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A biomass-based fuel pellet, such as a fuel pellet which includes thermoplastic polymeric material and a substantial amount of
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(57) Abrege(suite)/Abstract(continued):

15 wt.% of the thermoplastic polymeric material and at least about 75 wt.% cellulosic material. Optionally, the fuel pellet may
comprise a lignin additive. In certain embodiments, it may be desirable to produce the fuel pellets from a feed mixture which Is
substantially free of added wax material. Many embodiments of the fuel pellets are suitable for use in a coal-fired furnace and/or In

other industrial boiler applications.
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ABSTRACT

A biomass-based fuel pellet, such as a fuel pellet which includes thermoplastic polymeric
material and a substantial amount of cellulosic material, e.g. cellulosic material derived
from biomass source(s), is provided. The fuel pellet commonly includes about 5 to 15 wt.%
of the thermoplastic polymeric material and at least about 75 wt.% cellulosic material.
Optionally, the fuel pellet may comprise a lignin additive. In certain embodiments, 1t may
be desirable to produce the fuel pellets from a feed mixture which is substantially free of
added wax material. Many embodiments of the fuel pellets are suitable for use in a coal-

fired furnace and/or in other industrial boiler applications.
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DENSIFIED FUEL PELLETS
BACKGROUND

[0001] In the past, renewable energy sources, i.e. energy sources that can be replenished
in a relatively brief time period, such as biomass or other cellulosic materials, accounted for
about 90% of the energy consumed in the United States. By more recent times, however,
the United States had become, and continues to be, heavily reliant on the combustion of
non-renewable fossil fuels, such as coal, natural gas, and oil, to meet its growing energy

needs.

[0002] Coal is the most abundant fossil fuel in the United States, and more than half of the
electricity produced in the United States comes from coal-fired power-generating plants.
Though coal is presently abundant in the United States and is, on an energy-per-Btu basis,
currently the least expensive of the fossil fuels, it is nonetheless a non-renewable energy
source and will likely become an increasingly scarce commodity over the next two
centuries. Coal combustion also contributes significantly to several environmental
pollutants, including heavy metals, such as arsenic and mercury, and radioactive metals,
such as uranium and thorium. Furthermore, coal combustion is the source of a substantial
percentage of United States emissions of sulfur dioxide, an agent implicated in the

formation of acid rain.

[0003] Coal exists in a variety of grades, each with a characteristic moisture, ash, and
sulfur content and an associated heat value, generally in the range of 4,000 to 15,000 Btu/Ib.
The grindability of a particular coal or other materials is the measure of its resistance to
crushing that depends on several factors, including the moisture content, ash content, and
the physical integrity of the coal. Knowing the grindability of coal is important because
coal that is difficult to grind can limit the capacity of a pulverized coal-fired boiler by
reducing the throughput of the coal pulverizers and because it has implications for the

transportation and storage of the coal.

[0004] Biomass, a renewable energy source that contains energy stored from solar
radiation, includes a wide range of organic materials produced by both animals and plants.
Fuel pellets made from biomass are increasingly of commercial interest due to concerns
about the finite world-wide reserves of coal and other fossil fuels, as well as the significant

environmental damage resulting from coal combustion pollutants. Interest in methods of
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combining renewable energy sources with non-renewable waste materials that can be
recycled or reused beneficially, such as waste plastics that would otherwise end up in
landfills, has been driven by cost as well as environmental concerns as it becomes

increasingly expensive to site, obtain operating permits for, and maintain landfills.

[0005] Previous methods of producing fuel pellets can have a variety of drawbacks, for
commercial and/or industrial uses, including lower heating value and/or poor handling
characteristics (e.g., a tendency to crumble), thus rendering the pellets unsuitable for many

coal-fired furnaces or industrial boiler applications.

SUMMARY

[0006] According to the present invention there is provided a densified fuel pellet and
a method or process of producing such a pellet. The pellet comprises about 5 to 15 wt.%
of molten thermoplastic polymeric material and at least about 75 wt.%, preferably about
85 wt.%, cellulosic material. The fuel pellet has a minimum dimension of at least about 1

‘cm; a pellet durability index of at least about 80; and a heat value on an as is basis of at
[éast about 9,500 Btu/lb. The method or process involves compressing or compacting a

feed mixture of the thermoplastic polymeric material and cellulosic material to form the

fuel pellet.

[0006a] The fuel pellets described herein typically include cellulosic material derived
from biomass source(s), such as agricultural residues, other similar harvested organic
feedstocks and/or cellulosic containing waste streams from industrial processes.
Optionally, the fuel pellets may include a lignin additive. Many embodiments of the

present fuel pellets are suitable for use in coal-fired furnaces, biomass boilers, or other

solid fuel combustion systems.

