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SYSTEM FOR COOLING EXHAUST GAS
WITH ABSORPTION CHILLER

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates to turbine
systems and, more specifically, to systems and methods for
injecting cooling air into exhaust gas tlow(s) produced by
turbine systems.

Gas turbine systems typically include at least one gas
turbine engine having a compressor, a combustor, and a
turbine. The combustor 1s configured to combust a mixture
of fuel and compressed air to generate hot combustion gases,
which, i turn, drnive blades of the turbine. Exhaust gas
produced by the gas turbine engine may include certain
byproducts, such as nitrogen oxides (NQO,), sulfur oxides
(SO,), carbon oxides (CQO,), and unburned hydrocarbons.

BRIEF DESCRIPTION OF THE INVENTION

In one embodiment, a gas turbine system 1ncludes a gas
turbine engine configured to combust a fuel and produce an
exhaust gas. An exhaust duct assembly 1s fluidly coupled to
the gas turbine engine and 1s configured to receive the
exhaust gas from the gas turbine engine. An absorption
chuller 1s fluidly coupled to the exhaust duct assembly and 1s
configured to receive a take-ofl stream of exhaust gas from
the exhaust duct assembly via an exhaust take-oil path. The
absorption chiller 1s configured to use the take-ofl stream of
exhaust gas to drive at least a portion of an absorption
cooling process to generate a cooled take-ofl stream of
exhaust gas. The exhaust duct assembly 1s configured to
receive the cooled take-off stream of exhaust gas from the
absorption chiller via a cooled take-ofl path and to mix the
cooled take-ofl stream of exhaust gas with exhaust gas
present within the exhaust duct assembly to cool the exhaust
gas.

In another embodiment, a system includes an exhaust duct
assembly fluidly configured to recerve exhaust gas from a
gas turbine engine and an absorption chiller fluidly coupled
to the exhaust duct assembly and configured to receive a
take-ofl stream of exhaust gas from the exhaust duct assem-
bly via an exhaust take-ofl path. The absorption chiller 1s
configured to use the take-ofl stream of exhaust gas to drive
at least a portion of an absorption cooling process to
generate a cooled take-ofl stream of exhaust gas. The system
also includes a heat exchanger flmidly coupled to the absorp-
tion chiller via a chilled fluid path configured to flow a
stream of chilled fluid from the absorption chiller to the heat
exchanger. The heat exchanger 1s positioned within the
exhaust duct assembly or 1s part of a tempering air 1njection
system configured to provide tempering air to the exhaust
duct assembly.

In a further embodiment, a gas turbine system 1s provided.
The system includes a gas turbine engine configured to
combust a fuel and produce an exhaust gas; an exhaust duct
assembly fluidly coupled to the gas turbine engine and
configured to receive the exhaust gas from the gas turbine
engine. The exhaust duct assembly 1s configured to flow the
exhaust gas along an exhaust gas path from an inlet to an
outlet. The system also includes a selective catalytic reduc-
tion (SCR) system having an SCR catalyst positioned within
the exhaust duct assembly and an ammonia injection grid
positioned within the exhaust duct assembly upstream of the
SCR catalyst. The ammoma injection grid 1s configured to
inject ammonia into the exhaust gas path and the SCR
catalyst 1s configured to reduce an amount of NO, present
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within the exhaust gas. An absorption chiller 1s fluidly
coupled to the exhaust duct assembly and configured to
receive a take-ofl stream of exhaust gas from the exhaust
duct assembly via an exhaust take-oil path. The absorption
chuller 1s configured to use the take-ofl stream of exhaust gas
to drive at least a portion of an absorption cooling process
to generate a cooled take-ofl stream of exhaust gas. The
exhaust duct assembly 1s configured to receive the cooled
take-ofl stream of exhaust gas from the absorption chiller via
a cooled take-ofl path and to mix the cooled take-ofl stream
of exhaust gas with exhaust gas along the exhaust tlow path
to cool the exhaust gas. The system further includes a control
system configured to control cooling of the exhaust gas
along the exhaust gas path such that a temperature of the
exhaust gas, upon encountering the SCR catalyst, 1s within
a predetermined temperature range that 1s appropriate for the
SCR catalyst to reduce the amount of NO_ present within the
exhaust gas.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present mvention will become better understood when the
following detailed description 1s read with reference to the
accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

FIG. 1 1s a schematic side view of an embodiment of a
simple cycle gas turbine system having an exhaust process-
ing system that utilizes an absorption chiller driven by an
exhaust gas take-ofl stream to simultaneously cool exhaust
gas generated by the system and to produce cooled temper-
ing air for further cooling of the exhaust gas, in accordance
with an aspect of the present disclosure;

FIG. 2 15 a schematic side view of another embodiment of
the stimple cycle gas turbine system of FIG. 1 1n which the
exhaust gas take-ofl stream 1s downstream of a tempering air
injection grid, 1n accordance with an aspect of the present
disclosure:

FIG. 3 1s a schematic side view of an embodiment of a
simple cycle gas turbine system having an exhaust process-
ing system that utilizes an absorption chiller driven by an
exhaust gas take-ofl stream to simultaneously cool exhaust
gas generated by the system and to direct a chilled fluid
stream to an exhaust gas heat exchanger for further cooling
of the exhaust gas, in accordance with an aspect of the
present disclosure;

FIG. 4 1s a schematic side view of an embodiment of a
simple cycle gas turbine system combining the cooling
teatures of the systems of FIGS. 1 and 3, 1n accordance with
an aspect of the present disclosure; and

FIG. 5 1s a block diagram of the manner in which the
absorption chiller utilizes the exhaust gas take-ofl stream of
FIGS. 1-4 to generate a chilled fluid for use in a heat
exchanger, 1n accordance with an aspect of the present
disclosure.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

One or more specific embodiments of the present mnven-
tion will be described below. In an eflort to provide a concise
description of these embodiments, all features of an actual
implementation may not be described in the specification. It
should be appreciated that 1n the development of any such
actual 1mplementation, as 1n any engineering or design
project, numerous implementation-specific decisions must
be made to achieve the developers’ specific goals, such as
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compliance with system-related and business-related con-
straints, which may vary from one implementation to
another. Moreover, 1t should be appreciated that such a
development effort might be complex and time consuming,
but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill
having the benefit of this disclosure.

When 1ntroducing elements of various embodiments of
the present invention, the articles *“a,” “an,” *“the,” and
“said” are mtended to mean that there are one or more of the
clements. The terms “comprising,” “including,” and “hav-
ing”” are intended to be inclusive and mean that there may be
additional elements other than the listed elements.

As set forth above, gas turbine engines may produce a
number of products of combustion. These products may
include nitrogen oxides (NO,), sulfur oxides (SO,), carbon
oxides (CO_), and unburned hydrocarbons. Generally,
reducing the relative concentration of these products within
an exhaust gas may include reacting such products with
other reactants in the presence of a catalyst. The reaction
between NO_ and a reductant such as ammonia (NH,), for
example, may occur within an exhaust duct assembly in the
presence ol a selective catalytic reduction (SCR) system.
The catalyst lowers the activation energy of a reaction
between the NO,_ and ammonia to produce nitrogen gas (N, )
and water (H,O), thereby reducing the amount of NO_ 1n the
exhaust gas before the exhaust gas 1s released from the gas
turbine system. Such catalyst systems may be referred to as
“DeNQO_” systems.

