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(54) GASIFIED-GAS GENERATION SYSTEM

(57) A gasified-gas generation system (100) in-
cludes: a combustor (110) that heats a fluid medium; a
gasifier (140) into which the fluid medium heated by the
combustor (110) is introduced and which gasifies a gas-
ification material with heat of the fluid medium so as to
generate a gasified gas; and a cooling mechanism (160)
that cools the fluid medium that flows between the gasifier
(140) and the combustor (110). The fluid medium circu-
lates between the combustor (110) and the gasifier (140).
The fluid medium and a residue of the gasification ma-
terial are introduced from the gasifier (140) into the com-
bustor (110), and the combustor (110) burns the residue
to heat the fluid medium.
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Description

[Technical Field]

[0001] The present invention relates to a gasified-gas
generation system that gasifies a gasification material to
generate a gasified gas.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2013-57509, filed on March 21, 2013, the con-
tents of which are incorporated herein by reference.

[Background Art]

[0003] In recent years, technologies for gasifying a
gasification material such as coal, biomass, or tire chips
in place of petroleum to generate a gasified gas have
been developed. The gasified gas generated in this way
is used in power generation systems, production of hy-
drogen, production of synthetic fuel (synthetic petrole-
um), or production of chemical products such as chemical
fertilizers (urea). Among gasification materials used as
feedstock for gasified gases, coal in particular has a re-
serves-to-production ratio of about 150 years, which is
at least three times that of the petroleum, and is also
being anticipated as a natural resource that can be stably
supplied over a long period of time because its deposits
are distributed more evenly than those of petroleum.
[0004] As technology for gasifying a gasification ma-
terial such as coal, technology for gasifying a gasification
material in a gasifier in which a fluid medium forms a
fluidized bed from steam of about 800°C has been de-
veloped (for instance, Patent Document 1).
[0005] In the technology of Patent Document 1, an ap-
paratus equipped with a combustor and a gasifier is used,
the fluid medium heated by the combustor is introduced
into the gasifier, the gasification material is gasified in
the gasifier, and then the fluid medium is introduced from
the gasifier into the combustor. In this way, in the tech-
nology of Patent Document 1, the fluid medium circulates
between the combustor and the gasifier. Also, in the tech-
nology of Patent Document 1, the residue (char) of the
gasification material after the gasification is introduced
into the combustor together with the fluid medium, and
the residue is burned in the combustor and heats the fluid
medium.
[0006] In addition, Patent Documents 2 to 5 also de-
scribe gasifiers using fluid media.

[Citation List]

[Patent Document]

[0007]

[Patent Document 1]
Japanese Patent No. 3933105
[Patent Document 2]
Japanese Unexamined Patent Application, First

Publication No. 2005-41959
[Patent Document 3]
Japanese Unexamined Patent Application, First
Publication No. H07-35322
[Patent Document 4]
Japanese Unexamined Patent Application, First
Publication No. 2003-176486
[Patent Document 5]
Japanese Unexamined Patent Application, First
Publication No. 2013-46893

[Summary of Invention]

[Technical Problem]

[0008] In the gasified-gas generation system through
which the fluid medium circulates described in Patent
Document 1 described above, a fuel of the combustor is
the residue of the gasification material. Accordingly, the
amount of heating of the fluid medium in the combustor
becomes a difference between the amount of heat gen-
erated by burning the residue and the amount of heat
radiated from the combustor.
[0009] The amount of residue introduced into the com-
bustor depends on the amount of generated gasified gas
required for the gasifier, and the amount of heat radiated
from the combustor depends on the size (volume) of the
combustor. To be specific, the surface area per unit vol-
ume (specific surface area) of the combustor is larger
when the combustor is smaller, i.e., when the size of the
gasified-gas generation system is smaller. Thus, the
amount of heat radiated from the combustor increases.
Further, the specific surface area is smaller when the
combustor is larger. Thus, the amount of heat radiated
from the combustor decreases.
[0010] Here, if the size of the gasified-gas generation
system is enlarged in order to increase the generated
amount of the gasified gas, the amount of the residue
introduced into the combustor increases, and the amount
of heat radiated from the combustor decreases. Thus,
the amount of heating of the fluid medium in the combus-
tor increases excessively (the combustor overheats). As
a result, the fluid medium may be dissolved and lose its
function as a fluid medium. In addition, if the temperature
of the fluid medium rises excessively, the combustor or
pipes connecting the combustor and the gasifier, for ex-
ample, needs to have increased strength at high temper-
atures, which results in an increased cost.
[0011] The present invention has been made in con-
sideration of this problem, and an object of the present
invention is to provide a gasified-gas generation system
capable of preventing a combustor from overheating
without reducing the amount of generated gasified gas.

