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(57) ABSTRACT 

The present invention is directed to a method for producing 
products, such as fuel pellets, from lignocellulosic biomass. 
Lignocellulosic biomass having a moisture content of less 
than about 30% by weight is introduced into a reactor. A 
vacuum of less than about 500 torr is applied to the reactor. 
Steam having a temperature of between about 180° C. and 
about 235° C. is injected into the reactor. The biomass is 
maintained in the reactor between about 1 and about 12 min 
utes. The treated biomass having a moisture content less than 
about 30% by weight is removed from the reactor. Treated 
biomass is formed into a pellet. 
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METHODS FOR THE MANUFACTURE OF 
FUEL PELLETS AND OTHER PRODUCTS 
FROM LIGNOCELLULOSC BOMASS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims benefit under 35 U.S. 
C. S 119(e) of U.S. Provisional Application Ser. No. 61/352. 
579, filed Jun. 8, 2010, which is hereby expressly incorpo 
rated herein by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not applicable. 

FIELD OF THE INVENTION 

0003. The present invention relates generally to a method 
for making fuel pellets, and more particularly, but not by way 
of limitation, to a method of making molding compounds and 
extruded parts, including fuel pellets, from lignocellulosic 
biomass. 

BACKGROUND OF THE INVENTION 

0004. The high price of fossil fuels and the worldwide 
interest in replacing fossil fuels and products based upon 
them by others based upon renewable resources. These 
include extruded parts and moldings that would otherwise be 
based upon petrochemical derivatives such as thermoplastics 
and fuel pellets that can be burned in domestic stoves and that 
can replace coal at power stations. 
0005. The best established procedures for making fuel 
pellets involve compressing biomass in a pelletizing mill to 
make so-called “white', i.e., light colored pellets, which can 
be regarded as a more compact energy source than the raw 
material itself. White pellets need to be made from finely 
divided biomass, meaning that coarser materials need to be 
ground before pelletizing, an energy intensive step. The pel 
lets typically contain about 10% moisture and need to be 
stored under cover, as they absorb water easily and lose their 
cohesiveness. They are also liable to create dust during trans 
port and storage and thus, risk causing a dust explosion. 
0006. Many have attempted to improve the performance 
of pelletizing mills and of the burners using them and the 
procedure has been extended from the main source, softwood 
sawmill waste and sawdust, to cover a wide range of agricul 
tural wastes and forestry materials such as Straw, corn Stover, 
deciduous woods, grain husks, nut shells, etc. However, the 
pellets made from all of these sources suffer from the same 
shortcomings of those made from sawmill waste. 
0007 Thus, whereas pelletized biomass is well estab 
lished as a fuel for Small-scale heating purposes, its short 
comings have made it difficult to use as a straightforward 
replacement for coal in large-scale installations such as power 
stations. In Such installations, the demand is for a pellet that is 
easily crushed to a powder and can be stored outdoors. Fur 
thermore, one important quality is that the pellets have a high 
bulk density to minimize storage requirements and a high 
specific energy content to minimize freight costs per unit of 
energy produced. The latter translates into low moisture con 
tent. 

0008 To meet these requirements, attempts have been 
made to change the chemical characteristics of the material 
comprising “white materials by incorporating a thermoplas 
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tic, or Subjecting the feed to medium pressure steam (steam 
explosion) or partial destructive distillation (torrefaction) 
before pelletizing in a pellet mill. 
0009. The “steam explosion' process entails the use of 
medium pressure steam to break the bonds between the vari 
ous components in the feed to form Substances that can act as 
binders. Steam explosion has been used in semi-commercial 
scale to make fuel pellets in a pellet mill from softwood 
sawdust. 
0010 Torrefaction removes volatiles (which can be 
burned), and moisture from a feed (which can be a “white' 
pellet), at the same time converting it to a form that is more 
easily crushed (although more friable), with a higher energy 
content per unit weight than the feed upon which it is based. 
However, this friability means that the process may need to be 
carried out immediately prior to the pellet being used. These 
features also make this procedure totally unsuited to the 
manufacture of extruded and molded parts. 
0011. This friability has led to the development of a torre 
faction process whereby a “white' pellet is immersed in a hot 
oil or fat, thereby driving out air, moisture and Volatiles and 
replacing them with the oil or fat. It is claimed that pellets 
made in this way are much less friable and can be stored 
outdoors. Torrefaction is not yet employed commercially to 
manufacture fuel pellets and has never been proposed for the 
manufacture of extruded or molded products. 
0012. It is known in the art to use steam explosion as a 
method for converting biomass to more uniform products, 
one example being black pellets used as fuel. One field ofuse 
where conventional white pellets are unsatisfactory is where 
the product needs to be stored outdoors, as is the case for 
many coal-fired power stations. This requires that the pellets 
have high strength, i.e., not be prone to breakage during 
transport, and low water absorption over an extended period. 
It is also desirable that the product is more easily crushed to a 
powder than a white pellet. 
0013 Steam explosion treatment of biomass, especially of 
grasses has also been used to manufacture boards and mold 
ings by compression but not extrusion, which requires quite 
specific conditions. 
0014) To this end, although processes of the existing art 
convert biomass to more uniform products, a need remains for 
a process for making extruded or molded products, such as, 
improved pellets and/or briquettes. It is to Such a process and 
pellet that the present invention is directed. 

