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SYSTEMS AND METHODS ASSOCIATED WITH BOTTOMING CYCLE POWER
SYSTEMS FOR GENERATING POWER AND CAPTURING CARBON DIOXIDE

CROSS REFERENCE TO RELATED APPLICATIONS
0001, This application is a continuation of, and claims prionty to, U.S. Patent Application No.:
17,448 943, filed on September 27, 2021, and 1ssued on August 16, 2022 as U.S. Patent Number
11,415,052, and titled: SYSTEMS AND METHODS ASSOCIATED WITH BOTTOMING
CYCLE POWER SYSTEMS FOR GENERATING POWER AND CAPTURING CARBON
DIOXIDE; which is a continuation in part of, and which this application also claims priority {o,
U.8. Patent Application No.: 17/224,200, filed on April 7, 2021, and issued on March 29, 2022
as U.S. Patent Number 11,286,832, and titled: BOTTOMING CYCLE POWER SYSTEM. The

contents of the prior applications are hereby incorporated by reference herein in their entirety.

TECHNICAL FIELD
0002. The present disclosure relates to systems and methods for generating power and/or
capturing carbon dioxide. More specifically, the disclosure relates to systems and methods
associated with bottoming cvele power systems for generating power and/or capturing carbon

dioxide.

BACKGROUND
0003, One of the most challenging aspects of today’s energy technologies is to effectively
convert waste heat from a combustion process into useable power and/or to effectively capture
the carbon dioxide from the exhaust gas of such combustion process. Such usable power can be

in the form of electrical or mechanical power for use in stationary and/or mobile applications.

0004. Methods of converting waste heat into useful forms of energy are commonly referred to
as bottoming cycles. Systems that utilize a bottoming cycle to provide power are referred to

herein as bottoming cycle power systems,

0005, Systems that uttlize a fuel combustion process in an internal combustion engine (such as
a piston engine or a turbine engine) as the motive force to drive a crankshaft for providing power
are referred to herein as priraary power systems. In most primary power systems the efficiency of

1
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the system ranges from below 30% to a high of almost 50%. This means that the majority of
energy contained in the fuel 1s lost in the form of heat to the atmosphere through either the
primary power system is, the more carbon dioxide there is in the exhaust gas that gets emitted to

the atruosphere.

0006, However, the waste energy or exhaust gas from the internal combustion engioe of a
primary power system may be utilized as the energy input for a bottoming cycle power system. If
enough usetul work can be recovered from such a bottomung cycle power system, the bottoming
cycle power system could then be used to supplement the cutput of the primary power system for

a more efficient overall combined power system output.

0007. Some bottoming cycle power systems include a turbo-expander that receives a flow of
exhaust gas from a combustion process, such as from a combustion process of an internal
combustion engine. The exhaust gas carries a significant amount of energy. However, the flow of
exhaust gas is typically ouoly at, or shightly above, atmospheric pressure. For example, the
exhaust pressure may be only a few pounds per square inch (psi) above atmospheric pressure.

This low pressure makes recovering useful work from the waste heat difficult.

0008, In some bottoming cycle power systems, the exhaust gas flows through a turbo-expander
where it typically exits the turbo-expander at below atmospheric pressures {or vacuum
pressures). The vacuum pressures are caused by a compression turbine (or turbo-compressor).
That is, the turbo-~corapressor is in fluid coromunication with the exit/output side of the turbo-
expander and is operable to pull a vacuum on the output side of the turbo-expander as the
exhaust gas flows from the turbo-expander to the turbo-compressor. Thereafter, the exhaust gas
enters the turbo-compressor where it 18 pumped back to atmospheric pressure and discharged (o
the atmosphere. The amount of energy recovered from such a bottoming cycle power system is
the energy produced by the turbo-expander minus the energy consumed by the turbo-compressor.
Therefore, the less work needed by the turbo-compressor to compress the expanded volume of

exhaust gas, the higher the net~-work produced from the bottoming cycle power system.
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0009, Various prior art cooling systems may be utilized to reduce the volume (or specific
volume) of exhaust gas prior to entering the turbo-compressor of a bottoming cycle power
system and therefore, reduce the amount of work required by the turbo-compressor to compress
the exhaust gas. Problematically however, these cooling systems consume a significant amount
of energy due to pumps and/or other energy consuming devices needed to circulate coolants
through the cooling system. Additionally, such cooling systems often require a significant
pressure differential for the exhaust gas to flow through, therefore reducing the amount of

vacuum that the turbo-compressor can pull on the turbo-expander.

0010, Moreover, the more the exhaust gas is cooled in order to produce as much net-work
required of the turbo-compressor of a bottoming cycle power system as possible, the more the
density of the cooled exhaust gas will increase. Problematically, if the exhaust gas ts cooled to
ambient or near ambient temperatures, the exhaust gas will become too dense to flow up the
required stack (or chimney stack system) of the internal corbustion engine. To that case, the
exhaust gas must be re-heated as it exits the turbo-compressor, which may significantly reduce

the amount of net-work that the botioming cyele power systers can provide.

0011, Further, the exhaust gas of an internal combustion engine contains a significant amount
of water vapor as a naturally occurring by-product of the combustion process. Problematically,
the water vapor has a relatively high specific volume and mass, which causes an unwanted

burden on the compression work of the turbo~-compressor 1o the bottoming cycle power system.

0012, Additionally, the exhaust gas of an internal combustion engine contains a significant
amount of undesirable carbon dioxide, which is a significant greenhouse gas. Problematically,
prior art carbon dioxide capture systems generally consume a significant amount of energy to
remove the carbon dioxide from the exhaust gas, which would also cause a burden on the
efficiency of the internal combustion engine. Also problematically, the significant amount of
water in the exhaust gas may interfere with the carbon dioxide capture process, making the

carbon dioxide capture process less efficient and more costly.
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0013, Accordingly, there is a need for a bottoming cycle power system wherein the specific
volume of flow of exhaust gas 1s significantly and efficiently reduced with as hittle pressure drop
as possible after exiting the turbo-expander and prior to entering the turbo-compressor. Also,
there is a need to reduce the work required of the turbo-compressor in a bottoming cycle power
system to increase the overall efficiency of that bottoroiong cycle power system. Further there s a
need to efficiently decrease the volume and mass of water vapor in a flow of exhaust gas prior to
entering the turbo-compressor of a bottoming cycle power system. Moreover, there is a need to
capture carbon dioxide in a flow of exhaust gas from a bottoming cycle power system with as
little energy consumption as possible. Additionally, there is a need to maintain the terperature of
the exhaust gas from a bottoming cycle power system above a temperature that will enable the

exhaust gas to readily flow up its associated stack.

BRIEF DESCRIPTION
0014, The present disclosure offers advantages and alternatives over the prior art by providing
bottoming cycle power systems and methods for receiving a tlow of exhaust gas from a
combustion process 1uto a turbo-expander, and for rernoving heat and water from the exhaust gas
prior to entering into a turbo-compressor, to more efficiently generate power. The present
disclosure also provides systems and methods for capturing carbon dioxide from the flow of

exhaust gas.

0015, The bottoming cycle power systems and roethods may include an exhaust gas heat
exchanger that has a first and a second flow path. The first flow path receives hot exhaust gas
after it has exited the turbo~-expander and prior to entering the turbo-~-compressor of the bottoming
cycle power system. The second flow path receives cooled exhaust gas after it has exited the
turbo-compressor. The cooled exhaust gas provides a first stage of cooling of the hot exhaust gas
as it passes through the exhaust gas heat exchanger. An exhaust gas processing system may be
disposed between the exhaust gas heat exchanger and the turbo-compressor to provide at least a
second stage of cooling of the exhaust gas prior to entering the turbo-compressor. A carbon
dioxide capture system may be utilized, wherein the carbon dioxide capture system may have

first and second capture tanks which utilize heat of compression of a carbon dioxide pump to
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desorb carbon dioxide in the second capture tank, while carbon dioxide is being absorbed in the

first capture tank.

0016. A method of generating electrical power in accordance with one or more aspects of the
present disclosure includes expanding a flow of exhaust gas from a combustion process as the
exhaust gas passes through a turbo-expander disposed on a turbo-crankshaft. The flow of exhaust
gas froms the turbo-expander is routed through a first low path of an exhaust gas heat exchanger.
The tlow of exhaust gas from the first flow path is compressed as the exhaust gas passes through
a turbo-compressor disposed on the turbo-crankshaft. The How of exhaust gas from the turbo-
compressor s routed through a second flow path of the exhaust gas heat exchanger. Heat from
the first flow path 1s transferred to the second flow path to cool the exhaust gas in the first flow
path and heat the exhaust gas in the second flow path. Electrical power is generated from a

generator disposed on the wurbo-crankshaft.

