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[DESCRIPTION]
[Title of Invention] GASIFICATION SYSTEM
[Technical Field]
[0001]
gasifying gasification feedstocks such as biomass b

The invention relates to a gasification s

heat exchanger.
[Background Art]
[0002]
(Shochu (distilled liquor) residue, egg-laying hen

As a system for gasifying feedstocks such

and the like) by using a heat exchanger, Patent Lit
and 2 disclose techniques that raise the temperatur
containing biomass by exchanging heat with supercri
in a double-pipe heat exchanger and gasify the biom
heating the biomass by a predetermined reactor and
[Citation List]
[Patent Literature]
[0003] PTL 1: Japanese Patent No. 4719864

PTL 2: Japanese Patent No. 4997546
[Summary of the Invention]
[Technical Problem]
[0004]
and 2, the temperature of a suspension including bi

In each of heat exchangers of Patent Lite

raised from room temperature to a high temperature
example, about 400°C. Further, an internal pressur
heat exchanger is high such as 25 MPa at this time.

[0005]

pressure,

However, in such a high-temperature and h

specific heat at constant pressure of wat

(suspension) becomes large, and thus heat exchange
in the heat exchanger is deteriorated. For this re

was a case where the efficiency of gasification was
deteriorated.
[0006] The present invention has been made in vi

above issue, and an object thereof is to provide a
system that improves the heat exchange efficiency i

exchanger and thus gasifies a gasification

feedstoc

ystem for
y using a

as biomass
droppings
eratures 1
e of water-
tical water
ass by
burner.

ratures 1

omass is
of, for

e of the

igh

er
efficiency
ason, there

ew of the
gasification
n the heat
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efficiently.

[Solution to Problem]
[0007]
invention is a gasification system including a coun

In order to achieve the above object, the

type heat exchanger configured to include a low-tem
side flow channel through which a gasification feed

and a high-temperature side flow channel to which t

in a supercritical state is introduced, the treated
raising a temperature of the gasification feedstock
exchanging heat with the gasification feedstock, a

reactor configured to gasify the gasification feeds
temperature has been raised by the countercurrent t
exchanger, by heating and pressurizing the gasifica
feedstock to be in a supercritical state, the gasif
reactor being configured to discharge the gasificat
feedstock as treated water in the supercritical sta
treated water flow channel configured to introduce,
countercurrent type heat exchanger, the treated wat
been discharged from the gasification reactor, the
system including: a feedstock introducing means con
introduce the gasification feedstock to the low-tem
side flow channel; and an external heating means co
extract, from the middle of the low-temperature sid
channel, the gasification feedstock that has been i

heat the

return the heated gasif

the feedstock introducing means,
gasification feedstock, and
feedstock to a middle position on a feedstock downs
of a position in which the gasification feedstock h
extracted.

[0008]

feedstock that has been introduced to the heat exch

According to the present invention, the g
extracted in the middle of the low-temperature side
channel, and the extracted gasification feedstock i

returned to the feedstock downstream side in the lo

temperature side flow channel, thereby it is possib

extracted

present
tercurrent
perature
stock flows,
reated water
water
by
gasification
tock, whose
ype heat
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ication
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te, and a
to the
er that has
gasification
figured to
perature
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tream side
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prevent the gasification feedstock from flowing thr
point, for example, in which the heat exchange effi
deteriorates. This can enhance the heat exchange e

the heat exchanger. Further, the gasification feed

gasified efficiently by heating the gasification fe

the external heating means which is provided outsid
exchanger.

[0009] In another aspect of the present inventio
position in which the extraction is performed is de
based on a value of specific heat at constant press
gasification feedstock, and the gasification feedst
extracted from the position that has been determine

[0010] According to the present invention, since
position in which the extraction is performed is de
based on the specific heat at constant pressure, fo

the gasification feedstock is extracted from a posi
which a value of the specific heat at constant pres

in the heat exchanger, and thus the heat exchange e
can be certainly enhanced.