SUMMARY OF THE INVENTION 

0015 The present invention relates to a method for pro 
ducing fuel pellets and a pellet used as a fuel source prepared 
by a process. Lignocellulosic biomass having a moisture con 
tent of less than about 30% by weight is introduced into a 
reactor. The moisture content of the lignocellulosic biomass 
may be less than about 15% by weight. Less than about 50 
weight % of a carbon source may be added to the biomass. 
The carbon Sources is coal dust, coke powder, or unprocessed 
biomass. A vacuum of less than 500 torr, preferably less than 
200 torr, is applied to the reactor. Steam having a temperature 
of between about 180° C. and about 235° C. is injected into 
the reactor. The biomass is maintained in the reactor between 
about 1 and about 12 minutes. The treated biomass having a 
moisture content less than about 30% by weight is removed 
from the reactor. The treated biomass is formed into a pellet or 
briquette Such that forming may be pelletizing, extruding, 
briquetting, or the like. 
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0016 Optionally, a catalyst is introduced into the reactor. 
The catalyst is a fatty acid, ester, or triglyceride. The catalyst 
is introduced prior to or together with the steam into the 
reactOr. 

DETAILED DESCRIPTION OF THE INVENTION 

0017. The present invention is directed to making products 
from lignocellulosic biomasses by a combination of a steam 
explosion technique followed by either pelletizing in a mill, 
briquetting, or by extrusion in a compounding extruder. Such 
products have unique compositions and considerably better 
properties, in particular, exceptionally high strength and bulk 
density and very low water absorption than those made by 
state-of-the-art steam explosion processes. They are also 
cheaper to manufacture. Examples of lignocellulosic biom 
asses are wood chips, sawdust, annual crop residues, etc. It 
will be understood by those skilled in the art that the present 
invention may be used to convert any known lignocellulosic 
biomass into fiber masses or treated biomass suitable for the 
manufacture of products and extruded products inaccordance 
with the method of the present invention or variations thereof, 
as described herein. 
0018 Products made by the present invention are charac 
terized in that at least ten (10) mass percent of the product 
includes Substances, preferably, carbohydrates that are 
soluble in water at 23°C. and at least fifteen (15) mass of the 
product includes lignin, pseudo-lignin, esters and/or resins 
insoluble in water but soluble in 10% NaOH. 
0019. In one embodiment, the biomass is chipped hard 
wood, softwood or corncobs, where at least 95% of the chips 
have a smallest dimension of more than 5 mm but less than 15 
mm, and are dried to a moisture content of below 30% and 
preferably below 15%. 
0020. In another preferred embodiment, the biomass is an 
annual crop residue such as that from the grass family 
(Poaceae) or from oilseed crops or shredded waste paper 
which is preferably compacted as pellets or briquettes and 
dried to a moisture content of below 30% and preferably 
below 15%. 
0021. The dried biomass is transported to a preheated 
pressure reactor which is evacuated to less than 500 torr and 
preferably less than 200 torr for a period of at least 1 minute, 
and not more than 12 minutes. Dry, Saturated or slightly 
superheated steam having a temperature of at least 180° C. 
and not more than 235° C. is introduced into the reactor. 
0022. In another embodiment, a catalyst chosen from a 
group of fatty acids, esters or triglycerides (i.e., a vegetable 
oil such as Jatropha, corn oil, or spent cooking oil), is injected 
into the evacuated reactor containing the dried biomass 
immediately prior to or together with the steam in an amount 
of 1-15% and preferably 2-7% by weight of biomass. 
0023 The use of vacuum pretreatment and the optional 
use of a hydrophobic oil as a catalyst in the present invention 
provides advantages, including the acceleration of the steam 
treatment process, which allows the biomass to be converted 
at lower thermal loading and with a higher degree of conver 
sion to alkali soluble materials, than is the case for state-of 
the-art “steam explosion' processes. This saves energy and 
reduces the dehydration of hemicellulose sugars to furfural 
derivatives, which are odorous volatiles (VOCs) typically 
formed in State-of-the-art steam explosion processes. 
0024. The biomass is held in the reactorata selected steam 
temperature for a period of between 1 and 12 minutes. In 
preferred embodiment(s), reaction times for grasses and 
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annual crop residues are from 2 minutes at 220° C. to 12 
minutes at 175°C., from 3 minutes at 225°C. to 10 minutes 
at 190° C., for most hardwood chips; and from 3 minutes at 
235° C. to 12 minutes at 195°C., for softwood chips. 
0025. The biomass is then ejected from the reactor. Where 
necessary, the degree of Saturation of the steam can be 
adjusted so that the free moisture content of the ejected bio 
mass is below 30% and preferably less than 20%. In the case 
of production of pellets in a mill, the moisture content is 
below 12%. Biomass suitable for making the products have a 
total content of material Soluble in 10% NaOH of at least 25% 
and preferably more than 35%. Of this, at least one-fourth (/4) 
and not more than three-fifths (3/s) should also be soluble in 
water at 23° C. 