[0007] The fuel pellets of the present application may commonly be formed by

compression of a feed mixture which includes cellulosic biomass and thermoplastic
polymeric material. In certain embodiments, it may be desirable to produce the fuel pellets
from a feed mixture which is substantially free of added wax material (low melting
hydrophobic material which is solid at room temperature), e.g., from a feed mixture which

contains no more than about 0.1 wt.% added wax material. In many instances, this may be

.
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accomplished by extrusion of the feed mixture, typically at a temperature at which the
thermoplastic polymeric material is in a molten state while the feed mixture is being
compressed. Formiﬂng the fuel pellets may commonly involve hydraulic extrusion of the
feed mixture through a fuel pellet die. The fuel pellets may also suitably be formed by
uniaxial compaction of the feed mixture. During the compaction operation, the

biomass/polymer feedstock mixture is typically subjected to a pressure of no more than
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about 2,500 psi and compaction pressures of about 1,500 to 2,000 psi are employed in many

instances.

[0008}] The feed mixture may commonly include about 5 to 15 wt.% thermoplastic
polymeric material and at least about 75 wt.% and, often, at least about 85 wt.% cellulosic
biomass material. Prior to compaction or extrusion, the feed mixture is commonly treated
such that a portion of the thermoplastic polymeric material is in a molten state during
compression of the mixture. This may be accomplished by application of heat from an
external heating source and/or via heating of the feed mixture via the friction generated by
handling of the mixture, e.g., by blending the mixture using a frictional mixing device. In
some instances, a portion of the thermoplastic polymeric material may achieve a molten
state by passing the feed mixture through a preheating system affixed to the thermal mixer,
such that the temperature of the material entering the thermal mixer is at least about 140°C
and, often 145°C or higher before the entering the thermal mixer. In other instances, the
temperature of the thermal mixer may be raised by application of heat from an external
heating source or via residual heating of the feed mixture via normal friction generated by
handling of the mixture, e.g., to about 140 °C or higher, after the feed mixture has been
introduced to the mixer. The thermoplastic polymeric material may infuse into the
cellulosic fibers while the thermoplastic polymeric material is molten and also may
subsequently harden upon cooling to form the polymeric casing. The hot fuel pellets
formed via the extrusion process may be cooled using a conventional air cooling device or
alternatively may be introduced into a cooling bath, e.g., a cooling bath containing glycerin.
If a glycerin cooling bath is employed, the cooled fuel pellets can absorb some of the
glycerol. The fuel pellets produced by these methods can have a minimum dimension of at
least about 1 cm and a heat value of about 9,500 Btw/Ib or higher, while retaining good
grindability and handling characteristics. For certain embodiments, the fuel pellets may
desirably have a minimum dimension of about 1 — 5 cm (circa 0.5” to 2”) and a maximum
dimension of about 1 — 10 cm (circa 0.5” to 4”). In still other embodiments, the fuel pellets
may be comminuted to form densified fuel material made up of smaller particulates. If
desired the comminuted fuel pellets may be fractionated to obtain lots of pellets with
differing sizes, e.g., to separate a comminuted fuel pellet mixture into two or more lots

based on size characteristics.
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[0009] In some embodiments, the densified fuel pellet has a grindability which is similar
to that of a particular coal which is particularly suitable as a heat source in a specific
application. The grindability of a material is a measure of its resistance to crushing and can
depend on a number of factors such as the physical intcgrity of the material, its moisture
content and/or ash content. A common test for determining the grindability of coal or other
related materials is the Hardgrove-machine method that produces a grindability value for
coal known as the Hardgrove Grindability Index (“HGI”), or Hardgrove number (discussed
in more detail below). The present densified fuel pellets may suitably have a minimum
dimension of at least about 1 cm, an HGI of no more than about 80, and desirably may have
an HGI of no more than about 60. The present densified fuel pellets may suitably have a
pellet durability index (“PDI”; discussed in more detail below) of at least about 80, more
suitably at least about 90 and in some instances 95 or higher. Such densified fuel pellets
typically have a heat value of at least about 9,500 Btu/lb. The densified fuel pellets suitably
include about § to 15 wt.% thermoplastic polymeric material and at least about 75 wt.%
cellulosic material. These densified fuel pellets may be formed from a feed mixture that

also includes lignin additive.

