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BIOMASS TORREFACTION MILL

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0001] The government may have certain rights to this invention pursuant to Contract

No. DE-FC26-04NT42237 awarded by the Department of Energy.

BACKGROUND

[0002] The present disclosure relates to high efficiency gasification system to support
petrochemical and electrical power generation industries and more particularly to a pulverization
mill therefor.

[0003] A pulverization mill is commonly utilized to dry and grind fibrous materials
such as biomass and municipal solid wastes such as switch grass, corn stovers, and waste wood
chips. Although the mill can size reduce fibrous feedstocks, the mill may be unable to upgrade
the specific energy content of the predominantly cellulosic material to values above 8,000

Btu/lbm.

SUMMARY

[0004] A biomass torrefaction system according to an exemplary aspect of the
present disclosure includes a mill which receives a raw biomass feedstock and operates at
temperatures above 400 F ( 204 C) to generate a dusty flue gas which contains a milled biomass
product. A cyclone separator downstream of the mill to at least partially separate the milled
biomass product above a predetermined size from the dusty flue gas. A filter downstream of the
cyclone separator to at least partially separate the milled biomass product below a predetermined
size from the dusty flue gas to provide flue gas. A condenser downstream of the filter to separate
steam as liquid water from the flue gas.

[0005] A method of biomass torrefaction according to an exemplary aspect of the
present disclosure includes milling a raw biomass feedstock at operating temperatures above 400

F to generate a dusty flue gas which contains a milled biomass product; separating the milled
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biomass product above a predetermined size from the dusty flue gas to provide a flue gas; and
separating steam as liquid water from the flue gas.

[0006] A mill which receives a raw biomass feedstock according to an exemplary
aspect of the present disclosure includes a rotor having at least one blade, the at least one blade
includes an active cooling feature.

[0007] A mill which receives a raw biomass feedstock according to an exemplary
aspect of the present disclosure includes a rotor having at least one blade manufactured of a

composite material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Various features will become apparent to those skilled in the art from the
following detailed description of the disclosed non-limiting embodiment. The drawings that

accompany the detailed description can be briefly described as follows:

[0009] Figure 1 is a general schematic block diagram view of a biomass torrefaction
system; and
[0010] Figure 2 is a graphical representation of solids failure lines for grinding

fibrous and non-fibrous bulk materials.

DETAILED DESCRIPTION

[0011] Figure 1 schematically illustrates a biomass torrefaction system 20. The
biomass torrefaction system 20 generally includes a mill 22, a gas heater 24, a gas blower 26, a
cyclone separator 28, a filter 30, a condenser 32, and a compactor 34. It should also be
understood that although a particular component arrangement is disclosed in the schematically
illustrated embodiment, other components arrangements may alternatively or additionally be
utilized. For example, the gas heater 24 and the compactor 34 may be optionally incorporated.

[0012] The mill 22 is supplied with a raw biomass feedstock F such as switch grass,
corn stovers, and/or waste wood chips that has been pre-processed to less than 50 wt% moisture
and minus l-inch (200 mesh) size. The raw biomass feedstock F has a heating value of

approximately 7,000 Btu/lbm or less.
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[0013] The mill 22 operates at elevated temperatures between 400-600 F (204-316 C)
such that the raw biomass feedstock F experiences a mild pyrolysis. In one non-limiting
embodiment, a rotor system R of the mill 22 may obtain tip speeds above 500 ft/sec. High tip
speeds (above 500 ft/sec) within rotating components of the mill 22 can present significant
design issues when the internal recirculation biomass and flue gas (i.e., dusty gas) within the mill
22 are at torrefaction temperatures above 400 F. This is generally because the conventional
metals used in conventional mill construction may have significantly lower ultimate tensile
strengths at these elevated torrefaction temperatures. These lower ultimate tensile strengths may
not be high enough to permit effective operation of the conventional mill under the nominal
tensile stress loads of 14,000 psi (produced with 500 ft/sec tip speeds). Hence, mill 22 must be
modified in relation to conventional mills.

[0014] In one non-limiting embodiment, an active water cooling system (illustrated
schematically at W) of a rotor system R of the mill 22 may be utilized for metal temperature
suppression. The active water cooling system W may communicate a cooling fluid such as water
to each blade B of the rotor system R. It should be understood that various fluid communication
paths may be utilized.

[0015] In another non-limiting embodiment, the rotor system R of the mill 22 may
be manufactured of light weight composite structural materials that have significantly higher
strength-to-weight ratios than metal. Such composite materials may include ceramic matrix
composites (CMCs) where the matrix component can be silicon carbide (SiC) which is not only
light weight but also highly resistant to erosion -- a desirable property for a pulverization mill's
abrasive surfaces.

