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(57) Abstract: Disclosed is a method of pretreating biomass in two pretreatment stages as part of a biofuel production process. The
first stage pretreatment is carried out by heating the biomass to a first stage temperature of 140°C to 180°C for a first stage time of

o 30 minutes to 2 hours at a first stage pressure of 105 to 150 psig; and the second stage is carried out by heating the biomass to a
second stage temperature of 190°C to 210°C for a second stage time of 2 to 10 minutes at a second stage pressure of 167 to 262 psig.
The biomass may be initially conditioned prior to the first pretreatment stage by atmospheric steam heating and adjusting the mois
ture content of the biomass. Hemicellulose and inhibitors (inhibitory compounds) to downstream hydrolysis and fermentation are
preferably removed between the first and second pretreating stages, more preferably after each pretreatment stage.



TWO STAGE CONTINUOUS PRE-TREATMENT OF LIGNOCELLULOSIC

BIOMASS

Cross Reference to Related Applications

[0001] This application claims the benefit of priority of US Provisional Patent Application

No. 61/512,723, filed July 28, 2011, which is incorporated herein by reference in its

entirety.

Field of the Invention

[0002] The invention relates to the preparation of lignocellulosic biomass for conversion

of the cellulose and hemicellulose fractions to ethanol or other chemicals. In particular,

this invention relates to a two stage continuous process for the pretreatment of

lignocellulosic biomass.

Background and Description of Prior Art

[0003] There is a growing demand for transportation fuels made from renewable

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

greenhouse gas emissions, along with other benefits (1-3).

[0004] In North America fuel ethanol is the major transportation fuel. The feedstock for

fuel ethanol in North America is primarily corn. Corn contains starch which is hydrolyses

to glucose and then fermented to ethanol. In other countries, such as Brazil, fuel ethanol is

made by fermenting the sugar in sugar cane. It is advantageous to have an additional

source of sugars like glucose to make additional biofuels (4-10).

[0005] At the other end of the spectrum of difficulty is cellulose. 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.

[0006] Lignocellulosic biomass is composed of three primary polymers that make up plant

cell walls: Cellulose, hemicellulose, and lignin. Cellulose fibers are locked into a rigid

structure of hemicellulose and lignin. Lignin and hemicelluloses form chemically linked

complexes that bind water soluble hemicelluloses into a three dimensional array, cemented

together by lignin. Lignin 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 (11).

[0007] This invention is specifically targeting the maximizing the overall value of

components derived from lignocellulosic biomass. Purified cellulose is valuable for many

purposes purified cellulose can be used to make viscous fibre for textiles, cellophane and

many other cellulose based chemical products such as CMC, HEC, MCCetc. Specifically,

when purified, it may also be more easily hydrolyzed to glucose, which in turn may be

more easily fermented to ethanol than in previous processes. Hemicellulose has value as a

feedstock for the production of ethanol and also as a precursor to the production of other

materials such as xylitol, bioactive food ingredients and plastics. Lignin can be recovered

and used as the base for a wide number of industrial chemicals such as dispersants,

binders, carbonized films, and phenol replacements. An important step in the successful

conversion of lignocellulosics to chemicals is the conditioning, and pretreatment of the

biomass to increase reactivity and to separate the toxins and hemicellulose from the

biomass.

[0008] Several methods have been investigated for pretreatment of lignocellulosic

materials to produce reactive cellulose. These methods are classified into physical

pretreatments, biological pretreatments and physicochemical pretreatments (21, 22).

Physical and biological methods alone are not sufficient. Pretreatments that combine both

chemical and physical processes are referred to as physicochemical processes (26). These

methods are among the most effective and include the most promising processes for

industrial applications. Lignin removal and hemicellulose hydrolysis are often nearly

complete. Increase in cellulose surface area, decrease in cellulose degrees of

polymerization and crystallinity greatly increase overall cellulose reactivity. Treatment

rates are usually rapid. The steam explosion process is well documented. Batch and

continuous processes were tested at laboratory and pilot scale by several research groups

and companies (37, 38). In steam explosion pretreatment, high pressure and hence high

temperatures are used i.e. 160 Degrees Celsius to 260 Degrees Celsius for 1 min to 20 min

(21, 17-23). The pressure is suddenly reduced, which explosive decompression leads to an

explosive decomposition of the materials, leading to defibrization of the lignocellulosic

fibers.



[0009] Steam explosion pretreatment has been successfully applied on a wide range of

lignocellulosic biomasses with or without chemical addition (11, 20, 42-44). Acetic acid,

dilute sulfuric acid, or sulfur dioxide are the most commonly used chemicals. In the

autohydrolysis process, no acid is added as the biomass has a hemicellulose that is high in

acetyl groups that are released to form acetic acid during the steaming process. The

degree of acetylation of hemicelluloses varies among different sources of biomass. The

pretreatment is not effective in dissolving lignin, but it does disrupt the lignin structure and

increases the cellulose's susceptibility to enzymatic hydrolysis (11, 38, 45).

[0010] The use of liquid ammonia instead of dilute acid effectively reduces the lignin

fraction of the lignocellulosic materials (46). However, during ammonia fiber explosion

pretreatment (AFEX) a part of the phenolic fragments of lignin and other cell wall

extractives remain on the cellulosic surface. AFEX pretreatment does not significantly

solubilize hemicellulose if compared to dilute-acid pretreatment. Consequently,

hemicellulose and cellulose fractions remain intact and cannot be separated in solid and

liquid streams (47). Furthermore, ammonia must be recycled after the pretreatment in

order to reduce cost and protect the environment (48).

[0011] In the Organosolv process, lignocellulose is mixed with a mixture of organic

solvents and water and heated to dissolve the lignin and part of the hemicellulose, leaving

reactive cellulose in the solid phase (55, 56). A variety of organic solvents such as

alcohols, esters, ketones, glycols, organic acids, phenols, and ethers have been used. For

economic reasons, the use of low-molecular-weight alcohols such as ethanol and methanol

has been favored (20, 57). A drawback of the Organolsolv process is the presence of

hemicellulose with the lignin. An extensive overview of prior art Organosolv processes is

given in "Organosolv pulping" -A review and distillation study related to peroxyacid

pulping" (58).

[0012] In the process patented by Pazner and Chang (59, 60), lignocellulosic biomass is

saccharified to convert pentosans and hexosans to sugars by cooking under pressure at

from 180 Degrees Celsius to 220 Degrees Celsius with an acetone-water solvent mixture

carrying from 0.05 to 0.25 % by weight of acid. Whole woody material is nearly

dissolved by the process yielding mixed pentoses and hexoses. Delignified pulp is

hydrolyzed to glucose monomers that have to be recovered from the liquor.



[0013] The Alcell pulping process and further process developments have been applied

with limited success on woody biomass (61-64). The problem with these processes is that

they result in combined hemicellulose and lignin streams i.e. black liquor that is hard to

separate afterwards. Lignin is precipitated from a black liquor produced by pulping wood

at high temperatures and pressures with an aqueous lower aliphatic alcohol solvent i.e.

lignin is precipitated by diluting the black liquor with water and an acid to form a solution

with a pH of less than 3 and an alcohol content of less than 30%.

[0014] Pretreatment of lignocellulosic biomass is projected to be the single, most

expensive processing step, representing about 20% of the total cost (65). In addition, the

pretreatment type and conditions will have an impact on all other major operations in the

overall conversion process from choice of feedstock through to size reduction, hydrolysis,

and fermentation as well as on to product recovery, residue processing, and co-product

potential. A number of different pretreatments involving biological, chemical, physical,

and thermal approaches have been investigated over the years, but only those that employ

chemicals currently offer the high yields and low costs vital to economic success. Among

the most promising are pretreatments using a combination of dilute acid- or sulfur dioxide-

catalyzed steam explosion and low molecular weight alcohols.

[0015] All of the processes described have the problem of maximizing the yield of

glucose, hemicellulose and lignin from biomass. Our invention overcomes some of these

problems by increasing the yield of hemicellulose as soluble compounds and minimizing

the loss of hemicellulose by degradation to furfural.

[0016] A standard biofuel production process for the production of ethanol from

lignocellulosic biomass comprises the steps of conditioning, steam pretreatment,

enzymatic hydrolysis of cellulose to glucose, fermentation of glucose to ethanol and

distillation of the fermented beer to recover the ethanol. In addition, the process must

provide for the recovery and utilization of the hemicellulose fraction. Key parameters for

success are minimizing the use of enzymes to convert cellulose to glucose while

maximizing the recovery of the hemicellulose fraction.



Summary of the Invention

[0017] The inventors have now discovered that at least one of the disadvantages of prior

art biofuel processes can be improved by pretreating the biomass in two stages, rather than

a single pretreatment stage as is conventional.

[0018] The process of the invention generally includes a first stage pretreatment at lower

temperature and pressure than the second stage pretreatment. Particularly, the process in

accordance with the invention includes pretreating the biomass in a first stage by heating

the biomass to a first stage temperature of 140°C to 180°C for a first stage time of 30

minutes to 2 hours at a first stage pressure of 105 to 150 psig; and pretreating the biomass

in a second stage by heating the biomass to a second stage temperature of 190°C to 210°C

for a second stage time of 2 to 10 minutes at a second stage pressure of 167 to 262 psig.

[0019] Preferably, the process further includes a step of conditioning by atmospheric

steam heating and adjusting a moisture content of the biomass prior to the first stage.

[0020] The first stage preferably further includes the addition of water, sulfuric acid,

sulfur dioxide, acetic acid and/or other acids and a chemical catalyst. Hemicellulose and

inhibitors (inhibitory compounds) to downstream hydrolysis and fermentation are

preferably removed between the first stage pretreating and the second stage pretreating.

[0021] In one embodiment, the first stage pretreating is carried out at a temperature of

140°C to 170°C for a time of 50 minutes to 2 hours.

[0022] In another embodiment, the second stage pretreating is carried out at a temperature

of 200°C to 210°C for 3 minutes to 8 minutes.

[0023] The removal of hemicellulose and inhibitors to downstream hydrolysis and

fermentation is preferably performed by squeezing the biomass in a modular screw device,

a screw press or any equivalent device.

[0024] In a further embodiment, the process of the invention includes the subsequent step

of squeezing the biomass after the second stage pretreatment to further remove

hemicellulose and inhibitors to downstream hydrolysis and fermentation.

[0025] In yet another embodiment, the first stage temperature is 150°C, the first stage

pressure is 105 psig, and the first stage time is 55 min. Preferably, the second stage

temperature is 205°C, the second stage pressure is 235psi, and the second stage time is 6.7

minutes.



[0026] In still another embodiment, the conditioning step includes heating the biomass

with steam at atmospheric pressure for 10 to 60 minutes; squeezing and draining the

biomass to remove liquid containing toxins (for example fatty acids, and/or resins)

detrimental to downstream hydrolysis and fermentation; adding water and user selected

catalyst evenly to adjust the biomass to a water content of 65% to 80% prior to the first

stage.

[0027] The catalyst is preferably sulfuric acid added at a concentration of between 0.5% to

2% of the weight of the biomass.

[0028] In yet a further embodiment, the water content is 70%-75% by weight of the

biomass and in the conditioning step the biomass is heated to 90-100°C for 15 to 30

minutes. Preferably, volatile gasses are released during the step of heating the biomass

with steamin the conditioning step.

Brief Description of the Drawing

[0029] Figure 1 shows an exemplary system to carry out the processes described in this

application.

Detailed Description of Preferred Embodiments

[0030] Biomass is typically received in a semi-dry state having a 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%.

[0031] Upon arrival at the processing plant the lignocellulose biomass such as wood chips,

corn cobs, corn stover, wheat straw, switchgrass, bagasse, miscanthus etc. are chopped to a

convenient size. The biomass then has a length of about 1 inch. Water in one

embodiment is added to the biomass to improve heat transfer from the steam added in the

pre-treatment step.

[0032] In an typical process step, the feedstock is pre-steamed at atmospheric pressure for

a period of 10 to 60 minutes prior to pretreatment. During the pre-steaming the

temperature rises and non-condensable gases such as air are driven off.

[0033] The moistened, pre-steamed feedstock can then be pressurized by squeezing it in a

screw press or similar device to raise the pressure in one embodiment to that of the pre

treatment process, 1st stage. During the squeezing process, some of the liquid is removed



along with extractable compounds such as fatty acids, tall oils and resins that adversely

affect downstream processing.

[0034] The biomass then goes through the first stage of pretreatment for where high

pressure steam is typically used to raise the temperature to 140-180 degrees Celsius and

held for the equivalent of 30-120 minutes.

[0035] After this first stage pretreatment the biomass still under pressure is washed and

squeezed to remove the solublized hemicellulose rich fraction which is inhibitory to

downstream processes. It is then fed into a second phase of pretreatment where high

pressure steam is used to raise the temperature to 190-210 Degrees Celcius for 2-8 minutes

after which it is depressurized rapidly and moved on to downstream processing typically

enzyme hydrolysis.

[0036] After the second pretreatment step before depressurization the biomass optionally

may undergo a second water washing and squeezing step.

[0037] The depressurized purified cellulose stream is prepared for downstream processing

such as enzyme hydrolysis and fermentation to ethanol.

[0038] The hemicellulose washing stream was found to not require further hydrolysis or

less than that of a single stage process and can be concentrated and then fed directly into a

downstream process such as fermentation to ethanol more preferably co-fermented with

the cellulose hydrolysate.

[0039] Overall it is was found that using a 2 step pretreatment process was advantageous

over a single step process as it recovered more hemicellulose and required less post

processing on the hemicellulose.

[0040] For example, as shown in Figurel, sized biomass 10 is conveyed into a steaming

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

having moisture content of less than 50%, and as low as 10%. For example comcobs

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 comcobs, 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 moisture content prior to steam heating step in the

conditioning process.

[0041] 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 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. In one embodiment more

preferably 90-99 degrees Celsius.

[0042] Steam heated biomass is drawn from the bottom of the container 30 and is fed to

any type of 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 drain extracted fluids. In one

embodiment, the squeezing device 40 squeezes the steam heated biomass with a 2-1 to 6-1

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

gases if necessary, and a drain 55 to drain inhibitory extracts which are squeezed from the

steam heated biomass. During the squeezing process, a portion of the liquid is removed

from the steam heated biomass along with compounds that adversely affect downstream

processing steps in the manufacture of ethanol such as resins, tall oils and fatty acids.

These compounds are also adverse to other processes.

[0043] Squeezed biomass 45 is then fed to a mixing device 70. The mixing device 70

mixes the squeezed biomass 45 with the optional addition of water through a water inlet

66 and/or optional addition of catalyst through a catalyst inlet 65. In one embodiment, the

catalyst is acid and may range in concentration from between 0 and 5% by volume and the

biomass water content ranges from 60% to 80% by weight. In one embodiment, this

mixing step can be incorporated right on 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 absorb

the water and chemicals. 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%.

[0044] The conditioned biomass then discharges into the 1st stage pretreatment reactor 80

[0045] The biomass is treated in the 1st stage pre-treatment reactor 80 at a temperature of

140 to 180°C, at a pressure of 105 to 150 psig for a time of 30 to 120 minutes depending



on biomass feedstocks, the pressure is regulated by a valve and is typically held higher

than the steam table as the biomass releases gasses during pretreatment. Optionally, water

90 is added to the 1st stage pre-treatment reactor 80. Hemicellulose and inhibitory

compounds detrimental to downstream hydrolysis and fermentation 95 can be optionally

removed from the 1st stage pre-treatment reactor 80, for example as described in United

States Patent Application Publication No. 2010/0263814, titled "Pretreatment of

Lignocellulosic Biomass Through Removal of Inhibitory Compounds", which is

incorporated herein by reference.

[0046] After treatment in the 1st stage pre-treatment reactor 80, the partially pretreated

biomass is fed to a compressing extraction device such as screw press, modular screw

device or counter-current washer 100 with the optional addition of water 90. Inhibitors

such as Hemicellulose and other soluble compounds that are inhibitory to downstream

processing such as ethanol fermentation can be removed through a drain 110.

[0047] The partially treated biomass is then discharged into a tank for subsequent

hydrolysis etc. or fed to a 2nd stage pretreatment reactor 130. The 2nd stage pretreatment

reactor 130 is at a temperature of 190 to 210°C, and a pressure of 167 to 262 psig for a

time of 2 to 8 minutes by using high pressure steam at 115 In a optional embodiment,

depending on the type of equipment utilized and the biomass type pre-treated biomass is

then discharged to another compressing extraction device such as modular screw device,

screw press or counter-current washer 140, and optionally hemicellulose and other soluble

compounds that are inhibitory to downstream hydrolysis and fermentation are removed

through a drain 150.

[0048] The pre-treated biomass is then discharged through a pressure reducing device to a

cyclone 160. Purified cellulose is removed from the bottom of the cyclone 180, and flash

steam vapors can be recovered from the top outlet 170.

[0049] The following examples show the increase in the recovery of soluble hemicellulose

using the novel two stage pretreatment process as well as the improvement in ethanol yield

when both hemicellulose and cellulose are used to make ethanol.

Examples

[0050] Example 1 - 2 Stage Dilute acid pretreatment



[0051] Corncobs were chopped, moistened and conditioned using steam to preheat, adjust

moisture, and to remove air and other non-condensable gases. Sulfuric acid was added in

the amount of 0.8%. The conditioned, acidified cobs were pretreated at a temperature of

150°C for 55 minutes using high pressure steam. The cobs were then washed with water

to remove a hemicellulose rich stream (solid liquid separation) and then subjected to a

second pretreatment at a temperature of 205°C for 6.7 minutes. The cellulose solids were

hydrolyzed and then co-fermented with the hemicellulose stream into ethanol.

[0052] Example 2 - Single Stage Dilute Acid

[0053] Corncobs were chopped, moistened and conditioned using steam to preheat, adjust

moisture, and to remove air and other non-condensable gases. Sulfuric acid was added in

the amount of 0.8%. The conditioned, acidified cobs were pretreated at a temperature of

150°C for 120 minutes using high pressure steam. The cobs were then washed. The

cellulose solids and hemicellulose stream were hydrolyzed and co-fermented into ethanol.

[0054] The yield of soluble hemicellulose monomers (XMG) was 79% for the 2-stage

dilute acid, example 1, an increase of 1 1 percentage points over the single stage process,

example 2 . Both cellulose and hemicellulose streams were fermented to ethanol. The

overall yield of ethanol increased from 316 to 321 litres per tonne for the 2-stage process

over the single. As seen at chart 1, the 2-stage process in example 1, did not require a

hemicellulose hydrolysis step as the single stage. In example 2, a processing benefit can

be realized by alternatively adding the hemicellulose hydrolysis step to the 2-stage process

which would have further increased the ethanol yield over the single step.

Example 3 - 2-Stage Autohydrolysis

[0055] Corncobs were chopped, moistened and conditioned using steam to preheat, adjust

moisture, and to remove air and other non-condensable gases. The conditioned cobs were

pretreated at a temperature of 150°C for 55 minutes using high pressure steam. The cobs

were then washed with water to remove a hemicellulose rich stream (solid liquid

separation) then subjected to a second pretreatment at a temperature of 205°C for 6.7

minutes. The cellulose solids were hydrolyzed and then co-fermented with the

hemicellulose stream into ethanol.



[0056] Example 4 - Single Stage Autohydrolysis

[0057] Corncobs were chopped, moistened and conditioned using steam to preheat, adjust

moisture, and to remove air and other non-condensable gases. The conditioned cobs were

pretreated at a temperature of 205°C for 8 minutes using high pressure steam. The cobs

were then washed. The cellulose solids and hemicellulose stream were hydrolyzed and

co-fermented into ethanol.

[0058] The yield of soluble hemicellulose monomers (XMG) was 75% in the 2-stage,

example 3 . This was an increase of 14 percentage points over a single stage process in

example 4 . The overall yield of ethanol increased from 308 to 317 litres per tonne for the

2-stage process over the single stage. As seen in chart 1, the 2-stage process in example 3

did not require a hemicellulose hydrolysis step as required in the single stage processing

example 4 . A processing benefit can be realized by alternatively adding the hemicellulose

hydrolysis step to the 2-stage as this would have further increased the ethanol yield over

the single step.

[0059] Chart 1 : Results of Examples 1-4



[0060] Chart 3 : Detailed Conditions of Examples 1-4

[0061] Example 5 - Single Stage Autohydrolysis and two-stage pre-treatment of poplar

[0062] Poplar wood chips were moistened, squeezed to remove extractives and further

conditioned using steam to preheat, adjust moisture, and to remove air and other non-

condensable gases (Chart 2 - Line #6-8). The conditioned poplar chips were pretreated at

a temperature of either 170°C for 60 minutes under standard pulp and paper

autohydrolysis conditions (Single stage) or 170°C for 60 minutes (first stage) followed by

a second stage carried out at 205°C for 8 minutes using high pressure steam in presence of

dilute acid catalyst to adjust pH value to pH 2.0 (Chart 2 - Line #11-15). The

prehydrolysed poplar chips were washed after the single or first stage pre-treatment. The

cellulose solids and hemicellulose stream were analyzed (Chart 2 - Line #16-35),

hydrolyzed (Chart 2 - Line #36-45) and co-fermented into ethanol (Chart 2 - Line #46-

50).

