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APPARATUS FOR REDUCING EMISSIONS
AND METHOD OF ASSEMBLY

BACKGROUND OF THE INVENTION

[0001] The embodiments described herein relate generally
to emissions treatment systems and, more particularly, to an
apparatus for use in reducing NO, formation in the exhaust
path of a combustion system.

[0002] During the combustion of natural gas and liquid
fuels, pollutants such as, but not limited to, carbon monoxide
(CO), unburned hydrocarbons (UHC), and oxides of nitrogen
(NO,) emissions, may be formed and/or emitted into an ambi-
ent atmosphere. In general, CO and UHC may be formed
during combustion conditions at lower temperatures and/or
during combustion conditions when an insufficient amount of
time to complete a reaction is available. In contrast, NO, is
generally formed during combustion conditions at higher
temperatures. At least some known pollutant emission
sources include industrial boilers and furnaces, reciprocating
engines, gas turbine engines, and/or steam generators.
[0003] Modern air quality regulations increasingly man-
date reduced emission levels for power generation plants,
while also requiring increased fuel efficiency requirements.
To comply with stringent emission control standards, it is
desirable to control NO, emissions by suppressing the forma-
tion of NO, emissions. Oxides of nitrogen include nitric oxide
(NO) and nitrogen dioxide (NO,), which is known to produce
avisible yellow plume from exhaust stacks and that is alleged
to contribute to the creation of “acid rain.” However, known
combustion controls may provide only limited emissions
control and may prove inadequate in satisfying the increased
standards and the often-conflicting goals, such that further
improvements of post-combustion exhaust gas treatment sys-
tems are desirable.

[0004] Oneknown technology for use in controlling NO_ in
stack emissions is selective catalytic reduction (SCR). In an
SCR system, flue gases from power generation plants often
have a net oxidizing effect due to a high proportion of oxygen
that is provided to ensure adequate combustion of a hydro-
carbon fuel. Thus, NO, that is present in the flue gas may be
reduced to nitrogen and water with great difficulty. An SCR
element may be used to mix anhydrous ammonia with the flue
gas, and the gases are channeled over a suitable reduction
catalyst at a suitable temperature prior to being released into
the atmosphere. However, the reaction rate over the catalyst is
dependent on the inlet gas temperature as such the rate of NO,.
destruction is insufficient until the flue gas is heated to the
suitable temperature. Accordingly, during transient phases,
such as during startup operations, the SCR element generally
does not reduce the NO, to a desired level as the flue gas
temperature is to low.

BRIEF DESCRIPTION OF THE INVENTION

[0005] Inone aspect, a method is provided for providing a
heat recovery steam generator (HRSG) for use with a gas
turbine engine. The method includes providing an HRSG,
coupling a steam-based heating element within the HRSG,
and coupling at least one oxides of nitrogen (NO, ) reduction
element downstream from the steam-based heating element,
wherein the steam-based heating element is configured to
operate during gas turbine engine operations with insufficient
exhaust temperatures for desired NO, reduction to increase a
temperature of exhaust gases routed through the at least one
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NO, reduction element to enable the at least one NO, reduc-
tion element to facilitate NO, reduction reactions during the
gas turbine engine operations.

[0006] In another aspect, a heat recovery steam generator
(HRSG) is provided, wherein the HRSG is coupled to a gas
turbine engine that discharges a flow of exhaust gases includ-
ing oxides of nitrogen (NO,). The HRSG includes a steam-
based heating element for heating the exhaust gases, and at
least one NO, reduction element coupled downstream from
the at least one steam-based heating element and configured
to facilitate reducing an amount of NO_ in the exhaust gases
that are channeled into the atleast one NO, reduction element.
[0007] In another aspect, a combined cycle power plant is
provided, including a gas turbine engine and a heat recovery
steam generator (HRSG) coupled in flow communication
with the gas turbine engine. The gas turbine engine is config-
ured to combust a fuel in air to produce shaft power and a flow
of exhaust gases including oxides of nitrogen (NO,). The
HRSG includes a steam-based heating element for heating
the exhaust gases, and at least one NO, reduction element
coupled downstream from the steam-based heating element
and configured to facilitate reducing an amount of NO, in the
exhaust gases channeled into the at least one NO reduction
element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a simplified schematic diagram of an
exemplary combined cycle power plant;

