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METHOD AND APPARATUS TO TRANSPORT
SOLIDS

ABSTRACT OF THE DISCLOSURE

A solids transport system (211) is configured to convey solids at a
predetermined temperature. The solids transport system includes at least one conduit
(206/213) coupled in flow communication to a conveying fluid source. The system
also includes a plurality of steam heating devices (524/526/528) coupled together in

flow communication by the at least one conduit (530/532).
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METHOD AND APPARATUS TO TRANSPORT
SOLIDS

[0001] This application claims priority from United States
Application No. 12/652,440 filed on 5 January 2010, the contents of which are to be

taken as incorporated herein by this reference.
BACKGROUND OF THE INVENTION

[0002] The embodiments described herein relate generally to solids
transport systems, and more particularly, to methods and apparatus for transporting

coal to facilitate operation of synthetic gas production facilities.

[0003] At least some known gasification plants include a gasification
system that is integrated with at least one power-producing turbine system, thereby
forming an integrated gasification combined cycle (IGCC) power generation plant.
Such known gasification systems convert a mixture of fuel, air or oxygen, steam,
and/or CO; into a synthetic gas, or “syngas”. Also, many known gasification systems
include a gasification reactor that receives such mixtures and generates syngas
therein. Syngas is channeled to the combustor of a gas turbine engine, which powers
a generator that supplies electrical power to a power grid. Exhaust from at least some
known gas turbine engines is supplied to a heat recovery steam generator (HRSG) that
generates steam for use in driving a steam turbine. Power generated by the steam

turbine also drives an electrical generator that provides electrical power to the power
grid.

[0004] At least some of the known gasification plants also include
coal conveyance systems that grind, dry, and transport coal to the gasification system.
However, such coal conveyance systems generally do not transport coal to the
gasification system at temperatures and pressures that facilitate gasification system

performance throughout a full range of operation of the gasification system.

[0005] A reference herein to a patent document or other matter which

is given as prior art is not to be taken as an admission that that document or matter
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was known or that the information it contains was part of the common general

knowledge as at the priority date of any of the claims.
BRIEF DESCRIPTION OF THE INVENTION

[0006] This Brief Description is provided to introduce a selection of
concepts in a simplified form that are further described below in the Detailed
Description. This Brief Description is not intended to identify key features or
essential features of the claimed subject matter, nor is it intended to be used as an aid

in determining the scope of the claimed subject matter.

[0007] According to one aspect, the present invention provides a
solids transport system configured to convey solids at a predetermined temperature,
said solids transport system comprising: at least one conveying fluid conduit coupled
in flow communication to a conveying fluid source; and a plurality of steam heating
devices coupled together in flow communication by said at least one conveying fluid
conduit; at least one solids transport conduit coupled in flow communication with
said at least one conveying fluid conduit; at least one separation device coupled in
flow communication with said at least one solids transport conduit and said at least
one conveying fluid conduit, said at least one separation device configured to
separate a conveying fluid from solids; at least one vapor condensing apparatus
coupled in flow communication with said at least one separation device and said
plurality of steam heating devices, said at least one vapor condensing apparatus
configured to remove liquid from the conveying fluid prior to recycling the
conveying fluid to said plurality of steam heating devices; and a vapor condensing
apparatus bypass conduit coupled in parallel to said at least one separation device
and said plurality of steam heating devices, said vapor condensing apparatus bypass

conduit configured to facilitate temperature control of the conveying fluid.

[0008] In another aspect, a solids transport system may be provided.
The solids transport system is configured to convey solids at a predetermined
temperature. The solids transport system includes at least one conduit coupled in flow

communication to a conveying fluid source. The system also includes a plurality of
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steam heating devices. The plurality of steam heating devices are coupled together in

flow communication by the at least one conduit.

[0009] According to a second aspect, the present invention provides
a gasification facility comprising: a carbonaceous fuel source; at least one inert gas
source; a gasification reactor; and a coal transport system coupled in flow
communication with said carbonaceous fuel source, said at least one inert gas source,
and said gasification reactor, said coal transport system comprising: at least one
conveying conduit coupled in flow communication to a said at least one inert gas
source; a plurality of steam heating devices coupled together in flow communication
by said at least one conveying conduit at least one solids transport conduit coupled in
flow communication with said at least one conveying fluid conduit; at least one
separation device coupled in flow communication with said at least one solids
transport conduit and said at least one conveying fluid conduit, said at least one
separation device configured to separate a conveying fluid from solids; at least one
vapor condensing apparatus coupled in flow communication with said at least one
separation device and said plurality of steam heating devices, said at least one vapor
condensing apparatus configured to remove liquid from the conveying fluid prior to
recycling the conveying fluid to said plurality of steam heating devices; and a vapor
condensing apparatus bypass conduit coupled in parallel to said at least one separation
device and said plurality of steam heating devices, said vapor condensing apparatus

bypass conduit configured to facilitate temperature control of the conveying fluid.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The embodiments described herein may be better understood
by referring to the following description in conjunction with the accompanying

drawings.

[0011] FIG. 1 is a schematic diagram of an exemplary integrated

gasification combined-cycle (IGCC) power generation plant;
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[0012] FIG. 2 is a schematic diagram of an exemplary dry coal
transport system that may be used with the IGCC power generation plant shown in

FIG. 1; and

[0013] FIG. 3 is a flow chart illustrating an exemplary method of

operating the IGCC power generation plant shown in FIG. 1.
DETAILED DESCRIPTION OF THE INVENTION

[0014] FIG. 1 is a schematic diagram of an exemplary chemical
production facility, specifically, an exemplary gasification facility, and more
specifically, an exemplary integrated gasification combined-cycle (IGCC) power
generation plant 100. In the exemplary embodiment, IGCC power generation plant
100 includes a gas turbine engine 110. Turbine engine 110 includes a turbine 114 that
is rotatably coupled to a first electrical generator 118 via a first rotor 120. Turbine
114 is coupled in flow communication with at least one fuel source and at least one air
source (both described in more detail below) and receives fuel and air from the fuel
source and the air source, respectively. Turbine 114 uses the mixed air and fuel to
produce hot combustion gases (not shown) wherein the heat energy within the gases is

converted to rotational energy. The rotational energy is transmitted to generator 118

d4a
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via rotor 120, wherein generator 118 converts the rotational energy to electrical
energy (not shown) for transmission to at least one load, including, but not limited to,

an electrical power grid (not shown).

[0015] In addition, IGCC power generation plant 100 includes a
steam turbine engine 130. In the exemplary embodiment, engine 130 includes a
steam turbine 132 that is coupled to a second electrical generator 134 via a second

rotor 136.

[0016] IGCC power generation plant 100 also includes a steam
generation system 140. In the exemplary embodiment, system 140 includes at least
one heat recovery steam generator (HRSG) 142 that is coupled in flow
communication with at least one heat transfer apparatus 144 via at least one heated
boiler feedwater conduit 146. HRSG 142 receives boiler feedwater (not shown) from
apparatus 144 via conduit 146 for use in heating the boiler feedwater into steam (not
shown). HRSG 142 also receives exhaust gases (not shown) from turbine 114 via an
exhaust gas conduit 148 to further heat the boiler feedwater into steam. HRSG 142 is
coupled in flow communication with turbine 132 via a steam conduit 150. Excess
gasses and steam (both not shown) are exhausted from HRSG 142 to the atmosphere

via stack gas conduit 152.