0026. The biomass can then be transferred, without further 
drying, to a mill, briquetting machine, or a compounding 
extruder and pelletized or briquetted, with or without the 
addition of up to 50% of a finely divided carbon source such 
as coal, coke dust, or unprocessed biomass, such as sawdust 
or shredded paper. Up to 10% by weight biomass of a pro 
cessing aid Such as an oil, preferably a vegetable oil or a fat 
can be added to improve the flow characteristics of the bio 

a SS. 

0027. Whereas the manufacture of pellets in a mill can 
follow the prescribed method, it should be noted that the term 
extrusion is conventionally used to describe any process 
where pellets are made by forcing biomass through a die. 
However, the term “extrusion' is used to describe pellets 
manufactured in connection with a pellet mill and not with a 
compounding extruder Such as employed herein. The use of 
Such an extruder is unique to one embodiment of the method 
of the present invention. 
0028. A conventional extruder meeting the requirements 
of one embodiment of this invention includes one or two 
screw conveyors rotating in a barrel equipped with heating 
elements, one or more compression Zones, one or more mix 
ing Zones, one or more degassing Zones, and a die that can be 
heated or chilled, having a profile through which the material 
is extruded. The extruder may also be equipped with a meter 
ing device for the addition of a hydrophobic processing aid. It 
should be understood by one of ordinary skill in the art that a 
variety of extruders may be utilized so long as the extruder 
functions in accordance with the present invention as 
described herein. 
0029 Steam-treated biomass is conveyed to a first, heated 
mixing Zone of the extruder where moisture is removed by 
degassing. A processing aid may then be added and the whole 
conveyed, while heated to at least 125°C., to the first mixing 
Zone, which may also be heated, and then to a compression 
Zone where it is further compacted in a molten or semi-molten 
state. The whole is then conveyed, optionally, via a second 
mixing Zone to a second vacuum degassing Zone where Vola 
tiles are removed before being conveyed to the die Zone and 
converted into pellets. 
0030 Products made according to this embodiment have 
extremely high rigidity, durability, density and energy content 
and very low water content, typically less than 3% after 
immersion in water at room temperature for 1 hour. 
0031 Products made in accordance with the present 
invention may optionally contain up to 50% by weight of a 
finely divided carbon Source. Such as coal, coke dust, or a 
biomass such as sawdust that is not steam-treated, as long as 
the chemical composition of the extruded product falls within 
the above-mentioned range. 
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0032. Fuel pellets made according to the method of the 
present invention have much lower water contents than coal, 
even after extended outdoor storage, and offer a number of 
practical advantages as a power station fuel compared to coal 
and other fossil fuels used in power generation Such as coke 
derived from petroleum (petcoke) or coal. 
0033. Apart from the obvious benefit of reducing fossil 
CO2 emissions, the flue gas produced by combustion of these 
pellets is much cleaner than that from coal, coke and heavy 
fuel oil, being practically free of Sulphuric and toxic elements 
Such as arsenic, mercury, Vanadium, etc. This means that it 
does not need to be desulphurized before being released to the 
environment, a process that typically adds 10% or more to the 
cost of generating electrical power from fossil fuels as well as 
creating a product, often regarded as toxic waste, which needs 
to be dumped accordingly. 
0034. Another advantage for these pellets is that the flue 
gas produced by their combustion is, unlike that from coal, 
totally free of arsenic, which poisons catalysts that are used to 
reduce NO levels in power station flue gases. Thus, the com 
bustion of biomass pellets made by the method of this inven 
tion leads to a more reliable removal of NO, than if coal were 
to be used. 
0035. Furthermore, in one embodiment, the use of venting 
in a compounding extruder during extrusion allows odorous 
Volatiles such as furfurals and organic acids that may be 
produced during steam treatment and extrusion, to be 
removed prior to the product being formed. It should be noted 
that these odorous components are most undesirable in prod 
ucts Such as construction boards and moldings. 
0036. The act of evacuating the reactor with a vacuum 
before the introduction of steam allows the steam and any 
added catalyst to penetrate more fully the internal structure of 
the biomass, which makes the energy intensive, size reduc 
tion pretreatments used in other techniques, used to convert 
biomass to fuel pellets, such as grinding or hammer-milling, 
unnecessary. 
0037. In addition, the use of vacuum, optionally together 
with slightly superheated steam, allows the product to be 
pelletized immediately after steam treatment without the 
need for an intermediate drying step. This is one advantage as 
the steam-treated materials are difficult and expensive to dry 
to a level optimal for pelletizing (<7%). None of the prior art 
can meet this requirement without drying. 
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0038 Fuel pellets made in accordance with the method 
described here contain biomass that has become embrittled. 
They are thus easier to grind than white pellets. Compared to 
the white pellets available in the market, they have much 
lower moisture contents (typically <2% as opposed to ca. 
10%) and therefore, a higher energy content per unit weight 
and a far lower water absorption. They are also resistant to 
impact and are, therefore, essentially dust-free. 
0039. In a preferred embodiment, the pellet or bricuette 
contain less than 5% moisture, at least 8% and preferably 
between 10 and 15% of substances soluble in water at 23°C. 
and at least 12%, preferably between 15 and 30%, of sub 
stances insoluble in water at 23° C., but soluble in a 10% 
solution of sodium hydroxide, so that the ratio between the 
substances soluble only in alkali to those soluble only in water 
is not less than 1.0 and preferably between 1.3 and 1.7 and the 
total of both is not less than 20%, preferably at least 25%, of 
the total dry matter content of the pellet or briquette. Further 
more, pellets or briquettes meeting these specifications con 
tain less than 1% of substances such as furfurals that have 
objectionable odors and are volatile at between 120° C. and 
17OO C. 

0040 “Black” pellets made by the present invention pos 
sess considerable advantages compared with similar pellets 
made in a mill, including lower water content following 
extended outdoor storage capability, greatly reduced run-off 
during outdoor storage, considerably higher bulk density and 
durability and lack of odor. 
(0041) The fact that it is possible to include finely divided, 
untreated biomass Such as sawdust in steam-treated material 
made in accordance with the method of this invention while 
still making pellets of good strength and moisture resistance, 
allows the energy required to produce a unit weight of pellets 
to be minimized. 

0042 Table 1 illustrates the properties of fuel pellets made 
according to the methods described herein by Steam-treating 
oak wood chips dried to a moisture content of 15% to a 
vacuum of 250 torr for 2 minutes in a preheated reactor 
following which dry steam at 210°C. is injected and the 
whole held at this temperature for 6 minutes before being 
discharged, dried to 9% moisture and then converted into 
pellets 6 mm in diameter in a mill die whose die compression 
length is 8. 

