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SYSTEM AND METHOD FOR OPERATION OF A FLEXIBLE FUEL
COMBUSTOR FOR A GAS TURBINE

FIELD OF THE DISCLOSURE
The presently disclosed subject matter relates to systems and methods for operation of one or more
components of a power generating system. More particularly, the present disclosure relates to operation of a
combustor so that different types of fuels may be combusted in the same combustor under one or more sets

of conditions.

BACKGROUND

As the demand for electrical power production increases there is a continuing need for power
production plants to meet such needs. Because of market demands, it is desirable for such power production
to be achieved with the greatest possible efficiency; however, growing requirements for carbon capture have
required technological advances. For example, U.S. Patent No. 8,596,075 to Allam et al., the disclosure of
which is incorporated herein by reference, provides for desirable efficiencies in oxy-fuel combustion
systems utilizing a recycle CO, stream wherein the CO, is captured as a relatively pure stream at high
pressure. Although many known power producing systems are configured for combustion of a specific type
of fuel (e.g., natural gas versus syngas), power producing facilities can be even further improved by allowing
for operation with different types or sources of fuels without requiring significant changes to the necessary
components of the power producing facility, such as the combustor that is used. Accordingly, there remains
a need in the art for further means for operation of a power production plant such that different fuels may be
utilized without significant changes in the underlying equipment used to carry out the power production

process.

SUMMARY OF THE DISCLOSURE

The present disclosure provides systems and methods for power production. More particularly, the
present disclosure provides operating conditions whereby a power production system can accommodate
different fuels without a requirement for significant modifications to a combustor that is utilized in carrying
out the power production process. This can provide a significant advantage since different fuels can be
switched as needed without the requirement for associated swapping of parts for the power production
system.

The properties (including combustion properties) of different fuel sources that may be used in a
power production method according to the present disclosure can differ significantly. For example, the fuel
properties of natural gas are significantly different from the fuel properties of a synthesis gas (“syngas”).
Likewise, the properties of both natural gas and syngas can differ significantly from the properties of
substantially pure methane. As one example, the heating value of natural gas is approximately five times
higher than the heating value of dried syngas taken from a coal gasifier. As another example, hydrogen also

has significantly different properties when compared to natural gas, substantially pure methane, and/or



10

15

20

25

30

35

WO 2018/162994 PCT/IB2018/050217

syngas. Therefore, for a given mass of each fuel, properties such as flame characteristics, thermal energy
delivered to the downstream system temperature profiles, exhaust gas conditions, and exhaust gas
compositions will vary significantly. A combustor for a power production facility must be designed as a
fixed chamber that is customized to the properties of the fuel that will be combusted therein in order to
optimize combustor performance. As such, only a narrow range of fuel mixtures can be matched with the
combustor design conditions (and therefore flame and combustor outlet conditions) and thus be tolerable for
use in the combustor. Further, mixtures within this range may still cause perturbations in combustor or
flame behavior that must be tightly controlled.

In one or more embodiments, the present disclosure provides systems and methods whereby a power
production plant can be closely controlled in relation to combustion properties even when utilizing different
fuels types and/or fuel mixtures. In some embodiments, the present invention thus can relate to a power
production plant comprising: a combustor configured to receive a fuel, an oxidant, and a diluent, the
combustor being adapted to combust different fuel compositions; a turbine; a generator; a supply system for
the fuel; a supply system for the oxidant; and a control system configured to adjust one or more parameters
related to one or more of the fuel, the oxidant, and the diluent such that combustion characteristics are
maintained within a defined set of operation parameters for all of the different fuel compositions. In the
present systems, the control system in particular can be critical to achieving the necessary system
performance.

In one or more embodiments, the present invention further can relate to a method of power
production, the method comprising: delivering an oxidant to a combustor; delivering a diluent to the
combustor; delivering a fuel to the combustor, the fuel being a mixture of materials that varies over the
course of the power production method; passing a combustion product stream from the combustor through a
turbine to generate power; and controlling one or more parameters related to one or more of the fuel, the
oxidant, and the diluent such that combustion characteristics are maintained within a defined set of operation
parameters for different mixtures of materials forming the fuel.

In some embodiments, control methods can include blending of two different fuels to normalize
combustion of one of the fuels that may be subject to fluctuation of composition. Such blending likewise
can be utilized to provide for a smooth transition between the use of the two different fuels using the same
combustor. As a non-limiting example for normalizing combustion of a fluctuating syngas composition, a
diluted natural gas fuel or a substantially pure CO, stream can be utilized as a tuning factor to adjust the
characteristics of the syngas fuel so it is normalized to be close to the intended fuel characteristic design
point by blending the diluted natural gas fuel or the CO, diluent stream with the syngas fuel at a proper
mixing ratio. As noted, this can be particularly useful when the syngas coming into the combustor
experiences fluctuation or the syngas composition significantly deviates from the design point because of
being derived from different gasification systems. In some embodiments, it can be particularly useful to
maintain the concentration of the diluent entering the combustor to be higher than the concentration of

oxygen and/or fuel entering the combustion chamber. Having a diluent flow than is significantly larger than
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the oxygen flow and/or the fuel flow into the combustor can provide for a very stable combustion
environment while simultaneously allowing for perturbations and/or variations of the fuel chemistry.

