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(54) FLUIDIZED BED FURNACE

(67)  The present invention provides a fluidized bed
furnace for heating waste to extract a combustible gas
from the waste. The fluidized bed furnace is character-
ized in that it comprises: a plurality of wind boxes ar-
ranged on a lower side of a bottom wall of a furnace body
to blow a fluidizing gas into the fluidized bed; a plurality
of temperature detection sections disposed at respective
positions allowing detection of temperatures of an upper
position and a lower position which are vertically spaced
in a first region, and allowing detection of temperatures A
of an upper position and a lower position which are ver- ?
tically spaced in a second region; and a control section 25
operable, based on the temperatures detected by the
temperature detection sections, to adjust an air ratio of
the fluidizing gas to be fed to each of the wind boxes, in 60~ |
such a manner that the temperature of the fluidized bed
is raised in a direction from the first region toward the
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a fluidized bed
furnace designed to heat waste in a fluidized bed formed
by fluidizing fluidizable particles to thereby extract a com-
bustible gas from the waste.

BACKGROUND ART

[0002] Heretofore, there has been known a fluidized
bed furnace described in the following Patent Document
1. Asillustrated in FIG. 5, this fluidized bed furnace com-
prises a furnace body 104 having fluidizable sand (fluid-
izable particles) 102 in a furnace bottom section, and an
air supply section 106 for supplying air into the fluidizable
sand 102 in the furnace bottom section so as to fluidize
the fluidizable sand 102 to form a fluidized bed. The fur-
nace body 104 has a sidewall. The sidewall is provided
with an input section 108 for inputting waste onto the
fluidized bed therefrom.

[0003] In this fluidized bed furnace 100, the air supply
section 106 is adapted to supply airinto high-temperature
fluidizable sand 102 to thereby fluidize the fluidizable
sand 102 in a fluidizing state. Consequently, a fluidized
bed is formed in fluidized bed furnace 100. The air supply
section 106 is operable to supply air in such a manner
that a fluidized state of the fluidizable sand 102 becomes
approximately equalized in the entire region of the fluid-
ized bed so as to allow waste input from the input section
108 onto the fluidized bed to be entrapped inside the
fluidized bed and efficiently combusted.

[0004] Every time waste is input from the input section
108 onto the high-temperature fluidizable sand 102, the
input waste is mixed with the high-temperature fluidizable
sand 102 ofthe fluidized bed, and thermally decomposed
(gasified). Consequently, a combustible gas is generat-
ed. For example, this combustible gas will be combusted
athigh temperatures in amelting furnace in a subsequent
stage.

[0005] Waste input into the fluidized bed furnace 100
is entrapped in the active fluidized bed and combusted
or gasified. In this process, every time waste is intermit-
tently input, combustible substances in the waste are rap-
idly combusted, so that a rapid fluctuation in amount,
concentration, etc., of a generated combustible gas will
repeatedly occur. A change in the gasification reaction
is largely dependent on a quantitative characteristic in
supply of waste. Thus, in the case where there is a fluc-
tuation in supply of waste or a qualitative change in com-
ponents of waste, it is impossible to stably generate a
combustible gas. Particularly, when a large amount of
easily combustible trash such as paper or sheet-shaped
plastic is comprised in waste, a fluctuation of generation
of acombustible gas becomes larger, and therefore there
is a need for stabilizing the gas generation.

[0006] Forexample,inthe case where generated com-
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bustible gas is used for a gas engine to generate electric
power, if a combustible gas is generated with large fluc-
tuations, it is impossible to obtain stable energy. There-
fore, there is a need for further stabilizing a combustible
gas to be obtained in a fluidized bed furnace.

LIST OF PRIOR ART DOCUMENTS
[PATENT DOCUMENTS]

[0007] Patent Document 1: JP 2006-242454A

SUMMARY OF THE INVENTION

[0008] Itis an object of the presentinvention to provide
afluidized bed furnace capable of stably obtaining a com-
bustible gas even from waste comprising easily combus-
tible trash.

[0009] The fluidized bed furnace according to the
present invention is designed to heat waste to extract a
combustible gas from the waste. The fluidized bed fur-
nace comprises: a furnace body having a bottom wall
which supports fluidizable particles from therebelow so
as to make up a fluidized bed for heating the waste, and
a sidewall standing upwardly from the bottom wall,
wherein the bottom wall has a discharge port provided
at a position offset from a center position of the bottom
wall in a specific direction to discharge non-combustible
substances in the waste together with a part of the fluid-
izable particles, and an upper surface of the bottom wall
is inclined to become lower toward the discharge port so
as to cause the non-combustible substances to fall on
the upper surface of the bottom wall toward the discharge
port; a gas supply section for blowing a fluidizing gas
from the bottom wall of the furnace body toward the flu-
idizable particles to fluidize the fluidizable particles; a plu-
rality of temperature detection sections for detecting a
temperature of the fluidized bed; a control section for
controlling the gas supply section; and a waste supply
section for supplying waste from a supply-side portion of
the sidewall located on a side opposite to the discharge
port across the center position of the bottom wall, to a
region on the fluidized bed, the region being adjacent to
the supply-side sidewall portion. The gas supply section
includes a plurality of wind boxes each of which is pro-
vided on a lower side of the bottom wall to extend in a
direction orthogonal to a direction from the supply-side
sidewall portion toward the discharge port and adapted
to blow the fluidizing gas from a given position in the
orthogonal direction toward the fluidizable particles, and
a feeding unit adapted to feed the fluidizing gas to each
of the wind boxes in a manner capable of adjusting an
air ratio of the fluidizing gas to be fed to each of the wind
boxes, individually. The plurality of wind boxes are ar-
ranged side-by-side in the direction from the supply-side
sidewall portion toward the discharge port. The plurality
of temperature detection sections are disposed at re-
spective positions allowing detection of temperatures of



3 EP 2 693 118 A1 4

anupper position and alower position which are vertically
spaced in afirst region of the fluidized bed, the firstregion
vertically overlapping with a first one of the wind boxes
closest to the supply-side sidewall portion, and allowing
detection of temperatures of an upper position and a low-
er position which are vertically spaced in a second region
of the fluidized bed, the second region vertically overlap-
ping with the discharge port or a second one of the wind
boxes closest to the discharge port. The control section
is operable, based on the temperatures detected by the
temperature detection sections, to adjust an air ratio of
the fluidizing gas to be fed from the feeding unit to each
of the wind boxes, individually, in such a manner that the
temperature of the fluidized bed is raised in a direction
from the first region toward the second region.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1 is a schematic configuration diagram of a flu-
idized bed furnace according to one embodiment of
the present invention.

FIG. 2 is a horizontal sectional view taken along the
line lI-1l in FIG. 1.

FIG. 3 is a diagram for explaining upward regions
and an arrangement of temperature sensors, in a
fluidized bed of the fluidized bed furnace.

FIG. 4 is a diagram for explaining an arrangement
of temperature sensors in a fluidized bed furnace
according to another embodiment of the present in-
vention.

FIG. 5 is a schematic configuration diagram of a con-
ventional fluidized bed furnace.

DESCRIPTION OF EMBODIMENTS

[0011] With reference to the accompanying drawings,
the presentinvention will now be described based on one
embodiment thereof.