0017. A method of capturing carbon dioxide in accordance with one or more aspects of the
present invention includes routing a flow of exbaust gas into a first capture tank. Carbon dioxide
in the first capture tank is absorbed from the exhaust gas with first carbon dioxide absorbent
material disposed in the first capture tank. The flow of exhaust gas is routed out of the first
capture tank. A compressor coolant loop is connected between a carbon dioxide compressor and
a second capture tank, the second capture tank having a second carbon dioxide absorbent
material disposed therein. A compressor coolant fluid s circulated through the compressor
coolant loop. A heat of compression from the carbon dioxide compressor is transferred to the
second capture tank via the compressor coolant fluid. Carbon dioxide from the second carbon
dioxide absorbent material is regenerated with the heat of compression. The regenerated carbon

dioxide from the second capture tank 1s compressed with the carbon dioxide compressor.

0018. It should be appreciated that all combinations of the foregoing concepts and additional
concepts discussed in greater detail below (provided such concepts are not mutually inconsistent)
are contemplated as being part of the inventive subject matter disclosed herein and may be used

to achieve the benefits and advantages described herein.

(W41
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DRAWINGS
0019, The disclosure will be more fully understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:

(020, FIG. 118 a schematic of an example of a combined power system baving a primary power
system and a bottoming cycle power system, wherein the bottoming cycle power system includes
a turbine generator, an exhaust gas heat exchanger and an exhaust gas processing system, in

accordance with the present disclosure,

0021, FIG. 2 ts a schematic of an example of the combined power systemy of FIG. 1 further

including a carbon dioxide capture system, in accordance with the present disclosure;

0022, FIG. 3 is schematic of an example of the combined power system of FIG. 2, with a
detailed view of the exhaust gas processing system and the carbon dioxade capture systers, in

accordance with the present disclosure;

0023. FIG. 4 is a schematic of an example of a detailed view of an absorption chiller heat
exchanger and associated absorption chiller that may be utilized in the exhaust gas processing

system of FIG. 3, in accordance with the present disclosure;

0024 FIG. 5 is a schematic of an example of a detailed view of a cooling tower heat exchanger
and associated cooling tower that may be utilized in the exhaust gas processing system of FIG. 3,

in accordance with the present disclosure;

0025 FIG. 6 1s a schematic of an example of an enlarged view a carbon dioxide capture system
that may be utilized in the combined power system of FIG. 3, 1n accordance with the present

disclosure;

0026. FIG. 7, depicts an example of a tlow diagram of a method of generating electrical power,

in accordance with the present disclosure;
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0027. FIG. 8, depicts an example of a flow diagram of a method of processing exhaust gas in an

exhaust gas processing system, in accordance with the present disclosure;

0028. FIG. 9A, depicts an example of a tlow diagram of a method of capturing carbon diocxade,

in accordance with the present disclosure; and

0029 FIG. 9B, depicts an example of a continuation of the flow diagram of FIG. 9A of the

method of capturing carbon dioxide, in accordance with the present disclosure.

DETAILED DESCRIPTION
0030, Certain examples will now be described to provide an overall understanding of the
principles of the structure, function, manufacture, and use of the methods, systems, and devices
disclosed herein. One or more examples are tHustrated in the accompanying drawings. Those
skilled in the art will understand that the methods, systems, and devices specifically described
herein and illustrated in the accompanying drawings are non-limiting examples and that the
scope of the present disclosure s defined solely by the claims. The features tllustrated or
described in connection with one example maybe combined with the features of other examples.
Such modifications and variations are intended to be included within the scope of the present

disclosure.

0031 The terms "significantly”, "substantially”, "approximately”, "about”, “refatively,” or other
such similar terms that may be used throughout this disclosure, including the claims, are used to
describe and account for small fluctuations, such as due to variations in processing from a
reference or parameter. Such small fluctuations include a zero fluctuation from the reference or
parameter as well. For example, they can refer to less than or equal to + 10%, such as less than or
equal to £+ 5%, such as less than or equal to + 2%, such as less than or equal to + 1%, such as less
than or equal to = 0.5%, such as less than or equal to = 0.2%, such as less than or equal to = 0.1%,

such as less than or equal to = 0.05%.

0032 Referring to FIG. 1, a schematic 1s depicted of an example of a combined power system

100 having a primary power system 102 and a bottoming cycle power system 104, wherein the
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bottoming cycle power system 104 includes a turbing generator 120, an exhaust gas heat
exchanger 106 and an exhaust gas processing systern 108, in accordance with the present
disclosure. In this example, the bottoming cycle power system 104 is an inverted Brayion

bottoming cycle power system 104,

0033, In this specific example, the combined power system 100, primary power system 102 and
bottoming cycle power systermn 104 are configured o generate elecirical power to, for example, a
grid {i.e., an interconnect network for delivering electricity from producers to consumers).
However, it 18 within the scope of the present disclosure, that the power systems 100, 102 and 104

could be used to provide mechanical power as well.

0034. Moreover, such power systems of the present disclosure may be used in both stationary
applications and mobile applications. Examples of such stationary applications include electric
generator systems for delivering electric power to a grid, electric generator systerus for delivering
electric power to a building, mechanical power systems for delivering mechanical power for an
indusirial manutacturing process or the hike. Examples of such mobile applications include
mechanical power systems for delivering mechanical power to a motor vehicle, electrical power

systems for delivering electrical power to an electric vehicle or the like.

0035 The primary power system 102 includes an internal combustion engine 110 having an
engioe crankshaft 112 that 1s operatively connected o a privoary electric generator 114, The
internal combustion engine 110 may include a turbine engine, a piston engine or similar. The
engine 110 utilizes fuel in a combustion process as the motive force that rotates the engine
crankshaft 112 and the primary electric generator 114 to generate a first electrical cutput 115
Additionally, the combustion process produces a flow of exhaust gas 116, which may be routed
to the bottoming cycle power system 104. The flow of exhaust gas from the combustion process
of the internal combustion engine 110 may be at, or near, atmospheric pressure and may have a

temperature tn the range of 850 to 950 degrees Fahrenhett (F).

0036, Though in this example, the combustion process and associated the flow of exhaust gas

116 s utilized within a primary power system 102, other devices and/or systems may utilize a
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combustion process to produce exhaust gas 116, For example, the exhaust gas may be produced

from a furnace system, or from burning natural gas at an oil well site or the like.

0037. The bottoming cycle power system 106 includes a turbine generator 120. The turbine
generator 120 includes a turbo-expander 122 and turbo-compressor 124 disposed on a turbo-
crankshaft 126. The wurbo-expander 122 is operable to receive and expand the flow of exhaust
gas 116 froro the combustion process of the internal combustion engine 110, The turbo-expander
122 1s operable to rotate the turbo-crankshaft 126 as the exhaust gas 116 passes through the
turbo-expander 122. The turbo-expander 122 expands the exhaust gas 116 to extract energy from
the exhaust gas 110 and convert the energy to work on the crankshaft 126, Because the exhaust
gas 116 1s expanded as it passes through the turbo-expander 122, the exhaust gas 116 will be
under a vacuum as it exits the turho-expander 122, for example, at a vacuum pressure of perhaps
0.2 atmospheres. Additionally, the exhaust gas 116 will cool as it performs work on the

crankshatt, for exarople within a range of S00-700 degrees F.