TABLE 1 

THE PROPERTIES OF FUELPELLETS MADE CONVENTIONALLY AND BY THE METHOD 
DESCRIBED HERE 

Energy 
Energy Density cont. Leaching Water 

Processing MC 96 loss, 962 kg/cu m Durability% kWh/kg loss, 96 content. 96 

A. Standard white pellets 10 <1 630 94 4.2 NA 30 
B. Black pellets from a mill 2 1-2 750 99 5.3 3.2 10 
C. As B. with 30% sawdust 5 1 700 97 S.1 2.7 13 
D. Extruded black pellets 1 1-2 860 99- 5.4 O.3 2 
E. As D. with 30% sawdust' 2 1 790 99 5.5 1.2 3 

'Moisture content as made 
*As volatile organic compounds during drying and pelletizing 
According to test method xxx 
“As supplied, incl. moisture from manufacturing 
Loss in DM after immersion in water for 24 hrs: NA = Not applicable 
After immersion for 1 hr. in water at 23° C. 
"Including 4% processing aid (corn oil) 
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0043. In one preferred embodiment of the method of the 
present invention, fuel pellets are produced in a screw con 
veyor compounding extruder such that the fuel pellets have 
high energy content, low moisture content and improved 
strength and crushability with the minimum energy require 
ment and without needing to dry the steam-treated biomass 
before pelletizing. In the preferred embodiment, lignocellu 
losic material, whose Smallest dimension (thickness) is not 
more than 15 mm, is introduced into a reactor. The reactor is 
evacuated with the lignocellulosic material in the reactor. 
Dry, Saturated or slightly unsaturated steam is injected into 
the reactor. Optionally, between 1 and 15%, preferably 
between 2 and 7% by weight biomass of an oil, such as 
vegetable oil, or fat, is introducted prior to or together with the 
Steam. The saturated steam is injected into the reactor at a 
temperature not less than 170° C. nor higher than 230° C., 
preferably between 185° C. and 215° C. The temperature of 
the Steam depends upon the lignocellulosic material and the 
total reaction time from introduction of steam to removal of 
the steam-treated material. The lignocellulosic material is 
maintained in the reactor not more than 15 minutes, nor less 
than 2 minutes, preferably between 3 and 10 minutes. The 
process of the present invention ensures that the steam-treated 
product is such that the proportion soluble in 10% NaOH is at 
least 25%, preferably at least 40%, of which at least two-fifths 
(%) is soluble in water at 23°C. The moisture content of the 
biomass, during steam treatment, is controlled by using a 
combination of vacuum pretreatment followed by injection of 
dry or slightly superheated steam such that the steam-treated 
biomass contains less than 30% by weight and preferably not 
more than 15% by weight free moisture. The biomass is 
pelletized in an extruder such that the temperature in the 
extruder is sufficient to plasticize the biomass, by degassing 
in one and preferably two stages to remove water vapor and 
organic volatiles (VOC's), respectively. The pellets have a 
bulk density of more than 800 kg/m, a moisture content of 
3% or less, absorbing less than 3% water after total immer 
sion for 1 hour and losing less than 2% by weight dry matter 
after immersion in water for 24 hours. 

0044. In another embodiment of the invention, extruded 
products are made using a flat die, in the case of boards with 
steam-treated materials that can contain as much as 30% or 
more of thin wood chips, strands or flakes, or in the case of 
thinner sheets, e.g., for lamination purposes, by the use of 
steam-treated material containing up to 30% of finely divided 
biomass that has not been steam-treated. 

