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(57) Abstract: The present disclosure relates to systems and methods that provide power generation using predominantly CO 2 as a 
working fluid. In particular, the present disclosure provides for particular configurations for startup of a power generation system 
whereby the combustor may be ignited before the turbine is functioning at a sufficiently high speed to drive the compressor on a 
common shaft to conditions whereby a recycle CO2 stream may be provided to the combustor at a sufficient flow volume and flow 
pressure. In some embodiments, a bypass line may be utilized to provide additional oxidant in place of the recycle CO 2 stream.
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SYSTEM AND METHOD FOR STARTUP OF 

A POWER PRODUCTION PLANT 

FIELD OF THE DISCLOSURE 

The presently disclosed subject matter relates to power production plants. Particularly, 

system configurations and methods are provided for startup of a power product plant.  

BACKGROUND 

5 Various systems and methods are known for production of power (e.g., electricity) via 

combustion of a fuel. For example, U.S. Patent No. 8,596,075 to Allam et al., the disclosure of 

which is incorporated herein by reference, describes combustion cycles wherein CO2 is used as a 

working fluid and all produced CO2 from combustion may be captured (e.g., for sequestration or 

other use). Such systems in particular benefit from the recognized usefulness of heating a recycle 

10 CO2 stream in a recuperative heat exchanger using heat from the hot turbine exhaust as well as 

adding further heat from a source other than the turbine exhaust.  

Although various power production systems and methods may exhibit desired properties, 

the operating conditions of such systems may not account for certain requirements during specific 

phases of operation. In particular, special consideration may be required for operating conditions at 

15 startup of a power plant that may not be encompassed by the general operating conditions of the 

power plant in full production mode. Accordingly, there is a need for configurations that may be 

applied to power production plants that enables efficient startup and that allows for efficient 

changeover to normal operating configurations at the appropriate time.  

20 SUMMARY OF THE DISCLOSURE 

The present disclosure provides configurations that may be applied to a power production 

plant so that startup of the plant may proceed under a broader set of conditions that may otherwise 

be possible. In particular, the present disclosure enables startup of a combustion cycle power plant 

with combustor ignition below a turbine threshold speed that would otherwise be possible.  

25 In some embodiments, the present disclosure relates to startup of power plants 

implementing a combustion cycle wherein CO2 is utilized as a working fluid and wherein CO 2 

formed in combustion may be captured. Examples of systems and methods for power production 

under such conditions are provided in U.S. Patent Nos. 8,596,075 to Allam et al., 8,776,532 to 

Allam et al., 8,869,889 to Palmer et al., 8,959,887 to Allam et al., and 8,986,002 to Palmer et al., as 

30 well as U.S. Patent Publication Nos. 2012/0067056 to Palmer et al., 2012/0237881 to Allam et al., 

2013/0104525 to Allam et al., and 2013/0118145 to Palmer et al., the disclosures of which are 
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incorporated herein by reference in their entireties. Any combinations of process steps and system 

components may be utilized in the methods and systems of the present disclosure.  

In some embodiments, for example, power production can be achieved utilizing a closed 

cycle or partially closed cycle system in which CO2 is utilized as the working fluid. In such 

5 systems, a fossil fuel or a fuel derived from a fossil fuel (e.g., syngas derived from coal or other 

solid carbonaceous fuel) is completely combusted in a combustor with an oxidant (e.g., oxygen) to 

give an oxidized stream of predominantly CO 2 , H 20, excess 02, and a quantity of impurities 

derived from oxidized components in the fuel or oxidant, such as SO 2 , NO, Hg, and HCl. The 

oxygen may be mixed with CO2 . As a non-limiting example, the molar concentration of 02 in the 

10 combined 0 2/C2 stream can be about 10% to about 50%, about 15% to about 40%, or about 20% 

to about 30%. Solid fossil fuels, such as coal, lignite, or petroleum coke, that contain non

combustible ash may be converted to a gaseous fuel by partial oxidation in a single stage or multi

stage system. Such system, for example, may comprise a partial oxidation reactor. Alternatively, 

for example, such system may comprise a partial oxidation reactor and an ash and volatile 