0038, The turbo~corupressor 124 (typically a turbine compressor or simtlar) s operatively
connected to the flow of exhaust gas 116. More specifically, as the turbo-compressor 124 ts
rotated by the turbo-crankshatt 126, the turbo-compressor 1s operable to compress the flow of
exhaust gas 116 after the exhaust gas passes through the turbo-expander 122, the exhaust gas

heat exchanger 106 and the exhaust gas processing system 108,

0039, Additionally, the turbo-compressor 124 pulls a vacuum on the cutput side of the turbo-
expander 122 {for example a vacuum of about 0.2 atmospheres) to increase a pressure difference
across the turbo-expander 122. The increased pressure difference enhances the expansion of the
flow of exhaust gas 116 through the turbo-expander 122 1n order to convert as much energy in

the exhaust gas 116 into usable work on the turbo-crankshaft 126

0040. A bottoming cycle generator 128 is also disposed on the turbo-crankshaft 126. The
bottoming cycle generator 128 is operable to generate electrical power when the turbo-crankshaft

126 1s rotated by the wrbo-expander 122 In other words, the bottoming cycle generator 128
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generates a second electrical output 118 that may be used to supplement the first electrical cutput

115 of the primary power system 102,

0041. The exhaust gas 116 flows from the turbo-expander 122 1nto the exhaust gas heat
exchanger 106. The exhaust gas heat exchanger 100 jncludes a first flow path 130 and a second
flow path 132 operable to exchange heat therebetween. More specifically, the first flow path 130
18 operable to trausfer heat wto the second flow path 132, The first flow path 130 is operable to
receive the flow of exhaust gas 116 from the turbo-expander 122 prior to the exhaust gas 116
being compressed by the turbo-compressor 124. The second flow path 132 is operable to receive
the flow of exhaust gas 116 from the turbo-compressor 124 after the exhaust gas 116 has been

compressed by the turbo-compressor 124

0042. As will be explained in greater detail herein, the hot exhaust gas 116 from the turbo-
expander 122 (for example at about a temperature of 500-700 degrees ¥}, that flows through the
first flow path 130 of the exhaust gas heat exchanger 106, is cooled by the much cooler exhaust
gas 116 (for example at about a temperature range of 60-80 degrees F) from the tutbo-
compressor 124, that flows through the second tlow path 132 of the exhaust gas heat exchanger

1g6.

0043, Advantageously, the cooled exhaust gas 116 from the turbo-compressor 124 provides a
first stage of cooling for the hotter exhaust gas 116 trom the turbo-expander 122, For example,
the exhaust gas 116 may be cooled down to about a range of 200-300 degrees F as it exits the

first path 130 of the exhaust gas heat exchanger 100

0044, Also, advantageously, the hotter exhaust gas 116 from the turbo-expander 122 reheats the
cooler exhaust gas 116 from the turbo-compressor 124 to temperatures that enable the exhaust
gas 116 to tflow readily up a stack 164 (see FIG. 3) of the combined power system 100, For
example, the exhaust gas 116 exiting the second path 132 of the gas heat exchanger 106 may be

within a range of about 250-350 degrees F.
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0045, The stack 164, as used heretn, will refer to the extended exhaust piping system {or
chimney stack system) designed to route exhaust gas away from the source of the combustion
process {in this example, the source of the combustion process is the internal combustion engine
110). In this example, the stack 164 of the combined power system 100 1s designed to route the
flow of exhaust gas 116 away from the combined power systern 100 after the exbaust gas exits

the second path 132 of the exhaust gas heat exchanger 106 {see FIG. 3).

0046. The stack 164 of the combined power system 100 is required to route the exhaust gas 116
away from the combined power systern 100 and to maintain air quality in the proximity of the
combined power system 100. The stack 164, by regulation, may have a minimum height that
may be as much as 1.5 times the height of a building or container that houses the engine 110 or
more. If the exhaust gas 116 13 too cool (for example, near or below ambient temperature}, the
exhaust gas 116 will be too dense to readily flow to the top of the stack 164, As will be explained
in greater detail herein, cooling the exhaust gas 116 to near ambient temperature betfore it enters
the turbo-compressor 124 is advantageous for increasing the compression ratio {and therefore
etficiency) across the turbo-expander 122, However, reheating the exhaust gas 116 to
temperatures that are significantly higher than ambient temperature after the exhaust gas 116
exits the turbo-compressor 124 is advantageous for routing the exhaust gas 116 up the stack 164,

The exhaust gas heat exchanger 106 helps to perform both of these functions.

0047 The exhaust gas processing system 108 is operable to receive and cool the flow of
exhaust gas 116 after the exhaust gas 116 has passed through the first flow path 130 of the
exhaust gas heat exchanger 100 and prior to the exhaust gas 116 being compressed by the turbo-
compressor 124, The exhaust gas processing system 108 provides a second stage of cooling for

the exhaust gas 1106 prior to the exhaust gas 116 entering the turbo-compressor 124,

0048, Referring to FIG. 2, a schematic of an example 1s depicted of the combined power system
100 of FIG. 1 further including a carbon dioxide capture system 134, in accordance with the
present disclosure. The carbon dioxide capture system 134 is operable to remove and capture
carbon dioxide 206 from the exhaust gas 110 after the exhaust gas 116 exits the turbo-compressor

124 and prior to the exhaust gas 116 flowing through the second flow path 132 of the exhaust gas

it



WO 2023/049674 PCT/US2022/076635

heat exchanger 106, As will be explained in greater detail herein, the carbon dioxide capture
system 134 is also operable to advantageously regenerate the captured carbon dioxide 206 using a

heat of compression of a carbon dioxide compressor 220 (see FIG. 6).

0049, Referring to FIG. 3, a schematic is depicted of an example of the combined power system
100 of FIG. 2, with a more detailed example of the exhaust gas processing system 108 and the
carbon dioxide capture system 134, in accordance with the preseot disclosure. The exhaust gas
processing system 108 performs at least a second stage of cooling on the exhaust gas 116 after the
exhaust gas 116 exits the exhauvst gas heat exchanger 106, However, the exhaust gas processing
system: 108 may perform other functions as well. For example, the exhaust gas processing system
108 may perform several stages of cooling and/or may remove water from the flow of exhaust gas

t1e.

0050, In the specific example depicted wn FIG. 3, the exhaust gas process system 108 includes a
cooling tower heat exchanger 136, an absorption chiller heat exchanger 138 and a dehumidifier
system 140 that process the exhaust gas 116 as 1t passes through the exhaust gas processing
system 108, The cooling tower heat exchanger 136 performs a second stage of cooling on the
exhaust gas 116, the absorption chiller heat exchanger 138 performs a third stage of cooling on
the exhaust gas 116 and the dehumidifier system 140 removes water from the exhaust gas 116

prior to the exhaust gas entering the turbo-compressor 124,

0051. The cooling tower heat exchanger 130 is operable to receive the flow of exhaust gas 116
from the exhaust gas heat exchanger 106, The cooling tower heat exchanger 136 18 operable to
cool the exhaust gas 116 with a flow of cooling tower coolant fluid 141 (see FIG. 5) that flows in
a cooling tower coolant loop 142 between a cooling tower 144 and the cooling tower heat
exchanger 136. In this specific example, the cooling tower coolant fluid is water, but may also be
other coolants, such as glycol or the like. The cooling tower heat exchanger 106, may, for

exampig, cool the exhaust gas down 10 a temperature range of about 100-130 degrees F.

0052, From the cooling tower heat exchanger 136, the exhaust gas 116 flows to the absorption

chiiler heat exchanger 138. The absorption chiller heat exchanger 138 is operable to receive the



WO 2023/049674 PCT/US2022/076635

flow of exhaust gas 116 from the exhaust gas heat exchanger 136 and to cool the exbaust gas 116
with a flow of absorption chiller coolant fluid (such as water, glycol or the like) that flows in an
absorption chiller coolant loop 146 between an absorption chiller 148 and the absorption chiller
heat exchanger 138, For exarmple, the absorption chiller heat exchanger 136 may cool the

exhaust gas 116 down to a range of about 35-45 degrees F.

0053, A coolant purop 150 may be used to purnp the absorption chilier coolant fluid around the
absorption chiller coolant loop 148, An expansion tank 152 may be used to provide room for
thermal expansion of the absorption chiller coolant fluid as it is circulated around the absorption

chiiler coolant loop 146,

0054. The absorption chiller 148 may be powered by the heat energy from an engine coolant
loop 154 of the internal combustion engine 110. More specifically, engine coolant fluid may be
circulated in the engine coolant loop 154, via a coolant pump 156, between a generator section

166 {see FIG. 4) of the absorption chiller 148 and the engine 110

0055, Additionally, a water tower 158 may be used to remove heat energy from the absorption
chifter 148 More specifically, a water tower 158 may circulate a flow of water tower coolant
fluid (such as water, glycol or the like) in a water tower coolant loop 160 between the water
tower 158 and the absorption chiller 148 to remove heat from an evaporator section 170 (see

FIG. 4) and an absorption section 172 (see FIG. 4} of the absorption chilfer 148

0056, In the specitic example lustrated in FIG. 3, the exhaust gas 116 tlows from the cooling
tower heat exchanger 136 directly into the absorption chiller heat exchanger 138 However, other
examples of the exhaust gas processing system 108 are within the scope of this disclosure. For
example, the exhaust gas 116 may flow into the absorption chiller heat exchanger 138 first and
then into the cooling tower heat exchange 136, Alternatively, there may be only an absorption
chiiler heat exchanger 138 or only a cooling tower heat exchanger 136 in the exbaust gas

processing system 108,
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0057, Additionally, there may be other types of cooling systems utilized to cool the exhaust gas
116 1n hieu of, or in place of, the cooling tower heat exchanger 136 and absorption chiller heat
exchanger 138 For example, various types of vapor-compression refrigeration systems {not

shown) may be uttlized to cool the exhaust gas 116 1n the exhaust gas processing system 108,