[0010] A method of generating heat in a boiler system designed for burning coal is also
provided herein. The method includes combusting a fuel material which includes a
plurality of the densified fuel pellets. The fuel material may include coal pieces in addition
to the densified fuel pellets. Very often, it may be advantageous to use a fuel mixture which
includes coal pieces and densified fuel pellets having substantially similar size and density
characteristics. In some embodiments, the densified fuel pellet may have a grindability
which is similar to that of the particular coal which is particularly suitable as a heat source

in a specific boiler system. In some embodiments, the densified fuel pellet may be formed

such that it is substantially similar in size and density to a particular coal or solid-grate fuel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 depicts a schematic of an illustrative embodiment of a densified fuel

production system for producing the present densified fuel pellets.

[0012] FIG. 2 is an expanded view of the thermal mixing/press portion of the system
depicted in FIG. 1.
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[0013] FIG. 3 depicts a schematic illustration of another exemplary embodiment of a
system for producing the present densified fuel pellets.

[0014] FIG. 4 depicts a schematic illustration of another exemplary embodiment of a
system for producing the present densified fuel pellets.

DETAILED DESCRIPTION

[0015] The present densified fuel pellets may be formed by a process which includes
forming a mixture including biomass and thermoplastic polymeric material. Commonly, the
mixture will include cellulosic biomass material. Suitable cellulosic biomass feedstocks
may generally include plant wastes from food processing or industrial processes, such as
sawdust and/or paper pulp, agricultural plant wastes, such as, cereal straws, corn stover, and
sugarcane bagasse, and/or plants grown for fuel production, such as switchgrass. Other
examples of suitable cellulosic biomass feedstocks include biomass residuals from sawmills
and finishing plants, pulp and paper mill residuals, sawdust, wood, and other untreated
lumber recovered from construction sites, as well as agricultural residues, such as corn
stover and rice hulls. In some instances, the dry mass of cellulosic biomass consists of
about two-thirds cellulose and hemicellulose and one-third lignin, with smaller amounts of
proteins, fats, waxes, oils, and ash present. The mixture from which the present densified
fuel pellet may be formed may also desirably include polymeric material. Thermoplastic
polymeric materials are particularly advantageous for use in the present process because
such materials may be melted and subsequently allowed to re-harden during formation of
fuel pellets. Melting of the polymeric material followed by hardening may result in a pellet
with superior heat values and a pellet durability index (“PDI”) that facilitates transportation
and handling of the pellets, and may provide a significant moisture barrier. The use of the
present fuel pellets can significantly reduce and in some instances essentially eliminate
fugitive dust emissions. The thermoplastic polymeric material may suitably be selected
from a group comprising high or low density polyethylene, polypropylene, polyamide,
polyimide or combinations thereof. Optionally, the mixture may also include lignin
additive. The lignin additive may be added in a dry form or as an aqueous solution or slurry

in water.
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[0016]) The Figures illustrate various embodiments of process which may be employed to
produce the present biomass-based fuel pellets. Referring to FIG. 1, polymeric material
enters the fuel pellet production assembly at a first conveyor belt 10 that transports the
polymeric material to a shredder 12 for sizing. The polymeric material 1s commonly sized
to a particular specification, and is typically in the form of a flake or bead of less than about
half an inch in dimension. The shredded polymeric material is collected via a first metering
screw 14 that conveys the shredded polymeric material to a hopper or storage bin 16. The
storage bin 16 feeds a second metering screw 18 that measures either a predetermined
volume of shredded polymeric material or a predetermined weight of shredded polymeric
material via a load cell 20. The shredded polymeric material is moved through the second
metering screw 18 and then through a third metering screw 22 that transports the shredded

polymeric material to a mixing screw 24. The mixing screw 24 suitably has a ton per hour
(“TPH™) capacity of at least about 0.4 to 0.7 TPH.

-

[0017] Raw biomass or other cellulosic feedstock materials enter the fuel pellet
production assembly at a second conveyor belt 26 that conveys the feedstock to a blending
station 28 that is linked to a second load cell scale 30. The blending station 28 may suitably
have a capacfty of at least about 500 ft° and at least about 5 tons. The feedstock is moved
through the biending station 28 to a third conveyor belt 32 that transports the feedstock to a
sizer-dryer 34, where the moisture content of the feedstock is typically reduced to no more
than about 15 wt.%, and preferably to no more than about 11 wt. %, and the feedstock is
comminuted to a desired particle size. Commonly the desired particle size less than about
one inch, desirably less than about three-quarters of an inch. Upon exiting the sizer-dryer
34, the feedstock enters a fourth metering screw 36. The fourth metering screw 36 suitably
has a capacity of at least about 2 to 4 TPH (tons per hour). The fourth metering screw 36 is
~ used to transport the feedstock to the mixing station 24 where the feedstock is mixed with
the shredded polymeric material to form a combined feed stream. The combined feed
stream suitably comprises at least about 85 wt.% feedstock and 5 to 15 wt.% shredded
polyméric material, desirably comprises about 90 wt.% feedstock and 10 wt.% shredded
polymeric material, and in some instances comprises about 95 wt.% biomass feedstock and
about 5 wt.% shredded polymeric material. The combined feed stream is then commonly
transported from the mixing station 24 to a surge bin 38 having a capacity of at least about

