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SYSTEMS AND METHODS FOR CONTROLLING COMBUSTION OF A FUEL

FIELD

[0001] Embodiments of the present disclosure generally relate to systems and methods
for combusting a fuel. More particularly, embodiments of the disclosure relate to systems
and methods for controlling the composition of an exhaust gas produced by combusting a

fuel.

BACKGROUND

[0002] This section is intended to introduce various aspects of the art, which may be
associated with exemplary embodiments of the present disclosure. This discussion is
believed to assist in providing a framework to facilitate a better understanding of particular
aspects of the present disclosure. Accordingly, it should be understood that this section
should be read in this light, and not necessarily as admissions of prior art.

[0003]  The combustion of fuel within a combustor, e.g., a combustor integrated with a
gas turbine, is conventionally controlled by monitoring the temperature of the exhaust gas.
At full load, typical gas turbines adjust the amount of fuel introduced to the combustor in
order to rcach a desired combustion gas or exhaust gas temperature, Conventional
combustion turbines control the oxidant introduced thereto using inlet guide vanes. At partial
load, the amount of oxidant introduced to the combustor is reduced and the amount of fuel
introduced is again controlled to reach the desired exhaust gas temperature. At partial load,
the cfficiency of gas turbines drops becausc the ability to reduce the amount of oxidant is
limited by the inlet guide vanes, which are only capable of slightly reducing the flow of
oxidant. Additionally, there are also potential problems with lean blow out at partial load
opcrations.

[0004] Controlling the amount of oxidant introduced to the combustor can be desirable
when an objective is to capture carbon dioxide (CO;) from the exhaust gas. Current carbon
dioxide capture technology is expensive due to several reasons. One reason is due to the low
pressure and low concentration of carbon dioxide in the exhaust gas. The carbon dioxide
concentration, however, can be significantly increased from about 4% to greater than 10% by
operating the combustion process under stoichiometric or substantially stoichiometric
conditions and recycling at least a portion of the exhaust gas to the combustor as a diluent in
order to adjust the temperature of the exhaust gas. Also, in oxy-fuel combustion processes,

the control of the oxidant is also critical since any unused oxygen in the exhaust gas is a
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contaminate in the captured carbon dioxide that restricts the type of solvents that can be
utilized for the capture of carbon dioxide.

[0005] Controlling the combustion process via temperature monitoring, provides very
little, if any, control over the composition of the exhaust gas and more particularly the
amount of oxygen (O;) in the exhaust gas. The concentration of oxygen in the exhaust gas
can fluctuate due to changes in the amount and/or composition of the fuel being combusted.
Consequently, the temperature monitoring approach to controlling combustion is not
desirable when the objective is to control the presence and concentrations of particular the
components/compounds in the exhaust gas, for example oxygen.

[0006] The foregoing discussion of need in the art is intended to be representative rather
than exhaustive. A technology addressing one or more such needs, or some other related
shortcoming in the field, would benefit combustion systems and methods for controlling the

composition of a combustion exhaust gas.

SUMMARY

[0007] The present disclosure provides systems and methods for combusting a fuel.
Exemplary methods include introducing a fuel, an oxidant, and a diluent to a combustion
zone and combusting at least a portion of the fuel to produce an exhaust gas comprising
water, carbon dioxide, oxygen, and carbon monoxide. The exhaust gas may be expanded to
produce mechanical power and an expanded exhaust gas. A concentration of at least one of
oxygen and carbon monoxide is determined in at least one of the exhaust gas and the
expanded exhaust gas. The method continues by adjusting an amount of at least one of the
oxidant and the fuel introduced to the combustion zone based at least in part on the
determined concentration of at least one of oxygen and carbon monoxide to produce an
exhaust gas containing a combined amount of oxygen and carbon monoxide of less than

about 2 mol%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and other advantages of the present invention may become
apparent upon reviewing the following detailed description and drawings of non-limiting
examples of embodiments in which:

[0009] FIG. I depicts a schematic of an illustrative combustion and power generation
system for controlling the composition of a combustion gas produced from a combustion

process and producing mechanical power, according to one or more embodiments described.
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[0010] FIGs. 2A and 2B are graphical depictions of a simulation showing the relationship
between the concentration of oxygen and carbon monoxide as the equivalence ratio (¢)
changes from 0,999 to 1.001 and from 0.75 to 1.25, respectively.

[0011} FIG. 3 depicts a schematic of an illustrative combustion and power generation
system for controlling the composition of an exhaust gas produced from combusting a fuel
and an oxygen-rich fluid and producing mechanical power, according to one or more
embodiments described.

[0012] FIG. 4 depicts a schematic of an illustrative combustion and power generation
system for reforming a fuel, controlling the composition of an exhaust gas produced by
combusting the fuel, and producing power therefrom, according to one or more embodiments
described.

[0013] FIG. 5 depicts a schematic of an illustrative combustion and power generation
system for combusting a fuel and an oxidant to produce an inert gas, according to one or
more embodiments described.

[0014] FIG. 6 depicts a schematic of an illustrative combustion and power generation
system for combusting a fuel and an oxidant to produce a compressed inert gas, according to
on¢ or more embodiments described.

[0015] FIG. 7 depicts a schematic of an illustrative combustion and power generation
system for generating power, carbon dioxide, and an expanded inert gas, according to one or
more embodiments described.

[0016] FIG. 8 depicts another schematic of an illustrative combustion and power
genecration system for generating power, carbon dioxide, and an expanded inert gas,
according to one or more embodiments described.

[0017] FIG. 9 depicts another schematic of an illustrative combustion and power
generation system for generating power, carbon dioxide, and inert gas, according to one or

more embodiments described.

DETAILED DESCRIPTION

[0018] In the following detailed description section, the specific embodiments of the
present invention are described in connection with preferred embodiments. However, to the
extent that the following description is specific to a particular embodiment or a particular use
of the present invention, this is intended to be for exemplary purposes only and simply

provides a description of the exemplary embodiments. Accordingly, the invention is not
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limited to the specific embodiments described below, but rather, it includes all alternatives,
modifications, and equivalents falling within the true spirit and scope of the appended claims.
[0019] FIG. 1 depicts schematic of an illustrative combustion and power generation
system 100 for controlling the composition of a combustion gas or "exhaust gas" produced
from a combustion process and producing mechanical power, according to one or more
embodiments. The system 100 can include, but is not limited to, one or more combustors or
combustion zones (one¢ is shown) 120, expanders (one is shown) 125, heat recovery units
(one is shown) 140, compressors (two are shown) 105, 150, steam gas turbines 160, and
electrical generators (two are shown) 165, 170.

[0020] An oxidant via ling 101 can be introduced to the compressor 105 or directly to the
combustor 120, The flow rate of the compressed oxidant in line 107 can be controlled,
adjusted, or otherwise altered via a flow meter ("first flow meter™) 110. The compressed
oxidant in line 107 can be at a pressure ranging from about 400 kPa to about 4500 kPa. The
compressed oxidant in line 107 can be at a temperature ranging from about 30°C to about
500°C.

[0021] A second flow meter ("fuel flow meter") 115 can control, adjust, or otherwise alter
via the amount of fuel via line 117 that is introduced to the combustor 120. Although not
shown, the oxidant in line 112 and the fuel in line 117 can be at least partially mixed or
otherwise combined to provide an oxidant/fuel mixture that is introduced to the combustor
120.

[0022] At least a portion of the fuel introduced via line 114 can be combusted to produce
a combustion gas or exhaust gas via line 123. The exhaust gas can include, but is not limited
to, fuel, oxygen, carbon monoxide, carbon dioxide, hydrogen, nitrogen, nitrogen oxides,
argon, water, steam, or any combination thereof. The exhaust gas in line 123 can have a
temperature ranging from about 1000°C to about 1,500°C and a pressure ranging from about
400 kPa to about 4,500 kPa.

[0023] The exhaust gas via line 123 can be introduced to the expander 125 to produce an
expanded exhaust gas via line 127. The expanded exhaust gas in line 127 can have a
temperature ranging from about 430°C to about 725°C and a pressure of from about 101 kPa
to about 110 kPa,

[0024]  The expanded exhaust gas via line 127 can be introduced to, contacted with, or
otherwise accessed by one or more exhaust gas sensors (two are shown 130, 131). The
exhaust gas sensors 130, 131 can estimate, determine, detect, or otherwise measure the

presence and/or concentration of any one or more components that could be present in the
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exhaust gas and/or any one or more properties of the exhaust gas. The exhaust gas via line
127 can be introduced to the heat recovery unit 140 to produce a cooled exhaust gas via line
143 and a heated heat transfer medium via line 142, Although not shown, any one or more of
the exhaust gas sensors 130, 131 can be in communication with the exhaust gas in line 123
rather than or in addition to the expanded exhaust gas in line 127,

[0025] Illustrative exhaust gas components that can be estimated can include, but are not
limited to, oxygen, carbon monoxide, water (liquid water, gaseous water, or a combination
thereof), carbon dioxide, nitrogen, nitrogen oxides, argon, fuel, oxidant, hydrogen, or any
combination thereof. As used herein, the term "nitrogen oxides" refers to nitrogen containing
compounds. Illustrative nitrogen oxides can include, but are not limited to, nitric oxide (NO}),
nitrogen dioxide (NO,), or a combination thereof. Illustrative properties of the exhaust gas
that can be estimated can include, but are not limited to, temperature, pressure, density, flow
rate such as the mass and/or volumetric flow rate, or any combination thereof.

