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Conditioning of Biomass for Improved C5/C6 Sugar Release Prior to 

Fermentation 

Field of the Invention 

[0001] The invention relates to the conditioning of lignocellulosic biomass as part of a 

5 biochemical ethanol production process, in particular to conditioning prior to pretreatment 

for hemicellulose breakdown and removal. 

Background and Description of Prior Art 

[0002] There is a growing demand for transportation fuels made from renewable 

10 feedstocks. 	These 	renewable fuels displace fossil fuels 	resulting 	in 	a 	reduction 	of 

greenhouse gas emissions, along with other benefits (1-3).Biofuels include fuel ethanol. 

Fuel ethanol is produced from biomass by converting starch or cellulose to sugars, 

fermenting the sugars to ethanol, and then distilling and dehydrating the ethanol to create 

a high-octane fuel that can substitute in whole or in part for gasoline. 

15 [0003] In North America, the feedstock for the production of fuel ethanol is primarily corn, 

while in Brazil sugar cane is used. There are disadvantages to using potential food or 

feed plants to produce fuel. Moreover, the availability of such feedstocks is limited by the 

overall available area of suitable agricultural land. Therefore, efforts are being made to 

generate ethanol from non-food sources, such as cellulose, and from crops that do not 

20 require prime agricultural land, for example miscanthus. Cellulose is one of the most 

abundant organic materials on earth. It is present in many forms of biomass, including 

agricultural residues like corn stover and corncobs, woody residues and other plant 

materials. Cellulose is a polymer of glucose, as is starch. However, the isolation of 

reactive cellulose from lignocellulosic biomass and hydrolysis to C6 sugar monomers has 

25 its challenges. One non-food source of C6 sugars is lignocellulosic biomass. 

[0004] Lignocellulosic biomass may be classified into four main categories: (1) wood 

residues (sawdust, bark or other), (2) municipal paper waste, (3) agricultural residues 

(including corn stover, corncobs and sugarcane bagasse), and (4) dedicated energy 

crops 	(which 	are 	mostly composed 	of fast growing tall, woody grasses such 	as 

30 switchgrass and miscanthus). 

[0005] Lignocellulosic biomass is composed of three primary polymers that make up 

plant cell walls: Cellulose, hemicellulose, and lignin. Cellulose fibres, which contain only 

anhydrous glucose (C6 sugar), are locked into a rigid structure of hemicellulose and 

lignin. 	Lignin 	and 	hemicelluloses form chemically linked 	complexes that bind water 

35 soluble hemicelluloses into a three dimensional array, cemented together by lignin. Lignin 
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covers 	the 	cellulose 	microfibrils 	and 	protects 	them 	from 	enzymatic and 	chemical 

degradation. These polymers provide plant cell walls with strength and resistance to 

degradation, which makes lignocellulosic biomass a challenge to use as substrate for 

biofuel production. 

5 [0006] Hemicelluloses 	are 	polysaccharides 	and 	include 	xylan, 	glucuronoxylan, 

arabinoxylan, glucomannan, and xyloglucan, which all contain many different C5 or C6 

sugar monomers. For instance, besides glucose, sugar monomers in hemicellulose can 

include xylose, mannose, galactose, rhamnose, and arabinose. Hemicelluloses contain 

most of the D-pentose sugars, and occasionally small amounts of L-sugars as well. 

10 Xylose is always the sugar monomer present in the largest amount, which is why 

hemicellulose content is often expressed in terms of xylose equivalent content, as will be 

discussed further below. Xylose is a monosaccharide of the aldopentose type, which 

means it contains five 	carbon atoms (C5 sugar) and includes an aldehyde functional 

group. Cellulose is crystalline, strong and resistant to hydrolysis, while hemicellulose has 

15 a random, amorphous structure with little strength and is easily hydrolyzed by dilute acid 

or base, or by hemicellulase enzymes. 

[0007] There are two main approaches to the production of fuel ethanol from biomass: 

thermochemical and biochemical. Thermochemical processes convert the biomass to a 

reactive gas called syngas. Syngas is converted at high temperature and pressure to 

20 ethanol by a series of catalyzed processes. Biochemical processes use biocatalysts 

called enzymes to convert the cellulose content to sugars (C5 and C6), which are then 

fermented to ethanol and other fuels such as butanol. The biochemical processes 

generally exploit the different susceptibility to hydrolysis of hemicellulose and cellulose, 

by hydrolyzing the hemicellulose and cellulose in different steps. 