Additionally, combustor outlet conditions can be maintained regardless of the type of fuel being
used. This can be achieved, for example, by modulation of the flow rate of the diluent injection section
downstream of the diffusion flame zone section. Outlet temperature can be maintained by adjusting the
mass flow rate of the diluent injection at this section. The mass flow rate of the diluent in this section will
also be significantly greater than the combined flowrate of the fuel and oxidant. Moreover, by keeping the
diluent flow ratio large relative to the oxygen flow and/or the fuel flow into the combustor, the combustor
exit composition can be substantially stable across a variety of fuel chemistries.

In some embodiments, the present disclosure specifically can provide a method for normalizing
combustion in a power production process. In exemplary embodiments, the method can comprise: providing
a variable fuel to a combustor, the variable fuel having a composition that varies during operation of the
power production process; combusting the variable fuel in the combustor with an oxidant to provide a
combustor exhaust stream; passing the combustor exhaust stream through a turbine to generate power; and
implementing at least one control function such that at least one combustion property (e.g., one or both of a
temperature and a mass flow of the combustor exhaust stream exiting the combustor) varies by no greater
than 10% as the composition of the variable fuel varies during operation of the power production process. In
further embodiments, the method may be further defined in relation to one or more of the following
statements, which may be combined in any number and order.

The variable fuel can be a syngas, and a ratio of carbon monoxide to hydrogen in the syngas can
vary during operation of the power production process.

The variable fuel can be a mixture of methane, carbon monoxide, and hydrogen, and a ratio between
the methane, carbon monoxide, and hydrogen can vary during operation of the power production process.

The oxidant can be a mixture of oxygen and a diluent (e.g., an inert gas, carbon dioxide, or water).

The oxidant can include about 5% to about 50% by mass oxygen, with the remaining portion of the
oxidant being the diluent.

The oxidant can include about 15% to about 30% by mass oxygen, with the remaining portion of the
oxidant being the diluent.

The at least one control function can include varying a ratio of the oxygen to the carbon dioxide in
the oxidant as the composition of the variable fuel varies during operation of the power production process.

The at least one control function can include varying one or more of a temperature of the oxidant
input to the combustor, a temperature of the variable fuel input to the combustor, a flow rate of the oxidant
input to the combustor, and a flow rate of the variable fuel input to the combustor as the composition of the
variable fuel varies during operation of the power production process.

The variable fuel provided to the combustor can be blended with a normalizing fuel having a
substantially constant composition.

The normalizing fuel can be natural gas or substantially pure methane.
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The at least one control function can include varying a ratio of the normalizing fuel to the variable
fuel that is combusted in the combustor.

The variable fuel provided to the combustor can be blended with a diluent.

The diluent can be an inert gas.

The diluent can be carbon dioxide.

The diluent can be water.

The at least one control function can include varying a ratio of the diluent to the variable fuel that is
combusted in the combustor.

The combustor can be configured with a combustion zone and a dilution zone, wherein the
combustion zone can be upstream of the dilution zone, and the dilution zone can be downstream of the
combustion zone, and a diluent can be injected into the combustor in the dilution zone.

A ratio of the length of the combustion zone to a length of the dilution zone can be about 0.1 to
about 10, about 0.2 to about 5, or about 0.25 to 1.0.

The at least one control function can include: controlling a mass flow rate of the diluent injected into
the combustor in the dilution zone to be greater than a mass flow rate of the variable fuel provided to the
combustor; controlling a mass flow rate of the diluent injected into the combustor in the dilution zone to be
greater than a mass flow rate of the oxidant provided to the combustor; or controlling a mass flow rate of the
diluent injected into the combustor in the dilution zone to be greater than a mass flow rate of both of the
variable fuel provided to the combustor and the oxidant provided to the combustor.

The at least one control function can include varying one or more of a temperature, a flow rate, and
a chemistry of the diluent injected into the combustor in the dilution zone as the composition of the variable
fuel varies during operation of the power production process.

The diluent can be an inert gas.

The diluent can be carbon dioxide.

The diluent can be water.

