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A method for producing ethanol by alcohol fermentation of a
saccharide obtained by hydrolyzing cellulosic biomass in a
supercritical or subcritical state, wherein excessive decom-
position and caramelization of the saccharide are inhibited to
prevent a reduction in yield of the saccharide, and flash steam
is effectively used. The method for producing ethanol of the
present invention is characterized in that in a saccharification/
decomposition step, a slurry after saccharification/decompo-
sition, is flash-evaporated in a first flash tank so as to have a
temperature of 150° C. to 200° C.; the slurry after sacchari-
fication/decomposition, which is taken from the first flash
tank, is further flash-evaporated in a second flash tank so as to
have a temperature of 100° C. to 120° C.; and first flash steam
generated from the first flash tank is used as a heat source in
the saccharification/decomposition step or a distillation step.
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METHOD FOR PRODUCING ETHANOL
USING CELLULOSIC BIOMASS AS RAW
MATERIAL

TECHNICAL FIELD

[0001] The present invention relates to a method for pro-
ducing ethanol (bioethanol) by alcohol fermentation of a
saccharide after preparing the saccharide by hydrolyzing cel-
Iulosic biomass in a supercritical or a subcritical state.

BACKGROUND ART

[0002] Asapartofutilization of biomass energy, there is an
attempt to obtain ethanol by decomposing cellulose or hemi-
cellulose that is a main component of the plant. In this case,
the obtained ethanol is planned to be partly mixed principally
in an automobile fuel or used as an alternative for gasoline for
fuel use.

[0003] Main components of the plant include cellulose
(polymer of glucose that is a C6 monosaccharide composed
of'6 carbon atoms), hemicellulose (polymer of a C5 monosac-
charide composed of 5 carbon atoms and C6 monosaccha-
ride), lignin and starch, and ethanol is produced by a fermen-
tation action of microorganisms such as yeast using, as a raw
material, a saccharide such as a C5 monosaccharide, a C6
monosaccharide or an oligomer that is a complex thereof.
[0004] For decomposing cellulosic biomass such as cellu-
lose or hemicellulose into a saccharide, three methods will be
industrially used: 1) a method in which cellulosic biomass is
hydrolyzed by oxidizing power of a strong acid such as sul-
furic acid; 2) a method in which cellulosic biomass is decom-
posed by an enzyme; and 3) a method in which oxidizing
power of supercritical water or subcritical water is used.
However, for the acid decomposition method of 1), an added
acid acts as an inhibitor to fermentation of yeast, a treatment
is therefore essential for neutralizing the added acid before
alcohol-fermenting a saccharide after decomposing cellulose
or hemicellulose into the saccharide, and practical applica-
tion may be difficult in terms of economy due to costs for the
treatment. For the enzyme decomposition method of 2), it is
possible to perform a treatment at an ordinary temperature
and a constant pressure, but no effective enzyme has been
found, production costs of the enzyme will be presumably
increased if such an enzyme is found, and realization on the
industrial scale is not in sight yet in terms of economy.
[0005] As the method of 3) in which cellulosic biomass is
hydrolyzed by supercritical water or subcritical water to pro-
duce a saccharide, a method for producing a water-insoluble
polysaccharide, wherein a cellulose powder is contacted with
pressurized hot water at 240 to 340° C. to be hydrolyzed, is
disclosed in PTL 1. PTL 2 discloses a method, wherein finely
divided biomass is hydrolyzed for a predetermined time
period with hot water pressurized to a saturated water vapor
pressure or higher at 140 to 230° C. to decompose/extract
hemicellulose, and thereafter hydrolyzed with pressurized
hot water heated to a decomposition temperature of cellulose
or higher to decompose/extract cellulose. PTL 3 discloses a
method for producing glucose and/or a water-soluble cello-
oligosaccharide, wherein cellulose having an average poly-
merization degree of 100 or more is contacted and reacted
with supercritical water or subcritical water at a temperature
0f'250° C. to 450° C. (inclusive) and a pressure of 15 MPa to
450 MPa (inclusive) for 0.01 second to 5 seconds (inclusive),
then cooled, and contacted with subcritical water at a tem-
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perature 0of 250° C. t0 350° C. (inclusive) and a pressure of 15
MPa to 450 MPa (inclusive) for 1 second to 10 minutes
(inclusive) to be hydrolyzed.