0045. In another embodiment of the invention, any ligno 
cellulosic material whose smallest dimension (thickness) is 
not more than 15 mm can be converted into fuel pellets in a 
pellet mill. The lignocellulosic material is introduced into a 
reactor. The reactor is evacuated with the lignocellulosic 
material in the reactor. Dry, saturated or slightly unsaturated 
steam, whose temperature is not less than 170° C., nor more 
than 230° C., preferably between 185° C. and 215° C., 
depending upon the feed, is injected into the reactor. Option 
ally, a catalyst may be added to the reactor as discussed 
herein. The total reaction time from introduction of steam to 
removal of the steam-treated material is not more than 15 
minutes, nor less than 2 minutes, and preferably between 3 
and 10 minutes. The present invention ensures that the steam 
treated product is such that the proportion soluble in 10% 
NaOH is at least 25%, preferably at least 40%, of which at 
least two-fifths (%) is soluble in water at 23°C. The moisture 
content of the biomass is controlled before and during steam 
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treatment using vacuum pretreatment followed by the injec 
tion of dry or slightly superheated steam, such that the steam 
treated biomass contains less than 15% by weight and pref 
erably not more than 12% by weight free moisture. 
10046) While the description above refers to particular 
embodiments of the present invention, it will be understood 
that many modifications may be made without departing from 
the spirit thereof. The claims are intended to cover such 
modifications as would fall within the true scope and spirit of 
the present invention. The presently disclosed embodiments 
are therefore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated by 
the claims rather than the foregoing description, and all 
changes which come within the meaning and range of equiva 
lency of the claims are therefore intended to be embraced 
therein. 
What is claimed is: 
1. A method for producing fuel pellets, comprising the 

steps of: 
introducing a lignocellulosic biomass having a moisture 

content of less than about 30% by weight into a reactor; 
applying a vacuum to the reactor; 
injecting steam having a temperature of between about 

180° C. and about 235° C. into the reactor; 
maintaining the biomass in the reactor between about 1 and 

about 12 minutes; and 
removing the treated biomass from the reactor. 
2. The method of claim 1 whereinless than about 50 weight 

% of a carbon source is added to the biomass. 
3. The method of claim 2 wherein the carbon source is coal 

dust, coke powder, or unprocessed biomass. 
4. The method of claim 1 wherein the biomass is dried to a 

moisture content of less than about 15% by weight before the 
material passes into the reactor. 

5. The method of claim 1 wherein the vacuum applied to 
the reactor is less than 500 torr. 

6. The method of claim 1 wherein the vacuum applied to 
the reactor is less than 200 torr. 

7. The method of claim 1, further comprising the step of 
introducing a catalyst into the reactor. 

8. The method of claim 7 wherein the catalyst is a fatty acid, 
ester, or triglyceride. 

9. The method of claim 7 wherein the catalyst is introduced 
prior to the steam. 

10. The method of claim 7 wherein the catalyst is intro 
duced together with the steam. 

11. The method of claim 1 wherein the treated biomass has 
a moisture content less than about 30% by weight. 

12. The method of claim 1, further comprising the step of 
forming the treated biomass into a pellet. 

13. The method of claim 12 wherein the treated biomass is 
extruded into the pellet with a compound extruder. 

14. A pellet used as a fuel source prepared by a process 
comprising the steps of: 

introducing a lignocellulosic biomass having a moisture 
content of less than about 30% by weight into a reactor; 

applying a vacuum to the reactor; 
injecting steam having a temperature of between about 

180° C. and about 235° C. into the reactor; 
maintaining the biomass in the reactor between about 1 and 

about 12 minutes; and 
removing the treated biomass from the reactor. 
15. The method of claim 14 wherein less than about 50 

weight% of a carbon source is added to the biomass. 
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16. The method of claim 14 wherein the carbon source is 
coal dust, coke powder, or unprocessed biomass. 

17. The method of claim 14 wherein the biomass is dried to 
a moisture content of less than about 15% by weight before 
the material passes into the reactor. 

18. The method of claim 14 wherein the vacuum applied to 
the reactor is less than 500 torr. 

19. The method of claim 14 wherein the vacuum applied to 
the reactor is less than 200 torr. 

20. The method of claim 14, further comprising the step of 
introducing a catalyst into the reactor. 

21. The method of claim 20 wherein the catalyst is a fatty 
acid, ester, or triglyceride. 
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22. The method of claim 20 wherein the catalyst is intro 
duced prior to the steam. 

23. The method of claim 20 wherein the catalyst is intro 
duced together with the steam. 

24. The method of claim 14 wherein the treated biomass 
has a moisture content less than about 30% by weight. 

25. The method of claim 14, further comprising the step of 
forming the treated biomass into a pellet. 

26. The method of claim 25 wherein the treated biomass is 
extruded into the pellet with a compound extruder. 

c c c c c 