In some embodiments, the present disclosure further can relate to a power production plant. For
example, such power production plant can comprise: a combustor configured to receive an oxidant, a
diluent, and a variable fuel having a composition that varies during operation of the power production plant,
the combustor being configured to output a combustor exhaust stream; a turbine; a generator; a supply
system for the variable fuel; a supply system for the oxidant; and a control system configured to adjust one
or more parameters related to one or more of the variable fuel, the oxidant, and the diluent such that at least
one combustion property (e.g., one or both of a temperature and a mass flow of the combustor exhaust
stream exiting the combustor) varies by no greater than 10% as the composition of the variable fuel varies

during operation of the power production plant.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an illustration of a power production plant and associated method of operation thereof
according to embodiments of the present disclosure; and
FIG. 2 is schematic illustration of a combustor suitable for use according to embodiments of the

present disclosure

DETAILED DESCRIPTION

The present subject matter will now be described more fully hereinafter with reference to exemplary
embodiments thereof. These exemplary embodiments are described so that this disclosure will be thorough
and complete, and will fully convey the scope of the subject matter to those skilled in the art. Indeed, the
subject matter can be embodied in many different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are provided so that this disclosure will satisfy
applicable legal requirements. As used in the specification, and in the appended claims, the singular forms
“a”, “an”, “the”, include plural referents unless the context clearly dictates otherwise.

The present disclosure relates to systems and methods adapted for controlling the operation of a
power production plant. As such, the present disclosure further relates to power production plants including
a variety of elements, including such control functions. Non-limiting examples of elements that may be
included in a power production plant (and method of operation thereof) according to the present disclosure
are described in U.S. Pat. No. 8,596,075, U.S. Pat. No. §,776,532, U.S. Pat. No. 8,869,889, U.S. Pat. No.
8,959,887, U.S. Pat. No. 8,986,002, U.S. Pat. No. 9,062,608, U.S. Pat. No. 9,068,743, U.S. Pat. No.
9,410,481, U.S. Pat. No. 9,416,728, U.S. Pat. Pub. No. 2010/0300063, U.S. Pat. Pub. No. 2012/0067054,
U.S. Pat. Pub. No. 2012/0237881, and U.S. Pat. Pub. No. 2013/0213049, the disclosures of which are
incorporated herein by reference.

An exemplary power production plant 100 for carrying out a power production process according to
the present disclosure is illustrated in FIG. 1. As seen therein, a combustor 120 is configured for receipt of
one or more fuels, an oxidant, and a diluent. More particularly, an air stream 101 can pass through an air
separation unit 102 to provide an oxidant stream 103 that passes to the combustor 120. The air separation
unit 102 can include the necessary compression equipment to provide the oxidant at the desired pressure, or
a separate compressor may be provided in-line between the air separation unit 102 and the combustor 120.
In such instance, a first portion 183a of the recycled carbon dioxide stream 184 can be mixed with the
oxidant stream 103 prior to compression. A first fuel stream 107a and an optional second fuel stream 107b
can be passed through a compressor 108 to form a compressed fuel stream 109 that is passed to the
combustor 120. A recycled carbon dioxide stream 184 is likewise passed to the combustor 120 and can
function as a diluent stream. In some embodiments, a first portion 183a of the recycled carbon dioxide
stream 184 can be withdrawn and combined with the oxidant stream 103 to form a diluted oxidant stream
having an O,/CQO, ratio as otherwise described herein. Likewise, in some embodiments, a second portion

183b of the recycled carbon dioxide stream 184 can be withdrawn and combined with the fuel stream 109 to
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form a diluted fuel stream having a fuel/CO, ratio as otherwise described herein. Although a single
compressor 108 is illustrated, it is understood that a plurality of compressors may be used, and a separate
compressor may be used for each of the fuel streams that is used. Likewise, although the second portion
183b of the recycled carbon dioxide stream 184 is shown as being added to the fuel stream 109, it is
understood that the diluent may be added to one or both of the fuel streams prior to compression.
Additionally, the diluent for use with the fuel and the oxidant is not limited to the recycled carbon dioxide
stream 184. Rather, the diluent may be taken from any one or more of streams 155, 165, 171, 177, 182, and
184.

A combustor exhaust stream 130 is passed through a turbine 135 where it is expanded to produce
power in generator 136. A turbine exhaust stream 137 is passed through a heat exchanger 140 where it is
cooled to form stream 142, which is further cooled to near ambient temperature in a cooler 144. The cooled
turbine exhaust stream 146 is then processed in a water separator 150 to provide a water stream 152 and a
substantially pure carbon dioxide stream 155, which is compressed in a compressor 160 to form an
intermediate compressed stream 165. The intermediate compressed stream 165 is cooled in a cooler 170 to
increase the density of the carbon dioxide and form an increased density carbon dioxide stream 171, which is
pumped in pump 175 to a high pressure for input to the combustor 120. A carbon dioxide product stream
180 can be withdrawn from the high pressure carbon dioxide stream 177 to leave a carbon dioxide recycle
stream 182 that is passed back though the heat exchanger 140 to be heated against the turbine exhaust stream
137. The heated recycle carbon dioxide stream 184 is then routed back to the combustor 120 for use as a
diluent.