[0011] In another aspect of the present inventio
temperature side flow channel is configured to incl
temperature zone in which a temperature of the gasi
feedstock introduced by the gasification feedstock

means is raised, and a high-temperature zone in whi

temperature of the gasification feedstock that has
through the low-temperature zone is raised again, a
external heating means extracts the gasification fe

a high temperature end of the low-temperature zone

the gasification feedstock to a low temperature end
high-temperature zone.

[0012] As in the present invention, the gasifica
feedstock is extracted from the high temperature en
low-temperature zone, and the extracted gasificatio

is returned to the low temperature end of the high-

zone, so that the temperature of the gasification f

ough the
ciency
fficiency in
stock can be
edstock by
e the heat

n, a

termined
ure of the

ock is

the

termined
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tion in
sure is low
fficiency
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introducing

ch a

passed

nd the
edstock from
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be certainly raised without allowing the gasificati on feedstock
to flow through a temperature zone in which the hea t exchange
efficiency is low. This can perform gasification e fficiently.
[0013] It should be noted that, the specific hea t at
constant pressure of the gasification feedstock at the position

in which the extraction is performed is, for exampl e, 10kJ/kg-K
or greater.

[0014] In another aspect of the present inventio n, heating
by the external heating means is performed in a pre heater that
preheats the gasification feedstock whose temperatu re has been

raised by the countercurrent type heat exchanger.

[0015] According to the present invention, the h eating of
the gasification feedstock that has been extracted from the
countercurrent type heat exchanger is performed by the
preheater, and thus energy to be generated in the g asification

system can be used efficiently.
[Effects of the Invention]

[0016] According to the present invention, a gas ification
system can be provided in which the heat exchange e fficiency in
the heat exchanger can be enhanced, and thus the ga sification

feedstock is gasified efficiently.

[BRIEF DESCRIPTION OF DRAWINGS]

[0017]

[FIG. 1A] FIG. 1A is a diagram showing a schematic
configuration of a biomass gasification system 100 with
supercritical water.

[FIG. 1B] FIG. 1B a diagram illustrating an example of a
double-pipe configuration in a heat exchanger 30.

[FIG. 2] FIG. 2 is a diagram showing the heat excha nger 30 in a
case in which the length of a double-pipe from an i ntroduction
port 31 to a discharge port 32 of a gasification fe edstock is
set to 100.

[FIG. 3] FIG. 3 is a diagram showing an example of changes in
temperature (“tube temperature”) of the gasificatio n feedstock

that flows through a low-temperature side flow chan nel 36 and
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changes in temperature (“jacket temperature”) of tr

that flows through a high-temperature side flow cha

[FIG. 4] FIG. 4 is a diagram showing a relationship
temperature, pressure, and specific heat at constan

[FIG. 5] FIG. 5 is an example of the heat exchanger
configured so that a medium-temperature zone 72 doe

[FIG. 6] FIG. 6 is a diagram illustrating appropria

for an extracting position 33 and a return position

heat exchanger 30.

[FIG. 7] FIG. 7 is a diagram showing a relationship
temperature, pressure, and specific heat at constan
[Description of Embodiments]

[0018] FIG. 1A
configuration of a biomass gasification system 100
supercritical water, which is described as one embo

the present invention. As llustrated in FIG. 1A,
gasification system 100 includes an regulation tank
crusher 2, a supply pump 3, a heat exchanger 30, a

40, a gasification reactor 50, a cooler 51, a press

52, a gas-liquid separator 60, a gas tank 61 or the

heat exchanger 30 and the gasification reactor are

piping 55.
[0019]
water and activated carbon, while regulating a mixi

The regulation tank 1 is a tank for mixin

water and activated carbon in accordance with such
amount, and water content of biomass. In the regul
1, a gasification feedstock (suspension) is prepare
Note that, th
mentioned biomass is water-containing biomass, for

biomass, activated carbon and water.

