated steam; a
turbine unit generating mechanical energy by rotating a turbine using the heated steam
supplied by the heat supplying unit; a power generator converting mechanical energy
generated by the turbine unit into electrical energy; a steam condenser condensing
steam passing through the turbine unit; and a first combustor disposed at one side of
the turbine unit and reheating the steam supplied to the turbine unit by using pure
oxygen combustion.

The turbine unit may include a high pressure turbine, an intermediate pressure

turbine, and a low pressure turbine according to operating pressure and temperature of
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the supplied steam. The first combustor may be interposed between the intermediate
pressure turbine and the low pressure turbine, may reheat the steam passing through
the intermediate pressure turbine by using pure oxygen combustion, and may supply
the reheated steam to the low pressure turbine.

Pressure of steam supplied by the heat supplying unit may be 3 to 10 bar, and
temperature of an inlet of the low pressure turbine may be 300 to 500°C.

The power plant may further include: a water supplying pump delivering water
condensed by the steam condenser to the heat supplying unit; and a pump actuator
comprising a second combustor dividing a portion of the steam passing through the in-
termediate pressure turbine and reheating the divided steam, a second turbine unit
actuating the water supplying pump by rotating the turbine by using the steam reheated
by the second combustor, and a second power generator actuating the water supplying
pump by converting mechanical energy generated by the second turbine unit into
electrical energy.

The second combustor may include: an inlet portion having a plurality of nozzles
through which steam, oxygen, and a fuel are injected; and a main body portion into
which the remaining steam excluding the steam injected through the inlet portion is
injected through an injection hole formed in the side of the main body portion.

The heat supplying unit may supply a waste steam generated from one facility
selected from the group consisting of an incinerator furnace, a heating furnace, a
factory, and a thermal power plant, to the first combustor, and the steam condenser
may be installed in the ground and may condense the steam passing through the turbine
unit by using geothermal heat.

The heat supplying unit may include a heat exchanger discharging high temperature
and high pressure steam due to an exhaust gas generated in a fuel cell system.

Pressure of the steam passing through the heat exchanger may be 5 to 20 bar, and
temperature of an inlet of the turbine unit may be 300 to 600°C.

The first combustor may include: an inlet portion having a plurality of nozzles
through which steam, oxygen, and a fuel are injected; and a main body portion into
which the remaining steam excluding the steam injected through the inlet portion is
injected through an injection hole formed in the side of the main body portion.

The power plant may further include a recovery pump recovering carbon dioxide
(COZ) from exhausted gas by condensing the water in the exhausted gas.

Mode for the Invention

The present invention will now be described more fully with reference to the ac-

companying drawings, in which exemplary embodiments of the invention are shown.

First, terms or words used in the present specification and the claims should not be
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construed as being limited to general or literal meaning, and the inventor should
construe his/her own invention in meaning and concept that coincide with the technical
spirit of the invention based on the principle for properly defining the concept of the
terms so as to describe his/her own invention in the best manner.

Thus, configurations shown in embodiments and the drawings of the present
invention is rather an example of the most exemplary embodiment and does not
represent all of the technical spirit of the invention. Thus, it will be understood that
various equivalents and modifications that replace the configurations are possible when
filing the present application.

A power plant having a pure oxygen combustor according to an embodiment of the
present invention will now be described with reference to FIGS. 1 through 4.

FIG. 1 schematically illustrates a power plant having a pure oxygen combustor
according to an embodiment of the present invention, and FIG. 2 illustrates a formula
when methane is supplied as a fuel to the pure oxygen combustor of the power plant il-
lustrated in FIG. 1

Referring to FIG. 1, a power plant 100 having a pure oxygen combustor according to
the current embodiment of the present invention comprises a heat supplying unit 110, a
turbine unit 120, a first combustor 130, a power generator 140, a steam condenser 150,
a recovery pump 160, and a water supplying pump 170.

The heat supplying unit 110 comprises a heater 111 and a boiler 113, and the heater
111 supplies heat generated by combusting a fuel, such as a fossil fuel, etc., to the
boiler 113.