A power production plant according to the present disclosure particularly can be configured for
specific control of the combustion step of the power production process. As such, a controller 190 can be
included in the power production plant 100, and the controller can be configured to provide one or more
outputs 191 that implement one or more control functions that adjust operation of the combustor 120 to
accommodate a variable fuel. The outputs 191, for example, may provide instructions to one or more
components of the power production plant 100, such as various valves, pumps, or the like that can be
effective to adjust flow of one or more streams. Likewise, the controller 190 may receive one or more inputs
192, such as from a sensor, that can provide data specifically related the variable chemistry of the variable
fuel that can be used to determine when further control functions as described herein should be implemented
to adjust one or more combustion properties and maintain a substantially consistent combustion profile.

As used herein, a “variable fuel” is understood to mean a fuel having a composition that varies
during operation of the power production process. Because the present disclosure utilizes a variable fuel, it
is not necessary to maintain a substantially constant fuel composition during operation. Rather, the
composition of the fuel can change without substantially interruption to the operation of the power
production plant. For example, where the variable fuel is a syngas, a ratio of carbon monoxide to hydrogen
in the syngas can vary. For example, the carbon monoxide to hydrogen ratio in the syngas can vary from

about 0.8 to about 3.0, from about 0.85 to about 2.8, or about 0.9 to about 2.6 during operation of the power
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production process without requiring significant interruption of the process and without requiring changes in
combustion equipment. As another non-limiting example, the variable fuel can be a mixture of methane,
carbon monoxide, and hydrogen, and a ratio between the methane, carbon monoxide, and hydrogen can vary
during operation of the power production process without requiring significant interruption of the process
and without requiring changes in combustion equipment. Likewise, the presently disclosed configurations
allow for significant changes in the nature of the fuel. For example, the variable fuel can vary in macro
composition (i.e., the chemical makeup of the material) as opposed to micro composition (i.e., the ratio of
components of the fuel). A variance in the macro composition can comprise changing between utilizing
syngas and instead utilizing natural gas or changing between utilizing natural gas and instead utilizing
hydrogen.

The advantages of the present disclosure can be realized through the implementation of defined
controls over the operation of the combustor. As noted above, a power production process can comprise
combusting a variable fuel in a combustor in the presence of a content of a diluent (preferably CO,) and a
content of an oxidant (preferably substantially pure O,). As such, all three of the variable fuel, the diluent,
and the oxidant will be input to the combustor. Preferably, the variable fuel and the oxidant are input in a
substantially stoichiometric ratio (although an excess of oxidant in the range of about 0.1% to about 5%,
about 0.25% to about 4%, about (0.5% to about 3%, or about 1% to about 2% molar can be provided to
ensure substantially complete combustion of all fuel input to the combustor). Any one or more of the
variable fuel, the diluent, and the oxidant can be input to the combustor in a substantially pure state (i.e., not
mixed with a further material). Alternatively, the variable fuel, the diluent, and/or the oxidant can be input
to the combustor in any combinations (i.e., a mixture of the variable fuel and the diluent and/or a mixture of
the diluent and the oxidant). One or more characteristics of the combustion can be controlled through
varying one or more characteristics of the streams being input to the combustor. Thus, the variable fuel that
is subject to having varying fuel chemistries can be utilized without requirement of significant changes to the
system components despite the fuel chemistry changes.

Use of a diluent particularly can be beneficial for controlling various parameters of the combustion
process. A diluent may be mixed with a variable fuel and/or a normalizing fuel, and/or an oxidant, and/or a
combustion product. Substantially pure carbon dioxide particularly may be used as a diluent. An inert gas
may be used as a diluent. Water (e.g., steam) may be used as a diluent. The diluent may be a mixture of
materials (e.g., carbon dioxide and water). The same diluent may be used for mixture with any of the
variable fuel, the normalizing fuel, the oxidant, and the combustion product. Alternatively, two or more
different diluents may be used for mixture with any of the noted streams.

In one or more embodiments, any one or more of the pressure of the combustor exhaust stream, the
temperature of the combustor exhaust stream, and the chemistry of the combustor exhaust stream can be
controlled to be maintained within defined parameters without the need for re-configurations of the
combustor despite changes in the chemistry of the variable fuel. For example, the combustor exhaust stream

can have a pressure in the range of about 150 bar to about 500 bar, about 200 bar to about 400 bar, or about
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250 bar to about 350 bar. The temperature of the combustor exhaust stream can be in the range of about 700
°C to about 1500 °C, about 900 °C to about 1400 °C, or about 1000 °C to about 1300 °C.

In some embodiments, the present disclosure thus can provide methods for normalizing combustion
in a power production process utilizing a variable fuel. For example, such methods can comprise providing
the variable fuel to the combustor, combusting the variable fuel in the combustor with an oxidant to provide
a combustor exhaust stream,  passing the combustor exhaust stream through a turbine to generate power,
and implementing at least one control function such that one or more characteristics of the combustor
exhaust stream exiting the combustor remains controlled within a defined range despite the variance in the
chemistry of the fuel during operation of the power production process. For example, in some embodiments,
the control function can be configured such that a temperature of the combustor exhaust stream exiting the
combustor varies by no greater than 40%, no greater than 20%, no greater than 15%, no greater than 10%,
no greater than 8%, no greater than 6%, no greater than 4%, no greater than 2%, or no greater than 1% as the
composition of the variable fuel varies during operation of the power production process.

