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The present invention includes a gasification furnace that gasifies fuel, and a fuel
supply apparatus that supplies the fuel to the gasification furnace. The gasification
furnace includes an inner cylinder to introduce the fuel and air into the gasification
furnace. A height from a lower end opening in the inner cylinder to a predetermined
height position is set as an inside furnace level target value H1. The present

[57] | Abstract: invention also includes: a detection unit that detects an accumulated height of the

fuel accumulated inside the inner cylinder as an inside furnace level H; and a control
apparatus that obtains a deviation between the inside furnace level target value H1
and the inside furnace level H, and that controls the fuel supply apparatus according
to the deviation so that the inside furnace level is coincident with the inside furnace
level target value.
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DESCRIPTION

GASIFICATION SYSTEM

Technical Field

The present invention relates to a gasification system, specifically
to a technique for controlling fuel fed in a gasification furnace.
Background Art

Conventionally, as a gasification system that gasifies biomass fuel
’(V}:ereinafter referred to as the “fuel”), up draft type systems and down draft
type systems are known. In the up draft type system, air as a gasification
agent is supplied from a lower portion of a furnace and the air flows upward.
In the down draft type system, air is supplied from an upper portion of the
furnace and the air flows downward.

In the up draft type gasification system, an oxidation layer where

the fuel is burned has the highest temperature, but a dry distillation layer

“and a dry layer, which are upper layers of the oxidation layer, have

relatively low temperatures. Tar produced in the dry distillation layer does
not pass the oxidation layer and a reduction layer both having the high
temperatures, and passes only the low temperature portion, thus the tar is

not dissolved. For this reason, there is a problem that the tar is easily
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produced. In contrast, in the down draft type gasification system, the dry
distillation layer where the tar is produced is located on an upper position of
the oxidation layer. For this reason, the tar passes the oxidation layer
having a high temperature and the reduction layer located below. Thus,
this system is effective to reduce the tar.

Also, in the down draft type gasification systems, there is a type in
which a nozzle is provided from the side of the furnace toward the center
inside the furnace. Air is supplied through the nozzle into the furnace.
In such a type of the gasification system, the air is fed from a side portion
of the furnace. Thus, in the fuel, a portion having a high temperature
equal to or more than 1200°C (hot spot) is formed. Since ash of the fuel is
melted in a temperature range of 1200°C to 1500°C, the ash is melted in the
hot spot to produce clinker. 1In contrast, a portion having a low
temperature (cool spot) is made because heat is not transmitted enough, and
from the cool spot, the tar is produced.

A gasification system is known into which fuel and air are
introduced from above the furnace to resolve the above problems of the hot
sppt and the cool spot (for example, see Patent Document 1). This
gasification system includes a gasification furnace gasifying the fuel, a

supply conveyor supplying the fuel to the gasification furnace and an inner
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cylinder introducing the fuel into the gasification furnace. It is configured
to burn the fuel inside the inner cylinder.
Prior Art Reference
Patent Document
[Patent Document 1] JP 2010-215810 A
Summary of the Invention
Problem to be Solved by the Invention
In the gasification system according to Patent Document 1, when

the fuel reaches from the bottom portion of the furnace to at least a lower
end opening of the inner cylinder (when the lower end opening of the inner
cylinder is plugged by the fuel), it is possible to gasify the fuel. In the
event that the fuel does not exist in the inner cylinder, air is sucked
downward from the inner cylinder, and the air that has fallen out from the
inner cylinder becomes a wall surface flow flowing downward along the
inner surface of the gasification furnace. Thus, the central portion of the
fuel lacks the air because the air does not go there sufficiently. Like this,
the lack of the.amount of air results in production of tar because of the fuel
that cannot have a sufficient high temperature.