[0026] In one or more embodiments, the exhaust gas sensor 130 can analyze one or more
of the components in the expanded exhaust gas in line 127 and the exhaust gas sensor 131
can estimate the temperature of the expanded exhaust gas in line 127. For example, the
exhaust gas sensor 130 can estimate the concentration of oxygen and/or carbon monoxide in
the expanded exhaust gas in line 127. In another example, the exhaust gas sensor 131 can
estimate the temperature of the expanded exhaust gas in line 127. As such, the exhaust gas
sensors 130, 131 can be dedicated for measuring different properties and/or components of
the exhaust gas in line 127,

[0027] In one or more embodiments, both the exhaust gas sensors 130, 131 can be
configured to estimate the same component(s) and/or property(ies), different component(s)
and/or property(ies), or a combination of some same component(s) and/or property(ies) and
different component(s) and/or property(ies). For example, the exhaust gas sensor 130 can
estimate the oxygen and/or carbon dioxide concentration and pressure of the expanded
exhaust gas in line 127 and the exhaust gas sensor 131 can estimate the temperature and
pressure of the expanded exhaust gas in line 127. In one or more embodiments, only one
exhaust gas sensor, e.g. exhaust gas sensor 130, can be used and the single exhaust gas sensor
130 can be configured to estimate any one or more components and/or properties of the
expanded exhaust gas in line 127.

[0028] Ilustrative oxygen sensors can include, but are not limited to, lambda and/or
wideband zirconia oxygen sensors, titania sensors, galvanic, infrared, or any combination

thereof. Tllustrative temperature sensors can include, but are not limited to, thermocouples,
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resistive temperature devices, infrared sensors, or any combination thereof. Illustrative
carbon monoxide sensors can include, but are not limited to, oxide based film sensors such as
barium stannate and/or titanium dioxide. For example, a carbon monoxide sensor can include
platinum-activated titanium dioxide, lanthanum stabilized titanium dioxide, and the like.
[0029] FIGs. 2A and 2B are graphical depictions of a simulation showing the relationship
between the concentration of oxygen and carbon monoxide as the cquivalence ratio (¢)
changes from 0.999 to 1.001 and from 0.75 to 1.25, respectively. The oxygen concentration
as a function of the equivalence ratio is shown as line 210 and the carbon monoxide
concentration as a function of the equivalence ration is shown as line 220. The equivalence
ratio (¢) is equal to {mol% fuel/mol% oxidant),wa/(mol% fuel/mol% oxidant)gcichiometric- The
mol% fuel is equal to Fae/(Foxidant T Fruer), Where Fp,e is equal to the molar flow rate of fuel
and Foxidant 18 equal to the molar flow rate of oxidant. The mol% oxidant is equal to
Foxidant/(Foxidamt + Froe1), Where Foxigant 18 equal to the molar flow rate of oxidant and Fy. is
equal to the molar flow rate of fuel. As the equivalence ratio (¢) goes below 1 or above 1 the
mole fraction or concentration of oxygen and carbon dioxide in the exhaust gas change. For
example, as the equivalence ratio (§) goes below | the mole fraction of oxygen rapidly
increcases from about 1 ppm (ie. an oxygen mole fraction of about 1.0 x 109 at an
equivalence ratio (¢#) of about 1 to about 100 ppm (i.e. an oxygen mole fraction of about 1 x
107%) at an equivalence ratio of about 0.999. Similarly, as the equivalence ratio (¢) goes
above 1 the concentration of carbon monoxidc rapidly incrcasc from about 1 ppm (i.e. carbon
monoxide mole fraction of about 1 x 10°°) at an equivalence ratio (#) of about 0.9995 to
greater than about 100 ppm (i.e. a carbon monoxide mole fraction of about 1 x 10} at an
equivalence ratio (¢) of about 1.001.

[0030] Based, at least in part, on the information or data provided from the exhaust gas
sensor 130 and/or 131 the amount of oxidant via line 112 and/or the amount of fuel via line
117 can be altered, modified, adjusted, or otherwisc controlled to produce an cxhaust gas via
line 123 having a desired composition. It has been surprisingly and unexpectedly discovered
that by monitoring the oxygen and/or carbon monoxide concentration in the exhaust gas in
line 123 and/or the expanded exhaust gas in line 127 the amount of oxidant via line 112
and/or fuel via line 117 introduced to the combustor 120 can be controlled such that
combustion of the fuel is carried out within a predetermined range of equivalence ratios (¢) to
produce an exhaust gas having a combined concentration of oxygen and carbon monoxide of

less than about 3 mol%, less than about 2.5 mol%, less than about 2 mol%, less than about
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1.5 mol%, less than about 1 mol%, or less than about 0.5 mol%. Furthermore, it has been
surprisingly and unexpectedly discovered that by monitoring the oxygen and/or carbon
monoxide concentration in the exhaust gas in line 123 and/or the expanded exhaust gas in
line 127 the amount of oxidant via line 112 and/or the fuel via line 117 introduced to the
combustor 120 can be controlled such that combustion of the fuel is carried out within a
predetermined range of equivalence ratios (¢ to producc an exhaust gas having less than
about 4,000 ppm, less than about 2,000 ppm, less than about 1,000 ppm, Icss than about 500
ppm, less than about 250 ppm, or less than about 100 ppm combined oxygen and carbon
monoxide.

[0031]  The desired or predetermined range for the equivalence ratio (¢) that can be used
carry out the combustion of the fuel in line 112 to produce an exhaust gas containing a
desired amount of oxygen and/or carbon monoxide in the exhaust gas in line 123. For
cxample, the cquivalence ratio (¢) can be maintained within a predetermined range of from
about 0.85 to about 1.15 to produce an exhaust via line 123 having a combined oxygen and
carbon monoxide concentration ranging from a low of about 0.5 mol%, about 0.8 mol%, or
about 1 mol%, to a high of about 1.5 mol%, about 1.8 mol%, about 2 mol%, or about 2.2
mol%. In another example, the equivalence ratio (¢) can be maintained within a range of
about 0.85 to about 1.15 to produce an exhaust gas via line 123 having a combined oxygen
and carbon monoxide concentration of less than 2 mol%, less than about 1.9 mol%, less than
about 1.7 mol%, less than about 1.4 mol%, less than about 1.2 mol%, or less than about 1
mol%. In still another example, the equivalence ratio () can be maintained within a range of
from about 0.96 to about 1.04 to produce an exhaust gas via line 123 having a combined
oxygen and carbon monoxide concentration of less than about 4,000 ppm, less than about
3,000 ppm, less than about 2,000 ppm, less than about 1,600 ppm, less than about 500 ppm,
less than about 250 ppm, or less than about 100 ppm.

[0032] Referring to FIGs. 1, 2A, and 2B, one method for combusting the fuel within the
combustor 120 can include initially, i.e. on start-up, introducing the fuel via line 117 and
oxidant via line 112 at an equivalence ratio greater than 1. For example, the fuel via line 117
and oxidant via line 112 can be initially introduced to the combustor 120 at an equivalence
ratio (@) ranging from a low of about 1.0001, about 1.0005, about 1.001, about 1.05, or about
1.1, to a high of about 1.1, about 1.2, about 1.3, about 1.4, or about 1.5. In another example,
the equivalence ratio {¢) can range from about 1.0001 to about 1.1, from about 1.0005 to

about 1.01, from about 1.0007 to about 1.005, or from about 1.01 to about 1.1. The
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concentration of oxygen and/or carbon monoxide in the exhaust gas in line 123 or, as shown,
the expanded exhaust gas in line 127 can be determined or estimated via the gas sensor 130.
The expanded exhaust gas in line 127 should initially have a high concentration of carbon
monoxide (e.g., greater than about 1,000 ppm or greater than about 10,000 ppm) and a low
concentration of oxygen (e.g., less than about 10 ppm or less than about 1 ppm).

[0033]  Another method for combusting the fuel within the combustor 120 can include
initially, 7.e. on start-up, introducing the fuel via line 117 and oxidant via line 112 at an
equivalence ratio of less than 1. For example, the fuel via line 117 and oxidant via ling 112
can be initially introduced to the combustor 120 at an equivalence ratio (¢) ranging from a
low of about 0.5, about 0.6, about 0.7, about 0.8, or about 0.9 to a high of about 0.95, about
0.98, about 0.99, about 0.999. In another example, the equivalence ratio (¢) can range from
about 0.9 to about 0.999 from about 0.95 to about 0.99, from about 0.96 to about 0.99, or
from about 0.97 to about 0.99. The concentration of oxygen and/or carbon monoxide in the
exhaust gas in line 123 or, as shown, the expanded exhaust gas in line 127 can be determined
or estimated via the exhaust gas sensor 130. The expanded exhaust gas in line 127 should
initially have a high concentration of oxygen (e.g., greater than about 1,000 ppm or greater
than about 10,000 ppm) and a low concentration of carbon monoxide (e.g., less than about 10
ppm or even less than about 1 ppm).