In some embodiments, the diluent can be added to the variable fuel and/or oxidant stream to control
other parameters which are important to the operation of the combustor. As a non-limiting example, the jet
speed of the variable fuel passing through the fuel injection nozzles can be modified by changing the rate of
addition of the diluent to the fuel stream.

The ability to control combustion and enable the utilization of a variable fuel is further evident in
relation to the combustor illustrated in FIG. 2. In one or more embodiments, combustion can be normalized
despite variances in combustion characteristics arising from the differing chemistries of the variable fuel.
This can be achieved, for example, by adjusting one or more characteristics of one or more of the streams
input to the combustor. As such, a single combustor can be used for combustion of a variety of different
syngas compositions as well as combustion of a variety of different gaseous fuels, such as natural gas,
substantially pure methane, hydrogen, or the like. Normalization of combustion can be quantified, for
example, in terms of any one or more of fuel heating value, flame temperature, combustion pressure,
combustor exit temperature, mass flow out of the combustor, turbine inlet flow chemistry, turbine speed, and
other such variables. In some embodiments, for example, the actual heating value achieved in the combustor
can differ from the theoretical heating value based on the given fuel chemistry due to a normalizing function
as otherwise described herein. In exemplary embodiments, a defined heating value range can be set for
combustor operation, and the defined heating value range can be maintained even though the actual heating
value of the variable fuel may increase above the defined heating value range and/or the actual heating value
of the variable fuel may decrease below the define heating value range during the course of operation of the
power production process. Specifically, the normalizing function can be effective to maintain the heating
value in the combustor within 40%, within 20%, within 15%, within 10%, within 5%, within 2%, or within
1% of a predetermined value despite changes in the fuel chemistry of the variable fuel. In other words, the
heating value of the combusted fuel in the combustor may vary by no more than the above-noted values

during operation of the power production process
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In some embodiments, the flame temperature in the combustor and/or the combustor exhaust stream
exit temperature can be maintained within a defined range (which can be less than what would be expected
based upon the given fuel chemistry or greater than what would be expected based upon the given fuel
chemistry) by implementing one or more of the normalizing functions described herein. In exemplary
embodiments, a defined flame temperature in the combustor and/or a defined exit temperature for the
combustor exhaust stream can be set for combustor operation, and the defined temperature can be
maintained even though changes in the fuel chemistry of the variable fuel would be expected to significantly
change the temperature. Specifically, the normalizing function can be effective to maintain the defined
flame temperature in the combustor and/or the defined exit temperature for the combustor exhaust stream
within 40%, within 20%, within 15%, within 10%, within 5%, within 2%, or within 1% of the defined
temperature. In other words, the flame temperature in the combustor and/or the exit temperature for the
combustor exhaust stream may vary by no more than the above-noted values during operation of the power
production process.

In some embodiments, the mass flow of the combustor exhaust stream exiting the combustor can be
maintained within a defined range by implementing one or more of the normalizing functions described
herein. In exemplary embodiments, a mass flow rate of the combustor exhaust stream exiting the combustor
(or a mass flow range) can be set for combustor operation, and the defined mass flow rate (or mass flow
range) can be maintained even though changes in the fuel chemistry of the variable fuel would be expected
to significantly change the mass flow. Specifically, the normalizing function can be effective to maintain the
defined mass flow of the exhaust stream exiting the combustor within 40%, within 20%, within 15%, within
10%, within 5%, within 2%, or within 1% of the defined mass flow. In other words, the mass flow for the
combustor exhaust stream exiting the combustor may vary by no more than the above-noted values during
operation of the power production process.

In one or more embodiments, the varying chemistries of the variable fuel 207a being input to the
combustor 220 can be normalized by being blended with a diluent 283b which, in preferred embodiments,
can comprise substantially pure carbon dioxide. The diluent 283b can then controlled as a normalizing
function that can be adjusted in one or more manners as the fuel chemistry of the variable fuel 207a changes
during operation of the power production process. Controlling this function can be effective to cause the
flame generated in a combustion zone 221 of the combustor 220 by the combustion of the variable fuel 207a
blended with the diluent 283b can be substantially unchanged regardless of the actual chemistry of the
variable fuel that is utilized for combustion. In some embodiments, the control function imparted by
blending the diluent with the variable fuel can be based upon any one or more of the following:

The dilution ratio of the diluent blended with the variable fuel prior to combustion: The dilution
ratio can vary based upon the actual heating value of the variable fuel at the time of dilution. For example,
when the chemistry of the variable fuel provides a relatively low heating value, the dilution ratio (i.e., the
amount of diluent added) can be low, and when the chemistry of the variable fuel provides a relatively high

heating value, the dilution ratio can be higher. In this manner, an average heating value can be achieved. In
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some embodiments, the ratio of diluent to variable fuel can be about 0.1 to about 2, about 0.5 to about 1.5, or
about 0.8 to about 1.2.