25 [0008] Biochemical conversion of lignocellulosic biomass to ethanol in general involves 

five basic steps (1) Preparation - the target biomass is cleaned and adjusted for size and 

moisture content; (2) Pretreatment - exposure of the raw biomass to elevated pressure 

and temperature for a specified duration; with or without catalyzing additives to hydrolyze 

the hemicellulose separately from the cellulose; (3) Cellulose hydrolysis - conversion of 

30 the cellulose in the pretreated biomass to simple C6 sugars using special enzyme 

preparations to hydrolyze the pretreated plant cell-wall polysaccharides; (4) Fermentation, 

mediated by bacteria or yeast, to convert these sugars to fuel such as ethanol; and (5) 

Distillation and Dehydration of the ethanol/fuel. 

[0009] Certain 	pretreatment methods employ chemical additives, such as acids, to 

35 catalyze the hydrolysis of hemicellulose and/or alkalis to remove lignin. 	These additives 

as well as many of the breakdown products they generate during the pretreatment 
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process, such as lignin and some soluble lignin derivatives, are either toxic to yeast, or 

inhibit hydrolysis, or both. Furthermore, all forms of lignocellulosic biomass have some 

level of sterols, fatty acids, ethers and other extractives that can also be inhibitory. 

[0010] One approach to address the inhibitory effect of these substances is the use of 

5 harsher pre-treatment conditions, 	which 	can 	for example 	be tailored to 	effectively 

hydrolyze and degrade the hemicellulose to such an extent that very little xylose and xylo-

oligosaccharides remain to interfere with the cellulose enzymes. However this approach 

creates 	another 	significant 	disadvantage 	in 	that 	it 	causes 	significant 	cellulose 

degradation, which then reduces glucose yield and ultimately the ethanol yield, often 

10 creating a commercially significant reduction of the overall ethanol process efficiency, 

even in the virtual absence of inhibitory compounds. 

[0011] In another approach xylanases are used to completely hydrolyze the xylan 

oligomers to xylose and lessen the inhibitory effect of these oligomers. However, although 

this approach is somewhat effective, it produces high levels of xylose which is itself an 

15 inhibitor. Moreover, the other inhibitory compounds generated in the pretreatment step 

from decomposition of the hemicellulose are still present. Thus, although the overall yield 

is better, in the end this approach is not commercially viable due to the added cost for the 

xylanases and the cost of still required elevated cellulase levels due to the other inhibitory 

substances. 

20 [0012] All 	pretreatment 	processes, 	generally 	result 	in 	significant 	breakdown 	of the 

biomass, in particular the hemicellulose component, which leads to the generation of 

various 	C5 	sugars 	and 	other 	hemicellulose 	breakdown 	products. 	Hemicellulose 

decomposition products such as formic acid, furfural and hydroxyl methyl furfural etc. are 

produced during pretreatment which carry through to and inhibit the hydrolysis and 

25 fermentation processes. Thus, these hemicellulose decomposition products reduce the 

effectiveness 	of the 	cellulose 	hydrolyzing 	enzymes, 	thereby 	requiring 	the 	use 	of 

increased levels of added enzyme, the cost of which is an important factor in providing a 

cost effective commercial process. 

[0013] The breakdown products inhibitory to the downstream cellulose and/or sugar 

30 fermentation 	processes 	are 	usually separated 	from the 	biomass 	prior to 	cellulose 

hydrolysis, 	to 	minimize 	any potentially 	inhibitory effects 	on 	ethanol yield. 	However, 

although the overall ethanol yield could 	be significantly improved 	if the C5 sugars 

originating from the hemicellulose could also be used in the sugar fermentation step, 

separating the C5 sugars from the removed inhibitory hydrocellulose breakdown product 

35 stream is cost intensive and uneconomical. Thus, an efficient and economical process is 

desired which increases the yield of C5 and C6 sugars in a conventional lignocellulosic 
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biofuel production process. 

Summary of the Invention 

[0014] It is now an object to provide an improved biofuel production process using 

5 lignocellulosic biomass. 

