SMOKELESS INCINERATOR AND SYSTEM USING THE SAME

TECHNICAL FIELD
[0001] The present invention relates to a smokeless incinerator without generating
dioxins and carbon monoxide and to a power generation system or a heat exchange system

using the smokeless incinerator.

BACKGROUND ART
[0002] Various technologies are disclosed in relation to incinerators into which wastes are
thrown successively. Wastes to be burned are organic wastes dumped from households and

business offices including garbage, paper, plants, rubber, plastics, and so on.

[0003] In the incinerator arranged to inhibit generation of dioxins, an auxiliary burner is
used for burning at over 800°C in the first combustion chamber (Patent Document 1). It is
general to supply in the first combustion chamber an appropriate amount of air for inhibiting
carbon monoxide from being generated due to incomplete burning. Automatic control of the
amount of air to be supplied is also publicly known well. In another incinerator, the first
combustion chamber is provided with a water cooling jacket for protecting furnace walls
(Patent Document 2).

RELATED ART DOCUMENTS

PATENT DOCUMENTS
[0004] Patent Document 1: Japanese Patent No. 5625205

Patent Document 2: Japanese Patent No. 4120422

Patent Document 3: Japanese Unexamined Patent Application Publication No,
2008-136919

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0005] Small incinerators are susceptible to temperature fall and local lack of air caused by
dumping overloaded organic wastes into their first combustion chambers that are smaller than
those of large incinerators. Inadequate agitation with unburned gas also causes lack of air
even with sufficient air existing in the furmace. Meanwhile, an excess amount of air causes
temperature fall. As a result of these, black smoke containing unburned gas is generated.
The black gas contains dioxins and carbon monoxide. With advanced countermeasure
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recently against dioxins for small incinerators, providing a second combustion chamber is
stressed for re-burning the gas that has not been completely burned in a first combustion
chamber. In reality however, a smokeless small incinerator with completely eliminating

black smoke has not been achieved yet.

[0006] In some cases, excessive burning to deal with overloaded organic wastes in the
first combustion chamber exerts pressure excessively on the second combustion chamber,

damaging frequently burners used in the first and second combustion chambers.

[0007] If a water cooling jacket is provided for protecting furnace material in the first
combustion chamber against high temperature, the chamber’s temperature is easy to fall,

which may lead to generation of black smoke containing dioxins.

[0008] In view of the above problems, the present invention aims to provide a smokeless
incinerator in which a first combustion chamber is sufficiently kept at high temperature while
generation of black smoke is inhibited by completely burning unbumed gas without damaging
a burner of the chamber, and to further provide a system thereof combined with a power

generator and/or a heat exchanger.

SOLUTION TO PROBLEM
[0009] The present invention provides the following configurations with a view to solve
the above problems. Reference numerals in parentheses used herein are for the purpose of

reference and shown in the attached drawings to be described later.

[0010] According to a first aspect of the present invention, a smokeless incinerator
contains: a first combustion chamber (A) provided with a main combustor (A1) into which
wastes are thrown having firebrick walls (A12) and an auxiliary burner (A31) for supporting
burning of the wastes, and a water cooling jacket (A2) that is located above the main
combustor (A1) and has water cooling jacket walls (A27); a second combustion chamber (B)
that is located on top of the first combustion chamber (A) and has a re-burning burner (B1)
for burning unburned gas; a filter-equipped combustion chamber (C) that is aligned with and
adjacent to the second combustion chamber (B) and has a ceramic filter (C1); a third
combustion chamber (D) that is aligned with and adjacent to the filter-equipped combustion
chamber (C) and has a dust collection cyclone (D3); a fourth combustion chamber (E) that is
located on top of the third combustion chamber (D) and has a re-burning burner (E1) for
burning unburned gas; and an exhaust stack (F) that is located on top of the fourth combustion
chamber (E) and has a unit of forced exhaust (F2, F5).



[0011] In the first aspect, the re-burning burner (B1) of the second combustion chamber
(B) is fixed obliquely on a side face adjacent to an opposed face to the filter-equipped
combustion chamber (C) at an acute angle (a) with respect to a direction toward the

filter-equipped combustion chamber (C).

[0012] In the first aspect, the re-burning burner (B1) of the second combustion chamber
(B) is capable of heating the filter-equipped combustion chamber (C) and the third

combustion chamber (D).

[0013] In the first aspect, the second combustion chamber (B), the filter-equipped
combustion chamber (C), the third combustion chamber (D), and the fourth combustion

chamber (E) have respective porous ceramic walls (B2, C2, D2, E2).

