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Method for preparing ethanol from banana trees

The invention discloses a method for preparing ethanol from banana trees. The method
comprises the following steps: collecting the banana trees, mechanically dehydrating
the banana trees, crushing the dehydrated banana trees, carrying out pressure
maintaining boiling, and carrying out steam explosion; preparing a banana tree powder
slurry mash, adjusting the pH value of the mash, and carrying out lignocellulose enzyme
hydrolysis to form sugar; adjusting the pH value of the sugar, adding 15-25% of yeast
mash, and carrying out continuous fermentation to form finished yeast mash; and
boiling the finished yeast mash, condensing the boiled finished yeast mash to obtain an
alcohol-containing liquid, and distilling the alcohol-containing liquid at 78.3 DEG C to
obtain ethanol with the purity being 99% or more. The ethanol is prepared from the
banana trees in order to make agriculture and forestry wastes become industrial
product raw materials, and the optimum substrate content and optimum cellulase are
determined through carrying out enzymatic hydrolysis on the banana trees by using



different kinds of cellulose hydrolases at different substrate contents, so the proportion
of banana raw material fibers converted into ethanol is increased, and
commercialization of raw material production is realized, thereby the method for
preparing ethanol from banana trees is industrialized, and the product market
competitiveness is improved.
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Method for preparing ethanol from banana trees

The invention discloses a method for preparing ethanol from banana trees. The method
comprises the following steps: collecting the banana trees, mechanically dehydrating the
banana trees, crushing the dehydrated banana trees, carrying out pressure maintaining
boiling, and carrying out steam explosion; preparing a banana tree powder slurry mash,
adjusting the pH value of the mash, and carrying out lignocellulose enzyme hydrolysis to form
sugar; adjusting the pH value of the sugar, adding 15-25% of yeast mash, and carrying out
continuous fermentation to form finished yeast mash; and boiling the finished yeast mash,
condensing the boiled finished yeast mash to obtain an alcohol-containing liquid, and
distilling the alcohol-containing liquid at 78.3 DEG C to obtain ethanol with the purity being
99% or more. The ethanol is prepared from the banana trees in order to make agriculture and
forestry wastes become industrial product raw materials, and the optimum substrate content
and optimum cellulase are determined through carrying out enzymatic hydrolysis on the
banana trees by using different kinds of cellulose hydrolases at different substrate contents,
so the proportion of banana raw material fibers converted into ethanol is increased, and
commercialization of raw material production is realized, thereby the method for preparing
ethanol from banana trees is industrialized, and the product market competitiveness is
improved.
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PROCESS AND APPARATUS FOR COMPREHENSIVE TREATMENT OF RENEWABLE RAW MATERIALS

By means of the continuous pressure hydrolysis of lignocellulose material and subsequent



enzymatic hydrolysis of solid unhydrolysed residues is obtained glucose, to which starch raw
materials are added and all of which undergoes amylolytic cleavage and

spirituous fermentation . Ethanol, furfural, acetic and ligin are obtained. The device, which
comprises the filling unit, hydrolyses, expanders, distilling and rectifying columns is
represented in that the continuous worm pressure filling unit (13) consists of segments
formed by the body (94) with single-threaded conveyer worms (86) place on the shaft (85).
Between the worms there is at least one steam ring (88), which conically widens on the input
side of the raw material. In the outlet filler (93) with the reducing part leading into the

first hydrolyser (22) a pressure identical to that of the first hydrolyser (22) is achieved. The
last hydrolyser (24) is connected to the first rectifying column (43) for furfural and to the
section of the cellulolytic enzyme hydrolysis, amylolytic cleavage, and ethanol fermentation.
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LIQUEFACTION BIOMASS PROCESSING WITH
HEATRECOVERY

Described are processes that include the
non-enzymatic, hydrolytic liquefaction

of lignocellulosic biomass to form digest
slurries and heat recovery from such digest
slurries. Due to enhanced flow properties of
the digest slurries such heat recovery can
be efficiently conducted in spiral, plate and
frame or other heat exchanger designs, with
the recovered heat going to unit operations
of the process such as heating incoming
pretreatment media for the liquefaction.
Processes can also involve

additional hydrolytic digestion of some or
all of the initial slurry components

with enzyme and/or additional heat
recovery from the initial slurry by direct
contact heat exchange in which a portion of
the digest slurry liquids is flashed to vapor
and that vapor is condensed onto

incoming lignocellulosic biomass to the
process. Processes as described can be
integrated into ethanol manufacture

by fermentation of sugars from the digested
compositions.
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liguefaction of lignocellulosic biomass
to form digest slurries and heat
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recovery from such digest slurries. Due
to enhanced flow properties of the
digest slurries such heat recovery can
be efficiently conducted in spiral, plate
and frame or other heat exchanger
designs, with the recovered heat going
to unit operations of the process such
as heating incoming pretreatment
media for the liquefaction. Processes
can also involve additional hydrolytic
digestion of some or all of the initial
slurry components with enzyme
and/or additional heat recovery from
the initial slurry by direct contact heat
exchange in which a portion of the
digest slurry liquids is flashed

to vapor and that vapor is condensed
onto incoming lignocellulosic biomass
to the process. Processes as described
can be integrated into ethanol
manufacture by fermentation of
sugars from the digested compositions.
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METHOD FOR PRODUCING ETHANOL FROM LIGNOCELLULOSIC BIOMASS