[0006] When cellulosic biomass is hydrolyzed by super-
critical water or subcritical water, considerable energy is
required for bringing a slurry of biomass into a high-tempera-
ture and high-pressure state. Thus, there are techniques for
saving energy by recovering heat from a high-temperature
and high-pressure slurry after hydrolysis. For example, PTL 4
discloses a technique, wherein a plurality of pressure vessels
are sequentially operated, so that a saccharified solution
slurry after hydrolysis is flash-evaporated to be cooled rap-
idly, and also flash steam is used for preheating a biomass
slurry in another pressure vessel. PTL 4 discloses heat
exchange performed between a saccharified solution slurry
after flash evaporation and a biomass slurry charged into
another pressure vessel. Similar techniques are also disclosed
in PTLs. 5 and 6.

[0007] On the other hand, moisture or volatile substances in
a slurry can be removed by flash evaporation. PTL 7 discloses
anaqueous sewage sludge slurry is treated with hot water, and
dewatered by multistage flash evaporation. PTL 8 discloses
anapparatus, wherein when ground water or waste water such
as industrial waste water contains a volatile organic com-
pound such as carbon tetrachloride, trichloroethylene, tetra-
chloroethylene or benzene, the waste water is treated to
remove the volatile organic compound therefrom. In this
apparatus, a volatile organic compound is removed from
waste water by multistage flash evaporation.

CITATION LIST

Patent Literature

[0008] PTL 1: Japanese Laid-Open Patent Application
Publication No. 2000-186102

[0009] PTL 2: Japanese Laid-Open Patent Application
Publication No. 2002-59118

[0010] PTL 3: Japanese Laid-Open Patent Application
Publication No. 2003-212888

[0011] PTL 4: International Publication No. WO 2008/
050740
[0012] PTL 5: Japanese Laid-Open Patent Application

Publication No. 2009-261275

[0013] PTL 6: Japanese Laid-Open Patent Application
Publication No. 2009-261276

[0014] PTL 7: Japanese Laid-Open Patent Application
Publication No. 6-39400

[0015] PTL 8: Japanese Laid-Open Patent Application
Publication No. 2007-307466
SUMMARY OF INVENTION
Technical Problem

[0016] A method, in which cellulose and hemicellulose that
are main constituents of biomass are saccharified and decom-
posed by high-temperature and high-pressure supercritical
water or subcritical water, is a treatment method which is
economical in terms of treatment costs and environmentally
friendly because a treatment for neutralization of an acid is
unnecessary in comparison with a hydrolysis method using a
strong acid. However, the use of supercritical water or sub-
critical water has the disadvantage that due to its strong oxi-
dizing power, decomposition of cellulose and hemicellulose
is completed, and therefore a saccharide produced is exces-
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sively decomposed into an organic acid or the like unless
cooling is performed immediately after completion of
decomposition.

[0017] In a small decomposition apparatus on the labora-
tory scale, it may be possible to prevent excessive decompo-
sition by rapidly cooling supercritical water or subcritical
water in a heating vessel, but in a decomposition apparatus on
the industrial scale, it is very difficult to rapidly cool a large
amount of supercritical water or subcritical water in a short
time. Thus, in a method for decomposing cellulosic biomass
using high-temperature and high-pressure supercritical water
or subcritical water, the yield of a saccharide is low on the
plant scale, and this is one of causes for obstructing practical
application.

[0018] Inthe methods for decomposing cellulosic biomass
as disclosed in PTLs 4 to 6, rapid cooling is performed by
flash-evaporating a saccharified solution slurry in a super-
critical or subcritical state, but when the liquid amount of the
saccharified solution slurry in a pressure vessel is too large at
the time of flash evaporation, the saccharified solution slurry
may bump into a flash steam pipe, causing solids in the slurry
to stick in the pipe. If the slurry is gradually flash-evaporated
for avoiding abrupt flash evaporation, such bumping can be
prevented, but a saccharide contained in the saccharified solu-
tion slurry is excessively decomposed.