The heater 111 may comprise all of heat supplying units which are not limited to
generation of heat by combusting a fuel, such as a fossil fuel, etc., but are able to use
heat of a waste gas generated in factory, etc. or supply heat so that heat exchange
occurs in the boiler 113 for the purpose of the invention.

The boiler 113 heats water accommodated therein by using heat supplied by the
heater 111 to generate high temperature and high pressure steam.

The turbine unit 120 comprises a high pressure turbine 121, an intermediate pressure
turbine 123, and a low pressure turbine 125 according to the pressure and temperature
of an induced steam.

The high pressure turbine 121 rotates a turbine by expanding the supplied high-
temperature and high-pressure steam through a nozzle and thus converts energy of
high-temperature and high-pressure steam into mechanical energy.

The intermediate-pressure and intermediate-temperature steam passing through the
high pressure turbine 121 is re-supplied to the boiler 113 according to the principle of a
reheat system. The temperature of the steam is increased by reheating, and the steam is

supplied to the intermediate pressure turbine 123. The turbine is rotated using the same
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principle as the high temperature turbine 121, and the energy of the steam is converted
into mechanical energy.

In addition, the low-pressure and low-temperature steam passing through the in-
termediate pressure turbine 123 is supplied to the low pressure turbine 125, and the
turbine is rotated using the same principle as the high temperature turbine 121, and
mechanical energy is generated.

In this case, the first combustor 130 is interposed between the intermediate pressure
turbine 123 and the low pressure turbine 125, and low pressure and low temperature
steam passing through the intermediate pressure turbine 123 is directly reheated using
pure oxygen combustion, and the heated steam is supplied to the low pressure turbine
125.

The first combustor 130 must use one of either the process byproduct or fossil-fuel
excluding nitrogen as a fuel and pure oxygen as an oxidizer.

The fossil fuel may include all fossil fuels, such as solid, liquid, and gaseous fossil
fuels. A waste gas or a digester gas excluding nitrogen may be used as the process
byproducts.

Referring to FIG. 2, oxygen and methane are supplied to the first combustor 130 of
the power planet 100 having the pure oxygen combustor shown in FIG. 1, together
with the steam. Since only carbon dioxide (COZ) and water vapor exist in a combustion
gas generated using pure oxygen combustion between oxygen and methane, when
water vapor in the combustion gas is condensed by the steam condenser 150, water
vapor may be separated from condensed water and high concentration CO2 may be
recovered by the recovery pump 160.

However, this is just an exemplary embodiment of the present invention. Thus, a
fossil fuel supplied to the first combustor 130 is not limited to methane, and a variety
of types of fossil fuels that cause pure oxygen combustion may be supplied to the first
combustor 130 together with oxygen according to the purpose of the invention.

In this way, the first combustor 130 reduces a thermal loss by directly mixing the
combustion gas with the steam and, therefore, has high thermal efficiency.

In addition, when the combustion gas is mixed with the steam by installing a
combustor using the air, a large amount of nitrogen in the air is flown in, and CO2
cannot be recovered, and the amount of an uncondensed gas that must be discharged to
the outlet of the turbine increases, and thus the case is not appropriate to a power
generation system. On the other hand, when the first combustor 130 is installed as in
the power plant 100 having the pure oxygen combustor shown in FIG. 1, an un-
condensed gas discharged to the rear end of the turbine unit 120 includes only COZ.
Thus, the amount of discharge of the uncondensed gas is small and high concentration

CO2 may be recovered.
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The structure of the first combustor 130 of the power plant 100 having the pure
oxygen combustor of FIG. 1 will now be described with reference to FIG. 3 in more
detail. FIG. 3 schematically illustrates the first combustor of the power plant having
the pure oxygen combustor of FIG. 1.

Referring to FIG. 3, the first combustor 130 comprises an inlet portion 131 having a
plurality of nozzles through which steam, oxygen, and a fossil fuel are injected, and a
main body portion 135 into which the remaining steam excluding the steam injected
through the inlet portion 131 is injected through an injection hole 133 formed in the
side of the main body portion 135.