Shochu residue, egg-laying hen droppings or the lik

other non-metal catalysts may be mixed instead of t

carbon, for example, zeolite may be used, and a mix

may also be used. Note that, powder with an averag

size of 200um or less is preferably used as a non-m

catalyst, and a porous catalyst is further preferab

eated water
nnel 37.
among
t pressure.
30
S not exist.
te positions
34 in the

among

t pressure.

is a diagram showing a schematic

with
diment of
the
1, a
preheater
ure reducer
like. The
connected by

g biomass,
ng amount of
as types,
ation tank
d by mixing
e above-
example,
e. Further,
he activated
ture thereof
e particle
etal
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The crusher 2 is a device that crushes bi

suspension, which has been prepared in the regulati

into a uniform size in advance (an average particle

preferably 500um or less, and more preferably, an a

particle size is 300um or less), and transfers the

the supply pump 3.
[0021]

The supply pump 3 is a device that suppli

suspension supplied from the crusher 2 to the excha

The supply pump 3 is, for example, a high pressure

Moineau pump and the like.

[0022]

exchanger, and is a device that uses heat of discha

(produced gas
gasification

and

reactor

50,

ash which are

a non-metal

discharged

catalyst

(supercritical water) or the like), which is discha

the gasification reactor 50, to raise the temperatu

gasification feedstock (suspension) that is supplie

supply pump 3. That is, this heat exchanger 30 inc

The heat exchanger 30 is a countercurrent

from

and w

temperature side flow channel 36 and a high-tempera

flow channel 37, through which the gasification fee

is supplied from the supply pump 3 flows. Treated

through the high-temperature side flow channel 37,

treated water

raises the temperature of the gasific

feedstock by exchanging heat with the gasification

that flows through the low-temperature side flow ch

[0023]

The above-mentioned discharged matter (tr

is introduced to the high-temperature side flow cha

through the piping 55.

suspension that has been introduced from the introd

Meanwhile, the temperature

31 is raised while flowing through the low-temperat

flow channel 36, and the suspension is discharged f

discharge port 32.

Note that, the internal pressur

heat exchanger 30 is set to about 25 MPa.

[0024]

heat exchanger.

The heat exchanger 30 is, for example, a
FIG. 1B is a diagram illustrating

omass in the
on tank 1,
size is
verage
biomass to

es the
nger 30.

pump,

type heat
rged matter
the
ater
rged from
re of the
d from the
ludes a low-
ture side
dstock that
water flows
in which the
ation
feedstock
annel 36.
eated water)
nnel 37
of the
uction port
ure side
rom the

e of the

double-pipe
an example
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of a double-pipe configuration in the heat exchange
illustrated in FIG. 1B, the low-temperature side fl

36 is provided as an inner pipe of the double-pipe,
high-temperature side flow channel 37 is provided a

pipe of the double-pipe.

[0025] Referring back to FIG. 1A, the preheater
device that heats the suspension to a predetermined

by burning such as produced gas, fuel gas (for exam
and oxygen gas which have been accumulated in the g
[0026] The gasification reactor 50 is, for examp
tubular reactor, a fluidized-bed reactor or the lik

device for gasifying biomass in a suspension with s

water.  This gasification uses the above-stated non
catalyst and is performed at a temperature and unde

(for example, 600°C or greater, within 25 to 35 Mpa
enhance reaction efficiency. By treating biomass w
supercritical water in this way, the biomass can be

to produce gases such as hydrogen gas, methane, eth
ethylene.

[0027] The cooler 51 is a device for cooling the

matter that is discharged from the gasification rea

[0028] The pressure reducer 52 is a device for r
pressure of the produced gas and the like of the di
matter that is discharged from the gasification rea

[0029] The gas-liquid separator 60 is a device t
separates the discharged matter, which is discharge
gasification reactor 50, into a gas component (prod
and a liquid component (ash, activated carbon, and
liquid containing water).

[0030] The gas tank 61 is a container (preferabl
pressure resistant container) that accumulates a ga
(produced gas) that is separated by the gas-liquid

60.