[0016] The mill 22 may also receive an essentially particulate free flue gas Gp at
temperatures above approximately 250 F (121 C) and in one non-limiting embodiment may be
approximately 500 F (260 C). The dried and pulverized biomass feedstock F and a dusty flue
dusty flue gas Gt exit the mill 22 for separation through the cyclone separator 28 and the candle
filter 30. The cyclone separator 28 generally utilizes a high speed rotating flow and the filter 30
may be a candle filter that utilizes cylindrical, tube-like, filter elements. In one non-limiting
embodiment, the cyclone separator 28 separates out particulate greater than approximately 10

microns while the candle filter 30 separates out particulate less than approximately 10 microns
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such that essentially only the particulate free flue dusty flue gas Gp remains. The particulate free
flue dusty flue gas Gp at this location may be approximately 60% steam.

[0017] Downstream of the cyclone separator 28 and the filter 30, the particulate free
flue dusty flue gas Gp is cooled to about 212 F (100 C) within the condenser 32 to separate
steam as liquid water from a dried hot particulate free flue gas Gp. Downstream of the
condenser 32, a portion of the liquid water may be communicated to water cooling system W.
Downstream of the condenser 32, a portion of the dried hot particulate free flue gas Gp may be
communicated back to the mill 22 with the blower 26 and, if required to increase the temperature
of the flue gas Gp, through operation of the gas fired heater 24.

[0018] Should the upstream gas fired heater 24 be required to maintain the internal
temperature of the mill 22 between 400-600 F (204-316 C), the gas fired heater 24 is fired on a
portion of the dried particulate free flue gas Gp. It should be noted that the dried particulate free
flue gas Gp is essentially a low Btu synthesis gas containing hydrogen (H2) and carbon
monoxide (CO) among other gases such as carbon dioxide (CO2) with a volumetric heating
value of approximately 100 Btu/scf (standard cubic foot). Alternatively, should the gas fired
heater 24 not be necessary to maintain the internal temperature of the mill 22, then essentially all
of the relatively low Btu particulate free flue gas Gp can be otherwise stored or used for other
local heating or power generation applications.

[0019] Alternatively, the gas fired heater 24 may not even be necessary for operation
of the mill 22 at the 400-600 F (204-316 C) temperature as the mill 22 generates internal waste
heat that may be sufficient for temperature maintenance in the 400-600 F (204-316 C)
temperature range. That is, the dusty flue gas Gp is at least partially recircualted within the mill
22 so as to maintain the desired temperature.

[0020] The dried and pulverized biomass feedstock F exits the mill 22 as a milled
biomass product MB which is separated from the dusty flue gas Gt by the cyclone separator 28
and the candle filter 30. The milled biomass product MB is of a relatively low bulk density,
typically below 20 1bm/ft3. If the bulk density of the milled biomass product MB is required to
be greater than approximately 20 Ibm/ft3 for shipment, then the milled biomass product MB may
be communicated into the compacter 34 to increase the bulk density. For example, the biomass
bulk densities may be increased to over 40 1bm/ft3 with consolidation pressures below 100 psi.

If the compaction process is operated in a dry mode at less than 15 wt% moisture, the milled

4-
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biomass product MB from the compactor 34 may be later reconstituted to a nominal 200 mesh
product size with very little energy expenditure at the use location. In-line flow sentries, such as
that manufactured by Atlantic Coast Crushers Inc. of Kenilworth, NJ, have been identified for
this reconstitution operation.

[0021] Referring to Figure 2, typical solids failure lines for grinding fibrous and non-
fibrous bulk materials are graphically illustrated. For fibrous materials, the shear loads, t,
required to cause solids break-up and particulate formation are significant under high
compressive loads when compared to non-fibrous materials such as coal. The attempt to grind
fibrous biomass in conventional hammer, roller or attrition mills typically results in plugging of
the mill since such conventional mills do not develop the required shear loads, 1, at normal
operating compression, ¢, conditions. This plugging may result in the subsequent shut-down of
the mill for cleaning. Kinetic Disintegration System (KDS) mills such as that manufactured by
First American Scientific Corporation (FASC) of British Columbia, Canada provides a
pulverization mill that will dry and grind fibrous materials such as biomass. The KDS mill
overcomes the breaking up of the fibrous materials with shear loads under very low compression
so that the fibrous materials are not squeezed (i.e., compressed) between two metal surfaces but
provides the biomass with a free surface where T and ¢ are both zero. Although the KDS mill
size reduces the fibrous materials, the KDS mill operates at ambient to 175 F (79 C) operating
temperatures and does not upgrade the specific energy content of the predominantly cellulosic
material to values above 8,000 Btu/lbm.