Furthermore, when the accumulated amount of the fuel inside the

inner cylinder is too much compared with a predetermined amount, the fuel
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forms a bridge inside the inner cylinder due to a repose angle and the like.
This bridge phenomenon of the fuel degrades a combustion efficiency of the
fuel and it is not possible to carry out gasification of the fuel with high
efficiency. In the present invention, the feeding amount of fuel to the
inner cylinder is controlled so that a height of the accumulated fuel in the
inner cylinder is coincident with the inside furnace level target value.
Thus, objects of the present invention are to stabilize gasification, and to
prevent production of tar and production of clinker caused by melting of
ash.
Means for Solving Problem

The present invention is made to resolve the above problem and
provides a gasification system that comprises: a gasification furnace
gasifying fuel; a fuel supply apparatus supplying fuel to the gasification
furnace; and an inner cylinder introducing the fuel and air into the
gasification furnace, the inner cylinder being included in the gasification
furnace. A height from a lower end opening in the inner cylinder to a
predetermined height position is set as an inside furnace level target value.
The gasification system further includes: a fuel detection unit that detects,
as an inside furnace level, an accumulated height of the fuel accumulated

inside the inner cylinder; and a control apparatus that obtains a deviation
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between the inside furnace level target value and the inside furnace level,
and that controls the fuel supply apparatus according to the deviation so that
the inside furnace level is coincident with the inside furnace level target
value.

In the gasification system, the inside furnace level of the fuel
changes according to the combustion state inside the furnace. It is
possible to generate a stable gas containing only a small amount of tar by
controlling the feeding amount of the fuel to maintain the fuel level suitable
for gasification.

Also, due to the inner cylinder introducing the fuel and the air into
the gasification furnace, it is possible to form a heat-insulating layer
(heat-insulating layer that covers the outer periphery of the inner cylinder
23) that is made by a high temperature gas partially remaining in a space of
a double structure of the inner cylinder and the gasification furnace main
body. Therefore, the heat-insulating layer can cover the outer periphery of
the inner cylinder, and thus, with the gas in the heat-insulating layer, the
temperature inside the inner cylinder can become high enough to reduce the
tar (for example, substantially 1000°C).  Thus, in contrast to the
conventional art, it is not necessary to dispose a nozzle to supply air, and

production of clinker caused by the locally high temperature can be
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prevented.

In the gasification system, the fuel detection unit may be
constituted by a level sensor that is inserted into the inner cylinder, from
above, so as to make contact with the fuel, and that measures the inside
furnace level.

In the gasification system, the fuel detection unit may be
constituted by a pressure sensor that measures a pressure of a space inside
the gasification furnace.

In the gasification system, the fuel detection unit may be
constituted by a temperature sensor that measures a temperature of a space
inside the gasification furnace.

In the gasification system, a constricted portion whose opening
area is set to be small may be located at a position lower than a lower end of
the inner cylinder in the gasification furnace. There occurs
an abnormal situation due to lowering of the fuel level inside the inner
cylinder, that is, the level of the fuel becomes lower than the lower end
opening of the inner cylinder. In such a case, the air that has passed
through the inner cylinder expands along the fuel, thus a wall flow that
intends to pass the inner peripheral surface of the gasification furnace. In

the present invention, the constricted portion is provided on the inner
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peripheral surface of the gasification furnace. The air is drawn, along the
constricted portion, to the central portion of the gasification furnace. Asa
result, the temperature of the fuel that exists in the constricted portion
becomes high, thereby an oxidation layer is formed in the constricted
portion. Thus, the gasification is accelerated. In addition, the tar
produced due to generation of the wall flow necessarily passes through the
high temperature portion of the constricted portion. Therefore, problems
caused by the tar can be reduced.
Effects of the Invention

The present invention includes: the fuel detection unit that detects,
as the inside furnace level, an accumulated height of the fuel accumulated
inside the inner cylinder; and the control apparatus that obtains a deviation

between the inside furnace level target value and the inside furnace level,

~ and that controls the fuel supply apparatus according to the deviation so that

the inside furnace level is coincident with the inside furnace level target
value. Although the inside furnace level of the fuel changes according to
the combustion state inside the furnace, it is possible to control the feeding
amount of the fuel to maintain the fuel level suitable for gasification. Asa
result, it is possible to generate a stable gas containing only a small amount

of tar and to prevent production of clinker caused by melting of ash.
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Brief Description of Drawings

[FIG. 1] FIG. 1 is a diagram showing a gasification system
according to an embodiment of the present invention.

[FIG. 2] FIG. 2 is a side cross-sectional view showing a gasification
furnace included in the gasification system according to the above
embodiment.

[FIG. 3] FIG. 3 is a diagram showing a relationship between a
frequency controlling a fuel supply apparatus of the gasification system and
a feeding amount of fuel according to the above embodiment.

[FIG. 4] FIG. 4 is a block diagram showing control of the fuel
supply apparatus of the gasification system according to the above
embodiment.