[0015] In particular, the invention provides an improvement in a process for C5/C6 sugar 

recovery from lignocellulosic biomass for fermentation to ethanol, including the steps of 

pretreatment of the biomass with steam at elevated temperature and pressure, collection 

of C5 sugars from hemicellulose breakdown, cellulose hydrolysis and collection of C6 

10 sugars from cellulose breakdown. The improvement resides in the additional step of 

conditioning of the biomass prior to the pretreatment step by. The pretreatment includes 

the steps of heating the biomass with steam for a time period between 5 minutes to 60 

minutes, preferably 10 to 60 minutes, more preferably 10 to 30 minutes, even more 

preferably 15 to 30 minutes, most preferably about 20 minutes, to achieve a steam 

15 treated biomass having a temperature of between 80°C to 100°C ; and adjusting a 

moisture content of the steam treated biomass to between 45% to 80%, preferably 55% 

to 80%, more preferably 65% to 80%, even more preferably 70% to 75%. 

20 

[0016] In one embodiment, the invention provides a process, wherein the heating with 

steam is conducted for 27-55 minutes to achieve a biomass temperature of 90°C, 

preferably 20-40 minutes to achieve a biomass temperature of 95°C, more preferably 15- 

30 minutes to achieve a biomass temperature of 99°C, even more preferably 14-28 

minutes to achieve a biomass temperature of 100°C. 

[0017] In another embodiment, the pre-conditioned biomass contains 68-72% moisture 

content and 0.7% to 0.09% sulfuric acid content by weight prior to the pretreatment 

25 process, preferably 68-72% moisture content and 0.7% to 0.09% sulfuric acid content. 

[0018] The inventors surprisingly discovered that the results of conventional pretreatment 

such as yield, recovery, reactivity and process time for the conversion of cellulose and 

hemicellulose to ethanol and/or other valuable chemicals can be improved by adding the 

conditioning step. Conditioning the biomass prior to pretreatment was found to improve 

30 cellulose reactivity (which reduces cellulose hydrolysis time); to minimize the use of 

enzymes to convert cellulose to glucose; to maximize the removal of impurities and toxic 

compounds; to increase the recovery of the hemicellulose fraction; to optimize the 

fermentation process; to reduce fermentation time; and to increase overall yield. 

[0019] The inventors have discovered that one or more of these results above can be 

35 improved by the conditioning process that controls the moisture of the biomass prior to 
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pretreatment; and/or the temperature and retention time of the steam heating step. In 

addition, the inventors have further discovered that an additional improvement can be 

achieved by subjecting the biomass, as part of the conditioning step, to a squeezing or 

compression step to extract toxic impurities and improve catalyst and water impregnation 

5 after the steam heating step. 

[0020] This conditioning process improves the results of pretreatment processes. The 

conditioning also brings the biomass to a standard set of conditions prior to pretreatment 

which is important for consistently optimum pretreatment results. 	Such conditioning can 

also soften the fibers and provide even distribution of moisture and chemical catalyst. 

10 Without being bound by this theory, the inventors theorize that the conditioning enables a 

selective removal of the soluble inhibitory components in the lignocellulosic biomass, 

without the removal of significant amounts of the C5 sugar monomer components of the 

hemicellulose, thus resulting 	in 	a 	lowered 	content of inhibitory compounds and an 

increased level of C5 sugars in the biomass prior to pretreatment allowing for the 

15 recovery of a hemicellulose breakdown stream after pretreatment which includes fewer, 

or lower amounts of inhibitory compounds in addition to C5 sugars. 

Brief Description of the Drawing 

[0021] Figure 1 shows a biofuel production process including a conditioning process in 

20 accordance with this application. 

Detailed Description of Preferred Embodiments 

[0022] Before explaining the present invention in detail, it is to be understood that the 

invention is not limited to the preferred embodiments contained herein. 

25 [0023] The invention is capable of other embodiments and of being practiced or carried 

out in a variety of ways. It is to be understood that the phraseology and terminology 

employed herein are for the purpose of description and not of limitation. 