SCR systems may be used in a variety of different gas
turbine systems, which range from relatively small-scale
systems (e.g., acro-derivative systems) to larger, heavy-duty
gas turbine systems. Small-scale systems produce exhaust
gases having a relatively low temperature, while heavy-duty
gas turbine systems produce exhaust gases with much higher
temperatures. While exhaust gases from small scale systems
(e.g., acro-derivative systems) have a temperature range that
1s generally amenable to the SCR process, the temperature
of exhaust gases produced by heavy-duty systems i1s often
much higher than acceptable operating ranges for the SCR

.

process (e.g., temperatures suitable to maintain stability of

the SCR catalyst). For example, in accordance with an
embodiment of the present disclosure, the 1sotherm tempera-
ture of exhaust gases produced by a heavy-duty gas turbine
engine may be greater than about 1000° F. (e.g., about 540°
C.), such as between about 1100° F. and about 1300° F. (e.g.,
about 590° C. and about 705° C.), while an acceptable
operating range of a “hot” SCR system (an SCR system
having a relatively higher operating temperature range com-
pared to other SCR systems) may be between about 800° F.
and about 900° F. (e.g., about 425° C. and about 485° C.).

To reduce a temperature of these hot exhaust gases to the
acceptable operating range for the SCR system, the exhaust
gases may be mixed with tempering air to transfer heat from
the exhaust gas to the tempering air and thereby cool the
exhaust gas. Generally, the amount of tempering air there-
tore largely determines the amount of heat removed from the
exhaust gas.

It 1s now recognized that the amount of tempering air used
to reduce exhaust gas temperature generated in heavy-duty
systems 1s much larger than amounts used 1n other systems.
For example, a flow rate of tempering air suitable to cool the
exhaust gas 1n heavy-duty gas turbine systems to an appro-
priate temperature for the SCR system may represent
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the exhaust flow rate. This type of cooling can represent a
significant energy mnput to cool the exhaust gas, which
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reduces plant efficiency. Additionally, introducing a flow of
tempering air into the exhaust gas means that the resulting
mixture should be homogenized using, for example, features
that encourage turbulent flow. Accordingly, it 1s also now
recognized that it may be desirable to reduce or altogether
climinate the need for tempering air in heavy-duty gas
turbine systems (e.g., sitmple-cycle systems). Furthermore, 1t
1s also recognized that the heat from the exhaust gas gen-
erated by a gas turbine engine in such a system may be used
to drive certain cooling features of the system, such as an
absorption chiller.

In accordance with aspects of the present disclosure, the
absorption chiller may utilize the exhaust gas heat to drive
a cooling process that includes heat exchange between the
exhaust gas and a medium 1n the absorption chiller. The
exhaust gas used for this heat exchange may be a portion of
the total exhaust gas generated by the gas turbine engine,
and may be extracted from an exhaust duct assembly or
similar feature of the system. This heat exchange causes the
exhaust gas (the portion that 1s extracted) to be cooled. The
cooled exhaust gas may be re-introduced to the exhaust path
to facilitate cooling of the overall exhaust gas flow in the
exhaust path.

Additionally, in certain embodiments of the present dis-
closure, the cooling process driven by this heat exchange
may be used to generate a cooled or chilled heat exchange
medium. The cooled heat exchange medium may be used,
for example, to cool tempering air used 1n a tempering air
system, and/or to provide additional cooling of the exhaust
gas present within the exhaust path of the system.

While the present disclosure may be applicable to a
number of different gas turbine systems, the embodiments
described herein may be particularly usetful 1n simple cycle
heavy-duty gas turbine systems that produce relatively high
temperature exhaust gases (e.g., greater than 1000° F., about
540° C.). One example of a system having a configuration in
accordance with certain aspects of the present disclosure 1s
depicted 1n FIG. 1, which 1s a side elevational view of an
embodiment of a simple cycle heavy-duty gas turbine sys-
tem 10. More particularly, the simple cycle gas turbine
system 10 of FIG. 1 includes a gas turbine engine 12 fluidly
coupled to an exhaust processing system 14 utilizing the
exhaust extraction and absorption chiller features of the
present disclosure.

As 1llustrated, the gas turbine engine 12 includes a com-
pressor 16 having intake features configured to intake air 18
from an air source 20. By way of non-limiting example, the
air source 20 may include various components configured to
intake and pre-treat (e.g., filter and silence) air taken 1n from
the ambient environment. During operation, the compressor
16 intakes the air 18, and compresses the air to produce a
compressed air feed 22 provided to a combustor section 24
of the gas turbine engine 12. In the combustor section 24,
which includes one or more turbine combustors, the com-
pressed air feed 22 1s used for combustion of a fuel 26 (Irom
a fuel source such as a pipeline or fluid storage vessel) to
produce hot combustion gases 28. The hot combustion gases
28 generally 1include products of combustion such as carbon
oxides as well as sulfur and nitrogen oxide species. In
certain embodiments, combustion parameters such as fuel-
to-air ratio, fuel and air volume, and so forth, may control
temperatures 1n the combustor section 24 and the relative
amounts of the gas species generated by combustion.

To extract work from the hot combustion gases 28, the gas
turbine engine 12 includes a turbine 30, which includes a
plurality of turbine stages having turbine blades attached to
rotating wheels. The wheels are attached to a shaft 32
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mechanically coupling the turbine 30 to the compressor 16,
and 1n certain embodiments to an additional load such as an
clectrical generator. The turbine 30 i1s configured to receive
the hot combustion gases 28 and includes a shroud that flows
the hot combustion gases 28 over the turbine blades. The
turbine blades and associated turbine wheels are driven into

rotation by the hot combustion gases, which 1n turn cause the
shaft 32 to rotate. Compression stages in the compressor 16,
which are mechanically coupled to the shait 32, are driven
by this rotation.

The turbine 30 1s configured to discharge the combustion
gases from which work has been extracted as an exhaust gas
34. More specifically, an outlet 36 of the turbine 30 1s fluidly
coupled to an inlet 38 of the exhaust processing system 14
(¢.g., the let of an exhaust duct assembly 40). The exhaust
duct assembly 40 may include a single duct, or a combina-
tion of ducts that are coupled to one another fluidly and
physically. As a more specific example, the exhaust duct
assembly 40 may include several sections, such as a tran-
sition section and an exhaust duct section. During operation,
the exhaust processing system 14 receives and processes the
exhaust gas 34 (e.g., for cooling, to reduce certain combus-
tion products) betfore the exhaust gas 34 1s directed out of the
system 10 (e.g., via stack 42).

In accordance with present embodiments, the exhaust
processing system 14 may also include features located
externally relative to the exhaust duct assembly 40, the
features being configured to facilitate cooling of the stream
of exhaust gas 34 as 1t passes through the exhaust duct
assembly 40 in a downstream direction 44. More specifi-
cally, the exhaust processing system 14 may include an
absorption cooling system 46 configured to receive a take-
ofl stream 48 of the exhaust gas 34 and to cool the take-off
stream 48 using an absorption chiller 50 to produce a cooled
take-ofl stream 52. The cooled take-ofl stream 52 may be
re-introduced mto an exhaust tlow path 54 of the exhaust gas
34 through the exhaust duct assembly 40.