[0012] A fluidized bed furnace (fluid bed furnace) ac-
cording to this embodiment is designed to heat waste by
high-temperature fluidizable particles (fluidizable sand),
to extracta combustible gas from the waste. Forexample,
waste as a target substance to be treated by the fluidized
bed furnace includes wood-based biomasses (pruned
branch, lumber, etc.) and combustible substances (plas-
tic, fluff, paper, etc.), and mixture thereof.

[0013] Asillustratedin FIGS. 1 and 2, the fluidized bed
furnace comprises: a furnace body 20 internally having
fluidizable particles 12 making up a fluidized bed 14; a
gas supply section 30 for supplying a fluidizing gas to an
inside of the furnace body 20, a plurality of temperature
sensors (temperature detection sections) 40 for detect-
ing atemperature of the fluidized bed 14, a control section
50 for controlling the gas supply section 30, and a waste
supply section 60 for supplying waste 18 into the furnace
body 20.
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[0014] The fluidizable particles 12 make up the fluid-
ized bed 14 to heat waste 18, inside the furnace body
20. More specifically, the fluidizable particles 12 heated
up to a high temperature by combustion of a part of pre-
viously supplied waste 18 are mixed with new waste 18,
so that the new waste 18 is gasified to generate a com-
bustible gas. For example, the fluidizable particles 12
may be silica sand.

[0015] The furnace body 20 is designed to extract a
combustible gas from waste 18 by means of the high-
temperature fluidizing particles 12. The furnace body 20
has a bottom wall 21 supporting the fluidizable particles
12 from therebelow, a sidewall 22 standing upwardly from
the bottom wall 21, and a combustible gas outlet portion
23 provided at an upper end of the sidewall 22.

[0016] The sidewall22 has arectangular tubular shape
extending in an up-down (vertical) direction. Specifically,
the sidewall 22 has a front wall (supply-side sidewall por-
tion) 24 and a rear wall 25 which are disposed in opposed
and spaced-apart relation to each other in a front-rear
direction (in FIG. 2, in a right-left direction), and a pair of
lateral walls 26, 26 each connecting corresponding ends
of the front wall 24 and the rear wall 25. The lateral walls
26, 26 are disposed parallel to each other. In other words,
the furnace body 20 has a shape in plan view, in which
a dimension in a width direction (widthwise dimension)
as adistance between the lateralwalls 26, 26 is equalized
in the front-rear direction.

[0017] A portion (front wall) 24 of the sidewall 22 locat-
ed on a side opposite to an aftermentioned discharge
port 29 across a center position of the bottom wall 21 has
awaste introduction port 28 for introducing waste 18 into
the furnace body 20. In this embodiment, as illustrated
in FIG. 2, the term "front-rear direction" means a front-
rear direction of the furnace body 20 (in FIG. 2, a right-
left direction), and the term "width direction" means a
width direction of the furnace body 20 (in FIG. 2, an up-
down direction).

[0018] The waste introduction port 28 is provided in a
central region of a lower portion of the front wall 24 in the
width direction. The waste introduction port 28 is provided
at a height position where waste 18 can be pushed gen-
erally horizontally onto an upper surface of the fluidizable
particles 12 (fluidized bed 14) supported by the bottom
wall 21 of the furnace body 20. More specifically, the
waste introduction port 28 is provided in such a manner
that a lower end thereof is located at a position slightly
above the upper surface of the fluidized bed 14.

[0019] The combustible gas outlet portion 23 is de-
signed to discharge combustible gas generated inside
the furnace body 20. The combustible gas outlet portion
23 has an outer diameter squeezed more than the side-
wall 22, so that a duct or the like for supplying the com-
bustible gas obtained in the furnace body 20 to a subse-
quent stage, for example, a gas engine for electric power
generation processes, can be connected thereto.
[0020] The bottom wall 21 has a discharge port 29 pro-
vided at a position offset from the center position thereof
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in a specific direction to discharge non-combustible sub-
stances in waste 18 together with a part of the fluidizable
particles 12. The discharge port 29 has an opening lo-
cated in a widthwise central region of the bottom wall 21
at the offset position. The bottom wall 21 has an upper
surface 21a inclined to become lower toward the dis-
charge port 29. This allows non-combustible substances
and others to fall on the upper surface 21 a. In this em-
bodiment, the upper surface 21a of the bottom wall 21 is
divided into a region 211 on a front side (in FIG. 2, left
side) of the discharge port 29, aregion 212 on arear side
(in FIG. 2, right side) of the discharge port 29, and two
regions 213, 214 on widthwise both sides of the discharge
port 29. Each of the regions 211, 212, 213, 214 is an
inclined surface having a constant downward slope to-
ward the discharge port 29. In other words, the discharge
port 29is provided in the upper surface 21 a of the bottom
wall 21 at its downmost position.

[0021] The gas supply section 30 is designed to blow
a fluidizing gas from the bottom wall 21 toward the fluid-
izable particles 12 to fluidize the fluidizable particles 12.
The gas supply section 30 comprises a plurality of noz-
zles 31 installed to the bottom wall 21, a plurality of wind
boxes 32 for distributing the fluidizing gas to the respec-
tive nozzles 31, and a feeding unit 33 for feeding the
fluidizing gas to each of the wind boxes 32. In this em-
bodiment, in the bottom wall 21, two or more of the plu-
rality of nozzles 31 are arranged in a row in the width
direction, and a plurality of the widthwise rows of nozzles
31 are arranged side-by-side in the front-rear direction.
In other words, the plurality of nozzles 31 are installed to
the bottom wall 21 in spaced-apart relation to each other
in the width direction and the front-rear direction, i.e., in
a lattice arrangement. Each of the nozzles 31 is attached
to the bottom wall 21 to penetrate through the bottom
wall 21. It is to be understood that a layout of the nozzles
31 is not limited to the lattice arrangement.

[0022] Each of the wind boxes 32 is designed to allow
the fluidizing gas to be blown from given widthwise po-
sitions of the bottom wall 21 to the inside of the furnace
body 20 via one or more of the rows of nozzles 31. The
wind box 32 has a box shape capable of being installed
on a lower side of the bottom wall 21 in such a manner
astoextend inthe width direction. The wind box 32 serves
as a header for distributing the fluidizing gas to the cor-
responding one or more rows of nozzles 31 arranged in
the width direction in the bottom wall 21. In other words,
the wind box 32 has a function of equalizing respective
flow rates of the fluidizing gas to be blown from the cor-
responding one or more rows of nozzles 31 arranged in
the width direction. In this embodiment, a common fluid-
izing gas is distributed from each of the wind boxes 32
to two of the rows of nozzles 31 located adjacent to each
other in the front-rear direction.

[0023] The plurality of wind boxes 32 are provided on
the side of a lower surface of the bottom wall 21 and
arranged side-by-side in the front-rear direction. Thus,
with respect to each group of the two rows of nozzles 31
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corresponding to a respective one of the wind boxes 32,
a composition and/or a flow rate of the fluidizing gas to
be blown from the two rows of nozzles 31 can be
changed. In this embodiment, three wind boxes 32a, 32b,
32c are arranged side-by-side in the front-rear direction.
Specifically, two wind boxes (a first wind box 32a and a
second wind box 32b) are disposed on the side of the
front wall 24 with respect to the discharge port 29, and
one wind box (a third wind box 32c) is disposed on the
side of the rear wall 25 with respect to the discharge port
29.