The temperature of the diluent when added to the variable fuel: The temperature of the diluent can
be used, for example, to control the flame temperature in the combustor. For example, when the chemistry
of the variable fuel provides a relatively low heating value, the diluent can be provided at a higher
temperature so as not to artificially lower flame temperature. When the chemistry of the variable fuel
provides a relatively high heating value, however, the temperature of the diluent can be lower so that the
flame temperature does not exceed a desired range. The temperature of the diluent when added to the
variable fuel can be effective to change the overall temperature of the variable fuel, which temperature itself
can be a control function.

The flow rate of the diluent when added to the variable fuel: The addition of diluent to the variable
fuel can facilitate a wide variety of changes to the variable fuel. For example, the heating value of the
variable fuel can be modified as discussed above. Further, volumetric and mass flow rates can impact the
total amount of the variable fuel that is needed (i.e., as a function of mass and heating value). Such flow
rates likewise can impact the pressure drop through the injection nozzle as well as the fuel and jet speed
through the nozzle. The addition flow rate for the diluent further can affect the peak flame temperature,
which can impact the nature of any impurities that are formed (e.g., NOx and/or SOx), the extent of CO
burnout that occurs, and the CO, dissociation rate.

In one or more embodiments, variations in combustion properties caused by the varying chemistries
of the variable fuel 207a being input to the combustor 220 can be normalized by controlling the oxidant 203
being input to the combustor. Preferably, the oxidant is a mixture of oxygen and a diluent (e.g., an inert gas,
carbon dioxide, or water). As illustrated in FIG. 2, a substantially pure stream of oxygen 203 is blended
with a stream of substantially pure carbon dioxide 283a for input to the combustor 220. In some
embodiments, the oxidant stream entering the combustor 220 can include about 5% to about 95% by mass
oxygen, about 5% to about 75% by mass oxygen, about 5% to about 50% by mass oxygen, about 10% to
about 40% by mass oxygen, or about 15% to about 30% by mass oxygen, with the remaining portion of the
oxidant being the diluent. In particular exemplary embodiments, the mixture can be about 20% by mass O,
and about 80% by mass CO,. In some cases, the diluent content in the oxidant can be a tuning parameter for
any one or more of combustion mass control, flame shape control, and flame temperature control. Diluent
(e.g., COy) in some embodiments can be provided in both the fuel stream and the oxidant stream. As such
either stream (or both streams) can function as a moderator to ensure a moderate flame temperature for low
NOx generation. In such combustion embodiments, about 1-2% molar excess oxygen can be provided into
the combustor to ensure complete fuel burnout. In some embodiments, combustion thus can be normalized
by implementing a control function that can include varying a ratio of the oxygen to the carbon dioxide in
the oxidant as the composition of the variable fuel varies during operation of the power production process.

Normalizing combustion as the fuel chemistry of the variable fuel changes during operation of the

power production process can be achieved in further embodiments by adjusting further parameters related to
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the fuel and oxidant. In some embodiments, a control function for controlling combustion properties can
include varying the temperature of the oxidant that is input to the combustor. Accordingly, as the fuel
chemistry changes, the oxidant temperature may be adjusted to maintain one or more combustion properties
within a defined, acceptable range. In some embodiments, a control function for controlling combustion
properties can include varying the temperature of the variable fuel that is input to the combustor.
Accordingly, as the fuel chemistry changes, the fuel temperature may be adjusted to maintain one or more
combustion properties within a defined, acceptable range. In some embodiments, a control function for
controlling combustion properties can include varying the flow rate of the oxidant that is input to the
combustor. Accordingly, as the fuel chemistry changes, the oxidant flow rate may be adjusted to maintain
one or more combustion properties within a defined, acceptable range. In some embodiments, a control
function for controlling combustion properties can include varying the flow rate of the variable fuel that is
input to the combustor. Accordingly, as the fuel chemistry changes, the fuel flow rate may be adjusted to
maintain one or more combustion properties within a defined, acceptable range.

