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(54) Improved refuse incineration system

(67) Wet refuse is heated in a dryer 4 to remove most moisture therefrom while converting such
moisture into steam for use in order to save energy consumption in a steam generating boiler (23). The
dried refuse is then fed into boiler 23 for combustion where, because it has been dried, the
combustion gas temperature within the boiler is greatly increased and thus the thermal efficiency
improved.

The preferred form of the system includes additional devices 27, 38 for preheating air used to
support combustion of refuse enhancing the extent of combustion of combustible matter in the refuse.
The preferred system also includes devices 34, 39 for increasing the recovery of residual heat content
from the waste stack gas.
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SPECIFICATION

Improved refuse incineration system
THIS INVENTION relates to a method of re- 70
fuse incineration and to a refuse incineration
system such as may be used for incineration

of wet municipal refuse in order to increase

the thermal efficiency to produce greater me-
chanical work.

In a conventional incinerator, wet refuse is
directly fed into a boiler without removing the
great quantity of moisture contained in the
refuse. In this case, the gaseous combustion
product will entrain a great amount of steam
with considerable latent heat which heat is
lost when the combustion product is dis-
charged from the chimney as stack gas. Fur-
thermore, the wet refuse burns less rapidly -
than would dry refuse and requires a greater
excess of air than would dry refuse, and thus
there results a lower combustion gas tempera-
ture than would result from burning dry re-
fuse. It is thus possible to generate, by means
of such an incinerator only low temperature
and low pressure steam which provides a
lower conversion ratio of thermal energy to
mechanical work. Furthermore, the fraction of
the combustible matter in the refuse which
remains unburnt is thus higher.

Although the wet refuse has no initial cost,
the investment in the facilities for converting
the thermal energy in such refuse into me-
chanical work is much more than in the case
of a general high-temperature, high-pressure
steam turbine power plant, and thus conse-
quently it is scarcely profitable to generate
power by the combustion of wet refuse. Nev-
ertheless, shortage of energy and the disposal
of municipal refuse are still both very trouble-
some problems.

Therefore, a primary object of this invention
is to provide an improved incineration system
whereby wet municipal refuse can be burnt
economically to produce useful power.

According to the invention there is provided
a method of refuse incineration including the
step of drying the refuse before passing the
latter to a boiler adapted to generate high-
pressure superheated steam for producing me-
chanical work, wherein, in said drying step,
the refuse is heated in a dryer by a heating
medium in order to vaporise most of the
moisture contained in said refuse.

Thus, in embodiments of the invention, the
wet refuse is heated to remove the moisture
as steam before the refuse is fed into the
boiler for combustion so as to obtain an
improved conversion ratio from thermal en-
ergy of wet refuse to mechanical work as
compared to conventional systems. The wet
refuse after drying increases its lower heating
value which, in turn, decreases the heat loss
in the stack gas and increases the proportion
of combustible matter actually burnt. Thus the
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heat made available for heating the steam to
perform work greatly increases and the heat
loss caused by additional drying procedures is
limited. Therefore, the favourable advantage
of this invention is apparent. On the other
hand, because the heating value increases
upon the wet refuse being dried, the steam
content of the combustion gas and excess air
needed decrease, and in turn the combustion
gas temperature is substantially raised to in-
crease the thermal efficiency of steam work
cycle.

In a preferred embodiment of the invention,
the refuse after removal of most moisture is
further dried by means of a stream of boiler
combustion gas. As a resuit the excess air
ratio needed during the refuse combustion is
further reduced and the combustion gas tem-
perature further raised, so that the combustion
of combustible matter is more complete. This
is quite different from the stack gas return
utilised in conventional boilers, for the latter,
by contrast, reduces the combustion gas te-
meprature.

Preferably, the air used to support combus-
tion of the refuse is preheated by stack gas,
ash and high temperature combustion gas to

- a temperature higher than the ignition point of

the refuse which greatly raises the combustion
gas temperature and enhances the complete
combustion of the refuse.

Preferably the wet refuse is preheated by
the waste stack gas before being heated in
the dryer to remove most moisture content for
further recovery of the waste heat of the stack
gas. ,

The aforementioned and other objects and
features will be more apparent from the fol-
lowing description with reference to the sole
accompanying drawing which is a schematic
flow diagram of an improved incineration sys-
tem embodying the present invention.