15 inorganic component removal system. Such systems further comprise combustion of the fuel gas 

with oxygen in the combustor of the power production system. A preheated recycle CO 2 stream is 

mixed in the combustor with the combustion products in the formed fuel gas. Any combustor 

adapted for operation under conditions otherwise described herein may be used, and the recycle 

CO2 stream may be introduced to the combustor by any means to be further heated by the 

20 combustion and, if desired, to quench and thereby control the temperature of the exit stream. In 

some embodiments, one or both of a POX reactor and the combustor may utilize, for purposes of 

example only, a transpiration cooled wall surrounding the reaction or combustion space, and the 

preheated recycle CO2 stream may pass through the wall to both cool the wall and to quench and 

thereby control the temperature of the exit stream. The transpiration flow promotes good mixing 

25 between the recycle CO2 and the hot combusted fuel gas streams. Other types of combustors, 

however, may also be used, and the present disclosure is not limited to the use of transpiration 

cooled combustors. The combined combustion products and preheated recycle CO 2leaving the 

combustor are at the temperature required for the inlet to a power-producing turbine. The hot 

turbine exhaust can be cooled in an economizing heat exchanger, which in turn preheats the high 

30 pressure CO 2 recycle stream.  

The power production systems and methods may be operated under a combined set of 

conditions that may be characterized as the "normal" or "standard" operating parameters. Each 

condition (e.g., combustion temperature, turbine speed, compression ratios, etc.) making up the set 

of parameters may be within its own respective range, and the "normal" or "standard" operating 
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parameters may be defined in relation to operation of the power production system or method in its 

power producing state.  

A power production plant, however, cannot go from idle conditions to full operational mode 

instantaneously. Rather, the components of the power production plant must be brought up to 

5 normal operating parameters according to a particular algorithm. For example, in a power 

production system wherein a turbine and a compressor are provided on a common shaft, 

compressor output is limited by turbine speed, and combustion may not begin until the compressor 

is providing sufficient flow of the CO 2 recycle stream to appropriately mediate combustion 

temperature. Accordingly, combustor ignition may not be possible until the turbine reaches a 

10 certain threshold speed. In some embodiments, the shaft-driven compressor may not be capable of 

generating the required flow volume and flow pressure below a shaft speed that is about 85% of the 

final shaft speed - i.e., the shaft speed when the turbine is operating at its normal power production 

parameter. According to the present disclosure, however, systems and methods are provided 

wherein combustor ignition is possible below the turbine threshold value.  

15 In some embodiments, the present disclosure thus provides a power production system.  

Such system can comprise: a combustor; a turbine; a first compressor, which may be a shaft-driven 

compressor on a common shaft with the turbine; an oxidant compressor, which may be a motor

driven compressor; an exhaust flow line configured for passage of a turbine exhaust stream from 

the turbine to the first compressor; a recycle flow line configured for passage of a CO 2 recycle 

20 stream from the first compressor to the combustor; an oxidant flow line configured for passage of 

an oxidant stream from the oxidant compressor to the turbine; and a bypass line configured for 

passage of at least a portion of the oxidant stream from the oxidant flow lines to the recycle flow 

lines. In further embodiments, the system may be defined by one or more of the following 

statements, which may be utilized in any combination and number.  

25 The bypass line can include a valve.  

The bypass line valve can be configured to be open below a first turbine threshold speed.  

The bypass line valve can be configured to be closed above a second turbine threshold 

speed.  

The power production system can comprise a recuperative heat exchanger.  

30 The exhaust flow line, the recycle flow line, and the oxidant flow line can be configured for 

passage of their respective streams through the recuperative heat exchanger.  

The first compressor can be a shaft-driven compressor.  

The oxidant compressor can be a motor-driven compressor.  