100 1b. and desirably of at least about 1,000 Ib. The combined feed stream moves from the

surge bin 38, through a stop/start feed conveyor 40, and into a preheating system affixed

_6-
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to a thermal mixer 42. The preheating system heats the mixed stream to about 140 to

150°C as it enters the thermal mixer 42, The specific temperature selected will depend on
the type of thermoplastic polymeric material and feedstock present in the feed stream. For
example, with many feedstock sources, if HDPE is employed as the thermoplastic material,
the feed stream will suitably be heated to about 140 to 150°C. The mixed stream may be

heated in the thermal mixer 42 by an external heat source, such as an electric heater 43, or

may be heated by heat generated by friction inside the thermal mixer 42.

[0018] Referring to FIG. 2, the heated mixed stream moves from the thermal mixer 42 to
the extruder or uniaxial compactor 44 comprising a hydraulic press unit 46, where it is
densified and pelletized to form fuel pellets 48. The fuel pellets 48 exit the extruder or
uniaxial compactor 44 through a tapered extrusion die 47 that typically compresses the
mixed stream by a factor of at least about 2 or suitably by a factor of about 3 to 5 or even
higher. The fuel pellets are transferred from the extruder or uniaxial compactor 44 to a
fourth conveyor belt 50. Referring to FIG. 1, the fourth conveyor belt 50 transports the fuel
pellets 48 to a pellet breaker 52. The fuel pellets 48 pass through the pellet breaker 52 into
a counterflow air pellet cooler 54. The counterflow air pellet cooler 54 may typically have a
capacity of at least about 50 ft’. The fuel pellets 48 will suitably be retained in the
counterflow air pellet cooler 54 for at least about ten minutes or suitably for at least about 5
minutes before being transferred to a fifth conveyor belt 56 that deposits the cooled fuel
pellets in a storage or distribution location 58. A system such as the one described above

can typically be capable of production of about 3 to 4 TPH of the densified fuel pellets.

[0019] The fuel pellet of the present application commonly has a minimum dimension of
at least about 1 cm, and may desirably have a minimum dimension of at least about 1.5 cm.
The fuel pcllet may have a grindability similar to that of soft coal, e.g., may suitably have a
Hardgrove Grindability Index (“HGI”; see discussion below) of no more than about 80, and
desirably may have an HGI of no more than about 60. In some embodiments, the fuel pellet
may suitably have a sulfur content of no more than about 0.5 wt.%. In some embodiments,
the fuel pellet may have an ash content of no more than about 8 wt.%, desirably no more
than about 5 wt.%., and more desirably no more than about 2 wt. %. The fuel pellet may
typically have a specific gravity of about 1 to 1.2 g/cm’, and may suitably have a specific
gravity of about 1.05 to 1.15 g/cm3. In some embodiments, the extruded densified fuel
pellet may have a density of about 20 to 45 Ib/f’. In other embodiments, the extruded

-
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densified fuel pellet may suitably have a density of at least about 20 1b/ft” and suitably about
25 to 35 Ib/ft’. In some embodiments, the ratio of the specitic gravity of the biomass and
thermoplastic polymeric material mixture before pelletization to the specific gravity of the
fuel pellet following pelletization may be about 1.5 or higher. Typically, the fuel pellet may
have a heating output of at least about 9,500 Btu/lb and may suitably have a heating output
of at least about 10,000 Btu/lb. For certain embodiments, it may be desirable to produce

fuel pellets according to the present method such that the pellets have a heat value of about
9,500 to 12,000 Btu/lb (as is basis).

[0020] In some embodiments, the densified fuel pellet may be formed by a method that
comprises extruding a mixture to form a densified fuel pellet, wherein the mixture will
commonly include polymeric material. Typically, the polymeric material will be molten at
least during formation of the densified fuel pellet. Thermoplastic polymeric materials are
particularly advantageous for use in the present mixture because they may melt and
subsequently harden during or after formation of the fuel pellet which may result in a pellet
with superior heat values and PDI that facilitates in-tact transportation of the pellet.
Selection of a suitable thermoplastic polymer must take into account that the melting point
of the polymer must be below a temperature that could result in combustion of the biomass.
The thermoplastic polymeric material may be selected from a group comprising high or low
density polyethylene, polypropylene, polyamide, polyimide or combinations thereof.
Suitably, the thermoplastic polymeric material will comprise polyethylene, polypropylene,
or a mixture thereof. Commonly the thermoplastic material will include recycled
thermoplastic material. In some embodiments, the thermoplastic polymeric material has a

melting point of about 130 to 150°C. In some embodiments, the thermoplastic polymeric

material suitably has a melting point of about 140 to 150°C.