To allow for removal and re-introduction of the exhaust
gas 34, the exhaust duct assembly 40 may include an
absorption cooling 1nlet 56 and an absorption cooling outlet
58, which may each include one or more openings 1n a wall
of the exhaust duct assembly 40. In the 1llustrated embodi-
ment, the absorption cooling inlet 56 includes a tap-in
located upstream of a tap-1n of the absorption cooling outlet
58.

The absorption cooling inlet 56 leads to (1s fluidly coupled
to) a conduit configured to flow the take-ofl stream 48 to the
absorption chiller 50. The conduit may represent all or a
portion of a take-off flow path. One or more take-ofl flow
control devices 60 (e.g., valves, pumps, fans, blowers) and
one or more take-ofl sensors 62 (e.g., thermocouples, therm-
1stors, pressure transducers, flow meters) may be positioned
along the take-ofl flow path extending between the absorp-
tion cooling inlet 56 and the absorption chiller 50 for
controlling the amount and/or flow characteristics of the
take-ofl stream 48. For example, a control system 64 of the
gas turbine system 10 may include instructions stored on a
local memory 66 and executable by a processor 68 to control
a flow of the take-ofl stream 48. The control system 64 may
be communicatively coupled to an actuator 70 of the one or
more take-ofl flow control devices 60 and to the one or more
take-ofl sensors 62. Such communication allows the control
system 64 to send control signals as approprate to the
actuator 70 to adjust operation of the one or more take-oilf
flow control devices 60 based at least 1n part on feedback
signals provided by the one or more take-ofl sensors 62.
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Generally, the control system 64 1s configured to monitor
parameters of the exhaust gas 34, such as composition (e.g.,
levels of CO_, SO_, NO,, and so forth), temperature, pres-
sure, and so on. The control system 64 may also monitor
aspects relating to the ambient environment (e.g., the tem-
perature of ambient air, the humidity of the ambient air),
and/or aspects relating to the gas turbine engine 12, such as
the loading of the gas turbine engine 12. The loading of the
gas turbine engine 12 may aflect the composition and
temperature of the exhaust gas 34, as higher loading of the
engine 12 may be associated with higher combustion tem-
peratures. The control system 64 may control various param-
cters of the exhaust processing system 14 based on these
monitored parameters. For example, the control system 64
may control cooling of the exhaust gas 34 based on any one
or a combination of the parameters listed above. More
specific control aspects are described 1n further detail below.

In certain embodiments, the take-ofl stream 48 may be
directed to and through the absorption chiller 50 using the
take-ofl flow control devices 60, which may not provide
suflicient motive force for returning the cooled take-off
stream 52 to the exhaust duct assembly 40. Additional or
alternative control of the cooled take-ofl stream 52 may be
enabled by one or more return tlow control devices 72 and
their associated actuators 74, which may be communica-
tively coupled to the control system 64. Exhaust gas return
sensors 76 (e.g., thermocouples, thermistors, pressure trans-
ducers, flow meters) may be positioned along the exhaust
gas return path (e.g., a cooled take-ofl stream flow path)
extending between the absorption chiller 50 and the absorp-
tion cooling outlet 58 of the exhaust duct assembly 40, and
may be communicatively coupled to the control system 64
to enable the control system 64 to monitor aspects of the
cooled take-ofl stream 52.

In this example arrangement, the control system 64 may
flow the take-ofl stream 48 through the absorption chiller 50
using only the take-off flow control devices 60, only the
return flow control devices 72, or a combination of these.
The manner 1n which these tlows are controlled may depend
on, for example, the level of cooling for the exhaust gas 34
that 1s required for suitable treatment at a selective catalytic
reduction (SCR) system 80 of the exhaust processing system
14 (more particularly, a catalyst 82 of the SCR system 80).
Indeed, the control system 64 may control a number of
different tlows based on such cooling requirements.

As one example, 1n the 1llustrated embodiment, the con-
trol system 64 1s communicatively coupled to a water source
84, which supplies one or more tlows of cooling water 86 to
the absorption chiller 50 and receives one or more flows of
return water 88. The water source 84 may represent a single
source of water (e.g., a single tank or other source of water
such as boiler feed water, or water from a cooling tower), or
may represent a plurality of sources of water (e.g., a plurality
of tanks or stmilar sources of water). As described 1n further
detail below, the one or more flows of cooling water 86 may
function to condense refrigerant water present within the
absorption chiller 50, and may remove heat of dissolution
generated from an absorption process occurring within the
absorption chiller 50. The flows of cooling water 86 may be
controlled, for example, based on the rate at which the
refrigerant water needs to be condensed and the amount of
thermal energy generated during the absorption process.

In accordance with present embodiments, the control
system 64 may also control a flow of tempering air 90 1nto
a tempering air jection grid 92 positioned within the
exhaust duct assembly 40 to control cooling of the exhaust
gas 34. The tempering air 90 1s provided by a tempering air
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injection system 94, which may include one or more tem-
pering air flow control devices 96 and one or more sensors
98 (e.g., thermocouples, thermistors, pressure transducers,
flow meters) configured to allow control of the intake and
distribution of air 100 from an air source 102. Specifically,
the control system 64 may control the flow of the air 100 1nto
the tempering air injection system 94, and through one or
more flow paths configured to allow treatment and/or cool-
ing of the air 100 before imjection into the exhaust duct
assembly 40.

In the illustrated embodiment, the tempering air injection
system 94 1includes a heat exchanger 104 configured to
receive a tlow of chilled water 106 (or other chilled medium)
from the absorption chiller 50. The flow of chilled water 106
may be generated via evaporative cooling within the absorp-
tion chiller 50. In certain embodiments, the flow of chilled
water 106 may 1nclude additives that {facilitate heat
exchange and depress the freezing point of the water. By
way of non-limiting example, the flow of chilled water 106
may include salt and/or glycol additives such as ethylene
glycol. The heat exchanger 104 1s configured to enable the
air 100 to be cooled via heat exchange with the tlow of
chulled water 106, thereby generating the tempering air 90
and a return water flow 108 that i1s directed back to the
absorption chiller 50. The control system 64 may control the
flows 106, 108 using one or more chilled water tlow control
devices 110 (and their associated actuators 112) and one or
more chilled water sensors 114 (e.g., thermocouples, therm-
1stors, pressure transducers, flow meters) positioned along a
flow path of either or both of the flows 106, 108.

The amount of tempering air 90 injected into the exhaust
flow path 54 may depend on the amount of cooling provided
by the absorption chiller 50, as well as the cooling require-
ments of the SCR system 80 and the temperature of the
exhaust gas 34. In certain embodiments, the control system
64 may monitor loading of the heavy-duty gas turbine
engine 12, and may adjust an amount of the tempering air 90
used to cool the exhaust gas 34 1n response to detecting a
change 1n the loading of the heavy-duty gas turbine engine
12. In still further embodiments, the control system 64 may
be configured to monitor a parameter of the exhaust gas 34
within the exhaust duct assembly 40, and may adjust an
amount of the tempering air 90 used to cool the exhaust gas
34 1n response to detecting a change in the monitored
parameter ol the exhaust gas 34.