The turbine can include a gland seal and an air input.  
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The power production system further can comprise a gland seal compressor configured to 

receive and compress a stream of air and turbine exhaust from the gland seal.  

The power production system further can comprise a vent in arrangement with the gland 

seal compressor and a vent line between the gland seal compressor and the vent.  

5 The vent line between gland seal and the vent can be in a flow arrangement with the exhaust 

flow line, and the vent line and the exhaust flow line can be arranged relative to the vent for 

preferential flow to the vent from the respective lines.  

In some embodiments, the present disclosure can provide methods for startup of a power 

production plant. For example, such method can comprise the following: pressurizing an oxidant 

10 stream in an oxidant compressor; passing pressurized oxidant from the oxidant compressor to a 

combustor through an oxidant flow line; combusting a fuel with the oxidant in the combustor; 

expanding a combustion product stream from the combustor in a turbine; cooling a turbine exhaust 

stream from the turbine in a recuperative heat exchanger; removing water from the turbine exhaust 

stream to form a CO 2 recycle stream; and compressing the CO 2 recycle stream in a shaft-driven 

15 compressor on a common shaft with the turbine to form a compressed CO 2 recycle stream for 

passage to the combustor in a recycle flow line; wherein the compressed CO 2 recycle stream is 

exhausted and oxidant from the motor-driven compressor is passed through the recycle flow line to 

the combustor until the turbine reaches a defined threshold speed. In further embodiments, the 

method may be defined by one or more of the following statements, which may be utilized in any 

20 combination and number.  

The defined threshold speed can be about 85% of the normal operation speed.  

The oxidant entering the oxidant compressor can be a mixture of 02 and CO 2.  

The oxidant entering the oxidant compressor can be air.  

The turbine can include a gland seal, an air input, and a gland seal compressor configured to 

25 receive and compress a stream of air and turbine exhaust from the gland seal.  

In some embodiments, substantially none of the compressed CO2 recycle stream is passed to 

the combustor through the recycle flow line until the turbine reaches the defined threshold speed.  

Substantially none specifically can mean completely none or only a de minimis volume.  

These and other features, aspects, and advantages of the disclosure will be apparent from a 

30 reading of the following detailed description together with the accompanying drawing, which is 

briefly described below. The invention includes any combination of two, three, four, or more of the 

embodiments described herein as well as combinations of any two, three, four, or more features or 

elements set forth in this disclosure, regardless of whether such features or elements are expressly 

combined in a specific embodiment description herein. This disclosure is intended to be read 

35 holistically such that any separable features or elements of the disclosed invention, in any of its 
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various aspects and embodiments, should be viewed as intended to be combinable unless the 

context clearly dictates otherwise.  

Definitions of the specific embodiments of the invention as claimed herein follow.  

According to a first embodiment of the invention, there is provided a power production 

5 system comprising: 

a combustor; 

a turbine that includes a gland seal and an air input; 

a first compressor that is a shaft-driven compressor on a common shaft with the turbine; 

an oxidant compressor; 

[0 an exhaust flow line configured for passage of a turbine exhaust stream from the turbine 

to the first compressor; 

a recycle flow line configured for passage of a C02 recycle stream from the first 

compressor to the combustor; 

an oxidant flow line configured for passage of an oxidant stream from the oxidant 

[5 compressor to the combustor; 

a bypass line configured for passage of at least a portion of the oxidant stream from the 

oxidant flow line to the recycle flow line; 

a gland seal compressor configured to receive and compress a stream of air and turbine 

exhaust from the gland seal; 

!0 a vent in arrangement with the gland seal compressor to receive a flow from the gland 

seal compressor; and 

a vent line between the gland seal compressor and the vent.  