[0024] As shown in Figure 1, sized biomass 10 is conveyed into a steaming bin or 

container 30. 	Biomass is typically received for processing in a semi-dry state having a 

30 moisture content of less than 50%, and as low as 10%. 	For example corncobs usually 

are obtained after the corn has dried in the field to a moisture content of 15-35%. 	Upon 

arrival 	at the 	processing 	plant, 	the 	biomass, 	such 	as corncobs, 	is chopped to 	a 

convenient size. The biomass is typically chopped to a length of about 1 inch. Water can 

be added to the sized biomass to raise the moisture content prior to steam heating step in 

35 the conditioning process of the invention. 
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[0025] Steam 20 is injected proximate to a bottom of the container at one or more spots 

to heat the sized biomass 10. Air, steam, and non-condensable gases are vented from a 

vent 35 proximate to a top of the container 30. 	As the steam 20 drives heat up the 

container 30, the sized biomass 10 absorbs moisture and becomes evenly charged with 

5 moisture. During the steaming, the temperature rises and non-condensable gases are 

driven off. 	In one embodiment, the sized biomass 10 is heated to 80 to 100 Degrees 

Celsius with steam at atmospheric pressure for a period of 10 to 60 minutes. 

[0026] Steam heated biomass 15 is drawn from the bottom of the container 30 and is fed 

to any type of lignocellulosic biomass pretreatment process. In one embodiment, the 

10 steam heated biomass is first fed to a compression or squeezing device 40 such as a 

screw press, modular screw device (MSD), etc.. It is contemplated that any device that 

squeezes or compresses biomass could be used to compress the biomass and to drain 

extracted fluids. 	In one embodiment, the squeezing device 40 squeezes the steam 

heated 	biomass 	15 with 	a 2-1 	to 6-1 	compression 	ratio, 	preferably a 3-1 	to 4-1 

15 compression ratio, most preferably a 4-1 ratio. The squeezing device 40 has a vent 50 to 

vent gases if necessary, and a drain 55 to drain the extracted fluids which include 

inhibitory extracts squeezed from the steam heated biomass 15. 	During the squeezing 

process, a portion of the liquid is removed from the steam heated biomass 15 along with 

compounds that adversely affect downstream processing steps in the manufacture of 

20 ethanol such as resins, tall oils and fatty acids. 

[0027] Squeezed biomass 45 is then fed to a mixing device 70. 	The mixing device 70 

mixes the squeezed biomass 45 with the optional proportion of water through a water 

inlet 	66 	and/or optional 	amount 	of catalyst through 	a 	catalyst 	inlet 	65. 	In 	one 

embodiment, the catalyst is acid and may range in concentration from between 0 and 5% 

25 by volume and the biomass water content ranges from 60% to 80%. In one embodiment, 

this mixing step can be incorporated right at the discharge of the squeezing device 40. A 

suitable mixing device 70 in one instance could be as simple as one or more injection or 

addition points along the outlet of the squeezing device 40. This is operable because the 

squeezed biomass 45 is similar to a squeezed sponge and it can readily and actively 

30 absorb the water and chemicals. 

[0028] In a preferred embodiment of the mixing step, water and/or water and catalyst 

such as sulfuric acid are added to bring the moisture content to greater than 65%. The 

inventors have found that the particular combination of steps in the conditioning of the 

biomass prior to pretreatment has a significant commercially positive effect by reducing 

35 the digestion time of the corncobs by up to greater than 60 % and by increasing 

hemicellulose recovery in a soluble form by over 40%, as illustrated in Example 1 below. 
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[0029] In the Examples, pre-conditioned corncobs were pretreated with steam at a 

severity index value of 4.0 (205 °C for 8 minutes), as described in pending U.S. Patent 

Application Serial No. 12/560,843, the contents of which are hereby incorporated by 

reference, followed by enzymatic hydrolysis at 15 to 20% consistency. 

[0030] If the particular biomass contains significant resins, oils, fatty acids, tall oils etc., 

such as those contained in woodchips, removal or at least partial removal of these resins, 

oils, fatty acids, tall oils, 	etc. 	during the squeezing step of the conditioning process 

improves the downstream enzyme hydrolysis and fermentation performance. 

[0031] In addition, it was found that for biomass that required the addition of chemical 

catalyst, the squeezing step prior to catalyst addition aided in the absorption of the 

catalyst more evenly throughout the biomass improving the recovery and solubililization 

of the hemicellulose. 