[0017] Conduit 150 channels steam (not shown) from HRSG 142 to
turbine 132. Turbine 132 receives steam from HRSG 142 and converts the thermal
energy in the steam to rotational energy. The rotational energy is transmitted to
generator 134 via rotor 136, wherein generator 134 converts the rotational energy to
electrical energy (not shown) for transmission to at least one load, including, but not
limited to, the electrical power grid. The steam is condensed and is returned as boiler

feedwater via a condensate conduit (not shown).

[0018] IGCC power generation plant 100 also includes a gasification
system 200. In the exemplary embodiment, system 200 includes at least one air
separation unit 202 that is coupled in flow communication with an air source via an

air conduit 204. Such air sources may include, but are not limited to, dedicated air
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compressors and compressed air storage units (neither shown). Unit 202 separates air
into oxygen (O,), nitrogen (N,), and other components (neither shown) that are either
released via a vent (not shown) or channeled and/or collected for further use. For
example, in the exemplary embodiment, N, is channeled to gas turbine 114 via a N,

conduit 206 to facilitate combustion.

[0019] System 200 includes a gasification reactor 208 that is coupled
in flow communication with unit 202 to receive oxygen channeled from unit 202 via
an O, conduit 210. System 200 also includes a solids transport system 211, that is, a
dry coal transport system. Dry coal transport system 211 is coupled in flow
communication with a carbonaceous fuel source, that is, a dry coal source (not shown
in FIG. 1), via a dry coal supply conduit 212. Dry coal transport system 211 is also
coupled in flow communication with at least one conveying fluid source, that is, an
inert gas source (not shown in FIG. 1), via an inert gas supply conduit 213. System
211 mixes dry coal and inert gas to form an inert gas conveying stream with entrained
dry coal solids (neither shown in FIG. 1) at a predetermined temperature, wherein the
stream is channeled to reactor 208 via a solids transport conduit 214, that is, a dry coal

transport conduit 214,

[0020] Reactor 208 receives the inert gas conveying stream with
entrained dry coal solids and an O, stream (not shown) via conduits 214 and 210,
respectively. Reactor 208 produces a hot, raw synthetic gas (syngas) stream (not
shown), that includes carbon monoxide (CO), hydrogen (H,), carbon dioxide (CO,),
carbonyl sulfide (COS), and hydrogen sulfide (H,S). While CO,, COS, and H,S are
typically collectively referred to as acid gases, or acid gas components of the raw
syngas, hereon, CO, will be discussed separately from the remaining acid gas
components. Moreover, reactor 208 also produces a hot slag stream (not shown) as a
first gasification by-product resulting from syngas production. The slag stream is
channeled to a slag handling unit 215 via a hot slag conduit 216. Unit 215 quenches
and breaks up the slag into smaller slag pieces wherein a slag removal stream is

produced and channeled through conduit 217.
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[0021] Reactor 208 is coupled in flow communication with heat
transfer apparatus 144 via a hot syngas conduit 218. Apparatus 144 receives the hot,
raw syngas stream and transfers at least a portion of the heat to HRSG 142 via conduit
146. Subsequently, apparatus 144 produces a cooled raw syngas stream (not shown)
that is channeled to a scrubber and low temperature gas cooling (LTGC) unit 221 via
a syngas conduit 219. Unit 221 removes a second gasification by-product, that is,
particulate matter entrained within the raw syngas stream and discharges the removed
matter via a fly ash conduit 222. Unit 221 facilitates cooling the raw syngas stream,
and converts at least a portion of COS in the raw syngas stream to H,S and CO; via

hydrolysis.

[0022] System 200 also includes an acid gas removal subsystem 300
that is coupled in flow communication with unit 221 and that receives the cooled raw
syngas stream via a raw syngas conduit 220. Subsystem 300 removes at least a
portion of acid components (not shown) from the raw syngas stream as described in
more detail below. Such acid gas components may include, but are not limited to,
CO,, COS, and H,S. Subsystem 300 also separates at least some of the acid gas
components into components that include, but are not limited to, CO,, COS, and H,S.
Moreover, subsystem 300 is coupled in flow communication with a sulfur reduction
subsystem 400 via a conduit 223. Subsystem 400 receives and separates at least some
of the acid gas components into components that include, but are not limited to, COs,
COS, and H,S. The acid components removed and separated are channeled into at
least one third gasification by-product stream (not shown) that is removed from

system 200.

[0023] Furthermore, subsystem 400 channels a final integrated gas
stream (not shown) to reactor 208 via subsystem 300 and a conduit 224. The final
integrated gas stream includes predetermined concentrations of CO,, COS, and H,S
that result from previous integrated gas streams (not shown). Subsystem 300 is
coupled in flow communication with reactor 208 via conduit 224 such that the final
integrated gas stream is channeled to predetermined portions of reactor 208. The

separation and removal of CO,, COS, and H,S via subsystems 300 and 400 facilitates
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producing a clean syngas stream (not shown) that is channeled to gas turbine 114 via

a clean syngas conduit 228.

[0024] In operation, air separation unit 202 receives air via conduit
204. The air is separated into O,, N, and other components. The other components
are vented via a vent, the N, is channeled to turbine 114 via conduit 206 and the O, is
channeled to gasification reactor 208 via conduit 210. Also, in operation, dry coal
transport system 211 receives dry coal and inert gas via conduits 212 and 213,
respectively, forms a an inert gas conveying stream with entrained dry coal solids and

channels the stream to reactor 208 via conduit 214.

[0025] Reactor 208 receives O, via conduit 210, coal via conduit
214, and the final integrated gas stream from subsystem 300 via conduit 224. Reactor
208 produces a hot raw syngas stream that is channeled to apparatus 144 via conduit
218. The slag by-product formed in reactor 208 is removed via slag handling unit 215
and conduits 216 and 217. Apparatus 144 facilitates cooling the hot raw syngas
stream to produce a cooled raw syngas stream that is channeled to scrubber and
LTGC unit 221 via conduit 219 wherein particulate matter is removed from the
syngas via fly ash conduit 222, the syngas is cooled further, and at least a portion of
COS is converted to H,S and CO; via hydrolysis. The cooled raw syngas stream is
channeled to acid gas removal subsystem 300 wherein acid gas components are
substantially removed such that a clean syngas stream is formed and channeled to gas

turbine 114 via conduit 228.

[0026] Moreover, during operation, at least a portion of the acid
components removed from the syngas stream are channeled to subsystem 400 via
conduit 223 wherein acid components are removed and separated into at least one
third gasification by-product stream (not shown) that is removed from the syngas
stream. The final integrated gas stream is channeled to reactor 208 via subsystem 300
and conduit 224. In addition, turbine engine 110 receives N, and clean syngas via
conduits 206 and 228, respectively. Turbine engine 110 combusts the syngas fuel,

produces hot combustion gases and channels hot combustion gases downstream to
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induce rotation of turbine 114 which subsequently rotates first generator 118 via rotor

120.