Upon 1njection, the tempering air 90 mixes and undergoes
heat exchange with the exhaust gas 34, which may be
tacilitated by features positioned within the exhaust duct
assembly 40 (e.g., one or more turbulators 116). A resulting
cooled exhaust gas flow 118 1s directed through an ammonia
injection grid 120, which is configured to inject ammonia
122 provided from an ammonia skid 124. At least a portion
of the ammonia skid 124 (e.g., flow control devices) may be
controlled by the control system 64. The ammonia 122,
when mixed with the cooled exhaust stream 118 in the
presence of the SCR catalyst 82, acts as a reducing agent that
reduces the NO_ species in the exhaust gas 1nto nitrogen gas
and water. The amount of the ammonia 122 (and/or other
reducing agent) provided via the grnid 120 may largely
depend on the amount of cooled exhaust gas 118 to be
treated by the SCR catalyst 82, as well as levels of NO_
present within the exhaust gas. This mformation may be
provided by one or more exhaust gas sensors 126 (e.g.,
lambda sensors, CO sensors, NO_ sensors, temperature sen-
sors) positioned at various positions along the exhaust duct
assembly 40. Indeed, the one or more exhaust gas sensors
126 may be used to provide both feed forward and feed back
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information to the control system 64 for the control of the
various flows intended to cool and treat the exhaust gas 34.

Again, as set forth above, 1t 1s now recognized that the
exhaust gas 34 may be utilized as the heating fluid that
drives the generator portion of an absorption chiller. In
accordance with the present disclosure, the take-ofl location
of the take-ofl stream 48 and the re-introduction location of
the cooled take-ofl stream 52 may vary across diflerent
embodiments. Generally, in FIG. 1, the take-off stream 48 1s
taken off at the absorption cooling ilet 56 at a location
between the inlet 38 of the duct 40 and the tempering air
injection grid 92 (1.e., upstream of the tempering air injec-
tion grid 92). Additionally, the cooled take-oil stream 52 1s
injected via the absorption cooling outlet 58 upstream of the
tempering air injection grid 92. Such a configuration may be
desirable to facilitate mixing and cooling of the tempering
air 90, the cooled take-off stream 52, and the bulk exhaust
gas 34 using the turbulators 116, and to utilize exhaust gas
34 having a higher temperature relative to exhaust gas that
has been cooled using the tempering air 90 and/or cooled by
heat transfer to various physical features of the exhaust
processing system 14. However, in other embodiments, 1t
may be desirable for the take-off stream 48 to be taken off
downstream of the tempering air injection grid 92, such as
downstream of the turbulators 116.

FIG. 2 depicts an example of such an embodiment.
Certain features of the system 10 of FIG. 1 are not repro-
duced 1n FIG. 2 for clarity, but 1t should be noted that those
components, such as the various flow control devices, sen-
sors, and the control system 64, are also present. The
embodiment of the system 10 1n FIG. 2 has the absorption
cooling inlet 56 and the absorption cooling outlet 58 posi-
tioned downstream of the tempering air injection grid 92.
Accordingly, 1n this embodiment, the take-oil stream 48 may
include a mixture of the tempering air 90 and the exhaust gas
34. The turbulators 116 may be positioned upstream of the
absorption cooling 1nlet 56 so that the take-ofl stream 32 has
a substantially homogenous distribution of the tempering air
90 and the exhaust gas 34 (e.g., due to the itroduction of
turbulent flow). The mixture of the tempering air 90 and the
exhaust gas 34 may be considered a tempered exhaust gas
flow 138, and the take-oil stream 48 may essentially include
this mixture.

The system 10 may also include an additional set of
turbulators 140 positioned downstream of the absorption
cooling outlet 538 and upstream of the ammonia 1njection
orid 120. The configuration of FIG. 2 may therefore intro-
duce the cooled take-ofl stream 52 back into the exhaust gas
path 54 at a position where the cooled take-off stream 32
may be mixed with the tempered exhaust gas tlow 138 and
subsequently passed through the additional turbulators 140.
The additional turbulators 140 may encourage turbulent tlow
in the mixture of the cooled take-ofl stream 52 and the
tempered exhaust gas flow 138, which facilitates mixing and
heat exchange.

As shown, the additional turbulators 140 may be posi-
tioned upstream of the ammonia injection grid 120. How-
ever, 1n other embodiments, the additional turbulators 140
may be positioned downstream of the ammonia injection
orid 120 but upstream of the SCR catalyst 82 to encourage
mixing ol and heat exchange between the cooled take-ofl
stream 32, the tempered exhaust gas flow 138, and the
ammonia 122 before arriving at the SCR catalyst 82.

As 1n the system 10 of FIG. 1, the system 10 of FIG. 2
utilizes the heat exchanger 104 to cool intake air 100 and
generate the tempering air 90 using the tlow of chilled water
106. However, 1n certain embodiments and as shown in FIG.
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3, the system 10 direct the tlow of chilled water 106 to an
exhaust gas heat exchanger 160 positioned within the
exhaust gas path 54 to cool the exhaust gas 34 (or the
tempered exhaust gas 138). In this embodiment, the control
system 64 may utilize a reduced amount of the tempering air
90 to cool the exhaust gas 34 and, indeed, 1n certain
situations may altogether eliminate the use of the tempering
air 90. For example, the control system 64 may control
cooling of the exhaust gas 34 primarily by controlling heat
exchange via the exhaust gas heat exchanger 160, and while
maintaining the tempering air injection system 94 1n an ofl,
standby, or reduced throughput operating state. While the
exhaust gas heat exchanger 160 1s depicted as being posi-
tioned downstream of the tempering air injection grid 92
along the exhaust flow path 54, the present disclosure 1s not
limited to this configuration. For example, in certain
embodiments, the respective positions of the tempering air
injection grid 92 and the exhaust gas heat exchanger 160
may be reversed such that the exhaust gas heat exchanger
160 1s positioned upstream of the tempering air injection
orid 92.

It 1s now recognized that reducing the amount of temper-
ing air 90 utilized for cooling the exhaust gas 34 may be
desirable to facilitate maintenance of the exhaust gas 34 1n
a homogenous state (e.g., to reduce or eliminate pockets of
tempering air or other gaseous species). In addition, 1t 1s now
recognized that the use of the exhaust gas 34 to drive the
absorption cooling process within the absorption chiller 50
both cools the exhaust gas 34 and reduces reliance on
outside power sources for cooling. For example, 1t 1s now
recognized that the coeflicient of performance (COP) for
cooling the exhaust gas 34 (the amount of cooling of the
exhaust gas that 1s achieved relative to the amount of work
input to the system) may be increased by reducing reliance
on tempering air 90 to cool the exhaust gas 34, and instead
cooling the exhaust gas 34 utilizing the exhaust gas heat
exchanger 160 and the absorption chiller 50. That 1s, cooling
using the exhaust gas heat exchanger 160 and the abserptlen
chuller 50 may be more eflicient than cooling using the
tempering air injection system 94 (using the tempering air
injection system 94 without absorption chiller integration).