[0031] The heater 62 that is provided in the gas

reactor 50 is a device that burns, in the gas conta

r 30. As

ow channel
and the

S an outer

40 is a
temperature
ple LPG),
as tank 61.
le, a
e, and is a
upercritical
-metal
r a pressure
) which can
ith
decomposed
ane, and

discharged
ctor 50.
educing the
scharged
ctor 50.
hat
d from the
uced gas)
a mixed

y, a
s component

separator

ification

ining
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oxygen, a part of the produced gas accumulated in t
61 or fuel gas (for example, LPG and the like) to h
gasification reactor 50, and thus heats the suspens
predetermined temperature. Further, the heater 63
the preheater 40 is a device that burns, in the gas
oxygen, a part of the produced gas accumulated in t
61 or fuel gas (for example, LPG and the like) to h
preheater 40, and thus heats the suspension to a pr
temperature. The heaters 62 and 63 are existing de
as a burner, that burn fuel gas for heating.

[0032] In such a gasification system 100, water
through the high-temperature side flow channel 37 o
exchanger 30 is treated water in a supercritical st

is discharged from the gasification reactor 50, as
above, and the temperature thereof is a high temper
as at about 600°C. Further, the internal pressure
exchanger 30 is also a high pressure which is 25MPa
high-temperature and high-pressure condition, there
where a temperature of the gasification feedstock i
sufficiently raised in the heat exchanger 30.

[0033] FIG. 3 is a diagram showing an example of
temperature (“tube temperature”) of the gasificatio
that flows through the low-temperature side flow ch
changes in temperature (“jacket temperature”) of th
water that flows through the high-temperature side

37 in using the heat exchanger 30 (see FIG. 2) when
length of a double-pipe from the introduction port
discharge port 32 is set to 100. As illustrated in
when treated water of about 600°C is introduced to
exchanger 30, three zones including a low-temperatu
a medium-temperature zone 72 and a high-temperature
formed in the heat exchanger 30 in the flowing orde
gasification feedstock (in order closer to the intr
port 31). In other words, in the low-temperature z

temperature of the gasification feedstock introduce

he gas tank

eat the

ion to a
provided in
containing
he gas tank

eat the

edetermined

vices, such

that flows

f the heat

ate, which
described
ature such

of the heat

In this

IS a case

S not

changes in
n feedstock
annel 36 and
e treated
flow channel
the entire

31 to the
FIG. 3,

the heat

re zone 71,
zone 73 are
r of the
oduction

one 71, the
d from the



10

15

20

25

30

35

9

introduction port 31 is rapidly raised from about 2 5°C to about
380°. However, in the medium-temperature zone 72, the
temperature of the gasification feedstock remains w ithin a
predetermined range and hardly rises (remains at ab out 380°C).
Then, in the high-temperature zone 73, the temperat ure of the
gasification feedstock is raised again and reaches about 400°C
rapidly.

[0034] Thus, although the temperature of the gas ification
feedstock is rapidly raised in the low-temperature zone 71 and
the high-temperature zone 73, the temperature of th e
gasification feedstock is hardly raised in the medi um-
temperature zone 72, and thus the heat exchange tre atment in
the heat exchanger 30 is inefficient as a whole. T he length of
the medium-temperature zone 72 exceeds 50 percent o f the entire
length of the double-pipe of the heat exchanger 30 in some
cases, this results in a reduction in the heat exch ange
efficiency of the heat exchanger 30 especially in t hose cases.
[0035] The reasons that the medium-temperature z one 72
exists are as follows. FIG. 4 is a diagram showing a
relationship among the temperature of water, pressu re and
specific heat at constant pressure. As illustrated in FIG. 4,
when the internal pressure of the heat exchanger 30 is 25 MPa,
the specific heat at constant pressure takes a spec ifically
high value (reaches its peak) at about 380°C, and t hus the
temperature of the gasification feedstock having su ch a
temperature is not easily raised. Further, also in the treated
water that exchanges heat with the gasification fee dstock, the
specific heat at constant pressure reaches its peak at about
380°C (more precisely, reaches its peak at somewhat lower
temperature than the case of the gasification feeds tock due to

a pressure loss in the double-pipe) as in the case of the

gasification feedstock.