[Solution to Problem]

[0012] A gasified-gas generation system according to
a first aspect of the present invention includes: a com-
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bustor configured to heat a fluid medium; a gasifier into
which the fluid medium heated by the combustor is intro-
duced and which gasifies a gasification material with heat
of the fluid medium so as to generate a gasified gas; and
a cooling mechanism configured to cool the fluid medium
flowing between the gasifier and the combustor. The fluid
medium circulates between the combustor and the gas-
ifier. The fluid medium and a residue of the gasification
material are introduced from the gasifier into the com-
bustor, and the combustor burns the residue to heat the
fluid medium.
[0013] Also, in the gasified-gas generation system ac-
cording to a second aspect of the present invention, in
the first aspect, the cooling mechanism is provided at a
downstream side of the gasifier, and cools the fluid me-
dium which flows an upstream side of the combustor.
[0014] Also, the gasified-gas generation system ac-
cording to a third aspect of the present invention includes:
in the first or second aspect, a temperature measuring
unit configured to measure the temperature of the fluid
medium at an inlet of the combustor; and a control unit
configured to control the cooling mechanism based on
the temperature measured by the temperature measur-
ing unit so as to cool the fluid medium to be within a preset
temperature range.
[0015] Also, the gasified-gas generation system ac-
cording to a fourth aspect of the present invention in-
cludes: in the first to third aspects, a loop seal provided
between the gasifier and the combustor and configured
to prevent any one or both of an outflow of the gasified
gas generated by the gasifier to the combustor and an
inflow of a gas from the combustor to the gasifier. The
cooling mechanism cools the fluid medium in the loop
seal.
[0016] In addition, in the gasified-gas generation sys-
tem according to a fifth aspect of the present invention,
in the first to fourth aspects, the in the first to fourth as-
pects, the cooling mechanism exchanges heat between
water and the fluid medium to cool the fluid medium and
generate steam. Further, the cooling mechanism in-
cludes an introduction unit that introduces the steam gen-
erated by the cooling mechanism into the gasifier, and
the gasification material in the gasifier is gasified by the
steam.

[Advantageous Effects of Invention]

[0017] According to the present invention, the gasified-
gas generation system can prevent the combustor from
overheating without reducing the amount of generated
gasified gas.

[Brief Description of Drawings]

[0018]

FIG. 1 is a drawing for explaining a specific consti-
tution of a gasified-gas generation system.

FIG. 2 is a drawing for explaining a specific consti-
tution of a cooling mechanism.

[Description of Embodiments]

[0019] Hereinafter, a preferred embodiment of the
present invention will be described in detail with refer-
ence to the attached drawings. Dimensions, materials,
other specific numerical values, and so on indicated in
these embodiments are merely examples for facilitating
comprehension of the invention, and unless indicated
otherwise, the present invention is not limited thereto.
Note that in the specification and drawings, elements
having substantially the same functions and constitutions
will be given the same reference numerals, and a dupli-
cate description thereof will be omitted. Further, elements
not directly related to the present invention are not shown
in the drawings.