A portion of a fuel, oxygen, and water vapor is injected through the nozzles of the
inlet portion 131, and pure oxygen combustion is performed between the injected
oxygen and fuel so that a high temperature combustion gas can be obtained. The high
temperature combustion gas and steam injected through the inlet portion 131 are mixed
so that a desired temperature combustion gas can be obtained.

In other words, a mixture of the combustion gas and the steam generated using pure
oxygen combustion is supplied to the low pressure turbine 125 to generate mechanical
energy, and the mixture of the combustion gas and steam passing through the low
pressure turbine 125 passes the steam condenser 150. In this case, water vapor is
condensed and discharged in the form of water. CO2 that is not condensed by the steam
condenser 150 is recovered by the recovery pump 160 interposed between the steam
condenser 150 and the water supplying pump 170.

Since a portion of the steam is injected into the first combustor 130 through the
nozzles of the inlet portion 131 together with oxygen and a fossil fuel, overheating of
the inlet portion 131 due to pure oxygen combustion between oxygen and the fossil
fuel can be prevented, and nitrogen oxide (NO ) due to overheating can be prevented
from being generated. )

In addition, unlike heating using other heat exchangers, the steam is directly injected
into the first combustor 130, and heated by pure oxygen combustion which leads to an
enhanced thermal efficiency.

In order to describe how to increase the thermal efficiency of the power plant 100
having the pure oxygen combustor according to the present invention, the Rankine
cycle due to the power plant 100 having the pure oxygen combustor shown in FIG. 1 is
illustrated in FIG. 4.

FIG. 4 is a graph showing the Rankine cycle of the power plant having the pure
oxygen combustor of FIG. 1.

Referring to FIG. 4, a low pressure turbine used in a conventional thermal power
plant operates with the Rankine cycle having the condition of 1-2-3-5-1. On the other
hand, like in the power plant 100 having the pure oxygen combustor of FIG. 1, when
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the inlet of the low pressure turbine 125 is reheated by using the first combustor 130
performing pure oxygen combustion, the low pressure turbine 125 operates with the
Rankine cycle having the condition of 7-1-2-3-4-6-7.

In other words, in the conventional power plant due to the Rankine cycle, the low
pressure turbine 125 operates with the condition of a wet vapor at point 5 of FIG. 4
corresponding to the outlet of the low pressure turbine 125. Thus, dryness fraction
must be maintained at 90% or greater to prevent erosion of a turbine blade.

However, when the inlet of the turbine is reheated using pure oxygen combustion,
the low pressure turbine 125 may operate at point 6 of FIG. 4 indicating a lower
turbine outlet pressure while dryness fraction is maintained at 90% or greater.

The pressure of the steam supplied by the heat supplying unit 110 may be 3 to 10 bar,
and the temperature of the inlet of the low pressure turbine 125 may be 300 to 500°C.

For example, the pressure of the outlet of the low pressure turbine 125 is an absolute
pressure of approximately 0.04 kgf/cmz, and the temperature of the inlet of the low
pressure turbine 125 is 300 to 400°C.

Thus, as illustrated in FIG. 4, when the thermal power plant 100 having the pure
oxygen combustor of FIG. 1 is used, more efficient operation is possible at point 6.
Thus, electrical efficiency is improved by about 2 to 3% for the low pressure turbine
125 only.

The power generator 140 converts mechanical energy generated by the turbine unit
120 into electrical energy.

The steam condenser 150 condenses the steam passing through the turbine unit 120
by using cooling water. The steam is re-condensed by the steam condenser 150 into
water.

In addition, seawater, etc. may be used as cooling water but the present invention is
not limited to this. All cooling units may be used that condense the steam according to
other purposes of the invention.

CO2 that is discharged through the steam condenser 150 is separated from water and
is recovered by the recovery pump 160, and water condensed by the steam condenser
150 is delivered to the boiler 113 through the water supplying pump 170.

A power plant 200 having a pure oxygen combustor according to another
embodiment of the present invention will now be described with reference to FIG. 5.
FIG. 5 schematically illustrates a power plant having a pure oxygen combustor
according to another embodiment of the present invention.