[0032] 	The mixing device 70 discharges into a pre-treatment system. 

Example 1 - Adjusting moisture content improves cellulose digestibility and 
hemicellulose recovery. 

Table 1. Effect of moisture content in incoming corn cobs on recovery of hemicellulose 

Table 1. Effect of moisture content in incoming corn cobs on recovery of 

hemicellulose 

Incoming cobs 	Moisture (%) 69 66 54 46 35 29 11 

Hemicellulose Recovery (% of 

incoming) 
72 71 62 59 50 45 27 

Soluble hemicellulose sugars 

(kg/mtdm incoming corn cobs) 
253 249 218 207 176 158 95 

Hemicellulose sugar monomers 

(kg/mtdm incoming corn cobs) 
211 208 182 173 147 132 79 

[0033] Table 1 illustrates that hemicellulose sugar recovery increased by greater than 

40% as moisture content was increased from 35% to 66%. 	In order to further increase 

the ratio of sugar monomers over oligomers, the recovered soluble hemicellulose sugars 

can be hydrolyzed post recovery either with hemicellulase enzymes or acid catalyst. 

Table 2. Effect of moisture content in incoming corn cobs on cellulose digestibility 
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Table 2. Effect of moisture content in incoming corn cobs on cellulose digestibility and 

resulting production of glucose monomers 

Incoming 	Moisture 

cobs 	(%) 
69 66 54 46 35 29 11 

Glucose monomers 

(kg/mtdm incoming corn 

cobs) 

342 343 339 341 322 307 280 

Hydrolysis conditions: 110 hours, 17 % consistency fed batch hydrolysis with 0.215 % 

(w/w DM) enzyme on cobs 

Digestibility is expressed as t90%, 	meaning that 90% 	of the available cellulose 	is 

converted in the time shown. The cellulose digestibility of pre-hydrolysates produced from 

cobs with varying moisture contents improved by about 70% as the moisture increased 

from 35% to 66%. 	Table 2 illustrates that when going from incoming moisture of 11% to 

66% the digestion time decreases by greater than 60%. 

Example 2 — Pre-heating with steam improves cellulose digestibility. 

[0034] Corncobs at 50% moisture were pre-heated with steam at atmospheric pressure 

with low pressure (5 psig) steam for 10 minutes prior to pre-treatment as described in 

pending 	U.S. 	Patent 	Application 	Serial 	No. 	12/560,843. 	The 	results 	of cellulose 

digestibility were compared (Table 1) to a control using 1 minute of pre-steaming at 300 

psi using super heated steam. 

Table 3. Effect of steaming on cellulose digestibility 

Table 3. Effect of steaming on cellulose digestibility and resulting production of glucose 

monomers 

Steam heating prior to pretreatment(1) & 

Pre-treatment conditions (2) 
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Glucose monomers 

(kg/mtdm incoming cobs) 

(1) 1 min, 300 psig 

10 min, 

atmospheric 

pressure 

(2) 235 psig, 8 min 

Enzyme load 

(% w/w, DM on cobs) 

0.225 

0.295 

342 360 

368 375 

Table 3. Effect of steaming on cellulose digestibility 

[0035] The longer steam heating time reduced the hydrolysis time by 18% to 24% 

depending on the enzyme dosage. Hemicellulose sugar recovery was not affected by the 

additional steam heating. 

[0036] The combined effect of controlling moisture and steam heating times during the 

conditioning of corncobs as seen in Tables 2 and 3 respectively has a significant 

cumulative effect on the enzyme hydrolysis time and sugar (C5 and C6) recovery. 

Controlling the steam heating and moisture and combining those steps with a squeezing 

step as outlined above, provides maximum flexibility in treatment options, which will allow 

those skilled in the art to optimize known pretreatment processes. 
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CLAIMS: 

1. In a process for C5 and C6 sugar recovery from lignocellulosic biomass for 

fermentation to ethanol, including the steps of pretreatment of the biomass with steam at 

5 elevated temperature and pressure, collection of C5 sugars from hemicellulose 

breakdown, cellulose hydrolysis and collection of C6 sugars from cellulose breakdown, 

the improvement comprising 

conditioning of the biomass prior to the pretreatment step by: 

heating the biomass with steam for a time period between 5 minutes to 60 minutes to 

10 achieve a steam treated biomass having a temperature of about 80 to 100oC; and 

adjusting a moisture content of the steam treated biomass to about 45% to 80%. 