[0027] At least a portion of heat removed from the hot syngas via
heat transfer apparatus 144 is channeled to HRSG 142 via conduit 146 wherein the
heat is used to boil water to form steam. Steam is channeled to steam turbine 132 via
conduit 150 to induce rotation of turbine 132. Turbine 132 rotates second generator

134 via second rotor 136.

[0028] FIG. 2 is a schematic diagram of an exemplary dry coal
transport system 211 that may be used with IGCC power generation plant 100. Dry
coal transport system 211 is coupled in flow communication with a carbonaceous fuel
source 502, that is, a dry coal source 502 via conduit 212. In the exemplary
embodiment, conduit 212 is coupled to any dry coal source 502 that has coal
characteristics that enable system 211 to operate as described herein. Also, dry coal
transport system 211 is coupled in flow communication with an inert gas, that is, a
nitrogen gas source 504 via conduit 213. In the exemplary embodiment, the inert gas
used is nitrogen. Alternatively, any inert gas that enables system 211 to operate as
described herein may be used. In the exemplary embodiment, nitrogen is channeled
to system 211 at any pressure that enables operation of system 211 as described

herein.

[0029] In the exemplary embodiment, dry coal transport system 211
includes a plurality of raw coal feed bins 506 (only one shown). Each bin 506 is
coupled in flow communication with at least a portion of conduit 212 via a conduit
508 that includes an associated raw coal magnetic separator 510 coupled therein.
Each raw coal feed bin 506 is coupled in flow communication with an associated raw
coal feeder 512 (only one shown) via a respective second raw coal conduit 512 (only
one shown). Each raw coal feeder 512 is coupled in flow communication with a
respective screw conveyor 514 (only one shown) via an associated third raw coal
conduit 516 (only one shown). Alternatively, in lieu of screw conveyor 514, any coal
transfer device that enables operation of system 211 as described herein may be used,

including, but not limited to, a belt conveyor.
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[0030] Also, in the exemplary embodiment, dry coal transport system
211 includes a plurality of grinding mill and dryer assemblies 518 (only one shown).
Each assembly 518 is coupled in flow communication with a respective screw
conveyor 514 via a fourth raw coal conduit 520 (only one shown). Grinding mill and
dryer assembly 518 includes any coal-crushing devices and any drying devices that

enable system 211 to operate as described herein.

[0031] Further, in the exemplary embodiment, dry coal transport
system 211 includes a plurality of steam heating devices 522. Devices 522 include a
first steam heating device 524, a second heating device 526, and a third heating device
528. Nitrogen gas source 504 is coupled in flow communication with first steam
heating device 524 via at least one conveying fluid conduit, that is, inert gas supply
conduit 213, herein referred to as nitrogen supply conduit 213. Moreover, first and
second steam heating devices 524 and 526, respectively, are each coupled in flow
communication by a first nitrogen interconnecting conduit 530, and second and third
steam heating devices 526 and 528, respectively, are each coupled in flow
communication by a second nitrogen interconnecting conduit 532. In the exemplary
embodiment, heating devices 524, 526, and 528 are shell and tube heat exchangers
that include at least one heating element 534, 536, and 538, respectively.
Alternatively, heating devices 524, 526, and 528 are any heat transfer devices that
enable operation of system 211 as described herein. Also, in the exemplary
embodiment, conduits 530 and 532 serially couple heating devices 524, 526, and 528
in succession. Alternatively, any number of heating devices in any configuration that

enables operation of system 211 as described herein is used.

[0032] In the exemplary embodiment, first steam heating device 524
is coupled in flow communication with a first, i.e., a low pressure steam source 540
and a low pressure steam return device 542. Also, second steam heating device 526 is
coupled in flow communication with a second, i.e., an intermediate pressure steam
source 544 and an intermediate pressure steam return device 546. Further, third steam
heating device 528 is coupled in flow communication with a third, i.e., a high pressure
steam source 548 and a high pressure steam return device 550. In the exemplary

embodiment, steam sources 540, 544, and 548 are supplied by HRSG 142 (shown in

10
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FIG. 1). Alternatively, steam sources 540, 544, and 548 may be any steam sources
that enable operation of system 211 as described herein including, but not limited to,
hot condensate. More specifically, in the exemplary embodiment, steam sources 540,
544, and 548 supply steam at any thermodynamic conditions, including, but not
limited to, any enthalpies that enable operation of system 211 as described herein.
Furthermore, alternative heat sources that enable operation of system 211 as described
herein may be used including, but not limited to, natural gas-fired devices, syngas-

fired devices, and flue gas heat recovery devices.

[0033] Steam heating device 528 is coupled in flow communication
with each grinding mill and dryer assembly 518 via a heated conveying gas supply
conduit 552. Nitrogen (not shown) heated to a predetermined temperature is
channeled from heating device 528 to each assembly 518. Each assembly 518 also
receives dry raw coal via associated conduit 520. Each assembly 518 crushes, or
grinds the dry raw coal to smaller, or ground pieces, facilitates drying the ground coal
to a predetermined moisture content in conjunction with the received heated nitrogen,
and channels the heated nitrogen through assembly 518 to facilitate entraining the
ground coal within a heated nitrogen stream (not shown) to facilitate conveying the

heated and dried ground coal (not shown) within system 211 as described herein.

[0034] Each grinding mill and dryer assembly 518 is coupled in flow
communication with at least one cyclone separator 554, that is, in the exemplary
embodiment, a first cyclone separator 554 and a second cyclone separator 556. In the
exemplary embodiment, cyclone separators 554 and 556 are configured in a parallel
configuration.  Alternatively, each assembly 518 may be coupled in flow
communication with any number of cyclone and/or separators in any configuration
that enables operation of system 211 as described herein. First cyclone separator 554
and assembly 518 are coupled in flow communication by a first grinding mill and
dryer assembly discharge conduit 558 and second cyclone separator 556 and assembly
518 are coupled in flow communication by a second grinding mill and dryer assembly
outlet conduit 560. Cyclone separators 554 and 556 receive dried ground coal from
assembly 518 and use a cyclonic action to separate coal from at least a portion of

conveying nitrogen gas.

11
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[0035] In the exemplary embodiment, dry coal transport system 211
includes a plurality of vibrating screens 562 (only one shown). Each vibrating screen
562 is coupled in flow communication with first cyclone separator 554 via a first
cyclone separator outlet conduit 564 and with second cyclone separator 556 via a
second cyclone separator outlet conduit 566. Each vibrating screen 562 discriminates
the pieces of dry ground coal and channels improperly-sized coal to assembly 518 via
a coal conduit 568 that is coupled in flow communication with both vibrating screen

562 and assembly 518.

[0036] Also, in the exemplary embodiment, dry coal transport system
211 includes a ground coal storage bin 570 that is coupled in flow communication
with each vibrating screen 562 via a plurality of coal conduits 572 and via a common
coal conduit 573. Each vibrating screen 562 discriminates the pieces of dry ground
coal and channels properly-sized coal to ground coal storage bin 570 via properly-
sized coal conduit 572 during normal operation of system 211. Moreover, in the
exemplary embodiment, dry coal transport system 211 includes a properly-sized coal
startup conduit 574 that couples vibrating screen 562 in flow communication with
assembly 518 and that channels properly-sized coal to assembly 518 during startup

operation of system 211.

[0037]  In the exemplary embodiment, dry coal transport system 211
includes a plurality of first cyclone separator bag houses 576 (only one shown)
coupled in flow communication with first cyclone separator 554 via a first cyclone
separator vent gas conduit 578, second cyclone separator 556 via a second cyclone
separator vent gas conduit 580, vibrating screen 562 via a vibrating screen vent gas
conduit 582, and a common bag house inlet conduit 584. Each separator bag house
576 is also coupled in flow communication with a bag house purge gas source 586 via
a common purge gas conduit 588 and a first bag house purge gas conduit 590. In the
exemplary embodiment, the inert gas used is nitrogen. Alternatively, any inert gas

that enables system 211 to operate as described herein may be used.

[0038] In addition, in the exemplary embodiment, dry coal transport

system 211 includes a at least one hopper bag house 592 that is coupled in flow

12
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communication with each raw coal feed bin 506 via a hopper coal dust conduit 594
and via a common coal dust conduit 596. Hopper bag house 592 is also coupled in
flow communication with ground coal storage bin 570 via a storage bin coal dust
collection conduit 598 and common coal dust conduit 596. In addition, Hopper bag
house 592 is coupled in flow communication with bag house purge gas source 586 via
common purge gas conduit 588 and a second bag house purge gas conduit 600.
Hopper bag house 592 is also coupled in flow communication with ground coal
storage bin 570 via a storage bin coal dust return conduit 602. Ground coal storage
bin 570 is coupled in flow communication with each first cyclone separator bag house
576 via a coal dust return startup conduit 604 and storage bin coal dust return conduit
602. Conduit 604 is normally not in service, but is used during startup operations of
system 211. Hopper bag house 592 is further coupled in flow communication with at
least one hopper fan blower 606 via a hopper bag house vent conduit 608, such that

blower 606 channels air and nitrogen to atmosphere via a vent conduit 607.

[0039] Further, in the exemplary embodiment, dry coal transport
system 211 includes at least one second cyclone separator bag house 610 that is
coupled in flow communication with bag house purge gas source 586 via common
purge gas conduit 588 and a third bag house purge gas conduit 612. Second cyclone
separator bag house 610 is also coupled in flow communication with ground coal
storage bin 570 via a coal dust return conduit 614 and storage bin coal dust return
conduit 602. Second cyclone separator bag house 610 is further coupled in flow
communication with at least one cyclone separator fan blower 616 via a cyclone
separator bag house vent conduit 618, wherein blower 616 channels air and nitrogen
to atmosphere via an emissions control device 620. In the exemplary embodiment,
emissions control device 620 includes a bed of activated charcoal that facilitates
capture of volatile organic compounds (VOCs) and devolatalized materials, including,
but not limited to mercury. Alternatively, emissions control device 620 uses any
mercury collection methods that enable operation of system 211 as described herein.

Emissions control device 620 is vented to atmosphere via a vent conduit 621.

[0040]  Furthermore, in the exemplary embodiment, dry coal

transport system 211 includes at least one recycle nitrogen fan blower 622 that is

13
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coupled in flow communication with each first cyclone separator bag house 576 via a
recycle nitrogen fan blower inlet conduit 624. Fan blower 622 is also coupled in flow
communication with supply conduit 213 via a recycle nitrogen fan blower outlet
conduit 626. At least one vapor condensing apparatus 625 is positioned within
conduit 626 to facilitate removing water vapor entrained within the recycle nitrogen.
A vapor condensing apparatus bypass conduit 627 is coupled in flow communication
to conduit 626 and facilitates temperature control and flow control of recycle mtrogen
in conjunction with vapor condensing apparatus 625. Moreover, fan blower 622 is
coupled in flow communication with second cyclone separator bag house 610 via a
recycle nitrogen coal dust removal conduit 628, such that entrained coal dust within a
recycle nitrogen stream (not shown) is collected within second cyclone separator bag
house 610 and is channeled to ground coal storage bin 570 via coal dust return
conduit 614 and storage bin coal dust return conduit 602. Recycle nitrogen fan
blower outlet conduit 626 is also coupled in flow communication with grinding mill
and dryer assemblies 518 via conduit 552 and a steam heating device startup bypass
conduit 630. Conduit 630 is normally not in service but is rather used during startup

operations of system 211.

[0041] Further, in the exemplary embodiment, dry coal transport
system 211 includes a plurality of pump feed hoppers 632 (only one shown) that are
coupled in flow communication with ground coal storage bin 570 via a ground coal
storage bin outlet conduit 634 and via a pump feed hopper inlet conduit 636. Each
pump feed hopper 632 is coupled in flow communication with each separator bag
house 576 via a pump feed hopper vent conduit 638 and a common pump and hopper

vent conduit 640.

[0042] Also, in the exemplary embodiment, dry coal transport system
211 includes a plurality of dry feed pumps 642 (only one shown). Each dry feed
pump 642 is coupled in flow communication with an associated pump feed hopper
632 via a dry feed pump inlet conduit 644 and via an associated pump feed magnetic
separator 646. Each dry feed pump 642 is coupled in flow communication with first
cyclone separator bag house 576 via common pump and hopper vent conduit 640, a

dry pump startup vent conduit 648, and a common dry pump startup vent conduit 650.

14
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[0043] Further, in the exemplary embodiment, dry coal transport
system 211 includes a high pressure (HP) conveyance vessel 652 that is coupled in
flow communication with dry feed pumps 642 via a dry feed pump discharge conduit
654 and a common dry feed pump discharge conduit 656. HP conveyance vessel 652
is coupled to gasification reactor 208 via a discharge conduit 658, a common coal

conduit 660, and transport conduit 214,

[0044] Also, in the exemplary embodiment, dry coal transport system
211 includes a common HP conveyance gas supply conduit 662. Conduit 662 is
coupled in flow communication with HP conveyance vessel 652 via a first HP
conveyance vessel gas inlet conduit 664, and a second HP conveyance vessel gas inlet
conduit 666 that is coupled in flow communication with a conveyance gas conduit
668. Conduit 662 is also coupled in flow communication with a compressed recycled
carbon dioxide (CO,) source 670. Conduit 662 is further coupled in flow
communication with a startup nitrogen conduit 672 and a nitrogen source 674.
Nitrogen source 674 is coupled in flow communication with a common pump seal
header 676 and a plurality of pump seal supply headers 678. An optional cross-
conduit 680 that couples common dry feed pump discharge conduit 656 with common
HP conveyance gas supply conduit 662 may be used with system 211. In the
exemplary embodiment, nitrogen is used as the startup conveyance gas and recycled
CO, is used as the conveyance gas after startup is complete. Alternatively, any
conveyance gases in any combination are used that enable operation of system 211 as

described herein.