[0021] In some embodiments, the densified fuel pellet may be formed by a method that
comprises extruding a mixture to form a densified material, wherein the mixture may
commonly include biomass or other harvested organic materials, such as agricultural
residues. The dry mass of cellulosic biomass typically consists of about two-thirds cellulose
and hemicellulose, and one-third lignin, with smaller amounts of proteins, fats, waxes, oils,
and ash present. In some embodiments, the mixture will also include about 0.5 to 5 wt.%
lignin additive (dry basis) or suitably about 1 to 3 wt.% lignin additive (dry basis) where the

lignin 15 1n the form of an aqueous solution or slurry. Lignin is particularly advantageous

-8-
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for use in the present mixture because lignin is a residual resource and renewable resource.
A further advantage of lignin is that the carbon dioxide gas produced by the combustion of
lignin is offset by the carbon dioxide absorbed by the lignin as it grows, thus resulting tn no
net greenhouse gas production. Lignin also may act as a binder in fuel pellet and may result

in a fuel pellet with desirable physical properties and improved combustion.

[0022] In some embodiments, the cellulosic material has an initial moisture content of no
more than about 15 wt.% or suitably no more than about 10 wt.%. Cellulosic biomass
feedstocks may generally include production wastes or residuals from industrial processes,
such as sawdust, pulp mill rejects, agricultural plant wastes, such as, cereal straws, corn
stover, and sugarcane bagasse, as well as plants grown for fuel production, such as
switchgrass. Typically, the mixture biomass will comprise a cellulosic material. Suitably,
the cellulosic material will comprise at least about 75 wt.% of the mixture and may
desirably comprise at least about 90 wt.% of the mixture. In some embodiments, the
cellulosic material may be in particulate form having a maximum dimension of no more

than about 3 mm.

(0023] In some embodiments, the densified fuel pellet may be formed by a method that
comprises extruding a mixture to form a densified fuel pellet, wherein the densified fuel
pellet may have a minimum dimension of at least about 1 cm. In other embodiments, the
densified fuel pellet may be formed by a method that comprises uniaxial compaction of a
mixture to form a densified fuel pellet, wherein the densified fuel pellet may have a
minimum dimension of at least about 1 cm and may desirably have a minimum dimension
of at least about 1.5 cm. A fuel pellet may commonly have a diameter of at least about 1.5
cm and a length of at least about 2 cm. In some embodiments, the densified fuel pellet may
have a moisture content of no more than about 3 wt.% or suitably no more than about 5
wt.%. In some embodiments, the densified fuel pellet may have a sulfur content of no more
than about 0.5 wt.% or suitably no more than about 0.3 wt.%. The densified fuel pellet may
commonly have an ash content of no more than about 8 wi.%, suitably no more than about 5

wt.% and more suitably no more than about 2 wt.%.

[0024] In some embodiments, the fuel pellet is capable of producing a heating output of
about 9,500 Btw/Ib. In some embodiments, the densified fuel pellet may suitably have a
specific gravity of about 1 to 1.2 g/cm’, or desirably or about 1.05 to 1.15 g/cm’. In some

9.
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embodiments, the densified fuel pellet may commonly have a density of about 20 to 45

Ib/ft°, or suitably or about 25 to 35 Ib/ft’. In some embodiments, the ratio of the specific

gravity of the mixture before extrusion to the specific gravity of the fuel pellet may be no

more than about 0.7.

[0025] In various places in this application, the grindability of the present densified fuel
pellets 1s discussed. A common test for determining the grindability of coal and related
materials is the Hardgrove-machine method ASTM D409-02(2007)e. In the Hardgrove test,
the grindability of an unknown sample material is assessed relative to a standard coal
sample assigned a grindability of 100. The resulting value of the Hardgrove test is the
Hardgrove Grindability Index (“HGI”), or Hardgrove number. The lower the HGI, the
more difficult it is to grind a sample as compared to the standard. The present densified fuel
pellets may have an HGI of no more than about 80. In some embodiments, the densified

fuel pellet may suitably have an HGI of no more than about 70, or desirably between about
50 and 60.