According to a second embodiment of the invention, there is provided a method for 

startup of a power production plant, the method comprising: 

25 pressurizing an oxidant stream in a motor-driven oxidant compressor; 

passing pressurized oxidant from the oxidant compressor to a combustor through an 

oxidant flow line; 

combusting a fuel with the oxidant in the combustor; 

expanding a combustion product stream from the combustor in a turbine; 

30 cooling a turbine exhaust stream from the turbine in a recuperative heat exchanger; 

removing water from the turbine exhaust stream to form a C02 recycle stream; and 

compressing the C02 recycle stream in a shaft-driven compressor on a common shaft 

with the turbine to form a compressed C02 recycle stream configured for passage to the 

combustor in a recycle flow line passing through the recuperative heat exchanger; 
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wherein the compressed C02 recycle stream is recirculated and oxidant from the motor

driven oxidant compressor is passed through the recycle flow line to the combustor until the 

turbine reaches a defined threshold speed that is about 50% of the normal operation speed.  

5 BRIEF DESCRIPTION OF THE FIGURE 

Having thus described the disclosure in the foregoing general terms, reference will now 

be made to the accompanying drawing, which is not necessarily drawn to scale, and wherein the 

FIGURE shows a flow diagram of a power production system and method according to an 

exemplary embodiment of the present disclosure including a bypass line configured for passage 

[0 of compressed oxidant to the recycle flow line during a startup stage, said flow being 

configured for shut-off once desired operating parameters are achieved.  

DETAILED DESCRIPTION 

The present subject matter will now be described more fully hereinafter with reference 

[5 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 

0 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 that provide power generation 

using predominantly C02 as a working fluid. In particular, the process uses a high pressure/low 

pressure ratio turbine that expands a mixture of a high pressure recycle C02 stream and 

25 combustion products arising from combustion of the fuel. Any fossil fuel, particularly 

carbonaceous fuels, may be used. Non-limiting examples include natural gas, compressed 

gases, fuel gases (e.g., comprising one or more of H2, CO, CH4, H2 S, and NH 3) and like 

combustible gases. Solid fuels - e.g., coal, lignite, petroleum coke, bitumen, biomass, and the 

like, or viscous liquid fuels may be used as well with incorporation of necessary system 

30 elements. For example, a partial oxidation combustor can be used to convert the solid or 

viscous liquid fuel to a fuel gas that is substantially free of solid particles. All fuel and 

combustion derived impurities, such as sulfur compounds, NO, NO2 , C02, H20, Hg, and the 

like can be separated for disposal with substantially or completely no emissions to the 

atmosphere. Pure oxygen can be used as the oxidant in the combustion process.  
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The hot turbine exhaust is used to partially preheat the high pressure recycle C02 

stream. In combination with this heating, the recycle C02 stream can be further heated using 

additive heating 

5 [Text continues on page 6.] 
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that can be derived from a variety of sources (e.g., from an air separation unit or from the 

compression energy of a CO 2 compressor).  

A power production method according to the present disclosure can comprise passing a 

compressed, heated recycle CO2 stream into a combustor. The compressed, heated recycle CO 2 

5 stream can be formed as further described below. In the combustor, a fuel can be combusted with 

oxygen (e.g., at least 98% or at least 99% pure 02) in the presence of the recycle CO 2 stream to 

produce a CO2 containing stream. The CO2 containing stream from the combustor can have a 

temperature of about 500 °C or greater (e.g., about 500 °C to about 1,700 C) and a pressure of 

about 150 bar (15 MPa) or greater (e.g., about 150 bar (15 MPa) to about 500 bar (50 MPa). The 

10 CO2 containing stream can be passed through a turbine to expand the CO 2 containing stream, 

generate power, and form a turbine exhaust stream comprising CO 2 . The CO 2 containing stream 

can be expanded across the turbine at a desired pressure ratio.  

The turbine exhaust stream can be processed to remove combustion products and any net 

CO2 produced by combustion of the fuel. To this end, the turbine exhaust stream can be cooled by 

15 passage through a heat exchanger. Any suitable heat exchanger suitable for use under the 

temperature and pressure conditions described herein can be utilized. In some embodiments, the 

heat exchanger can comprise a series of at least two, at least three, or even more economizer heat 

exchangers. A single heat exchanger with at least two sections, at least three sections (or even 

more sections) can be used. For example, the heat exchanger may be described has having at least 

20 three heat exchange sections operating across different temperature ranges. Withdrawn heat from 

the turbine exhaust stream can be utilized for heating the recycle CO 2 stream as described below.  