[FIG. 5] FIG. 5 is a block diagram of the fuel supply apparatus of
the gasification system according to the above embodiment.

[FIG. 6] FIG. 6 is a flow diagram showing control of the fuel
supply apparatus of the gasification system according to the above
embodiment.

Modes for Carrying out the Invention
Hereinafter, a specific embodiment of the present invention will be

described with reference to the drawings. FIGS. 1 to 6 show an
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embodiment of the present invention.

First, a gasification system 1 will be generally described. As
shown in FIGS. 1 and 2, the gasification system 1 is a woody biomass power
plant using, for example, a woody material as fuel. The gasification
system 1 includes a fuel supply apparatus 10, a gasification furnace 20, a
centrifuge apparatus 30, a gas cooling apparatus (heat exchanger) 40, a
scrubber 50, a water tank 60, a cooling tower 70, a filter 80, an induced
draft blower 90, an engine generating apparatus 100, a surplus gas
combustion apparatus 200 and the like.

As shown in FIG. 2, the fuel supply apparatus 10 supplies fuel to the
gasification furnace 20. The fuel supply apparatus 10 includes a hopper 11,
a motor 12 and a screw 13 to discharge fuel. A horizontal cylinder portion
15 is connected to the bottom portion of the hopper 11, and the screw 13 is
rotatably provided in the cylinder portion 15.

By controlling a frequency (feeding frequency) of the motor 12 by
an inverter, a rotation speed of the screw 13 is controlled, thus a feeding
amount of fuel to the gasification furnace 20 can be adjusted. As shown in
FIG. 3, the relationship between the feeding frequency and the feeding
amount of fuel is a linear relationship. For this reason, by controlling the

feeding frequency according to a combustion state in the gasification
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furnace 20, the feeding amount of fuel per unit time can be controlled. For
example, the rotation speed of the screw 13 is increased by increasing the
feeding frequency of the motor 12, and according to the increase of the
feeding frequency, the feeding amount of fuel can be increased.

The gasification furnace 20 gasifies the fuel from the fuel supply
apparatus 10. In the gasification furnace 20, a gasification agent (air) is
supplied to accelerate the gasification of the fuel. In FIG. 1, the dashed
line arrow indicates a path through which the “air” flows.

The centrifuge apparatus 30 removes large particles of dust and the
like contained in the gas from the gasification furnace 20 by centrifugation.
In FIG. 1, the solid line arrow indicates a path through which the “gas”
flows.

The heat exchanger 40 is a gas cooling apparatus to cool the gas
from the centrifuge apparatus 30. The heat exchanger 40 includes a water
spray nozzle 41 that cleans the gas.

The scrubber 50 cleans and cools the gas from the heat exchanger
40 by water. In the water tank 60, the water to be supplied to the scrubber
50 and the heat exchanger 40 is stored. The water tank 60 includes a heat
exchanger 61.

The water in the water tank 60 is fed to the water spray nozzle 41

10
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and the scrubber 50 under pressure by a pump 62. The water fed from the
water tank 60 returns into the water tank 60 from the heat exchanger 40 and
the scrubber 50. That is, the water in the water tank 60 contains soot, tar
and the like that are contained in the gas. Hereinafter, the water in the
water tank 60 is referred to as “circulating water”. In FIG. 1, the
dashed-two dotted line arrow indicates a path through which the
“circulating water” flows.

In the cooling tower 70, the water to be supplied to the heat
exchanger 40 and the heat exchanger 61 is stored. The water in the
cooling tower 70 is fed to the heat exchanger 40 and the heat exchanger 61
under pressure by a pump 71.

The water fed from the cooling tower 70 returns into the cooling
tower 70 from the heat exchanger 40 and the heat exchanger 61. The water
in the cooling tower 70 cools the circulating water in the water tank 60
indirectly (so as not to be mixed with the circulating water in the water tank
60) by heat exchanger 61. The water in the cooling tower 70 also cools the
gas indirectly (so as not to be mixed with the gas) by the heat exchanger 40.
That is, the water in the cooling tower 70 does not contain the soot, tar and
the like contained in the gas. Hereinafter, the water in the cooling tower

70 is referred to as “cooling water”. In FIG. 1, the dashed-dotted line

11
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arrow indicates a path through which the “cooling water” flows.