[0034] For example, when the concentration of oxidant in the exhaust gas increases from
less than about 1 ppm to greater than about 100 ppm, about 1,000 ppm, about 1 mol%, about
2 mol%, about 3 mol%, or about 4 mol%, an operator, an automated control system, or both
can be alerted that an equivalence ratio (#) of less than I has been reached. In one or more
embodiments, the amount of oxidant via line 112 and fuel via line 117 can be maintained
constant or substantially constant to provide a combustion process having an equivalence
ratio (¢) of slightly less than 1, e.g., about 0.99. The amount of oxidant via line 112 can be
decreased and/or the amount of fuel via line 117 can be increased and then maintained at a
constant or substantially constant amount to provide a combustion process having an
equivalence ratio (¢) falling within a predetermined range. For example, when the
concentration of oxygen increases from less than about 1 ppm to about 1,000 ppm, about 0.5
mol%, about 2 mol%, or about 4 mol%, the amount of oxidant via line 112 can be reduced or
decreased by an amount ranging from a low of about 0.01%, about 0.02%, about 0.03%, or
about 0.04 to a high of about 1%, about 2%, about 3%, or about 5% relative to the amount of
oxidant via line 112 infroduced at the time the increase in oxygen in the exhaust gas is

initially detected. In another example, when the concentration of oxygen increases from less
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than about 1 ppm to about 1,000 ppm or more the amount of oxidant via line 112 can be
reduced or decreased by about 0.01% to about 2%, about 0.03% to about 1%, or about 0.05%
to about 0.5% relative to the amount of oxidant via line 112 introduced at the time the
increase in oxygen in the exhaust gas is detected. In still another example, when the
concentration of oxygen increases from less than about 1 ppm to about 1,000 ppm or more
the amount of fuel via line 117 can be increased by an amount ranging from a low of about
0.01%, about 0.02%, about 0.03%, or about 0.04 to a high of about 1%, about 2%, about 3%,
or about 5% relative to the amount of fuel via line 117 introduced at the time the increase in
oxygen in the exhaust gas is initially detected.

[0035] During operation of the combustion and power generation system 100, the
equivalence ratio (¢) can be monitored via the exhaust gas sensor 130 on a continuous basis,
at periodic time intervals, at random or non-periodic time intervals, when one or more
changes to the system 100 occur that could alter or change the equivalence ratio (¢) of the
exhaust gas in line 123, or any combination thereof. Illustrative changes that could occur to
the system 100 that could alter or change the equivalence ratio {¢@) can include, but are not
limited to, a change in the composition of the fuel, a change in the composition of the
oxidant, or a combination thereof. As such, the concentration of oxygen and/or carbon
monoxide, for example, can be monitored and adjustments to the amount of oxidant via line
112 and/or fuel via line 117 can be made in order to control or adjust thc amounts of oxygen
and/or carbon monoxide in the exhaust gas in ling 123.

[0036] In at least one embodiment, reducing the equivalence ratio (¢) can be carried out
in incremental steps, non-incremental steps, a continuous manner, or any combination
thercof. For example, the amount of oxidant via line 112 and/or the fuel via line 117 can be
adjusted such that the equivalence ratio (¢) changes by a fixed or substantially fixed amount
per adjustment to the oxidant and/or fuel, e.g. about 0.001, about 0.01, or about 0.05. In
another example, the amount of oxidant via line 112 and/or fuel via line 117 can be
continuously altered such that the equivalence ratio continuously changes. Preferably the
amount of oxidant via line 112 and/or fuel via ling 117 is altered and combustion is carried
out for a period of time sufficient to produce an exhaust gas of consistent or substantially
consistent composition at which time the amount of oxidant and/or fuel can be adjusted to
change the equivalence ratio (¢) in an amount ranging form a low of about 0.00001, about
0.0001, or about 0.0005 to a high of about 0.001, about 0.01, or about 0.05. After the exhaust

gas achieves a consistent or substantially consistent concentration of oxygen the oxidant via
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line 112 and/or fuel via line 117 can again be adjusted such that the equivalence ratio (¢)
again changes. The amount of oxygen and/or carbon monoxide in the exhaust gas in line 123
and/or the expanded exhaust gas in line 127 can be monitored and the amount of oxidant via
line 112 and/or fuel via line 117 can be repeatedly adjusted until the exhaust gas has a
combined concentration of oxygen and carbon monoxide of less than about 2 mol% or less
than about 1.5 mol%, or less than about 1 mol%, for example.

[0037] The combustor 120 can be opcerated on a continuous basis such that the cxhaust
gas in line 123 has a combined oxygen and carbon monoxide concentration of less than 2
mol%, less than 1 mol%, less than 0.5 mol%, or less than about 0.1 mol%. In another
example, the time during which combustion is carried out within the combustor 120, the
exhaust gas in line 123 can have a combined oxygen and carbon monoxide concentration of
less than 2 mol% or less than about 1 mol% for about 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, or about 95% of the time during which the combustion and power
generation system 100 is operated. In other words, for a majority of the time that combustion
is carried out within the combustor 120, the exhaust gas in line 123 can have a combined
oxygen and carbon monoxide concentration of less than about 2 mol%, less than about 1
mol%, less than about 0.5 mol%, or less than about 0.1 mol%.

[0038] The heat recovery unit 140 can indirectly transfer heat from the exhaust gas
introduced via line 127 thereto to one or more heat transfer mediums introduced via line 138.
Heat can be indirectly transferred or exchanged from the exhaust gas to the heat transfer
medium to produce a heated heat transfer medium via line 142 and the cooled exhaust gas via
line 143.

[0039]  The cooled exhaust gas in line 143 can have a temperature ranging from a low of
about 75°C to a high of about 105°C and a pressure ranging from a low of about atmospheric
pressure to a high of about 120 kPa. For example, the pressure of the cooled exhaust gas in
line 143 can range from about 101 kPa to about 110 kPa, about 102 kPa to about 107 kPa, or
about 103 kPa to about 105 kPa.

[0040] Illustrative heat transfer mediums in line 138 can include, but are not limited to,
water, air, steam, ethylene glycol, hydrocarbons, or any combination thereof. The heated
heat transfer medium in line 142 can have a temperature ranging from about 75°C to about
110°C. If the heat transfer medium is water, e.g. boiler feed water, steam or a mixture of
water and stcam can be produced via linc 142. The heated heat transfer medium in line 142

can have a pressure ranging from a low of about 4,000 kPa to a high of about 15,000 kPa.
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[0041] The heated heat transfer medium, e.g. steam, via line 142 can be introduced to the
steam gas turbine 150 which can expand the heat transfer medium, thereby generating
electrical power via the generator 165 coupled thereto and a heat transfer medium via line
162 having a reduced pressure relative to the heated heat transfer medium in line 142, The
heat transfer medium in line 162 can be recycled to the heat recovery unit 140 via line 138,
disposed of, and/or used in one or more other processes.

[0042] In one or more embodiments, at least a portion of the cooled exhaust gas in line
143 can be removed from the system 100 via line 145. The cooled exhaust gas removed from
the system 100 via line 145 can be vented to the atmosphere, sent to a flare for at least
partially combusting any residual fuel therein, introduced to an underground formation for
storage and/or containment, or the like.

[0043] In one or more embodiments, at least a portion of the cooled exhaust gas in line
143 can be recycled via line 147 to the system 100. For example, of from about 20% to about
100% of the cooled exhaust gas in line 143 can be introduced via line 147 to the compressor
150 to provide a compressed exhaust gas via line 152. In another example, the amount of
cooled exhaust gas in line 143 introduced via line 147 to the compressor 150 can range from
a low of about 25%, about 40%, or about 50% to a high of about 60%, about 80%, about
90%, or about 100% to provide the compressed exhaust gas via line 152. In at least one
specific embodiment, all of the cooled exhaust gas via line 147 can be introduced via line 147
to the compressor 150 to provide the compressed exhaust gas via line 152,

[0044] The compressed exhaust gas in line 152 can have a pressure ranging from a low of
about 400 kPa to a high of about 4,500 kPa. The compressed exhaust gas in line 152 can
have a temperature ranging from a low of about 300°C to a high of about 430°C.

[0045] Although not shown, at least a portion of any water (gas, liquid, or a mixture
thereof) contained in the cooled exhaust gas in line 147 can be removed before introduction
to the compressor 150. The water can be removed using any suitable system, device, or
combination of systems and/or devices. For example, at least a portion of any water in the
cooled exhaust gas in line 147 can be removed by reducing the temperature of the cooled
exhaust gas sufficiently such that water condenses thereby separating from the cooled exhaust
gas. In another example, at least a portion of any water in the cooled exhaust gas in line 147
can be removed via an adsorption or absorption process.