The turbine exhaust stream can be divided into two or more portions. The first portion can 

comprise 50% or greater, 70% or greater, or 90% or greater (but less than 100%) of the total mass 

flow of the turbine exhaust stream. All or a portion of the turbine exhaust stream can be passed 

25 through a separator to remove water and can be further treated to remove other combustion 

products or impurities. The resulting stream can be described as a main recycle CO2 stream. A 

portion of the main recycle CO 2 stream can be combined with oxygen to form the oxidant stream, 

which can be compressed in one or more stages to the desired combustor input pressure. A portion 

of the main recycle CO 2 stream can be compressed such as in a multi-stage compressor with 

30 intercooling between the stages. Preferably, the main recycle CO 2 stream (alone or combined with 

the oxygen) is compressed to a pressure of about 40 bar (4 MPa) to about 400 bar (40 MPa), about 

80 bar (8 MPa) to about 200 bar (20 MPa), or about 100 bar (10 MPa) to about 150 bar (15 MPa).  

The compressed recycle CO2 stream is then passed back through the heat exchangers to be heated.  

The compressed recycle CO2 stream is heated using the heat withdrawn from the turbine exhaust 

35 stream (which can be characterized as the heat of combustion that remains in the turbine exhaust 
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stream). In order to achieve a close temperature approach between the turbine exhaust stream and 

the heated, compressed recycle CO2 stream leaving the heat exchanger and entering the combustor, 

additional heat (e.g., heat of compression) can be added. The use of the additive heating can be 

beneficial to reduce temperature differential between the turbine exhaust stream and the heated, 

5 compressed recycle CO2 stream leaving the heat exchanger and entering the combustor to about 30 

°C or less, about 25 °C or less, or about 20 °C or less, such as about 2 °C to about 20 °C, or about 2 

°C to about 10 °C.  

While the above is provided as being exemplary of normal operating parameters for various 

components and process steps of the power production system and method, certain conditions must 

10 be implemented in order to transition from an idle state to a normal operating state wherein such 

conditions may be applicable to all components of the system. FIG. 1 illustrates a flow diagram of 

a power production system and method according to the present disclosure wherein a bypass line is 

included. The bypass line provides for passage of compressed oxidant to the recycle flow line, 

such bypass flow being controllable via one or more valves such that the flow can be turned on 

15 during startup and turned off once desired operating parameters are achieved. When the bypass 

line is actively passing oxidant to the recycle line, flow of CO 2 recycle stream from the shaft-driven 

compressor can be shut off so that the CO 2 recycle stream is not passing into the recycle flow line.  

In particular, the CO2 recycle stream may be exhausted during startup, or this flow may be allowed 

to recycle around the shaft-driven compressor to allow the compressor to move from idle to a point 

20 to within its operational range. Such configuration during startup is desirable because the shaft

driven compressor that is utilized to compress the CO 2 recycle stream cannot provide the required 

flow volume and flow pressure to properly regulate the combustion temperature in the combustor 

until the speed of the shaft shared by the compressor and the turbine is functioning at the turbine 

threshold speed or greater. The oxidant compressor, however, can be a motor-driven compressor 

25 and, as such, may be operated so as to provide the required flow volume and flow pressure for input 

to the combustor, even during the startup time wherein the shaft speed is below the turbine 

threshold speed. It is understood that the combustion chemistry during this startup stage would be 

different than the combustion chemistry during normal power production operation. This is 

because a greater percentage of oxidant is being utilized in the combustor than would be present if 

30 the CO2 recycle stream was being flowed to the combustor. Since the startup stage is sufficiently 

short in duration, the difference in combustion chemistry is not detrimental to the overall system 

and methods. In addition, this chemistry is quickly diluted once the system is operating under 

normal operating parameters.  