The drawing shows a flow diagram of a
refuse incineration system embodying the pre-
sent invention, in which the wet refuse, after
conventijonal pre-treatment, such as crushing,
magnetic separation and the like, is fed
through a rotary drum 1 into a refuse recepta-
cle 2, and then squeezed therefrom by means
of screw conveyor 3 into a continuous agitat-
ing dryer 4 provided with a heating jacket 5.
The refuse is transported slowly through dryer
4 in the direction towards the outlet 7 and
agitated, by rake agitation blade 6. In dryer 4
the refuse, and the moisture therein, is heated
by steam at a pressure of about 20 psia in the
jacket b, and this moisture is vaporised as
steam which is collected at vent 9 and intro-
duced through line 10 into a thermal com-
pressor 11 installed in a high-pressure steam
line 8 extending from a high-pressure steam
generator in the boiler, referred hereinafter.
The steam from vent 9 is compressed by
compressor 11 and is combined with the
high-pressure steam from the compressor 11
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and, optionally, with steam from an appropri- through the high-pressure superheated steam
ate stage of a steam engine 12 such as a heater 31, high-pressure steam generator 30
turbine, supplied via line 13, to be supplied and feed water heater 29 successively to
to the jacket 5 for heating further refuse. The produce high-pressure super-heated steam

. 5 heating medium in jacket 5 is condensed after 70 which is sent via line 39 into the steam
heating the wet refuse within the dryer 4 and turbine 12 to do expansion work in a manner
the condensate is discharged by a trap 14 known per se in the art. After expansion in
and sent into a hot water tank 15. The the course of doing such work, the waste
uncondensable gas, such as air and the like, steam is discharged into a condenser 40 to

10 in steam jacket 5 of said dryer 4, is vented, 75 form condensate which is compressed by
with some steam, into an absorber 16 to means of a high-pressure pump 4 and passes
ensure the dryer 4 retains good thermal con- through the heater 19 into the boiler 23 for
ductivity. The steam entrained by said uncon- recycle use.

- densable gas and the heat therein is absorbed : The combustion gas carries out heat ex-

15 in said absorber 16 by cold water coming 80 change to the apparatus 31, 30 and 29 and
from line 17 to recover latent heat from said consequently its temperature is reduced and it
steam and heat from said gas, to form hot becomes stack gas which passes air preheater
water. This hot water is combined with the 34 which recovers further residual heat from
condensate in tank 15 and then introduced the gas, then the gas vents to the atmosphere

20 via line 18 into a heater 19 where it is used 85 after being subjected to conventional treat-
for heating up the boiler feed water. The ment, such as electrostatic dust collection,
refuse after being dried in the dryer 4 is sent harmful gas absorption and the like. The
out by a screw conveyor 20 through an residual ash on the grate 28 is collected at the
enclosed and insulated conveyor, indicated by conical bottom of the boiler to heat the air in

25 line 21, into the inlet 22 of the boiler 23. 90 the ash air preheater 36 with its residual heat.

The boiler 23 comprises a combustion The ash is finally discharged by means of the
chamber 24, a drying chamber 25, a drying screw conveyor 42 into ash receptacle 43 and
gas return chamber 26 and a heating cham- blows down through the ash outlet 44 period-
ber 27 for pre-heating air to be used to ically or as desired.

30 support combustion of the refuse. At the 95 For further enhancing the performance of
bottom of said boiler 23 is provided a rotating the incineration, there may be various modifi-
burning grate 28. Inside the combustion cations. For example, in a first modification at
chamber 24 is provided a feed water heater the top of the drying chamber 25 a draft fan
29, a high-pressure steam generator 30 and a 45 may be provided for forcing the high-

35 high-pressure superheated steam heater 31 100 temperature combustion gas from the com-
connected in series in this order, the heater bustion chamber 24 to rise up through the
29 being disposed above generator 30 which drying chamber 25 and thus promote its
in turn is disposed above heater 31. The drying action while contacting with the incom-
refuse sent into the inlet 22 drops by gravity ing refuse, also to increase the temperature of

40 along inclined buffer plates 32 provided in- 105 the almost dried refuse and in turn to increase
side of the drying chamber 25 and spaced the burning effect of the refuse when it
apart in the vertical direction, and contacts, in reaches the grate 28. The rising combustion
counter-current, high-temperature combustion gas for drying the refuse returns to the com-
gas is rising through the drying chamber 25. bustion chamber 24 via drying gas return

45 Thereby, the residual moisture in the refuse is 110 chamber 26.
vaporised at last and the refuse becomes In a second modification at the top of the
almost fully dried inflammable matter and, heating chamber 27 another draft fan 46 may
finally, drips on the grate 28. additionally be provided for similarly forcing

On the other hand, the air to be used to the high-temperature combustion gas from the