[0014] In the first aspect, the first combustion chamber (A) has inside a plurality of air
nozzles (A11) extending vertically for supplying air.

[0015] In the first aspect, the main combustor (A1) of the first combustion chamber (A)
has a smoldering air nozzle (A10) at a lower portion for supplying air necessary to smolder.

[0016] In the first aspect, the main combustor (A1) of the first combustion chamber (A)
has a re-burning burner (A32) above the auxiliary burner (A31).

[0017] In the first aspect, the water cooling jacket (A2) of the first combustion chamber
(A) has a re-burning burner (A33).

[0018] According to a second aspect of the present invention, a power generation system
contains the smokeless incinerator (1) in the first aspect and a generator (G) arranged to
generate electricity with steam supplied from the water cooling jacket (A2) of the first

combustion chamber (A).

[0019] According to a third aspect of the present invention, a heat exchange system
contains the smokeless incinerator (1) in the first aspect and a heat exchanger (H) arranged to

exchange heat with exhaust gas supplied from the exhaust stack (F).

EFFECTS OF THE INVENTION

[0020] In the smokeless incinerator according to the present invention, the configuration
of the first combustion chamber having both the main combustor and the water cooling jacket
thereabove makes it possible for the main combustor to keep high temperature sufficient for
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complete burning while preventing overheat with the water cooling jacket, achieving stable
temperature kept in the chamber. This enables contribution to smokelessness.

[0021] In the first combustion chamber, a minimum amount of air necessary for burning
is supplied to the sealed furnace so as to mix with pyrolysis gas generated when burning, and
the upper portion of the furnace is used as a space for stagnation and re-burning of unburned
gas, which stabilizes the speed of gasification for well-balanced burning. Once the state
inside the furnace is stabilized, efficient complete burning is achieved only with air.

[0022] The sequential configuration of the second combustion chamber, the
filter-equipped combustion chamber, and the third combustion chamber in horizontal direction,
along with the re-burning burner that is provided in the second combustion chamber and
capable of heating all the three chambers, allows re-burning of unburned gas in exhaust gas

efficiently with saving energy. This enables contribution to smokelessness.

[0023] In the third combustion chamber having the dust collection cyclone, dust is
collected under high temperature by heating so as to burn particulates being collected,

contributing to smokelessness as well as reducing ash of collected dust.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

[FIG.1] FIG. 1 is a schematic front view of a smokeless incinerator according to an
embodiment of the present invention.

[FIG. 2] FIG. 2 is a left side view of the smokeless incinerator shown in FIG.1.

[FIG. 3] FIG. 3 is a plan view of the smokeless incinerator shown in FIG. 1.

[FIG. 4] FIG. 4 is a front cross-sectional view schematically showing a main part of the
smokeless incinerator.

[FIG. 5] FIG. 5 is a front cross-sectional view schematically showing another main part
of the smokeless incinerator.

[FIG. 6] FIG. 6 shows an example of a ceramic filter: (a) shows an exhaust gas inflow
surface; and (b) is a cross-sectional view taken along the line I-I of (a).

[FIG. 7] FIG. 7 is a flow chart schematically showing a first part of burning processes in
the smokeless incinerator according to an embodiment of the present invention.

[FIG. 8] FIG. 8 is a flow chart schematically showing a second part of burning processes
in the smokeless incinerator according to an embodiment of the present invention.

[FIG. 9] FIG. 9 is a flow chart schematically showing a third part of burning processes in

the smokeless incinerator according to an embodiment of the present invention.



DESCRIPTION OF THE EMBODIMENT

[0025] A preferred embodiment of the present invention will be described with reference
to the accompanying drawings. The smokeless incinerator according to the present
invention is preferable to be used, in particular, as a small incinerator in that smokelessness
can be achieved even in such small incinerator which is susceptible to temperature fall and
local lack of air due to its small combustion chamber. Meanwhile, in a large incinerator,
complete burning is relatively easily achieved with sufficient air supply because its
combustion chamber is large enough for unburned gas to stagnate for a long time of period.

The present invention is certainly applicable to such large incinerator.

[0026] Accordingly, the present invention should not be considered as limiting any size of
device, specific purpose of use, and waste to be burned, but should be considered as
applicable to various incinerators. When the present invention is applied, changes and
variations in dimension and material may be made if necessary according to the sizc, purpose
of use, and waste to be burned in the applied incinerator without departing from the features

of the present invention.