0058, From the absorption chiller heat exchanger 13§, the exhaust gas 116 may optionally flow
through the dehumudifier system 140, The dehumidifier systerm 140 1s operable to remove a
substantial amount of water from the exhaust gas 116. The dehumidifier system may use varicus
water absorption materials (for example hithium bromide, activated charcoal, caleium chloride,
zeolites or other types of hygroscopic substances) to absorb water 100 from the exhaust gas 116.
The water 160 may be pumped away from the dehumidifier systemn 140 via water pump 162
Though this particular example of an exhaust gas processing system 108 includes a dehumidifier
system 140, it is within the scope of this disclosure that a dehumidifier system not be utilized in

the exhaust gas processing systern 108,

0059, From the debumidifier system 140, the exhaust gas 116 flows into the turbo-compressor
124, At this stage of exhaust gas flow 116, the temperature of the exhaust gas 110 has been
reduced to near ambient temnperatures. The near ambient ternperature of the exhaust gas 116
enables the urbo-compressor 124 to efficiently pump the exhaust gas 116 back to atmospheric
pressure or greater with a reduced work burden on the turbo-expander 122, For example, the
exhaust gas entering the turbo-~coropressor 124 may be within a temperature range of about 35-45
degrees F and may be within a pressure range of about 0.2 atmospheres or less, while the exhaust
gas 116 exiting the turbo-compressor 124 may be within a temperature range of about 55-65

degree F and may have an atmospheric pressure of about 1.5 to 2 atmospheres.

0060, By reducing the work burden of the turbo-compressor 124 on the trbo-expander 122, the
net energy produced by the bottoming cyele generator 128 is increased significantly. Additionally,
the components in the exhaust gas processing system 108 {(such as the cooling towers 144, 158,
the cooling tower heat exchanger 136, the absorption chiller 148, the absorption chiller heater
exchanger 138 and the dehumudifier systern 140) are selected to consume the feast amount of

operating power and provide the least amount of exhaust gas pressure drop through the exhaust
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gas processing system. By doing so, the second electrical cutput 118 power of the botioming

cycle generator 128 15 maxinized.

0061, As such, the second electrical output 118 of the bottoming cycle generator 128 may be
operable to provide a significant portion of electric power required to operate the exhaust gas
processing system 108 Additionally, the second electrical output 118 of the bottoming cycle
generator 128 may be operable to provide all electric power required to operate the exbhaust gas
processing system 108 Additionally, the second electrical output 118 of the bottoming cycle
generator 128 may be operable to provide a portion of electric power required to operate the
exhaust gas processing system 108 and the carbon dioxide capture system 134, Additionally, the
second electrical output 118 of the bottoming cycle generator 128 may be operable to provide all
electric power required to operate the exhaust gas processing system 104 and the carbon dioxide

capture system 134,

0062, After the exhaust gas 116 exits the turbo-compressor 124, the exhaust gas 116 1s routed
through the carboun dioxide capture system 134, For purposes of clarity, the functional details of

the carbon dioxide capture system 134 will be discussed in greater detail with reference t0 FIG. 6.

0063, Fron the carbon dioxide capture systeny 134, the exbaust gas 116 flows through the
second path 132 of the exhaust gas heat exchanger 106. The cooled exhaust gas 116 passing
through the second path 132 is reheated by the hot exhaust gas 116 passing through the first path
130 of the exhaust gas heat exchanger 106, The reheated exhaust gas 116 exiting the second path
132 is signiticantly above ambient temperatures (for exarnple, 200 to 300 degrees F) and is
significantly less dense than the ambient air. Accordingly, the reheated exhaust gas 116 may

readily tlow up the stack 164 of the combined power system 100

0064. Referring to FIG. 4, a schematic 18 depicted of an example of a more detailed view of the
absorption chiller heat exchanger 138 and associated absorption chiller 148 that may be utilized in

the exhaust gas processing system of FIG. 3, in accordance with the present disclosure.
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0065, The absorption chiller 148 has a generator section 166, a condenser section 168, an
evaporator section 170 and an absorption section 172 all in fluid communication with each other
and operable to circulate an absorption chiller refrigerant 174 (in this example, water)
therethrough. The generator section 166 has a generator section heat exchanger 176 to receive
the flow of heated engine coolant {luid that flows in the engine coolant toop 154 between the
generator section heat exchanger 176 and the internal combustion engine 110, The generator
section heat exchanger 176 1s operable to evaporate the absorption chiller refrigerant 174 to
remove heat from the engine coolant fluid, which may enter the generator section heat exchanger

at about 190 degrees F.

0066, More specifically in this example, the heat from the hot engine coolant evaporates the
water-refrigerant 174 from a dilute brine solution of water and hithium bromide. The evaporated

water 174 then flows to the condenser section 168,

0067, The condenser section 168 is operable to condense the absorption chiller refrigerant 174
utilizing the water tower coolant loop 160 of the water tower 158, The condensed water 174
flows through an orifice 175 to drop its pressure as the water 174 enters the evaporator section
170,
0068 The evaporator section 170 has an evaporator section heat exchanger 178 to receive the
absorption chiller coolant fluid from the absorption chiller heat exchanger 138, The evaporator
section heat exchanger 178 is operable to remove heat from the absorption chilier coolant tluid
by re-evaporating the water 174 condensed tn the condenser section 168 to produce steam (1e.,

evaporated absorption chiller refrigerant) 174.

0069, The steam then flows to the absorption section 172, which contains a concentrated
solution of brine that 18 operable to re-condense the water 174 utilizing the water tower coolant
foop 160 of the water tower 158, An absorption chiller refrigerant pump 180 pumps the
concentrated brine back to the generator section 166 to complete the absorption chiller

refrigeration cycle.
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(070, Referring to FIG. 5, a schematic is depicted of an example of a more detailed view of the
cooling tower heat exchanger 136 and associated cooling tower 144 that rmay be utilized in the
exhaust gas processing system of FIG. 3, 1o accordance with the present disclosure. In this
specific example, the cooling tower coolant fluid 141 that flows through the cooling tower coolant
loop 142 18 water. However, other cooling tower coolant fluids may also be used or included with

the water, such as, for example, glycol or the like.

0071. During operation, a cooling tower coolant pump 182 may be used to circulate the water
{cooling tower coolant fluid) 141 through the cooling tower coolant loop 142 between the
cooling tower heat exchange and the water tower 144, The water 141 from the water tower 144
may enter the exhaust gas heat exchanger 136 in a range of about 70 to 90 degrees F. The
exhaust gas 116 may enter the exhaust gas heat exchanger 136 in a range of about 200-300
degrees F. The water 141 will cool the exhaust gas 1106 as the water and exhaust gas pass through
the cooling tower heat exchanger 136, For example, the exhaust gas 116 may be cooled down to
a range of about 100 -130 degrees F and the water may be heated up to a temperature range of
about 150-180 degrees F as both the water 141 and exhaust gas 116 pass through the cooling

tower heat exchanger 136..

0072, After passing through the cooling tower heat exchanger 136, the heated water 141 will
return to the upper portion 196 of the cooling tower 144 where the water enters the cooling
tower’s coolant distribution sysiern 184, The distribution systers 184 will route the water 141
through a plurality of cocling tower nozzies 186, which will spray the water onto a fill material
188. The fill raterial {or fill media) 188 1s a matenial used to increase the surface area of the
cooling tower 144. The fill material 188 may be, for example, knitted metal wire, ceramic rings
or other materials that provide a large surface area when positioned or packed together within the
cooling tower 144, The fill material 188 siows the water 141 down and exposes a large amount

of water surface area to air-water contact,

0073, Ambient air 190 is pulled through a lower portion 198 of the cooling tower 144 and out
the upper portion 196 of the cooling tower 144 via a cooling tower fan 192, A small amount of

water 141 evaporates as the air 190 and water 141 contact each other in the fill material 188,
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which cools the water. For exampie, the water 141 may be cooled down to a range of about 70 to

90 degrees F.

0074. The cooled water 141 falls into a collection basin 194, which adds back make-up water to
compensate for the small amount of water that has beeo evaporated during the evaporative
cooling process. The cooled water 141 is then pumped through the cooling tower coolant foop
142 and back to the cooling tower heat exchanger 136 via the cooling tower coolant pump 182 to

complete the refrigeration cycle.