[0022] The biomass torrefaction system 20 disclosed herein provides milling
capability under low load and high temperature conditions. Operation of the mill at torrefaction
temperatures of 400 to 600 F facilitates the increase of the specific heating content of the milled
biomass product MB on a dry basis from approximately 7,000 Btu/lbm to over 11,000 Btu/lbm
with recovery of the low Btu particulate free flue gas Gp. Furthermore, the biomass torrefaction
system 20 provides for subsequently compressed material to a bulk density of over 40 1bm/{t3 to
facilitate long distance shipment.

[0023] It should be understood that relative positional terms such as "forward," "aft,"

"upper," "lower," "above," "below," and the like are with reference to the normal operational

attitude of the invention and should not be considered otherwise limiting.
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[0024] It should be understood that like reference numerals identify corresponding or
similar elements throughout the several drawings. It should also be understood that although a
particular component arrangement is disclosed in the illustrated embodiment, other arrangements
will benefit herefrom.

[0025] Although particular step sequences are shown, described, and claimed, it
should be understood that steps may be performed in any order, separated or combined unless
otherwise indicated and will still benefit from the present disclosure.

[0026] The foregoing description is exemplary rather than defined by the limitations
within. Various non-limiting embodiments are disclosed herein, however, one of ordinary skill
in the art would recognize that various modifications and variations in light of the above
teachings will fall within the scope of the appended claims. It is therefore to be understood that
within the scope of the appended claims, the disclosure may be practiced other than as
specifically described. For that reason the appended claims should be studied to determine true

scope and content.
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CLAIMS

What is claimed is:

1. A biomass torrefaction system comprising:

a mill which receives a raw biomass feedstock and operates at temperatures above 400 F
(204 C) to generate a dusty flue gas which contains a milled biomass product;

a cyclone separator downstream of said mill to at least partially separate the milled
biomass product above a predetermined size from the dusty flue gas;

a filter downstream of said cyclone separator to at least partially separate the milled
biomass product below a predetermined size from the dusty flue gas to provide a
flue gas; and

a condenser downstream of said filter to separate steam as liquid water from the flue gas.

2. The system as recited in claim 1, further comprising a compacter to receive said

milled biomass product from said cyclone separator and said filter.

3. The system as recited in claim 1, further comprising a gas blower to recycle at

least a portion of said flue gas to said mill.

4. The system as recited in claim 3, further comprising a gas heater to heat said flue

gas prior to communication to said mill.

5. The system as recited in claim 1, wherein said mill operates at between 400-600 F
(204-316 C).
6. The system as recited in claim 1, wherein said mill includes a rotor system

manufactured of a composite structural material.

7. The system as recited in claim 1, wherein said mill includes a rotor system which

is liquid cooled.
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8. A method of biomass torrefaction comprising:

milling a raw biomass feedstock at operating temperatures above 400 F to generate a
dusty flue gas which contains a milled biomass product;

separating the milled biomass product above a predetermined size from the dusty flue gas
to provide a flue gas; and

separating steam as liquid water from the flue gas.

9. A method as recited in claim 8, further comprising communicating at least a

portion of the flue gas to maintain operating temperatures within the mill.

10. The method as recited in claim 8, further comprising operating the mill at

temperatures between 400-600 F (204-316 C).

11. The method as recited in claim 10, wherein milling the raw biomass feedstock at

operating temperatures above 400 F includes recirculating the dusty flue gas within a mill.

12. The method as recited in claim 11, further comprising operating a rotor system of

the mill at speeds greater than 500 ft/sec tip speed.

13. The method as recited in claim 8, wherein milling the raw biomass feedstock at

operating temperatures above 400 F includes recirculating the dusty flue gas within a mill.
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14. A mill which receives a raw biomass feedstock comprising:

a rotor having at least one blade, said at least one blade includes an active cooling feature.

15. The system as recited in claim 14, wherein said at least one blade rotates in a
steady state condition with the raw biomass feedstock at a tip speed of at least 500 ft/sec in a

400F environment.
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16. A mill which receives a raw biomass feedstock comprising:

a rotor having at least one blade manufactured of a composite material.
17. The system as recited in claim 16, wherein said at least one blade rotates in a

steady state condition with the raw biomass feedstock at a tip speed of at least 500 ft/sec in a

400F environment.

-10-
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