The filter 80 filters small particles of dust and the like contained in
the gas. The induced draft blower 90 induces the gas from the gasification
furnace 20 to the side of the engine generating apparatus 100 by a negative
pressure operation. The engine generating apparatus 100 drives a
generator by a gas engine. The surplus gas combustion apparatus 200
burns the surplus gas.

Next, the gasification furnace 20 will be described in detail. The
gasification furnace 20 includes: a gasification furnace main body 21 made
of an outer cylinder; and an inner cylinder 23. At the lower side of the
gasification furnace main body 21, a gas discharge port 22 is provided.
Residue (ash and the like after gasification) in the gasification furnace 20 is
discharged outside the gasification furnace 20 by a discharge conveyer (not
shown). The inner cylinder 23 protrudes upward on the upper end portion
of the gasification furnace 20.

The inner cylinder 23 is a cylinder shaped member into which fuel is
introduced. The inner cylinder 23 is vertically provided so that its axis
center is coincident with the axis center of the gasification furnace main
body 21. The upper and lower end portions of the inner cylinder 23 are

opened. The upper end opening of the inner cylinder 23 may be closed by

12
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The lower portion of the inner cylinder 23 is inserted into the
gasification furnace main body 21 from above so as to vertically provided in
the gasification furnace main body 21. A lower end opening 235 is Jocated
in the middle of the gasification furnace 20. The upper portion of the
inner cylinder 23 protrudes upward from the upper end portion of the
gasification furnace 20. The gasification agent (air) is introduced from the
upper end portion (one portion) of the inner cylinder 23. At one portion of
the outer periphery of the upper portion of the inner cylinder 23, a feed port
231 is opened to feed the fuel from the fuel supply apparatus 10.

An end portion of a feed tube 232 is connected to the feed port 231,
The other end portion of the feed tube 232 is provided so as to extend
obliquely upward. From the other end portion of the feed tube 232, fuel 5
that is come from the fuel supply apparatus 10 is fed.

The gasification furnace main body 21 has a constricted portion 210
that is located under the lower end opening 235 of the inner cylinder 23.
The constricted portion 210 is formed by a ring-shaped convex portion of
the gasification furnace main body 21 that extends in the central direction.
The constricted portion 210 is constituted by a narrowing opening 211, a

throat portion 212 and an expanding opening 213. The narrowing opening
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211 has an inclined surface 211a in which an opening area of an inner
peripheral surface 21a of the gasification furnace main body 21 gradually
decreases downward. The throat portion 212 has an opening 212a
extending downward from the lower end of the narrowing opening 211.
The expanding opening 213 has an inclined surface 213a in which the
opening area gradually increases from the throat portion 212.

Specifically, the opening area of the upper end of the narrowing
opening 211 is set to be equal to the opening area formed by the inner
peripheral surface 21a of the gasification furnace main body 21. The
opening area of the lower end of the narrowing opening 211 is set to be
equal to the opening area of the throat portion 212, and furthermore, is set
to be equal to the opening area of the inner cylinder 23. The upper opening
area of the expanding opening 213 is set to be equal to the opening area of
the throat portion 212. In addition, the lower opening area of the
expanding opening 213 is set to be equal to the opening area formed by the
inner peripheral surface 21a of the gasification furnace main body 21.

As shown in FIG. 2, in the upper portion of the inner cylinder 23, a
level sensor 25 is provided, as a fuel detection unit to detect a height
position of the fuel 5 (accumulation height of the fuel) that has accumulated

in the inner cylinder 23. The level sensor 25 includes a chain 252 and a

14




10

15

20

O O

measurement portion 253. The chain 252 hangs down in the inner axis
direction (vertical direction) of the inner cylinder 23 and has a weight 251
at the lower end thereof. The measurement portion 253 has a drive portion
to wind up and down the chain 252 so as to have the weight 251 go up and
down. When measuring, with the level sensor 25, an upper surface
position of the fuel 5 accumulated in the inner cylinder 23, the weight 251
goes down due to extension of the chain 252. When the weight 251 makes
contact with the fuel 5, the measurement portion 253 detects a change in the
weight of the weight 251 (change in the weight balance of the weight), thus,
the height of the fuel 5 can be obtained. Such a level detection of the fuel
5 is carried out on a regular and continuous basis (for example, at
one-minute intervals).