In one or more embodiments, the varying chemistries of the variable fuel 207a being input to the
combustor 220 can be normalized by being blended with a further fuel of known, substantially consistent
chemistry. The fuel of known, substantially constant or consistent chemistry can be characterized as a
“normalizing fuel” in that it can be blended with the variable fuel in a sufficient ratio to dilute the effects of
changes in the chemistry of the variable fuel during operation of the power production process. For
example, the normalizing fuel 207b can be blended with the variable fuel 207a at some point upstream from
the injection of the fuel(s) into the combustor 220. The blend ratio, the temperature of the normalizing fuel,
and similar properties as already discussed herein can be utilized so that the normalizing fuel 207b can be
controlled as a normalizing function that can be adjusted in one or more manners as the fuel chemistry of the
variable fuel 207a changes during operation of the power production process. Controlling this function can
be effective to cause the flame generated in the combustion zone 221 of the combustor 220 by the
combustion of the combined fuel (variable fuel 207a and normalizing fuel 207b) can be substantially
unchanged regardless of the actual chemistry of the variable fuel that is utilized for combustion. In some
embodiments, the normalizing fuel can be natural gas or substantially pure methane. In other embodiments,
the normalizing fuel may be carbon monoxide, hydrogen, or a syngas composition of substantially constant
or consistent chemistry. The normalizing fuel preferably will have a known heating value so that the ratio of
the normalizing fuel to the variable fuel can be varied during operation of the power production process as
the fuel chemistry of the variable fuel changes and thus maintain substantially constant combustion
properties. In some embodiments, the ratio of normalizing fuel to variable fuel can be about 0.1 to about 2,
about 0.5 to about 1.5, or about 0.8 to about 1.2.

While normalizing of combustion may be achieved through one or more of the control functions
described above, it is further possible to control the power production process downstream of combustion.
In some embodiment, this can be achieved within the combustor 220. For example, the combustor 220 can

be configured to include a combustion zone 221 where the fuel and oxidant mix and the fuel is combusted
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and a dilution zone 222 where the combustion product may undergo one or more changes prior to exiting the
combustor. As illustrated in FIG. 2, the combustion zone 221 is upstream of the dilution zone 222, and the
dilution zone is downstream of the combustion zone. A diluent 283c can be injected into the combustor 220
in the dilution zone 222 to normalize one or more properties related to combustion. For example, the
amount of diluent 283c can vary as the fuel chemistry of the variable fuel 207a changes during operation of
the power production process to provide cooling to the combustion exhaust as needed to maintain consistent
combustion properties. The amount of diluent 283c that is added may also vary as the flow rates of one or
more of the variable fuel 207a, the oxidant 203, and the normalizing fuel 207b (when applicable) changes.
Thus, the diluent 283c input to the dilution zone 222 can be used to make up for fluctuations in flow rates of
one or more further streams as a means for normalizing combustion.

In some embodiments, the input of a diluent into the dilution zone 222 of the combustor 220 can be
used as a control function for normalization of combustion in a power production process in relation to a
variety of actions. In exemplary embodiments, it can be useful to control a mass flow rate of the diluent
injected into the combustor in the dilution zone to be greater than a mass flow rate of the variable fuel
provided to the combustor. In further exemplary embodiments, it can be useful to control a mass flow rate
of the diluent injected into the combustor in the dilution zone to be greater than a mass flow rate of the
oxidant provided to the combustor. In other exemplary embodiments, it can be useful to control a mass flow
rate of the diluent injected into the combustor in the dilution zone to be greater than a mass flow rate of both
of the variable fuel provided to the combustor and the oxidant provided to the combustor. In still further
exemplary embodiments, it can be useful to vary a temperature of the diluent injected into the combustor in
the dilution zone as the composition of the variable fuel varies during operation of the power production
process. The mass flow rate of the diluent injected into the dilution zone of the combustor may remain
substantially constant as the temperature is changed to make the necessary adjustment based on the change
in the fuel chemistry; however, the diluent flow rate into the dilution chamber may vary in combination with
a change in the temperature of the diluent. In preferred embodiments, the diluent 283c can be substantially
pure carbon dioxide. In further embodiments, however, different diluents or combinations of diluents may
be used. In some embodiments, the amount of diluent to be added to the dilution zone can depend upon the
length of the dilution zone relative to the length of the combustion zone. For example, a ratio of the length
of the combustion zone to a length of the dilution zone can be about 0.25 to 1.5.

The ability to maintain a substantially constant combustor output across a variety of fuel chemistries
can be important in that it allows for the use of a single turbine in the power production system. Typically,
changes in fuel chemistry can require changes to the turbine because of the differing characteristics of the
combustor output based upon the fuel chemistry. As such, a power production plant must utilize multiple
turbines (and typically multiple combustors) to accommodate different fuel chemistries. Alternatively, a
power production plant with a single combustor and/or single turbine can be limited to combustion of only a
single fuel chemistry that will leave little room for chemistry fluctuations. Because of the ability according

to the present disclosure to provide a substantially constant combustor output across a variety of different
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fuel chemistries, it is possible to carry out the power production methods with a power production system
including only a single turbine (and a single combustor). Accordingly, the present methods advantageously
can normalize combustion properties across a spectrum of fuel chemistries so that a power production
system and method designed to function under a defined set of operating parameters can successfully
function within the parameter set despite the use of differing fuel chemistries that would otherwise be
expected to cause operating conditions to exceed one or more of the predefined operating parameters. This
can be particularly advantageous in that power production can be achieved using differing fuel chemistries
even with systems and methods that typically have relatively narrow ranges of allowable operating
parameters, such as a semi-closed loop CO, cycle. Perturbations in combustion characteristics and flame
across these mixtures can be mitigated since performance of each individual fuel mixture composition can
be made substantially identical through implementation of one or more of the control parameters.