[0009] FIG. 2isablock schematic diagram of an exemplary
heat recovery steam generator (HRSG) that may be used with
the combined cycle power plant shown in FIG. 1;

[0010] FIG. 3 is a simplified block diagram for the HRSG
shown in FIG. 2;

[0011] FIG. 4 is a perspective view of an exemplary steam-
based heating element that may be used with the HRSG
shown in FIGS. 2 and 3; and

[0012] FIG. 5 is a graph that illustrates the efficiency of a
NO, reduction element shown in FIG. 3 over time and based
on the temperature of the exhaust gases as the exhaust gases
enter the NO, reduction element.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Exemplary embodiments of methods and apparatus
for use in reducing NO, formation in the exhaust path of a
combustion system are described herein. More specifically,
the embodiments described herein facilitate improving NO,
conversion using a selective catalytic reduction (SCR) cata-
lyst during startup, shutdown, and low-load operations of a
gas turbine engine. Existing SCR catalysts that may be used
with heat recovery steam generators (HRSG) such as those
described herein, are typically honeycomb structures formed
from a ceramic material and coated with a catalyst material.
Conversion of NO, begins when the surface temperature of
the catalyst is sufficiently hot, such as above approximately
400° F. During startup operations of the gas turbine engine,
NO, emissions are higher than during base-load operation.
Accordingly, SCR catalyst conversion efficiency during star-
tup operations is lower because the SCR catalyst has not
reached a sufficient temperature. Frequently, ammonia is
injected into a flowpath of exhaust gases from the gas turbine
engine to further enhance NO, reduction, based on the tem-
perature of the SCR catalyst. Embodiments of the invention
facilitate increasing the catalyst surface temperature with a
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steam-based heat element, such as a panel of superconducting
heat transfer tubes, near the SCR catalyst. The exhaust gases
from the gas turbine engine are heated by the heat element
before entering the SCR catalyst such that the catalyst reaches
a desired temperature.

[0014] FIG. 1 is a simplified schematic diagram of an
exemplary combined cycle power plant 100. In the exemplary
embodiment, power plant 100 includes a compressor 102
including an air intake 104 that receives air. Compressor 102
is coupled to a gas turbine engine 106 that includes one or
more combustion chambers 108. Compressor 102 com-
presses air received via air intake 104 and channels the com-
pressed air into combustion chambers 108, wherein the com-
pressed air is mixed with fuel and ignited to supply gas
turbine engine 106 with hot combustion gases for driving a
first shaft 110. First shaft 110 is coupled to a first generator
112, and causes first generator 112 to generate electricity.
Moreover, gas turbine engine 106 discharges exhaust gases
into an exhaust duct 114, including, for example and not by
way of limitation, oxides of nitrogen (NO,), carbon monox-
ide (CO), and unburned hydrocarbons.

[0015] Inthe exemplary embodiment, power plant 100 also
includes a heat recovery steam generator (HRSG) 116 that is
coupled in flow communication to gas turbine engine 106.
Specifically, HRSG 116 is coupled to gas turbine engine 106
via exhaust duct 114 such that HRSG 116 receives the exhaust
gases discharged from gas turbine engine 106. In the exem-
plary embodiment, HRSG 116 includes one or more heat
exchangers 118 and emissions treatment equipment 120.
Heat exchangers 118 extract heat from the exhaust gases, and
the heatis used to generate steam. Emissions treatment equip-
ment 120 processes the exhaust gases, and the processed
exhaust gases are subsequently released to the atmosphere via
an exhaust stack 122.

[0016] A steam turbine 124 is coupled to HRSG 116 such
that steam generated by heat exchangers 118 is channeled into
steam turbine 124 for use in driving rotation of a second shaft
126. Second shaft 126 is also coupled to a second generator
128, and causes second generator 128 to generate electricity.
The spent steam is then channeled into a condenser 130 that
includes a plurality of tube bundles 132. Cooling water chan-
neled through tube bundles 132 cools the steam such that the
steam condenses into water. The water is then channeled back
to heat exchangers 118.

