2008/124443 A2 1IN0 A0 00 00O O

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
16 October 2008 (16.10.2008)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

2 | O 0O 0 O 0 O

(10) International Publication Number

WO 2008/124443 A2

(51) International Patent Classification: (74) Agent: MARICH, Eric; Babcock & Wilcox Power Gen-

F02C 6/18 (2006.01) B02C 21/00 (2006.01) eration Group, Inc., 20 S. Van Buren Avenue, Barberton,
OH 44203 (US).

(21) International Application Number:

PCT/US2008/059147 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: 2 Apl‘ﬂ 2008 (02.04.2008) AQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,

CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

(25) Filing Language: English EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, L.C,
(26) Publication Language: English LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,

(30) Priority Data: PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
60/910,547 6 April 2007 (06.04.2007) US SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
12/060,459 1 April 2008 (01.04.2008)  US ZA, 7M, ZW.

(71) Applicant (for all designated States except US): BAB-  (84) Designated States (unless otherwise indicated, for every
COCK & WILCOX POWER GENERATION GROUP, kind of regional protection available): ARTPO (BW, GH,
INC. [US/US]; 20 S. Van Buren Avenue, Barberton, OH GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
44203 (US). ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

(72) Inventors: MARTIN, William, N.; 9905 Parkview Drive, FR, GB,GR,HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

Brecksville, OH 44141 (US). SOMMER, Todd, M.; 438
Pres Vannes Drive, Dalton, ohio 44618 (US).

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR PREPARING PULVERIZED COAL USED TO PRODUCE SYNTHESIS GAS

12 Syngas 10 120
LT e
20 | 110
7’%‘\’ 28 — 1
14 Air L ':‘ -——
]

Ay 100 ;

18
22 o M—TTTTTTT1]
38 %34 @6 ——————
\Q X .
so0 (BT [ N
e 70
i A
) °
32 34  j ] \ /
To Oth PC
o ther STORAGE GASIFIER
Pulverizer BINS
Fans {

\80 Syn@

(57) Abstract: A method and apparatus for preparing pulverized coal used in the production of synthesis gas combusted in gas
turbines used in integrated gasification combined cycle power plants uses gas turbine exhaust gas to dry and convey pulverized coal
from a pulverizer to a coal/gas separation device.



WO 2008/124443 A2 | NI DA 000 000001000 00 0O

Published:
—  without international search report and to be republished
upon receipt of that report



WO 2008/124443 PCT/US2008/059147

METHOD AND APPARATUS FOR PREPARING
PULVERIZED COAL USED TO PRODUCE SYNTHESIS GAS

FIELD AND BACKGROUND OF THE INVENTION

[B001]  The present invention refates generally to pulverized coal preparation and,
in particular, 10 a methad and apparatus for preparing pulverized coal used in ths
production of synthesis gas combusted In gas ilurbines used in integrated
gasification combined cycle power plants.

[0002)  Integrated gasification combined coycle (IGCC) powsr plants produce
synthesis gas fuel in gasifiers via the partial combustion of coal. The synthesis gas
is used as fuel for gas turbines of these IGCC power plants.

00031 The coal used to produce the synthesis gas is ground or pulverized to a
desired particle size. The pulverized coal is heated by a drying stream to remove a
partion of the moisture in the coal. The pulverized ceal, after being separated from
the drying stream, is then transported to a temporary storage location from where it
is then conveyed to the gasifier to produce the synthesis gas; systems of this type
are known as indirect or bin systems. Moisture is removed so that the pulverized .
coal does not agglomerate when stored in the bin. However, in removing the
moisture, the drying stream itself retains moisture removed from the coal.

[0004] One current system uses a closed loop coal drying/grinding/ transport gas
of nitrogen with very low oxygen concentration, thus reducing the risk of coal
combustion. Since the nitrogen is drying the coal, the moisture must be removed
from the nitrogen by cooling it below the dew point, and removing the moisture, and
then reheating it for recirculation to the pulverizer to dry and transport more coal.

This system requires a cooler, a heater, associated pumps, valves and piping and
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continuous use of steam and cooling water. Since the nitrogen would have to be
purchased, the coal preparation and drying system would be operated as a closed
system in order to minimize nitrogen losses from the system, and one or more heat
exchangers would be required to remove moisture from the recirculating nitrogen

drying stream.

SUMMARY OF THE INVENTION

[0005] Itis an object of the present invention to provide an improved method and
apparatus for preparing coal for use in producing synthesis gas fuel used by gas
turbines of power plants to produce electricity.

[0006] It is another object of the present invention to provide an improved method
and apparatus for preparing coal for use in producing synthesis gas fuel which does
not require a closed loop system.