(Gasified-gas generation system 100)

[0020] FIG. 1 is a drawing for explaining a specific con-
stitution of a gasified-gas generation system 100. As
shown in FIG. 1, the gasified-gas generation system 100
includes a combustor 110, a medium separator (cyclone)
120, a loop seal 130, a gasifier 140, a loop seal 150, a
cooling mechanism 160, a temperature measuring unit
170, and a control unit 180. Note that, in FIG. 1, streams
of materials such as a fluid medium, a gasification ma-
terial, a gasified gas, water, steam, and a combustion
discharge gas are indicated by solid line arrows, and
streams of signals are indicated by broken line arrows.
[0021] In the present embodiment, the gasified-gas
generation system 100 is a circulating fluidized bed type
gasification system, and generally circulates a fluid me-
dium composed of sands such as silica sands having a
particle diameter of about 300 mm as a heat carrier. To
be specific, first, the fluid medium is heated in the com-
bustor 110 at about 900°C to 1000°C, and is introduced
into the medium separator 120 together with the com-
bustion discharge gas. In the medium separator 120, the
combustion discharge gas is separated from the high-
temperature fluid medium, and heat is recovered from
the separated combustion discharge gas by a heat ex-
changer (e.g., a boiler) that is not shown.
[0022] On the other hand, the high-temperature fluid
medium separated by the medium separator 120 is in-
troduced into the gasifier 140 via the loop seal 130. Al-
though the details will be described below, the loop seal
130 has a fluidized bed formed therein, and serves to
prevent an inflow of the combustion discharge gas from
the medium separator 120 to the gasifier 140 and an
outflow of the gasified gas from the gasifier 140 to the
medium separator 120.
[0023] The fluid medium introduced from the medium
separator 120 into the gasifier 140 via the loop seal 130
flows with a gasifying agent (here, steam) introduced
from a steam distribution unit 142, and returns to the com-
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bustor 110 via the loop seal 150.
[0024] In this way, in the gasified-gas generation sys-
tem 100 relating to the present embodiment, the fluid
medium moves to the combustor 110, the medium sep-
arator 120, the loop seal 130, the gasifier 140, and the
loop seal 150 in this order, and is introduced into the
combustor 110 again. Thereby, the fluid medium circu-
lates.
[0025] In addition, the steam distribution unit 142 is
provided at a lower side of the gasifier 140, and steam
supplied from a steam supply source (not shown) is in-
troduced from the bottom of the gasifier 140 into the gas-
ifier 140 via the steam distribution unit 142. In this way,
the steam is introduced into the high-temperature fluid
medium introduced from the medium separator 120, and
thereby a fluidized bed (bubble fluidized bed) is formed
in the gasifier 140.
[0026] A gasification material (solid material) such as
coal, biomass, or tire chips is introduced into the gasifier
140. The introduced gasification material is gasified by
heat of about 800°C to 900°C of the fluid medium. There-
by, a gasified gas (synthetic gas) is generated.
[0027] In the gasified-gas generation system 100 in
which this fluid medium circulates between the combus-
tor 110 and the gasifier 140, a residue that remains after
the gasification material is gasified in the gasifier 140 is
introduced into the combustor 110. Accordingly, the res-
idue introduced from the gasifier 140 into the combustor
110 becomes a fuel (heat source) in the combustor 110.
The fluid medium is heated in the combustor 110 by heat
generated by burning the residue. That is, the amount of
heating of the fluid medium in the combustor 110 be-
comes the difference between the amount of heat gen-
erated by burning the residue and the amount of heat
radiated from the combustor 110.
[0028] Here, the amount of residue introduced into the
combustor 110 depends on the amount of generated gas-
ified gas required for the gasifier 140, and the amount of
heat radiated from the combustor 110 depends on the
size (volume) of the combustor 110. For example, in a
relatively small gasified-gas generation system 100 in
which the throughput of the gasification material in the
gasifier 140 is about 5 tons/day, the combustor 110 has
a large specific surface area and radiates a large amount
of heat. Thus, it is not always possible to heat the fluid
medium to the temperature (800°C to 900°C), which is
required for the gasifier 140, using only the residue. In
that case, an additional fuel (auxiliary fuel) is introduced
into the combustor 110 in addition to the residue.
[0029] In addition, for example, in a gasified-gas gen-
eration system 100 in which the throughput of the gasi-
fication material in the gasifier 140 is about 50 tons/day,
the fluid medium can be heated to the temperature re-
quired for the gasifier 140, using only the residue. Thus,
it is not necessary to introduce the auxiliary fuel into the
combustor 110.
[0030] On the other hand, for example, in a relatively
large gasified-gas generation system 100 in which the