As shown in FIG. 2, in the gasification furnace main body 21, a
pressure sensor 26 as the fuel detection unit is provided. The pressure
sensor 26 detects a pressure in the gasification furnace main body 21
(bhereinafter referred to as the “inner pressure”). The pressure sensor 26 is
mounted on the upper portion in the gasification furnace 20, preferably on
the upper end portion. That is, the pressure sensor 26 is located separated
apart from the fuel 5 accumulated in the gasification furnace 20.

As shown in FIG. 2, in the gasification furnace main body 21, a

15
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temperature sensor 27 as the fuel detection unit is provided. The
temperature sensor 27 is mounted on the upper portion of the inner
peripheral surface 21a of the gasification furnace main body 21. That is,
the temperature sensor 27 is located separated apart from the fuel §
accumulated in the gasification furnace 20.

As shown in FIG. 5, the level sensor 25, the pressure sensor 26 and
the temperature sensor 27 are connected to a control apparatus 28. The
control apparatus 28 controls the motor 12 of the fuel supply apparatus 10
based on respective detected signals of the level sensor 25, the pressure
sensor 26 and the temperature sensor 27. The motor 12 of the fuel supply
apparatus 10 is connected to the control apparatus 28. The control
apparatus 28 includes a processing portion 281 and a memory 282.

The processing portion 281 is constituted by a CPU (Central
Processing Unit) and the like. The memory 282 is constituted by a ROM
(Read Only Memory), a RAM (Random Access Memory) and the like.

Next, gasification of the fuel 5 will be described, using the
above-configured gasification system 1.

The fuel 5 is fed into the hopper 11 of the fuel supply apparatus 10.
The fuel supply apparatus 10 is controlled by the control apparatus 28.

The motor 12 causes the screw 13 to rotate at a predetermined rotation

16
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speed. The fuel 5 is supplied to the inner cylinder 23 of the gasification
furnace 20 via the screw 13. The fuel 5 fed into the inner cylinder 23 is
supplied to the gasification furnace main body 21, and is accumulated up to
a predetermined height upward from the lower end opening of the inner
cylinder 23. Then, the fuel 5 begins to burn to become gas. As shown in
FIG. 2, the fuel 5 accumulated in the inner cylinder 23 includes, from the
upper portion, a dry layer/dry distillation layer A, an oxidation layer B and
a reduction layer C.

The gas generated in the gasification furnace 20 is supplied to the
centrifuge apparatus 30. The centrifuge apparatus 30 removes large
particles of dust and the like contained in the gas from the gasification
furnace 20 by centrifugation.

After the centrifuge apparatus 30 removed the large particles of dust
and the like included in the gas, such a gas is supplied to the heat exchanger
40 so as to be cooled. The gas cooled by the heat exchanger 40 is further
supplied to the scrubber 50 so as to be cleaned and cooled by water.

Furthermore, the filter 80 filters small particles of dust and the like
contained in the gas. The induced draft blower 90 induces the gas from the
gasification furnace 20 to the side of the engine generating apparatus 100 by

a negative pressure operation. The engine generating apparatus 100 drives
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the generator by the gas engine. The surplus gas combustion apparatus
200 burns the surplus gas.

Here, control of the fuel supply apparatus 10 by the control
apparatus 28 will be described in detail. FIG. 4 is a block diagram
showing control of the fuel supply apparatus, and FIG. 5 is a block diagram
of the fuel supply apparatus.

First, a basic feeding frequency f1 is set so as to control the motor
12 of the fuel supply apparatus 10 (S1). The basic feeding frequency fl is
appropriately determined based on a kind of the fuel 5, properties of each
gasification system 1 and the like.

The fuel supply apparatus 10 starts to feed the fuel 5 by operation of
motor 12 (S2). A frequency f of the motor 12 is adjusted to be coincident
with the basic feeding frequency f1 (S3).

Also, an inside furnace level target value H1 of the fuel 5 is set (S4).
The inside furnace level target value H1 indicates the height position of the
fuel 5 accumulated from the lower end opening 235 of the inner cylinder 23.
At the inside furnace level target value H1 of the fuel 5, an optimal
gas-generation efficiency is obtained. At this time, the fuel accumulated
in the inner cylinder 23 includes, from the upper portion, the dry layer/dry

distillation layer A, the oxidation layer B and the reduction layer C. In the
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inner portion of the cylinder (especially at the oxidation layer B), a
temperature range of substantially 1100°C is made.

