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[Figure 1]

(57) Abstract: The present invention relates to manufacturing apparatus and manufacturing method of solid fuel from organic
& sludge and organic waste using the fry- drying technology, in which various organic sludge and organic waste of a desired type
@ having a moisture content of 40 ~ 90% are put into oil for the fry-drying technology, which is fried for 5 - 25 minutes, so that the
moisture in the sludge is rapidly vaporized and thus the moisture content is lowered to 1 ~ 20% of weight percent and thus a calorific

value of the sludge is increased to 3,000 ~ 7,000kcal/kg.
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[DEscrRIPTION]

[Invention Title]

MANUFACTURING APPARATUS AND MANUFACTURING METHOD OF SOLID
FUEL FROM ORGANIC SLUDGE AND ORGANIC WASTE USING THE FRY-

DRYING TECHNOLOGY

[Technical Field]

The present invention relates to manufacturing apparatus
and manufacturing method of solid fuel from organic sludge
such as sewage sludge or waste water sludge and organic waste
such as garbage and livestock excretion, which have a moisture
content of 40 ~ 90% of weight percent, by using a residual
product generated when producing bio-diesel and bio-ethanol or
using fuel o0il and waste o0il including animal and vegetable
fat and o0il as o0il for the fry-drying technology, more
particularly, to manufacturing apparatus and manufacturing
method of solid fuel from organic sludge and organic waste
using the fry-drying technology, in which various organic
sludge and organic waste of a desired type having a moisture
content of 40 ~ 90% are put into o0il for the fry-drying
technology, which is heated at a temperature of 110 ~ 180T and
stored in a fry-drying device, so as to be fully submerged
under the oil, and then fried for 5 ~ 25 minutes, so that the

moisture 1in the sludge 1is rapidly vaporized and thus the
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moisture content is lowered to 1 ~ 20% and also the oil is
displaced at the positions of the vaporized moisture and thus
a calorific value of the sludge is increased to 3,000 ~
7,000kcal/kg.

Since the o0il used in the fry-drying technology has a
smaller molecular weight than the moisture, the o0il can be
rapidly infiltrated into the various organic sludge and
organic waste. Further, since the o0il has a boiling point of
170 ~ 340TC which is higher than a temperature that the fry-
drying is occurred and thus boiling heat transfer (2,500W/m’T)
is occurred, the moisture is more rapidly vaporized than in
convective heat transfer (70 ~ 140W/m*TC).

Further, since a negative pressure is generated while the
moisture in the various organic sludge and organic waste is
vaporized and thus the oil for the fry-drying technology can
be easily absorbed into the various organic sludge and organic
waste, it is possible to obtain fuel having a low moisture
content and a high calorific value.

Furthermore, according to IPCC (Intergovernmental Panel
on Climate Change) in the UN, when the organic sludge and
waste of lton are buried in the ground, methane gas (CH,) of
0.133 tons, which causes global warming, is generated until
the organic sludge and waste are completely decomposed. And

even in case that an equipment for collecting LFG (Land £fill
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Gas) is provided at the landfill, an amount of the methane gas
collected by the equipment is less than 50% of the entirely
generated amount. In some nations where the organic sludge
landfill is prohibited, if the various sludge is dried and
then used as an alternative fuel, the alternative fuel can
escape from objects which discharges carbon dioxide. Therefore,
in case that the high calorific organic sludge produced by
treating the organic sludge and the organic waste using the
residual product generated when producing bio-diesel and bio-
ethanol or using fuel o0il and waste o0il including animal and
vegetable fat and oil as the oil for the fry-drying technology
is used as the solid alternative fuel, it 1is possible to
remarkably reduce greenhouse gas and also establish a CDM
(Clean Development Mechanism) business which can secure carbon

credits by inspection of the UN.

[Background Art]

Generally, organic sludge such as sewage sludge or waste
water sludge and organic waste such as garbage and livestock
excretion have a moisture content of 40 ~ 90%. To burn up the
sludge or use the sludge as the solid fuel, it is essential to
go through a dehydrating or high efficient drying process.

As a conventional dehydrator for dehydrating the organic

sludge and the organic waste, there was proposed Germany
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Patent No. 948,497 in which humid solid dehydrated by a
continuously operated screen centrifugal machine, e.g., a
sliding screen centrifugal machine, a screw-type screen
centrifugal machine or an integral casing centrifugal machine
is dried by a drying device.

Such the dehydrated organic sludge is baked and then
formed into a lump type having a final humidity and viscosity,
and the solid lump is pulverized and then dried in the drying
device so as to be a dried material of 90 weight%.