50 support combustion is sent by a blower 33 115 combustion chamber 24 to rise up through
into a stack air preheater 34 and preheated the gas heating chamber 27 and thus pro-
herein by exiting stack gas, then flows mote the air preheating effect carried out by
through line 35 into an ash air preheater 36 the preheater 38.
and is additionally preheated by the ash heat [n a third modification, the stack gas exiting

55 to about 200°C, and further flows through 120 from the air preheater 34 may be caused by a
line 37 into a high-temperature air heater 38 draft fan 47 to pass through a line 48 into the
in said heating chamber 27. After being rotary drum 1 for contacting with the wet
heated by said three heaters 34, 36 and 38, refuse in counter-current. This is to recover
the air has a temperature above the ignition further the residual heat in the stack gas and

60 point of refuse, generally about 450°C, and 125 to preheat the wet refuse.
subsequently enters the rotating grate 28 for The modifications mentioned above may be
burning the dried refuse. realised individually or in combination of two

The refuse is thus burnt in the combustion or more. )
chamber 24 and the high-temperature com- In start-up of the incineration system de-

65 bustion gas thereby produced rises and passes 130 scribed, an oil or gas burner may be used as
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in a conventional system. Furthermore, a solar
energy collector may be used to generate
necessary heat for heating medium used in
the jacket 5 of the dryer 4. In this case,
energy will be further greatly saved and power
generation correspondingly increased.

The performance and advantages of the
improved incineration system described with
ref erence to the drawing -are further illus-
trated by the following examples and compar-
ative example.

Comparative Example

A fact well known is that, during the com-
bustion of refuse, the higher the lower heating
value (1-HV), the lower the proportion of
combustible matter unburnt, and the lower
the heat loss in stack gas and slag, then the
greater is the heat available for generating
steam. Furthermore, as the combustion gas
temperature rises the thermal efficiency of the
;steam engine or turbine used to generate
power can also be higher. With regard to a
modern power plant, when burning fuel oil
the combustion gas temperature is about
1550°C (2800°F) and the thermal efficiency
for a steam cycle is up to 44.7%, while when
burning wet refuse, the combustion gas tem-
perature is about 850°C and the thermal
efficiency for a steam cycle is only around
20%. ' '

Now, in an incineration plant for the treat-
ment of 600 tons of Taipei municipal com-
bined refuse containing 29% of combustible
matter, 56% of moisture and 15% of ash and
having LHV of 1, 182 Kcal/kg using an
established Japanese conti nuous inci nerator,
the proportion of combustible matter left un-
burnt is about 7% excess air ratio is about
2.0, and the heat loss by radiation from the
boiler is 2%. For each kilogram of refuse
burnt there is a heat loss, from stack gas
exiting the boiler at 280°C, of 330 Kcal, and
heat loss from ash, exiting the boiler at
200°C, of 6 Kcal, so that the net heat avail-
able for generating steam will be 741 Kcal.
Combustion gas temperature is 925°C, ther-
mal efficiency for the steam cycle is about
22.5% and 0.1 940 KWH of power is gener-
ated. Therefore, this plant produces power in
total of 4850 KW.

Example 1

In a system according to the preferred em-
bodiment of the present invention described,
without the modifications referred to, the
steam as vaporised from the refuse in the
dryer is used as primary heating medium to
remove moisture content in amount to 0.21
Kg/kg wet refuse. The heat loss by radiation
from the boiler during combustion as well as
the temperature of stack gas and ash exiting
the boiler are the same as in the Comparative
Example, but 1-HV increases to 1308 Kcal,
the proportion of combustible matter left un-
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burnt decreases to 2.5% excess air ratio re-
quired is about 1.7, the heat loss from stack
gas and ash is 268 Kcal/kg and 6 Kcal/kg,
respectively, make-up heat energy for the op-
eration of the dryer having thermal efficiency
of 75% is 118 Kcal/kg, but input heat from
dried refuse is 32 Kcal/kg, the heat actually
used for generating steam for the steam cycle
will be 890 Kcal/kg refuse. The combustion
gas temperature is 1240°C and thermal effici-
ency for steam cycle is bout 34%, so that
each kilogram of wet refuse will generate
power of 0.3519 KWH. An incinerator for
treating 600 tons of refuse per day will pro-
duce power of 8800 KW. Subtracting the
320 KW of power consumption for the agita-
tion in the dryer, then net power production is
8480 KW.