[0024] The feeding unit 33 comprises an air feeder 34
for feeding air (oxygen), a steam feeder 35 for feeding
steam, and a plurality of pipe lined 36 connecting each
of the feeders 34, 35 to the wind boxes 32. The feeding
unit 33 is adapted to feed air and steam from respective
ones of the feeders 34, 35 to the wind boxes 32 via the
pipe lines 36, individually. In this embodiment, the fluid-
izing gas is composed of air and/or steam fed from the
air feeder 34 and/or the steam feeder 35 to each of the
wind boxes 32.

[0025] Each of the pipe lines 36 is provided with a re-
spective one of a plurality of valves 37a, 37b, 37c, 38a,
38b, 38c to adjust a flow rate of fluid (in this embodiment,
air or steam) flowing through the pipe line 36. Each of
the valves 37a, 37b, 37c, 38a, 38b, 38c is adapted to
change a degree of valve opening, according to a control
signal from the control section 50. This allows adjustment
of an air/fuel ratio (oxygen concentration) of the fluidizing
gas to be supplied from the wind boxes 32 into the inside
of the furnace body 20.

[0026] Each of the plurality of temperature sensors 40
is designed to detect a temperature of the fluidized bed
14. The plurality of temperature sensors 40 are provided
inside the furnace body 20. Each of the temperature sen-
sors 40 is connected to the control section 50 and oper-
able to convert a detected temperature to a temperature
signal and input the temperature signal into the control
section 50.

[0027] The temperature sensors 40 are allocated in a
plurality of regions uay, ua,, ua, of the fluidized bed ver-
tically overlapping with respective ones of the wind boxes
32 (each of the regions will hereinafter be referred to as
"upside region"). Specifically, the temperature sensors
40 are arranged to allow detection of temperatures of an
upper position and a lower position which are vertically
spaced in each of the upside regions ua,, ua,, uas. In
this embodiment, a total number six of temperature sen-
sors 40 are provided. More specifically, three sets of two
temperature sensors 40 are allocated, respectively, in
the upside region (first region) ua of the first wind box
32a, the upside region (third region) ua; of the second
wind box 32b, and the upside region (second region) ua,
of the third wind box 32c. In this embodiment, the three
wind boxes 32 are provided in the furnace body 20, and
therefore the number of the upside regions uay, ua,, uas
is three. It is to be understood that when the number of
the wind boxes 32 is increased, the number of the upside
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regions is increased in proportion thereto. Further, the
term "upper position" means a position above a center
of the fluidized bed 14 in the vertical direction. The term
"lower position" means a position below the center of the
fluidized bed 14. In this regard, however, the upper po-
sition is located at a given depth or more so as to become
insusceptible to a gas temperature and a waste temper-
ature above the upper surface of the fluidized bed 14.
The lower position is located above the upper surface 21
a of the bottom wall 21 by a given distance or more so
as to become insusceptible to a temperature of the bot-
tom wall 21 itself.

[0028] The two temperature sensors 40 allocated in
each of the upside regions uay, ua,, uas are not neces-
sarily arranged at vertically overlapping positions, as long
as they can detect respective temperatures of the upper
position and the lower position in the upside region (uay,
ua,, uas). In other words, one of the two temperature
sensors 40 for detecting the temperature of the upper
position and the other temperature sensor 40 for detect-
ing the temperature of the lower position may be arranges
at respective positions offset in the width direction in the
upside region (ua,, ua,, uas) (see FIG. 2). Alternatively
or additionally, the one temperature sensor 40 for detect-
ing the temperature of the upper position and the other
temperature sensor 40 for detecting the temperature of
the lower position may be arranged at respective posi-
tions offset in the front-rear direction in the upside region
(uaq, ua,, uasz) (more specifically, in a region between a
blowout port row of a front one of the two rows of nozzles
31 and a blowout port row of a rear one of the two rows
of nozzles 31 (see each shaded area in FIG. 3)).
[0029] As long as the temperature sensors 40 are ar-
ranged to allow the temperatures of the upper position
and the lower position to be detected in each of the first
region ua, and the second region ua,, the number of the
temperature sensors 40 in each of the remaining one or
more upside regions (in this embodiment, the third region
uas) may be one. Alternatively, the number of the tem-
perature sensors 40 to be allocated in each of the upside
regions uay, ua,, uaz may be three or more.

[0030] Itis to be understood that, as long as the tem-
perature sensors 40 are arranged to allow the tempera-
tures of the upper position and the lower position to be
detected at least in each of the first region ua, and the
second region ua,, a total number and an arrangement
of the temperature sensors 40 to be provided inside the
furnace body 20 are not limited to a specific number or
specific positions.

[0031] For example, the number of the temperature
sensors 40 to be allocated between the first region ua;
and the second region ua, may be one. In another ex-
ample, specific ones of the plurality of temperature sen-
sors 40 may be arranged at respective positions allowing
detection of temperatures at given intervals in the front-
rear direction (e.g., arranged in the front-rear direction in
a row when viewed in the width direction (see FIG. 4)).
In this case, the specific temperature sensors 40 may be
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arranged in each of one or more upside regions (in this
embodiment, the third region uas) located between the
first region ua, and the second region ua,, or may be
arranged at given intervals in the front-rear direction, ir-
respective of the upside regions uay, ua,, uas. This ar-
rangement makes it possible to detect temperatures be-
tween the first region ua, and the second region ua, in
the fluidized bed 14, thereby detecting local temperature
abnormality of the fluidized bed 14, e.g., a local lowering
in temperature between the first region ua, and the sec-
ond region ua,.

[0032] Preferably, the specific temperature sensors 40
are arranged atrespective positions additionally allowing
detection of temperatures of an upper position and a low-
er position in each of the one or more upside regions
(uaz) between the first region ua and the second region
ua,. Based on arranging the specific temperature sen-
sors 40 in this manner, it becomes possible to desirably
detect defective fluidization in the one or more upside
regions (uaz) between the first region ua, and the second
region ua, of the fluidized bed 14. Specifically, in a situ-
ation where, when the fluidizing gas is supplied from the
bottom wall 21 into the fluidized bed 14, the fluidizable
particles 12 in a region supplied with the fluidizing gas is
in a sufficiently fluidized state, the supplied fluidizing gas
will easily move upwardly through the fluidized bed 14.
However, if defective fluidization occurs in the region ua,
the fluidizing gas becomes hard to move upwardly
through the fluidized bed 14. Thus, in and around the
region having the defective fluidization, the fluidizable
particles 12 are not sufficiently agitated. This causes a
temperature difference between an upper position and a
lower position in this region, so that this temperature dif-
ference is detected to detect the defective fluidization in
this region.

[0033] The control section 50 is operable, based on
the temperatures detected by the temperature sensors
40, to adjust an air ratio of the fluidizing gas to be fed
from the feeding unit 33 to each of the wind boxes 32,
individually. More specifically, the control section 50 is
operable to adjust an air ratio of the fluidizing gas to be
fed to each of the wind boxes 32 by controlling the feeding
unit 33 in such a manner that a temperature of the fluid-
ized bed 14 is raised toward a rear side (i.e., in a direction
from the front wall 24 toward the rear wall 25). This makes
it possible to suppress a rapid fluctuation in amount, con-
centration, etc., of a combustible gas to be generated in
the fluidized furnace 10. As a result, the fluidized furnace
10 can stably generate a combustible gas from waste 18.
[0034] The control section 50 is also operable, based
on the temperatures detected by the temperature sen-
sors 40, to detect fluidization abnormality (local defective
fluidization, etc.) and control a gas feeding section 30 to
an air ratio and/or a flow rate of the fluidizing gas to be
supplied to the inside of the furnace body 20. This makes
it possible to solve the fluidization abnormality.