[0046] Any amount of the compressed exhaust gas in line 152 can be introduced to the
combustor 120 via line 154 as a diluent. Similarly, any amount of the compressed exhaust

gas in line 152 can be removed via line 155 from the system 100. For example, the amount
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of the compressed exhaust gas or "diluent"” via line 154 that is introduced to the combustor
120 can range from about 10% to about 100% of the compressed exhaust gas in line 152. In
another example, the amount of compressed exhaust gas via line 154 introduced to the
combustor 120 can range from a low of about 20%, about 30%, or about 40% to a high of
about 50%, about 60%, or about 70% of the compressed exhaust gas in line 152, In at least
one example, the amount of compressed exhaust gas via line 154 introduced to the combustor
120 can range from about 50% to about 70% and the amount of compressed exhaust gas via
line 155 removed from the system 100 can range from about 30% to about 50% of the
compressed exhaust gas in line 152. In at least one other example, all the compressed
exhaust gas via ling 154 can introduced to the combustor 120 and excess compressed exhaust
gas can be removed from the combustor.

[0047] Accordingly, the amount of cooled exhaust gas in line 143 ultimately introduced
as the compressed exhaust gas via line 154 to the combustor 120 can range from a low of
about 10% to about 100%. For example, the amount of cooled exhaust gas in line 143
ultimately introduced as the compressed exhaust gas via line 154 to the combustor 120 can
range from a low of about 40%, about 45%, about 50%, or about 55% to a high of about
65%, about 70%, about 80%, or about 90% and the amount of cooled exhaust gas in ling 143
ultimately removed via line 155 from the system 100 ranges from about 1% to about 60%. In
another example, the amount of cooled exhaust gas in line 143 ultimately introduced as the
compressed exhaust gas via line 154 to the combustor 120 can range from about 55% to
about 65% and the amount of cooled exhaust gas in line 143 ultimately removed via line 155
from the system 100 can range from about 35% to about 45%.

[0048] Depending, at least in part, on the particular oxidant in line 112, the particular fuel
in line 117, and/or the amount of compressed cxhaust gas via line 154 introduced to the
combustor 120, the exhaust gas in line 123 can have a carbon dioxide concentration ranging
from a low of about 6 mol%, about 8 mol%, about 10 moi%, about 12 mol%, or about 14
mol% to a high of about 20 mol%, about 24 mol%, about 28 mol%, about 32 mol%, or about
34 mol%. The exhaust gas in line 123 can have a water and/or steam concentration ranging
from a low of about 19 mol%, about 25 mol%, about 30 mol%, or about 35 mol% to a high of
about 50 mol%, about 60 mol%, about 65 mol%, or about 70 mol%. The exhaust gas in line
123 can have a carbon monoxide concentration of less than about 2 mol%, less than about 1.5
mol%, less than 1 mol%, less than 0.5 mol%, less than about 0.1 mol%, or less than about
0.05 mol%. The exhaust gas in line 123 can have an oxygen concentration of less than about

2 mol%, less than about 1.5 mol%, less than 1 mol%, less than 0.5 mol%, less than about 0.1
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mol%, or less than about 0.05 mol%. The exhaust gas in line 123 can have a nitrogen
concentration ranging from a low of about 0.01 mol%, about 1 mol%, or about 5 mol% to a
high of about 60 mol%, about 70 mol%, or about 75 mol%. The exhaust gas in line 123 can
have a nitrogen oxide(s) concentration of from about 0.0001 mol% to about 0.1 mol%. The
exhaust gas in line 123 can have an argon concentration of from about 0.1 mol% to about 1.5
mol %.

[0049] In one or more embodiments, a weight ratio between the fuel and the compressed
exhaust gas introduced to the combustor 120 can range from a low of about 0.027:1 to a high
of about 0.061: depending if the oxidant is oxygen or air. In one or more embodiments, a
weight ratio between the oxidant and the compressed exhaust gas introduced to the
combustor 120 can range from a low of about 0.101:1 to a high of about 0.9555:1.

[0050] In one or more embodiments, the compressed exhaust gas via line 154 can be
mixed with the oxidant in line 112, the fuel in line 117, introduced directly to the combustor
120, or any combination thereof. For example, all or a portion of the compressed exhaust in
line 154 can be mixed with the oxidant in line 112 to provide an oxidant/exhaust gas mixture
that can then be mixed with the fuel. In at least one specific embodiment, a first portion of
the compressed exhaust gas in line 154 can be mixed with the oxidant in line 112 and a
second portion of the compressed exhaust gas in line 154 can be introduced directly to the
combustor 120, mixed with the fuel in line 117, or both. In at least one other specific
embodiment, a first portion of the compressed exhaust gas in line 154 can be mixed with the
oxidant in line 112 or with the oxidant within the combustor 120 and a second portion of the
compressed exhaust gas in line 154 can be introduced to the combustor and mixed with the
exhaust gas within the combustor 120.

[0051] The oxidant via line 101 introduced to the compressor 105 can be or include any
suitable oxygen containing material or combination of materials. Illustrative oxidants can
include, but are not limited to, air, oxygen (O-), essentially oxygen, oxygen-enriched air,
oxygen-lean air, hydrogen peroxide (H203), ozone (O3), a mixture of oxygen and one or more
gases such as air, water, carbon dioxide, nitrogen, and/or argon, or any combination thereof.
The oxidant in line 101 can contain from about 1 vol% to about 100 vol% oxygen. As used
herein, the term "essentially oxygen" refers to an oxidant containing more than 50 vol%
oxygen, For example, an essentially oxygen fluid could contain from about 55 vol% to about
100 vol% oxygen. As used herein, the term "oxygen-enriched air" refers to an oxidant
containing more than about 21 vol% oxygen and up to 50 vol% oxygen. As used herein, the

term "oxygen-rich" refers to both oxygen-enriched air and essentially oxygen. As used
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herein, the term "oxygen-lean air" refers to an oxidant containing less than about 20 vol%
oxygen. The oxidant in line 101 can be nitrogen-free or essentially nitrogen-free. As used
herein, the term "essentially nitrogen-free" refers to an oxidant in line 101 containing about 5
vol% nitrogen or less, 4 vol% nitrogen or less, 3 vol% nitrogen or less, 2 vol% nitrogen or
less, or 1 vol% nitrogen or less.

[0052] The oxidant flow meter 110 can be any suitable device, system, or combination of
devices and/or systems adapted or configured to control the amount of oxidant introduced to
the combustor 120, Illustrative flow control devices can include, but are not limited to,
valves, compressors, nozzles, pumps, and the like.

[0053] The fuel in line 114 can be or include any combustible material or combination of
combustible materials. The fuel in line 114 can include one or more gaseous hydrocarbons,
liquid hydrocarbons, solid hydrocarbons, or a mixture of gaseous, liquid, and/or solid
hydrocarbons. Tllustrative hydrocarbons can include, but are not limited to, C; to Cxp
hydrocarbons or any combination thereof. For example, the fuel in line 114 can include
methane, ethane, ethylene, acetylene, propane, propylene, methylacetylene, cyclopropane,
propadiene, butane, butylene, butyne, cyclobutane, butadiene, pentane, pentene, pentyne,
cyclopentane, pentadiene, hexane, hexene, hexyne, cyclohexane, hexadiene, heptane,
heptene, heptyne, cycloheptane, heptadiene, octane, octene, octyne, cyclooctane, octadiene,
nonane, nonene, nonyne, cyclononane, nonadiene, decane, decene, decyne, cyclodecane,
decadiene, mixtures thercof, or any combination thereof. Another suitable fuel can include
hydrogen. Hydrogen can be used alone can be combined with any one or more other fuels,
e.g. one or more C; to Cyo hydrocarbons.

[0054] In one or more embodiments, the fuel in line 114 can have a methane
concentration ranging from a low of about 10 mol%, about 30 mol%, about 50 mol%, or
about 75 mol% to a high of about 95 mol%, about 99 mol%, or about 99.9 moi% with the
balance including hydrogen, Ca, Cs, C4, and heavier hydrocarbons, or any combination
thereof. For example, the fuel in line 114 can have a methane concentration of about 80
mol% or more, about 90 mol% or more, about 97 mol% or more, about 98 mol% or more, or
about 99.5 mol% or more. The hydrogen concentration in the fuel in line 114 can range from
a low of about 0.1 mol%, about 1 mol%, or about 5 mol% to a high of about 20 mol%, about
30 mol%, or about 35 mol%. In another example, the fuel in line 114 can be or include
natural gas. If the fuel in line 114 includes natural gas, the natural gas can be derived from
associated gas (i.e. recovered from an oil well), non-associated gas (i.e. isolated in a natural

gas field), biogas (e.g., methane containing gas produced form a landfill), hydrates, or any
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combination thereof. Natural gas can be used directly from its source and/or can be pre-
purified or pre-treated to remove at least a portion of one or more contaminants such as
hydrogen sulfide (H;S), water, sand, carbon dioxide, and the like.

[0055] The fuel flow meter 115 can include any device, system, or combination of
devices and/or systems capable of measuring, determining, or otherwise estimating an
amount of fuel introduced thereto via 114. Tlustrative fuel flow meters 115 can include, but
are not limited to, valves, pumps, nozzles, turbine meters, venturi flow meters, orifice plates,
or any combination thercof.