[0027] Wastes to be burned in the incinerator of the present invention are basically
organic substances, among which are, for example, organic wastes dumped from households
and business offices including garbage, paper, plants, rubber, plastics, and so on. However,
inorganic substances and metal may be included insomuch as not affecting burning operation.

[0028] Reference will now be made to an embodiment of the present invention with

reference to an example applied to a small incinerator.

[0029] FIG. 1 is a schematic front view of a smokeless incinerator 1 as an embodiment of
the present invention. FIG. 2 is a left side view and FIG. 3 is a plan view of the smokeless
incinerator 1. FIG. 4 is a front cross-sectional view schematically showing a main part of
the smokeless incinerator 1. FIG. 5 is a front cross-sectional view schematically showing
another main part of the smokeless incinerator 1. The configuration of the smokeless

incinerator 1 will be described hereinafter with reference to FIGs. 1 to 5.

[0030] As shown in FIG. 1, the smokeless incinerator 1 is provided with, as main parts, a
first combustion chamber A, a second combustion chamber B, a filter-equipped combustion
chamber C, a third combustion chamber D, a fourth combustion chamber E, and an exhaust
stack F. The second combustion chamber B is located on top of the first combustion
chamber A. The filter-equipped combustion chamber C and the third combustion chamber D
are located in series lateral to the second combustion chamber B.  The fourth combustion
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chamber E is located on top of the third combustion chamber D. The exhaust stack F is
located on top of the fourth combustion chamber E. Outer surfaces of each chamber are

basically covered with steel plate.

[0031] The following are configurations of each of the chambers.

<First combustion chamber A>

The first combustion chamber A has one almost cuboid inner space as shown in FIG. 4. The
first combustion chamber A is configured with two parts arranged vertically, one is a main
combustor A1 at the lower portion, the other is a water cooling jacket A2 at the upper portion.
The main combustor A1 and the water cooling jacket A2 are distinguished from each other by

the difference of wall structure.

[0032] The main combustor Al is a space for burning wastes first and has a slot A7 on
the front, through which wastes are thrown. The slot A7 is arranged in such a way as to
perform successive throwing and is, for example, a double-structured rotary damper. This
type of damper has double structure to prevent temperature fall in the first combustion
chamber A when throwing the wastes and has ceramic heat insulator at the inlet of the main
combustor Al (not shown), which is known well. An ash outlet A8 is provided on the back

side of the main combustor Al.

[0033] The main combustor Al has firebrick walls A12 with a predetermined thickncss
inside the steel plate as shown in FIG. 4. The firebrick walls A12 are arranged on both side
walls and the bottom wall. The inner space of the main combustor Al is kept at 800°C or
more, preferably at 850°C to 900°C so as to inhibit dioxins. The firebrick walls A12 serve to
prevent temperature fall in the inner space when burning, making it possible to perform
burning without generating dioxins, and to facilitate re-burning unburned gas in the exhaust
gas caused by gasification. Black arrows shown in FIG. 4 indicate flow of exhaust gas.

[0034] The material and thickness of the firebrick walls Al2 are bearable to the
temperature of the inner space. As the firebrick walls A12, for example, chamotte brick or
high - alumina brick etc. is used. The chamotte brick is inexpensive so suitable for a small
incinerator (for example, fire brick No. “SK34” with usable maximum temperature of 1380°C
made by KAGATAIKA RENGA). The firebrick walls A12 also serve to secure exterior
insulation and to suppress deformation and deterioration of the surface steel plate.

[0035]  An auxiliary burner A31 is provided on the side wall of the main combustor Al for
first ignition for burning wastes. In most cases, the wastes that once start to burn keep
burning by self-sustained combustion. It is possible for the main combustor Al to reach the
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temperature required for burning only with self-sustained combustion of the wastes. That is,
little fuel is consumed for burning. The auxiliary burner A31 is used for controlling

gasification of the wastes if necessary in accordance with burning condition.

[0036] It is preferable that a re-burning burner A32 is provided on the side wall above the
auxiliary burner A31. The re-burning burner A32 is used for re-burning unburned gas in
accordance with stagnant condition of unburned gas in the main combustor A1 (for example,
when black smoke arises). Re-burning of such unburned gas turns black smoke into

colorless and inhibits generation of bad odor.