Thus, 1n accordance with present embodiments, the sys-
tem 10 of the present disclosure may utilize reduced
amounts of tempering air 90 relative to typical systems. As
one example, 1n certain heavy duty simple cycle gas turbine
systems (not aero-derivative systems) producing exhaust

1sotherm temperatures of 1240° F. (about 670° C.), to reach
the 800-900° F. (about 430-480° C.) temperature for the
SCR catalyst 82, the tempering air 90 may represent a flow
volume that 1s equal to about 30% of the exhaust flow
volume. This corresponds to about 2% temperature reduc-
tion of the exhaust gas 34 for every 1% of equal flow volume
of tempering air. It may be possible to reduce or altogether
climinate the need for tempering air using the exhaust gas
heat exchanger 160 and absorption chiller 50 configuration
of the present disclosure. For example, 1n an embodiment of
a stmple cycle heavy duty gas turbine system of the present
disclosure, the temperature of the exhaust gas 34 may be
reduced by between 2.5% and 5% for every 1% of equal
tempering air flow volume. In certain embodiments, this
may correspond to a temperature drop from an isotherm
temperature of the exhaust gas 34 of about 1240° F. to a
range ol about 800° F. to about 900° F. using a flow volume
of tempering air that 1s equal to no more than 20%, no more
than 10%, or no more than 5% of the exhaust gas flow
volume.
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More generally, the exhaust processing system 14 of the
simple cycle heavy-duty gas turbine system 10 may be
configured to receive the exhaust gas 34 at an 1nitial 1so0-
therm temperature that 1s higher than an acceptable tem-
perature for treatment at the SCR catalyst 82. The cooling
features of the exhaust processing system 14 of the present
disclosure are configured to cool the exhaust gas 34 to a
temperature that 1s within an approprate range for treatment
at the SCR catalyst 82. This cooling may be achieved using
tempering air that 1s equal to between 1% and 20% of the
exhaust tlow volume.

To achieve this level of cooling using reduced tempering,
air flows, the exhaust gas heat exchanger 160 may include
one or more structures having an appropriate thickness,
material construction, and surface area that enables heat
exchange between the exhaust gas 34 and the flow of chilled
water 106. For example, the exhaust gas heat exchanger 160
may include heat exchange coils positioned directly 1n the
exhaust gas path 54, a plurality of shell- and tube heat
exchangers configured to pass the exhaust gas 34 through a
series of tubes (e.g., a grnid of parallel tubes), or any other
appropriate eenﬁguratlen The flow of chilled water 106
may be provided 1n a suflicient amount (e.g., at a suflicient
flow rate) and at a suflicient temperature to cool the exhaust
gas 34 by a predetermined amount.

Generally, the control system 64 may control cooling of
the exhaust gas 34 via the exhaust gas heat exchanger 160
by controlling parameters of the flow of chilled water 106
through the exhaust gas heat exchanger 160. Such control
may be performed using the flow control device 110 (see
FIG. 1). For instance, the control system 64 may adjust the
circulation rate of the flow of chilled water 106 through the
exhaust gas heat exchanger 160. Controlling the mass tlow
of the chilled water through the heat exchanger 160 and the
absorption chiller 50 also aflects the residence time of the
water within the heat exchanger 160 and the absorption
chuller 50, and allows for monitoring and control of the
temperature difference between the flow of chilled water 106
and the return water 108. Accordingly, 1n certain embodi-
ments, the system 10 may include sensors 114 disposed
along the respective tlow paths of both of the chilled water
106 and the return water 108. The temperature difference
between the chilled water 106 and the return water 108 may
be indicative of heat exchange efliciency and the flow and
temperature parameters of the exhaust gas 34.

In certain embodiments, the circulation rate may also be
adjusted based at least 1n part on various feed forward and/or
teedback imnformation obtained from sensors 98 (see FI1G. 1)
within the tempering air injection system 94, sensors 62 and
76 (see FIG. 1) positioned along the flow paths of the
take-oll stream 48 and the cooled take-ofl stream 32, respec-
tively, one or more of the exhaust gas sensors 126, or any
combination thereof. For example, the control system 64
may adjust the circulation rate of the flow of chilled water
106 based on a feed forward mput including a temperature
of the exhaust gas 34 obtained upstream of the heat
exchanger 160 (e.g., between the 1nlet 38 of the exhaust duct
assembly 40 and the tempering air injection grid 92). Addi-
tionally or alternatively, the control system 64 may adjust
the circulation rate of the flow of chilled water 106 based on
a feedback mput including a temperature of the exhaust gas

34 obtained downstream of the exhaust gas heat exchanger
160 (e.g., between the exhaust gas heat exchanger 160 and

the SCR catalyst 82).

As set forth above, 1t 1s now recognized that the thermal
energy contained in the take-off stream 48 may be used to
drive the absorption cooling process within the absorption
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cooler 50 (specifically, the generator section). Accordingly,
the flow of chilled water 106 may also be controlled based
on the temperature of the take-ofl stream 48, which 1n turn
corresponds to the rate at which certain processes occur
within the absorption chiller 50. These processes aflect the
rate at which the chilled water 106 may be generated, or the
rate at which the return water 108 may be chilled to produce
the flow of chilled water 106.

It should be noted that these control parameters are not
limited to the configuration of the system 10 of FIG. 3.
Rather, the flow of the chilled water 106 to the heat
exc'langer 104 1n the tempering air 1njection system 94, as
in the system 10 of FIGS. 1 and 2, may be controlled based
on these and/or similar parameters. Indeed, as shown 1n FIG.
4, certain embodiments of the system 10 may include both
the heat exchanger 104 1n the tempering air ijection system
94 and the exhaust gas heat exchanger 160, and both may be
configured to receive a flow of the chilled water 106. As
noted above with respect to FIG. 3, while the exhaust gas
heat exchanger 160 1s depicted in FIG. 4 as being positioned
downstream of the tempering air injection grid 92 along the
exhaust tlow path 54, the present disclosure 1s not limited to
this configuration. In certain embodiments, the respective
positions of the tempering air njection grid 92 and the
exhaust gas heat exchanger 160 may be reversed such that
the exhaust gas heat exchanger 160 1s positioned upstream
of the tempering air injection grid 92.

In such embodiments, a tflow control system 170 having
one or more tlow control devices 172 (e.g., valves, pumps,
blowers, fans), one or more sensors 174 (e.g., thermo-
couples, flow meters, pressure transducers), and/or one or
more flow distribution devices (e.g., a flow distribution
header) may function to split the flow of the chilled water
106 between the heat exchangers 104, 160 as appropriate.
The tflow control system 170, and 1n particular the tlow
control devices 172 and the sensors 174, are in communi-
cation with the control system 64. The flow control system
170 1s intended to represent a collection of flow control
devices, flow distribution devices, actuators, sensors, and so
torth, appropriately positioned along one or more flow paths
to collectively carry the flow of chilled water 106 and the
return water 108 to and from the absorption chiller 50.