[0035] Specifically, the control section 50 is configured
to control respective temperatures of the regions of the



9 EP 2 693 118 A1 10

fluidized bed 14 in the front-rear direction in the following
manner (first method). In this embodiment, assume that
the three sensors 40 on an upper side in FIG. 1 are de-
fined as afirst sensor, a second sensor and a third sensor
in order from the left side, and the three sensors 40 on
a lower side in FIG. 1 are defined as a fourth sensor, a
fifth sensor and a sixth sensor in order from the left side,
wherein a temperature detected by the first sensor, a
temperature detected by the second sensor, a tempera-
ture detected by the third sensor, atemperature detected
by the fourth sensor, a temperature detected by the fifth
sensor and a temperature detected by the sixth sensor
are representedas T4, To, T, Ty, Tsand Tg, respectively.
[0036] In response to receiving temperature signals
from the temperature sensors 40, the control section 50
acquires temperatures in each of the regions (regions in
which the temperature sensors 40 are allocated) of the
fluidized bed 14, and calculates an average value Ave1
of T, and T,, an average value Ave2 of T, and Tg and
an average value Ave3 of T5 and Tg. Then, the control
section 50 compares the averages Ave1, Ave2 and Ave3.
[0037] When the relation "Ave1 < Ave2 < Ave3" is bro-
ken, the control section 50 instructs the feeding unit 33
to temporarily increase a flow rate of the fluidizing gas to
be supplied to each of the wind boxes 32. In this regard,
although the control section 50 in this embodiment is con-
figured to continually monitor the relation "Ave1 < Ave2
< Aved", it may be configured to monitor the relation
"Ave1 <Ave2 < Ave3d" at intervals of a given time.
[0038] More specifically, when the control section 50
detects temperature abnormality in response to a change
to"Ave1>Ave2"or"Ave2 > Ave 3", itoperates toincrease
the flow rate of the fluidizing gas to be fed to the wind
boxes 32. During this process, the control section 50 op-
erates to increase only the flow rate of the fluidizing gas
to be blown from each of the wind boxes 32 to the inside
of the furnace body 20, while keeping a ratio between air
and vapor to be fed to each of the wind boxes 32 (i.e.,
air ratio of the fluidizing gas) at a constant value. Specif-
ically, upon detection of the temperature abnormality, the
control section 50 operates to temporarily increase the
flow rate of the fluidizing gas to be blown from each of
the wind boxes 32 into the fluidized bed 14, from a normal
flow rate (e.g., Uo/Umf = 3.0) (for example, an increased
flow rate Uo/Umf = 5.0). In the above description, Umfis
a minimum fluidization velocity which is a minimum flow
velocity of the fluidizing gas to be blown so as to fluidize
the fluidizable particles 12, and Uo is a cross-sectional
average flow velocity of the fluidizing gas.

[0039] Then, when temperatures detected by the tem-
perature sensors 40 satisfy the relation "Ave1 < Ave2 <
Ave3d", the control section 50 controls the feeding unit 33
to return the flow rate of the fluidizing gas to be blown
from each of the wind boxes 32 into the fluidized bed 14,
to an original value (in the above example, return the
Uo/Umf from 5.0 to 3.0), and continues the temperature
monitoring. On the other hand, in a situation where the
temperatures detected by the temperature sensors 40
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do not satisfy the relation "Ave1 <Ave2 < Ave3" even
when a certain time has elapsed after starting to increase
the flow rate of the fluidizing gas, the control section 50
determines that abnormality occurs in the inside of the
furnace body 20. Then, the control section 50 stops an
operation of the fluidized bed furnace 10.

[0040] More specifically, for example, in a normal op-
eration state of the fluidized bed furnace 10 where no
temperature abnormality occurs in the fluidized bed 14,
Ave1, Ave2 and Ave3 are about 600°C, about 650°C and
about 700°C, respectively. Assume that this Ave1 is in-
creased to 660°C due to a change in amount and/or com-
position of waste 18 supplied to the inside of the furnace
body 20. In this situation, in response to detection of tem-
perature abnormality (Ave1 > Ave2), the control section
50 operates to temporarily increase the flow rate of the
flow rate of the fluidizing gas to be blown from each of
the wind boxes 32 into the fluidized bed 14. Thus, while
the Ave1, the Ave2 and the Ave3 are increased, respec-
tively, to 700°C, 750°C and 800°C, and the temperature
of the fluidized bed 14 is raised in its entirety, the local
defective fluidization, etc., of the fluidized bed 14, is
solved, and a temperature balance of the inside of the
furnace is recovered. Consequently, the temperatures
detected by the temperature sensors 40 start satisfying
the relation "Ave1 < Ave2 < Ave3". Subsequently, when
the control section 50 operates to return the flow rate of
the fluidizing gas to be blown from each of the wind boxes
32 into the fluidized bed 14, to the original value, the
Ave1, the Ave2 and the Ave3 are returned to about
600°C, about 650°C and about 700°C, respectively, and
the temperature abnormality occurring in the fluidized
bed is solved.

[0041] In this method, the control section 50 may be
configured to, in a situation where, although the temper-
atures detected by the temperature sensors 40 satisfy
the relation "Ave1 < Ave2 < Ave3d", Ave1 and Ave3 are
deviated, respectively, from their given ranges (ming <
Ave1 < max4 and ming < Ave3 < maxs), temporarily in-
crease the flow rate of the fluidizing gas to be blown from
each of the wind boxes 32 into the fluidized bed 14. Thus,
the control section 50 can more desirably maintain a tem-
perature distribution of the fluidized bed in the front-rear
direction (i.e., atemperature distribution in which the tem-
perature of the fluidized bed 14 is gradually raised in the
direction from the front wall 24 toward the rear wall 25).
[0042] Alternatively, the control section 50 may be con-
figured to control respective temperatures of the regions
of the fluidized bed 14 in the front-rear direction in the
following manner (second method).

[0043] The control section 50 operates to monitor the
relation "Ave1 < Ave2 < Ave3", in the same manner as
that in the aforementioned method. Specifically, in re-
sponse to receiving temperature signals from the tem-
perature sensors 40, the control section 50 acquires tem-
peratures in each of the regions of the fluidized bed 14
and calculates average values Ave1, Ave2, Ave3 thereof.
Then, the control section 50 compares the averages
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Ave1, Ave2 and Ave3. In this method, the control section
50 may be configured to continually monitor the relation
"Ave1 <Ave2 < Ave3", or may be configured to monitor
the relation "Ave1 <Ave2 < Ave3" at intervals of a given
time.

[0044] When the relation "Ave1 < Ave2 < Ave3" is bro-
ken, the control section 50 instructs the feeding unit 33
to adjust a ratio between air and vapor to be fed to one
of the wind boxes 32 corresponding to an abnormal one
of the regions. For example, when high-temperature ab-
normality occurs in the first region ua, to cause the rela-
tion "Ave1 > Ave2", the control section 50 controls the
feeding unit 33 to close the valve 37a to reduce a flow
rate of air to be fed to the first wind box 32 and open the
valve 38a to increase a flow rate of steam to be fed to
the first wind box 32, while keeping a flow rate of the
fluidizing gas to be blown from the first wind box 32 into
the fluidized bed 14. Thus, an air ratio of the fluidizing
gastobe blown fromthe firstwind box 32 into the fluidized
bed 14 becomes smaller. In other words, an oxygen con-
centration is lowered. Subsequently, the control section
50 continues the temperature monitoring, and, when the
relation "Ave1 < Ave2" is satisfies, operates to return the
valves 37a, 38a, respectively, to their original positions
(i.e., open the valve 37aand close the valve 38a) to return
the air ratio (oxygen concentration) of the fluidizing gas
to be blown from the first wind box 32 into the fluidized
bed 14, to an original value. On the other hand, in a sit-
uation where the temperatures still have the relation
"Ave1 > Ave2" even when a given time has elapsed after
starting to reduce the air ratio of the fluidizing gas to be
blown from the first wind box 32 into the fluidized bed 14,
the control section 50 determines that abnormality occurs
in the inside of the furnace body 20, and stops the oper-
ation of the fluidized bed furnace 10.