[0037] A water cooling jacket A2 is located above the main combustor Al and serves to
prevent excess temperature rise in the chamber Al. The firebrick walls A12 of the main
combustor Al are suitable for keeping high temperature but at the same time have a
disadvantage that its temperature is easy to rise excessively. In that case, excess burning
causes lack of air, which leads to incomplete burning and results in generation of black smoke.
For preventing the case, the water cooling jacket A2 having water cooling jacket walls A27 is
provided. The water cooling jacket walls A27 have a double wall structure wherein a gap
for flowing water is arranged between the surface steel plate and another steel plate. The
water cooling jacket walls A27 absorb excess heat of the main combustor Al in order to
stably keep its temperature, enabling a stabilized speed of gasification for well-balanced
burning.

[0038)] Conventionally, water cooling jacket walls are arranged so as to surround first
combustion chambers entirely for protecting them, which causes a problem of generating

dioxins resulting from incomplete burning due to temperature fall in the main combustors.

[0039] A water tank A21 as shown in FIGs. 2 and 3 is used to supply water to the water
cooling jacket walls A27 of the water cooling jacket A2. The water is supplied externally
via a water supply port A26 to the water tank A21, and is fed to the water cooling jacket walls
A27 through a water supply pipe A22. The water flowing through the water cooling jacket
walls A27 turns into steam by being exposed to high temperature and is fed to an expansion
tank A24 through a steam feeding pipe A23 as shown in FIG.2. The steam is cooled to an
adequate temperature in the expansion tank A24 and discharged through a steam cylinder A25

extending upward.

[0040] The water cooling jacket A2 has on the side wall a re-burning burner A33 which
is, similar to the re-burning burner A32 of the main combustor Al, used for re-burning
unburned gas in accordance with stagnant condition of unburned gas in the rising exhaust gas.
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Re-burning of such unburned gas inhibits generation of bad odor.

[0041] The inner space of the first combustion chamber A is provided with air nozzles
All extending vertically from the bottom to the top of the space as shown FIG.4. In this
example, four air nozzles All are arranged at four cotners of the inner space. There are a
number of air injection holes on the surface of the air nozzles Al1l. White arrows shown in
FIG.4 indicate flow of air.

[0042] The air to be supplied to the air nozzles is fed from a turbo blower A4 via a valve
A5 and stored in an air tank A6 arranged under the bottom of the main combustor A1. Each
of the air nozzles A1l is communicated with the air tank A6. Controlling the valve A5
enables feeding air only in the amount required for burming. As well as supplying oxygen
required for burning the wastes, the air injected into the inner space is mixed with unburned

gas to become a mixed gas for efficient complete burning.

[0043] A smoldering air nozzle A10 may be provided in the vicinity of the bottom of the
main combustor Al. The smoldering air nozzle A10 facilitates smoldering in which wastes
remaining in solid state are burned to red heat. The air for smoldering in the example is
accordingly supplied from a high-pressure turbo blower F2, which will be described later, via

avalve A9.

[0044] <Second combustion chamber B>

A second combustion chamber B is arranged above the first combustion chamber A, or on top
of the water cooling jacket A2. The outlet at the center of top face of the water cooling
jacket A2 and the inlet at the center of bottom face of the second combustion chamber B are

connected via a short duct provided therebetween.

[0045] The second combustion chamber B, as shown in FIG.4, is provided with porous
ceramic walls B2 having a predetermined thickness inside the surface steel plate. The
porous ceramic walls B2 are made of porous ceramic with fire resistant temperature of
1250°C or more. Porous ceramic having fine pores is capable of storing heat, or retaining
heat, in the vicinity of the inner space, while insulating heat in the vicinity of the outer surface.
The surface facing the inner space radiates radiation heat (far infrared) triggered by high
temperature. There is a product of brick made by hardening ceramic powder as one of
porous ceramic, for example, “Free Fire Brick” (max fire resistant temperature of 1250°C)

made by Kato Electric Furnace Material may be used.

[0046] The second combustion chamber B is provided with a re-burning burner B1 that is
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used accordingly for re-burning unburned gas in exhaust gas.  The re-burning burner Bl is
fixed on the side face adjacent to an opposed face to the filter-equipped combustion chamber
C as shown in FIG.3 (front face in the shown example). And the re-burning burner Bl is
fixed obliquely at an acute angle o with respect to a direction r toward the filter-equipped
combustion chamber C. It is obvious that this way of fixing is very useful in terms of
protecting the re-burning burner B1 from being damaged. If the re-burning burner B1 is
fixed on the opposite side of the opposed face to the filter-equipped combustion chamber C,
or fixed at a right angle with respect to the side face, the re-burning burner B1 was easy to be
damaged due to pressure of exhaust gas discharged from the first combustion chamber. This
way of fixing on the predetermined side obliquely prevents the re-burning burner B1 from

being damaged.

[0047] The outlet of the second combustion chamber B is on the opposed face to the
filter-equipped combustion chamber C. Accordingly, upward flow of exhaust gas entering
from the inlet at the lower portion of the second combustion chamber B is bent horizontally,
slowing down the speed of exhaust gas and prolonging its stagnant time. Consequently, the

time for re-burning unburned gas is sufficiently secured.

[0048] The re-burning burner B1 is capable of heating not only the second combustion
chamber B but also the filter-equipped combustion chamber C and the third combustion
chamber D, details for which will be described later. This is because the second combustion
chamber B, the filter-equipped combustion chamber C, and the third combustion chamber D
are sequentially aligned in a horizontal line. In this regard, each inner space of the three
chambers having the same size of cross section, from the second combustion chamber B to
the inlet of the third combustion chamber D, is connected including portions of short duct
therebetween. The portions of short duct are provided with porous ceramic walls. That is,
one inner space in the shape of cuboid is formed from the second combustion chamber B to
the upper part of the third combustion chamber D. The arrangement and configuration of
three chambers B, C, and D as described above makes it possible that the re-burning burner

B1 alone covers all of the three chambers for heating.

[0049] < Filter-equipped Combustion Chamber C >

The filter-equipped combustion chamber C is arranged adjacent to the second combustion
chamber B. The filter-equipped combustion chamber C is provided with a porous ceramic
wall C2 having a predetermined thickness inside the steel plate of outer surfaces (top and

bottom faces and both sides) as shown in FIG 4.

[0050] A ceramic filter C1 is arranged at the center of the filter-equipped combustion
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chamber C in such a way as to compartment the inner space of the filter-equipped combustion
chamber C into an inlet part and an outlet part. So exhaust gas passes through the ceramic
filter C1. As described above, the filter-equipped combustion chamber C together with the
ceramic filter C1 is heated with the re-burning burer B1 of the second combustion chamber
B. The ceramic filter C1 serves to absorb and remove particulates in exhaust gas, and helps
to facilitate re-burning unburned gas in exhaust gas by way of being heated to a high
temperature. Re-burning is further facilitated with radiation heat (far infrared) of the porous

ceramic wall C2.

[0051] FIG. 6 shows an example of a ceramic filter C1: (a) shows a side view of the
ceramic filter C1 and FIG. 6 (b) is a cross-sectional view taken along the line I-I of (a).
Black arrows indicates flow of exhaust gas. This type of ceramic filter is publicly known
and disclosed in, for example, Patent Document 3. As ceramic filter C1, for example,
“ceramic pipe” made by ISOLITE Insulating Products Co., Ltd may be used.

[0052] <Third combustion chamber D>

The third combustion chamber D is arranged adjacent to the side of filter-equipped
combustion chamber C opposite to the second combustion chamber B. The third
combustion chamber D is provided with a porous ceramic wall D2 having a predetermined

thickness inside the steel plate of outer surfaces as shown in FIG.4.

[0053] The third combustion chamber D has a dust collection cyclone D3 in the shape of
cone upside down. A dust collection chamber D4 having a predetermined size is arranged at
the lower part of the dust collection cyclone D3. An ash outlet D1 is provided at the front of
the dust collection chamber D4.

[0054] The dust collection cyclone D3 turns exhaust gas to prolong its stagnant time and
collects particulates in the exhaust gas by means of centrifugal force. The collected

particulates go down to and accumulate in the dust collection chamber D4.

[0055] As described above, the third combustion chamber D is heated with the re-burning
burner B1 of the second combustion chamber B to a high temperature, facilitating re-burning
of unburned gas in the exhaust gas. Re-burning is further facilitated with radiation heat (far
infrared) of the porous ceramic wall D2. The exhaust gas in which particulates are removed
and unburned gas is re-burned is sucked with forced exhaust flow, which will be described
later, and guided to a fourth combustion chamber E via the outlet provided on the top face of
the third combustion chamber D.
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[0056] <Fourth combustion chamber E>
The fourth combustion chamber E is located on top of the third combustion chamber D and
provided with a porous ceramic wall E2 having a predetermined thickness inside the steel

plate of outer surfaces as shown in FIG.5.

[0057] The fourth combustion chamber E has a re-buming burner E1 on its side wall.
The re-burning burner E1 is used for re-burning unburned gas if left in the exhaust gas at this
point. Measurements at a measuring port F1 provided on an exhaust stack F, which will be
described later, detect if unburned gas is left at this point. If unburned gas is detected, the
fourth combustion chamber E is heated with the re-burning burner El to re-burn the gas.
Re-burning is further facilitated with radiation heat (far infrared) of the porous ceramic wall
E2s

[0058] < Exhaust stack F >

The exhaust stack F is a cylindrical steal member extending upward from the outlet of the
fourth combustion chamber E on its top face and is preferably processed with hot-dip
aluminum plating for enhancing heat and corrosion resistance.

[0059] A forced exhaust pipe F5 is attached in the middle of the exhaust stack F in the
longitudinal direction. The upper end of the forced exhaust pipe F5 penetrates the wall of
the exhaust stack F and has an opening facing upward on the central axis of the exhaust stack
F. The lower end of the forced exhaust pipe F5 is connected to a first end of an air feeding
pipe F4. A second end of the air feeding pipe F4 is connected to an air chamber F3 that is
provided at a blowing port of the high-pressure turbo blower F2.

[0060] When the high-pressure turbo blower F2 starts operating, high pressure air is
injected upward through the upper end of the forced exhaust pipe F5 to form a strong flow of
air going upward in the exhaust stack F. The flow of air forces the exhaust gas from the
fourth combustion chamber to rise by using pulling force. This forced flow of air generated
with the forced exhaust pipe F5 functions to guide each exhaust gas that is generated at each
stage prior to the fourth combustion chamber E to a predetermined direction.

[0061] The exhaust gas, in this way, is discharged in the atmosphere through the upper
end of the exhaust stack F.  Since there is little unburned gas left at this stage, colorless and

odorless exhaust gas is discharged.

[0062] The exhaust stack F has the measuring port F1 at a position lower than the forced
exhaust pipe F5. The measuring port F1 is used for taking out some of the exhaust gas fed
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from the fourth combustion chamber E for the purpose of various measurements in the
composition of the gas. The measured results are transmitted to a controlling section (not

shown) that controls the re-burning burner E1, etc. based on the results.

[0063]  With reference to FIGs. 7 — 9, the flow of burning operations of the smokeless
incinerator 1 shown in FIGs. 1 - 6 will be described in detail. Reference numerals of FIGs.1

— 6 are used as reference in the following description.

[0064] FIG. 7 is a flow chart schematically showing from start of burning to a burning
process in the first combustion chamber A.  Black arrows indicate flow of wastes or
exhaust gas after burning them, while white arrows indicate flow of air or water. (The same is

applied to the drawings hereinafter.)

[0065] The slot A7 is opened for throwing in wastes when starting burning. It is
possible to successively throw in additional wastes amid burning. As is often the case with a
small incinerator, wastes are thrown in randomly. Even in this case, temperature fall does
not occur amid burning in the main combustor Al of the smokeless incinerator of the present
invention.  This is because the main combustor A1 is surrounded by the firebrick walls and
because sufficient air is supplied from the air nozzles A1l which is controlled based on the
temperature of the main combustor Al. The temperature of the main combustor Al is
measured with a temperature sensor (not shown), and its result is transmitted to the

controlling section (not shown) as a basis for controlling.

[0066] The auxiliary burner A31 is used at the time of first ignition and stopped when
burning is stabilized spontaneously. After this, complete burning is performed efficiently
only with adequate air supply. Most of the wastes burned in the main combustor Al are
gasified and turn into exhaust gas. Incineration ash, which is solid, accumulates on the
bottom of the main combustor Al and is taken out from the ash outlet. Meanwhile, the
exhaust gas contains unburned gas (carbon monoxide and other toxic gases) and floatable
solid (particulates) other than carbon dioxide and water (steam), which are gasified

composition resulted from complete burning,

[0067] In this case, the upper portion of the main combustor Al and the water cooling
jacket A2 function as a space for stagnation of unburned gas in the exhaust gas. The
unburned gas is re-burned with the first re-burning burner A32 of the main combustor and/or
the second re-burning burner A33 of the water cooling jacket A2, minimizing the amount of
unburned gas in the exhaust gas as much as possible before directing to the second

combustion chamber.
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[0068] The water supplied to the water cooling jacket A2 may be taken out as steam,
which may be used for driving the generator G as shown in FIG.7. The generator G is, for
example, a steam turbine. Such power generation technology is publicly known well. The
smokeless incinerator of the present invention may be combined with this kind of generator G

to configure a power generation system.