[0007] It is a further object of the present invention to provide an improved
method and apparatus for preparing coal for use in producing synthesis gas fuel
which does not require heat exchangers to remove moisture from the drying stream.
[0008] Accordingly, one aspect of the present invention is drawn to an improved
method and apparatus for preparing coal for use in producing synthesis gas which
uses gas turbine exhaust gas to dry and convey pulverized coal from a pulverizer to
a coal/gas separation device.

[0009] The various features of novelty which characterize the invention are
pointed out with particularity in the claims annexed to and forming a part of this
disclosure. For a better understanding of the invention, its operating advantages
and specific objects attained by its uses, reference is made to the accompanying
drawings and descriptive matter in which a preferred embodiment of the invention is

illustrated.

BRIEF DESCRIPTION OF THE DRAWING
[0010) The sole Figure is a schematic drawing of the apparatus utilized in a

preferred embodiment of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

[0011] The Figure is a schematic illustration of a portion of an IGCC power plant,
generally designated 10, which employs the principles of the present invention to
prepare pulverized coal used in the production of synthesis gas to generate power.
Synthesis gas 12 from a gasifier 90 and air 14 are combusted in gas turbine 16 to
produce energy for the IGCC power plant 10. The gas turbine is coupled to an
electric generator (not shown) which produces a portion of the electricity produced
by IGCC plant 10. Hot turbine exhaust gas 18 is emitted from gas turbine 16 as a
result of the combustion of the synthesis gas 12 and air 14. The hot turbine exhaust
gas 18 is then conveyed to a NOy reduction device, such as a selective catalytic
reduction (SCR) device 20, of known design and operation.

[0012] A portion 22 of the hot turbine exhaust gas 18 is then conveyed through a
waste heat recovery boiler 40 of known design, while a second portion 24 of the hot
turbine exhaust gas is directed to a coal pulverizer 60, as described below. The
purpose of waste heat recovery boiler 40 is to generate steam to power a steam
turbine and electric generator (not shown) for additional electric power generation by
the IGCC plant 10. The temperature of the hot turbine exhaust gas flowing through
the boiler 40 is reduced due to the heat transfer taking place within the boiler 40 and
which produces the steam for the steam turbine (not shown). Cooled turbine
exhaust gas exits from the boiler 40. Another portion 26 of the cooled turbine
exhaust gas exiting from the boiler 40 is alsc directed to the coal pulverizer 60, as
described below. The balance 28 of the cooled turbine exhaust gas exiting from the
hoiler 40 is then conveyed to an environmental clean up unit (schematically
indicated at 110) of known design and thereafter to a boiler stack 120. The
environmental clean up unit would actually be positioned so as to receive and treat
the flow stream 28 and the gas exiting via line 7 from a coal/gas separation device
70 described below. The environmental clean up unit 110 may, for example,
comprise wet or dry scrubbers of known design used to remove sulfur oxides from

the turbine exhaust gas.
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[0013] While the Figure illustrates a series arrangement of gas turbine 16, SCR
20 and waste heat recovery boiler 40, it will be appreciated by these skilled in the art
that the SCR is probably integrated with the waste heat recovery boiler 40. Since
the preferred inlet gas temperature entering the SCR 20 is about 700F, it is likely
that the designer would actually place some high temperature sections of the waste
heat recovery boiler 40 in between the gas turbine 16 and the SCR 20, and then
locate some low temperature sections of the waste heat recovery boiler 40
downstream of the SCR 20. In the present invention, it is preferred that the hot
turbine exhaust gas 24, from which some of the NO, has been removed, be provided
at a gas temperature of about 650F, with the cooled turbine exhaust gas 26 exiting
from the waste heat recovery boiler 40 at a gas temperature of about 300F or less.
This provides sufficient heat and cooling capability in the turbine exhaust gas for use
as a drying agent in the coal pulverizer 60 as described below.

[0014] The hot 24 and cooled 26 turbine exhaust gas are conveyed to the coal
pulverizer 60 to dry and convey pulverized coal from the pulverizer to a coal/gas
separation device 70 in a controlled fashion, as described below. The turbine
exhaust gas has a low oxygen concentration, reducing the risk of coal combustion.
[0015] Raw coal 30 is supplied to one or more coal pulverizers 80 and ground to
a desired fineness to produce a stream of pulverized coal. The hot turbine exhaust
gas 24 is mixed with the cooled turbine exhaust gas 26 at 32, and biown intc the
pulverizer 80 by hot pulverizer fan 50. The relative amounts of hot turbine gas 24
and cooled turbine gas 26 provided to the coal pulverizer 60 are regulated by motor
operated gas dampers 34, 36 under the control of a controller (not shown) which
operates to achieve a desired pulverized coal mill outlet temperature as measured
by temperature sensor 38. The turbine exhaust gas dries the pulverized coal and
transperts it from the pulverizer 60. The dried pulverized coal exits from the
pulverizer 60 and is conveyed to a coal/gas separation device 70, where the
pulverized coal is separated from the gas. The mixed turbine exhaust gas which
was conveyed to the coal pulverizer 34 removes the moisture from the pulverized
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coal. A direct fired-air heater (not shown) may be utilized to supply heat to the coal
pulverizer exhaust gas input line if hot turbine exhaust gas is not available.

[0016] The coal/lgas separation device 70 is advantageously a fabric filter, a
cyclonic separation device, an electrostatic precipitator, or a combination thereof,
and separates the pulverized coal from the turbine exhaust gas conveying stream. If
device 70 is a fabric filter, it may be a single module, intermediate pressure, pulse-jet
collector with automated cleaning of the filter bags in an on-line cleaning mode. The
device 70 may include a pre-cleaner inlet to reduce the grain loading to the bags.
Such a design provides for both separation of particles from the gas stream and
reduces the gas stream velocity by introducing a cross-flow gas pattern into the side
of the device 70. A compressed nitrogen system 100 may be provided for device 70
to provide nitrogen pulse jets to dislodge accumulated pulverized coal from the bags
of the fabric filter. The nitrogen pulse jets also provide a nitrogen blanket over the
pulverized coal to reduce the chance of combustion. Infiltration of air into the device
70 is also reduced by the positive pressure established by the hot pulverizer fan 50.
[0017] The pulverized coal separated from the exhaust gas in device 70 is
collected in hoppers and then conveyed to pulverized coal storage bins 80 for
eventual transport to the gasifier 90 where the synthesis gas is produced. The
relatively clean exhaust gas is then conveyed from the coal/gas separator 70 to the
environmental clean up unit 110 for final clean-up prior to discharge to the
atmasphere.

[0018] The present invention may be employed in the construction of new IGCC
power plants or in the repair, modification or retrofit of existing IGCC power plants. |t
is also understood that, depending upon the specific applications, certain features of
the invention may be employed without other features of the invention. Thus, while
a specific embodiment of the invention has been shown and described in detail to
illustrate the application of the principles of the invention, it will be understood that
the invention may be embodied otherwise without departing from such principles.
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CLAIMS
We claim:
1. A method for preparing coal for use in producing synthesis gas for use

in gas turbines comprising using gas turbine exhaust gas produced by the
combustion of synthesis gas to dry and convey pulverized coal from a pulverizer to a

coal/gas separation device.

2. A method for preparing coal for use in producing synthesis gas for use
in gas turbines comprising the steps of:
grinding coal in a pulverizer to produce pulverized coal;
combusting synthesis gas with air in a gas turbine to produce hot
turbine exhaust gas; and
conveying a first portion of the hot turbine exhaust gas to the coal
pulverizer to dry and convey the pulverized coal from the pulverizer to a coal/gas

separation device.

3. The method according to claim 2, comprising the steps of:
conveying a second partion of the hot turbine exhaust gas through a
waste heat recovery boiler to produce cooled turbine exhaust gas;
mixing the first portion of the turbine exhaust gas and the cooled

turbine exhaust together and then conveying the mixture to the coal pulverizer.

4, The method according to claim 3, comprising the steps of: regulating
the relative amounts of hot turbine exhaust gas and cooled turbine gas provided to

the coal pulverizer to achieve a desired pulverized coal mill outlet temperature.

5. The method according to claim 2, comprising the steps of:
separating the pulverized coal from the turbine exhaust gas in the

coal/gas separating device;
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conveying the separated pulverized coal from the coal/gas separation
device to a pulverized coal storage bin; and
conveying the turbine exhaust gas from the coal/gas separation device

to an environmental clean-up unit.

6. An apparatus for preparing coal for use in producing synthesis gas for
use in gas turbines, comprising:
a pulverizer for producing pulverized coal from raw coal; and
means for conveying hot turbine exhaust gas from the combustion of
synthesis gas and air into the coal pulverizer to dry and convey the pulverized coal

from the coal pulverizer to a coal/gas separation device.

7. The apparatus according to claim 6, comprising:

a gas turbine for combusting synthesis gas and air to produce the hot
turbine exhaust gas;

a waste heat recovery boiler for receiving a first portion of the hot
turbine exhaust gas to produce cooled turbine exhaust gas;

means for mixing the first partion of the turbine exhaust gas and the
cooled turbine exhaust together;

means for providing the mixture to the coal pulverizer; and

means far regulating the relative amounts of hot turbine exhaust gas
and cooled turbine gas provided to the coal pulverizer to achieve a desired

pulverized coal mill outlet temperature.

8. The apparatus according to claim 7, comprising:
a fabric filter for receiving the pulverized coal and turbine exhaust gas
from the coal pulverizer and separating the pulverized coal from the turbine exhaust

gas.
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