Example 2

In a system corresponding to that of
Example 1 according to the essential embodi-
ment but also including the first modification
referred to above the moisture content of
56% of the wet refuse is reduced to 35% by
the dryer (4) and further reduced to 15% in
drying chamber (25) by the operation of the
draft fan (45) before the refuse is dropped
onto the grate (28) for burning. The propor-
tion of combustible matter left unburnt de-
creases to 1.9%, excess air ratio is 1.5, the
heat loss per kg refuse from stack gas is 246
Kcal, and other conditions are the same as in
Example 1. In this case the heat available for
generating steam cycle is 919 Kcal/kg. Fur-
thermore, the combustion gas temperature is
as high as 1320°C, the thermal efficiency for
steam cycle is up to 36% so that each ki
ogram of wet refuse generates 0.3847 KWH.
An incinerator for treating 600 tons of refuse
per day will then produce 9,620 KW power.
Subtracting 320 KW of power consumption
for agitation in the dryer and neglecting con-
sumption in other stages due to the pressure
drops of combustion gas, (approximately
10mm H,0 for overcoming the resistances in
the drying chamber and slight reverse flow
rate of the combustion gas), then net power
production is 9,300 KW.

Example 3

In a system corresponding to that of
Example 2, with the addition of the second
modification referred to above, the draft fan
(46) is provided and operated for raising the
temperature of the air as combustion support-
ing gas in the heating chamber 27 from
200°C to 450°C. During combustion, the
proportion of combustible matter left unburnt
decreases substantially to zero. Other condi-
tions being as defined in Example 2, the heat
available for generating steam in the steam
cycle is 944 Kcal/kg. The combustion gas
temperature is up to 1455°C and the thermal
efficiency for the steam cycle is about 41%.
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An incinerator of 600 tons capacity will pro- 6. A method as claimed in claim 1, wherein
duce power of 11,250 KW. Subtracting 320 said boiler comprises a combustion chamber,
KW of power consumption for the agitation of an incoming refuse drying chamber, a drying
the dryer and 120 KW of power consumption gas return chamber, and an air heating cham-

5 for additional preheating of air by combustion =~ 70 ber for preheating air to be supplied to the
gas including 100 KW for air draft and 20 boiler combustion chamber to support com-
KW for the blower for the air for supporting bustion therein, said four chambers being
combustion, then net power production is arranged vertically along said boiler.

10,81 0 KW. 7. A method as claimed in claim 6, wherein

10 75 said boiler further comprises a rotating burn-
Example 4 ing grate disposed at the bottom thereof.

In a system corresponding to that of 8. A method as claimed in claim 7, wherein
Example 3 with the addition of the third the refuse, after being heated in said dryer is
modification referred to above, the waste introduced into said boiler by passing through

15 stack gas is introduced to drum to preheat the 80 said drying chamber and falling onto said
wet refuse being fed therealong and to reduce grate to be burned in the preheated air to
the stack gas temperature to below 80°C generate a gaseous combustion product for
before it passes from drum 1 to be treated by heating a feed water heater, high-pressure
the electrostatic dust collector and discarded . steam generator and high-pressure super-

20 through the chimney. The recovery of heat is 85 heated steam generator, which are connected
about 134 Kcal/kg refuse. Other conditions in series and arranged in this order within said
are as defined in Example 3. The heat avail- boiler at successively lower levels, said com-
able for generating steam cycle is up to bustion product, after passing the feed water
1,078 Kcal/kg which will produce power heater, high pressure steam heater and high-

25 about 2,850 KW. Subtracting a power con- 90 pressure superheated steam generator exiting
sumption 320 KW for the agitation of the from said boiler as stack gas.
dryger, 120 KW for preheating the air by 9. A method as claimed in claim 6, wherein
combustion gas and 340 KW for preheating a plurality of downward inclined buffer plates
the wet refuse by waste stack gas including are arranged within said drying chamber at

30 160 KW for preheater and 80 KW for draft 95 different levels.
fan, then net power production is 12,070 10. A method as claimed in claim 8,

KW. wherein said air to support combustion is
preheated in a stack gas preheater disposed in
Example 5 a stack of said boiler and in an ash preheater

35 Repeating Examples 1 to 4 but utilising the 100 disposed at the bottom of said boiler, and is
steam generated by a solar energy collector as then heated in the heater disposed in said
heating medium in the dryer, but with all burning gas heating chamber, before being
other conditions substantially the same as introduced into the combustion chamber in
defined in Examples 1 to 4, respectively, (the the region of the burning grate for burning

40 net power production is 10,900 KW, 11,860 105 the refuse.

KW, 13,700 KW and 14,990 KW respec- 11. A method as claimed in claim 6,

tively. wherein at the top of said drying chamber a
draft fan is provided.