[0045]) Further, in the exemplary embodiment, dry coal transport
system 211 includes a startup cyclone 682 that is coupled in flow communication with
a startup dry coal conduit 684. Conduit 684 is coupled in flow communication with
conduit 660. Also, in the exemplary embodiment, a startup flow restriction onfice
683 is positioned within conduit 684, and dry coal transport system 211 includes a
startup bag house 685 that is coupled in flow communication with startup cyclone 682
via a gas vent conduit 686. Startup bag house 685 is coupled in flow communication
with common purge gas conduit 588 via a gas purge conduit 688, and bag house 685

is vented to atmosphere via a vent conduit 690. Startup bag house 685 is also
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coupled in flow communication with ground coal storage bin 570 via a startup bag

house coal dust return conduit 692 and storage bin coal dust return conduit 602.

[0046] In the exemplary embodiment, dry coal transport system 211
also includes a startup recycle solids hopper 694 that is coupled in flow
communication with startup cyclone 682 via a startup cyclone outlet conduit 696.
Startup recycle solids hopper 694 is coupled in flow communication with ground coal

storage bin 570 via a startup recycle solids hopper outlet conduit 698.

[0047] In operation, dry coal transport system 211 receives dry raw
coal from dry coal source 502 via conduit 212. In the exemplary embodiment, the dry
raw coal has an upper unit size of approximately 4.08 centimeters (cm) (2 inches
(in.)). Alternatively, coal sized smaller or larger then that enables operation of system
211 as described herein. The dry raw coal is channeled via gravity feed to a plurality
of raw coal feed bins 506 via conduit 508 and through coal magnetic separator 510.
Hopper bag house 592, in cooperation with hopper fan blower 606 collects coal dust
associated with coal transfer into raw coal feed bins 506 via conduits 594 and 596,
and channels agglomerated coal dust via gravity feed to ground coal storage bin 570
via storage bin coal dust return conduit 602. Magnetic separator 510 removes of
foreign metallic materials that are entrained within the dry raw coal. Each raw coal
feed bin 506 channels dry raw coal via gravity feed to coal feeder 512 via conduit
512. Each raw coal feeder 512 channels dry raw coal via gravity feed to screw
conveyor 514 via conduit 516. Screw conveyor 514 channels dry raw coal to grinding

mill and dryer assembly 518 via conduit 520.

[0048] Also, during operation, dry coal transport system 211 receives
makeup nitrogen gas via conduit 213 from nitrogen gas source 504. Such nitrogen
gas is channeled into system 211 to facilitate maintaining a predetermined volume of
nitrogen gas within system 211. Makeup nitrogen gas from source 504 is mixed with
recycled nitrogen gas channeled to conduit 213 via conduit 626. Recycled nitrogen
gas is pre-warmed, and mixing such recycle nitrogen gas with makeup nitrogen gas
facilitates decreasing an amount of heat energy needed to heat the conveyance

nitrogen gas via plurality of steam heating devices 522. As such, thermal efficiency
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of IGCC power generation plant 100 is facilitated to be increased. Moreover,
removal of water vapor from recycle nitrogen gas via vapor condensing apparatus 6235
is facilitated. Moreover, temperature control and flow control of recycle nitrogen gas
is facilitated with vapor condensing apparatus bypass conduit 627 in conjunction with

vapor condensing apparatus 625.

[0049] Moreover, during operation, mixed nitrogen gas, having a
first temperature, is channeled through first steam heating device 524 to enable low
pressure steam from low pressure steam source 540 to be channeled through heating
element 534 to low pressure steam return device 542. The nitrogen gas exits heating
device 524 at a second temperature that is greater than the first temperature. Nitrogen
gas, at the second temperature, is then channeled through second steam heating device
526, wherein intermediate pressure steam from intermediate pressure steam source
544 is channeled through heating element 536 to intermediate pressure steam return
device 546. The nitrogen gas then exits heating device 526 at third temperature that is
higher than the second temperature. Subsequently, nitrogen gas, at the third
temperature, is channeled through third steam heating device 528, wherein high
pressure steam from high pressure steam source 548 is channeled through heating
element 538 to high pressure steam return device 550, prior to exiting heating device
528 at a fourth temperature that is higher than the third temperature. Nitrogen gas at

the fourth temperature is channeled to heated conveying gas supply conduit 552.

[0050] Under certain operational conditions, that may include startup
of system 211, at least a portion of recycled nitrogen is bypassed around plurality of
steam heaters 522 via bypass conduit 630 and is then channeled directly to conduit
552.

[0051] In the exemplary embodiment, steam heating devices 522
heats dry raw coal to the predetermined fourth temperature of approximately 16.67
degrees Celsius (°C) (30 degrees Fahrenheit (°F)) above a dew point of the nitrogen
gas. Alternatively, the dry raw coal and nitrogen gas are heated to any temperature

that enables operation of system 211 as described herein. Moreover, steam heating
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devices 522 dry the coal to any predetermined moisture content value that enables

operation of system 211 as described herein.

[0052] In operation, conveyance nitrogen that is heated to the
predetermined temperature is channeled from heating device 528 to each grinding
mill and dryer assembly 518 via conduit 552. Moreover, each assembly 518 also
receives dry raw coal via associated conduit 520, wherein each assembly 518 crushes,
or grinds the dry raw coal to smaller, or ground pieces, facilitates drying the ground
coal to a predetermined moisture content in cooperation with the received heated
nitrogen, and channels the heated nitrogen through assembly 518 to facilitate
entraining the ground coal within a heated nitrogen strcam. Each assembly 518
discharges a heated, dried, and ground coal and conveying nitrogen stream into

discharge conduits 558 and 560, respectively.

[0053] Also, in operation, at least a portion of the heated, dried, and
ground coal and conveying nitrogen stream is channeled into each of first cyclone
separator 554 and second cyclone separator 556 via conduits 558 and 560,
respectively. Cyclone separators 554 and 556 receive the heated, dried, and ground
coal and conveying nitrogen stream from assembly 518 and use cyclonic action to
separate ground coal from at least a portion of conveying nitrogen gas. A substantial
portion of the nitrogen gas, with some entrained coal dust, is channeled from each
separator 554 and 556 via conduits 578 and 580, respectively, and is channeled to first
cyclone separator bag house 576. Moreover, coal dust collected from vibrating
screens 562, is channeled to bag house 576 via conduit 582. Bag house 576 facilitates
separating coal dust entrained within the nitrogen gas from the gas, channeling
agglomerated coal dust via gravity feed to ground coal storage bin 570 via conduits
604 and 602, and channeling the nitrogen to fan blower 622 via conduit 624, wherein

recycled nitrogen is channeled toward plurality of steam heating devices 522.

[0054] Further, in operation, heated, dried, and ground coal is
channeled from cyclone separators 554 and 556 via conduits 564 and 566,
respectively, and channeled to vibrating screens 562. Each vibrating screen 562

discriminates the pieces of heated, dried, and ground coal with respect to size and
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returns improperly-sized coal to assembly 518 via conduit 568 for further grinding. In
the exemplary embodiment, each vibrating screen 562 has a top size of approximately
0.254 centimeters (cm) (0.1 inches (in.)). During normal operation of system 211,
properly-sized coal is typically channeled to ground coal storage bin 570 via coal
conduit 572 and common coal conduit 573 during normal operation of system 211.
Collection of coal dust from storage bin 570 is facilitated by bag house 592 and fan
blower 606 via conduit 598. Agglomerated coal dust is channeled via gravity feed to
storage bin 570 via conduit 602. Moreover, during startup operation of system 211,

properly-sized coal is channeled to assembly 518 via coal startup conduit 574.