[0017] FIG. 2 is a block schematic diagram of HRSG 116.
In the exemplary embodiment, HRSG 116 receives a flow of
exhaust gases discharged from gas turbine engine 106 (shown
in FIG. 1) via exhaust duct 114 (shown in FIG. 1). Moreover,
in the exemplary embodiment, heat exchangers 118 include a
plurality of superheater heat exchangers 202, a plurality of
reheater heat exchangers 204, and a plurality of economizer
heat exchangers 206. HRSG 116 also includes a high pressure
evaporator 208, an intermediate pressure evaporator 210, and
a low pressure evaporator 212 that each produce steam using
the heat contained in the exhaust gases. Each evaporator 208,
210, and 212 is coupled to a respective pressure drum. In the
exemplary embodiment, high pressure evaporator 208 is
coupled to a high pressure drum 214, intermediate pressure
evaporator 210 is coupled to an intermediate pressure drum
216, and low pressure evaporator 212 is coupled to a low
pressure drum 218. HRSG 116 also includes at least one duct
burner 220 that supplies heat into the exhaust gas flow to
enhance steam production output. Accordingly, in the exem-
plary embodiment, HRSG 116 generates steam at a plurality
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of different pressures using high pressure drum 214, interme-
diate pressure drum 216, and low pressure drum 218. More-
over, in the exemplary embodiment, each pressure drum 214,
216, and 218 routes the pressurized steam to a different steam
turbine (not shown). In an alternative embodiment, each pres-
sure drum 214, 216, and 218 channels the pressurized steam
to a single steam turbine, such as steam turbine 124 (shown in
FIG. 1). In the exemplary embodiment, emissions treatment
equipment 120 (shown in FIG. 1) is coupled among heat
exchangers 202, 204, and 206, evaporators 208, 210, and 212,
and duct burner 220 to facilitate reducing an amount of con-
taminants entrained within the flow of exhaust gases. In an
alternative embodiment, emissions treatment equipment 120
is positioned in the flow of exhaust gases downstream from
heat exchangers 118.

[0018] FIG. 3 is a simplified block diagram for HRSG 116.
As shown in FIG. 3, HRSG 116 includes a duct burner 302
that elevates a temperature of the exhaust gases after the
exhaust gases have been discharged from gas turbine engine
106 via exhaust duct 114 (shown in FIG. 1). High pressure
evaporator 208 is coupled in flow communication down-
stream from duct burner 302, and also raises the temperature
of the exhaust gases. For example, in one embodiment, duct
burner 302 and high pressure evaporator 208 receive the
exhaust gases at a temperature of approximately 700° Fahr-
enheit (° F.). In the example, the exhaust gases include
approximately 90 parts per million (ppm) of NO,, which
includes approximately 10% nitrogen dioxide (NO,), and
duct burner 302 and high pressure evaporator 208 heat the
exhaust gases to a temperature above approximately 700° F.
Moreover, in the exemplary embodiment, a high pressure heat
exchanger 304 is coupled in flow communication down-
stream from high pressure evaporator 208 to facilitate cooling
the exhaust gases to approximately 400° F.

[0019] In the exemplary embodiment, a steam-based heat-
ing element 306 is coupled in flow communication down-
stream from high pressure heat exchanger 304 to selectively
increase the temperature of the exhaust gases to facilitate
reducing the concentration of, for example NO,, in emissions
channeled to stack 122. More specifically, in one embodi-
ment, heating element 306 heats the exhaust gases to a tem-
perature of between approximately 500° F. and approxi-
mately 800° F. In the exemplary embodiment, a carbon
monoxide (CO) catalyst 308 is coupled in flow communica-
tion downstream from heating element 306 to facilitate oxi-
dizing the nitric oxide (NO) to equilibrium concentrations of
NO, at local exhaust temperatures at the location of CO
catalyst 308 in the exhaust gas stream. Specifically, CO cata-
lyst 308 oxidizes NO such that the exhaust gases include
approximately 90 ppm NO,, which includes less than
approximately 50% NO,, but is SCR catalyst dependent.

