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(57) Abstract: A method for integrating an oxy-fuel boiler and an air separation unit, along with a supply of wet coal is disclosed.
The integration applies the steps of feeding an air stream to an air separation unit thereby producing oxygen and nitrogen; feeding
the oxygen to an oxy-fuel boiler; feeding the nitrogen to a supply of wet coal, thereby drying the wet coal; feeding the dry coal to the
oxy-fuel boiler; and combusting the coal and oxygen in the oxy-fuel boiler.
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METHODS FOR COAL DRYING AND OXY-FUEL COMBUSTION THEREOF

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0001] This invention was made with government support under Contract
DE-FE0009448 awarded by the US Department of Energy. The government

has certain rights in the invention.

BACKGROUND OF THE INVENTION

[0002] As the desire to use cleaner energy sources grows, the desire to
use cleaner, more efficient power generation systems has grown as well.
This has fueled greater technology development in this area such as for an

oxy-fuel combustion boiler using pulverized coal as a fuel.

[0003] In conventional, low pressure, air fired coal boilers, raw coal with
large amounts of moisture is first dried in direct contact with a stream of
preheated air which is then used for the combustion of the pulverized coal. In
advanced, oxy-fuel power generation designs, oxygen instead of air is used
as an oxidant. Consequently using oxygen in place of air is not feasible as
preheated oxygen in direct contact with coal can cause fires and explosions.
As a result, an innovative coal drying process should be considered to reap
the benefits of combusting partially dried coal rather than wet coal in oxy-fuel

coal power generation systems.

[0004] Many of the elements of oxy-fuel combustion systems are similar to
unit operations found in commercially utilized air based combustion boilers. A
few differences are the air separation unit (ASU) which supplies oxygen to for
the oxy-fuel combustion upfront of the fuel combustor and a carbon dioxide

recirculation system which moderates the oxy-fuel combustion temperature to

fit selected material temperature limitations. Another advantage of oxy-fuel
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power generation is the carbon dioxide rich flue gas which can be used to
produce an enhanced oil recovery (EOR) grade carbon dioxide as the
byproduct of the power generation.

[0005] Possible examples of drying coal before its combustion with oxygen
would be to use a mixture of previously dried carbon dioxide byproduct from
the flue gas mixed with fresh dry oxygen. This has a negative impact of
increased capital cost and energy penalties. Alternatively, expansion of
pressurized, partially dried carbon dioxide which can be heated with a waste
heat gas source will also increase capital cost and energy loss due to oxygen

compression.

[0006] The methods of the present invention avoid these shortcomings by
reducing specific coal and oxygen utilization as well as by increasing power
generation efficiency and reducing the cost of electricity for related

operations.

SUMMARY OF THE INVENTION
[0007] In a first embodiment of the invention, there is disclosed a method
for integrating an oxy-fuel boiler and an air separation unit comprising the

steps:

a) Feeding an air stream to an air separation unit thereby producing

oxygen and nitrogen;

b) Feeding the oxygen to an oxy-fuel boiler;

c) Feeding the nitrogen to a supply of wet coal, thereby drying the wet

coal;

d) Feeding the dry coal to the oxy-fuel boiler; and
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e) Combusting the coal and oxygen in the oxy-fuel boiler.
In a second embodiment of the invention, there is disclosed a method for

operating an oxy-fuel boiler comprising the steps of:

a) Producing oxygen and nitrogen in an air separation unit;

b) Feeding the nitrogen to a supply of wet coal, thereby drying the coal;

and

c) Feeding the oxygen and the coal to the oxyfuel boiler.

[0008] The carbon dioxide that is produced by the operation of the oxy-fuel
boiler and the carbon dioxide is recycled to the oxygen feed to the oxy-fuel

boiler.

[0009] The air stream is fed to the air separation unit after it has been
cooled and compressed. This cooling and compression can be by one or

more separate stages.

[0010] The nitrogen contacts the air stream prior to the air stream entering

the air separation unit. The nitrogen will provide cooling to the air stream.

[0011]  The nitrogen is heated prior to contacting the supply of wet coal by
contact with the second compression sfage where the air stream is ata

warmer {emperature than the incoming nitrogen stream.
[0012] The oxygen, coal and occasionally carbon dioxide will fuel the boiler
in the oxy-fuel boiler which in turn produces steam for operating a steam

turbine.

[0013] The air separation unit can be any conventional design but is
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typically a cryogenic distillation unit.

[0014] In a third embodiment of the invention, there is disclosed a method
for drying wet coal comprising the steps:

a) Feeding an air stream to an air separation unit thereby producing

oxygen and nitrogen; and

b) Feeding the nitrogen to a supply of wet coal

[0015] The air stream is fed to the air separation unit after it has been

cooled and compressed.

{0016] The nitrogen contacts the air stream prior to the air stream entering
the air separation unit and will provide cooling of the air stream, particularly as

it leaves the one or more compression stages.

[0017]  The nitrogen is heated prior to contacting the supply of wet coal by
contact with the second compression stage where the air stream is at a

warmer temperature than the incoming nitrogen stream.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The figure is a schematic showing the integration of the oxy-fuel
boiler with the air separation unit and coal supply.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Turning to the figure, an advanced oxy-fuel combustion system
using direct coal drying is shown. Waste nitrogen from the air separation unit
is indirectly heated with compressed air and directed to the coal drying and

pulverization unit.
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[0020]  Airis fed through line 10 into the main air compressor (MAC) A.
The air will pass by way of line 11 through a first stage compressor 1; an
interstage air cooler 2; a second stage air compressor 3 and an after
compression air cooler with waste nitrogen 4. The air will typically be above

100°C after the second stage air compressor 3

[0021] The air separation unit is a conventional air separation unit B which
can be for example, a cryogenic distillation unit which will cryogenically distill
air to produce nitrogen and oxygen. The oxygen can be fed through line 12 to
the oxy-fuel boiler D. The nitrogen which is typically at close to atmospheric
pressure will be fed through line S3 fo the after compression air cooler 4 in
the main air compressor A to provide cooling to the air stream prior to its entry
into the air separation unit B. The dry nitrogen will be heated in the after
compression air cooler 4 and fed through line S4 to the coal drying and

pulverization unit C.