The control system 64 may control a split between a first
flow of the chilled water 106 A from the absorption chiller 50
to the exhaust gas heat exchanger 160 and a second flow of
the chulled water 1068 from the absorption chiller 50 to the
heat exchanger 104 1n the tempering air injection system 94.
Specifically, the flow of chilled water 106 may first flow
from the absorption chiller 50 to one or more features of the
flow control system 170, such as a flow distribution header.
The flow control system 170 may then, via control by the
control system 64, cause the tlow to be split ito a first
amount of the chilled water 106 sent to the exhaust gas heat
exchanger 160 (as first chilled water 106A) and a second
amount of the chilled water 106 sent to the heat exchanger
104 (as second chilled water 106B). The split may be
controlled such that the ratio of flow volume or mass tlow of
the first flow of chilled water 106 A to second tlow of chilled
water 1068 may be controlled 1n the range of 100:0 to 0:100.
For example, the ratio may be between 100:0 and 50:350 first
flow of chilled water 106A to second flow of chilled water
1068, or vice-versa, depending on cooling requirements and
the particular configuration of the system 10. In one embodi-
ment, none of the chilled water 106 1s sent to the heat
exchanger 104 of the tempering air 1jection system 94. In
this embodiment, no tempering air 90 may be provided for
cooling the exhaust gas 34. That 1s, the exhaust gas 34 may

10

15

20

25

30

35

40

45

50

55

60

65

12

be cooled using only heat exchange features other than the
tempering air injection system 94.

A number of factors may control the split of the chilled
water 106. As one example, the amount of chilled water 106
flowed to the exhaust gas heat exchanger 160 relative to the
chulled water 106 flowed to the tempering air i1njection
system 94 may be based on the measured eflect of cooling
the exhaust gas 34 using only the exhaust gas heat exchanger
160 versus using a combination of the exhaust gas heat
exchanger 160 and the tempering air 90. As noted above, the
amount of tempering air 90 utilized for cooling may depend
on various parameters of the system 10, such as gas turbine
loading, exhaust gas throughput, exhaust gas temperature,
exhaust gas pressure, exhaust gas composition, and so forth.
Accordingly, the control system 64 may control the split of
the chilled water 106 based on loading of the heavy-duty gas
turbine engine 12, based on ambient air conditions, based on
a sensed temperature of exhaust gas 34 within the exhaust
duct assembly, or any combination thereof.

Indeed, 1n accordance with present embodiments, utiliz-
ing less tempering air 90 may be desirable to enhance
homogeneity of the exhaust gas 34. In other words, using
less tempering air may be desirable to help ensure more
homogenous exhaust gas 34 (e.g., a more even distribution
of the exhaust gas constituents, taken along a cross-section
of the exhaust gas flow 54). Reducing reliance on tempering
air cooling may also enhance the efliciency of the system 10.

Again, 1n accordance with embodiments of the present
disclosure, a stream of take-ofl exhaust gas may be used to
drive an absorption chiller to simultaneously cool the take-
ofl stream and generate a chilled stream that 1s capable of
being used for further heat exchange An example of the
manner 1n which the exhaust processing system 14 may be
integrated with the absorption chiller 30 1s depicted in FIG.
5, which 1s a schematic view of an embodiment of the
absorption cooling system 46.

Generally, the absorption chiller 50 utilized in embodi-
ments of the present disclosure will include various regions
where some form of heat exchange occurs. In the embodi-
ment of FIG. 5, the absorption chiller 50 1s a single effect
absorption chiller that utilizes a single generator section.
However, 1n other embodiments, the absorption chiller 50
may be a double eflect absorption chiller having two gen-
erator sections.

More specifically, the illustrated absorption chiller 50
includes a generator section 180, a condenser section 182
fluidly coupled to the generator section 180, an evaporator
section 184 fluidly coupled to the condenser section 182, and
an absorption section 186 fluidly coupled to the evaporator
section 184. A chiller heat exchange section 188 1s fluidly
coupled to the generator section 180 and to the absorption
section 186. The chiller heat exchange section 188 facilitates
heat exchange between the output streams of both sections
to generate mput streams for the other respective section.

In the embodiment of FIG. 5, the absorption chiller 50
utilizes water as a reifrigerant, and the water refrigerant
undergoes a refrigeration cycle within the absorption chiller
50 to cool at least one fluid stream. Refrigerant vapor 190
generally permeates every section of the absorption chiller
50. Starting with the generator section 180, as shown, the
generator section 180 includes a generator heat exchanger
192 configured to receive the take-ofl stream 48 and place
the take-ofl stream 48 1n a heat exchange relationship with
a dilute absorber solution 194. In the illustrated embodi-
ment, the generator heat exchanger 192 includes a plurality
of heat exchange coils, and the dilute absorber solution 194
1s dispersed over the generator heat exchanger 192 using a




US 10,385,779 B2

13

dilute absorber solution injector 196. However, in other
embodiments, other configurations for heat exchange
between the dilute absorber solution 194 and the generator
heat exchanger 192 may be utilized. In accordance with
present embodiments, the dilute absorber solution 194 1s a
dilute aqueous (water-based) solution of a hygroscopic
material (e.g., lithium bromide).

This dispersal results 1n thermal energy transfer from the
take-off stream 48 to the dilute absorber solution 194, which
causes water within the dilute absorber solution 194 to
evaporate and causes the cooled take-ofl stream 32 to be
generated. Again, the cooled take-ofl stream 52 may, 1tself,
be utilized to directly cool the exhaust gas 34 within the
exhaust processing system 14 (e.g., by re-introduction nto
the exhaust gas 34 still within the exhaust path 34). The
water evaporation within the generator section 180 generates
a concentrated absorber solution 198 and the refrigerant
vapor 190. The process mvolving the concentrated absorber
solution 198 1s described 1n further detail below. The refrig-
erant vapor 190, which 1s water 1n 1ts vapor state within the
generator section 180, moves to an area of lower pressure
within the condenser section 182.

The condenser section 182 includes a condenser heat
exchanger 199, which is configured to receive the cooling
water 86 from the water source 84 and place the cooling
water 86 1n a heat exchange relationship with the refrigerant
vapor 190. At the temperature and pressure within the
condenser section 182, some of the refrigerant vapor 190
condenses to form refrigerant liquid 200. The pressure and
temperature gradient between the generator section 180 and
the condenser section 182 also facilitates evaporation of
water from the dilute absorber solution 194 and movement
of the refrigerant vapor 190 toward the condenser section
182.

The refrigerant liquid 200 tlows through a fluid connec-
tion 202 coupling the condenser section 182 and the evapo-
rator section 184. The condenser section 182, in its most
general sense, includes features that facilitate evaporation of
the refrigerant liquid 200 to cause evaporative cooling. In
the illustrated embodiment, the evaporator section 184
includes an evaporator heat exchanger 204, which 1s con-
figured to receive the return water 108 and place the return
water 108 1n a heat exchange relationship with the refrig-
erant liquid 200. The refrigerant liquid 200 may be dispersed
over the evaporator heat exchanger 204 using, for example,
a refrigerant liquid 1njector 206.

More specifically, as the refrigerant liquid 200 contacts a
surface of the evaporator heat exchanger 204, the refrigerant
liquid 200 may evaporate ofl this surface. Accordingly, not
only does heat exchange occur between the refrigerant liquid
200 and the return water 108 within the evaporator heat
exchanger 204, but the evaporation of the refrigerant liquid
200 also removes additional thermal energy (e.g., the heat of
vaporization) from the return water 108. This evaporative
cooling of the return water 108 generates the chilled water
106. Again, the chilled water 106 may be provided to the
exhaust gas heat exchanger 160 to reduce or eliminate the
use of tempering air to cool the exhaust gas 34. Additionally
or alternatively, the chilled water 106 may be provided to the
heat exchanger 104 1n the tempering air injection system 94
to facilitate generation of the tempering air 90.