[0045] In this method, the control section 50 may be
configured to, to in a situation where, although the tem-
peratures detected by the temperature sensors 40 satisfy
the relation "Ave1 < Ave2 < Ave3", Ave1 and Ave3 are
deviated, respectively, from their given ranges (min; <
Ave1 <max, and miny < Ave3 < maxs), adjust respective
valve openings of the valves 37a, 37c, 38a, 38c (i.e.,
adjust an air ratio of the fluidizing gas to be blown from
the first wind box 32a into the fluidized bed 14 and an air
ratio of the fluidizing gas to be blown from the third wind
box 32c into the fluidized bed 14) to return the Ave1 and
the Ave3, respectively, to the given ranges. Specifically,
when low-temperature abnormality occurs in the first re-
gion ua, of the fluidized bed 14, the control section 50
controls the feeding unit 33 to open the valve 37a and
close the valve 38ato increase the air ratio of the fluidizing
gas to be blown from the first wind box 32a into the flu-
idized bed 14, while keeping the flow rate of this fluidizing
gas. On the other hand, when high-temperature abnor-
mality occurs in the second region ua, of the fluidized
bed 14, the control section 50 controls the feeding unit
33toclosethe valve 37cand open the valve 38ctoreduce
the air ratio of the fluidizing gas to be blown from the third
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wind box 32c¢ into the fluidized bed 14, while keeping the
flow rate of this fluidizing gas. Further, when low-temper-
ature abnormality occurs in the second region ua, of the
fluidized bed 14, the control section 50 controls the feed-
ing unit 33 to open the valve 37c and close the valve 38c
to increase the air ratio of the fluidizing gas to be blown
from the third wind box 32c into the fluidized bed 14, while
keeping the flow rate of this fluidizing gas.

[0046] Further, the control section 50 operates to mon-
itor a local temperature abnormality of the fluidized bed
14 caused when fluidization abnormality of the fluidized
bed 14 (local defective fluidization, etc., in the fluidized
bed 14) occurs. Then, when temperature abnormality is
detected, the control section 50 controls the feeding unit
33 to adjust the air ratio and/or the flow rate of the fluid-
izing gas to be fed to each of the wind boxes 32, thereby
solving the fluidization abnormality of the fluidized bed
14.

[0047] Specifically, in a specific region of the fluidized
bed 14 where defective fluidization occurs, the fluidizable
particles 12 are not sufficiently agitated because flowa-
bility (mobility) of the fluidizing gas in the specific region
is different from the remaining region. This causes a tem-
perature difference between an upper side and a lower
side of the specific region. Therefore, the control section
50 operates to detect a temperature difference in the spe-
cific region to detect local defective fluidization in the flu-
idized bed 14, i.e., fluidization abnormality of the fluidized
bed 14. Upon detection of the defective fluidization (the
fluidization abnormality), the control section 50 operates
to adjust the flow rate of the fluidizing gas to be supplied
to the inside of the furnace body 20.

[0048] More specifically, the control section 50 is con-
figured to control an up-down directional (vertical) tem-
perature in each of the regions of the fluidized bed 14, in
the following manner.

[0049] In response to receiving temperature signals
from the temperature sensors 40, the control section 50
acquires temperatures in each of the regions (regions in
which the temperature sensors 40 are allocated) of the
fluidized bed 14. The control section 50 calculates a tem-
perature difference (AT (=T - Ty), AT, (=T, -Tg), AT3
(= T3 - Tg)) between the upper position and the lower
position in each of the regions of the fluidized bed 14.
Then, the control section 50 compares each of the tem-
perature differences AT4, AT,, AT3 with a predetermined
given value to perform monitoring (detection) on whether
the local defective fluidization in the fluidized bed 14 oc-
curs. This monitoring may be performed continually or
may be performed at intervals of a given time.

[0050] For example, in the case where the given value
is set to £ 10°C, when the relation "A T4, A T, or AT5 >
10°C"or"AT,,AT,0r AT, <-10°C" is satisfied, the control
section 50 operates to temporarily increase a flow rate
of the fluidizing gas to be supplied to the corresponding
region. Specifically, when the relation "AT{ < - 10°C" is
satisfied, the control section 50 controls the feeding sec-
tion 33 to temporarily increase a flow rate of the fluidizing
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gas to be blown from the first wind box 32a into the flu-
idized bed 14, from a normal flow rate (e.g., Uo/Umf =
3.0) (for example, an increased flow rate Uo/Umf = 5.0).
In this process, the control section 50 operates to in-
crease only the flow rate without changing an air ratio of
the fluidizing gas. Then, when the relations "AT>-10°C"
and "AT; < 10°C" are satisfied, the control section 50
controls the feeding unit 33 to return the flow rate of the
fluidizing gas to be blown from the first wind box 32a into
the fluidized bed 14, to an original value (e.g., return the
Uo/Umf from 5.0 to 3.0), and continues the temperature
monitoring. On the other hand, in a situation where the
relation"A T, <-10°C"is still satisfied even when a certain
time has elapsed after starting to increase the flow rate,
the control section 50 determines that abnormality occurs
in the inside of the furnace body 20 and stops the oper-
ation of the fluidized bed furnace 10.

[0051] Furthermore, the control section 50 is config-
ured to perform control of the waste supply section 60,
etc.

[0052] The waste supply section 60 is designed to sup-
ply waste 18 from the front wall 24 to a region on the
fluidized bed 14 adjacent to the front wall 24. The waste
supply section 60 in this embodiment is a screw extruder.
The screw extruder is capable of continuously supply
waste 18 to the inside of the furnace while guaranteeing
sealing performance. The screw extruder is also capable
of supplying trash which is likely to be scattered due to
its small bulk specific gravity, such as paper or plastic
sheet, to the inside of the furnace body 20 while keeping
a massive form. This makes it possible to suppress scat-
tering of trash inside the furnace body 20, as compared
to a conventional furnace in which trash is input from an
upper portion thereof. It is to be understood that the con-
figuration of the waste supply section 60 is not limited to
a specific type. For example, although the waste supply
section 60 in this embodimentis configured to push waste
18 into the furnace by using the screw extruder, it may
be configured to push waste 18 into the furnace by using
a pusher or the like.

[0053] In the fluidized bed furnace 10 configured as
above, a combustible gas is recaptured from waste 18
in the following manner.

[0054] At the start of the operation of the fluidized bed
furnace, the control section 50 operates to cause the flu-
idizing gas from each of the wind boxes 32 toward the
fluidizable particles 12 supported by the bottom wall 21
inside the furnace body 20. At the start of the operation,
there is not any waste 18 on the fluidized bed 14 (if any,
an amount thereof is very small), so that the control sec-
tion 50 instructs a non-illustrated burner or the like to heat
the fluidizable particles 12 as a bed material from above
the fluidized bed 14. In this process, the control section
50 operates to fluidize the fluidizable particles 12 by sup-
plying only air from each of the wind boxes 32 to the
fluidizable particles 12 without blowing steam, and heat
the fluidizable particles 12 in the fluidized state. Then,
when the entire fluidized bed 14 is heated to a given
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temperature (e.g.,600°C), the control section 50 instructs
the waste supply section 60 to start to input waste 18 into
the furnace body 20. In this process, the control section
50 operates to gradually suppress an operation of the
burner or the like, and reduce an amount of supply of air,
while increasing an amount of addition of steam, to set
a ratio therebetween to a given value.

[0055] The air ratio of the fluidizing gas to be blown
from each of the wind boxes 32 toward the fluidizable
particles 12 is preliminarily derived as a value suitable
for operation of the fluidized bed furnace, and stored in
the control section 50. In other words, as long as no tem-
perature abnormality occurs in the fluidized bed 14 during
the operation of the fluidized bed furnace 10, the control
section 50 operates to supply a given amount of air and
a given amount of steam to each of the wind boxes 32
without adjusting the valve openings of the valves 373,
37b, 37c, 38a, 38b, 38c.

[0056] The fluidizable particles 12 are set in the fluid-
ized state in the above manner, so that the fluidized bed
14 is formed inside the furnace body 20. In this state,
while respective fluidizing gases to be blown from the
wind boxes 32 into the fluidized bed 14 are identical in
flow rate, they are different from each other in terms of
air ratio. Specifically, the control section 50 operates to
adjust the valve openings of the valves 37a, 37b, 37c,
38a, 38b, 38c to allow an air ratio of the fluidizing gas to
be fed to the second wind box 32b to become larger than
an air ratio of the fluidizing gas to be fed to the first wind
box 32a, and allow an air ratio of the fluidizing gas to be
fed to the third wind box 32c to become larger than an
air ratio of the fluidizing gas to be fed to the second wind
box 32b, so as to cause the temperature of the fluidized
bed 14 to be raised in the direction from the front wall 24
toward the rear wall 25.

[0057] As above, the control section 50 operates to
change the oxygen concentration in each of the regions
in the fluidized bed 14 to thereby form a given tempera-
ture distribution (i.e., a temperature distribution in which
the temperature of the fluidized bed 14 is raised in the
direction from the front wall 24 toward the rear wall 25),
while setting the flow rate of the fluidizing gas to be blown
from each of the wind boxes 32 into the fluidized bed 14,
to a constant value, to thereby desirably maintain the
fluidized state in each of the regions in the fluidized bed
14.

[0058] When Avel, Ave2 and Ave3 become about
600°C, about 650°C and about 700°C, respectively, the
control section 50 determines that the inside of the fur-
nace is set in a steady state, and starts temperature
control. In this embodiment, the control section 50 is con-
figured to perform the temperature control of the fluidized
bed 14 to allow a temperature difference between Ave1
and Ave3 to become equal to or greater than 50°C, and
allow Ave1 and Ave3 to fall with the range of 600 to 700°C
and the range of 700 to 800°C, respectively.

[0059] Specifically, the screw extruder (the waste sup-
ply section 60) pushes waste 18 generally horizontally
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toward the inside of the furnace body 20. Through this
operation, the waste 18 is pushed onto the first region
uaq (see FIGS. 1 and 2). The active fluidized bed 14 is
formed inside the furnace body 20. Thus, the input waste
18 is moved from the front wall 24 toward the rear wall
25 while being entrapped by the fluidized bed 14 and
spread by a spreading action of the fluidized bed 14. In
fact, instead of being moved in only one direction from
the front wall 24 toward the rear wall 25, the waste 18 in
the fluidized bed 14 is moved from a region having the
waste 18 at a relatively high density to a region having
the waste 18a at a relatively low density (i.e., from the
input side (front wall 24) toward the rear wall 25) in a
gradually spreading manner, while repeating reciprocat-
ing movements in the up-down, right-left and front-rear
directions.

[0060] The first region ua, of the fluidized bed 14 has
adesirably low temperature. Thus, in the above process,
rapid combustion of the waste 18 is suppressed, and
easily gasifiable substances in the waste 18 are gasified.
In other words, easily gasifiable waste 18 such as plastic
or paper is gasified in the first region ua; and a region
adjacent thereto. On the other hand, not-easily gasifiable
waste such as a wood piece is partially gasified, but a
large part thereof is gradually moved toward the rear wall
25 according to fluidization of the fluidizable particles,
etc., and will reach the second region ua, without being
gasified. In this manner, the easily gasifiable waste 18 is
gasified under a mild condition (low temperature) in the
first region ua, or the adjacent region (on the side of the
second region ua,) before it reaches the second region
ua,, so that it becomes possible to suppress a fluctuation
of generation of a combustible gas.

[0061] Then, the moved waste 18 is sufficiently mixed
with the fluidizable particles 12 in a region of the fluidized
bed 14 vertically overlapping with the discharge port 29,
and a high-temperature region therearound, so that un-
combusted waste 18 remaining after passing through the
region on the side of the front wall 24 is sufficiently gas-
ified.

[0062] As above, according to the screw extruder 60,
waste 18 is continuously supplied to the fluidized bed 14
having a temperature distribution in which the tempera-
ture of the fluidized bed 14 is raised in the direction from
the front wall 24 toward the rear wall 25, so that it be-
comes possible to suppress intermittent and rapid gen-
eration of a combustible gas. Consequently, the gener-
ation of a combustible gas is stabilized.

[0063] The fluidizable particles 12 discharged from the
fluidized bed 14 through the discharge port 29 together
with non-combustible substances and others are input
into the furnace body 20 again, according to need.
[0064] In a situation where abnormality in the temper-
ature distribution of the fluidized bed 14 occurs (i.e., a
region having an excessively low or high temperature
locally occurs), or fluidization abnormality (i.e., local de-
fective fluidization in the fluidized bed 14, etc.) occurs,
due to an amount of input of waste 18, a composition of
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trash comprised in waste 18, etc., the control section 50
is operable, based on the temperatures detected by the
temperature sensors 40, to control the gas feeding sec-
tion 30 to adjust the flow rate of air and/or the flow rate
of steam to be fed to each of the wind boxes 32, as men-
tioned above. In this way, the control section 50 can solve
the temperature distribution abnormality and fluidization
abnormality in the fluidized bed 14.

[0065] A combustible gas generated inside the furnace
body 20 is supplied from the combustible gas outlet por-
tion 23 to a subsequent stage such as a gas engine for
electric power generation processes, via a duct or the
like connected to the combustible gas outlet portion 23.
In this process, steam included in the combustible gas
is condensed into water due to a lowering in temperature
of the combustible gas, and the water is collected. Thus,
acombustible gas after removal of steam will be supplied
to the subsequent stage of the fluidized bed furnace 10.
[0066] As mentioned above, in the fluidized bed fur-
nace 10 according to the above embodiment, waste 18
is supplied from the waste supply section 60 to the side
of the first region ua, of the fluidized bed 14 whose tem-
perature is raised in the direction from the first region ua,
toward the second region ua,, so thatitbecomes possible
to suppress a rapid fluctuation in amount, concentration,
etc., of a generated combustible gas. As a result, a com-
bustible gas is stably generated from waste 18.

[0067] Specifically, waste 18 is supplied to the side of
the first region ua, of the fluidized bed 14 having a de-
sirably low temperature, so that it becomes possible to
suppress rapid combustion of easily combustible trash
in the waste 18. In addition, an amount of generation of
a combustible gas based on gasification of the waste 18
is small. This waste 18 is moved inside the furnace body
20 toward the discharge port 29 (i.e., toward the second
region ua, of the fluidized bed 14), according to fluidiza-
tion of the fluidizable particles 12 making up the fluidized
bed 14 and supply of new waste 18 into the furnace body
20 by the waste supply section 60. The second region
ua, has a desirably high temperature, so that the waste
18 moved from the side ofthe firstregion ua, is sufficiently
gasified in the second region ua, to generate a combus-
tible gas. This makes it possible to suppress intermittent
and rapid generation of a combustible gas, and stabilize
the generation of the combustible gas.

[0068] In the above embodiment, respective air ratios
of the fluidizing gases to be supplied to the regions of the
fluidized bed 14 are adjusted in the direction from the
front wall 24 toward the rear wall 25 (or the discharge
port 29) to adjust respective temperatures of the regions
of the fluidized bed 14. Thus, the fluidization abnormality
(local defective fluidization in the fluidized bed 14, etc.)
becomes less likely to occur in the fluidized bed 14. In
other words, it becomes possible to adjust the air ratio
(i.e., oxygen concentration) of the fluidizing gas to be
supplied to fluidized bed 14 to thereby adjust the tem-
perature in each of the regions of the fluidized bed 14,
while sufficiently ensuring the flow rate of the fluidizing
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gas to be supplied to each of the regions of the fluidized
bed 14 to thereby desirably maintain the fluidized state
of the fluidizable particles 12 in each of the regions of the
fluidized bed 14. In addition, respective temperatures of
the upper and lower positions vertically spaced in each
of the first region ua,, the second region ua, and the third
region ua, are detected, so that, if defective fluidization
occurs in one of the regions, the defective fluidization
can be reliably detected.

[0069] Inthe above embodiment, the upper surface 21
a of the bottom wall 21 of the furnace body 20 is inclined
to become lower toward the discharge port, so that non-
combustible substances, carbides and others sinking
down to the bottom wall 21 in the fluidized bed 14 fall on
the upper surface 21a of the bottom wall 21 toward the
discharge port 29. Thus, the non-combustible substanc-
es and others can be easily discharged from the furnace
body 20.

[0070] Itistobe understood thata fluidized bed furnace
of the present invention are not limited to the above em-
bodiment, but various changes and modifications may
be made therein without departing from the spirit and
scope of the present invention hereinafter defined.
[0071] Inadditionto the positions for detecting the tem-
peratures of the upper and lower positions, the temper-
ature sensors 40 to be allocated in the upside regions
ua4, ua,, uaz may be additionally disposed at a position
for detecting a temperature of an intermediate position
between the upper and lower positions.

[0072] Inthe above embodiment, the temperature sen-
sors 40 are arranged side-by-side at intervals and at the
same height, in the front-rear direction. Alternatively, the
temperature sensors 40 may be arranged at different
heights in respective ones of the upside regions ua, ua,,
uas.

[0073] In the case where each of two wind boxes on
both front and rear sides of the discharge port 29 (in FIG.
3, leftand right sides of the discharge port 29) are located
adjacent to the discharge port 29, the wind box closest
to the discharge port 29 means the two wind boxes. How-
ever, inview of desirable temperature control of the entire
fluidized bed 14, it is preferable to control the upside
region corresponding to one of the wind boxes on a rear
(in FIG. 3, right) side of the discharge port 29.

[Outline of Embodiment]

[0074] The outline of the above embodiment is as fol-
lows.
[0075] The fluidized bed furnace according to the

above embodiment is designed to heat waste to extract
a combustible gas from the waste. The fluidized bed fur-
nace comprises: a furnace body having a bottom wall
which supports fluidizable particles from therebelow so
as to make up a fluidized bed for heating the waste, and
a sidewall standing upwardly from the bottom wall,
wherein the bottom wall has a discharge port provided
at a position offset from a center position of the bottom
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wall in a specific direction to discharge non-combustible
substances in the waste together with a part of the fluid-
izable particles, and an upper surface of the bottom wall
is inclined to become lower toward the discharge port so
as to cause the non-combustible substances to fall on
the upper surface of the bottom wall toward the discharge
port; a gas supply section for blowing a fluidizing gas
from the bottom wall of the furnace body toward the flu-
idizable particles to fluidize the fluidizable particles; a plu-
rality of temperature detection sections for detecting a
temperature of the fluidized bed; a control section for
controlling the gas supply section; and a waste supply
section for supplying waste from a supply-side portion of
the sidewall located on a side opposite to the discharge
port across the center position of the bottom wall, to a
region on the fluidized bed, the region being adjacent to
the supply-side sidewall portion. The gas supply section
includes a plurality of wind boxes each of which is pro-
vided on a lower side of the bottom wall to extend in a
direction orthogonal to a direction from the supply-side
sidewall portion toward the discharge port and adapted
to blow the fluidizing gas from a given position in the
orthogonal direction toward the fluidizable particles, and
a feeding unit adapted to feed the fluidizing gas to each
of the wind boxes in a manner capable of adjusting an
air ratio of the fluidizing gas to be fed to each of the wind
boxes, individually. The plurality of wind boxes are ar-
ranged side-by-side in the direction from the supply-side
sidewall portion toward the discharge port. The plurality
of temperature detection sections are disposed at re-
spective positions allowing detection of temperatures of
an upper position and a lower position which are vertically
spaced in afirst region of the fluidized bed vertically over-
lapping with a first one of the wind boxes closest to the
supply-side sidewall portion, and allowing detection of
temperatures of an upper position and a lower position
which are vertically spaced in a second region of the flu-
idized bed vertically overlapping with the discharge port
or a second one of the wind boxes closest to the dis-
charge port. The control section is operable, based on
the temperatures detected by the temperature detection
sections, to adjust an air ratio of the fluidizing gas to be
fed from the feeding unit to each of the wind boxes, in-
dividually, in such a manner that the temperature of the
fluidized bed is raised in a direction from the first region
toward the second region.

[0076] Inthe presentinvention, waste is supplied from
the waste supply section to the side of the first region of
the fluidized bed whose temperature is raised in a direc-
tion from the first region toward the second region, so
that it becomes possible to suppress a rapid fluctuation
in amount, concentration, etc., of a generated combus-
tible gas. As a result, a combustible gas is stably gener-
ated from waste.

[0077] Specifically, waste is supplied to the side of the
first region of the fluidized bed having a desirably low
temperature, sothatitbecomes possible to suppress rap-
id combustion of easily combustible trash in the waste.
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In addition, an amount of generation of a combustible
gas based on gasification of the waste is small. This
waste is moved inside the furnace body toward the dis-
charge port(i.e., toward the second region of the fluidized
bed), according to fluidization of the fluidizable particles
making up the fluidized bed and supply of new waste into
the furnace body by the waste supply section. The sec-
ond region has a desirably high temperature, so that the
waste moved from the side of the first region is sufficiently
gasified in the second region to generate a combustible
gas. This makes it possible to suppress intermittent and
rapid generation of a combustible gas, and stabilize the
generation of the combustible gas.