0075, The cooling tower 144 may be one of several types of cooling towers, such as crosstiow
cooling towers, counterflow cooling towers, open loop cooling towers, closed loop cooling towers
or the like. However, they most often operate utilizing evaporative cooling produced from air to

cooling tower coolant fluid (e g, water) contact.

0076. Referring to FIG. 6, a schematic is depicted of an example of an enlarged view of the
carbon dioxide capture systern 134 utilized 10 the combined power system 100 of FIG 31
accordance with the present disclosure. As the exhaust gas 116 exits the turbo-compressor 124
will undesirably contain carbon dioxide 206. To remove the carbon dioxide 206 prior to entering

the exhaust gas heat exchanger 106, the carbon dioxide capture system 136 may be utilized.

0077, The cartbon dioxide capture system 134 includes a first capture tank 200 and a second
capture tank 202. Fach capture tank 200, 202 contains carbon dioxide absorbent material 204
operable to absorb carbon dioxide 206 from the exhaust gas 116, The carbon dioxide absorbent

material may be zeolite, metal organic frameworks material, calcium hydroxide or the like.

0078, The first and second capture tanks 200, 202 each include an exhaust gas inlet port 208A
and 208B, which are selectively connectable to the flow of exhaust gas 116 from the turbo-
compressor 124, In other words, the exhaust gas inlet ports 208A and 2088 are selectively
connectable to the flow of exhaust gas prior to the exhaust gas passing through the carbon

dioxide absorbent material. More specifically, flow valve 210A controls flow of exhaust gas 116
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into the exhaust gas inlet port 208A of the first capture tank 200 and flow valve 210B controls

flow of exhaust gas 116 into the exhaust gas inlet port 2088 of the second capture tank 202,

0079, The first and second capture tanks 200, 202 also include an exhaust gas outlet port 21ZA
and 212B, which are selectively connectable to the second flow path 132 of the exhaust gas heat
exchanger 106. In other words, the exhaust gas cutlet ports 212A and 2128 are selectively
connectable to the flow of exhaust gas after the flow of exhaust gas has passed through carbon
dipxide absorbent material. More specifically, flow valve 214A controls flow of exhaust gas 116
out of the exhaust gas outlet port 212A of the first capture tank 200 and into the second flow path
132 of the exhaust gas heat exchanger 100, Additionally, flow valve 2148 controls flow of
exhaust gas 116 out of the exhaust gas outlet port 212B of the second capture tank 202 and into

the second flow path 132 of the exhaust gas heat exchanger 106,

0080. The first and second capture tanks 200, 202 also include a carbon dioxide outlet port
216A and 2168, which are selectively connectable to a carbon dioxide compressor 220. More
specifically, flow valve 218A conirols flow of regenerated carbon dioxide 206 out of the carbon
dioxide outlet port 216A of the first capture tank 200 and into the carbon dioxide compressor
220. Additionally, flow valve 218B controls flow of regenerated carbon dioxide 206 out of the
carbon dioxide outlet port 216B of the second capture tank 202 and into the carbon dioxide
compressor 220. The carbon dioxide compressor 220 15 operable to pump carbon dioxide 206 out
of the carbon dioxide outlet ports 216A, 2168 that the carbou dioxide compressor 220 18
connected to. The carbon dioxide compressor 220 may be a rofary screw type compressor, a

piston compressor or the like.

0081, A compressor coolant loop 222 1s selectively connectable between the carbon dioxide
compressor 220 and the first capture tank 200 or between the carbon dioxide compressor 220 and
the second capture tank 202, The compressor coolant loop 222 is operable to flow a compressor
coolant fluid 224 (such as water, glycol of the like} to remove a heat of compression from the
compressor 220 and to transfer the heat of compression to the first or second capture tanks 200,
202. The beat of compression is operable to release a portion of the carbon dioxide 206 absorbed

by the carbon dioxide absorbent material 204 in the first or second capture tanks 200, 202

1%
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0082. More specifically, the compressor coolant loop 222 includes a compressor coolant jacket
226 of the compressor 220, a first capture tank heating jacket 228 of the first capture tank 200
and a second capture tank heating jacket 230 of the second capture tank 202 The compressor
coolant jacket 226 1s operable to contain and circulate the compressor coolant fluid 224 around
the outer surface of the compressor 220 to cool the compressor 220. The compressor coolant

flurd 224 will remove the heat of compression from the compressor 220,

0083. For purposes herein, a heating or coolant jacket (such as coolant jacket 226, and heating
jackets 228 and 230} may refer to an outer casing or system of tubing, which holds fluid and
through which the fluid circulates to cool or heat a vessel or device. For example, the compressor
coolant jacket 226 may be a casing which surrounds the carbon dioxide compressor 220 to
enable the coolant fluid to absorb the heat of compression and to cool the compressor 220, Also,
the first and second capture tank heating jackets 228 and 230 may be casings or systems of
tubing, which are operable to transfer the heat of compression to the selected first or second
capture tanks 200, 202 and to heat the carbon dioxade 206 captured withun the selected tank 200,

202,

0084. The heating jackets 228 and 230 are operable 1o selectively contain and circulate the
compressor coolant fluid 224 (which is heated with the heat of compression from compressor
220) around the outer surfaces of the first or second capture tanks 204, 202 respectively to heat
the selected capture tank 200, 202. The compressor coolant fluid 224 will add the heat of
compression to the selected capture tank 200, 202. The heat of compression from the corupressor
220 will then advantageously be used to regenerate (or desorb) a portion, or substantially all, of
the carbon dioxide 206 from the carbon dioxide absorbent material 204 so that 1t can be pumped

by the compressor 220 into a holding tank 232 for later use and/or disposal.

0085, A carbon dioxide heat exchanger 244 may be disposed between the holding tank 232 and
the carbon dioxide compressor 220 to cool the carbon dioxide 206 prior to entering the holding

tank 232. The carbon dioxide heat exchanger 244 may be cooled by a cooling tower 246 that
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circulates coolant flutd between the cooling tower 246 and the carbon dioxide heat exchanger

244 via carbon dioxide heat exchanger coolant loop 248,

0086. The compressor coolant tluid 224 1s purmped around the compressor coolant loop 222 via
pump 234, Flow valves 236, 238, 240 and 242 control the flow of compressor coolant fluid 224
to either the first capture tank 200 or second capture tank 202, More specifically, when valves
236 and 238 are open, and valves 240 and 242 are closed, the coolant loop 222 circulates the
coolant fhuid 224 via pump 234 between the compressor 220 and the first capture tank 200. In
this configuration, the compressor 220 is cooled and the first capture tank 200 1s heated. When
the valves 236 and 238 are closed, and valves 240 and 2472 are open, the coolant foop 222
circulates the coolant fluid 224 via pump 234 between the compressor 220 and the second
capture tank 202, In this configuration, the compressor 220 13 cooled and the second capture tank

202 is heated.

0087. During operation, the various flow valves may be configured such that the exhaust gas
inlet port 208 A of the first capture tank 200 is connected (1.e., 1o {fluid communication) to the
flow of exhaust gas 116 from the turbo-compressor 124, In other words, the exhaust gas inlet
port 208A is connected to the flow of exhaust gas 116 prior to the exhaust gas 116 passing
through the carbon dioxide absorbent material 204, Additionally, the first capture tank’s exhaust
gas outlet port 212A 1s connected (1.¢, in fluid communication) to the second flow path 132 of
the exhaust gas heat exchanger 106, In other words, the exhaust gas outlet port 2124 is
connected to the flow of exhaust gas 116 after the exhaust gas has passed through the carbon
dioxide absorbent material 204, Additionally, the carbon dioxide compressor 220 may be
connected to the carbon dioxide outlet port 2168 of the second capture tank 202 and the
compressor coolant loop 222 may be connected between the carbon dioxide compressor 220 and
the second capture tank 202, In this configuration, exhaust gas 116 will flow nto the first capture
tank 200 to remove the carbon dioxide 206 from the exhaust gas 116 tlow prior to entering the
exhaust gas heat exchanger 100. Simultaneously, the heat of compression from the carbon
dioxide compressor 220 will advantageously be used to heat the second capture tank 202 to
regenerate the carbon dioxide from the second capture tank 202 and to pump the carbon dioxide

206 into the holding tank 232, By using the heat of compression of the carbon dioxide
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compressor 220 to regenerate the carbon dioxide tn the second capture tank 202, the energy
needed from external sources (such as electric heaters or the like) to regenerate the carbon

digxide is advantageously reduced.

0088. Also during operation, the various flow valves may be configured such that the exhaust
gas inlet port 2088 of the second capture tank 202 1s connected (i e, in fluid communication} o
the flow of exhaust gas 116 from the turbo-compressor 124, In other words, the exhaust gas inlet
port 2088 is connected to the flow of exhaust gas 116 prior to the exhaust gas 116 passing
through the carbon dioxide absorbent material 204, Additionally, the second capture tank’s
exhaust gas outlet port 2128 is connected (1.e., in fluid communication} to the second flow path
132 of the exhaust gas heat exchanger 106, In other words, exhaust gas outlet port 2128 1s
connected to the flow of exhaust gas 116 after the exhaust gas 116 has passed through the carbon
dioxide absorbent material 204, Additionally, the carbon dioxide compressor 220 may be
connected to the carbon dioxide outlet port 210A of the first capture tank 200 and the coropressor
coolant loop 222 may be connected between the carbon dioxide compressor 220 and the first
capture tank 200 Iu this configuration, exbaust gas will flow into the second capture tank 202 to
remove the carbon dioxide 206 from the exhaust gas 116 flow prior to entering the exhaust gas
heat exchanger 106, Simultaneously, the heat of compression from the carbon dioxide
compressor 220 will advantageously be used to heat the first capture tank 200 to regenerate the
carbon dioxide from the first capture tank 200 and pump the carbon dioxide into the holding tank
232. By using the heat of compression of the carbon dioxide compressor 220 to regenerate the
carbon dioxide in the first capture tank 200, the energy needed from external sources {such as

electric heaters or the like) to regeverate the carbon dioxide ts advantageously reduced.

0089 Reterring to FIG 7, an example 18 depicted of a tlow diagram of a method 300 of
generating electrical power, in accordance with the present disclosure. The method may utilize
one or more of the examples of the power systems (e g, combined power system 100, primary

power system 102, bottoming cycle power system 104, )} describe herein.
0090, The method may also utilize any 1uternal combustion engine {such as a turbine engine or
a piston engine) that produces a combustion process and generates an exhaust gas. Further, the
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method may be utilized 1o association with any system that produces a combustion process and
generates an exhaust gas, whether or not the system is delivering electrical power. For example
the exhaust gas may be produced from a furnace system, or from burning natural gas at an oil

well site or the like.

0091. The method 300 (FIG. 7}, as well as the following methods 350 (FIG. 8) and method 400
{(FIGS. 9A and 9B) depicts non-limiting examples of various steps of carrving out the methods.
However, the order in which the steps of each method are executed may not coincide with the
order in which the steps are illustrated in each of FIGS. 7, §, 9A and 9B. For example, the
generating step 316 may occur prior to the transferring heat step 314 in FIG. 7. Additionally,
certain steps may be left out and certain other unillustrated steps may be added to the itllustrated

methods. For example, the routing step 306, may be left out of the method 300 of FIG. 7.

0092, At 302, the method expands a low of exhaust gas1 16 from a combustion process as the
exhaust gas 116 passes through and rotates a turbo-expander 122 disposed on a turbo-crankshaft
126, The combustion process and exhaust gas 116 may be associated with any system that
produces a combustion process and generates an exhaust gas. By way of example, the flow of
exhaust gas 116 may be generated by a primary power system 102 The primnary power system
102 may include an internal combustion engine 110 having a rotatable crankshaft 112, The
engine 110 may be operable to use fuel in a combustion process to deliver power to the engine
crankshaft 112 and generate electricity 115 from a primaary electric generator 114 disposed on the
engine crankshaft 112, The combustion process of the primary power system 102 may produce

the flow of exhaust gas 116 to the turbo-expander 122,

0093, At 304, the flow of exhaust gas 116 from the turbo-expander 122 is routed through a first

flow path 130 of an exhaust gas heat exchanger 106.

0094, At 3066, The flow of exhaust gas 1106 from the first flow path 130 is routed through an
exhaust gas processing system 108 to cool the exhaust gas 116 or to remove water from the
exhaust gas 116 prior to the exhaust gas passing through the turbo-compressor 124, The exhaust

gas processing system 108 may include a variety of systems and devices used to cool and/or

]
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remove water from the exhaust gas 116. For example, the exhaust gas processing system 108
may include a cooling tower heat exchanger 136, an absorption chiller heat exchanger 138 ora
debumidifier 140. Optionally, the exhaust gas processing system 108 may not be used in method

300,

0095, At 308, the flow of exhaust gas from the first flow path 130 of the exhaust gas heat
exchanger 106 is compressed as the exbaust gas 116 passes through a turbo~compressor 124
disposed on the turbo-crankshaft 126. The exhaust gas 116 may or may not pass through an

exhaust gas processing system 108 prior to entering the turbo-compressor 124

0096, At 310, the tlow of exhaust gas 116 from the turbo-compressor 124 may be routed through
a carbon dioxide capture system 134. Alternatively, the carbon dioxide capture system 134 may

be left out of the method 300.

0097. At 312, the flow of exhaust gas 116 from the turbo-compressor 124 is routed through a
second flow path 132 of the exhaust gas heat exchanger 106, This step may occur whether or not

the flow of exhaust gas 116 is routed through a carbon dioxide capture system 134,

0098. At 314, heat contained in the exhaust gas 116 from the first flow path 130 is transterred
to the exhaust gas 116 1n second flow path 132, The transfer of heat from the first flow path 130
to the secound flow path 132 serves to cool the exbaust gas 116 in the first flow path 130 and to
heat the exhaust gas 116 in the second flow path 132, Advantageously, by cooling the exhaust
gas 116 in the tfivst flow path 130 prior to entering the turbo-compressor 124, the work done by
the turbo-compressor 124 to compress the exhaust gas 116 is reduced. Also advantageously, by
heating the exhaust gas 116 in the second flow path 132, prior to entering the stack 164, the

exhaust gas then flows more readily up the stack,

0099, At 316, electrical power is generated from a rotating generator 128 disposed on the turbo-
crankshaft 126. Advantagecusly, the efficiency of the generator 128 is enhanced by the cooling

the exhaust gas 116 in the first flow path 130 of the exhaust gas heat exchanger 106 prior o
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entering the turbo-compressor 124, because the amount of work that the turbo-compressor 124 is

required to do in order to compress the exhaust gas 116 1s reduced.

0100. Referring to FIG. 8, an example 1s depicted of a flow diagram of a method 350 of
processing exhaust gas in an exhaust gas processing system, in accordance with the present
disclosure. Method 350 1s subset of method 300, in that it is an expansion of the optional step

306 of routing the exhaust gas 116 through an exhaust gas processing system 108,

0101, At 352, the tflow of exhaust gas 116 may be routed through a cooling tower heat
exchanger 136. The cooling tower heat 136 is operable to cool the exhaust gas 116 with a flow of
cooling tower coolant fluid 141, The cooling tower coolant fluid 141 flows 1n a cooling tower

coolant loop 142 between a cooling tower 144 and the cooling tower heat exchanger 136.

0102, At 354, the flow of exhaust gas 116 roay be routed directly through av evaporator section

170 of an absorption chiller}48 to cool the exhaust gas 116.

0103, Alternatively, at 356, the flow of exhaust gas 116 may be routed through an absorption
chiller heat exchanger138. The absorption chiller heat exchanger 138 may be operable to receive
the flow of exhaust gas 116 from the exhaust gas heat exchanger 106 and to cool the exhaust gas
116 with a flow of absorption chiller coolant fluid. The absorption chiller coolant fluid may flow
0 an absorption chiller coolant loop 146 between an absorption chiller 148 and the absorption

chiller heat exchanger 138

0104, At 358, the flow of exhaust gas 116 may optionally be routed through a dehumidifier
system to remove water from the exhaust gas. The dehumidifier system 140 may be operable to
remove a substantial amount of water from the exhaust gas 116, The dehumidifier system may
use various water absorption materials (for example lithium bromide, activated charcoal, calcium
chioride, zeolites or other types of hygroscopic substances) to absorb water 160 from the exhaust
gas 116, The water 160 may be pumped away from the dehumidifier system 140 via water pump

162.
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0105, Referring to FIG. 9A, an example is depicted of a flow diagram of a method 400 of
capturing carbon dioxide, in accordance with the present disclosure. Method 400 may be
considered a subset of method 300, in that 1t is an expansion of the optional step 310 of routing
the exhaust gas 116 through a carbon dioxide capture system 134, Alternatively, the method 400
may not be a subset of method 300, but rather may be an independent method for processing

exhaust gas 116 in and of itself.

