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SYSTEM AND METHOD FOR OPERATING POWER
GENERATION SYSTEMS

BACKGROUND OF THE INVENTION

[0001]  This invention relates generally to power generation systems
and, more particularly, {0 methods and syslems for providing fuel for an ntegrated

gasification combined cvele power genevation svstem,

0002] At least some known power generation systems humidify
gases entering a gas turbime engme.  The moisture in the hunudified gas tends to
increase the mass fed nfo the gas turbine engine such that an increase m the
efficiency of the gas turbine engine is realized. The humdification of the gases uses
energy for the vaporization of the water being added to the gas stream.  Additionally,
the power generation system may also dry the solid fuel being fed 1o the gasifier.
Diving 13 tvpically performed by contacting an nert gas stream with the fugl prior 1o
injection into the gasifier. The moisture m the fuel is vaporized using energy from the
fuel. The energy used hunudifving the gases and the energy used drving the fuel are

lost to the svstem and the loss tends to decrease the efficiency of the svstem.
BRIEF DESCRIPTION OF THE INVENTION

[$dK33]  In one embodiment, a fuel supply svstem includes a supply of
a flow of fuel wherein the fuel mcludes an amount of moistwe In a first
predetermined range, a supply of a flow of gas wherein the gas includes an amount of
maisture in & second predetermined range and wherein the second predeternuned
range 15 less than the first predetermined range. 'The fuel supply svstem further
includes a vessel configured to receive the flow of fuel and the fow of gas, mix the
flow of fuel and the flow of gas, and separate the flow of Tuet from the flow of gag

wherein moisture s transferred from the 8ow of fuel to the How of gas,

[0004]  In another embodiment, a method of operating a fuel supply
svstem includes receiving a flow of carbonaceous fuel, the fuel compnsing a first
amount of moisture and mixing the flow of carbonaceous fuel with a flow of a gas
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such that the first amount of moisture in the fuel is reduced and a second amount of
moistoere in the gas 1s increased. The flow of gas includes an amount of heat and at

least some of the amount of heat 1s transferred to the flow of fuel dunng the mixing.

[0003]  In vet another embodument, an integrated gasifier combined
cycle power system includes a fuel dryer configured to receive a flow of fuel. receive
a flow of fluid, transfer moisture from the fuel to the gas, and transfer heat from the

gas to the fuel.
BRIEF DESCRIPTION OF THE DRAWINGS

6] Figures 1-3 show exemplary embodiments of the method and

svstem described herein.

[(3007]  Figure 1 s a schematic diagram of an exemplary integrated

gastfication combined-cyvele (1GCC) power generation system;,

[0008] Figure 2 15 a schematic block diagram of a portion of the
imtegrated  gasification combined-cvcle {(IGCCY power generation  svstem in

accordance with an embodiment of the present mvention: and

[0009]  Figure 3 is a schematic block diagram of a portion of the
integrated  gasification  combined-cvele (IGCC}H power generation system  in

accordance with anothier embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[010]  The following detailed description iflustrates embodiments of
the invention by way of example and not by way of lumtlation. I is contemplated that
the mvention has general application to conserving energy by using waste heat from
one part of the process to replace heat i another part of the process in industrigl,

comunercial, and residential applications.

[0011]  As used herein, an element or step recited i the singular and
proceeded with the yword “a™ or “an™ should be onderstood as not excluding plural
elerents or steps, unless such exclusion s explicitly recited. Furthermore, references
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1o “one embodiment”™ of the present vention are not inlended o be interpreted as
excluding the existence of additional embodiments that also incorporate the recited

features.

[0012]  Figure 1 13 a schemabic diagram of an exemplary integrated
gasification combined-cyvele (IGCC) power generation system 10 1GCC system 10
generally includes & main air compressor 12, an air separation wnt {ASLDY 14 coupled
i flow communication to compressor 12, a gasifier 16 coupled in flow
commanication to ASU 4. a syngas cooler 18 coupled m low commuomcation o
gasifier 16, g gas turbine engine 20 coupled in flow communication to syngas cooler
18, and a steam turbine 22 coupled in flow communication to svngas cooler 18, in
various embodiments, gasifler 16 and syngas cooler 18 are combined nto a single

integral vessel.