[0055] Also, in operation, dust removal conduit 628 channels a
portion of recycled nitrogen with entrained coal dust from fan blower 622 via conduit
628 to second cyclone separator bag house 610. In bag house, at least a portion of
entrained coal dust is collected and agglomerated coal dust is channeled via gravity
feed to ground coal storage bin 570 via coal dust return conduit 614 and storage bin
coal dust return conduit 602. Moreover, blower 616 channels air and nitrogen to

atmosphere via emissions control device 620 that includes a bed of activated charcoal.

[0056] Further, in operation, dry, heated, and ground coal, including
agglomerated coal dust, is channeled via gravity feed from storage bin 570 via conduit
634 and conduit 636 to feed hoppers 632. Coal dust generated by channeling coal
into hoppers 632 is channeled to bag house 576 via vent conduit 638 and common
pump and hopper vent conduit 640, wherein agglomerated coal dust is channeled via

gravity feed to ground coal storage bin 570 via conduits 604 and 602.

[0057] Also, in operation, dry, heated, and ground coal is channeled
via gravity feed from pump feed hoppers 632 to dry feed pumps 642 via inlet conduits
644, wherein magnetic separators 646 remove foreign metallic materials entrained
within the coal. Coal dust generated by each pump 642 is channeled to bag house 576
via vent conduit 648, vent conduit 650, and common pump and hopper vent conduit
640.
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[0058] Further, in operation, dry, heated, and ground coal is
channeled from dry feed pumps 642 to HP conveyance vessel 652 via discharge
conduits 654 and pump discharge conduit 656. In normal operation, CO; is channeled
from CO, source 670 to HP conveyance vessel 652 via conduits 662 and 664, wherein
dry, heated, and ground coal within HP conveyance vessel 652 is at least partially
fluidized. Moreover, additional CO; is channeled to HP conveyance vessel 652 via
conduits 668 and 666 to transport the dry, heated, and ground coal. Dry, heated, and
ground coal is conveyed from HP conveyance vessel 652 to gasification reactor 208
via HP conveyance vessel discharge conduit 658, a conduit 660, and conduit 214.
Drying, heating, grinding, and fluidizing the coal as described herein facilitates
providing uniform flow to gasification reactor 208 and facilitates improving a
residence time of the coal in reactor 208. In startup operation, nitrogen channeled
from nitrogen source 674 is used to convey dry, heated, and ground coal from HP

conveyance vessel 652 to coal conduit 684.

[0059] Also, in operation, during startup periods, reactor 208 is not
ready to receive a significant amount of coal. However, sufficient coal flow to reactor
208 is established to support pressure ramping operations between atmospheric
pressure and 1,724 kilopascal (kPa) (250 pounds per square inch (psi)). Therefore, to
support such coal flow to reactor 208, excess coal flow is channeled through a coal
recirculation/startup loop that includes, but is not limited to, conduit 684, orifice 683,

separator 682, and solids hopper 694.

[0060] Therefore, in operation, dry, heated, and ground coal is
channeled from startup dry coal conduit 684 to startup cyclone 682 via conveying gas.
In the exemplary embodiment, the pressure of coal and nitrogen in conduit 684
upstream of startup flow restriction orifice 683 is approximately 6,895 kPa (1000 psi).
Such coal and nitrogen are channeled through startup flow restriction orifice 683.
Orifice 683 restricts flow and induces a pressure drop that facilitates operation of
system 211 during periods when an operational pressure within reactor 208 is within a
startup range. That is, in the exemplary embodiment, approximately atmospheric

pressure to approximately 1,724 kPa (250 psi). Alternatively, any pressure range for
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startup operations that enables operation of system 211 and IGCC power generation

plant 100 as described herein may be used.

[0061] Startup cyclone 682 facilitates separating the nitrogen and
coal, such that nitrogen with entrained coal dust is vented to startup bag house 685.
Agglomerated coal dust is channeled via gravity feed from bag house 685 to ground
coal storage bin 570 via conduit 692 and storage bin coal dust return conduit 602.
Dry, heated, and ground coal are channeled via gravity feed from startup cyclone 682
to startup recycle solids hopper 694 via conduit 696 and from hopper 694 to coal
storage bin 570 via conduit 698. As reactor 208 pressure exceeds approximately
1,724 kPa (250 psi) and is ramped up to approximately 4,482 kPa (650 psi), flow
through conduit 684 is reduced and flow through conduit 214 is increased.

[0062] Further, in operation, nitrogen from bag house purge gas
source 586 is channeled to bag houses 576, 592, 610, and 68S to facilitate purging air
from bag houses 576, 592, 610, and 685. Such purging nitrogen is either vented to
atmosphere or is used as recycle nitrogen as described above. Moreover, nitrogen
from nitrogen source 674 is channeled to each pump 642 to facilitate sealing pumps
642.

[0063] FIG. 3 is a flow chart illustrating an exemplary method 700
of operating gasification facility, and more specifically, exemplary IGCC power
generation plant 100 (shown in FIGs. 1 and 2). In the exemplary embodiment, at least
a portion of a conveying fluid, that is, nitrogen gas at a first temperature is channeled
702 through vapor condensing apparatus 625 (shown in FIG. 2). The nitrogen gas is
channeled 704 through a plurality of steam heating devices 522 (shown in FIG. 2),
wherein at least some of the steam heating devices 522 are coupled in serial flow
communication via at least one conveying fluid conduit, that is, conduits 530 and 532
(both shown in FIG. 2).

[0064]) Therefore, in the exemplary embodiment, steam at a first
predetermined pressure is channeled 706 to first steam heating device 524 (shown in

FIG. 2). The conveying fluid, at the first temperature, is channeled 708 through first
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steam heating device 524 such that the nitrogen gas is heated to a second
predetermined temperature that is higher than the first temperature. Steam at the
second predetermined pressure is channeled 710 to second steam heating device 526
(shown in FIG. 2). The nitrogen gas at the second predetermined temperature is
channeled 712 to second steam heating device 526 wherein the nitrogen gas is heated
to a third predetermined temperature. The nitrogen gas, at the third predetermined
temperature, is channeled 714 to third steam heating device 528 (shown in FIG. 2),
wherein the gas is heated to a fourth predetermined temperature. The nitrogen gas, at
that fourth predetermined temperature, is then channeled 716 to a solids conveyance
system, i.e., coal transport system 211 (shown in FIGs. 1 and 2). Solids, such as coal,
are entrained and transported 718 to reactor 208 (shown in FIGs. 1 and 2). Further, in
the exemplary embodiment, at least a portion of the nitrogen gas and at least a portion
of the entrained solids are channeled 720 through at least one emissions control

device 620 (shown in FIG. 2).