An object of the invention is to provide an inexpensive and efficient ethanol production
method using lignocellulosic biomass as a raw material. The method for producing ethanol
from lignocellulosic biomass of the present invention includes a lignocellulose decomposition
step of subjecting lignocellulosic biomass to a steam explosion treatment or hydrolysis in a
subcritical state followed by a flash treatment; a lignin removal step of immersing a solid
residue resulting from the decomposition step in ethanol to remove lignin; and a C6
saccharification/simultaneous  fermentation step of saccharifying the solid residue resulting
from the lignin removal step with an enzyme and further fermenting the resulting product
into ethanol with a C6 fermentation microorganism. By combining the steam explosion
treatment and the lignin removal process by ethanol immersion, higher rates are achieved for
the saccharification and fermentation of the biomass.
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Described are processes that include
the non-enzymatic, hydrolytic
liqguefaction of lignocellulosic biomass
to form digest slurries and heat
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recovery from such digest slurries. Due
to enhanced flow properties of the
digest slurries such heat recovery can
be efficiently conducted in spiral, plate
and frame or other heat exchanger
designs, with the recovered heat going
to unit operations of the process such
as heating incoming pretreatment
media for the liquefaction. Processes
can also involve additional hydrolytic
digestion of some or all of the initial
slurry components with enzyme
and/or additional heat recovery from
the initial slurry by direct contact heat
exchange in which a portion of the
digest slurry liquids is flashed

to vapor and that vapor is condensed
onto incoming lignocellulosic biomass
to the process. Processes as described
can be integrated into ethanol
manufacture by fermentation of
sugars from the digested compositions.
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By means of the continuous

pressure hydrolysis of lignocellulose
material and subsequent

enzymatic hydrolysis of solid
unhydrolysed residues is obtained
glucose, to which starch raw materials
are added and all of which undergoes
amylolytic cleavage and

spirituous fermentation. Ethanol,
furfural, acetic and ligin are obtained.
The device, which comprises the filling
unit, hydrolysers, expanders, distilling
and rectifying columns is represented
in that the continuous worm pressure
filling unit (13) consists of segments
formed by the body (94) with single-
threaded conveyer worms (86) place
on the shaft (85). Between the worms
there is at least one steam ring (88),
which conically widens on the input
side of the raw material. In the outlet
filler (93) with the reducing part
leading into the first hydrolyser (22) a
pressure identical to that of the

first hydrolyser (22) is achieved. The
last hydrolyser (24) is connected to the
first rectifying column (43) for furfural
and to the section of the

cellulolytic enzyme hydrolysis,
amylolytic cleavage, and

ethanol fermentation.
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METHOD FOR PRODUCTION OF LACTIC ACID

AB - (A2 A3)
A method for production of lactic acid involving extracting protein from a natural renewable
feedstock, preferably extracted from lignocellulose sources such as soybean hull, separating
the feedstock into liquid and solid substrate feedstock, steam exploding the solid substrate
feedstock by placing the solid feedstock in a pressure chamber, pressurizing the steam
chamber with saturated steam, maintaining the pressure until the solid feedstock reaches
temperatures in excess of the boiling point of water at atmospheric pressure, and explosively
decompressing the pressure to a pressure no greater than atmospheric pressure. Hydrolyzing
the steam-exploded feedstock by either acid hydrolysis or enzyme hydrolysis, and fermenting
the resulting hydrolyzed feedstock to produce lactic acid. The hydrolyzing and fermenting
steps may be carried out simultaneously, followed by recovering the lactate from the
resultant material.
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Tl - Method And Devices For The