[0013]  In operation, compressor 12 compresses ambient air that is
then channeled to ASU 14, In the exemplary embodiment, in addition to compressed
air from compressor 12, compressed air from a gas turbine engine compressor 24 is
supplied 1o ASU 14 Altemnatively, compressed alr from gas turbing engine
compressor 24 is supplied to ASU 14, rather than compressed air from compressor 12
being supplied to ASU 14 In the exemplary embodiment, ASU 14 uses the
compressed air 1o generate oxvgen for use by gasifier 16, More specifically, ASU 14
separates the compressed ar o separate flows of oxvgen (O2) and a gas by-product,
sometimes referred 1o as a “process gas.”™ The Oy flow is channeled to gasifier 16 for
use i generating partially combusted gases, referred to herein as “syngas™ for use by

gas turbine engine 20 as fuel, as described below m more detail.

[06014]  The process gas generated by ASU 14 includes nitrogen and
will be veferved to herein as “nifrogen process gas™ (NPG).  The NPG may also
melude other gases such gs, but not limited to. oxygen and/or argon. For example, in
the exemplary embodiment, the NPG includes between about 93% and about 1800%
nitrogen. In the exemplary embodiment, at least some of the NPG {low i3 vented 1o
the gtmosphere from ASU 14, and gt some of the NPG flow is injected into a

combustion zone {not shown} within a gas turbine engine combustor 26 to facilitate
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controliing enussions of engine 20, and more specifically to facilitate reducing the
combustion temperature and reducing nitrous oxide emussions from engine 200 In the
exemplary embodiment, 1GCC system 10 includes 8 compressor 28 for compressing
the nitrogen process gas flow before being injected into the combustion zone of

Qas

turbine engine combustor 26,

[$EHS]  In the exemplary embodiment, gasifier 16 converts a mixture
of fuel supplied from a fuel supply 30, O, supphied bv ASU 14, steam, andfor
Iimestone wto an outputl of syngas for use by gas turbie engme 20 as fuel. Although
gasifier 16 may use any fuel, gasifier 16, in the exemplary embodiment, uses coal.
petroleum coke, residual oil, ol emuisions, tar sands, andfor other sunilar fuels.
Furthermore, 1 the exemplary embodiment, the svngas generated by gasifier 16
includes carbon diexide.  Gasifier 16 may be a [ixed-bed gasifier, a flwdized-bed

gasifier, and/or an entrained gasifier.

[(16] In the exemplary embodiment, svngas generated by gasifier
16 is channeled to syngas cooler 18 fo facilitate cooling the svngas, as describad in

more detail below. The cooled syngas 15 channeled from syngas cooler 18 10 a

-

scrubber, and through additional cooling to a clean-up device 32 for cleaning the

syngas before 1t 18 channeled 10 gas twbine engine combustor 26 for combustion
thereof. Hvdrogen sulfide (M8} i1s separated from the svngas during cleanup and 1
sent 10 a processing unl where 101 converted Lo products, typically sulfar or sulfuric
acid. Carbon dioxide (CO;) may also be separated froms the svngas during clean-up
and, in the exemplary embodiment, may be vented to the atmosphere. Gas wrbine
engine 2(t drives a generator 34 that supplies electrical power to a power grid (not
shown). Exhaust gases from gas turbing engine 20 are channeled to a beat recovery
steamn generator 36 that generates and superheats steam for driving steamn turbine 22,

Power generated by sieam turbineg 22 drives an electrical generator 38 that provides

electrical power 1o the power gnd.

[6017] Farthermore, in the exemplary embodiment, system 10
includes a purnp 40 that supplies preheated water from stegn generator 36 10 syngas

cooler 18 to facilitale cooling the svngas channeled from gasifier 16, The boiled
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water is channeled through syngas cooler 18 wherein the water 15 converted to steam.
The steam from svngas cooler 18 15 then retumned {0 steam generator 36 for use within

casifier 16, syngas cooler 18, andfor steam turbine 22,

(£ ]