Once the turbine has been operational for a sufficient duration to achieve the turbine 

35 threshold seed. the bypass line can be closed, and flow of the CO 2 recycle stream can begin to 
-7-
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pass through the recycle flow line to the combustor for normal operation. In some embodiments, 

the turbine threshold speed can be about 50% or greater of the speed at which the turbine operates 

in the normal, power production mode. In further embodiments, the turbine threshold speed can be 

about 60% or greater, about 70% or greater, about 80% or greater, about 85% or greater, or about 

5 90% or greater of the speed at which the turbine operates in the normal, power production mode.  

Once the turbine threshold speed is achieved, the bypass line can be closed. For example, a 

valve in the line may be closed. As the bypass line valve closes, the flow controller for the CO 2 

recycle stream compressor will cause the CO2 recycle stream to begin to flow into and through the 

recycle flow line and to the combustor. In this manner, the flow regulating the combustion 

10 temperature is continuous even though the chemistry may be changing as the oxidant stream is 

replaced by the CO 2 recycle stream.  

In the exemplary embodiments illustrated in the FIGURE, natural gas (NG) fuel passes 

through valve 1 and line 120 into the combustor 15 where it is combusted with oxygen in the 

presence of CO2 to form a combustion product stream that is expanded in the turbine 20 to produce 

15 turbine exhaust stream 126. Air from air source 22a passes through the gland seal 21 to combine 

with exhaust from the turbine escaping around the gland seal and form stream 122, which becomes 

stream 123, and which is compressed in the gland seal compressor 23 to form stream 124a. In 

some cases, valve 2 is opened and air from air source 22b exits valve 2 as air stream 121, which air 

stream mixes with stream 122 to form stream 123, which stream can contain a large fraction of air.  

20 In some embodiments, the system can be configured for preferential flow of one or more streams 

through one or more valves. For example, line 124a and line 126 (after exiting the heat exchanger 

30) can be configured relative to valve 3 such that line 124a is closer to the valve than line 

126. This allows the vent flow through valve 3 to preferentially use the flow from line 124a, 

instead of the flow from line 126. The configuration can be adjusted to provide desired flow 

25 mixtures as desired. Because of this, any contaminants which enter the system from air ingress 22a 

or 22b can be minimized since the contaminants can be preferentially sent to the vent (valve 3). In 

addition, operation of gland seal compressor 23 can also minimize air leakage and therefore 

contaminants entering the system.  

The turbine exhaust stream 126 is cooled in the heat exchanger 30, and any portion of 

30 stream 124a not vented through valve 3 can be combined with the cooled turbine exhaust stream 

126 through stream 124b. CO2 from CO2 source 115 passes through valve 4 and line 127 and is 

combined with the cooled turbine exhaust stream 126 before passage through the separator 40.  

Water stream 125 from the separator 40 can be drawn off through valve 6 and/or compressed in 

pump 90 to form stream 147, which is cooled in water cooler 101 to form stream 148 that is 

35 recycled into the separator. Substantially pure CO2 exits the separator 40 as a recycle stream in line 
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128 and is compressed in main compressor 50 to form compressed CO2 recycle stream 130 that is 

cooled in water cooler 102 to form stream 131 that passes through main pump 60 and is directed to 

the combustor 15 in recycle line 133 passing through valve 13. A portion of stream 130 may pass 

through valve 8 and line 135 for recirculation through the main compressor 50. A portion of the 

5 compressed CO2 recycle stream from recycle line 133 may be drawn off in line 134 upstream of 

valve 13 and passed through valve 9 for recirculation through the water cooler 102. The CO 2 

recycle stream in line 131 may bypass the pump 60 in pump bypass line 132 which includes the 

exit valve 12 for the main compressor 50.  