Returming now to the concentrated absorber solution 198
produced within the generator section 180, as shown, the
solution 198 1s passed via a fluid conduit 208 through the
chuller heat exchange section 188 and to the absorber section
186. The absorber section 186 includes an absorber heat
exchanger 210, which 1s configured to receive the cooling
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water 86 from the water source 84. The absorber heat
exchanger 210 places the cooling water 86 1n a heat
exchange relationship with the refrigerant vapor 190, as well
as with the concentrated absorber solution 198, which 1s
dispersed using a concentrated absorber solution injector
212. The strong athnity of the hygroscopic material in the
concentrated absorber solution 198 for water, in combina-
tion with the cooled surface of the absorber heat exchanger
210, encourages the refrigerant vapor 190 to be drawn into
the concentrated absorber solution 198. This causes the
dilute absorber solution 194 to be formed, and also creates
a vacuum eflect between the evaporator section 184 and the
absorber section 186 to facilitate the refrigeration cycle.

To turther facilitate the refrigeration cycle and motivation
of the absorber solutions through the absorption chiller 50,
a solution pump 214 may be positioned at a tluid outlet 216
(a dilute absorber solution outlet) of the absorber section
186. As the solution pump 214 draws the dilute absorber
solution 194 out of the absorber section 186, the solution
pump 214 further encourages continuation of the refrigera-
tion cycle of the refrigerant water by, for instance, main-
taining the level of refrigerant liquid 202 within the absorber
section 186 at a relatively low level. The solution pump 214
1s configured to pump the dilute absorber solution 194
through the chiller heat exchange section 188, where 1t
undergoes heat exchange with the concentrated absorber
solution 198. The solution pump 214, as illustrated, moti-
vates the dilute absorber solution 194 toward the generator
section 180, and the absorption cooling cycle continues as
described.

In other embodiments, the absorption chiller 50 may have
specific configurations 1n regard to the exact manner in
which the refrigerant vapor 190 and the refrigerant liquid
202 are generated and passed through the absorption chiller
50 that are diflerent than those presented herein. However,
present embodiments encompass any appropriate configu-
ration in which the take-off stream 48 of exhaust gas 1s
utilized to mmpart suflicient thermal energy to generate the
refrigerant liquid 190 from the dilute absorber solution 194.
In addition, present embodiments encompass any appropri-
ate configuration where, in combination with utilizing the
take-ofl stream 48 as set forth above, the chilled water 106
(or other chilled fluid) 1s utilized for heat exchange with
exhaust gas within the exhaust processing system 14 and/or
1s utilized for heat exchange with air for use as tempering air
within the exhaust processing system 14.

Technical eflects of the invention include the use of
thermal energy contained within exhaust gas generated by a
gas turbine engine to drive an absorption cooling process
that 1s 1n turn used to cool the exhaust gas. Using the exhaust
gas 1n this manner may increase the efliciency of simple
cycle heavy-duty gas turbine engines by reducing or elimi-
nating their reliance on tempering air for exhaust cooling.
For example, the coellicient of performance (COP) {for
cooling the exhaust gas (the amount of cooling of the
exhaust gas that 1s achieved relative to the amount of work
input to the system) may be increased by reducing reliance
on tempering air to cool the exhaust gas, and instead cooling
the exhaust gas utilizing an exhaust gas heat exchanger and
an absorption chiller. Cooling using the exhaust gas heat
exchanger and the absorption chiller may be more eflicient
than cooling using a tempering air 1njection system.

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 1ncorporated methods. The patentable scope of the
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invention 1s 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 differ from the
literal language of the claims, or 1f they include equivalent
structural elements with insubstantial differences from the
literal languages of the claims.

The 1nvention claimed 1s:
1. A gas turbine system, comprising: a gas turbine engine
configured to combust a fuel and produce an exhaust gas; an
exhaust duct assembly fluidly coupled to the gas turbine
engine and configured to receive the exhaust gas from the
gas turbine engine;
an absorption chiller fluidly coupled to the exhaust duct
assembly and configured to receive a take-oil stream of
exhaust gas from the exhaust duct assembly via an
exhaust take-ofl path, wherein the absorption chiller 1s
configured to use the take-ofl stream of exhaust gas to
drive at least a portion of an absorption cooling process
to generate a cooled take-ofl stream of exhaust gas; and

wherein the exhaust duct assembly 1s configured to
receive the cooled take-off stream of exhaust gas from
the absorption chiller via a cooled take-off path and to
mix the cooled take-off stream of exhaust gas with
exhaust gas present within the exhaust duct assembly to
cool the exhaust gas, and

a heat exchanger disposed within a tempering air injection

system fluidly coupled to the exhaust duct assembly,
wherein the heat exchanger 1s configured to receive a
chilled fluid from the absorption chiller via a chilled
fluid path and to direct a return fluid generated from the
chiulled fluid to the absorption chiller via a return fluid
path, wherein the chilled fluid path extends from a
chilled fluid outlet of the absorption chiller to a chilled
fluid 1nlet of the heat exchanger, and the return fluid
path extends from a return fluid outlet of the heat
exchanger to a return fluid inlet of the absorption
chiller, and wherein the chilled fluid path and the return
fluid path are fluidly coupled.

2. The gas turbine system of claim 1, wherein the exhaust
duct assembly comprises an absorption cooling inlet and an
absorption cooling outlet, wherein the exhaust take-ofl path
extends from the absorption cooling inlet to the absorption
chuller, and wherein the cooled take-ofl path extends from
the absorption chiller to the absorption cooling outlet.

3. The gas turbine system of claim 2, wherein the absorp-
tion chiller comprises a generator section having a generator
heat exchanger, wherein the generator heat exchanger i1s
configured to place the take-ofl stream of exhaust gas 1n heat
exchange with a dilute absorber solution to produce the
cooled take-ofl stream of exhaust gas and a concentrated
absorber solution.

4. The gas turbine system of claim 1, comprising a
selective catalytic reduction (SCR) catalyst disposed within
the exhaust duct assembly and configured to reduce NO_
present within the exhaust gas.

5. The gas turbine system of claim 4, comprising an
ammomnia skid having a source of ammonia and one or more
flow paths configured to direct ammonia to an ammonia
injection grid positioned within the exhaust duct assembly
upstream of the SCR catalyst.

6. The gas turbine system of claim 1, wherein the tem-
pering air injection system 1s configured to mject tempering,
air generated via heat exchange between the chilled fluid and
air mto an exhaust gas flow path of the exhaust duct
assembly to cool the exhaust gas.
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7. The gas turbine system of claim 6, wherein the tem-
pering air mjection system 1s configured to inject the tem-
pering air via a tempering air injection grid positioned along
the exhaust gas tlow path.

8. The gas turbine system of claim 7, wherein the tem-
pering air injection grid 1s positioned upstream of a selective
catalytic reduction (SCR) catalyst configured to reduce NO_
present within the exhaust gas.