[0065] Described herein are exemplary embodiments of methods and
apparatus that facilitate the production of synthetic gas (syngas). Specifically, the
methods and apparatus described herein facilitate heating a conveying gas used to
transport a dry fuel to produce such syngas, and more specifically, facilitate heating
nitrogen gas to transport a dry coal to a gasification reactor. Heating the conveyance
nitrogen gas to predetermined temperatures facilitates drying ground coal to a
predetermined moisture content prior to the heated and dried ground coal being
supplied to a gasification reactor. Drying, heating, and conveying the coal as
described herein facilitates providing a more uniform flow to the gasification reactor
and facilitates improving a residence time of the coal in the reactor. Improving a
residence time of the coal in the reactor facilitates improving the efficiency of carbon
conversion therein which facilitates reducing operational costs associated with syngas
production. Moreover, such improvements in efficiency facilitate broadening a range
of coals that may be used within any one gasification facility. Further, channeling
coal dust-laden nitrogen through a emissions control device that includes a bed of
activated charcoal that collects mercury-laden coal dust and volatile matter facilitates

satisfying local environmental requirements.
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[0066] The methods and systems described herein are not limited to
the specific embodiments described herein. For example, components of each system
and/or steps of each method may be used and/or practiced independently and
separately from other components and/or steps described herein. In addition, each
component and/or step may also be used and/or practiced with other assembly

packages and methods.

[0067] While the invention has been described in terms of various
specific embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the claims.

bR 14

[0068] Where the terms ‘“comprise”, “comprises”, “comprised” or
“comprising” are used in this specification (including the claims) they are to be
interpreted a specifying the presence of the stated features, integers, steps or
components, but not precluding the presence of one or more other features, integers,

steps or components, or group thereof.

23




[0069] PARTS LIST

Integrated Gasification Combined-Cycle (IGCC) Power

100 Generation Plant (Gasification Facility)

110 Gas Turbine Engine

114 Turbine

118 First Generator

120 First Rotor

130 Steam Turbine Engine

132 Turbine

2010257444 24 Dec 2010

134 Second Generator

136 Second Rotor

140 Steam Generation System

142 HRSG

144 Heat Transfer Apparatus

146 Heated Boiler Feedwater Conduit

148 Exhaust Gas Conduit

150 Steam Conduit

152 Stack Gas Conduit

200 Gasification System

202 Air Separation Unit

204 Air Conduit

206 Nitrogen Conduit

208 Gasification Reactor

210 02 Conduit

211 Dry Coal (Solids) Transport System

212 Dry Coal Supply Conduit

213 Inert Gas (Nitrogen) Supply Conduit

214 Dry Coal (Solids) Transport Conduit

215 Slag Handling Unit
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216 Hot Slag Stream Conduit

217 Slag Conduit

218 Hot Raw Syngas Conduit

219 Cooled Raw Syngas Conduit

220 Raw Syngas Conduit

221 Scrubber and LTGC Unit

222 Fly Ash Conduit

223 Conduit

224 | CO; Conduit

228 Clean Syngas Conduit

300 Acid Gas Removal Subsystem

400 Sulfur Reduction Subsystem

502 Dry Coal (Carbonaceous Fuel) Source
504 Nitrogen (Inert Gas) Supply

506 Raw Coal Feed Bins

508 First Raw Coal Conduit

510 Raw Coal Feeder

512 Second Raw Coal Conduit

514 Screw Conveyor

516 | Third Raw Coal Conduit

518 Grinding Mill and Dryer Assemblies
520 Fourth Raw Coal Conduit

522 Plurality of Steam Heating Devices
524 First Steam Heating Device

526 Second Steam Heating Device

528 Third Steam Heating Device

530 First Nitrogen Interconnecting Conduit
532 Second Nitrogen Interconnecting Conduit
534 Heating Element
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536 Heating Element

538 Heating Element

540 Low Pressure Steam Source

542 Low Pressure Steam Return Device

544 Intermediate Pressure Steam Source

546 Intermediate Pressure Steam Return Device

548 High Pressure Steam Source

550 High Pressure Steam Return Device

552 Heated Conveying Gas Supply Conduit

554 First Cyclone Separator

556 Second Cyclone Separator

558 First Grinding Mill and Dryer Assembly Outlet Conduit
560 Second Grinding Mill and Dryer Assembly Outlet Conduit
562 Vibrating Screen

564 First Cyclone Separator Outlet Conduit

566 Second Cyclone Separator Outlet Conduit

568 Improperly-sized Coal Conduit

570 Ground Coal Storage Bin

572 First Properly-sized Coal Conduit

573 Common Properly-sized Coal Conduit

574 Properly-sized Coal Startup Conduit

576 First Cyclone Separator Bag House

578 First Cyclone Separator Vent Gas Conduit

580 Second Cyclone Separator Vent Gas Conduit

582 Vibrating Screen Vent Gas Conduit

584 Common Cyclone Separator Bag House Inlet Conduit
586 Bag House Purge Gas Source

588 Common Purge Gas Conduit

590 First Baghouse Purge Gas Conduit
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592 Hopper Bag House

594 Hopper Coal Dust Conduit

596 Common Coal Dust Conduit

598 Storage Bin Coal Dust Collection Conduit
600 Second Baghouse Purge Gas Conduit

602 Storage Bin Coal Dust Return Conduit

604 Coal Dust Return Startup Conduit

606 Hopper Fan Blower

607 Vent Conduit

608 Hopper Bag House Vent Conduit

610 Second Cyclone Separator Bag House

612 Third Bag House Purge Gas Conduit

614 Coal Dust Return Conduit

616 Cyclone Separator Fan Blower

618 Cyclone Separator Bag House Vent Conduit
620 Emissions Control Device

621 Vent Conduit

622 Recycle Nitrogen Fan Blower

624 Recycle Nitrogen Fan Blower Inlet Conduit
625 Vapor Condensing Apparatus

626 Recycle Nitrogen Fan Blower Outlet Conduit
627 Vapor Condensing Apparatus Bypass Conduit
628 Recycle Nitrogen Coal Dust Removal Conduit
630 Steam Heating Device Startup Bypass Conduit
632 Pump Feed Hopper

634 Ground Coal Storage Bin Outlet Conduit

636 Pump Feed Hopper Inlet Conduit

638 Pump Feed Hopper Vent Conduit

640 Common Pump and Hopper Vent Conduit
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642 Dry Feed Pumps

644 Dry Feed Pump Inlet Conduit

646 Pump Feed Magnetic Separator

648 Dry Pump Startup Vent Conduit

650 Common Dry Pump Startup Vent Conduit

652 High Pressure (HP) Conveyance Vessel

654 Dry Feed Pump Discharge Conduit

656 Common Dry Feed Pump Discharge Conduit
658 HP Conveyance Vessel Discharge Conduit

660 | Common Compressed Gas and Dry Coal Conduit
662 HP Conveyance Gas Supply Conduit

664 First HP Conveyance Vessel Gas Inlet Conduit
666 Second HP Conveyance Vessel Gas Inlet Conduit
668 Conveyance Gas Conduit

670 Compressed Recycled Carbon Dioxide (CO;) Source
672 Startup Nitrogen Conduit

674 | Nitrogen Source

676 Common Pump Seal Header

678 Pump Seal Supply Headers

680 Optional Cross-conduit

682 Startup Cyclone

683 Startup Flow Restriction Orifice

684 Startup Dry Coal Conduit

685 Startup Bag House

686 Gas Vent Conduit

688 Gas Purge Conduit

690 Vent Conduit

692 Startup Bag House Coal Dust Return Conduit
694 Startup Recycle Solids Hopper
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696 Startup Cyclone Outlet Conduit

698 Startup Recycle Solids Hopper Outlet Conduit

700 Exemplary Method

702 Channeling at least a portion of a conveying fluid ...

704 Channeling the conveying fluid through a plurality of ...

706 Channeling steam having a first pressure ...

708 Channeling nitrogen gas having a first temperature ...

710 | Channeling steam having a second pressure ...