However, since the dehydrating device and the drying
device for reducing the moisture content has a complicated
structure as well as a large size, there is a problem that the
cost of equipment and operation is increased. Further, there
are other problems that the equipment should be cleaned
periodically due to dust generated in the pulverizing process,
and the dried solid fuel has a low calorific value.

Meanwhile, an amount of the waste matter including
glycerol as a residual product generated when producing bio-
diesel and bio-ethanol is sharply increased according as the
production of the bio-diesel which can prevent the global
warming is increased. However, since there is not yet provided
a proper using method of the glycerol, it is difficult to
treat it and also it impose an economical burden on the

relevant industries due to increase of environmental cost.
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Until now, the glycerol generated in the production
process of bio-fuel has been used as a raw material of toilet
articles and medicines. However, due to the remarkable
increase of the amount of glycerol, a unit price thereof is
dropped sharply and thus a stored amount thereof is also
increased. Further, since it is impossible to recycle other
residual products except the glycerol, the residual products
are treated as wastes.

The wastes including the animal fat and oil generated in
a slaughterhouse and the animal and vegetable fat and oil
generated in a restaurant as well as deposits in a sewer pipe
are mainly responsible for the increase of treating cost in a
sewage treatment plant. However, since the animal and
vegetable fat and oil can be formed into 1liquid state by
heating them, the liquid fat and oil can be used as oil for
the fry-drying treatment of the organic sludge.

Therefore, according to the present invention, by using
the residual product generated when producing bio-diesel and
bio-ethanol or using fuel oil and waste oil including animal
and vegetable fat and oil as oil for the fry-drying treatment
of the organic sludge, the moisture content of the organic
sludge such as sewage sludge and waste water sludge and
organic waste such as garbage and livestock excretion can be

reduced to 1 ~ 15%. And the oil for the fry-drying treatment
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of the organic sludge 1is displaced at the positions of the
vaporized moisture and thus it is possible to obtain the solid
fuel having the calorific wvalue of 3,000 ~ 7,000kcal/kg, and
also it is fundamentally prevent that the methane gas which
causes global warming is generated by the 1landfill and

solidifying of the organic sludge.

[Disclosure]
[Technical Problem]

An object of the present invention is to provide
manufacturing apparatus and manufacturing method of solid fuel
from organic sludge and organic waste using the fry-drying
technology, in which the moisture content of the sludge can be
reduced by using the residual product generated when producing
bio-diesel and bio-ethanol or using fuel o0il and waste oil
including animal and vegetable fat and oil as oil for the fry-
drying treatment of the organic sludge, so that the sludge can
be solidified and used as the solid fuel having a high
calorific value.

According to IPCC (Intergovernmental Panel on Climate
Change) in the UN, when the organic sludge and waste of 1lton
are buried in the ground, methane gas (CH;) of 0.133 tons,
which causes global warming, 1is generated until the organic

sludge and waste are completely decomposed. And even in case
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that an equipment for collecting LFG (Land £ill Gas) is
provided at the 1landfill, an amount of the methane gas
collected by the equipment is less than 50% of the entirely
generated amount. In some nations where the organic sludge
landfill is prohibited, if the various sludge is dried and
then used as alternative fuel, the alternative fuel can escape
from objects which discharges carbon dioxide. Therefore,
another object of the present invention is to provide
manufacturing apparatus and manufacturing method of solid fuel
from organic sludge and organic waste using the fry-drying
technology, in which the high calorific organic sludge
produced by treating the organic sludge and the organic waste
using the residual product generated when producing bio-diesel
and bio-ethanol or using fuel oil and waste oil including
animal and vegetable fat and oil as oil for the fry-drying
technology can be used as the solid alternative fuel, and thus
it is possible to remarkably reduce greenhouse gas and also
establish a CDM (Clean Development Mechanism) business which

can secure carbon credits by inspection of the UN.

[Technical Solution]
In order to achieve the above objects, there is provided
a manufacturing apparatus of solid fuel from organic sludge

and organic waste using the fry-drying technology, comprising
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an organic sludge and waste supplying hopper which stores
organic sludge and organic waste; an oil tank which stores oil
for the fry-drying technology; a heat-evaporation drying unit
in which the organic sludge and organic waste supplied from
the organic sludge and waste supplying hopper and the oil for
the fry-drying technology supplied from the oil tank are mixed
and heated; a cooling unit which cools solid fuel which is the
mixture of the o0il for the fry-drying technology and the
organic sludge and waste discharged from the heat-evaporation
drying unit; and a compression molding unit which molds the
solid fuel dried in the cooling unit into a desired shape.