[0020] In the exemplary embodiment, an injection appara-
tus 310 is coupled in flow communication downstream from
CO catalyst 308. Injection apparatus 310 injects a reducing
agent into the flow of exhaust gases to facilitate reducing the
concentration of NO, within the exhaust gases. Moreover, in
the exemplary embodiment, a NO, reduction element 312 is
coupled in flow communication downstream from injection
apparatus 310. NO, reduction element 312 channels the
exhaust gases, including the reducing agent, over a suitable
reduction catalyst to facilitate reducing the concentration of
NO,. For example, the reduction catalyst provides an envi-
ronment suitable for the reduction of NO,, by 120 ppm of
NH;, to predominantly NO,, such as approximately 80%
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NO,. For example, in the exemplary embodiment, NO,
reduction element 312 channels the exhaust gases over the
reduction catalyst at a temperature between approximately
500° F. and 800° F., wherein NO, reduction element 312
reduces the NO_ to a concentration of approximately 9 ppm,
which includes approximately 90% of NO, as NO, and 5 ppm
NH,.

[0021] In one embodiment, injection apparatus 310 is an
ammonia (NH;) injection grid that is coupled in flow com-
munication downstream from CO catalyst 308. NH; injection
grid 310 injects ammonia into the flow of exhaust gases to
facilitate reducing the concentration of NO, within the
exhaust gases. Specifically, NH; injection grid 310 injects a
gaseous ammonia mixture into the flow of exhaust gases such
that a concentration of ammonia is reduced to approximately
120 ppm. In an alternative embodiment, injection apparatus
310 injects a reducing agent such as hydrogen, or an organic
reducing agent, such as a hydrocarbon material, into the flow
of exhaust gases.

[0022] Moreover, NO, reduction element 312 channels the
exhaust gases over a suitable reduction catalyst at a tempera-
ture between approximately 500° F. and 800° F. to facilitate
reducing the concentration of NO,. In one embodiment, NO,
reduction element 312 uses an organic reducing agent, such
as a hydrocarbon material, to reduce the concentration of
NO,. For example, in one embodiment, NO, reduction ele-
ment 312 includes one or more catalysts provided in one or
more catalyst zones. The exhaust gases, including the organic
reducing agent, are routed through each catalyst zone to inter-
act with the corresponding catalyst. Exemplary catalysts
include, but are not limited to only including, a zeolite mate-
rial, a catalytic metal such as platinum group metals, gallium,
and/or a promoting metal such as silver, gold, vanadium, zinc,
titanium, tin, bismuth, cobalt, molybdenum, tungsten,
indium, and mixtures thereof. In an alternative embodiment,
NO, reduction element 312 uses a hydrogen-based reducing
agent, such as H,. Typically, the precious metal catalysts used
in NO, reduction element 312 having H, or hydrocarbon as a
reducing agent require lower temperatures for the same NO,
removal efficiency as NO, reduction element 312 having
ammonia as the reducing agent. However, use of H, or a
hydrocarbon reducing agent enables a lower maximum tem-
perature before degrading or oxidizing ammonia to NO, or
both. Accordingly, in some embodiments, the precious metal
catalysts are located closer to the exhaust of HRSG 116 in a
lower temperature operating environment.

[0023] In another alternative embodiment, NO, reduction
element 312 uses a 3-way catalyst, such as a dry 3-way
catalyst. Exemplary 3-way catalysts include one or more
platinum group metals that are dispersed on a base with a
well-developed surface of stable oxides, together with oxides
of zirconium or cerium and one or more oxides of the alka-
line-earth metals barium, calcium, and strontium. The cata-
lyst base may be coated onto a carrier such as a ceramic block
or a spirally wound metal foil composed of iron, chromium,
and aluminum, or onto corrosion-resisting materials on an
iron base. In addition to platinum group metals, 3-way cata-
lysts that contain one or more oxides of d-elements tend to
increase the efficiency of platinum group catalysts by main-
taining oxygen availability through the convertible accumu-
lation of oxygen during the cycle and by suppressing the
generation oftoxic gases such as hydrogen sulfide and ammo-
nia. The above examples of 3-way catalysts are for exemplary
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purposes only and are not meant to limit the types of 3-way
catalysts that may be used in NO, reduction element 312.
[0024] Furthermore, in the exemplary embodiment, HRSG
116 includes a low pressure heat exchanger 314 coupled in
flow communication downstream from NO, reduction ele-
ment 312. Moreover, in the exemplary embodiment, low pres-
sure heat exchanger 314 cools the exhaust gases to a tempera-
ture of approximately 150° F. including approximately 9 ppm
NO, and 5 ppm NH,.