[0069] FIG. 8 is a flow chart schematically showing from the second combustion
chamber B to the fourth combustion chamber E. Since the second combustion chamber B,
the filter-equipped combustion chamber C, and the third combustion chamber D are
sequentially aligned in a horizontal line, the re-burning burner B1 of the second combustion
chamber B is capable of heating up to the filter-equipped combustion chamber C and the third
combustion chamber D. Each wall of the chambers is made of porous ceramic having
effects of storing and retaining heat well and radiates radiation heat (far infrared) from the
wall surfaces triggered by high temperature, facilitating re-burning unburned gas in the
exhaust gas. This configuration makes it possible to burn three combustion chambers with
one re-burning burner, which leads to efficient use of fuel and contributes to energy saving.

This step advances re-burning unburned gas and facilitates smokelessness.

[0070] Particulates in the exhaust gas are removed with both the ceramic filter C1 of the
filter-equipped combustion chamber C and the dust collection cyclone D3 of the third
combustion chamber D, In the dust collection cyclone of the third combustion chamber D,
dust is collected under high temperature by heating so particulates are completely burned at a
high rate during being collected, which contributes to smokelessness as well as to reduce ash

of collected dust.

[0071] In the processes before reaching the third combustion chamber D, unburned gas in
the exhaust gas is almost completely burned. If unburned gas is still left even in the fourth
combustion chamber E, the re-burning burner E1 is used to re-burn the unburned gas that is
detected with measurements at the measuring port provided on the lower portion of the

exhaust stack.

[0072] FIG. 9 is a flow chart schematically showing the flow of exhaust gas in the
exhaust stack F.  Only the exhaust gas resulted from complete burning flows into the exhaust
stack F and is discharged into the atmosphere with forded exhaust coming from the forced

exhaust pipe FS. This completes the burning processes.

[0073] As well as being used for measurement, the exhaust gas that is taken out of the
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measuring port F1 provided on the lower portion of the exhaust stack F may be applied to the
heat exchanger H. The temperature of the exhaust gas at this point is, for example, about
350°C, and high enough to apply to the heat exchanger H. In this case, all of the exhaust gas
may be applied to the heat exchanger H instead of feeding upward in the exhaust stack F. In
the heat exchanger H, exchanging heat with water brings about hot water, while exchanging
with air allows to dry air and to use for hot-air heater. These heat exchange technologies are
publicly known well. The smokeless incinerator of the present invention may be combined

with this kind of heat exchanger H to configure a heat exchange system.

EXAMPLES

[0074] The following are the test results on the smokeless incinerator of the present
invention. The incinerator used in the test has the same configuration as the above-described
embodiment.  The dimensions of the incinerator are:

- Burning capacity : 16.191 kg/h

- Hearth area : 0.29 m?

- Exhaust stack : 250 mm in diameter, 3.565 m in height

[0075] < Results of dioxins measurements >

Table 1 indicates the results of measurements that were made in conformity with JIS K 0311
(Method for Measuring Dioxins in Exhaust Gas) on samples of exhaust gas, incineration ash,
and soot and dust, collected from the measuring port F1 shown in FIG.1, the ash outlet A8
shown in FIG.2, and the ash outlet D1 shown in FIG.1.

[0076]
[TABLE 1]

Type of Sample Collecting Point Measured Result Standard Value

Exhaust Gas | Measuring Port (F1) | 3.4 (ng-TEQ/m’\) -

Incineration Ash Ash Outlet (A8) 0.0068 (ng-TEQ/g-dry) 3

Soot and Dust Ash Outlet (D1) 2.1 (ng-TEQ/g-dry) 3

[0077] There is not a standard value set for exhaust gas in the size of tested incinerator,

For reference, in the one-size larger incinerator the standard value is set as 5.

[0078] < Results of measured concentration of carbon monoxide and oxygen >

Table 2 indicates the results of measured concentration of carbon monoxide and oxygen in the
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exhaust gas collected from the measuring port F1 shown in FIG.1. Measurements were
made every minute during the entire measuring time of 3 hours 46 minutes, and their mean

values were calculated.

[0079]
[TABLE 2]
Subject Measuring Method Measured Result
Concentration of Carbon JIS K 0098-7.J1S B 7951 1l
Monoxide Infrared Absorption Method b
; : JIS K 0301-6.JIS B 7983 0
Concentration of Oxygen Electrochemical Method 9.6 (%)
[0080] < Measured results in amount, temperature, and composition of exhaust gas >

Table 3 indicates the results of measured amount, temperature, and composition of the exhaust
gas collected from the measuring port F1 shown in FIG.1. Composition of the exhaust gas
was analyzed in conformity with JIS K 0301-6. JIS B 7983 (Electrochemical Method).

[0081]
[TABLE 3]
Amount of Exhaust Gas (Humid) 280 (m’ n/h)
Amount of Exhaust Gas (Dry) 250 (m> n/h)
Temperature of Exhaust Gas 353°%C
Composition of Exhaust Gas CO;y:7.1%, O, : 11.5%, CO : 0.0%, Ny : 81.4%

DESCRIPTION OF THE REFERENCE NUMERAL

[0082]

1 Smokeless Incinerator
A First Combustion Chamber
Al Main Combustor

A2 Water Cooling Jacket
A3l Auxiliary Burner
A32, A33 Re-burning Burner
A4 Turbo Blower

AS Valve

A6 Air tank

A7 Slot
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A8 Ash outlet

A9 Valve

Al0 Smoldering Air Nozzle

All Air Nozzles

Al2 Firebrick Wall

A21 Water Tank

A22 Water Supply Pipe

A23 Steam Feeding Pipe

A24 Expansion Tank

A25 Steam Cylinder

A26 Water Supply Port

A27 Water Cooling Jacket Wall
B Second Combustion Chamber
B1 Re-burning Burner

B2 Porous Ceramic Wall

C Filter-equipped Combustion Chamber
Cl1 Ceramic Filter

C2 Porous Ceramic Wall

D Third Combustion Chamber
D1 Ash Outlet

D2 Porous Ceramic Wall

D3 Dust Collection Cyclone

E Fourth Combustion Chamber
Eil Re-burning Bumer

E2 Porous Ceramic Wall

F Exhaust Stack

F1 Measuring Port

F2 High-pressure Turbo Bower
F3 Air Camber

F4 Air Feeding Pipe

F5 Forced Exhaust Pipe

G Generator

H Heat Exchanger
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CLAIMS

1. A smokeless incinerator comprising:

a first combustion chamber (A) provided with:

a main combustor (A1) into which wastes are thrown having firebrick walls (A12) and
an auxiliary burner (A31) for supporting burning of the wastes; and
a water cooling jacket (A2) that is located above the main combustor (A1) and has water

cooling jacket walls (A27);

a second combustion chamber (B) that is located on top of the first combustion chamber
(A) and has a re-burning burner (B1) for burning unburned gas;

a filter-equipped combustion chamber (C) that is aligned with and adjacent to the second
combustion chamber (B) and has a ceramic filter (C1);

a third combustion chamber (D) that is aligned with and adjacent to the filter-equipped
combustion chamber (C) and has a dust collection cyclone (D3);

a fourth combustion chamber (E) that is located on top of the third combustion chamber
(D) and has a re-burning burner (E1) for burning unburned gas; and

an exhaust stack (F) that is located on top of the fourth combustion chamber (E) and has a
unit of forced exhaust (F2, F5),

wherein the re-burning burner (B1) of the second combustion chamber (B) is fixed
obliquely on a side face adjacent to an opposed face to the filter-equipped combustion chamber
(C) at an acute angle (o) with respect to a direction toward the filter-equipped combustion
chamber (C).

2. The smokeless incinerator according to claim 1, wherein the re-burning burner (B1) of
the second combustion chamber (B) is capable of heating the filter-equipped combustion
chamber (C) and the third combustion chamber (D).

3. The smokeless incinerator according to claim 1 or 2, wherein the main combustor (A1)
of the first combustion chamber (A) has a smoldering air nozzle (A10) at a lower portion for

supplying air necessary to smolder.

4, The smokeless incinerator according to any one of claims 1 to 3, wherein the water

cooling jacket (A2) of the first combustion chamber (A) has a re-burning burner (A33).

5; A power generation system comprising:
the smokeless incinerator (1) according to any one of claims 1 to 4; and

a generator (G) arranged to generate electricity with steam supplied from the water cooling
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jacket (A2) of the first combustion chamber (A).

6. A heat exchange system comprising:

the smokeless incinerator (1) according to any one of claims 1 to 4; and

a heat exchanger (H) arranged to exchange heat with exhaust gas supplied from the exhaust
stack (F).
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