Preferably, the heat-evaporation drying unit is provided
with a burner.

Preferably, the organic sludge and organic waste supplied
from the organic sludge and waste supplying hopper and the
solid fuel discharged from the heat-evaporation drying unit
are conveyed by a conveying means.

Preferably, the conveying means is disposed so as to be
passed through the heat-evaporation drying unit, and the heat-
evaporation drying unit is further provided with a vibrator
for vibrating the conveying means.

Preferably, a fry-drying unit connected with the
conveying means is further provided in the heat-evaporation

drying unit.
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Preferably, the fry-drying unit comprises a cylindrical
drum having a plurality of through-holes and a screw which is
rotated in the cylindrical drum.

Preferably, the fry-drying unit comprises a cylindrical
drum having a plurality of through-holes and a chain belt (not
shown) which is disposed in the cylindrical drum.

Preferably, the conveying means is a conveyer.

Preferably, a condenser is provided at an upper side of
the heat-evaporation drying unit.

Preferably, the Theat-evaporation drying unit, the
condenser and the cooling unit are communicated with each
other through a gas circulation path.

Preferably, the solid fuel discharged from the heat-
evaporation drying unit is treated at 110 ~ 180C for 5 ~ 25
minutes.

Preferably, the solid fuel discharged from the cooling
unit has a moisture content of 1 ~ 20% and a calorific value
of 4,000 ~ 7,000kcal/kg.

Preferably, a mold 1is provided at an end of the
compression molding unit.

Preferably, the oil tank is further provided with a
preheating means.

Preferably, the preheating means is communicated with the

heat-evaporation drying unit through a waste heat path.
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According to another aspect of the present invention,
there is provided a manufacturing method of solid fuel from
organic sludge and organic waste using the fry-drying
technology, comprising a step S1 of supplying organic sludge
and waste; a step S2 of supplying oil for the fry-drying
technology; a step S3 of heating the organic sludge and waste
and the oil for the fry-drying technology at a temperature of
110 ~ 180T for 5 ~ 25 minutes so that moisture is evaporated;
a step S4 of cooling solid fuel which is a mixture of the
organic sludge and waste and the oil for the fry-drying
technology; and a step S5 of compression-molding the dried
solid fuel.

Preferably, the step S2 of supplying the oil for the fry-
drying technology may further comprises a step S6 of

preheating the oil for the fry-drying technology.

[aAdvantageous Effects]

According to the manufacturing apparatus and
manufacturing method of solid fuel from organic sludge and
organic waste using the £fry-drying technology, the moisture
content of the organic sludge can be reduced by using a
residual product of bio-diesel and bio-ethanol or using fuel
oil and waste oil including animal and vegetable fat and oil

as oil for the fry-drying technology. After the fry-drying

10
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process, the oil for fry-drying technology is impregnated in
the solid fuel and also coated on the surface of the solid
fuel. Therefore, the solid fuel has a high calorific value and
a clean surface but has not the bad smell and thus it is
facile to store and convey the solid fuel.

Further, according to the present invention, the residual
product of bio-diesel and bio-ethanol or using fuel oil and
waste o0il including animal and vegetable fat and oil as oil
for the fry-drying technology can be recycled so as to provide
the solid fuel having a high calorific value which can be used
as a low-priced alternative fuel for multipurpose energy 1like
domestic or agricultural heating energy, and thus it can be
contributed to the national demand and supply for energy and
also it is fundamentally prevent that an environmental problem
is occurred by the residual product of bio-diesel and bio-
ethanol or fuel o0il and waste o0il including animal and

vegetable fat and oil.

[Description of Drawings]

The above and other objects, features and advantages of
the present invention will become apparent from the following
description of preferred embodiments given in conjunction with
the accompanying drawings, in which:

Fig. 1 1is a schematic view showing a manufacturing

11
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apparatus of solid fuel from organic sludge and organic waste
using the fry-drying technology according to an embodiment of
the present invention.

Fig. 2 is a schematic view showing the manufacturing
apparatus of solid fuel from organic sludge and organic waste
using the fry-drying technology according to another
embodiment of the present invention.

Fig. 3 is a graph showing a change in temperature of a
mixture of organic sludge and waste and oil for the fry-drying
technology in a heat-evaporation drying unit according to the
present invention.

Fig. 4 is a flowchart showing a manufacturing method of
solid fuel from organic sludge and organic waste using the
fry-drying technology according to an embodiment of the

present invention.