[0025] In the exemplary embodiment, a controller 316 is
coupled to, for example, HRSG 116. Controller 316 controls
activation and/or performance of heating element 306. For
example, during a startup of combined cycle power plant 100
(shown in FIG. 1), controller 316 activates heating element
306 to heat the flow of exhaust gases to facilitate reducing
NO, to, for example, NO and NO2, prior to the exhaust gases
being released into the atmosphere via stack 122. The startup
of plant 100 may be any of a hot start, a warm start, or a cold
start. Heating element 306 can operate during the purge stage
of gas turbine startup. In some embodiments, controller 316
causes heating element 306 to heat the flow of exhaust gases
during any transient operational phase or load or low speed, to
facilitate an increased reduction of NO, by heating the
exhaust gases to a temperature sufficient for NO, reduction to
the desired emission level.

[0026] FIG. 4 is a perspective view of an exemplary steam-
based heating element 306 that may be used with HRSG 116
(shown in FIGS. 2 and 3). In the exemplary embodiment, and
as shown in FIG. 4, heating element 306 includes a plurality
of superconducting heat transfer tubes 402 that are arranged
to form a panel 404. Exemplary heat transfer tubes include,
but are not limited to only including, Qu Tubes commercially
available from New Qu Energy [td., Hong Kong, China.
Moreover, in the exemplary embodiment, a steam source (not
shown) channels steam past heat transfer tubes 402, which
absorb heat energy from the steam. The exhaust gases from
gas turbine engine 102 (shown in FIG. 1) is channeled
through heat transfer tubes 402, where the exhaust gases
absorb at least a portion of the heat energy from heat transfer
tubes 402. Exemplary steam sources include, but are not
limited to only including, steam turbine 124 (shown in FIG.
1), a supplemental boiler (not shown), a pressure drum, such
as high pressure drum 214, intermediate pressure drum 216,
and/or low pressure drum 218 (each shown in FIG. 2), or any
other suitable steam source that is capable of providing steam
having sufficient heat energy to heat element 306.

[0027] FIG. 5 is a graph 500 that illustrates the efficiency of
NO, reduction element 312 (shown in FIG. 3) over time and
based on the temperature of the exhaust gases as the exhaust
gases enter NO, reduction element 312. More specifically,
graph 500 includes an exhaust gas temperature curve 502 that
illustrates the temperature of the exhaust gases as they enter
NO, reduction element 312 over time and, in particular, dur-
ing a start-up or shut down phase of gas turbine engine 102
(shown in FIG. 1) and low load conditions. Graph 500 also
includes an effectiveness curve 504 of NO, reduction element
312 overtime and, in particular, during a start-up phase of gas
turbine engine 102. As shown in FIG. 5, injection apparatus
310 (shown in FIG. 3) does not begin to inject the reducing
agent into the flow of exhaust gases until the catalyst surface
temperature reaches a predetermined temperature, such as
approximately 400° F. In order to reach a sufficient catalyst
surface temperature, controller 316 selectively activates heat
element 306 (both shown in FIG. 3) based on a temperature of
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the exhaust gases upstream from heat element 316. When heat
element 306 is activated, steam is channeled through heat
pipes 402 (shown in F1G. 4), and heat pipes 402 absorb at least
aportion of the heat energy from the steam. The exhaust gases
absorb at least a portion of the heat energy from heat pipes 402
as the exhaust gases are channeled into NO, reduction ele-
ment 312. When the surface of the catalyst reaches the desired
temperature, injection apparatus 310 begins to inject the reac-
tion agent to facilitate increased efficiency of NO, reduction
element 312, as shown via curve 504.

[0028] Exemplary embodiments of methods and apparatus
for use in reducing emissions, such as NO, emissions, are
described herein. The embodiments described herein facili-
tate increasing a temperature of exhaust gases from a gas
turbine engine by using a duct burner to enhance an ability of
a selective catalytic reduction (SCR) element to reduce the
concentration of NO, of the exhaust gases emitted into the
atmosphere via an exhaust stack. Moreover, during gas tur-
bine engine start up, shut down, and at lower load conditions,
normal HRSG operating method would result in exhaust gas
temperatures with low NO, destruction efficiencies at the
SCR entrance. Accordingly, the embodiments described
herein direct heat energy to a heat exchanger upstream of the
SCR to provide the required NO, destruction efficiency. The
amount of heat energy is controlled to minimize plant effi-
ciency.

[0029] Exemplary embodiments of systems, apparatus, and
methods of assembly are described above in detail. The sys-
tems, apparatus, and methods of assembly are not limited to
the specific embodiments described herein but, rather, opera-
tions of the methods and/or components of the system and/or
apparatus may be utilized independently and separately from
other operations and/or components described herein. Fur-
ther, the described operations and/or components may also be
defined in, or used in combination with, other systems, meth-
ods, and/or apparatus, and are not limited to practice with
only the systems, methods, and storage media as described
herein.

[0030] A controller, such as those described herein,
includes at least one processor or processing unit and a system
memory. The controller typically has at least some form of
computer readable media. By way of example and not limi-
tation, computer readable media include computer storage
media and communication media. Computer storage media
include volatile and nonvolatile, removable and non-remov-
able media implemented in any method or technology for
storage of information such as computer readable instruc-
tions, data structures, program modules, or other data. Com-
munication media typically embody computer readable
instructions, data structures, program modules, or other data
in a modulated data signal such as a carrier wave or other
transport mechanism and include any information delivery
media. Those skilled in the art are familiar with the modulated
data signal, which has one or more of its characteristics set or
changed in such a manner as to encode information in the
signal. Combinations of any of the above are also included
within the scope of computer readable media.

[0031] The order of execution or performance of the opera-
tions in the embodiments of the invention illustrated and
described herein is not essential, unless otherwise specified.
That is, the operations may be performed in any order, unless
otherwise specified, and embodiments of the invention may
include additional or fewer operations than those disclosed
herein. For example, it is contemplated that executing or
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performing a particular operation before, contemporaneously
with, or after another operation is within the scope of aspects
of the invention.

[0032] When introducing elements of aspects of the inven-
tion or embodiments thereof, the articles “a,” “an,” “the,” and
“said” are intended to mean that there are one or more of the
elements. The terms “comprising,” including,” and “having”
are intended to be inclusive and mean that there may be
additional elements other than the listed elements.

[0033] This written description uses examples to disclose
the invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not difter from the literal language
of'the claims, or if they include equivalent structural elements
with insubstantial differences from the literal language of'the
claims.

What is claimed is:

1. A method of providing a heat recovery steam generator
(HRSG) for use with a gas turbine engine, said method com-
prising:

providing an HRSG;

coupling a steam-based heating element within the HRSG;

and

coupling at least one oxides of nitrogen (NO,) reduction

element downstream from the steam-based heating ele-
ment, wherein the steam-based heating element is con-
figured to operate during gas turbine engine operations
with insufficient exhaust temperatures for desired NO,
reduction to increase a temperature of exhaust gases
routed through the at least one NO, reduction element to
enable the at least one NO, reduction element to facili-
tate NO, reduction reactions during the gas turbine
engine operations.

2. A method in accordance with claim 1, further compris-
ing coupling an injection apparatus downstream from the
steam-based heating element and upstream from the at least
one NO, reduction element, wherein the injection apparatus
is configured to inject a reducing agent into the exhaust gases.

3. A method in accordance with claim 1, further compris-
ing coupling the steam-based heating element to a controller
that is configured to selectively activate the steam-based heat-
ing element based on a temperature of the exhaust gases
upstream from the steam-based heating element.