[0036] Then, the present inventors conceive that, if the heat
exchanger 30 is configured so that a zone (a zone i n which the
temperature of the gasification feedstock is about 380°C in the
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example described above) in which the temperature o
gasification feedstock is hardly raised does not ex

so that the medi
the heat
efficiency in the heat exchanger 30 can be enhanced
[0037]

30 having such a configuration. As illustrated in

heat exchanger 30, in other words,

temperature zone 72 does not exist, exchan

FIG. 5 illustrates one example of the hea

external heating means 35 for heating the gasificat
feedstock is provided outside the heat exchanger 30

words, a flow channel is changed in a manner in whi
gasification feedstock is extracted from a predeter
position 33 (hereinafter, referred to as an extract

33) of the low-temperature side flow channel 36 as
reference number 35a, the extracted gasification fe
heated by heat of the preheater 40 as shown by a re
number 35b, and the heated gasification feedstock i

to a predetermined position 34 (hereinafter, referr

return position 34) of the low-temperature flow cha
which is arranged on a feedstock downstream side of
extracting position 33 as shown by a reference numb
This change of the flow channel is performed, for e
connecting between the extracting position 33 and t

40 with piping so as to allow the gasification feed

flow therethrough, and by connecting between the pr

and the return position 34 with piping so as to all
gasification feedstock to flow therethrough.

[0038]

return position 34 described above are positions as

Specifically, the extracting position 33

That is, as illustrated in FIG. 5, the extracting p

is a position in which a temperature Tc of the gasi
feedstock becomes 370°C, and a temperature Td of th
water becomes 375°C (that is, a high temperature en
low-temperature zone 71, and a boundary part with t
temperature zone 72). Further, the return position

position in which a temperature Te of the gasificat

f the
ist in the
um-

ge

t exchanger
FIG. 5, an
ion
In other
ch, the
mined
ing position
shown by a
edstock is
ference
S returned
ed to as a
nnel 36,
the
er 35c.
xample, by
he preheater
stock to
eheater 40
ow the

and the
follows.
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fication
e treated
d of the

he medium-
34 is a
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feedstock becomes 385°C, and a temperature Tf of th
water becomes 390°C (that is, a low temperature end
high-temperature zone 73, and a boundary part with
temperature zone 72).

[0039] Note that, in response to such a change o
channel of the low-temperature side flow channel 36
channel of the high-temperature side flow channel 3
changed. That is, as illustrated in FIG. 5, the fl

is configured so that the extracting position 33 an

position 34 are connected with bypass piping 38, an
treated water directly flows from the return positi

extracting position 33. Further, a surplus portion

piping is removed due to the above-mentioned change
channel.

[0040] As described above, the extracting positi
provided at a boundary part between a low-temperatu
and a medium-temperature area 72, and the return po
provided at a boundary part between the medium-temp

72 and a high-temperature area 73, so that the heat
efficiency in the heat exchanger 30 can be enhanced
temperature of the gasification feedstock can be ce
raised.

[0041] Further, in this way, in the heat exchang

area does not exist in which the temperature of
gasification feedstock becomes about 380°C that
temperature at which a heat exchange rate of fluid

such a temperature, tar is produced in the double-p

inner pipe (low-temperature side flow channel 36) a

pipe (high-temperature side flow channel 37) are ea

clogged. Thus, in order to avoid this, by providin
extracting position 33 and the return position 34 a
above, production of tar can be suppressed and the
be prevented from being clogged, so that reliabilit
gasification system 100 can be improved.

[0042]  Further, since expensive and thick-walled

e treated
of the

the medium-

f the flow
, the flow
7 is also
ow channel
d the return
d the
on 34 to the
39 of the
of the flow

on 33 is
re area 71
sition 34 is
erature area
exchange
and the
rtainly

er 30, an

reduces. In
ipe, and the
nd the outer
sily
g the
S stated
piping can

y of the

piping is
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generally used for the heat exchanger 30 to resist
temperature and high-pressure condition, incidental
associated with maintenance of piping or the like c
suppressed by performing such a change of the flow

the medium-temperature zone 72 is omitted as stated
[0043]
that has been extracted from the heat exchanger 30

Further, the heating of the gasification

by the preheater 40, and thus energy efficiency in
gasification system 100 can be enhanced. Further,
introduction of a heating facility is not necessary

possible to prevent a cost from increasing.