[0063] If compared to the standard pulp and paper single stage autohydrolysis

pretreatment, the two stage pre-treatment led to a substantial increase in the yields of

[0064] (i) soluble monomers and oligomers hemicellulose sugars (Chart 2 - Line #24-26),

[0065] (ii) xylose oligomers and monomers (Chart 2 - Line #24-26, 45, 49),



[0066] (iii) glucose monomers (Chart 2 - Line #38) that results from an improved

digestibility of the cellulose fibers (Chart 2 - Line #37), and thus

[0067] (iv) ethanol (i.e. +15%) on a dry matter basis of incoming poplar chips (Chart 2 -

Line #51)

[0068] The above-described embodiments are intended to be examples only. Alterations,

modifications and variations can be effected to the particular embodiments by those of

skill in the art without departing from the scope, which is defined solely by the claims

appended hereto.



Chart 2. Single Stage Autohydrolysis and two-stage pre-treatment of poplar
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WHAT IS CLAIMED IS:

1. A two stage pretreatment process for the recovery of carbohydrates from

lignocellulosic biomass, comprising:

a) pretreating the biomass in a first stage by heating the biomass to a first

stage temperature of 140°C to 180°C for a first stage time of 30 minutes to 2 hours at a

first stage pressure of 105 to 150 psig; and

b) pretreating the biomass in a second stage by heating the biomass to a

second stage temperature of 190°C to 210°C for a second stage time of 2 to 10 minutes at

a second stage pressure of 167 to 262 psig.

2 . The process of claim 1, further comprising a step of conditioning by atmospheric

steam heating and adjusting a moisture content of the biomass prior to the first stage

pretreating.

3 . The process of claim 1, wherein the first stage pretreating further comprises the

addition of water and at least one o f an acid promoting hemicellulose hydrolysis, sulfuric

acid, sulfur dioxide, acetic acid and a chemical catalyst promoting hemicellulose

hydrolysis.

4 . The process of claim 1, wherein hemicellulose and inhibitors to downstream

hydrolysis and fermentation are removed between the first stage pretreating and the

second stage pretreating.

5 . The process of claim 1, wherein the first stage pretreating is carried out at a

temperature of 140°C to 170°C for a time of 50 minutes to 2 hours.

6 . The process of claim 1, wherein the second stage pretreating is carried out at a

temperature of 200°C to 210°C for 3 to 8 minutes.



7 . The process of claim 4, wherein the removal of hemicellulose and inhibitors to

downstream hydrolysis and fermentation is performed by squeezing the biomass in a

modular screw device, a screw press or equivalent device.

8 . The process of claim 4, further comprising a subsequent step of squeezing the

biomass after the second stage pretreatment to further remove hemicellulose and inhibitors

to downstream hydrolysis and fermentation.

9 . The process of claim 1, wherein the first stage temperature is 150°C, the first stage

pressure is 105 psig, and the first stage time is 55 min.

10. The process of claim 1, wherein the second stage temperature is 205°C, the second

stage pressure is 235psi, and the second stage time is 6.7 minutes.

11. The process of claim 2, wherein the conditioning step comprises: heating the

biomass with steam at atmospheric pressure for 10 to 60 minutes; squeezing and draining

the biomass to remove liquid containing toxins detrimental to downstream hydrolysis and

fermentation; and

evenly adding water and a catalyst promoting hemicellulose hydrolysis to adjust

the biomass to a water content of 65% to 80% prior to the first stage.

12. The process of claim 11, wherein the toxins comprise fatty acids, and/or resins.

13. The process of claim 11, wherein the catalyst is sulfuric acid which is added at a

concentration of from 0 .15% to 2% of the weight of the biomass.

14. The process of claim 11, wherein the water content is 70%-75% by weight of the

biomass.

15. The process of claim 11, wherein in the conditioning step the biomass is heated to

90-100°C for 15 to 30 minutes.



16. The process of claim 11, wherein during the conditioning step, volatile g

released during the step of heating the biomass with steam.
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