Like this, it is preferable to carry out gasification with high

efficiency by maintaining the fuel at the inside furnace level target value H1.

If the feeding amount of the fuel is too much (the accumulation position of
the fuel is too high beyond the inside furnace level target value H1), the fuel
5 forms a bridge inside the inner cylinder 23, thus it is not possible to carry
out gasification with high efficiency. For this reason, a height at which the
fuel 5 in the inner cylinder 23 forms a bridge (inside furnace level upper
limit) Hh is measured by carrying out actual tests in advance (S5).

Next, a measurement of a level of the fuel 5 inside the inner
cylinder 23 is carried out by the fuel detection unit (S6), so that an inside
furnace level H of the fuel § is detected (S7).

Furthermore, the measured inside furnace level H is compared with
the predetermined inside furnace level upper limit Hh. If the inside
furnace level H is determined to be lower than the inside furnace level
upper limit Hh (S8Y), the control apparatus 28 obtains a deviation AH
between the inside furnace level target value H1 and the inside furnace level
H (59).

Based on the obtained deviation AH, a corrected frequency Af is

19




10

15

20

O O

calculated (S10). Furthermore, the cérrected frequency Af is added to the
basic feeding frequency fl, thus a new frequency f is calculated (S11).
Then, the motor 12 is controlled according to the new frequency f obtained
as above.

If the inside furnace level H is determined to be equal to or higher
than the inside furnace level upper limit Hh (S8N), the fuel supply
apparatus 10 is stopped (S12).

If the fuel detection unit is the level sensor 25, the level sensor 25
measures the inside furnace level. Thus, a deviation AHI is obtained based
on the inside furnace level target value H1 and the inside furnace level H.
Then, the corrected frequency f can be obtained based on the deviation AHI.
Such a level detection by measurement by the level sensor 25 is carried out
on a regular and continuous basis (at one-minute intervals).

If the fuel detection unit is the pressure sensor 26, a deviation AHp
is obtained, by the pressure sensor 26, based on the inside furnace level
target value H1 and the inside furnace level H. It is a state in which the
fuel 5 is at the inside furnace level target value H1, i.e. the feeding amount
and the combustion state of the fuel 5 are appropriate. Here, a detected
pressure of the pressure sensor 26 is set to be within a range of the negative

pressure (predetermined pressure value). If the inner pressure detected by
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the pressure sensor 26 becomes higher than the predetermined pressure
value (close to atmospheric pressure), there may occur air drift in the
gasification furnace main body 21 (inside the inner cylinder 23). Such air
drift means that, in the fuel 5 accumulated inside the inner cylinder 23,
there are portions where it is difficult/easy for the air to flow. Where it is
difficult for the air to flow, the temperature decreases and tar is generated
easily. Where it is too eaéy for the air to flow, the air is likely to be
supplied in the inner space of a double structure (space formed by the inner
peripheral surface of the gasification furnace main body 21 and the outer
peripheral surface of the inner cylinder 23), which may be a cause of
combustion of the generated gas. In such a case, it is necessary to prevent
the air drift by increasing the feeding amount of the fuel 5 so that the fuel
level becomes high.

Based on the detected pressure by the pressure sensor 26, the inside
furnace level H is calculated, and the deviation AHp is calculated. Here,
the inside furnace level H and the inner pressure are set so that they have a
certain relation.

If the fuel detection unit is the temperature sensor 27, a deviation
AHt is obtained, by the temperature sensor 27, based on the inside furnace

level target value H1 and the inside furnace level H. That is, if the feeding
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amount and the combustion state of the fuel 5 are appropriate (when the fuel
5 is at the inside furnace level target value H1), the temperature sensor 27 is
maintained within a range of certain values. When the temperature
becomes too high, the air drift occurs inside the inner cylinder 23, thus the
air is likely to be supplied in the inner space of the double structure, which
may be a cause of combustion of the generated gas. In such a case, it is
necessary to prevent the air drift by increasing the feeding amount of the
fuel 5 so that the fuel level becomes high.

When the temperature changes, the above problem occurs. Thus, it
is necessary to increase the feeding amount of fuel 5 so that the fuel level
becomes further high, thus improving a uniform air flow.