[0044]

the temperature of the gasification feedstock becom

In the example described above, the posit

370°C is referred to as the extracting position 33,
position in which the temperature of the gasificati
becomes about 385°C is referred to as the return po
However, the extracting position 33 and the return
are not limited to those positions. That is, the e
position 33 may be a boundary part between the low-
zone 71 and the medium-temperature zone 72. Furthe
return position 34 may be a boundary part between t
temperature zone 72 and the high-temperature zone 7

[0045]

positions for the extracting position 33 and the re

FIG. 6 is a diagram illustrating appropri

position 34 in the heat exchanger 30. As illustrat

6, the extracting position 33 may be arranged somew
position in which the specific heat at constant pre
relatively high (for example, in a range indicated
reference number 33a to a reference number 33b) nea

in which the specific heat at constant pressure of
gasification feedstock reaches a peak value at the

to the introduction port 31 (the point in which the

of the gasification feedstock becomes about 380°C).
example, the extracting position 33 is such a posit

specific heat at constant pressure becomes 10kJ/kg-

a high-
expenses
an be
channel that
above .
feedstock
is performed
the
new
, and it is

ion in which
es about
and the

on feedstock

sition 34.

position 34

xtracting
temperature
r, the

he medium-

ate
turn
ed in FIG.
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ssure is
by a
r the point
the
closer side
temperature
For
ion that the
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greater.

[0046] On the other hand, the return position 34
arranged somewhere at a position in which the speci
constant pressure is relatively high (for example,
indicated by a reference number 34a to a reference
near the point in which the specific heat at consta

of the gasification feedstock reaches a peak value
closer side to the discharge port 32 (the point in
temperature of the gasification feedstock becomes a

For example, the return position is such a position
specific heat at constant pressure becomes 10kJ/kg-
[0047] Note that, in the above description, the
pressure of the heat exchanger 30 is assumed to be
However, the internal pressure of the heat exchange
vary. If the internal pressure varies, a peak temp

the specific heat at constant pressure also varies

4), and thus, when the internal pressure of the hea

30 varies, the extracting position 33 is preferably

in response thereto.

[0048] Next, how to determine the extracting pos

a case in which the internal pressure of the heat e
varies will be described.

[0049] FIG. 7 is a diagram showing a relationshi
temperature of water, pressure and specific heat at
pressure, which is used for determining the extract

33. Asillustrated in FIG. 7, a curved surface 74
aggregation of plots of temperature and pressure at
specific heat at constant pressure exceeds a predet
value. It is possible to determine an appropriate
position 33 by reading out, from the curved surface
temperature corresponding to the current pressure o
exchanger 30.

[0050] As stated above, even when the internal p
the heat exchanger 30 varies, it is possible to enh

heat exchange efficiency in the heat exchanger

may be
fic heat at
in a range
number 34b)
nt pressure
at the
which the
bout 380°C).
that the

internal
25MPa.
r 30 may
erature of
(see FIG.
t exchanger
regulated

ition 33 in
xchanger 30

p among
constant
ing position
indicates an
which the
ermined
extracting
74, a
f the heat

ressure of
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determining the extracting position 33 and the retu
34 on the basis of values of the specific heat at ¢
pressure.
[0051]
system 100 of

As described above, according to the gas

the present embodiment, the gasificat
feedstock introduced to the heat exchanger 30 is ex

the middle of the low-temperature side flow channel
extracted gasification feedstock is heated and retu

middle of the low-temperature side flow channel 36,

for example, it becomes possible to prevent the gas
feedstock from flowing through the point in which t
exchange efficiency deteriorates. This can enhance
exchange efficiency in the heat exchanger 30. Furt
gasification feedstock is heated in the external he
(preheater 40) which is provided outside the heat e

and thus the gasification feedstock can be efficien
gasified. Moreover, new introduction of a heating

not necessary, and it is possible to prevent a cost

increasing.

[0052]  Further, since the position where the ext

performed (extracting position 33) is determined ba

specific heat at constant pressure, the heat exchan
efficiency can be certainly enhanced by, for exampl

extracting the gasification feedstock from a positi

the specific heat at constant pressure is low in th
exchanger 30.