[Detailed Description of Main Elements]

10: organic sludge and waste supplying hopper
11: organic sludge and organic waste

20: heat-evaporation drying unit

21: closed portion 22: condenser
23: gas circulation path 30: oil tank
31: oil for fry-drying technology

35: preheating means 36: waste heat path

12
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40: burner

50: compression molding unit 51: screw

52: mold 60: conveying means
70: cooling unit 80: vibrator

90: fry-drying unit 91: screw

92: cylindrical drum 100: solid fuel

[Best Model

Hereinafter, the embodiments of the present invention
will be described in detail with reference to accompanying
drawings.

Fig. 1 1is a schematic view showing a manufacturing
apparatus of solid fuel from organic sludge and organic waste
using the fry-drying technology according to an embodiment of
the present invention, Fig. 2 is a schematic view showing the
manufacturing apparatus of solid fuel from organic sludge and
organic waste using the fry-drying technology according to
another embodiment of the present invention, Fig. 3 is a graph
showing a change in temperature of a mixture of organic sludge
and waste and oil for the fry-drying technology in a heat-
evaporation drying unit according to the present invention,
and Fig. 4 is a flowchart showing a manufacturing method of
solid fuel from organic sludge and organic waste using the

fry-drying technology according to an embodiment of the

13
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present invention.

As shown in drawings, the manufacturing apparatus of
solid fuel from organic sludge and organic waste using the
fry-drying technology according to an embodiment of the
present invention includes an organic sludge and waste
supplying hopper 10 which stores the organic sludge and
organic waste 11 having a high moisture, an o0il tank 30 which
stores solid or semisolid residual product generated when
producing bio-diesel and bio-ethanol or fuel oil and waste oil
including animal and vegetable fat and oil as oil for the fry-
drying technology, a heat-evaporation drying unit 20 in which
the organic sludge and organic waste 11 supplied from the
organic sludge and waste supplying hopper 10 and the oil for
the fry-drying technology supplied from the oil tank 30 are
mixed and heated, a burner 40 which is disposed outside the
heat-evaporation drying unit 20 so as to heat the heat-
evaporation drying unit 20, a cooling unit 70 which cools
solid fuel 100 which is the mixture of the oil for the fry-
drying technology and the organic sludge and waste fried at a
desired temperature for a desired time in the heat-evaporation
drying unit 20 so as to have a lowered moisture content, and a
compression molding unit 50 which forms the solid fuel 100
dried in the cooling unit 70 into a desired shape.

Herein, the organic sludge is conveyed by a conveying

14
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means 60 and treated by a fry-drying unit 90. A condenser 22
is provided at an upper side of the heat-evaporation drying
unit 20. The condenser 22, the heat-evaporation drying unit 20
and the cooling unit 70 are communicated with each other
through a gas circulation path 23.

The oil 31 for the fry-drying technology is one of the
residual products generated when producing bio-diesel and bio-
ethanol, fuel oil and waste oil including animal and vegetable
fat and oil, or a mixture thereof.

The organic sludge and waste supplying hopper 10
functions to store and supply the organic sludge and organic
waste 11. The organic sludge and organic waste 11 supplied
from the organic sludge and waste supplying hopper 10 is
conveyed to the heat-evaporation drying unit 20 by the
conveying means 60.

It 1is preferable that the conveying means 60 is a
conveyer, but also it does not matter that the conveying means
60 is a conventional supplying hopper in which the organic
sludge and waste may be supplied while being pulverized by a
screw.

The organic sludge and organic waste 11 is supplied from
the organic sludge and waste supplying hopper 10 to the heat-
evaporation drying unit 20, and the oil 31 for the fry-drying

technology is also supplied to the oil tank 30 to the heat-

15
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evaporation drying unit 20.

It is preferable that the oil tank 30 is provided with a
preheating means 35 for preheating the oil 31 to a desired
temperature.

The preheating means 35 is communicated with the heat-
evaporation drying unit 20 through a waste heat path 36 so as
to preheat the oil 31 for the fry-drying technology by using
the waste heat of the heat-evaporation drying unit 20.

As described above, since the oil 31 for the fry-drying
technology is preheated by using the waste heat of the heat-
evaporation drying unit 20, separate energy source for the
preheating is not needed.

The heat-evaporation drying unit 20 functions to heat the
organic sludge and waste 11 supplied from the organic sludge
and waste supplying hopper 10 and the oil 31 for the fry-
drying technology supplied from the oil tank 30 by using
thermal energy generated from the burner 40 provided at a
lower side thereof.