9. The gas turbine system of claim 6, comprising a control
system communicatively coupled to one or more flow con-
trol devices of the tempering air injection system and to one
or more sensors configured to enable the control system to
monitor a parameter of the exhaust gas within the exhaust
duct assembly, wherein the control system 1s configured to
adjust an amount of the tempering air used to cool the
exhaust gas in response to detecting a change 1n the moni-
tored parameter of the exhaust gas.

10. The gas turbine system of claim 6, comprising a
control system communicatively coupled to one or more
flow control devices of the tempering air 1injection system,
wherein the control system 1s configured to momtor loading
of the gas turbine engine, and to adjust an amount of the
tempering air used to cool the exhaust gas in response to
detecting a change 1n the loading of the gas turbine engine
or ambient air conditions.

11. The gas turbine system of claim 2, comprising a
tempering air injection grid disposed within the exhaust duct
assembly, wherein the absorption cooling inlet and the
absorption cooling outlet are disposed upstream of the
tempering air mjection grid.

12. A system, comprising:

an exhaust duct assembly configured to receive exhaust

gas from a gas turbine engine;

an absorption chiller fluidly coupled to the exhaust duct

assembly and configured to receive a take-ofl stream of
exhaust gas from the exhaust duct assembly via an
exhaust take-ofl path, wherein the absorption chiller 1s
configured to use the take-ofl stream of exhaust gas to
drive at least a portion of an absorption cooling process
to generate a cooled take-oil stream of exhaust gas; and

a tempering air mjection system tluidly coupled to the

exhaust duct assembly and configured to provide tem-
pering air to the exhaust duct assembly, wherein the
tempering air 1njection system comprises a heat
exchanger fluidly coupled to the absorption chiller,
wherein the absorption chiller 1s configured to flow a
stream of chilled fluid to the heat exchanger via a
chilled fluid path extending between a chilled fluid
outlet of the heat exchanger and a chilled fluid inlet of
the absorption chiller, and wherein the heat exchanger
1s configured to direct a return fluid flow generated
from the chilled fluid to the absorption chiller via a
return flow path extending between a return tluid outlet
of the heat exchanger and a return fluid inlet of the
absorption chiller, wherein the chilled fluid path and the
return fluid path are fluidly coupled.

13. The system of claim 12, wherein the absorption chiller
comprises a generator section having a generator heat
exchanger, wherein the generator heat exchanger 1s fluidly
coupled to the exhaust duct assembly by a take-ofl flow path
such that the generator heat exchanger 1s configured to
receive the take-ofl stream of exhaust gas and place the
take-ofl stream of exhaust gas 1n heat exchange with a dilute
absorber solution to produce the cooled take-ofl stream of
exhaust gas and a concentrated absorber solution.

14. The system of claim 12, comprising a flow control
system positioned along the chilled fluid path and configured
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to split the stream of chilled flmmd between the heat
exchanger and an exhaust gas heat exchanger positioned
within the exhaust duct assembly.

15. The system of claim 14, comprising a control system
communicatively coupled to at least a portion of the tflow
control system, wherein the control system 1s configured to
control the split of the stream of chilled fluid to control an
amount of the stream of chilled fluid provided to the heat
exchanger versus an amount of the stream of chilled fluid
provided to the exhaust gas heat exchanger.

16. The system of claim 15, wherein the control system 1s
configured to control the split based on loading of the gas
turbine engine, based on ambient air conditions, based on a
sensed temperature of exhaust gas within the exhaust duct
assembly, or any combination thereof.

17. The gas turbine system of claim 12, comprising a
cooled take-ofl path extending between the absorption
chuller and an absorption cooling outlet disposed along the
exhaust duct assembly, wherein the cooled take-of path 1s
fluidly coupled to the exhaust take-ofl path, wherein the
exhaust take-ofl path extends between an absorption cooling
inlet and the absorption chiller, and wherein the absorption
cooling inlet and the absorption cooling outlet are disposed
adjacent to an upstream end of the exhaust duct assembly.

18. A gas turbine system, comprising;:

a gas turbine engine configured to combust a fuel and

produce an exhaust gas;

an exhaust duct assembly fluidly coupled to the gas

turbine engine and configured to receive the exhaust
gas from the gas turbine engine, wherein the exhaust
duct assembly 1s configured to flow the exhaust gas
along an exhaust gas path from an inlet to an outlet;

a selective catalytic reduction (SCR) system having an

SCR catalyst positioned within the exhaust duct assem-
bly and an ammonia injection grid positioned within
the exhaust duct assembly upstream of the SCR cata-
lyst, wherein the ammonia injection grid 1s configured
to mject ammonia mto the exhaust gas path and the
SCR catalyst 1s configured to reduce an amount of NOx
present within the exhaust gas;

an absorption chiller fluidly coupled to the exhaust duct

assembly and configured to receive a take-ofl stream of
exhaust gas from the exhaust duct assembly via an
exhaust take-ofl path, wherein the absorption chiller 1s
configured to use the take-ofl stream of exhaust gas to
drive at least a portion of an absorption cooling process
to generate a cooled take-ofl stream of exhaust gas,
wherein the exhaust duct assembly 1s configured to
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receive the cooled take-ofl stream of exhaust gas from
the absorption chiller via a cooled take-ofl path and to
mix the cooled take-off stream of exhaust gas with
exhaust gas along the exhaust gas path to cool the
exhaust gas;

a tempering air mjection system fluidly coupled to the
exhaust duct assembly and the absorption chiller and
comprising a heat exchanger configured to receive a
chilled fluid from the absorption chiller and to cool a
stream of air within the tempering air injection system
via heat exchange with the chilled fluid to generate a
tempering air and a return fluid;

a chilled fluid path extending from a chilled fluid outlet of
the absorption chiller to a chilled flmid inlet of the heat
exchanger, wherein the chilled fluid path 1s configured
to direct the chilled fluid from the absorption chiller to
the heat exchanger;

a return fluid path flmdly coupled to the chilled fluid path
and extending from a return fluid outlet of the heat
exchanger and a return fluid inlet of the absorption
chiller, wherein the return fluid path 1s configured to
direct the return fluid from the heat exchanger to the
absorption chiller, and wherein the chilled fluid path
and the return fluid path are fluidly coupled; and

a control system configured to control cooling of the
exhaust gas along the exhaust gas path such that a
temperature of the exhaust gas, upon encountering the
SCR catalyst, 1s within a predetermined temperature
range that 1s appropriate for the SCR catalyst to reduce
the amount of NOx present within the exhaust gas.

19. The gas turbine system of claim 18, wherein the
tempering air mjection system 1s configured to provide the
tempering air to the exhaust duct assembly, and wherein the
control system 1s configured to control cooling of the
exhaust gas by controlling at least a flow of the stream of
chiulled fluid to the heat exchanger and to control a flow of
the take-ofl stream to the absorption chiller.

20. The gas turbine system of claim 18, wherein the
exhaust take-ofl path extends from an absorption cooling
inlet disposed along the exhaust duct assembly to the
absorption chiller, and the cooled take-ofl path extends from
the absorption chiller to an absorption cooling outlet dis-
posed along the exhaust duct assembly, wherein the exhaust
take-ofl path and the cooled take-off path are fluidly
coupled, and wherein the absorption cooling inlet and the
absorption cooling outlet are disposed between the temper-
ing air 1njection system and the ammonia injection grid.
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