Continuous Processing Of Renewable
Raw Materials

AB - By means of the continuous
pressure hydrolysis of lignocellulose
material and subsequent
enzymatic hydrolysis of solid
unhydrolysed residues is obtained
glucose, to which starch raw materials
are added and all of which undergoes
amylolytic cleavage and
spirituous fermentation . Ethanol,
furfural, acetic and ligin are obtained.
The device, which comprises the filling
unit, hydrolysers, expanders, distilling
and rectifying columns is represented
in that the continuous worm pressure
filling unit ( 13 ) consists of segments
formed by the body ( 94 ) with single-
threated conveyer worms ( 86 ) place
on the shaft ( 85 ). Between the worms
there is at least one steam ring ( 88 ),
which conically widens on the input
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side of the raw material. In the outlet
filler ( 93 ) with the reducing part
leading into the first hydrolyser (22 ) a
pressure identical to that of the

first hydrolyser ( 22 ) is achieved. The
last hydrolyser ( 24 ) is connected to
the first rectifying column ( 43 ) for
furfural and to the section of the
cellulolytic enzyme hydrolysis,
amylolytic cleavage, and

ethanol fermentation.
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WESSEX INC [US]
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Method for production of lactic acid

- (A1 B2)
A method for production of lactic acid involving extracting protein from a natural renewable
feedstock, preferably extracted from lignocellulose sources such as soybean hull, separating
the feedstock into liquid and solid substrate feedstock, steam exploding the solid substrate
feedstock by placing the solid feedstock in a pressure chamber, pressurizing the steam
chamber with saturated steam, maintaining the pressure until the solid feedstock reaches
temperatures in excess of the boiling point of water at atmospheric pressure, and explosively
decompressing the pressure to a pressure no greater than atmospheric pressure. Hydrolyzing
the steam-exploded feedstock by either acid hydrolysis or enzyme hydrolysis, and fermenting
the resulting hydrolyzed feedstock to produce lactic acid. The hydrolyzing and fermenting
steps may be carried out simultaneously, followed by recovering the lactate from the
resultant material.
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Process for producing acetone and butanol from lignocellulosic compounds.
- (B1)
PROCESS FOR PRODUCING ACETONE AND BUTANOL FROM LIGNOCELLULOSIC COMPOUNDS
- (A1)
A lignocellulosic substance which is subjected to pretreatment with steam, an enzyme
hydrolysis and an acetone-butyl fermentation in the presence of calcium and/or magnesium
ions in order to remove the inhibitors present in the hydrolysate.
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METHOD AND DEVICES FOR THE
CONTINUOUS PROCESSING OF
RENEWABLERAWMATERIALS

By means of the continuous

pressure hydrolysis of lignocellulose
material and subsequent

enzymatic hydrolysis of solid
unhydrolysed residues is obtained
glucose, to which starch raw materials
are added and all of which undergoes
amylolytic cleavage and

spirituous fermentation. Ethanol,
furfural, acetic and ligin are obtained.
The device, which comprises the filling
unit, hydrolysers, expanders, distilling
and rectifying columns is represented
in that the continuous worm pressure
filling unit (13) consists of segments
formed by the body (94) with single-
threated conveyer worms (86) place on
the shaft (85). Between the worms there
is at least one steam ring (88), which
conically widens on the input side of
the raw material. In the outlet filler
(93) with the reducing part leading into
the first hydrolyser (22) a pressure
identical to that of the first hydrolyser
(22) is achieved. The last hydrolyser
(24) is connected to the first rectifying
column (43) for furfural and to the
section of the cellulolytic enzyme
hydrolysis, amylolytic cleavage, and
ethanol fermentation.



13/13
PN
PNFP
PR
AP
DT
CCA
PA

Tl

AB

[SS 101

EPODOC / EPO

CZ20030954 A3 20041215

CZ294398 B6 20041215
CZ20030000954 20030404
CZ20030000954 20030404
|

Y02E50/17

(A3 B6)

BIOTECH PROGRESS A S [CZ]

(A3)

Process and apparatus for comprehensive treatment of renewable raw materials
(B6)

Process and apparatus for complex treatment of recoverable raw materials

(B6)

First, glucose is obtained by continuous pressure hydrolysis of lignocellulose material and
subsequent enzymatic hydrolysis of solid non-hydrolyzed residues. After addition of starch-
containing raw materials to the glucose, the mixture is subjected to amylolytic cleavage and
alcoholic fermentation to obtain ethanol, furfural, acetic acid and lignin. Disclosed is also
apparatus for making the above-described process, said apparatus comprising a filling
unit, hydrolyser, expanders, distillation and rectification columns is characterized in that a
continuous pressure screw filling unit (13) consists of segments formed by a body (94) with
one-way screws (86) being mounted on a shaft (85). At least one steam lock (88) conically
widening on the raw material feeding side is disposed between the screws. Pressure equaling
to that in the first hydrolyser (22) is achieved within an outlet insert with a transient portion
(93) leading into said first hydrolyser. The last hydrolyser (24) is connected with a first
furfural-producing rectification column (43) and sat the same time with sections of
cellulolytic enzyme hydrolysis, amylolytic cleavage and ethanol fermentation.