[0019] Even if the liquid amount of the saccharified solu-
tion slurry in a flash tank is moderate, the saccharified solu-
tion slurry after flash evaporation is required to be rapidly
cooled to a subcritical or lower state in a shortest possible
time from the viewpoint of preventing excessive decomposi-
tion of the saccharide. To do so, the retention time of the
saccharified solution slurry in the pressure vessel, which is
flash-evaporated, should be shortened wherever possible.
[0020] On the other hand, the techniques disclosed in PTLs
7 and 8 are intended to remove water or volatile organic
substances from a slurry or waste water, and do not recover
heat using flash steam. Also, it is not necessary that the stor-
age time, in the tank, of the slurry or waste water after flash
evaporation be shortened wherever possible.

[0021] It is an object of the present invention to provide a
method for producing ethanol by alcohol fermentation of a
saccharide obtained by hydrolyzing cellulosic biomass in a
supercritical or subcritical state, wherein the method is
capable of inhibiting excessive decomposition and caramel-
ization of the saccharide to prevent a reduction in yield of the
saccharide, and effectively using flash steam.

Solution to Problem

[0022] The present inventors have continued vigorous stud-
ies for solving the above-mentioned problems. As a result, it
has been found that by flash-evaporating a high-temperature
and high-pressure saccharified solution slurry in two stages in
two flash tanks after hydrolysis of cellulosic biomass, and
shortening the storage time, excessive decomposition and
caramelization of a saccharide can be prevented in the front-
stage flash tank. Further, it has been found that flash steam
discharged from the front-stage flash tank is hard to be
decomposed, and are therefore easily used as a heat source in
a saccharification/decomposition step or a heat source after
alcohol fermentation, thus leading to completion of the
present invention.

[0023] Specifically, the present invention relates to a
method for producing ethanol using cellulosic biomass as a
raw material, the method including:
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[0024] a saccharification/decomposition step of perform-
ing saccharification/decomposition of cellulosic biomass by
bringing a slurry of cellulosic biomass into a supercritical or
subcritical state;

[0025] a fermentation step of alcohol-fermenting a saccha-
rified solution obtained in the saccharification/decomposition
step; and

[0026] a distillation step of distilling a fermented liquid
obtained by the fermentation step to concentrate ethanol,
wherein

[0027] in the saccharification/decomposition step, the
slurry after saccharification/decomposition is flash-evapo-
rated in a first flash tank so as to have a temperature of 150° C.
to 200° C. (inclusive), and retention time, in the first flash
tank, of the slurry after saccharification/decomposition is 3
minutes or less,

[0028] the slurry after saccharification/decomposition,
which is taken from the first flash tank, is further flash-
evaporated in a second flash tank so as to have a temperature
0t 100° C. to 120° C. (inclusive), and

[0029] a first flash steam generated from the first flash tank
is used as a heat source in the saccharification/decomposition
step or the distillation step.

[0030] After the saccharification/decomposition step, the
high-temperature and high-pressure saccharified solution
slurry taken from a hot water reaction vessel such as a pres-
sure vessel is first flash-evaporated in the first flash tank so as
to have a temperature of 150° C. to 200° C. (inclusive) (first
flash evaporation), whereby the saccharified solution slurry
can be prevented from bumping, causing solids to stick in a
steam pipe. If the retention time of the slurry after sacchari-
fication/decomposition in the first flash tank is 3 minutes or
less, and the saccharified solution slurry, the temperature and
pressure of which are reduced, is transferred to the second
flash tank as a second stage to flash-evaporate the slurry
(second flash evaporation), excessive decomposition and
caramelization of a saccharide can be suppressed. Since the
flash steam discharged from the first flash tank has a tempera-
ture of 150° C. to 200° C. (inclusive) and is therefore hard to
be condensed, it is easily transferred within the facility
through the steam pipe and used as a heat source at the time of
heating the saccharified solution slurry or a heat source at the
time of distilling the fermented liquid obtained by alcohol
fermentation of the saccharified solution slurry.

[0031] It is preferable that a part of the slurry after saccha-
rification/decomposition, which is taken from the second
flash tank, be continuously returned into the first flash tank.
By this return, sticking of solids in the first flash tank and
caramelization of the saccharide can be more effectively pre-
vented.

[0032] It is also preferable that a part of the slurry after
saccharification/decomposition, which is taken from the sec-
ond flash tank, be intermittently returned into a pipe for
transferring the saccharified solution slurry from the first
flash tank to the second flash tank. By this return, sticking of
solids in the pipe connecting the first flash tank and the second
flash tank, and caramelization of the saccharide can be more
effectively prevented.

[0033] Itis also preferable that warm water be continuously
injected into the first flash tank. By this injection, sticking of
solids in the first flash tank and caramelization of the saccha-
ride can be more effectively prevented as well.

[0034] It is also preferable that warm water be intermit-
tently injected into the pipe for transferring the saccharified
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solution slurry from the first flash tank to the second flash
tank. By this injection, sticking of solids in the pipe for
transferring the saccharified solution slurry from the first
flash tank to the second flash tank, and caramelization of the
saccharide can be more effectively prevented.

[0035] The above-described object, other objects, features
and advantages of the present invention will be apparent from
detailed descriptions of the preferred embodiments below
while referring to the attached drawings.

Advantageous Effects of Invention

[0036] According to the present invention, energy can be
saved for an overall plant facility by eftectively using flash
steam. At the same time, excessive decomposition and cara-
melization of a saccharide obtained from biomass can be
prevented.

BRIEF DESCRIPTION OF DRAWINGS

[0037] FIG. 1 shows a conceptual view for explaining
Embodiment 1 of the present invention.

[0038] FIG. 2 shows a conceptual view for explaining
Embodiment 2 of the present invention.

[0039] FIG. 3 shows a conceptual view for explaining
Embodiment 3 of the present invention.

[0040] FIG. 4 shows a conceptual view for explaining one
example of the conventional art.

DESCRIPTION OF EMBODIMENTS

[0041] Embodiments of the present invention will be
described below with reference to drawings as appropriate.

Embodiment 1

[0042] FIG. 1 is a conceptual view for explaining one
embodiment of a method for saccharification/decomposition
of cellulosic biomass according to the present invention. In
the following embodiment, a method for saccharifying/de-
composing cellulose.

[0043] <1. Saccharification/Decomposition Step>

[0044] Cellulosic biomass (for example, vegetation biom-
ass such as bagasse, beet sugar lees or straw) is ground to a
grain size of several mm or less, and formed into a slurry
having a solid concentration of about 5 to 50% by weight
using water. This slurry is preheated as necessary, and there-
after fed into a hot water reaction vessel 1. The hot heat
reaction vessel 1 serves the purpose as long as it is a reaction
vessel that can heat and pressurize a slurry of cellulosic bio-
mass into a supercritical or subcritical state, and may be a
closed pressure vessel, or may be a heat exchanger such as a
screw-type, spiral-type or shell-and-tube-type heat
exchanger. The hot water reaction vessel 1 may be of a batch
type or of a continuous type.

[0045] In the hot water reaction vessel 1, by keeping a
slurry of cellulosic biomass at 3.3 MPa to 6.4 MPa and 240°
C. 10 280° C. for a fixed time period, cellulose in the slurry is
hydrolyzed into a saccharide. A saccharified solution slurry
after hydrolysis immediately passes through a passage 2 and
is fed into a first flash tank 3.

[0046] In the first flash tank 3, the high-temperature and
high-pressure saccharified solution slurry is flash-evaporated,
and rapidly cooled to a temperature of 150° C. to 200° C.
(inclusive), which corresponds to a subcritical or lower state.
Ifthe slurry is decompressed in a stroke to 100° C. or lower to
be rapidly cooled, the saccharified solution slurry easily

Jul. 4, 2013

bumps. However, if the slurry is decompressed to 0.5 MPa to
1.6 MPa and thereby cooled to 150° C. to 200° C. (inclusive)
on a temporary basis, excessive decomposition of the saccha-
ride can be prevented while suppressing bumping of the sac-
charified solution slurry. The amount of a saccharified solu-
tion slurry 4 stored in the first flash tank 3 is preferably %5 of
the internal volume of the first flash tank 3.