[0056] The combustor 120 can include one or more burners, combustion zones,
combustion liners, mixing zones, and related equipment. The combustor can be combined
with a transition piece and other features when integrated into a system, for example, a gas
turbine system.

[0057] The expander 125 can include one or more nozzles that can direct the exhaust gas
in line 123 to a turbine. The exhaust gas introduced to the turbine can cause the turbine to
spin thereby generating mechanical power. The mechanical power generated via the
expander 125 can be used to drive the compressor 150 via shaft 126. In another example, all
or a portion of the power generated via the expander 125 can be used to power the electrical
generator 170. In still another example, a first portion of the power generated via the
expander 125 can be used to drive the compressor 150 and a second portion can be used to
drive the electrical generator 170.

[0058] The compressors 105, 150 can include any type of compressor. Illustrative
compressors can include, but are not limited to, axial, centrifugal, rotary positive
displacement, and the like. In one or more embodiments, the compressor 105 can be a
different type of compressor than the compressor 150. In one or more embodiments, the
compressors 105 and 150 can be of the same type of compressor, e.g., axial compressors.
10059] Each combustor 120, expander 125, and compressor 150 can be integrated with
one another to provide an integrated gas turbine or combustion turbine system 180. In
another example, the combustor 120, expander 125, and/or compressor 150 can be individual
components. For example, the combustor 120 can be a stand alone unit such as a furnace.
The expander 125 and compressor 150 can also be stand alone units or can be coupled to one
another via the shaft 126 or other mechanical, electrical, or other power coupling, thereby
allowing at least a portion of the mechanical energy generated by the expander 125 to drive

the compressor 150.
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[0060] The heat recovery unit 140 can include any system, device, or combination of
systems and/or devices capable of indirectly exchanging heat between the expanded exhaust
gas introduced via line 127 and the heat transfer medium introduced via line 138 thereto.
Illustrative heat recovery units 140 can be or include, but are not limited to, shell-and-tube
exchangers, plated and frame exchangers, U-tube exchangers, spiral wound exchangers, fin-
fan exchangers, or any combination thereof. In another example, the heat recovery unit 140
can be or include an expanded exhaust gas duct or channel through which the exhaust gas
introduced via line 127 flows through with one or more coils disposed therein such that the
expanded exhaust gas flows across the one or more coils. In one or more embodiments, any
component of the heat recovery unit 140 can include surface enhanced tubes (e.g., fins, static
mixers, rifling, heat conductive packing, turbulence causing projections, or any combination
thereof), and the like.

[0061] The steam turbine 160 can include one or more nozzles that can direct the heated
heat transfer medium in line 142 to the steam turbine. The heated heat transfer medium
introduced to the steam turbine 160 can cause the turbine to spin thereby generating
mechanical power. The mechanical power generated via the steam turbine 160 can be used to
drive the electrical generator 165. Although not shown, the mechanical power generated via
the steam turbine 160 can be used to drive the compressor 105, compressor 150, electrical
generator 170, electrical generator 165, or any combination thercof.

[0062] The electrical generators 165, 170 can include any device, system, or combination
of devices and/or systems capable of converting mechanical energy into electrical energy.
Illustrative electrical generators 165, 170 can be, but are not limited to, synchronous and
induction type generators.

[0063] FIG. 3 depicts a schematic of another illustrative combustion and power
generation system 300 for controlling the composition of an exhaust gas produced from
combusting a fuel and an oxygen-rich fluid and producing mechanical power, according to
one or more embodiments. The combustion and power generation system 300 can be similar
to the system 100 discussed and described above with reference to FIG. 1. The system 300
can further include one or more air separation units ("ASU") (one is shown) 305. Air via line
301 can be introduced to the air separation unit 305 which can at least partially separate
oxygen from the air to provide an oxygen-enriched air or essentially oxygen fluid via line 307
and an oxygen-lean air via line 309.

[0064] In at least one specific embodiment, the air separation unit 305 can provide an

oxygen-enriched fluid via line 307. Tn at least one other specific embodiment, the air
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separation unit 305 can provide an essentially-oxygen fluid via line 307. As such, the amount
of oxygen in line 307 can be greater than 21 vol% oxygen and up to about 100 vol% oxygen.
The oxygen-rich fluid via line 307 can be obtained, for example, from cryogenic distillation
of air, pressure swing adsorption, membrane separation, or any combination thereof.

[0065] If the compressed oxidant in line 107 is oxygen-enriched air the exhaust gas via
line 123 can have a carbon dioxide concentration of from about 10 mol% to about 34 mol%, a
water and/or steam concentration of from about 15 mol% to about 60 mol%, a carbon
monoxide concentration of from about 0.01 mol% to about 2 mol%, an oxygen concentration
of from about 0.001 mol% to about 2 mol%, a fuel concentration of from about 0.001 mol%
to about 0.1 mol%, a nitrogen concentration of from about .01 mol% to about 70 mol%, a
nitrogen oxide concentration of from about 0.01 mol% to about 0.03 mol %, and/or an argon
concentration of from about 0.2 mol% to about 0.9 mol %. If the compressed oxidant in line
107 is essentially oxygen, the exhaust gas via line 123 can have a carbon dioxide
concentration of from about 30 mol% to about 35 mol%, a water and/or steam concentration
of from about 60 mol% to about 70 mol%, a carbon monoxide concentration of from about
0.01 mol% to about 2 mol%, an oxygen concentration of from about 0.001 mol% to about 2
mol%, a fuel concentration of from about 0.001 mol% to about 0.1 mol%, a nitrogen
concentration of from about 0.01 mol% to about 1.5 mol%, a nitrogen oxide concentration of
from about 0.001 mol% to about 0.03 mol %, and/or an argon concentration of from about
0.2 mol% to about 1.5 mol %.

[0066] FIG. 4 depicts a schematic of an illustrative combustion and power generation
system 400 for reforming a fuel, controlling the composition of an exhaust gas produced by
combusting the fuel, and producing power therefrom, according to one or more embodiments.
The combustion and power generation system 400 can be similar to the systems 100 and/or
300 discussed and described above with reference to FIGs. 1 and 3. The system 400 can
further include one or more reformers (one is shown) 405. The reformer 405 can at least
partiaily reform, treat, purify, filter, or otherwise modify or alter the composition of the fuel
in line 114 to produce a reformed fuel via line 412.

[0067] The reformed fuel via line 412 can contain less of one or more impurities or
undesired components than the fuel in line 114, Illustrative impurities can include, but are
not limited to, hydrogen sulfide, carbon monoxide, hydrocarbons containing greater than one
carbon atom, e.g., C>-Cyp hydrocarbons, or any combination thereof.

[0068] The reformer 305 can modify or alter the composition of the fuel in line 114 using

any type of process or combination of processes. As shown, the reformer 405 can include
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one or more catalyst-containing beds 410 that can catalytically react one or more impurities
contained in the fuel in line 114 to a more beneficial or more desirable component(s).

[0069] For example, the fuel via line 114 can be recovered from a hydrocarbon
containing formation, which is commonly referred to as "breakthrough gas." The majority of
the larger hydrocarbons in the breakthrough gas can be separated therefrom, but some minor
amounts of hydrocarbons, e.g., Cz, Cs, and C4 hydrocarbons, can still be contained in fuel in
line 114. At least a portion of the carbon-carbon bonds in these larger hydrocarbons can be
broken via the reformer 405, thereby reducing the amount of the larger hydrocarbons.
Reducing the amount of C; and larger hydrocarbons in the fuel in line 114 can reduce the
amount of soot produced in the combustor 120 and/or the potential for soot to be produced in
the combustor. Additionally, reducing the amount of C, and larger hydrocarbons can also
produce some hydrogen, which can improve the combustion of the fuel within the combustor
120. Another benefit of the hydrogen that can be produced can be that the blow out
temperature of the combustion process is reduced, thereby allowing reduced flame
temperatures within the combustor 120. Reducing the flame temperature within the
combustor 120 can also increase the efficiency of the system 400,

[0070] [lustrative catalysts that can be used in the catalyst-containing bed 410 can
include, but are not limited to, nickel, platinum, rhodium, ruthenium, palladium, derivatives
thereof, or any combination thereof, The catalyst containing bed 410 can be a fixed bed, a
fluidized or moving bed, or a combination thereof.

[0071] Other illustrative processes suitable for use in the reformer 405 can include, but
are not limited to, solvent extraction processes, liquid-liquid extraction processes, distiilation,
fractionation, membrane filters, stripping, adsorption processes, absorption processes, or any
combination thereof.

[0072] Fig. 5 depicts a schematic of an illustrative combustion and power generation
system 500 for combusting a fuel and an oxidant to produce an inert gas, according to one or
more embodiments. The combustion and power generation system 400 can be similar to the
systems 100, 300, and/or 400, as discussed and described above with reference to FIGs. 1, 3,
and 4. The combustion and power generation system 500 can further include one or more
blowers (one 1s shown) 505, condensers (one is shown) 510, and carbon monoxide converters
(one 1s shown) 530.