CLAIMS _ 12. A method as claimed in claim 6,

45 - 1. A method of ref use incineration includ- 110 wherein at the top of said burning gas heating
ing the step of drying the ref use before chamber a draft fan is provided.
passing the latter to a boiler adapted to gener- 13. A method as claimed in claim 8,
ate high-pressure superheated steam for pro- wherein said exiting stack gas is used for
ducing mechanical work, wherein, in said dry- preheating the refuse before the latter is

50 ing step, the refuse is heated in a dryer by a 115 passed to said dryer.
heating medium in order to vaporise most of 14. A refuse incineration system, including
the moisture contained in said refuse. drying means for drying refuse, means for

2. A method as claimed in claim 1, wherein passing the dried refuse to a boiler incorporat-
said heating medium is a fluid medium heated ing means for generating high-pressure super-

55 in said boiler. 120 heated steam, said drying means including a

3. A method as claimed in claim 1, wherein dryer for the refuse and means for heating in
said heating medium is derived from the va- the drier to vaporise moisture contained in the
pour driven off from the refuse. refuse.

4, A method as claimed in claim 1, wherein 15. A refuse incineration system according

60 said heating medium comes from-a solar 125 to claim 14 wherein said means for heating
energy collector. the refuse in the dryer incudes means, associ-

5. A method as claimed in claim 1, wherein ated with said boiler, for heating a fluid me-
said heating medium is condensed in said dium, and means for passing the heated fluid
drying step, and the condensate so formed is medium to the dryer.

65 used for preheating the boiler feed water. 130 16. A method of refuse incineration, sub-
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stantially as hereinbefore described with refer-
ence to the accompanying drawing.

17. A refuse incineration system, substan-
tially as hereinbefore described with reference
to and as shown in the accompaning drawing.

18. Any novel feature or combination of
features described herein.

CLAIMS
Ammendments to the claims have been filed,
and have the following effect:-

(a) Claims 1 to 8 have been deleted.

(b) New of textually amended claims have
been filed as follows:

1. A method of refuse incineration including
the step of drying the refuse before passing
the latter to a boiler adapted to generate high-
pressure superheated steam for producing me-
chanical work, wherein, in said drying step,
the refuse is heated in a dryer by a heating
medium comprising steam derived from the
vapor driven off from refuse in said dryer, or
the exhaust of a device utilising said high-
pressure superheated steam to produce me-
chanical work, or steam from a solar energy
collector, in order to dry said refuse.

2. A method as claimed in claim 1, wherein
said heating medium is condensed in said
drying step, and the condensate so formed is
used for preheating the boiler feed water.

3. A method as claimed in claim 1, wherein
said boiler comprises a combustion chamber,
an incoming refuse drying chamber, a drying
gas return chamber, and an air heating cham-
ber, said four chambers being arranged verti-
cally along said boiler.

4. A method as claimed in claim 3, wherein
said boiler further comprises a rotating burn-
ing grate disposed at the bottom thereof.

5. A method as claimed in claim 4, wherein
the refuse, after being heated in said dryer is
introduced into said boiler by passing through
said drying chamber and falling onto said
grate to be burned to generate combustion
gas for heating a feed water heater, high-
pressure steam generator and high-pressure
superheated steam generator, which are con-
nected in series and arranged in this order
within said boiler at successively lower levels,
and wherein said combustion gas becomes
stack gas exiting from said boiler.

6. A method as claimed in claim 3, wherein
a plurality of downwardly inclined buffer
plates are arranged within said drying cham-
ber at different levels.

7. A method as claimed in claim 5, wherein
said air to support combustion is preheated in
a stack gas preheater disposed in a stack of
said boiler and then heated in the heater
disposed in said air heating chamber, before
being introduced into the combustion cham-
ber in the region of the burning grate for
burning the refuse.
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8. A method as claimed in claim 3, wherein
at the top of said drying chamber a draft fan
is provided.

9. A method as claimed in claim 3, wherein
at the top of said air heating chamber a draft
fan is provided.

10. A method as claimed in claim 5,
wherein said exiting stack gas is used for
preheating the refuse before the latter enters
into said dryer for heating up.

11. A refuse incineration system, including
drying means for drying refuse, means for
passing the dried refuse to a boiler incorporat-
ing means for generating high-pressure super-
heated steam, said drying means including a
dryer for the refuse and means for heating in
the dryer to dry the refuse.

12. A refuse incineration system according
to claim 1, wherein said means for heating
the refuse in the dryer includes means, associ-
ated with said boiler, for generating steam,
and means for passing the steam to the dryer.

13. A method of refuse incineration, sub-
stantially as hereinbefore described with refer-
ence to the accompanying drawing.

14. A refuse incineration system, substan-
tially as hereinbefore described with reference
to and as shown in the accompanying draw-

ing.
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