[0047] The aperture of a valve 6 provided in a steam pipe 5
is adjusted according to a measurement value from a pressure
gauge 21, so that the pressure in the first flash tank 3 is
adjusted to 0.5 MPa to 1.6 MPa. The first flash tank 3 is
provided with a differential pressure type level meter 8 in a
pipe 7 connecting the upper space of the first flash tank 3 and
the saccharified solution slurry 4. The aperture of a valve 10
is adjusted according to a measurement value from the dif-
ferential pressure type meter 8, so that the liquid level, i.e. the
retention time, in the first flash tank 3 is adjusted. The sac-
charified solution slurry 4 cooled to 150° C. to 200° C. (inclu-
sive) is transferred from a passage 9 to a second flash tank 11
so that the time for the slurry to be stored in the first flash tank
3 is 3 minutes or less because the saccharide may be caramel-
ized if the slurry is left as it is.

[0048] Inthe second flash tank 11, the saccharified solution
slurry 4 is flash-evaporated again, and cooled to 100° C. to
120° C. (inclusive). At this time, the pressure in the second
flash tank 11 is 0.1 MPa to 0.2 MPa.

[0049] Flash steam generated in the second flash tank 11 is
discharged into a steam pipe 13 connected to the ceiling
surface of the second flash tank 11. The ceiling surface of the
second flash tank 11 is provided with a pressure gauge 15, and
the steam pipe 13 is provided with a valve 14. The aperture of
avalve 14 is adjusted according to a measurement value from
the pressure gauge 15, so that the pressure in the second flash
tank 11 is adjusted to 0.1 MPa to 0.2 MPa.

[0050] A saccharified solution slurry 12 cooled to 100° C.
to 120° C. (inclusive) is transferred from the second flash tank
11 to a passage 18. The passage 18 is provided with a pump
19, and the saccharified solution slurry 12 is submitted to a
subsequent fermentation step. A pipe 16 connecting the upper
space of the second flash tank 11 and the passage 18 is
provided with a differential pressure type level meter 17. By
adjusting the aperture of a valve 20 and the output of the pump
19 according to a measurement value from the differential
pressure type level meter 17, the feed rate of the saccharified
solution slurry 12 in the passage 18 is adjusted.

[0051] Since the saccharified solution slurry 12 in the sec-
ond flash tank 11 is cooled to 100° C. to 120° C. (inclusive),
excessive decomposition and caramelization of the saccha-
ride do not occur. Therefore, the retention time of the saccha-
rified solution slurry 12 in the second flash tank 11 is not
limited.

[0052] (Recovery of First Flash Steam)

[0053] Flash steam discharged from the first flash tank has
atemperature of 150° C. 10 200° C., and is therefore hard to be
condensed in the steam pipe. Flash steam is easily used at
different locations in a facility as flash steam is transferred
through the steam pipe. In a distillation step described later,
ethanol is concentrated by distilling an alcohol-fermented
liquid, but distillation of the fermented liquid in the distilla-
tion step consumes about 50 to 70% of the amount of steam
used in an overall facility. Thus, if flash steam recovered from
the first flash tank is transferred to a distillation device for
carrying out the distillation step to recover heat, the amount of
steam to be fed from a boiler can be reduced to save energy.
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[0054] In a saccharification/decomposition step, consider-
able heat energy is required for bringing a slurry of cellulosic
biomass into a supercritical or subcritical state. Thus, if flash
steam recovered from the first flash tank is transferred to a
heat exchanger for preheating a slurry, so that heat is recov-
ered, the amount of steam for preheating a slurry can be
reduced to save energy.

[0055] (Recovery of Second Flash Steam)

[0056] On the other hand, flash steam discharged from the
second flash tank has a temperature of 100° C. to 120° C., is
therefore easily condensed and has a high wetness fraction.
This flash steam is difficult to use as a utility in a facility, but
can be used as, for example, a heat source for preheating a
slurry of cellulosic biomass as a pretreatment in the saccha-
rification/decomposition step.

[0057] <2. Fermentation Step>

[0058] The saccharified solution slurry obtained by the sac-
charification/decomposition step is converted into ethanol
using yeast in a fermentation step. For the fermentation step,
a known fermentation method can be employed.