[0053] Further,

extracted from the boundary part between the low-te

since the gasification feedstock

zone 71 and the medium-temperature zone 72, and the

gasification feedstock is returned to the boundary

the medium-temperature zone 72 and the high-tempera
73, the temperature of the gasification feedstock c
certainly raised without allowing the gasification

flow through the medium-temperature zone 72 in whic

exchange efficiency is low. This can perform gasif

rn position

onstant

ification
ion
tracted in
36, the
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and thus,
ification
he heat
the heat
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ating means
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efficiently.

[0054] The above description of the embodiment i
facilitate understanding of the present invention,

limit the present invention. The present invention
modified and improved without departing from the gi

and the present invention includes equivalents ther

[0055] For example, the double-pipe heat exchang
adopted as the heat exchanger 30 in the present emb
However, other types of heat exchangers may be adop

as the heat exchanger is a countercurrent system.

[0056] Further, in the present embodiment, a met

the preheater 40 that is an existing facility is de

means of heating the gasification feedstock that ha
extracted from the extracting position 33. However
gasification feedstock may be heated by newly provi
external heating means (a heater or the like).

[Reference Signs List]

1 regulation tank, 2 crusher, 3 supply pump, 30 hea

31 introduction port, 32 discharge port, 33 extract
position, 34 return position, 35 external heating m
low-temperature side flow channel, 37 high-temperat
flow channel, 38 bypass piping, 39 surplus portion,
preheater, 50 gasification reactor, 51 cooler, 52 p
reducer, 55 piping, 60 gas-liquid separator, 61 gas
heater, 63 heater, 71 low-temperature zone, 72 medi
temperature zone, 73 high-temperature zone, 74 a cu
surface, 100 gasification system

s to
and does not
may be
st thereof,
eof.
er has been
odiment.

ted, as long

hod of using
scribed as a
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[CLAIMS]
[Claim 1]

A gasification system including

a countercurrent type heat exchanger configured to include
a low-temperature side flow channel through which a

gasification feedstock flows, and a high-temperatur e side flow
channel to which treated water in a supercritical s tate is
introduced, the treated water raising a temperature of the
gasification feedstock by exchanging heat with the gasification

feedstock,

a gasification reactor configured to gasify the
gasification feedstock, whose temperature has been raised by
the countercurrent type heat exchanger, by heating and
pressurizing the gasification feedstock to be in a
supercritical state, the gasification reactor being configured
to discharge the gasification feedstock as treated water in the
supercritical state, and

a treated water flow channel configured to intr oduce, to
the countercurrent type heat exchanger, the treated water that
has been discharged from the gasification reactor,

the gasification system comprising:

a feedstock introducing means configured to int roduce the
gasification feedstock to the low-temperature side flow

channel; and

an external heating means configured to extract , from the
middle of the low-temperature side flow channel, th e
gasification feedstock that has been introduced by the
feedstock introducing means, heat the extracted gas ification
feedstock, and return the heated gasification feeds tock to a
middle position on a feedstock downstream side of a position in

which the gasification feedstock has been extracted

[Claim 2]
The gasification system according to claim 1, w herein
a position in which the extraction is performed IS

determined based on a value of specific heat at con stant
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pressure of the gasification feedstock, and the gas

feedstock is extracted from the position that has b
determined.
[Claim 3]

The gasification system according to any one of
2, wherein

specific heat at constant pressure of the water
position in which the extraction is performed is 10
greater.
[Claim 4]

The gasification system according to any one of
3, wherein

the low-temperature side flow channel is config
include a low-temperature zone in which a temperatu
gasification feedstock introduced by the gasificati
introducing means is raised, and a high-temperature
which a temperature of the gasification feedstock t
passed through the low-temperature zone is raised a

the external heating means extracts the gasific
feedstock from a high temperature end of the low-te
zone and returns the gasification feedstock to a lo
temperature end of the high-temperature zone.
[Claim 5]

The gasification system according to any one of
4, wherein

heating by the external heating means is perfor
preheater that preheats the gasification feedstock
temperature has been raised by the countercurrent t

exchanger.
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