throughput of the gasification material in the gasifier 140
is about 500 to 2000 tons/day, the combustor 110 has a
small specific surface area and radiates a small amount
of heat. Thus, even if only the residue is burned, the fluid
medium sometimes overheats to a temperature higher
than the temperature required for the gasifier 140.
[0031] If the fluid medium overheats, the fluid medium
may be dissolved. Also, for instance, the combustor 110
or the loop seal 150 or pipes connecting the combustor
110 and the gasifier 140 needs to be strengthened
against high temperatures, which increases the cost of
the gasified-gas generation system 100. In this case, to
inhibit the combustor 110 from overheating, reducing the
amount of the residue introduced from the gasifier 140
into the combustor 110, that is, reducing the amount of
the gasification material introduced into the gasifier 140,
may also be considered, but the required amount of gen-
erated gasified gas may not be secured.
[0032] Therefore, in the gasified-gas generation sys-
tem 100 relating to the present embodiment, the over-
heating of the fluid medium is prevented by the cooling
mechanism 160. The cooling mechanism 160 includes
a circulation pipe 162 and a pump 164, and cools the
fluid medium flowing between the gasifier 140 and the
combustor 110. In the present embodiment, the cooling
mechanism 160 cools the fluid medium flowing through
the loop seal 150.
[0033] FIG. 2 is a drawing for explaining a specific con-
stitution of the cooling mechanism 160 relating to the
present embodiment. As shown in FIG. 2, the loop seal
150 of the present embodiment is provided with a steam
distribution unit 152 at a lower portion thereof, and steam
supplied from a steam supply source (not shown) is in-
troduced from the bottom of a main body 154 provided
at the lower portion of the loop seal 150 into the main
body 154 via the steam distribution unit 152.
[0034] In this way, the steam is introduced into the fluid
medium and the residue introduced from the gasifier 140
via an inlet 150a of the loop seal 150, and thereby a
fluidized bed (bubble fluidized bed) is formed in the loop
seal 150 (or the main body 154). Thus, when a height of
the fluidized bed in a vertical direction increases due to
additional introduction of a fluid medium and the residue
from the gasifier 140, the fluid medium and the residue
overflow from an outlet 150b of the loop seal 150 and are
introduced into the combustor 110.
[0035] Due to the constitution having the loop seal 150,
an outflow of the gasified gas generated by the gasifier
140 to the combustor 110 and an inflow of a gas from
the combustor 110 to the gasifier 140 can be prevented.
The loop seal 130 has substantially the same constitution
as the loop seal 150, and so a duplicate description there-
of will be omitted.
[0036] The circulation pipe 162 constituting the cooling
mechanism 160 has one end connected to the pump (in-
troduction unit) 164 and the other end connected to the
steam distribution unit 142 (see FIG. 1). Also, a part 162a
of the circulation pipe 162 is disposed inside the main
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body 154 of the loop seal 150.
[0037] The pump 164 introduces water into the circu-
lation pipe 162 in response to a control command of the
control unit 180 to be described below. When the water
is introduced into the circulation pipe 162 by the pump
164, the water exchanges heat with the fluid medium and
the residue when flowing through the loop seal 150, and
the fluid medium and the residue are cooled, whereas
the water is heated into steam.
[0038] Due to the constitution having the cooling mech-
anism 160, the fluid medium can be cooled (release heat)
without changing the amount of the residue, that is, with-
out reducing the amount of generated gasified gas (in-
troduced amount of the gasification material).
[0039] Meanwhile, since a gasification reaction is an
endothermic reaction, even if the overheated fluid medi-
um is introduced into the gasifier 140, the fluid medium
is cooled in the gasifier 140. Accordingly, it does not par-
ticularly matter if the overheated fluid medium is intro-
duced into the gasifier 140. However, since a combustion
reaction is an exothermic reaction, if the overheated fluid
medium is introduced into the combustor 110, the fluid
medium further overheats in the combustor 110. Accord-
ingly, if the overheated fluid medium is introduced into
the combustor 110, the fluid medium may be dissolved
in the combustor 110.
[0040] Therefore, the cooling mechanism 160 in the
present embodiment cools the fluid medium flowing be-
tween the gasifier 140 and the combustor 110 (a down-
stream side of the gasifier 140 and an upstream side of
the combustor 110). Thereby, the fluid medium intro-
duced into the combustor 110 can be cooled, and a sit-
uation in which the combustor 110 overheats and the
fluid medium is dissolved can be avoided.
[0041] In addition, since a fluidized bed needs to be
formed in the loop seal 150, a volume is secured to some
extent. As a result, a relatively great volume can be em-
ployed for installation of the circulation pipe 162. Accord-
ingly, as the cooling mechanism 160 cools the fluid me-
dium in the loop seal 150, the fluid medium can be effi-
ciently cooled.
[0042] Also, in the present embodiment, the steam
generated at the part 162a of the circulation pipe 162
disposed in the loop seal 150 is introduced into the gas-
ifier 140 via the steam distribution unit 142. That is, the
steam generated at the part 162a of the circulation pipe
162 is introduced into the gasifier 140 by driving the pump
164.
[0043] Thereby, energy for generating the steam re-
quired to gasify the gasification material can be reduced.
[0044] The temperature measuring unit 170 is made
up of, for instance, a thermocouple, and measures the
temperature of fluid medium at an inlet of the combustor
110.
[0045] The control unit 180 is composed of a semicon-
ductor integrated circuit including a central processing
unit (CPU), reads a program or a parameter for operating
the CPU out of a read-only memory (ROM), cooperates