A portion of the CO 2 recycle stream from line 128 may pass through valve 7 to line 136 to 

10 combine with oxygen from oxygen source 205 through valve 5 and line 137 to form oxidant stream 

138. The oxidant stream 138 (a 02/CO2 mixture) is passed through heat exchanger 103 to form 

stream 139, which is compressed in the oxidant compressor 70 and exits in line 140. A portion of 

the compressed oxidant stream from line 140 may pass in line 141 through valve 10 for 

recirculation through the heat exchanger 103. In heat exchanger 103, the oxidant stream 138 may 

15 be heated or cooled. For example, input 201 may be a cold water stream that exits as heated output 

202 such that oxidant stream 139 is cooled relative to stream 138. Alternatively, input 201 may be 

a hot water stream that exits as cooled output 202 such that oxidant stream 139 is heated relative to 

stream 138. Compressed oxidant in line 140 passes through water cooler 104 to form stream 142, 

which passes through 0 2/C2 pump 80 and valve 16 before the oxidant passes through oxidant line 

20 144 to the combustor 15 for combustion of the fuel therein. Oxidant can bypass the pump 80 in 

oxidant bypass line 143 through the oxidant exhaust valve 17. Startup bypass line 146 

interconnects line 141 and pump bypass line 132 and includes valve 14.  

In operation, during startup, the exit valve 12 for the main compressor 50 is closed (as are 

valve 9 in lines 134 and valve 13 in recycle line 133). As such, the CO 2 recycle stream 128 does 

25 not pass for recycle to the combustor 15. Oxygen flowing through valve 5 and line 137 (and 

mixing with recycled CO2 from line 136) is cooled (or heated) in heat exchanger 103 and 

compressed in oxidant compressor 70 (which can be a motor-driven compressor). A portion of the 

compressed oxidant (mixed 02/C02 ) from line 140 is cooled in cooler 104 and bypasses pump 80 

in pump bypass line 143 (with valve 17 open and valve 16 closed) to pass through oxidant line 144 

30 to the combustor. A portion of the compressed oxidant from line 140 also passes through line 141 

to the startup bypass line 146. Since the exit valve 12 for the main compressor is closed, the 

oxidant that would otherwise combine with the CO 2 passing through the pump bypass line 132 

passes through the recycle line 133 to the combustor 15. Operation proceeds in this fashion until 

the turbine has achieved the turbine threshold value and the shaft for the shaft-driven compressor 

35 50 is thus working at a sufficient speed for the shaft-driven compressor 50 to provide the CO 2 
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recycle stream at a sufficient flow volume and flow pressure. At that point, the bypass line 

valve 14 is closed, and the exit valve 12 for the main compressor is opened. Oxidant no longer 

passes through the recycle line 133 and only passes through the oxidant line 144. With the 

turbine operating at a speed above the threshold speed, the compressor 50 provides the C02 

5 recycle stream through recycle line 133 at the required flow volume and flow pressure for input 

to the combustor 15.  

In some embodiments, two different turbine threshold speeds may be utilized to provide 

a gradual changeover from the startup stage to the normal power production stage. A first 

turbine threshold speed may be utilized to trigger closing of the bypass line valve (and thus 

[0 opening of the main compressor exhaust valve). Closing and opening of the valves may not be 

immediate. As the turbine speed continues to increase, a second turbine threshold may be 

achieved at which point the bypass line valve may be completely closed.  

The above configuration may be modified in one or more embodiments. For example, 

the oxygen supply to the oxidant compressor 70 can be supplied to the compressor via the air 

[5 ingress at stream 121 instead of through the oxygen supply at stream 137. In such 

embodiments, gland seal compressor 23 will effectively fill the plant with air while valves 4 

and 5 are closed. Oxidant compressor 70 will still supply the turbine with an oxidant flow (air, 

in such embodiments) through stream 144 and through the bypass via stream 133.  

Alternatively, CO2 from the CO2 supply 115 entering through valve 4 and stream 127 can be 

!0 connected to the suction of gland seal compressor 23. In such embodiments, valve 4 will be 

open while air will pass through valve 2. The plant will fill with an air and CO2 mixture with 

oxidant compressor 70 still controlling the supply of fluids through streams 144 and 133.  