[0078] Further, respective air ratios of the fluidizing
gases to be supplied to the regions of the fluidized bed
are adjusted in the direction from the supply-side sidewall
portion toward the discharge port to adjust respective
temperatures of the regions of the fluidized bed, so that
fluidization abnormality becomes less likely to occur in
the fluidized bed. In other words, it becomes possible to
adjust the air ratio (i.e., oxygen concentration) of the flu-
idizing gas to be supplied to fluidized bed to thereby ad-
just a temperature in each of the regions of the fluidized
bed, while sufficiently ensuring a flow rate of the fluidizing
gas to be supplied to each of the regions of the fluidized
bed to thereby desirably maintain a fluidized state of the
fluidizable particles in each of the regions of the fluidized
bed.

[0079] In addition, respective temperatures of the up-
per and lower positions vertically spaced in each of the
first region and the second region are detected, so that,
if defective fluidization occurs in one of the regions, the
defective fluidization can be reliably detected. Specifical-
ly, in a situation where, when the fluidizing gas is supplied
from the bottom wall into the fluidized bed, the fluidizable
particles in a region supplied with the fluidizing gas is in
a sufficiently fluidized state, the supplied fluidizing gas
will easily move upwardly through the fluidized bed. How-
ever, if defective fluidization occurs in the region, the flu-
idizing gas becomes hard to move upwardly through the
fluidized bed. Thus, in the region having the defective
fluidization, the fluidizable particles are not sufficiently
agitated, which causes a temperature difference be-
tween the upper and lower positions. This temperature
difference is detected to detect the defective fluidization.
[0080] Further, the upper surface of the bottom wall of
the furnace body is inclined to become lower toward the
discharge port, so that non-combustible substances sink-
ing down to the bottom wall in the fluidized bed fall on
the upper surface of the bottom wall toward the discharge
port. Thus, the non-combustible substances can be eas-
ily discharged from the furnace body.

[0081] In the fluidized bed furnace according to the
above embodiment, specific ones of the plurality of tem-
perature detection sections are allocated between the
first region and the second region of the fluidized bed,
and wherein the specific temperature detection sections
are disposed at respective positions allowing detection
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1"

of temperatures at given intervals in the direction from
the supply-side sidewall portion toward the discharge
port.

[0082] According to this feature, temperatures be-
tween the first region and the second region can be de-
tected, so that, if temperature abnormality such as local
lowering in temperature occurs between the first and sec-
ond regions, the abnormality can be detected. This
makes it possible to cope with the local temperature ab-
normality.

[0083] In this case, preferably, the specific tempera-
ture detection sections allocated between the first region
and the second region are disposed at respective posi-
tions allowing detection of temperatures in each of one
or more regions of the fluidized bed vertically overlapping
with respective ones of the remaining one or more wind
boxes disposed between the first wind box and the sec-
ond wind box.

[0084] According to this feature, temperatures in a re-
gion of the fluidized bed through which the fluidizing gas
supplied from each of the wind boxes passes are detect-
ed, so that it becomes possible to facilitate adjustment
of the air ratio of the fluidizing gas to be fed to each of
the wind boxes.

[0085] Further, in each of the one or more regions be-
tween the first region and the second region, and at a
position vertically overlapping with respective ones of the
remaining one or more wind boxes, the specific temper-
ature detection sections are disposed at respective po-
sitions additionally allowing detection of temperatures of
an upper position and a lower position which are vertically
spaced.

[0086] According to this feature, defective fluidization
in each region ranging from the first and second regions
in the fluidized bed can be desirably detected.

INDUSTRIAL APPLICABILITY

[0087] As above, the fluidized bed furnace of the
presentinvention is useful for heating waste in a fluidized
bed formed by fluidizing fluidizable particles, to extract a
combustible gas from the waste, and suited to stably ob-
tain a combustible gas even from waste comprising easily
combustible trash.

Claims

1. A fluidized bed furnace for heating waste to extract
a combustible gas from the waste, comprising:

a furnace body having a bottom wall which sup-
ports fluidizable particles from therebelow so as
tomake up a fluidized bed for heating the waste,
and a sidewall standing upwardly from the bot-
tom wall, wherein the bottom wall has a dis-
charge port provided at a position offset from a
center position of the bottom wall in a specific



21 EP 2 693 118 A1 22

direction to discharge non-combustible sub-
stances in the waste together with a part of the
fluidizable particles, and an upper surface of the
bottom wall is inclined to become lower toward
the discharge port so as to cause the non-com-
bustible substances to fall on the upper surface
of the bottom wall toward the discharge port;

a gas supply section for blowing a fluidizing gas
from the bottom wall of the furnace body toward
the fluidizable particles to fluidize the fluidizable
particles;

a plurality of temperature detection sections for
detecting a temperature of the fluidized bed;

a control section for controlling the gas supply
section; and

awaste supply section for supplying waste from
a supply-side portion of the sidewall located on
a side opposite to the discharge port across the
center position of the bottom wall, to a region on
the fluidized bed, the region being adjacent to
the supply-side sidewall portion,

wherein:

the gas supply section includes a plurality
of wind boxes each of which is provided on
a lower side of the bottom wall to extend in
adirection orthogonal to a direction from the
supply-side sidewall portion toward the dis-
charge port and adapted to blow the fluid-
izing gas from a given position in the orthog-
onal direction toward the fluidizable parti-
cles, and a feeding unit adapted to feed the
fluidizing gas to each of the wind boxes in
a manner capable of adjusting an air ratio
of the fluidizing gas to be fed to each of the
wind boxes, individually, wherein the plural-
ity of wind boxes are arranged side-by-side
in the direction from the supply-side side-
wall portion toward the discharge port;

the plurality of temperature detection sec-
tions are arranged at respective positions
allowing detection of temperatures of an
upper position and a lower position which
are vertically spaced in a first region of the
fluidized bed, the first region being vertically
overlapping with a first one of the wind box-
es closest to the supply-side sidewall por-
tion, and allowing detection of temperatures
of an upper position and a lower position
which are vertically spaced in a second re-
gion of the fluidized bed, the second region
being vertically overlapping with the dis-
charge port or asecond one of the wind box-
es closest to the discharge port; and

the control section is operable to adjust an
air ratio of the fluidizing gas to be fed from
the feeding unit to each of the wind boxes,
individually, based on the temperatures de-
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tected by the temperature detection sec-
tions, so as to make the temperature of the
fluidized bed be raised in a direction from
the first region toward the second region.

The fluidized bed furnace as defined in claim 1,
wherein specific ones of the plurality of temperature
detection sections are allocated between the first re-
gion and the second region of the fluidized bed, and
wherein the specific temperature detection sections
are arranged so as to be capable of detecting of tem-
peratures at respective positions at given intervals
in the direction from the supply-side sidewall portion
toward the discharge port.

The fluidized bed furnace as defined in claim 2,
wherein the specific temperature detection sections
allocated between the first region and the second
region are arranged so as to be capable of detecting
of temperatures at respective positions in each of
one or more regions of the fluidized bed, the regions
being vertically overlapping with respective ones of
the remaining one or more wind boxes disposed be-
tween the first wind box and the second wind box.

The fluidized bed furnace as defined in claim 3,
wherein, in each of the one or more regions between
the first region and the second region, and at a po-
sition vertically overlapping with respective ones of
the remaining one or more wind boxes, the specific
temperature detection sections are arranged so as
to be capable of detecting of temperatures at respec-
tive positions of an upper position and a lower posi-
tion which are vertically spaced.
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