4. A method in accordance with claim 3, wherein coupling
the steam-based heating element to a controller further com-
prises configuring the controller to selectively activate the
steam-based heating element to heat the exhaust gases during
the gas turbine startup, shut down, and low load operation to
achieve a desired NO, reduction over a catalyst.

5. A method in accordance with claim 1, further compris-
ing coupling the steam-based heating element to a steam
source.

6. A heat recovery steam generator (HRSG) coupled to a
gas turbine engine that discharges a flow of exhaust gases
including oxides of nitrogen (NO,), said HRSG comprising:

a steam-based heating element for heating the exhaust

gases; and

at least one NO, reduction element coupled downstream

from said at least one steam-based heating element and
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configured to facilitate reducing an amount of NO, in the
exhaust gases that are channeled into said at least one
NO, reduction element.

7. An HRSG in accordance with claim 6, wherein said
steam-based heating element is configured to be selectively
activated based on a temperature of the exhaust gases
upstream from said steam-based heating element.

8. An HRSG in accordance with claim 6, wherein said
steam-based heating element is configured to heat the exhaust
gases during any of a startup phase, a shut down phase, and a
load condition with insufficient exhaust temperatures at a
NO, catalyst inlet for desired NO, reduction.

9. An HRSG in accordance with claim 6, wherein said
steam-based heating element comprises at least one super-
conducting heat transfer tube.

10. An HRSG in accordance with claim 6, wherein said
steam-based heating element is coupled to a steam turbine
and is configured to receive steam from the steam turbine for
use in heating the exhaust gases.

11. An HRSG in accordance with claim 6, further compris-
ing a steam source coupled to said steam-based heating ele-
ment, wherein said steam source is configured to be selec-
tively activated based on a temperature of the exhaust gases
upstream from said steam-based heating element.

12. An HRSG in accordance with claim 6, further compris-
ing at least one heat exchanger coupled to said steam-based
heating element, said at least one heat exchanger configured
to extract heat from the exhaust gases, generate steam using
the extracted heat, and to channel the steam to said steam-
based heating element for use in heating the exhaust gases.

13. An HRSG in accordance with claim 6, further compris-
ing a boiler coupled to said steam-based heating element, said
boiler configured to generate steam and to channel the steam
to said steam-based heating element for use in heating the
exhaust gases.

14. An HRSG in accordance with claim 6, wherein the flow
of exhaust gases also includes carbon monoxide (CO), said
HRSG further comprising an injection apparatus and an oxi-
dation catalyst element coupled downstream from said
steam-based heating and upstream from said injection appa-
ratus.

May 3, 2012

15. A combined cycle power plant comprising:

a gas turbine engine configured to combust a fuel in air to
produce shaft power and a flow of exhaust gases includ-
ing oxides of nitrogen (NO,); and

a heat recovery steam generator (HRSG) coupled in flow
communication with said gas turbine engine, said
HRSG comprising:

a steam-based heating element for heating the exhaust
gases; and

at least one NO, reduction element coupled downstream
from said steam-based heating element and config-
ured to facilitate reducing an amount of NO, in the
exhaust gases channeled into said at least one NO
reduction element.

16. A combined cycle power plant in accordance with
claim 15, further comprising a controller configured to selec-
tively activate said steam-based heating element based on a
temperature of the exhaust gases upstream from said steam-
based heating element.

17. A combined cycle power plant in accordance with
claim 15, wherein said steam-based heating element is con-
figured to heat the exhaust gases to a temperature above a
catalyst light off temperature.

18. A combined cycle power plant in accordance with
claim 15, wherein said steam-based heating element is con-
figured to heat the exhaust gases during a transient operation
phase of said combined cycle power plant.

19. A combined cycle power plant in accordance with
claim 15, further comprising a steam source coupled to said
steam-based heating element, wherein said steam source is
configured to be selectively activated based on a temperature
of'the exhaust gases upstream from said steam-based heating
element.

20. A combined cycle power plant in accordance with
claim 15, wherein said HRSG further comprises an injection
apparatus coupled downstream from said steam-based heat-
ing element and upstream from said at least one NO, reduc-
tion element, wherein said injection apparatus is configured
to inject a reducing agent into the exhaust gases to facilitate
NO, reduction reactions.
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