[0026] Alternatively, in various places in this application, the PDI of the present densified
fuel pellets is discussed. A densified fuel pellet with a relatively low PDI will tend to lose
its ability to stay together. Thus, the present densified fuel pellets desirably have a PDI of at
least about 80 and more desirably 90 aor higher. The PDI of the present fuel pellets is a

measure of their physical integrity and can be determined using the procedure as described

below.

1. Obtain a representative sample of the finished pellet, e.g., from the pellet
cooler discharge area.

2. Screen the cooled pellet sample on a U.S. No. 7 sieve screen and then
obtain a 100 gram sample of the cooled, screened pellet product.

3. Place the 100 gram sample in a pellet tumbler testing canister containing
five ’2” hex nuts.

4, Tumble the pellet sample for 5 minutes.

5. Screen the tumbled sample on a U.S. No. 7 sieve to separate the fines and
reweigh the pellet sample.

6. Document the weight of pellet sample remaining (as a percentage of the

original pellet sample) to determine the PDI.

-10-
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EXAMPLES

[0027] The following examples are presented to illustrate the methods of producing the
fuel pellets described herein, and to assist one of ordinary skill in making and using the
same. The examples are not intended in any way to otherwise limit the scope of the

Invention.

Example 1

[0028] Figure 3 shows a schematic illustration of one embodiment of a method of
producing the present densified fuel pellets. As illustrated in Figure 3, a
wood/fiber/cellulosic feedstock 101 such as biomass residuals from sawmills and finishing
plants, pulp and paper mill residuals, sawdust, wood, and other untreated lumber obtained
from construction sites, can be treated in a sizing device 102 to produce particulate material
having a particle size no larger than about 3 to 4 mm. The wood/fiber/cellulosic particulate
may then be dried 103 to produce a cellulosic feedstock having a moisture content of about
10 to 12 wt.%. About 890 Ibs/hour of the dried cellulosic feedstock is introduced into the
mixing station 1035 together with about 90 Ibs/hour of high density polyethylene (HDPE)
and/or low density polyethylene (LDPE) from polymer feedstock bin 104. Each of these
feedstock materials may be introduced into mixing station 105 with the aid of a screw
auger. At the same time, about 20 Ibs/hour of a dry lignin additive are also introduced into
mixing station 105 from lignin source 110. The blended feed mixture is then transferred to
preheating system 112 wﬁere the blended feed/polymer mixture is heated to a temperature
of about 140° to 150°C. The blended feed mixture is then transferred to thermal mixer 106
where the feed mixture is further blended and heated by residual frictional heating and,
commonly, heat supplied from an external heat source, €.g., an electric heater, to a
temperature of about 140°C to 150°C. After the feed mixture is blended in the thermal
mixer 106 for a time period sufficient for substantially all of the HDPE/LDPE to be melted

and complete mixing, the feed mixture is transferred, e.g., via auger, to press 107 where the

mixture with the HDPE/LDPE still in a substantially molten state is compressed sufficiently
to increase the specific gravity of the fuel mixture by a factor of at least about four. The

compressed fuel mixture exiting the press 107 1s comminuted into pieces of a desired size in
pellet sizer 108, e.g., columnar ribbons of compressed fuel material with a diameter of about

1.5 cm may be chopped into cylindrical pieces about 2.5 to 3 cm in length. The temperature

-11-
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of the fuel pellets is lowered by passage through cooler 109, e.g., by blowing cooler air over
the comminuted material, before being transferred into appropriate packaging, such as bags
or bins at the offload to customer station 111. The resulting fuel bellets can have a density
of about 20 to 35 ‘lb-/ﬁ?' and heat value of at least about 9,500 Btw/lb. Densified fuel pellets
of this type may have a pellet durability index (“PDI”) of at least about 80.