0106. A1402, a flow of exhaust gas 116 is routed into a first capture tank 200 of a carbon
dioxide capture systern 134, The flow of exhaust gas 116 may be generated from any a
combustion process. For example, the flow of exhaust gas may be from a turbo-compressor 124
of a combined power systemn 100 as illustrated in FIG. 1. Alternatively, the flow of exhaust gas
116 may be generated from any internal combustion engine {such as a turbine engine or a piston
engine) that produces a combustion process and generates an exhaust gas. Further, the flow of
exhaust gas 116 may be generated from any system that produces a combustion process and
generates an exhaust gas, whether or not the system includes an internal combustion engine. For
example, the exhaust gas may be produced from a furnace system, or from burning vatural gas at

an oil well site or the like.

0107, At 404, carbon dioxide 206 may be absorbed in the first capture tank 200 from the
exhaust gas 116 with first carbon dioxide absorbent material 204 disposed in the first capture
tank 200. The carbon dioxide absorbent matenal 204 may be, for example, zeolite, metal organic

frameworks material, calcium hydroxide or the like.

0108, At 406, the flow of exhaust gas 116 may be routed out of the first capture tank 200. By
way of example, the flow of exhaust gas 116 may be routed out of the first capture tank 200 and
to a stack 164 associated with the combustion process. Additionally, the flow of exhaust gas 116,

may be routed to the second flow path 132 of an exhaust gas heat exchanger 106 as illustrated in

FiG 2.

0109 At 408, a compressor coolant loop 222 may be connected between a carbon dioxide

compressor 220 and a second capture tank 202 of the carbon dioxide capture system 134, The
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second capture tank 202 may have a second carbon dioxide absorbent material 204 disposed
therein. The compressor coolant loop 222 may be, for example, connectable and disconnectable
between the carbon dioxide compressor 220 and the first and/or second capture tanks 200, 202
via a plurality of compressor coolant loop flow valve 236, 238, 240 and 242, as illustrated in

FiG 6.

0110, At 410, a compressor coolant fluid 224 rway be circulated through the corupressor coolant

loop 222. The compressor coolant fluid 224 may be, for example, water, glycol or the like.

0111, At412, a heat of compression from the carbon dioxide compressor 220 ts transferred to

the second capture tank 202 via the compressor coolant fluid 224.

0112, At414, carbon dioxide 206 is regenerated from the second carbon dioxide absorbent

material 204 disposed o the second capture tank 202 with the heat of coropression.

0113, At 416, the regenerated carbon dioxide 206 from the secound capture tank 202 is

compressed with the carbon dioxide compressor 220.

0114, At 418, the regenerated carbon dioxide 200 trom the second capture tank 202 is pumped

into a holding tank 232 via the carbon dioxide compressor 220

0115 Referring to FIG. 9B, an example is depicted of a continuation of the flow diagram of the

method 400 of capturing carbon dioxide, 1o accordance with the present disclosure.

0116, At 420, The compressor coolant loop 222 1s switched such that it is disconnected from the
second capture tank 202 and reconnected between the first capture tank 200 and the carbon dioxide
compressor 220, when the first carbon dioxide absorbent material 204 in the first capture tank 200
has absorbed a predetermined amount of carbon dioxide 206. Essentially, when the carbon dioxide
absorbent material 204 in the first capture tank 200 has reached a predetermined capacity limit,

the flow valves 236, 238, 240 and 242 are swiiched such that the compressor coolant toop 222

b
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now redirects the compressor coolant fluid 224 to flow between the carbon dioxide compressor

220 and the first capture tank 200,

0117, At 422, the flow of exhaust gas 116 1s routed into the second capture tank 202, The flow

of exhaust gas 116 may be coming from a turbo-corpressor 124 as illustrated n FIG. 2.

0118 At 424, the carbon divade 206 1s absorbed in the second capture tank 202 from the exhaust
gas 116 with the second carbon dioxide absorbent material 204 disposed in the second capture tank

202.

0119 At 426, the flow of exhaust gas 116 is routed out of the second capture tank 202, By way
of example, the flow of exhaust gas 116 may be routed out of the second capture tank 202 and to
a stack 164 associated with the combustion process. Additionally, the flow of exhaust gas 116,

may be routed to the second flow path 132 of an exbaust gas heat exchanger 106 as illustrated i

FiG. 2.

0120, A1428, a heat of compression is transferred from the carbon dioxide compressor 220 to the
first capture tank 200 via the compressor coolant fluid 224 circulating in the corpressor coolant

foop 222.

0121, At 430, carbou dioxide 206 15 regeverated from the first carbon dioxide absorbent material

204 with the heat of compression.

0122, At 432, the regenerated carbon dioxide 206 from the first capture tank 200 is compressed

with the carbon dioxide compressor 220

0123, At 434, the regenerated carbon dioxide 206 1s pumped from the first capture tank 200 into

a holding tank 232 via the carbon dioxide compressor 220
£

0124, It should be appreciated that all combinations of the foregoing concepts and additional

concepts discussed in greater detail herein (provided such concepts are not mutually inconsistent)

28
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are contemplated as being part of the inventive subject matter disclosed herein. In particular, all
combinations of claimed subject matter appearing at the end of this disclosure are contemplated

as being part of the inventive subject matter discipsed hergin,

0125, Although the invention has been described by reference to specific examples, 1t should be
understood that numerous changes may be made within the spirit and scope of the inventive
concepts described. Accordingly, it 1s intended that the disclosure not be lirnited to the described

examples, but that it have the full scope detined by the language of the following claims.
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CLAIMS

What 1s claimed is:

I A method of generating electrical power, comprising:

expanding a flow of exhaust gas frorn a combustion process of an iuternal combustion
engine as the exhaust gas passes through a turbo-expander disposed on a turbo-crankshaft;

routing the flow of exhaust gas from the turbo-expander through a first flow path of
an exhaust gas heat exchanger;

compressing the flow of exhaust gas from the first tlow path as the exhaust gas passes
through a turbo-compressor disposed on the turbo-crankshaft;

routing the flow of exhaust gas from the turbo-compressor through a second flow
path of the exhaust gas heat exchanger;

transferring heat from the first tflow path to the second flow path to cool the exhaust
gas in the first flow path and heat the exhaust gas in the second flow path; and

generating electrical power from a generator disposed on the turbo-crankshatt.

=3

The method of claim 1, comprising:
routing the flow of exhaust gas from the first flow path through an exhaust gas
processing system to cool the exhaust gas or to remove water from the exhaust gas prior to the
exhaust gas passing through the furbo-compressor, wherein the exhaust gas processing system
comprises at teast one of a cooling tower, a cooling tower heat exchanger, an absorption chiller,
an absorption chiller heat exchanger, a dehumidifier system and a vapor-compression
refrigeration system.
3. The method of claim 2, wherein the routing of the flow of exhaust gas from the first
flow path through the exhaust gas processing systeny comprises:

routing the flow of exhaust gas through a cooling tower heat exchanger operable to
cool the exhaust gas with a flow of cooling tower coolant fluid that flows in a cooling tower

coolant loop between a cooling tower and the cooling tower heat exchanger.
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4. The method of claim 2, wheretn the routing of the flow of exhaust gas from the first
flow path through the exhaust gas processing system comprises:

routing the flow of exhaust gas through an absorption chiller 10 cool the exhaust gas.

5. The method of claim 2, wherein the routing of the flow of exbaust gas from the first
flow path through the exhaust gas processing system comprises:

routing the flow of exhaust gas through an absorption chiller heat exchanger, the
absorption chiller heat exchanger operable to receive the flow of exhaust gas from the exhaust
gas heat exchanger and to cool the exhaust gas with a flow of absorption chiller coolant Hluid that
flows in an absorption chiller coolant loop between an absorption chiller and the absorption

chiller heat exchanger.

6. The method of claim 1, comprising:

routing the flow of exhaust gas fromw the turbo-compressor through a carbon dioxide
capture system prior to entering the second flow path of the exhaust gas heat exchanger.
7. The method of claim 6, wherein the routing the flow of exhaust gas from the turbo-
compressor through a carbon dioxide capture system comprises:

routing the flow of exhaust gas from the turbo-compressor into a first captire tank;

absorbing carbon dioxide in the first capture tank from the exhaust gas with first
carbon dioxide absorbent material disposed in the first capture tank;

routing the flow of exhaust gas from the first capture tank to the second flow path of
the exhaust gas heat exchanger;

conmecting a compressor coolant loop between a carbon dioxide compressor and a
second capture tank, the second capture tank having a second carbon dioxide absorbent
material disposed therein;

circulating a compressor coolant fluid through the compressor coolant foop;

transferring a heat of compression from the carbon dioxide compressor to the second
capture tank via the compressor coolant fluid;

regenerating carbon dioxide fror the second carbon dioxide absorbent material with

the heat of compression; and
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compressing the regenerated carbon dioxide from the second capture tank with the

carbon dioxide compressor.