[0018] Figure 2 is a schematic block diagram of a portion of
integrated gasification combined-cyele (HGCC) power generation svstem 10 (shown
Figure 1) in accordance with an embodiment of the presemt mvention. In the
exemplary embodiment, GCC power generation svstem 10 includes a fuel drver 200
n sental Dow comumunication between Tuel supply 30 and gasifier 16, Fuel drver 200
is also in sental flow communication between svngas cooler 8 and clean-up device
32, Fuel drver 200 15 configured to receive a flow of refatively cool and wet fuel from
fuel supply 30 and a flow of relatively hot and dry syngas from syngas cooler 18, The
floves of syngas and fuel are encouraged (o mix in fuel drver 200 such that the syngas
and fuel come into close contact with each other. During the close contact, heat s
transferred from the syngas to the fuel, diving the fuel before it 15 channeled out of
fuel dryver 200 and on to gasifier 16, Also dunng the close contact, moisture 18
transferred from the fuel to the syngas moisturizing the svngas before it is channeled
out of fuel drver 200 and on to clean-up device 32 and combustor 20, In an
embodiment, an auxiiiary ceanup device 202 &5 provided i sertal flow
communication between fuel drver 200 and clean-up device 32, Auxihary cleanup
device 202 1s configured to remove solids and particulates entrained in the syngas in

fuel drver 200 during the close contact between the fuel and the syngas.

[019] Figure 3 15 a schematic block diagram of a portion of
mtegrated gasification combined-cy cle (FGCC) power generation svstem 10 (shown in
Figure 1) in accordance with another embodiment of the present invention. In the
exemplary embodiment. IGCC power generation system 10 includes a fuel drver 200
i serial flow communication betweaen fuel supply 30 and gasifier 16, Fuel drver 200
15 also in serial flow communication between air separatton amit (ASU} 14 and
combustor 26. Fuel drver 200 s configured to receive a flow of relatively cool and
wet fual from fuel supply 30 and a flow of relatively hot and diy nitrogen process gas
(NPG) from ASU 14, The flows of NPG and fuel are encouraged to mux in fuel diver
204 such that the NPG and [uel come into close contact with each other. During the
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close contact, heat s transferred from the NPG (0 the fuel, preheating the fuel before
it 15 channeled oot of fuel drver 200 and on to gasifier 16, Also duering the close
contacl, mosture 18 transferred from the fuel to the NPG, moistanizing the NPG
before it 1s channeled out of fuel drver 200 and on to combustor 26, In an
embodiment, an auxiliary cleanup device 202 s provided i senal [Oow
commuanication between fual dryer 200 and combustor 26, Optional auxiliary cleanup
device 202 1s configured to remove solids and particulates entrained in the NPG in
fuel drver 200 during the close contact between the fuel and the NPG.  In various
embodiments, compressor 28 is positioned in senal fow communication between fuel
drver 200 and auxiliary cleanup device 202, o used. Compressor 28 15 used for
compressing the NPG flow before being tmjected into the combustion zone of gas

turbing engine combustor 26,

[0020]  Although the source of preheat and diving of the fuel is
described above as baing svagas andfor NPG, it should be anderstood that any source
of relatively dry gas may be used to drv and/or preheat the How of fuel entering
gasifier 16, In addition, the fuel may be stored in a hopper or silo after drving and
before being injected mnto gasifier 16, In the exemplary embodiment, fuel dryer 200
comprises a siationary vessel. In an alternaiive embodument, fuel diver 200 comprises

a movable vessel that mav rotate about a longitudinal axis.

{0021]  The above-described embodiments of a method and svstem of
power generation systems provides a cost-effective and reliable means increasing the
efficiency of the power generation svstem by using heat that would otherwise be lost
to the svstem to perform oseful work., Morve speaifically, the methods and svstems
described herein facititate drving relatively wet fuel using relatively bot and dryv gases
in the process that will otherwise be cooled and hunudified using energy from the
system. In addition, the above-described methods and systems facilitate humidifving
the gas wsing moisture that would otherwise be discharged from the svstem. As a
result, the methods and svstems desceribed herein facilitate increasing the efficiency of

the power genaration system in a cost-effective and reliable nianner.
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[0022]  An exemplary methods and apparatus for drving fuel in a
power generation system using gases being fed into the power generation svstem gas
turbine engine lo increase mass Jow through the gas twbine engine are described
above in detail. The systems tlustrated are not limited to the speaific embodinents
described herein, but rather, componenis of each may be ulilized mdependently and
separately from other components described herein.  Each system component can also

be used in combination with other systern components,

66231 While the disclosure has been described in terms of vasious
specific embodiments, 1t will be recognized that the disclosure can be practiced with

modification within the spint and scope of the claims.
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WHAT IS CLAIMED IS:

L. A fuel supply svstem comprising:

a supply of a flow of fuel, said fuel comprising an amount of mwislure
in a frst predetermined range:

a sepply of a flow of gas, said gas comprising an amount of moistare
in a second predetermined range, the second predetermined range being less thay the

first predetermined range: and
a vessel configured 1o
recetve said flow of fuel and said flow of gas;
mix said Dow of fuel and said flow of gas; and
separate said flow of fuel from said flow of gas

wherain moisture 18 fransferred from said flow of fuel to said fow of

Has,

bl

2. A system i accordance with Claim | wherein heat s

transferred from said fow of gas 1o said Jow of fuel.

3. A svstem in accordance with Claim 1| wherein smd vessel

comprises a longitudinal axis, said vessel rotatable about said longitadinal axis.
4. A system in accordance with Claim 1 wherein said flow of gas
comprises a flow of nitrogen.

o

5. A system in accordance with Claim 1 whaerein said flow of fuel

comprises a flow of a carbonaceous fuel.

6. A svstem i accordance with Claim 1 wherein said flow of fuel

comprises a Jow of at teast one of a solid and a liquid carbonaceous fuel.

R~
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7. A systemt in accordance with Claim 1 wherein said flow of gas

comprises a flow of syngas.

& A system in accordance with Claim 1 further compising a
cleanup device downstream of said vessel, said cleanup device configured to remove

particles of fuel from the flow of gas exiting the vessel,

9. A methed of operating a fuel supply svstem. said method

COMPIISiNg:

recetving a flow of carbonaceous fuel, the fuel comprising a furst

amount of moisture: and

mixing the tlow of carbonaceous fuel with a flow of a gas such that the
first amount of motsture in the fuel is reduced and a second amount of moisture in the
gas is increased, the Sow of gas comprising an amount of heat wheregin at least some

of the amount of heat is transterred to the flow of fuel during the mixing.

10, A method 0 accordance with Claim 9 wherein receiving a flow

of carbonaceous fuel comprises receiving a flow of coal.

11, A method in accordance with Claim 9 wherein nixing the flow
of carbonaceous fuel comprises nuxing the flow of carbonaceous fuel with a flow of

nitrogen.

12, A method in accordance with Claim ¥ wherein mixing the flow
of carbonaceous tuel with a flow of a gas comprises mixing the flow of carbonaceous

fuel with a Jow of syngas.

13, A method in accordance with Clanm @ wherein mixing the How
ol carhonacecus fuel with a flow of a gas comprises mixing the flow of carbonaceous

fuel with a flow of a gas in a vessel,

14, A method in accordance with Claim 9 wherein mixing the flow
of carbonaceous fuel with a flow of a gas comprises mixing the flow of carbonaceoas
fuel with a flow of a gas in a vessel rotatable about a longitudinal axis of the vessel.

-G
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15, An  integrated gasifier combined cvele power  svsiem

comprising a fuel drver configured to:
receive a flow of fuel
receive a flow of flud;
transfer moisture from the fuel to the gas: and
transter heat from the gas to the fuel

& A system 1n accordance with Claim 135 fusther comprising a
separator configured to separate at least a portion of the fow of fuel from the flow of

flwid.

17 A svstem in accordance with Claim 13 wherein said fuel drver

comprises a longitudinal axis, said fuel drver rolatable about said longtindinal axis.

18, A system in accordance with Claim 15 wherein said flow of

fluid comprises a Bow of at feast one of a solid and a hquid carbonaceous fuel,

19 A systern in accordance with Claim 15 wherain said flow of

fluid comprises a Now of syngas.

200 A svstem in accordance with Claim 15 wherein sad separator
15 positionad downsiream of said fuel drver, said separator configured to remove

particles of fuel from the flow of fuid exiting the fuel drver.
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