Example 2

[0029] As illustrated in Figure 3, a wood/fiber feedstock 101 such as biomass residuals
from sawmills and finishing plants, pulp and paper mill residuals, sawdust, wood, and other
untreated lumber obtained from construction sites, as well as agricultural residues, such as
corn stover and rice hulls, can be treated in a sizing device 102 to produce particulate
material having a mesh size of about %” to ¥”. Alternately, if the wood/fiber feedstock is
already sized and dry, it may be introduced directly into mixing station 105. The
wood/fiber particulate may then be dried 103 to produce a cellulosic feedstock having a
moisture content of about 10 to 12 wt.%. About 900 Ibs/hour of dried cellulosic feedstock
is introduced into mixing station 105 together with about 100 Ibs/hour of polypropylene
(PP) from polymer feedstock bin 104. Each of these feedstock materials is commonly
introduced into mixing station 105 with the aid of a screw auger. The blended feed mixture
is then transferred into preheating system 112 where the blended feed mixture is heated to a
temperature of about 140° to 150°C (circa 275° to 290°F). The heated blended feed mixture
is then transferred to thermal mixer 106 where the feed mixture is further blended and
maintained at about 140° to 150°C. After the feed mixture is blended in the thermal mixer -
106 for a time period sufficient for substantially all of the polypropylene to be mixed with
other feedstocks, the feed mixture is transferred, e.g., via auger, to press 107 where the
mixture with the polypropylene still in a substantially molten state is extruded as cylindrical
ribbons of compressed material with a diameter of about 1.5 cm. The cylindrical ribbons of
compressed fuel mixture exiting the press 107 is comminuted into pieces of'a desired length
in pellet sizer 108, e.g., the compressed fuel material may be chopped into cylindrical pieces
about 1 to 3 cm in length. The temperature of the fuel pellets is then lowered by passage
through cooler 109, e.g., by blowing cooler air over the comminuted material, before being
transferred into appropriate packaging, such as bags or bins at the offload to customer

station 111. The resulting fuel pellets can have a density of about 30 to 33 Ib/ft’ and heat

-12-



CA 02653577 2009-02-10

value of at least about 9,500 Btu/lb. Densified fuel pellets of this type may have a pellet
durability index (“PDI”) of at least about 80.

Example 3

[0030] Using a process similar to that described in Examples 1 and 2, a wood/fiber
feedstock containing a mixture of biomass residuals from sawmills and finishing plants
and/or pulp and paper mill residuals (circa 30 to 35 wt.% of the biomass feedstock) and
mixed hardwoods waste (e.g., sawdust, wood chips and/or other comminuted, recovered
untreated hardwood stock; circa 65 to 70 wt.% of the biomass feedstock), can be treated in a
sizing device to produce a cellulosic particulate feedstock having a particle size of no more
than about %’ to %" (no more than about 5 to 20 mm). Alternately, if the wood/fiber
feedstock is already sized and dry, it may be introduced directly into mixing station. The
wood/fiber particulate may then be dried to produce a cellulosic feedstock having a
moisture content of about 10 to 12 wt.%. About 910 lbs/hour of the dried cellulosic
feedstock is introduced into mixing station together with about 80 Ibs/hour of an
HDPE/LDPE mixture from polymer feedstock bin. In some embodiments, the polymer
feedstock may include about 20 to 30 wt.% HDPE and about 70 to 80 wt.% HDPE. Each of
these feedstock materials is commonly introduced into mixing station with the aid of a
screw auger. Optionally, about 5 to 10 Ibs/hour of dried lignin material may also be

introduced into the mixing station. The blended feed mixture is then transferred into a

thermal mixer which has been preheated to a temperature of about 140° to 150°C (circa

275° to 290°F). The heated blended feed mixture is then blended in the thermal mixer for a
time period sufficient for substantially all of the polymer to be mixed with the biomass
feedstock (typically circa 5 to 20 seconds). The feed/polymer mixture is transferred, e.g.,
via auger, to a hydraulic press where the mixture with the polymer still in a substantially
molten state is extruded as cylindrical ribbons of compressed material with a diameter of
about 1.5 to 2 cm. The biomass feedstock/molten polymer mixture may be extruded using a
hydraulic ram under a pressure of about 1,500 to 2,000 psi (suitably about 1,600 to 1,800
psi). The cylindrical ribbons of compressed fuel mixture exiting the press is comminuted
into pieces of a desired length, e.g., the compressed fuel material may be chopped into
cylindrical pieces about 1 to 3 cm in length. The temperature of the fuel pellets is then
lowered by passage through a counterflow air pellet cooler, €.g., by blowing cooler air over

the comminuted material, before being transferred into appropriate packaging, such as bags
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or bins. The process described in this Example may suitably be carried out using a
densified fuel production system such as illustrated in Figure 4. The resulting fuel pellets
can have a density of about 25 to 35 Ib/ft’ and heat value of at least about 9,500 Btu/Ib.
Densified fuel pellets of this type may have a pellet durability index (“PDI”) of at least

about 80 and, more desirably at least about 90.

[0031] It will be readily apparent to one skilled in the art that varying substitutions and
modifications may be made to the invention disclosed herein without departing from the
scope and spirit of the invention. The invention illustratively described herein suitably may
be practiced in the absence of any element or elements, limitation or limitations which is not
specifically disclosed herein. The terms and expressions which have been employed are
used as terms of description and not of limitation, and there is no intention that in the use of
such terms and expressions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention. Thus, it should be understood that although the present
invention has been illustrated by specific embodiments and optional features, modification
and/or variation of the concepts herein disclosed may be resorted to by those skilled in the
art, and that such modifications and variations are considered to be within the scope of this

invention.