8. The method of claim 7, wherein the routing the flow of exhaust gas from the turbo-
compressor through a carbon dioade capture system comprises:

switching the compressor coolant loop, via one or more flow valves, such that the
compressor coolant loop 18 discounected froro the second capture tank and reconnected between
the first capture tank and the carbon dioxide compressor, when the first carbon dioxide absorbent
material in the first capture tank has absorbed a predetermined amount of carbon dioxide;

routing the flow of exhaust gas from the turbo-compressor into the second capture
tank;

absorbing carbon dioxide in the second capture tank from the exhaust gas with the
second carbon dioxide absorbent material disposed in the second capture tank;

routing the flow of exhaust gas from the second capture tank to the second flow path
of the exhaust gas heat exchanger;

trausferring a heat of compression from the carbon dioxide compressor to the first
capture tank via the compressor coolant fluid circulating in the compressor coolant loop;

regenerating carbon dioxide from the first carbon dioxide absorbent material with the
heat of compression; and

compressing the regenerated carbon dioxide from the first capture tank with the

carbon dioxide compressor,

9. The method of claim 7, comprising:

pumping the carbon dioxide via the carbon dioxide compressor into a holding tank.

0. The method of claim 1, comprising:

generating the combustion process in a primary power system, the primary power
systeny including an internal combustion engine having a rotatable crankshaft, the engine
operable to use fuel in the combustion process to deliver power to the engine crankshaft, the

combustion process producing the flow of exhaust gas.

(s
b2
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11 A method of capturing carbon dioxide, comprising:

routing a flow of exhaust gas from a combustion process of an internal combustion
enging into a first capture tank;

absorbing carbon dioxide in the first capture tank from the exhaust gas with first
carbon dioxide absorbent material disposed in the first capture tank;

routing the flow of exhaust gas out of the first capture tank;

connecting a compressor coolant loop between a carbon dioxide compressor and a
second capture tank, the second capture tank having a second carbon dioxide absorbent material
disposed therein;

circulating a compressor coolant fluid through the compressor coolant foop;

transferring a heat of compression from the carbon dioxide compressor to the second
capture tank via the compressor coolant fluid;

regenerating carbon dioxide from the second carbon dioxide absorbent material with
the heat of compression; and

compressing the regenerated carbon dioxide from the second capture tank with the

carbon dioxide compressor,

12. The method of claim 11, comprising:

switching the compressor coolant foop, via one or more flow valves, such that the
compressor coolant loop 1s disconnected from the second capture tank and reconnected between
the first capiure tank and the carbou dioxide compressor, when the first carbon dioxide absorbent
material in the first capture tank has absorbed a predetermined amount of carbon dioxide;

routing the fow of exhaust gas inio the second capture tank;

absorbing carbon dioxide in the second capture tank from the exhaust gas with the
second carbon dioxide absorbent material disposed in the second capture tank;

routing the flow of exhaust gas out of the second capture tank;

transterring a heat of compression from the carbon dioxide compressor to the first
capture tank via the compressor coolant fluid circulating in the compressor coolant loop,

regenerating carbon dioxide from the first carbon dioxide absorbent material with the

heat of compression; and

[9%]
[99]
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compressing the regenerated carbon dioxide from the first capture tank with the

carbon dioxide compressor.

13 The method of claim 11, comprising:
E &

pumping the carbon dioxide via the carbou dioxide compressor into a holding tank.
14. The method of claim 11, comprising:
> fa)

generating the tlow of exhaust gas from a combustion process of an internal

combustion engine.

1S. The method of claim 14, comprising:
routing the flow of exhaust gas out of the first capture tank to a stack associated with

the combustion process of the internal combustion engine.

16. The method of claim 12, comprising:

generating the flow of exhaust gas from a combustion process of an internal
combustion engine; and

routing the flow of exhaust gas out of the second capture tank and to a stack

assoctated with the combustion process.
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300
FIG. 7 S

E xpanding a flow of exhaust gas from a combustion process as the exhaust gas passes
through and rotates a turbo- expander disposed on a turbo-crankshaft.

¢ /304

Routing the flow of exhaust gas from the turbo-expander through a first flow path of an
exhaust gas heat exchanger.

¢ 306

Routing the flow of exhaust gas from the first flow path through an exhaust gas

processing system to cool the exhaust gas or to remove water from the exhaust gas prior
to the exhaust gas passing through the turbo-compressor.

¢ /308

Compressing the flow of exhaust gas from the first flow path as the exhaust gas passes
through a turbo-compressor disposed on the turbo- crankshaft.

i f310

R outing the flow of exhaust gas from the turbo-compressor through a carbon dioxide
capture system prior to entering a second flow path of the exhaust gas heat exchanger.

¢ 312

Routing the flow of exhaust gas from the turbo -compressor through the second flow
path of the exhaust gas heat exchanger.

i 314

Transferring heat from the first flow path to the second flow path to cool the exhaust
gas in the first flow path and heat the exhaust gas in the second flow path,

i /316

Generating electrical power from a rotating generator disposed on the turbo-crankshaft.
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350
FIG. 8 S

Routing the flow of exhaust gas through a cooling tower heat exchanger that is
operable to cool the exhaust gas with a flow of cooling tower coolant fluid. The cooling
tower coolant fluid flows in a cooling tower coolant loop between a cooling tower and
the cooling tower heat exchanger.

¢ /354

Routing the flow of exhaust gas through an absorption chiller to cool the exhaust gas.

¢ 356

Routing the flow of exhaust gas through an absorption chiller heat exchanger.
The absorption chiller heat exchanger is operable to receive the flow of exhaust gas
from the exhaust gas heat exchanger and to cool the exhaust gas with a flow of
absorption chiller coolant fluid. The absorption chiller coolant fluid flows in an absorption
chiller coolant loop between an absorption chiller and the absorption chiller heat exchanger.

¢ /358

Routing the flow of exhaust gas through a dehumidifier to remove water from the
exhaust gas.
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FIG. 9A 9110 y 40

Routing a flow of exhaust gas into a first capture tank.

¢ 404

Absorbing carbon dioxide in the first capture tank from the exhaust gas with first carbon
dioxideabsorbent material disposed in the first capture tank.

Y 406

Routing the flow of exhaust gas out of the first capture tank.

Y ~408

Connecting acompressor coolant loop between a carbon dioxide compressor and a
second capture tank. The second capture tank having a second carbon dioxide
absorbent material disposed therein.

¢ /410

Circulating a compressor coolant fluid through the compressor coolant loop.

¢ 412

Transferring a heat of compression from the carbon dioxide compressor to the second
capture tank via the compressor coolant fluid.

¢ 414

Regenerating carbon dioxide from the second carbon dioxide absorbent material
with the heat of compression.

¢ 416

Compressing the regenerated carbon dioxide from the second capture tank with the
carbon dioxide compressor.

¢ 418

Pumping the regenerated carbon dioxide from the second capture tank via the carbon
dioxide compressor into a holding tank.

Y

To FIG. 9B
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10/10
FIG. 9B

From FIG. 9A 400
¢ ¥ 420

Switching the compressor coolant loop such that it is disconnected from the second
capture tank and reconnected between the first capture tank and the carbon dioxide
compressor, when the first carbon dioxide absorbent material in the first capture tank has

absorbed a predetermined amount of carbon dioxide.

¢ 422

Routing the flow of exhaust gas from the turbo-compressor into the second capture tank.

Y 424

Absorbing carbon dioxide in the second capture tank from the exhaust gas with the
second carbon dioxide absorbent material disposed in the second capture tank.

¢ /426

Routing the flow of exhaust gas from the second capture tank to the second flow path of
theexhaust gas heat exchanger.

¢ 428

Transferring a heat of compression from the carbon dioxide compressor to the first
capture tank via the compressor coolant fluid circulating in the compressor caolant loop.

¢ 430

Regenerating carbon dioxide from the first carbon dioxide absorbent material with the
heat of compression.

i s 432

Compressing the regenerated carbon dioxide from the first capture tank with the carbon
dioxide compressor.

¢ 434

Pumping the regenerated carbon dioxide from the first capture tankinto a holding tank
via the carbon dioxide compressor.
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