For this reason, based on the detected temperature by the
temperature sensor 27, the inside furnace level H is calculated, and the
deviation AHt is calculated. Here, the inside furnace level H and the
temperature are set so that they have a certain relation.

Furthermore, when the level sensor 25, the pressure sensor 26 and
the temperature sensor 27 are simultaneously used as the fuel detection
units, each of the deviations AHI, AHp and AHt is calculated. In
consideration of the respective deviations, a total deviation A H is

calculated. Specifically, k1AHI, k2AHp and k3AHt, which are reduced
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into respective predetermined ratios, are obtained. For example, when
k1=0.8, k1=0.1 and k1=0.1 are set, AH= 0.8AH]I + 0.1AHp + 0.1AHt is
satisfied. Thus, the deviation AH1 obtained from the level sensor 25 is
mainly used. The deviation AHp obtained from the pressure sensor 26 and
the deviation AHt obtained from the temperature sensor 27 are
supplementarily adopted.

As described above, with any one of the level sensor 25, the
pressure sensor 26 and the temperature sensor 27 as the fuel detection unit,
it is possible to control the fuel level inside the inner cylinder 23 to be the
inside furnace level target value. Also, it is possible to form a
heat-insulating layer (heat-insulating layer that covers the outer periphery
of the inner cylinder 23) that is made by the high temperature gas partially
remaining in the space of the double structure of the inner cylinder 23 and
the gasification furnace main body 21.

Therefore, with the gas in the heat-insulating layer, the temperature
inside the inner cylinder 23 can become high enough to reduce the tar (for
example, substantially 1000°C). Thus, In contrast to the conventional art,
it is not necessary to dispose a nozzle to supply air, and production of
clinker caused by the locally high temperature can be prevented.

Also, it is possible to form a compact combustion layer inside the
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inner cylinder 23 having a small diameter. Thus, it is possible to reduce
influence of the wall flow due to a repose angle inside the inner cylinder 23,
and to reduce unevenness of the temperature in the outer periphery direction
inside the inner cylinder 23.

In addition, the portion for supplying the air and the fuel is made
as the double structure of the inner cylinder 23 and the gasification furnace
main body 21, and furthermore the constricted portion 210 is provided that
has a small opening area. Thus, the gas flow in the central portion of the
gasification furnace main body 21 can be maintained, thereby radiation loss
can be reduced and a high thermal efficiency can be obtained.

Also, in the event that an abnormal situation occurs due to lowering
of the fuel level inside the inner cylinder, i.e., that the level of the fuel 5
becomes lower than the lower end opening of the inner cylinder 23, the air
that has passed through the inner cylinder 23 expands along the fuel 5, thus
makes a wall flow that intends to pass the inner peripheral surface 21a of
the gasification furnace main body 21. In this embodiment, the constricted
portion 210 is provided on the inner peripheral surface 21la of the
gasification furnace main body 21. The air is drawn, along the constricted
portion 210, to the central portion of the gasification furnace main body 21.

As a result, the temperature of the fuel 5 that exists in the constricted
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portion 210 becomes high, thereby an oxidation layer is formed in the
constricted portion 210. Thus, the gasification is accelerated. In
addition, the tar produced due to generation of the wall flow necessarily
passes through the high temperature portion of the constricted portion 210.
Therefore, problems caused by the tar can be reduced.

According to the combustion state (disturbance) inside the furnace,
the inside furnace level changes. It is possible to generate a stable gas
containing only a small amount of tar by controlling the feeding amount of
the fuel to méintain the fuel level suitable for gasification.

The present invention is not limited to the above embodiment. For
example, in the above embodiment, the configuration having the constricted
portion 210 on the inner surface of the gasification furnace main body 21 is
exemplarily presented. However, the constricted portion 210 is not
necessarily required. Also, it is possible to adopt any shape such as a
circular shape and a rectangular shape as the shape of the cross-sectional
opening of the gasification furnace main body 21 and the inner cylinder 23.

The present invention may be embodied in other forms without
departing from the gist or essential characteristics thereof. The foregoing
embodiments are therefore to be considered in all respects as illustrative

and not limiting. The scope of the invention is indicated by the appended
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claims rather than by the foregoing description, and all modifications and
changes that come within the meaning and range of equivalency of the
claims are intended to be embraced therein.