{0022] The coal drying and pulverization unit C receives raw coal through
feed line S1. The raw coal is contacted with the heated dry nitrogen feed into
the coal drying and pulverization unit C. The heated dry nitrogen is typically
at around 100°C and will remove moisture from the raw coal. Once the
nitrogen passes through the coal, it is directed out of the coal drying and
pulverization unit C through line 17. The dry coal is fed through line $2 to the
oxy-fuel boiler D where it will be combusted with the oxygen and recycled

carbon dioxide fed through line 12 from the air separation unit B.

[0023] The oxy-fuel boiler D will combust the dry coal using a mixture of
carbon dioxide recycle and oxygen. This will produce steam which will be
pressurized and fed through line 13 to a steam turbine E which will generate
mechanical work which is usually transiated into electrical energy. The
electrical energy can be employed as part of the site operations. The water

from the turbines can be returned via line 14 to the oxy-fuel boiler D where it
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will be reheated, pressurized and fed to the steam turbine E as stream.

[0024] The stream 15 exiting the oxy-fuel boiler is a mixture of carbon
dioxide and water and can include smaller amounts of oxygen, carbon
monoxide, sulfur dioxide and nitrogen. This stream can be treated as
necessary for environmental purposes and discharged to the atmosphere. A
part of the carbon dioxide produced can be recycled through line 16 to the
oxygen feed line 12 from the air separation unit B for entry as a fuel in the

oxy-fuel boiler D.

[0025] The inventors envision that the integration as disclosed by the
present invention could be applied to other combustion processes and fuels,
as well as modifications of power generation plants that utilize compressed

oxygen enriched air for example.

[0026] While this invention has been described with respect to particular
embodiments thereof, it is apparent that numerous other forms and
modifications of the invention will be obvious to those skilled in the art. The
appended claims in this invention generally should be construed to cover all
stich obvious forms and modifications which are within the true spirit and

scope of the invention.
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Having thus described the invention, what we claim is’

1. A method for integrating an oxy-fuel boiler and an air separation unit

comprising the steps:

a) Feeding an air stream to an air separation unit thereby producing

oxygen and nitrogen;

b) Feeding the oxygen to an oxy-fuel boiler:

c) Feeding the nitrogen to a supply of wet coal, thereby drying the wet

coal;

d) Feeding the dry coal to the oxy-fuel boiler; and

e) Combusting the coal and oxygen in the oxy-fuel boiler,

2. The method as claimed in claim 1 wherein carbon dioxide is produced
by the operation of the oxy-fuel boiler and the carbon dioxide is recycled to

the oxygen feed to the oxy-fuel boiler.

3. The method as claimed in claim 1 wherein an air stream is fed to the

air separation unit after it has been cooled and compressed.

4. The method as claimed in claim 1 wherein the nitrogen contacts the air

stream prior to the air stream entering the air separation unit.

5. The method as claimed in claim 4 wherein the nitrogen provides

cooling to the air stream.

6. The method as claimed in claim 1 wherein the nitrogen is heated prior

to contacting the supply of wet coal.
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7. The method as claimed in claim 1 wherein the oxy-fuel boiler produces

steam for operating a steam turbine.

8. A method for operating an oxy-fuel boiler comprising the steps of:

a) Producing oxygen and nitrogen in an air separation unit;

b) Feeding the nitrogen to a supply of wet coal, thereby drying the coal:

and

c) Feeding the oxygen and the coal to the oxyfuel boiler.

9. The method as claimed in claim 8 wherein carbon dioxide is produced
by the operation of the oxy-fuel boiler and the carbon dioxide is recycled to

the oxygen feed to the oxy-fuel boiler.

10.  The method as claimed in claim 8 wherein an air stream is fed to the

air separation unit after it has been cooled and compressed.

1. The method as claimed in claim 8 wherein the nitrogen contacts the air

stream prior to the air stream entering the air separation unit.

12.  The method as claimed in claim 11 wherein the nitrogen provides

cooling to the air stream.

13.  The method as claimed in claim 8 wherein the nitrogen is heated prior

to contacting the supply of wet coal.

14.  The method as claimed in claim 8 wherein the oxy-fuel boiler produces

steam for operating a steam turbine.
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15.  The method as claimed in claim 8 wherein the air separation unitis a

cryogenic distillation unit.

16. A method for drying wet coal comprising the steps:

a) Feeding an air stream to an air separation unit thereby producing

oxygen and nitrogen; and

b) Feeding the nitrogen to a supply of wet coal.

17.  The method as claimed in claim 16 wherein an air siream is fed to the

air separation unit after it has been cooled and compressed.

18.  The method as claimed in claim 16 wherein the nitrogen contacts the

air stream prior to the air stream entering the air separation unit.

19.  The method as claimed in claim 18 wherein the nitrogen provides

cooling to the air stream.

20.  The method as claimed in claim 16 wherein the nitrogen is heated prior

to contacting the supply of wet coal.
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