Referring to FIG. 5, the power plant 200 having the pure oxygen combustor
according to current embodiment comprises a heat supplying unit 210, a turbine unit
220, a first combustor 230, a first power generator 240, a steam condenser 250, a

recovery pump 260, a water supplying pump 270, and a pump actuator 280.
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The pump actuator 280 comprises a second combustor 281 which divides the steam
passing through the intermediate pressure turbine 223 and reheats the divided steam, a
second turbine unit 283 which generates mechanical energy by rotating the turbine by
using steam passing through the second combustor 281, and a second power generator
285 which actuates the water supplying pump 270 by converting mechanical energy
generated by the second turbine unit 283 into electrical energy.

The second combustor 281 of the pump actuator 280 heats the steam passing through
the intermediate pressure turbine 223 by pure oxygen combustion, supplies the heated
steam to the second turbine unit 283, and converts energy of the steam into mechanical
energy by using the second turbine unit 283.

The water supplying pump 270 may be directly actuated using mechanical energy
generated by the second turbine unit 283, and mechanical energy generated by the
second turbine unit 283 is converted by the second power generator 285 into electrical
energy. And the water supplying pump 270 may be actuated using electrical energy.

A mixture of low-pressure and low-temperature steam and CO2 that is exhausted by
the second turbine unit 283 of the pump actuator 280 is supplied to the steam
condenser 250 and is processed in the same manner as a mixture of a combustion gas
and the steam exhausted by the low pressure turbine 225.

The heat supplying unit 210, the turbines unit 220, the first combustor 230, the first
power generator 240, the steam condenser 250, the recovery pump 260, and the water
supplying pump 270 of the power plant 200 having the pure oxygen combustor il-
lustrated in FIG. 5 are the same elements as the heat supplying unit 110, the turbines
unit 120, the first combustor 130, the power generator 140, the steam condenser 150,
the recovery pump 160, and the water supplying pump 170 of the power plant 100
having the pure oxygen combustor illustrated in FIG. 1, and thus, a description thereof
will be omitted.

In addition, the second combustor 281 has the same configuration as the first
combustor 130 and performs the same function as the first combustor 130. In addition,
the second turbine unit 283 and the second power generator 285 have the same con-
figuration as the turbine unit 220 and perform the same function as the turbine unit 220
and the first power generator 240, respectively, and thus, a description thereof will be
omitted.

A power plant 300 having a pure oxygen combustor according to another
embodiment of the present invention will now be described with reference to FIG. 6.
FIG. 6 schematically illustrates a power plant having a pure oxygen combustor
according to another embodiment of the present invention.

Referring to FIG. 6, the power plant 300 having the pure oxygen combustor and

using a waste steam according to the current embodiment of the present invention
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comprises a heat supplying unit 310, a turbine unit 320, a first combustor 330, a power
generator 340, a steam condenser 350, and a recovery pump 360.

The heat supplying unit 310 supplies a waste steam generated from one facility
selected from the group consisting of an incinerator furnace, a heating furnace, a
factory, and a thermal power plant, to the first combustor 330.

The heat supplying unit 310 supplying the waste steam in this way is not limited to
the incinerator furnace described above, but various industry facilities may be used in
the supplying unit 310 to supply the waste steam to the first combustor 330 according
to the purpose of the invention.

A plurality of turbine units 320, such as a high temperature turbine, an intermediate
temperature turbine, and a low pressure turbine, may be provided according to the
temperature and pressure of the supplied steam. However, since a power generation
system is actuated using the waste steam discharged from other facility, only one
turbine 320 may be provided so as to prevent an increase in costs due to an un-
necessary increase in the number of turbines.

In addition, the steam condenser 350 may be installed in the ground and condense the
steam passing through the turbine unit 320 using geothermal heat.

A conventional method of condensing the steam by using cooling water supplied by
a cooling tower may be used instead of using the steam condenser 350. However, a
facility for discharging the waste steam, such as an incinerator furnace, etc. is a
previously-equipped facility. Thus, it may be difficult to use cooling water, such as
seawater, efc., in a sea region and an inland region in which water supply is not easy,
and a high cost is needed in supply of a large amount of cooling water used in cond
ensation using a cooling tower. Thus, the conventional method of condensing steam by
using cooling water supplied by a cooling tower is not economical.

When the steam condenser 350 is installed under the ground as shown in the power
plant 300 having the pure oxygen combustor of FIG. 6, the steam may be cooled down
and condensed in a simple and efficient manner, and continuous reuse is possible
without an additional cost.

CO2 that is discharged by the steam condenser 350 is separated from water and is
recovered by the recovery pump 360, and water condensed by the steam condenser 350
may be discarded or reused by including an additional water supplying pump (not
shown).

The first combustor 330, the power generator 340, and the recovery pump 360 of the
power plant 300 having the pure oxygen combustor of FIG. 6 are the same elements as
the first combustor 130, the power generator 140, and the recovery pump 160 of the
power plant 100 having the pure oxygen combustor of FIG. 1, respectively, and thus a

description thereof will be omitted.
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[122]

[123]

A power plant 400 having a pure oxygen combustor according to another
embodiment of the present invention will now be described with reference to FIG. 7.
FIG. 7 schematically illustrates a power plant having a pure oxygen combustor
according to another embodiment of the present invention.

Referring to FIG. 7, the power plant 400 having the pure oxygen combustor
according to the current embodiment of the present invention comprises a heat
supplying unit 410, a turbine unit 420, a first combustor 430, a power generator 440, a
steam condenser 450, a recovery pump 460, and a water supplying pump 470.

The heat supplying unit 410 may comprise a heat exchanger 413 which exhausts the
steam heated by an exhaust gas generated in a fuel cell system 411.

The fuel cell system 411 is a system which converts chemical energy into electrical
energy by electrochemical reaction in anode and cathode. A high temperature gas is
discharged by the fuel cell system 411 to the outside of the fuel cell system 411.

Examples of the fuel cell system 411 include phosphoric acid fuel cells (PAFC),
molten carbonate fuel cells (MCFC), solid oxide fuel cells (SOFC), polymer
electrolyte fuel cells (PEFC), etc. according to the type of an electrolyte. An MCFC
system 411 is used in the power plant 400 having the pure oxygen combustor of FIG.
7.

The fuel cell system 411 exhausts a high temperature gas of approximately 300 to
370°C. The heat from the high temperature gas is recovered by the heat exchanger 413
and generates high temperature steam.

The power plant 400 having the pure oxygen combustor of FIG. 7 is actuated using
high temperature steam.

The heat exchanger 413 may be a heat recovery steam generator (HRSG). An HRSG
is a heat exchanger which has been utilized in the field of an industry plant, such as a
steam generator, a chemical plant, steel making, an incinerator system, etc.. The HRSG
is a waste heat recovery device which recovers the residual heat of a gas turbine
exhaust gas and generates the steam for power generation and processes.

In other words, the residual heat of the exhaust gas generated in the fuel cell system
411 is recovered by the heat exchanger 413, and high temperature and high pressure
steam is generated.

In addition, the high temperature and high pressure steam generated in the heat
exchanger 413 is injected into the first combustor 430 and is reheated using pure
oxygen combustion, and the higher temperature steam is supplied to the turbine unit
420.

The turbine unit 420 may be the same element as the turbine unit 120 of the power
plant 100 having the pure oxygen combustor of FIG. 1, and an appropriate number of

turbines may be provided according to the temperature and pressure of the supplied
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[125]

[126]
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[129]

steam.

The pressure of the steam supplied from the heat exchanger 413 may be 5 to 20 bar,
and the temperature of the inlet of the turbine unit 420 may be 300 to 600°C.

The first combustor 430, the power generator 440, the recovery pump 460, and the
water supplying pump 470 of the power plant 400 having the pure oxygen combustor
of FIG. 7 are the same elements as the first combustor 130, the power generator 140,
the recovery pump 160, and the water supplying pump 170 of the power plant 100
having the pure oxygen combustor of FIG. 1, respectively, and thus a description
thereof will be omitted.

In addition, the power plant having the pure oxygen combustor according to em-
bodiments of the present invention can be used in a combined cycle thermal power
plant.