[0059] <3. Distillation Step>

[0060] By the fermentation step, the saccharide contained
in the saccharified solution slurry is converted into ethanol.
Next, the alcohol-fermented liquid after the fermentation step
is distilled to concentrate ethanol. A distilled liquid obtained
by a distillation step is deprived of components other than
solids and ethanol. For the distillation step, a distillation
method known as a method for production of a distilled liquor
can be employed.

Embodiment 2

[0061] FIG. 2 is a conceptual view for explaining another
embodiment of a method for saccharification/decomposition
of cellulosic biomass according to the present invention.
Here, only parts different from those of Embodiment 1 shown
in FIG. 1 are described, and concerning common parts,
descriptions are omitted.

[0062] Inthis embodiment, a part of a saccharified solution
slurry transferred from a passage 18 to a fermentation step is
returned to a first flash tank 3 and a passage 9 through return
passages 31, 32 and 33. Any one of return passages 32 and 33
may be provided but more preferably, both thereof are pro-
vided.

[0063] When asaccharified solution slurry 4 is flash-evapo-
rated in the first flash tank 3, the water content of the slurry
decreases due to evaporation of water, so that solids easily
stick inside the first flash tank and in the pipe of the passage 9.
By continuously returning the saccharified solution slurry
from the return passage 32 to the first flash tank 3, sticking of
solids in the first flash tank 3 can be prevented, and the
saccharified solution slurry 4 in the first flash tank 3 can be
cooled to prevent caramelization of the saccharide as well.
Similarly, by intermittently returning the saccharified solu-
tion slurry from the return passage 33 to the passage 9, stick-
ing of solids in the pipe of the passage 9 can be prevented, and
the saccharified solution slurry in the pipe of the passage 9 can
be cooled to prevent caramelization of the saccharide as well.
[0064] The saccharified solution slurry is preferably gradu-
ally and continuously returned from the return passage to the
first flash tank 3. This is because the saccharified solution
slurry 4 in the first flash tank 3 does not flow, and therefore
easily stick inside the first flash tank 3.

[0065] On the other hand, it suffices that the saccharified
solution slurry is intermittently returned from the return pas-
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sage 33 to the passage 9. This is because in the passage 9, the
saccharified solution slurry flows from the first flash tank 3
toward the second flash tank 11, and therefore solids are less
likely to stick inside the first flash tank 3. The saccharified
solution slurry may be returned from the return passage 33 at
intervals of, for example, several hours.

Embodiment 3

[0066] FIG. 3 is a conceptual view for explaining still
another embodiment of'a method for saccharification/decom-
position of cellulosic biomass according to the present inven-
tion. Here, only parts different from those of Embodiment 1
shown in FIG. 1 are described, and concerning common parts,
descriptions are omitted.

[0067] Inthis embodiment, warm water at about 80 to 200°
C. is injected into a first flash tank 3 and a passage 9 through
warm water passages 41, 42 and 43. Any one of warm water
passages 42 and 43 may be provided but more preferably,
both thereof are provided.

[0068] As in Embodiment 2, warm water is preferably
gradually and continuously injected from the warm water
passage 42 into the first flash tank 3, and it suffices that warm
water is intermittently injected from the warm water passage
43 into the passage 9. Unlike Embodiment 2, however, if the
injected amount of warm water increases, the concentration
of'a saccharified solution slurry decreases, leading to a reduc-
tion in alcohol fermentation efficiency in a subsequent fer-
mentation step. Thus, the injected amount of warm water
should be smaller than the returned amount of the sacchari-
fied solution slurry.

[0069] (Conventional Art)

[0070] FIG. 4 is a conceptual view for explaining the con-
ventional art of a method for saccharification/decomposition
of cellulosic biomass. Cellulosic biomass is hydrolyzed by a
hot water reaction vessel 51 as in Embodiments 1 to 3 of the
present invention. A saccharified solution slurry passes
through a passage 52 and is fed into a first flash tank 53. Thus,
the saccharified solution slurry should be flash-evaporated to
be rapidly cooled for preventing excessive decomposition of
the saccharide.