This application claims priority on Patent Application No.
2011-282094 filed in Japan on December 22, 2011, which is hereby
incorporated by reference in its entirety.

Industrial Applicability

The present invention relates to a gasification system, and
specifically, it is applicable to a technique for controlling fuel fed in a
gasification furnace. The present invention is suitable for stable
gasification and for preventing production of tar and production of clinker
caused by melting of ash by controlling an amount of fuel to be supplied to
an inner cylinder so that a height of the fuel accumulated in the inner
cylinder becomes an inside furnace level target value.

Description of Reference Numerals

1 Gasification system

5 Fuel

10 Fuel supply apparatus
12 Motor
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210

211

211a

212

213

235

H1

Hh

AH

O

Screw

Gasification furnace
Gasification furnace main body
Inner cylinder

Level sensor

Pressure sensor

Temperature sensor

Control apparatus

Constricted portion

Narrowing opening

Inclined surface

Throat portion

Expanding opening

Lower end opening

Inside furnace level target value
Inside furnace level

Inside furnace level upper limit

Deviation
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[1] A gasification system comprising:
a gasification furnace gasifying fuel; 14 HAY 19 P3 1
a fuel supply apparatus supplying fuel to the gasification furnace; and

an inner cylinder introducing the fuel and air into the gasiﬁcationR@

inner cylinder being included in the gasification furnace;
wherein a height from a lower end opening in the inner cylinder to a
predetermined height position is set as an inside furnace level target vafie, and
wherein the gasification system further includes:
a fuel detection unit that detects, as an inside furnace level, an accumulated
height of the fuel accumulated inside the inner cylinder; and
a control apparatus that obtains a deviation between the inside furnace level
target value and the inside furnace level, and that controls the fuel supply apparatus
according to the deviation so that the inside furnace level is coincident with the inside

furnace level target value.

[2]  The gasification system according to claim 1,
wherein the fuel detection unit is constituted by a level sensor that is inserted
into the inner cylinder, from above, so as to make contact with the fuel, and

wherein the level sensor measures the inside furnace level.

[3] The gasification system according to claim 1,
wherein the fuel detection unit is constituted by a pressure sensor that

measures a pressure of a space inside the gasification furnace.

[4]  The gasification system according to claim 1,
wherein the fuel detection unit is constituted by a temperature sensor that

measures a temperature of a space inside the gasification furnace.

[5]  The gasification system according to any one of claims 1 to 4,
wherein a constricted portion whose opening area is set to be small is located

at a position lower than a lower end of the inner cylinder in the gasification furnace.

28




FIG.1
-~ 28
10 “""-]
\ 1
Fuel suppl /
apparatﬁg" Gas cooling ',-/ Surplus gas
apparatus combustion
apparetlus
Pas
80
Fiter _J ~200

Sogeneration
system

20’ \fastfication furnace hd [r;?,- 100

22
-*————  (3s
e Water
<«—-——-—— Cooling water
e mem e — Circulating water

YANMAR CO., LTD.
Applicant




FIG.2

232 A

22

YANMAR CO., LTD.
Applicant




R Ll s

FI1G.3

Feeding amount (kg/h)

Feeding frequency (Hz)

ROMULO

YANMAR CO,, LTD.
Applicant

MABANTA BUENAVENTURA
$ ANGELES




FlG.4

8 10 Disturbance
, Devl:‘cion ﬂ o ) +
Ha Control Feeding H
Target height apparatus ™) apparatus Tnside furnace
- height
YANMAR CO., LTD.
Applicant

ROMULO MABANTA BUENAVENTURA
SAYOC & DE LOSANGELES




FI1G.5
238 10
§
25~ 12
‘ {
2] 281
~T13
27~
)
282

YANMAR CO,, LTD.
Applicant

ROMULO MABANTA BUENAVENTURA




FIG.6

Pl v
S1 .
ety D 14 HAY 19 P30

Set Inside furnace
level upper limit Hh

2XHh s set to be an arching Limit
by testing in the cylinder

Sé

easire Inside
furnace level

S7

urnace
level= H

£~
& o
S11 ‘o
f = i+ Af o
!

YANMAR CO., LTD.
Applicant

ROMULO MABANTA BLENAVENTURA




	Page 1 - BIBLIOGRAPHY
	Page 2 - DESCRIPTION
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - CLAIMS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS