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 

25 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.  

30 The term "comprise" and variants of the term such as "comprises" or "comprising" are 

used herein to denote the inclusion of a stated integer or stated integers but not to exclude any 

other integer or any other integers, unless in the context or usage an exclusive interpretation of 

the term is required.  
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Any reference to publications cited in this specification is not an admission that the 

disclosures constitute common general knowledge in Australia.  
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CLAIMS 

1. A power production system comprising: 

a combustor; 

a turbine that includes a gland seal and an air input; 

a first compressor that is a shaft-driven compressor on a common shaft with the turbine; 

5 an oxidant compressor; 

an exhaust flow line configured for passage of a turbine exhaust stream from the turbine 

to the first compressor; 

a recycle flow line configured for passage of a C02 recycle stream from the first 

compressor to the combustor; 

[0 an oxidant flow line configured for passage of an oxidant stream from the oxidant 

compressor to the combustor; 

a bypass line configured for passage of at least a portion of the oxidant stream from the 

oxidant flow line to the recycle flow line; 

a gland seal compressor configured to receive and compress a stream of air and turbine 

[5 exhaust from the gland seal; 

a vent in arrangement with the gland seal compressor to receive a flow from the gland 

seal compressor; and 

a vent line between the gland seal compressor and the vent.  

!0 2. The power production system according to claim 1, wherein the bypass line 

includes a valve.  

3. The power production system according to claim 2, wherein the bypass line 

valve is configured to be open below a first turbine threshold speed.  

25 

4. The power production system according to claim 2, wherein the bypass line 

valve is configured to be closed above a second turbine threshold speed.  

5. The power production system according to claim 1, further comprising a 

30 recuperative heat exchanger.  
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6. The power production system according to claim 5, wherein the exhaust flow 

line, the recycle flow line, and the oxidant flow line are configured for passage of their 

respective streams through the recuperative heat exchanger.  

5 7. The power production system according to claim 1, wherein the oxidant 

compressor is a motor-driven compressor.  

8. The power production system according to claim 1, wherein the vent line 

between the gland seal compressor and the vent is in a flow arrangement with the exhaust flow 

[0 line, and wherein the vent line and the exhaust flow line are arranged relative to the vent for 

preferential flow to the vent from the respective lines.  

9. A method for startup of a power production plant, the method comprising: 

pressurizing an oxidant stream in a motor-driven oxidant compressor; 

[5 passing pressurized oxidant from the oxidant compressor to a combustor through an 

oxidant flow line; 

combusting a fuel with the oxidant in the combustor; 

expanding a combustion product stream from the combustor in a turbine; 

cooling a turbine exhaust stream from the turbine in a recuperative heat exchanger; 

W0 removing water from the turbine exhaust stream to form a C02 recycle stream; and 

compressing the C02 recycle stream in a shaft-driven compressor on a common shaft 

with the turbine to form a compressed C02 recycle stream configured for passage to the 

combustor in a recycle flow line passing through the recuperative heat exchanger; 

wherein the compressed C02 recycle stream is recirculated and oxidant from the motor

25 driven oxidant compressor is passed through the recycle flow line to the combustor until the 

turbine reaches a defined threshold speed that is about 50% of the normal operation speed.  

10. The method according to claim 9, wherein the defined threshold speed is about 

85% of the normal operation speed.  

30 

11. The method according to claim 9, wherein the oxidant entering the oxidant 

compressor is a mixture of 02 and C02.  
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12. The method according to claim 9, wherein the oxidant entering the oxidant 

compressor is air.  

13. The method according to claim 12, wherein the turbine includes a gland seal, an 

5 air input, and a gland seal compressor configured to receive and compress a stream of air and 

turbine exhaust from the gland seal.  

14. The method according to claim 9, wherein substantially none of the compressed 

C02 recycle stream is passed to the combustor through the recycle flow line until the turbine 

[0 reaches the defined threshold speed.  

Date: 4 March 2020 
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