with a random access memory (RAM) or another elec-
tronic circuit as a work area, and manages or controls
the entire gasified-gas generation system 100. In the
present embodiment, the control unit 180 controls the
amount of driving of the pump 164 (cooling mechanism
160) so as to cool the fluid medium to a preset temper-
ature range based on the temperature of the fluid medium
in which the temperature measuring unit 170 measures.
[0046] Due to the constitution having the temperature
measuring unit 170 and the control unit 180, the temper-
ature of the fluid medium introduced into the combustor
110 can be maintained within the preset temperature
range. Accordingly, the temperature of the fluid medium
after being heated in the combustor 110 is set to a tem-
perature range that is a temperature at which the fluid
medium is not dissolved and that becomes a temperature
required in the gasifier 140. Thereby, the temperature of
the fluid medium in the gasifier 140 can be maintained
at a temperature suitable for the gasification while the
fluid medium is prevented from overheating. In addition,
the amount of the residue introduced into the combustor
110 is derived based on the amount of gasification ma-
terial introduced (required amount of the gasified gas),
and then, the amount of heat generated by burning the
introduced residue is derived. As a result, the amount of
heating of the fluid medium in the combustor 110 can be
derived based on the amount of heat generated and the
amount of heat radiated by the combustor 110.
[0047] As described above, according to the gasified-
gas generation system 100 relating to the present em-
bodiment, the overheating of the combustor 110 can be
prevented without reducing the amount of gasified gas
generated.
[0048] While a preferred embodiment of the present
invention has been described with reference to the draw-
ings, it goes without saying that the present invention is
not limited to this embodiment. It will be apparent to those
skilled in the art that various modifications or alterations
can be contrived and implemented within the scope de-
scribed in the specification, and it will be understood that
these modifications and alterations also fall within the
technical scope of the present invention.
[0049] For example, in the aforementioned embodi-
ment, the cooling mechanism 160 is provided at the
downstream side of the gasifier 140 and cools the fluid
medium flowing in the loop seal 150 provided at the up-
stream side of the combustor 110. However, as long as
the fluid medium flowing between the gasifier 140 and
the combustor 110 is cooled, there is no limitation on the
cooling position of the fluid medium. For example, the
fluid medium flowing through the pipe connecting the
gasifier 140 and the loop seal 150 or the pipe connecting
the loop seal 150 and the combustor 110 may be cooled.
Also, a heat exchanger may be provided between the
gasifier 140 and the combustor 110.
[0050] In addition, in the aforementioned embodiment,
the constitution in which the cooling mechanism 160
cools the fluid medium flowing between the gasifier 140
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and the combustor 110 has been described by way of
example. However, in addition to the fluid medium flowing
between the gasifier 140 and the combustor 110, the fluid
medium flowing between the medium separator 120 and
the gasifier 140 (provided at a downstream side of the
medium separator 120 and flowing through an upstream
side of the gasifier 140, for instance, through the loop
seal 130) may be cooled. Thereby, the temperature of
the fluid medium in the gasifier 140 can be maintained
within a desired temperature range.
[0051] Furthermore, in the aforementioned embodi-
ment, the cooling mechanism 160 configured to include
the circulation pipe 162 and the pump 164 has been de-
scribed. However, the cooling mechanism 160 need only
be able to cool the fluid medium and generate steam by
exchanging heat between the water and the fluid medi-
um. For example, the cooling mechanism 160 may be
configured of a natural circulation boiler (drum boiler) for
which the pump 164 is not required.

[Industrial Applicability]

[0052] The present invention can be used in the gasi-
fied-gas generation system that gasifies the gasification
material to generate the gasified gas.

[Reference Signs List]

[0053]

100: gasified-gas generation system
110: combustor
140: gasifier
150: loop seal
160: cooling mechanism
162: circulation pipe
164: pump (introduction unit)
170: temperature measuring unit
180: control unit

Claims

1. A gasified-gas generation system comprising:

a combustor configured to heat a fluid medium;
a gasifier into which the fluid medium heated by
the combustor is introduced and which gasifies
a gasification material with heat of the fluid me-
dium so as to generate a gasified gas; and
a cooling mechanism configured to cool the fluid
medium flowing between the gasifier and the
combustor,
wherein the fluid medium circulates between the
combustor and the gasifier, and
the fluid medium and a residue of the gasification
material are introduced from the gasifier into the
combustor, and the combustor burns the resi-

due to heat the fluid medium.

2. The gasified-gas generation system according to
claim 1, wherein the cooling mechanism is provided
at a downstream side of the gasifier, and cools the
fluid medium which flows an upstream side of the
combustor.

3. The gasified-gas generation system according to
claim 1, comprising:

a temperature measuring unit configured to
measure a temperature of the fluid medium at
an inlet of the combustor; and
a control unit configured to control the cooling
mechanism based on the temperature meas-
ured by the temperature measuring unit so as
to cool the fluid medium to be within a preset
temperature range.

4.  The gasified-gas generation system according to
claim 2, comprising:

a temperature measuring unit configured to
measure a temperature of the fluid medium at
an inlet of the combustor; and
a control unit configured to control the cooling
mechanism based on the temperature meas-
ured by the temperature measuring unit so as
to cool the fluid medium to a preset temperature
range.

5. The gasified-gas generation system according to
claim 1, comprising a loop seal provided between
the gasifier and the combustor and configured to pre-
vent any one or both of an outflow of the gasified gas
generated by the gasifier to the combustor and an
inflow of a gas from the combustor to the gasifier,
wherein the cooling mechanism cools the fluid me-
dium in the loop seal.

6. The gasified-gas generation system according to
claim 2, comprising a loop seal provided between
the gasifier and the combustor and configured to pre-
vent any one or both of an outflow of the gasified gas
generated by the gasifier to the combustor and an
inflow of a gas from the combustor to the gasifier,
wherein the cooling mechanism cools the fluid me-
dium in the loop seal.

7. The gasified-gas generation system according to
claim 3, comprising a loop seal provided between
the gasifier and the combustor and configured to pre-
vent any one or both of an outflow of the gasified gas
generated by the gasifier to the combustor and an
inflow of a gas from the combustor to the gasifier,
wherein the cooling mechanism cools the fluid me-
dium in the loop seal.
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8.  The gasified-gas generation system according to
claim 4, comprising a loop seal provided between
the gasifier and the combustor and configured to pre-
vent any one or both of an outflow of the gasified gas
generated by the gasifier to the combustor and an
inflow of a gas from the combustor to the gasifier ,
wherein the cooling mechanism cools the fluid me-
dium in the loop seal.

9. The gasified-gas generation system according to
any one of claims 1 to 8, wherein: the cooling mech-
anism exchanges heat between water and the fluid
medium to cool the fluid medium and generate
steam; the cooling mechanism includes an introduc-
tion unit that introduces the steam generated by the
cooling mechanism into the gasifier; and the gasifi-
cation material in the gasifier is gasified by the steam.
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