2. The process of claim 1, further including the step of adding to the conditioned 

biomass a user selected catalyst desired for the pretreatment process. 

15 

3. The process of claim 1, wherein, after the step of heating the biomass, the 

process comprises the additional step of squeezing the steam heated biomass for 

removing a liquid stream containing resins, oils, fatty acids or other inhibitors of 

downstream hydrolysis or fermentation. 

20 

4. The process of claim 3, further comprising the step of adding water, or water and 

a catalyst after the step of squeezing the steam heated biomass. 

5. The process of claim 1, wherein the moisture content is adjusted to about 55% to 

25 80%. 

6. The process of claim 1, wherein the moisture content is adjusted to about 65% to 

80%. 

30 7. The process of claim 1, wherein the moisture content is adjusted to about 70% to 

75%. 

8. The process of claim 1, wherein the heating step is carried out at atmospheric 

pressure. 

35 

9. The process of claim 8, wherein the time period is about 10 to 60 minutes. 
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10. The process of claim 8, wherein the time period is about 10 to 30 minutes. 

11. The process of claim 8, wherein the time period is about 15 to 30 minutes. 

5 12. The process of claim 8, wherein the time period is approximately 20 minutes. 

13. The process of claim 8, wherein the temperature of the steam heated biomass is 

between 95°C and 99°C. 

10 14. The process of claim 3, wherein the steam heated biomass is squeezed at a 2-1 

to 6-1 compression ratio. 

15. The process of claim 14, wherein the steam heated biomass is squeezed at a 3-1 

to 4-1 compression ratio. 

15 

16. The process of claim 15, wherein the steam heated biomass is squeezed at a 4-1 

compression ratio. 

17. The process of claim 1, further comprising the step of mixing the steam heated 

20 biomass with water, or water and a chemical catalyst prior to the pretreatment step to 

achieve a catalyst content and 65% to 75% moisture. 

18. The process of claim 17, wherein the chemical catalyst is sulfuric acid in a sulfuric 

acid concentration from 0.2% to 2% of biomass by weight. 

25 

19. The process of claim 18, where the sulfuric acid concentration is from 0.5% to 2% 

of the biomass by weight. 

20. The process of claim 19, where the sulfuric acid concentration is from 0.8% to 

30 1.0% of the biomass by weight. 

21. The process of claim 1, wherein the biomass has a moisture content of 30-55% 

prior to the steam heating step of the conditioning. 

35 22. The process of claim 1, wherein the heating with steam is conducted for 55 to 60 

minutes for achieving a biomass temperature of about 80°C. 
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23. The process of claim 1, wherein the heating with steam is conducted for 40 to 60 

minutes for achieving a biomass temperature of about 85°C. 

24. The process of claim 1, wherein the heating with steam is conducted at a biomass 

5 temperature of 90°C for 27 to 55 minutes. 

25. The process of claim 1, wherein the heating with steam is conducted for 20 to 40 

minutes for achieving a biomass temperature of about 95°C. 

10 26. The process of claim 1, wherein the heating with steam is conducted for 15 to 30 

minutes for achieving a biomass temperature of about 99°C. 

27. The process of claim 1, wherein the heating with steam is conducted for 14 to 28 

minutes for achieving a biomass temperature of about 100°C. 

15 

28. The process of claim 1, wherein the conditioned biomass contains 68-72% 

moisture by weight prior to the pretreatment process. 

29. The process of claim 28, wherein the biomass is corn cobs. 

20 

30. The process of claim 2, wherein the conditioned biomass contains 68-72% 

moisture content and 0.7% to 0.09% sulfuric acid content by weight prior to the 

pretreatment process. 

25 31. The process of claim 2, wherein the conditioned biomass is corn cobs and 

contains 68-72% moisture content and 0.7% to 0.09% sulfuric acid content by weight 

prior to the pretreatment process. 

32. The process of claim 1 and claim 3, wherein volatile gasses are released during 

30 the conditioning process. 
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