[0071] At this time, a saccharified solution slurry 54 easily
bumps because it should be flash-evaporated so as to make a
transition from a supercritical state to 0.1 to 0.2 MPa and 100
to 120° C. When a part of the saccharified solution slurry 54
flows out into a steam pipe 55, solids stick therein. For remov-
ing solids, the steam pipe should be detached, so that opera-
tion efficiency is reduced, leading to an increase in production
costs of ethanol.

[0072] It is preferable to shorten the retention time of the
saccharified solution slurry 54 in the flash tank 53, but bump-
ing of the saccharified solution slurry occurs if it is subjected
to flash evaporation involving abrupt pressure reduction. On
the other hand, if the saccharified solution slurry is gradually
flash-evaporated for suppression of bumping, excessive
decomposition and caramelization of the saccharide cannot
be prevented, but there has not been such an idea that the
storage time of the saccharified solution slurry in the flash
tank is kept at a short time of 3 minutes or less.

[0073] From the above descriptions, many modifications or
other embodiments of the present invention will be apparent
to aperson skilled in the art. Therefore, the above descriptions
should be understood to be only illustrative, and are provided
for the purpose of teaching a person skilled in the art the best
aspects for implementation of the present invention. Details
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of'the structure and/or function of the present invention can be
substantially changed without departing from the spirit of the
present invention.

INDUSTRIAL APPLICABILITY

[0074]
the present invention is useful in the field of bioenergy as a
method for producing a saccharide by decomposing cellulo-
sic biomass.

REFERENCE SIGNS LIST

[0075] 1: hot water reaction vessel
[0076] 2,9, 18: passage

[0077] 3: first flash tank

[0078] 4, 12: saccharified solution slurry
[0079] 5, 13: steam pipe

[0080] 6,10,14, 20: valve

[0081] 7, 16: pipe

[0082] 8, 17: differential pressure type level meter
[0083] 11: second flash tank

[0084] 15, 21: pressure gauge

[0085] 19: pump

[0086] 31, 32, 33: return passage

[0087] 41, 42, 43: warm water passage

[0088] 51: hot water reaction vessel

[0089] 52: passage

[0090] 53: flash tank

[0091] 54: saccharified solution slurry

[0092] 55: steam pipe

[0093] 56: passage

[0094] 57: pump

1. A method for producing ethanol using cellulosic biom-

ass as a raw material, the method comprising:

a saccharification/decomposition step of performing sac-
charification/decomposition of cellulosic biomass by
bringing a slurry of cellulosic biomass into a supercriti-
cal or subcritical state;

The method for decomposing cellulosic biomass of
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a fermentation step of alcohol-fermenting a saccharified
solution obtained in the saccharification/decomposition
step; and

a distillation step of distilling a fermented liquid obtained
by the fermentation step to concentrate ethanol, wherein

in the saccharification/decomposition step, the slurry after
saccharification/decomposition is flash-evaporated in a
first flash tank so as to have a temperature of 150° C. to
200° C. (inclusive), and retention time, in the first flash
tank, of the slurry after saccharification/decomposition
is 3 minutes or less,

the slurry after saccharification/decomposition, which is
taken from the first flash tank, is further flash-evaporated
in a second flash tank so as to have a temperature of 100°
C. 1o 120° C. (inclusive), and

a first flash steam generated from the first flash tank is used
as a heat source in the saccharification/decomposition
step or the distillation step.

2. The method for producing ethanol according to claim 1,
wherein a part of the slurry after saccharification/decompo-
sition, which is taken from the second flash tank, is continu-
ously returned into the first flash tank.

3. The method for producing ethanol according to claim 1,
wherein a part of the slurry after saccharification/decompo-
sition, which is taken from the second flash tank, is intermit-
tently returned into a pipe for transferring the saccharified
solution slurry from the first flash tank to the second flash
tank.

4. The method for producing ethanol according to claim 1,
wherein warm water is continuously injected into the first
flash tank.

5. The method for producing ethanol according to claim 1,
wherein warm water is intermittently injected into the pipe for
transferring the saccharified solution slurry from the first
flash tank to the second flash tank.
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