712 Channeling the conveying fluid having a second temperature ...
714 Channeling the conveying fluid having a third temperature ...
716 Channeling the conveying fluid having a fourth temperature ...
718 Entraining solids within the conveying fluid ...

720 Channeling at least a portion of the conveying fluid ...
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The claims defining the present invention are as follows:

1. A solids transport system configured to convey solids at a

predetermined temperature, said solids transport system comprising:

at least one conveying fluid conduit coupled in flow communication to

a conveying fluid source; and

a plurality of steam heating devices coupled together in flow

communication by said at least one conveying fluid conduit;

at least one solids transport conduit coupled in flow communication

with said at least one conveying fluid conduit;

at least one separation device coupled in flow communication with said
at least one solids transport conduit and said at least one conveying fluid conduit, said

at least one separation device configured to separate a conveying fluid from solids;

at least one vapor condensing apparatus coupled in flow
communication with said at least one separation device and said plurality of steam
heating devices, said at least one vapor condensing apparatus configured to remove
liquid from the conveying fluid prior to recycling the conveying fluid to said plurality

of steam heating devices; and

a vapor condensing apparatus bypass conduit coupled in parallel to
said at least one separation device and said plurality of steam heating devices, said
vapor condensing apparatus bypass conduit configured to facilitate temperature

control of the conveying fluid.

2. A solids transport system in accordance with Claim 1 wherein

said plurality of steam heating devices comprise:

a first steam heating device;
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a second steam heating device coupled in flow communication to said

first steam heating device; and

a third steam heating device coupled in flow communication to said

second steam heating device.

3. A solids transport system in accordance with Claim 2 wherein

said plurality of steam heating devices further comprises:

said first steam heating device coupled in flow communication to a

first steam source at a first predetermined pressure;

said second steam heating device coupled in flow communication to a

second steam source at a second predetermined pressure; and

said third steam heating device coupled in flow communication to a

third steam source at a third predetermined pressure.

4. A solids transport system in accordance with Claim 1 further
comprising at least one emissions control device coupled in flow communication with

said at least one solids transport conduit.

5. A gasification facility comprising:

a carbonaceous fuel source;

at least one inert gas source;

a gasification reactor; and

a coal transport system coupled in flow communication with said
carbonaceous fuel source, said at least one inert gas source, and said gasification

reactor, said coal transport system comprising:
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at least one conveying conduit coupled in flow communication

to a said at least one inert gas source;

a plurality of steam heating devices coupled together in flow
communication by said at least one conveying conduit at least one solids
transport conduit coupled in flow communication with said at least one

conveying fluid conduit;

at least one separation device coupled in flow communication
with said at least one solids transport conduit and said at least one conveying
fluid conduit, said at least one separation device configured to separate a

conveying fluid from solids;

at least one vapor condensing apparatus coupled in flow
communication with said at least one separation device and said plurality of
steam heating devices, said at least one vapor condensing apparatus
configured to remove liquid from the conveying fluid prior to recycling the

conveying fluid to said plurality of steam heating devices; and

a vapor condensing apparatus bypass conduit coupled in
parallel to said at least one separation device and said plurality of steam
heating devices, said vapor condensing apparatus bypass conduit configured to

facilitate temperature control of the conveying fluid.

6. A gasification facility in accordance with Claim 5 wherein said

plurality of steam heating devices comprise:

a first steam heating device;

a second steam heating device coupled in flow communication to said

first steam heating device; and
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a third steam heating device coupled in flow communication to said

second steam heating device.

7. A gasification facility in accordance with Claim 6 wherein said

plurality of steam heating devices further comprises:

said first steam heating device coupled in flow communication to a

first steam source at a first predetermined pressure;

said second steam heating device coupled in flow communication to a

second steam source at a second predetermined pressure; and

said third steam heating device coupled in flow communication to a

third steam source at a third predetermined pressure.
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700

FIG. 3 3/3 Ve

702

TEMPERATURE THROUGH A VAPOR CONDENSING APPARATUS

CHANNELING AT LEAST A PORTION OF A CONVEYING FLUID AT A FIRST

\

~704

CHANNELING THE CONVEYING FLUID AT THE FIRST TEMPERATURE

A PORTION OF THE PLURALITY OF STEAM HEATING DEVICES ARE
SERIALLY COUPLED IN FLOW COMMUNICATION VIA AT LEAST ONE
CONVEYING FLUID CONDUIT

THROUGH A PLURALITY OF STEAM HEATING DEVICES, WHEREIN AT LEAST]

\

706

STEAM HEATING DEVICE

CHANNELING STEAM AT A FIRST PREDETERMINED PRESSURE TO A FIRST

!

708

CHANNELING NITROGEN GAS AT THE FIRST TEMPERATURE THROUGH

GAS TO A SECOND PREDETERMINED TEMPERATURE

THE FIRST STEAM HEATING DEVICE, THEREBY HEATING THE NITROGEN

!

710

CHANNELING STEAM AT A SECOND PREDETERMINED PRESSURE TO A
SECOND STEAM HEATING DEVICE

|

712

TEMPERATURE THROUGH THE SECOND STEAM HEATING DEVICE,

TEMPERATURE

CHANNELING THE CONVEYING FLUID AT THE SECOND PREDETERMINED

THEREBY HEATING THE CONVEYING FLUID TO A THIRD PREDETERMINED

|

~714

CHANNELING THE CONVEYING FLUID AT THE THIRD PREDETERMINED
TEMPERATURE THROUGH A THIRD STEAM HEATING DEVICE, THEREBY
HEATING THE CONVEYING FLUID TO A FOURTH PREDETERMINED
TEMPERATURE

\

716

TEMPERTURE TO A SOLIDS CONVEYANCE SYSTEM

CHANNELING THE CONVEYING FLUID AT THE FOURTH PREDETERMINED

!

718

ENTRAINING SOLIDS WITHIN THE CONVEYING FLUID AT THE FOURTH
PREDETERMINED TEMPERATURE AND TRANSPORTING AT LEAST A
PORTION OF THE SOLIDS TO A GASIFICATION SYSTEM

!

720

MERCURY COLLECTION DEVICE

CHANNELING AT LEAST A PORTION OF THE CONVEYING FLUID AND AT
LEAST A PORTION OF THE ENTRAINED SOLIDS THROUGH AT LEAST ONE
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