[0073] In one or more embodiments, the cooled exhaust gas via line 147 can be
infroduced to the blower 505 to produce a cooled exhaust gas via line 507 having an

increased pressure relative to the exhaust gas in line 147. As discussed and described above
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with reference to FIG. 1, the exhaust gas in line 147 can have a pressure ranging from about
atmospheric pressure up to about 110 kPa. In one or more embodiments, the exhaust gas in
line 507 can have a pressure ranging from a low of about 110 kPa, about 113kPa, or about
115 kPa to a high of about 120 kPa, about 140 kPa, or about 150 kPa.

[0074] The cooled exhaust gas via line 507 can be introduced to the condenser 510 to
provide a saturated exhaust gas via line 512 and condensed water via line 514. The saturated
exhaust gas in line 512 can have a concentration of water ranging from a low of about 5
mol% to a high of about 20 mol%. The particular concentration of water in the saturated
exhaust gas in line 512 can depend, at least in part, on the particular temperature and/or
pressure of the saturated exhaust gas. The condensed water via ling 514 can be disposed of,
introduced to the heat recovery unit 140 via line 138, used in one or more other processes, or
any combination thereof, for example. Although not shown, the cooled exhaust gas via line
147 can be introduced to the condenser 510 before being introduced to the blower 505.

[0075] ‘The saturated exhaust gas via line 512 can be introduced to the compressor 150,
compressed, and recovered via line 152 as the compressed exhaust gas. At least a portion of
the saturated exhaust gas via line 154 can be introduced to the combustor 120 and/or removed
via line 155 from the combustion and power generation system 500. In at least one specific
embodiment a first portion of the compressed saturated exhaust gas via line 154 is introduced
to the combustor 120 and a second portion of the compressed exhaust gas via line 155 is
introduced to the carbon monoxide converter 530.

[0076] At least a portion of the carbon monoxide in the compressed exhaust gas in line
155 can be converted to carbon dioxide within the carbon monoxide converter 530 to provide
an exhaust gas or "inert gas" via line 537 having a reduced concentration of carbon monoxide
relative to the compressed exhaust gas in line 155. The inert gas via line 537, on a dry basis,
can have a carbon monoxide concentration of less than about 500 ppm, less than about 100
ppm, less than about 50 ppm, less than about 20 ppm, less than about 10 ppm, less than about
5 ppm, less than about 1 ppm, less than about 0.5 ppm, or less than about 0.01 ppm. The
inert gas in line 537 can include water and/or water vapor, At least a portion of any water
and/or water vapor contained in the inert gas in line 537 can be removed to produce an inert
gas having less water and/or water vapor than the inert gas in line 537.

[0077] In one or more embodiments, the oxidant via line 112 and the fuel via line 117 can
be at least partially combusted within the combustor 120 to produce an exhaust gas via line
123 containing less than about 10 ppm oxygen, less than about 5 ppm oxygen, less than about

3 ppm oxygen, less than about 1 ppm oxygen, less than about 0.1 ppm oxygen, or less than
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about 0.01 ppm oxygen. As such, the exhaust gas via line 537 can contain less than about 10
ppm oxygen and less than about 10 ppm carbon monoxide. In another example, the exhaust
gas via line 537 can contain less than about 1 ppm oxygen and less than about 1 ppm carbon
monoxide. Accordingly, the combustion and power generation system 500 can produce an
exhaust gas via line 537 that can be referred to as an "inert gas" that contains primarily
carbon dioxide, nitrogen, or both, depending on the particular oxygen concentration in the
oxidant in line 101. For example, if the oxidant is air, the inert gas in line 537 can contain
from about 11 mol% to about 12 mol% carbon dioxide and from about 85 mol% to about 88
mol% nitrogen (on a dry basis). In another example, if the oxidant in line 101 contains pure
oxygen, e.g. greater than about 95 mol% oxygen or greater than about 99 mol% oxygen, the
inert gas in line 537 can contain from about 98 mol% to about 99.5 mol% carbon dioxide and
from about 0.01 mol% to about 0.05 mol% nitrogen (on a dry basis).

[6078] In one or more embodiments, the blower 505 can include any device, system, or
combination of systems and/or devices capable of increasing the pressure of the cooled
exhaust gas in line 147, For example, the blower 505 can be or include one or more fan.
Other illustrative blowers 505 can include, but are not limited to, axial, centrifugal, or any
combination thereof.

[0079] In one or more embodiments, the condenser 510 can include a cooler in which the
temperature of the exhaust gas is reduced, thereby causing at least a portion of any water
vapor to condens¢ out. Other suitable condensers 510 can include, but are not limited to,
direct contact coolers, heat exchangers, or any combination thereof,

[0080] In one or more embodiments, the carbon monoxide converter 530 can include one
or more conversion systems, devices, processes, or any combination thereof. As shown, the
carbon monoxide converter 530 can include one or more catalyst containing beds 535.
Illustrative catalysts can include, but are not limited to, platinum, rhodium, palladium,
ruthenium, nickel, oxides thereof, derivatives thereof, or any combination thereof.

[0081] In one or more embodiments, the carbon monoxide converter 530 can convert one
or more other compounds in addition to or in lieu of carbon monoxide. For example, the
carbon monoxide converter 530 can convert at least a portion of any nitrogen oxides in the
compressed exhaust gas in line 155 to nitrogen and oxygen. In another example, the carbon
monoxide converter 530 can convert at least a portion of any fuel in the compressed exhaust
gas in line 155 to carbon dioxide and water or steam. In still another example, the carbon

monoxide converter 530 can convert a least a portion of two or more of any carbon
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monoxide, fuel, and nitrogen oxide in the compressed exhaust gas in line 155 to carbon
dioxide, carbon dioxide and water or steam, and nitrogen and oxygen, respectively.

[0082] FIG. 6 depicts a schematic of an illustrative combustion and power generation
system 600 for combusting a fuel and an oxidant to produce a compressed inert gas,
according to one or more embodiments. The combustion and power generation system 600
can be similar to the systems 100, 300, 400, and/or 500, discussed and described above with
reference to FIGs. 1, and 3-5. The combustion and power generation system 600 can further
include one or more carbon dioxide removal units (one is shown) 605 and compressors {one
is shown) 615,

[0083] In one or more embodiments, at least a portion of the compressed exhaust gas via
line 155 can be introduced to the carbon dioxide removal unit 605 to produce a carbon
dioxide rich gas via line 607 and a carbon dioxide lean gas via line 609. In other words, the
carbon dioxide concentration in the carbon dioxide rich gas via line 607 can be greater than in
the compressed exhaust gas in line 155. Similarly, the carbon dioxide concentration in the
carbon dioxide lean gas via line 609 can be less than in the compressed exhaust gas in line
155.

[0084] The carbon dioxide rich gas via line 607 can have a carbon dioxide concentration
of about 95 mol% or more, about 97 mol% or more, or about 99 mol%, or about 99.9 mol%,
for example. The carbon dioxide lean gas via line 609 can have a carbon dioxide
concentration: of less than about 5 mol%, less than about 3 mol%, less than about 1 mol%,
less than about 0.5 mol%, or less than about 0.1 mol%.

[0085] The carbon dioxide rich gas in ling 607 can be used for any number of
applications or processes and/or disposed of. For example, the carbon dioxide rich gas in line
607 can be sold as an end product, used for one or more processes or applications such as
enhanced oil recovery operations, pneumatic systems, fire extinguishing systems, welding
systems, caffeine removal processes, lasers, refrigeration systems, or any combination
thereof. In another example, the carbon dioxide rich gas via line 607 can be introduced to
one or more storage containment systems for sequestration. Illustrative storage containment
systems for sequestration can include, but are not limited to, underground formations, man-
made containment vessels, or both,

[0086] The carbon dioxide lean gas in line 609 can be used for any number of
applications or processes and/or disposed of. For example, the carbon dioxide lean gas in
line 609 can be vented to the atmosphere. In another example, the carbon dioxide lean gas in

line 609 can be liquefied and used as a cooling medium. In still another example, the carbon
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dioxide lean gas in line 609 can be further processed into one or more products, e.g. ammonia
and/or urea. In yet another example, the carbon dioxide lean gas in line 609 can be used as
an inert gas for drying applications, e.g., the drying of conduits carrying one or more
communication wires or cables.

[0087] In one or more embodiments, the carbon dioxide lean gas via line 609 can be
introduced to the compressor 615 to produce a second compressed exhaust gas via line 617.
The second compressed exhaust gas in line 617 can be used in one or more pressure
maintenance applications. In another example, the second compressed exhaust gas in line
617 can be used in one or more for pressure maintenance on a hydrocarbon reservoir.

[0088] The carbon dioxide removal unit 605 can include any one or a combination of
physical, mechanical, electrical and/or chemical systems configured in series, parallel, or any
combination thereof. In one or more embodiments, the carbon dioxide removal unit 605 can
include one or more physical separation systems including, but not limited to, membrane type
systems and/or solvent based systems. For example, the carbon dioxide removal unit 605 can
include, but is not limited to, absorbtion/desorption type, solvent-based systems. The carbon
dioxide removal unit 605 can contact the compressed exhaust gas introduced via line 155
with one or more absorbents to remove at least a portion of the carbon dioxide. Carbon
dioxide selective adsorbents can include, but are not limited to, monoethanolamine ("MEA"),
diethanolamine ("DEA"), tricthanolamie ("TEA"), potassium carbonate,
methyldiethanolamine ~ ("MDEA"), activated methyldiethanolamine  ("aMDEA™),
diglycolamine ("DGA"), diisopropanolamine ("DIPA"), derivatives thereof, mixtures thereof,
or any combination thereof. Other suitable adsorbents and techniques can include, but are not
limited to, potassium carbonate, propylene carbonate physical adsorbent solvent as well as
other alkyl carbonates, dimethyl ethers of polyethylene glycol of two to twelve glycol units
(Selexol™ process), n-methyl-pyrrolidone, sulfolane, and use of the Suifinol® Gas
Treatment Process.

[0089] The compressor 615 can be similar to the compressors 105 and 150 discussed and
described above with reference to FIG. 1.

[0090] FIG. 7 depicts a schematic of an illustrative combustion and power generation
system 700 for generating power, carbon dioxide, and an expanded inert gas, according to
one or more embodiments. The combustion and power generation system 700 can be similar
to the systems 100, 300, 400, 500, and/or 600, discussed and described above with reference

to FIGs. 1, and 3-6. The combustion and power generation system 700 can further include
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one¢ or more second combustors (one is shown) 705, second expanders (one is shown) 715,
and generators (one is shown) 730,

[0091] The carbon dioxide lean gas via line 609 can be introduced to the second
combustor 705. An oxidant via line 703 and/or a fuel via line 704 can also be introduced to
the second combustor 705. At least a portion of any combustible material in the carbon
dioxide lean gas via line 609 and/or the fuel via line 704 introduced to the combustor 705 can
be combusted within the second combustor 710 to produce a second exhaust gas via line 710
having a reduced concentration of combustible material relative to the carbon dioxide lean
gas in line 609. For example, as discussed above with reference to FIG. 6, the saturated
exhaust gas in line 512 can have a fuel concentration ranging from a low of about 0.001
mol% to a high of about 0.1 mol%. As such, the compressed exhaust gas in line 155 can
have a fuel concentration ranging from a low of about 0.001 mol% to a high of about 0.1
mol%. The additional of supplemental fuel introduced via line 704 can be adjusted such that
the exhaust gas via line 710 has a lower concentration of fuel relative to the carbon dioxide
lean gas in line 609.

[0092] The second exhaust gas in line 710 can have a carbon dioxide concentration of
from about 2 mol% to about 8 mol%, a water and/or steam concentration of from about 8§
mol% to about 16 mol%, a carbon monoxide concentration of from about 0.01 mal% to about
1 mol%, an oxygen concentration of from about 0.1 mol% to about 1 mol%, a nitrogen
concentration of from about 70 mol% to about 85 mol%, a nitrogen oxide(s) concentration of
from about 0.1 mol% to about 0.3 mol%, and/or an argon concentration of from about 0.1
mol% to about 1.5 mol %. In one or more embodiments, the second exhaust gas in line 710
can contain fess than about 2 mol%, less than about 1 mol%, less than about 0.5 mol%, or
less than about 0.1 mol% carbon monoxide. In one or more embodiments, the second
exhaust gas in line 710 can contain less than about 2 mol%, less than about 1 mol%, less than
about 0.8 moi%, or less than about 0.5 mol% oxygen. In one or mor¢c embodiments, the
second exhaust gas in line 710 can contain less than about 1 mol%, less than about 0.5 mol%,
or less than about 0.1 mol% nitrogen oxides.

[0093] The second exhaust gas via line 710 can have a temperature ranging from about
1,100°C to about 1,500°C and a pressure ranging from about 1,200 kPa to about 4,500 kPa.
[0094] The second exhaust gas via line 710 can be introduced to the expander 715 to
produce a second expanded exhaust gas via line 720. The expanded exhaust gas via line 720
can have a temperature ranging from about 690°C to about 725°C and a pressure of from

about 101 kPa to about 110 kPa. At least a portion of the mechanical power produced from
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expanding the second exhaust gas in line 710 can be converted into energy, e.g., electricity
via the electrical generator 730, used to drive the one or more compressors 105 and/or 150,
and/or other work. The expanded gas via line 720 can be vented to the atmosphere, liquefied
used in one or more refrigeration processes, or any combination thereof.

[0095] FIG. 8 depicts another schematic of an illustrative combustion and power
generation system 800 for generating power, carbon dioxide, and an expanded inert gas,
according to one or more embodiments. The combustion and power generation system 800
can be similar to the systems 100, 300, 400, 500, and/or 600, discussed and described above
with reference to FIGs. 1, and 3-6. The combustion and power generation system 800 can
further include one or more catalytic reactors (one is shown) 805, second expanders (one is
shown) &15, and generators (one is shown) 8§30,

[0096] The carbon dioxide lean gas via line 609 can be introduced to the catalytic reactor
805. At least a portion of any combustible material in the carbon dioxide lean gas via line
609 can be catalytically reacted within the catalytic reactor 805 to produce a second exhaust
gas via line 810 having a reduced concentration of combustible material relative to the carbon
dioxide lean gas in line 609. For example, as discussed above with reference to FI1G. 6, the
saturated exhaust gas in line 512 can have a fuel concentration ranging from a low of about
0.001 mol% to a high of about 0.1 mol%. As such, the compressed exhaust gas in line 155
can have a fuel concentration ranging from a low of about 0.001 mol% to a high of about 0.1
mol%.

[0097] The second exhaust gas in line 810 can have a carbon dioxide concentration of
from about 2 mol% to about 8 mol%, a water and/or steam concentration of from about 8
mol% to about 16 mol%, a carbon monoxide concentration of from about 0.01 mol% to about
1 mol%, an oxygen concentration of from about 0.1 mol% to about I mol%, a nitrogen
concentration of from about 70 mol% to about 85 mol%, a nitrogen oxide(s) concentration of
from about 0.1 mol% to about 0.3 mol%, and/or an argon concentration of from about 0.1
mol% to about 1.5 mol %.

[0098] In one or more embodiments, the second exhaust gas in line 810 can contain less
than about 2 mol%, less than about 1 mol%, less than about 0.5 mol%, or less than about 0.1
mol% carbon monoxide. In one or more embodiments, the second exhaust gas in line 710
can contain less than about 2 mol%, less than about 1 mol%, less than about 0.8 mol%, or
less than about 0.5 mol% oxygen. In one or more embodiments, the second exhaust gas in
line 710 can contain less than about 1 mol%, less than about 0.5 mol%, or less than about 0.1
mol% nitrogen oxides.
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[0099] The second exhaust gas via line 810 can have a temperature ranging from about
1,100°C to about 1,500°C and a pressure ranging from about 1,200 kPa to about 4,500 kPa.
[0100] The second exhaust gas via line 8§10 can be introduced to the expander 815 to
produce a second expanded exhaust gas via line 820. The expanded exhaust gas in line 820
can have a temperature ranging from about 690°C to about 725°C and a pressure of from
about 101 kPa to about 110 kPa. At least a portion of the mechanical power produced from
expanding the second exhaust gas in line 810 can be converted into energy, e.g., electricity
via the electrical generator 830, used to drive the one or more compressors 105 and/or 150,
and/or other work. The expanded gas via line 820 can be vented to the atmosphere, liquefied
and used in one or more refrigeration processes, or any combination thereof.

[0101] The catalytic reactor 805 can include one or more catalyst-containing beds (one is
shown) 807. The catalyst-containing bed 807 can include one or more catalysts disposed
therein. Tllustrative catalysts can include, but are not limited to, nickel, platinum, rhodium,
ruthenium, palladium, derivatives thereof, or any combination thercof. In one or more
embodiments, a catalytic reactor 805 having two or more catalyst-containing beds 807 can
include the same or different catalysts with respect to one another. The catalyst containing
bed 807 can be a fixed bed, a fluidized or moving bed, or a combination thereof.