[0032) In addition, where features or aspects of the invention are described in terms of
Markush groups or other grouping of alternatives, those skilled in the art will recognize that
the invention is also thereby described in terms of any individual member or subgroup of

members of the Markush group or other group.

[0033] Also, unless indicated to the contrary, where various numerical values are provided
for embodiments, additional embodiments are described by taking any 2 different values as

the endpoints of a range. Such ranges are also within the scope of the described invention.
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WHAT IS CLAIMED IS:

1. A densified fuel pellet formed by a process comprising:

compacting a mixture which includes

a) about 5 to 15 wt.% molten thermoplastic polymeric

material;
b) at least about 75 wt.% cellulosic material;

wherein the fuel pellet has a minimum dimension of at least about 1
cm; a pellet durability index of at least about 80; and a heat value on an as is
basis of at least about 9,500 Btu/Ib.

2. The densified fuel pellet of claim 1 wherein the thermoplastic

polymeric material has a melting point of about 120 to 150°C.

3. The densified fuel pellet of claim 1 wherein the mixture further

comprises about 0.25 to 5 wt.% lignin additive on a dry basis.

4. The densified fuel pellet of claim 1 wherein the fuel pellet has a

moisture content of no more than about 3 wt.%.

5. The densified fuel pellet of claim 1 wherein the fuel pellet has a

sulfur content of no more than about 0.5 wt.%.

5. The densified fuel pellet of claim 1 wherein the fuel pellet has a ash

content of no more than about 8 wt.%.

7. The densified fuel pellet of claim 1 wherein the fuel peliet has a

pellet durability index of at least about 90.
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8. The densified fuel pellet of claim 1 wherein the fuel pellet has a
density of about 20 to 45 Ib/ft°.

9. The densified fuel pellet of claim 1 wherein the fuel pellet has a

specific gravity which is at least about 150% of the mixture’s specific gravity.

10.  The densified fuel pellet of claim 1 wherein the fuel pellet has a
heat value on an as is basis of about 9,500 to 12,000 Btu/lb.

11.  The densified fuel pellet of claim 1 wherein the cellulosic material is

in particulate form having a maximum dimension of no more than about 20 mm.

12.  The densified fuel pellet of claim 1 wherein the cellulosic material in

the mixture has an initial moisture content of no more than about 15 wt.%.

13.  The densified fuel pellet of claim 1 wherein the thermoplastic

polymeric material comprises polyethylene, polypropylene, or a mixture thereof.

14.  The densified fuel pellet of claim 1 wherein compacting the mixture

comprises extruding the mixture.

15. The densified fuel pellet of claim 1 wherein the thermoplastic

polymeric material comprises a mixture of high density polyethylene and low

density polyethylene.

16. The densified fuel peliet of claim 1 wherein the mixture is

substantially free of added wax material.
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17. A densified fuel pellet comprising:

a) about 5to 15 wt.% thermoplastic polymeric material;

b) at least about 75 wt.% cellulosic material;

wherein the fuel pellet has a minimum dimension of at least about 1
cm; a heat value of at least about 9,500 Btu/lb; and a pellet durability index of at

least about 80.
18. A method of producing a densified fuel pellet comprising:

compressing a feed mixture to form a densified material, wherein

the mixture includes:

a) about 5 to 15 wt.% molten thermoplastic polymeric

material: and

b) at least about 75 wt.% cellulosic material;

such that the densified fuel pellet has a minimum dimension of at

least about 1 cm: a pellet durability index of at least about 80; and a heat value

on an as is basis of at least about 9,500 Btu/lb.

19. The method of claim 18 wherein the fuel pellet has a pellet

durability index of at least about 90.

17-
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20. The method of claim 18 wherein the thermoplastic polymeric material

has a melting point of about 130 to 150°C.

21.  The method of claim 18 wherein the mixture further comprises lignin

additive.

22. The method of claim 18 wherein compressing the mixture comprises

extruding the feed mixture at a temperature sufficient to maintain the thermoplastic

polymeric material in a molten state.

23. The method of claim 18 wherein compressing the mixture comprises
uniaxial compaction of the feed mixture at a temperature sufficient to maintain the

thermoplastic polymeric material in a molten state.

24. A method of generating heat in a boiler designed for burning coal

comprising combusting a fuel material which includes a piurality of the densitied fuel

pellets of any of claims 1 to 17/.

25. The method of claim 24 wherein the fuel maternial includes coal pieces
and a plurality of the densified fuel pellets having substantially similar size

characteristics as the coal pleces.
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