Many modifications and other embodiments of the presently disclosed subject matter will come to
mind to one skilled in the art to which this subject matter pertains having the benefit of the teachings
presented in the foregoing descriptions and the associated drawings. Therefore, it is to be understood that
the present disclosure is not to be limited to the specific embodiments described herein and that
modifications and other embodiments are intended to be included within the scope of the appended claims.
Although specific terms are employed herein, they are used in a generic and descriptive sense only and not

for purposes of limitation.
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CLAIMS:

1. A method for normalizing combustion in a power production process, the method
comprising:

providing a variable fuel to a combustor, the variable fuel having a composition that varies during
operation of the power production process;

combusting the variable fuel in the combustor with an oxidant to provide a combustor exhaust
stream,;

passing the combustor exhaust stream through a turbine to generate power; and

implementing at least one control function such that one or both of a temperature and a mass flow of
the combustor exhaust stream exiting the combustor varies by no greater than 10% as the composition of the

variable fuel varies during operation of the power production process.

2. The method of claim 1, wherein the variable fuel is a syngas, and wherein a ratio of carbon

monoxide to hydrogen in the syngas varies during operation of the power production process.

3. The method of claim 1 or claim 2, wherein the variable fuel is a mixture of methane, carbon
monoxide, and hydrogen, and a ratio between the methane, carbon monoxide, and hydrogen varies during

operation of the power production process.

4. The method of any one of claims 1 to 3, wherein the oxidant is a mixture of oxygen and a

diluent.

5. The method of claim 4, wherein the oxidant includes about 5% to about 50% by mass

oxygen, with the remaining portion of the oxidant being the diluent.

6. The method of claim 4, wherein the oxidant includes about 15% to about 30% by mass

oxygen, with the remaining portion of the oxidant being the diluent.

7. The method of claim 4, wherein the at least one control function includes varying a ratio of
the oxygen to the diluent in the oxidant as the composition of the variable fuel varies during operation of the

power production process.
8. The method of any one of claims 1 to 7, wherein the at least one control function includes

varying one or more of a temperature of the oxidant input to the combustor, a temperature of the variable

fuel input to the combustor, a flow rate of the oxidant input to the combustor, and a flow rate of the variable
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fuel input to the combustor as the composition of the variable fuel varies during operation of the power

production process.

9. The method of any one of claims 1 to 8, wherein the variable fuel provided to the combustor

is blended with a normalizing fuel having a substantially constant composition.

10. The method of claim 9, wherein the normalizing fuel is natural gas or substantially pure

methane.

11. The method of claim 9, wherein the at least one control function includes varying a ratio of

the normalizing fuel to the variable fuel that is combusted in the combustor.

12. The method of any one of claims 1 to 11, wherein the variable fuel provided to the

combustor is blended with a diluent.

13. The method of claim 12, wherein the diluent is carbon dioxide.

14. The method of claim 12, wherein the at least one control function includes varying a ratio of

the diluent to the variable fuel that is combusted in the combustor.

15. The method of any one of claims 1 to 14, wherein the combustor is configured with a
combustion zone and a dilution zone, wherein the combustion zone is upstream of the dilution zone, and the
dilution zone is downstream of the combustion zone, and wherein a diluent is injected into the combustor in

the dilution zone.

16. The method of claim 15, wherein a ratio of the length of the combustion zone to a length of

the dilution zone is about 0.25 to 1.0.

17. The method of claim 15, wherein the at least one control function includes:

controlling a mass flow rate of the diluent injected into the combustor in the dilution zone to be
greater than a mass flow rate of the variable fuel provided to the combustor;

controlling a mass flow rate of the diluent injected into the combustor in the dilution zone to be
greater than a mass flow rate of the oxidant provided to the combustor; or

controlling a mass flow rate of the diluent injected into the combustor in the dilution zone to be
greater than a mass flow rate of both of the variable fuel provided to the combustor and the oxidant provided

to the combustor.
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18. The method of claim 15, wherein the at least one control function includes varying one or
more of a temperature, a flow rate, and a chemistry of the diluent injected into the combustor in the dilution

zone as the composition of the variable fuel varies during operation of the power production process.

19. The method of claim 15, wherein the diluent is carbon dioxide.

20. A power production plant comprising:

a combustor configured to receive an oxidant, a diluent, and a variable fuel having a composition
that varies during operation of the power production plant, the combustor being configured to output a
combustor exhaust stream;

a turbine;

a generator;

a supply system for the variable fuel;

a supply system for the oxidant; and

a control system configured to adjust one or more parameters related to one or more of the variable
fuel, the oxidant, and the diluent such that one or both of a temperature and a mass flow of the combustor
exhaust stream exiting the combustor varies by no greater than 10% as the composition of the variable fuel

varies during operation of the power production plant.
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