[0102] FIG. 9 depicts another schematic of an illustrative combustion and power
generation system 900 for generating power, carbon dioxide, and inert gas, according to one
or more embodiments. The combustion and power generation system 900 can be similar to
the systems 100, 300, 400, 500, 600, 700, and/or 800, discussed and described above with
reference to FIGs. 1, and 3-8. The combustion and power generation system 900 can produce
the second expanded exhaust gas via line 720, the second expanded exhaust gas via line 820,
the second compressed exhaust gas via line 617, or any combination thereof. In other words,
a first portion of the carbon dioxide lean gas in line 609 can be introduced via line 903 to the
compressor 615, a second portion of the carbon dioxide lean gas in line 609 can be
introduced via line 905 to the catalytic reactor 805, and/or a third portion of the carbon
dioxide lean gas in line 609 can be introduced via line 910 to the combustor 705. In another
example, the combustion and power generation system 900 can produce the compressed
exhaust gas via line 617 and an expanded exhaust gas via either line 720 or 820. In still
another example, the combustion and power generation system 900 can produce an expanded
exhaust gas via both lines 720 and 820. In yet another example, the combustion and power
generation system 900 can produce an expanded exhaust gas via both lines 720 and 820 and

the compressed exhaust gas via line 617.
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[0103] Various terms have been defined above. To the extent a term used in a claim is
not defined above, it should be given the broadest definition persons in the pertinent art have
given that term as reflected in at least one printed publication or issued patent,

[0104] While the present invention may be susceptible to various modifications and
alternative forms, the exemplary embodiments discussed above have been shown only by
way of example. However, it should again be understood that the invention is not intended to
be limited to the particular embodiments disclosed herein. Indeed, the present invention
includes all alternatives, modifications, and equivalents falling within the true spirit and

scope of the appended claims.
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Claims

1. A method for combusting a fuel, comprising:

introducing a fuel, an oxidant, and a diluent to a combustion zone, wherein the
oxidant is air, oxygen-enriched air, oxygen-lean air, hydrogen peroxide (H20-2),
ozone (O3), a gaseous mixture of oxygen and water, or any combination thereof;

combusting at least a portion of the fuel to produce an exhaust gas comprising
water, carbon dioxide, oxygen, and carbon monoxide;

expanding the exhaust gas to produce mechanical power and an expanded
exhaust gas;

determining a concentration of at least one of oxygen, hydrogen, nitrogen
oxides and carbon monoxide, in at least one of the exhaust gas and the
expanded exhaust gas; and

adjusting an amount of at least one of the oxidant and the fuel introduced to
the combustion zone using at least the determined concentration of at least one
of oxygen, hydragen, nitrogen oxides and carbon monoxide to produce an
exhaust gas containing a combined amount of oxygen and earbon monoxide of

less than 2 mol%.

2. The method of claim 1, wherein exhaust gas contains a combined amount

of oxygen and carbon monoxide of less than 1.5 mol%.

3. The method of claim 1, wherein exhaust gas contains a combined amount
of oxygen and carbon monoxide of less than 1.0 mol%.

4. The method of claim 1, wherain exhaust gas contains a combined amount
of oxygen and carbon monoxide of less than 4000 ppm.

5. The method of any one of claims 1 to 4, wherein the adjustment of at least
one of the oxidant and the fuel is adapted to drive an equivalence ratio foward
1.0, wherein the equivalence ratio {phi, ¢) is equal to (mol% fuelimol%
oxidant)acaf(Mol% fuel/moi% oxidant)siichiometric
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6. The method of any one of claims 1 to 5, further comprising introducing the
expanded exhaust gas to a heat recovery unit 1o produce a first cooled exhaust

gas and a heated heat transfer medium.

7. The method of claim 8, wherein the heat fransfer medium is at least one of

water and steam.

8, The method of claim 7, further comprising introducing the steam to a
steam gas turbine coupled to at least one of a generator to produce electrical
power or another device to produce mechanical power.

8. The method of claim 6, further comprising removing at least a portion of
the first cooled exhaust gas from the system to be introduced fo at least one of 2

vent system, flare system or underground storage or containment system.

10.  The method of claim 86, further comprising recycling at least a portion of the
first cooled exhaust gas to a first compressor to produce a compressed exhaust

gas.

11.  The method of claim 10, further comprising introducing at least a first
portion of the compressed exhaust gas to the combustion zone as the diluent.

12. The method of claim 11, further comprising removing at least a second
portion of the compressed exhaust gas from the system.

13.  The method of claim 10, further comprising cooling the at least a portion of
the first cooled exhaust gas and removing at least a portion of the water from the
at least a portion of the first cooled exhaust gas prior to compressing the at least

a portion of the first cooled exhaust gas.

14,  The method of claim 12, further comprising catalytically converting at least
a portion of the carbon monoxide in the second portion of the compressed

exhaust gas to carbon dioxide.
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15. The method of claim 14, wherein the concentration of carbon monoxide is

reduced fo Jess than 500 ppm.

16. The method of any one of the preceding claims, wherein the oxidant
consists essentially of air, and wherein the exhaust gas further comprises

nitrogen.

17.  The method of any one of the preceding claims, wherein the exhaust gas
has a carbon dioxide concentration ranging from 10 mol% to 34 mol% and a
nitrogen concentration ranging from 0.01 mol% to 75 mol%.

18. The method of any one of the preceding claims, wherein the fuel

comprises methane and one or more Cs to Cyg hydrocarbons.

18.  The method of claim 18, further comprising reforming at least a portion of
the fuel such that a concentration of the one or more Cz to Cqg hydrocarbons is
reduced to produce a reformed fuel, and introducing the reformed fuel {o the

combustion zona.

20.  The method of claim 19, wherein the reforming comprises contacting the

fuel with one or more catalysts,

21. The method of claim 20, wherein the one or more catalysts comprise
nickel, platinum, rhodium, ruthenium, palladium, derivatives thereof, mixiures

thereof, or any combination thereof,

22.  The method of claim 3, wherein the mol% fuel is equal {0 Faef(Fosdant +
Fret), Where Fre is equal fo the molar flow rate of fuel and Foxden is equal to the
molar flow rate of oxidant, wherein the mol% oxidant is equa!l 10 Foxgant/(Fowdant +
Fruer). Where Foxdan is equal to the molar flow rate of oxidant and Fye is equal to

the molar flow rate of fuel.
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23. The method of any one of claims 6 to 15, further comprising introducing
the first cooled exhaust gas to a blower to increase a pressure of the first cooled

exhaust gas.

24.  The method of any one of claims 6 to 15, further comprising removing at
least a portion of any water in the first cooled exhaust gas to produce a water
condensate and a second cooled exhaust gas, and wherein the compressed
exhaust gas comprises the second cooled exhaust gas.

25. The method of any one of the preceding claims, wherein at least a portion
of the mechanical power is used to power a compressor, power a generator, or
both.

26. The method of claim 22, wherein adjusting the amount of the fuel, oxidant,
or both introduced to the combustion zone comprises:

decreasing an amount of the oxidant, increasing an amount of the fuel, or
both, introduced to the combustion zene if the equivalence ratio (¢} is less than 1
such that the equivalence ratio {(¢) increases toward 1; or

decreasing the amount of the fuel, increasing the amount of the oxidant, or
both introduced to the combustion zone if the equivalence ratio (¢) is greater than
1 such that the equivalence ratio (¢) decreases toward 1.

27. The method of claim 12, further comprising removing at least a portion of
any carbon dioxide from a second portion of the compressed exhaust gas {o
provide a carbon dioxide-lean gas and a carbon dioxide-rich gas.

28. The method of claim 27, further comprising Introducing the carbon dioxide-
lean gas fo a hydrocarbon reservoir for pressure maintenance.

29. The method of claim 27, further comprising using the carbon dioxide-rich

gas in an enhanced oil recovery process.

30. The method of claim 28, further comprising compressing the carbon
dioxide-lean gas to produce a compressed gas.
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31.  The method of any one of claims 27 to 30, further comprising combusting
at least a portion of any residual combustible material contained in the carbon
dioxide-lean gas to provide a second exhaust gas, and expanding the second
exhaust gas to produce mechanical power and an expanded second exhaust gas.

32. The method of any one of claims 27 to 31, further comprising catalytically
reacting at least a portion of any residual combustible material contained in the
carbon dioxide-lean gas to provide a second exhaust gas, and expanding the
second exhaust gas fo produce mechanical power and an expanded exhaust gas.

33. The method of any one of the preceding claims, further comprising
compressing the oxidant prior to being intreduced to the combustor.

34. The method of any one of the preceding claims, further comprising
controlling the oxidant flow rate by use of af least one of a compressor, valve, and

nozzle.

35. The method of any one of the preceding claims, further comprising
controlling the fuel flow rate by the use of at least one of a valve, pump, nozzle,

turbine meter, venturi flow meter, and orifice piate.

36. The method of any one of the preceding ¢laims, wherein the concentration
of at least one of oxygen, hydrogen, nitrogen oxides and carbon monoxide, in at
least one of the exhaust gas and the expanded exhaust gas is determined by
using at least one of Jambda, zirconia oxygen, titania, galvanic, infrared, and

oxide fifm sensors.

37. The method of claim 14, wherein the remaining concentration of carbon
monoxide is less than 500 ppm afier cataiytically converting it.

38. A method for combusting a fuel, comprising:
introducing a fuel, an oxidant, and a diluent to a combustion zone;
combusting at ieast a portion of the fuel to produce an exhaust gas

comprising water, carbon dioxide, oxygen, and carbon monoxide;
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expanding the exhaust gas fo produce mechanical power and an
expanded exhaust gas;

esﬂmatihg an oxidant to fuel equivalence ratio (¢) based on a
concentration of at least one of oxygen, hydrogen, nitrogen oxides, and carbon
monoxide in the exhaust gas, the expanded exhaust gas, or both;

adjusting an amount of the fusl, oxidant, or both introduced fo the
combustion zone based on the estimated oxidant fo fuel equivalence ratio (¢) fo
produce an exhaust gas containing a combined amount of oxygen and carbon
monoxide of less than 2 mol%;

compressing at Jeast a portion of the exhaust gas to produce a
compressed exhaust gas; and

recycling at least a portion of the compressed exhaust gas to the

combustion zone as the diluent.
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