The combined cycle thermal power plant is a plant in which, firstly, electricity is
generated by rotating a gas turbine by using a fuel, such as a natural gas, a light oil, etc.
and exhaust gas heat generated in the gas turbine is recovered by using the HRSG and
high temperature steam is produced and secondly, electricity is generated by rotating a
steam turbine.

In other words, the thermal power plant having a pure oxygen combustor according
to the current embodiment of the present invention is used in the combined cycle
thermal power plant, recovers the residual heat of the exhaust gas generated in the gas
turbine by using the HRSG to generate high temperature and high pressure steam, and
steam passing through the HRSG is supplied to a turbine unit (not shown), and then,
the thermal power plant may be realized by using the same process as that performed
by the turbine unit 120, the first combustor 130, the power generator 140, the steam
condenser 150, the recovery pump 160, and the water supplying pump 170 of the
power plant 100 having the pure oxygen combustor of FIG. 1.

While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those of ordinary skill in
the art that various changes in form and details may be made therein without departing

from the spirit and scope of the present invention as defined by the following claims.
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Claims

[1] A power plant having a pure oxygen combustor, the power plant comprising:
a heat supplying unit supplying a heated steam;
a turbine unit generating mechanical energy by rotating a turbine using the
heated steam supplied by the heat supplying unit;
a power generator converting mechanical energy generated by the turbine unit
into electrical energy;
a steam condenser condensing steam passing through the turbine unit; and
a first combustor disposed at one side of the turbine unit and reheating the steam
supplied to the turbine unit by using pure oxygen combustion.

(2] The power plant of claim 1, wherein the turbine unit comprises a high pressure
turbine, an intermediate pressure turbine, and a low pressure turbine according to
pressure and temperature of the supplied steam, and the first combustor is
interposed between the intermediate pressure turbine and the low pressure
turbine, reheats the steam passing through the intermediate pressure turbine by
using pure oxygen combustion, and supplies the reheated steam to the low
pressure turbine.

(3] The power plant of claim 2, wherein pressure of steam supplied by the heat
supplying unit is 3 to 10 bar, and a temperature of an inlet of the low pressure
turbine is 300 to 500°C.

(4] The power plant of claim 2, further comprising:

a water supplying pump delivering water condensed by the steam condenser to
the heat supplying unit; and

a pump actuator comprising a second combustor dividing a portion of the steam
passing through the intermediate pressure turbine and reheating the divided
steam, a second turbine unit actuating the water supplying pump by rotating the
turbine by using the steam reheated by the second combustor, and a second
power generator actuating the water supplying pump by converting mechanical
energy generated by the second turbine unit into electrical energy.

[5] The power plant of claim 4, wherein the second combustor comprises:
an inlet portion having a plurality of nozzles through which steam, oxygen, and a
fuel are injected; and
a main body portion into which the remaining steam excluding the steam injected
through the inlet portion is injected through an injection hole formed in a side of
the main body portion.

(6] The power plant of claim 1, wherein the heat supplying unit supplies the first

combustor with a waste steam generated from one facility selected from the
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[7]

(8]

[9]

[10]

group consisting of an incinerator furnace, a heating furnace, a factory, and a
thermal power plant, and the steam condenser is installed under the ground and
condenses the steam passing through the turbine unit by using geothermal heat.
The power plant of claim 1, wherein the heat supplying unit comprises a heat
exchanger discharging high temperature and high pressure steam due to an
exhaust gas generated in a fuel cell system.

The power plant of claim 7, wherein pressure of the steam supplied by the heat
exchanger is 5 to 20 bar, and temperature of an inlet of the turbine unit is 300 to
600°C.

The power plant of one of claims 1 through 8, wherein the first combustor
comprises:

an inlet portion having a plurality of nozzles through which steam, oxygen, and a
fuel are injected; and

a main body portion in which the remaining steam excluding the steam injected
through the inlet portion is injected through an injection hole formed in the side
of the main body portion.

The power plant of claim 9, further comprising a recovery pump recovering

carbon dioxide (COZ) separated from water condensed by the steam condenser.
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