The organic sludge and waste 11 supplied in the heat-
evaporation drying unit 20 is introduced in the fry-drying
unit 90 and then treated.

As shown in Fig. 1, the fry-drying unit 90 includes a
screw 91 or chain belt (not shown) for conveying the organic

sludge and waste 11, and a cylindrical drum 92 which is formed

16
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to receive the screw 91 or chain belt (not shown) therein and
also has a plurality of through-holes through which the heated
0il for the fry-drying technology can be freely passed.

The organic sludge and waste 11 introduced into the fry-
drying unit 90 is heated at a temperature of 110 ~ 180T for 5
~ 25 minutes.

If the solid fuel 100 which is the mixture of the organic
sludge and organic waste and the oil for the fry-drying
technology is heated at a temperature of 110 ~ 180C for 5 ~ 25
minutes, the moisture on a surface of the organic sludge and
waste 11 1is instantaneously evaporated by the fry-drying
technology. Also, liquid-liquid conduction heat transfer
between the moisture in the organic sludge and waste 11 and
the oil for the fry-drying technology is occurred by
contacting with the heated oil for the fry-drying technology,
and thus an internal temperature of the organic sludge and
waste 11 is sharply increased so that the moisture in the
organic sludge and waste 11 is discharged outside by a high
pressure. Therefore, the moisture in the organic sludge and
waste 11 is also evaporated.

During such the process, since the moisture in the
organic sludge and waste 11 is evaporated, numerous pores are
formed in the organic sludge and waste 11 and thus a negative

pressure is generated temporarily.

17
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Accordingly, the oil the fry-drying technology having a
high calorific value is displaced in the pores.

The heat-evaporation drying unit 20 may has a structure
shown in Fig. 1, but it may also have a different structure,
as shown in Fig. 2, in which the conveying means 60 is
disposed so as to be passed through the heat-evaporation
drying unit 20 and fully submerged under the oil 31 for the
fry-drying technology.

In this situation, a vibrator 80 may be further provided
at a lower side of the conveying means 60.

In case that the temperature of the organic sludge and
waste 11 is 1less than 110C in the fry-drying process, an
evaporation speed of the moisture in the organic sludge and
waste 11 becomes slow, and thus it is not possible to obtain a
desirable drying effect. And in case that the temperature of
the organic sludge and waste 11 is larger than 180TC, the
evaporation speed of the moisture becomes somewhat fast, but
increase in efficiency is not obtained. That 1is, the
consumption of energy is increased. Therefore, it is
preferable that the organic sludge and waste 11 is treated
within a temperature range of 110 ~ 180C. Further, in case
that the treatment time of the organic sludge and waste 11 is
less than 5 minutes, the quantity of heat transferred from the

oil 31 for the fry-drying technology is insufficient and thus

18
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the evaporation of moisture is not occurred sufficiently. And
in case that the treatment time of the organic sludge and
waste 11 is large than 25 minutes, the evaporation of moisture
is occurred sufficiently, but the consumption of energy is
increased. Therefore, it is preferable that the organic sludge
and waste 11 is treated for 5 ~ 25 minutes.

The organic sludge and waste 11 dried by the fry-drying
technology has a moisture content of 1 ~ 20%. Further, the
calorific wvalue of the organic sludge and waste 11 is also
increased considerably from 500 ~ 800kcal/kg to 3,000 ~
7,000kcal/kg according to a kind of the organic sludge and
waste 11 and a component of the oil 31 for the fry-drying
technology. As described above, it is preferable that the fry-
drying technology is performed at the temperature of 110 ~
180C for 5 ~ 25 minutes.

By the conveying means 60, the organic sludge and waste
11 is conveyed from the organic sludge and waste supplying
hopper 10 to the heat-evaporation drying unit 20 and then also
conveyed from the heat-evaporation drying wunit 20 to the
cooling unit 70, and the solid fuel 100 is also conveyed from
the cooling unit 70 to the compression molding unit 50.

The solid fuel 100 heated and dried in the heat-
evaporation drying unit 20 is conveyed to the cooling unit 70

SO as to be cooled and then conveyed to the compression

19
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molding unit 50 so as to be formed into various shapes.

At this time, by a mold 52 provided at an end of the
compression molding unit 50, the solid fuel can be formed into
various shapes such as a rod shape, a spherical shape, an
elliptical shape, a diamond shape, a star shape and the like.

Since the oil for the fry-drying technology is contained
in and also coated on the solid fuel 100 formed by the
compression molding unit 50, the solid fuel 100 has not a bad
smell and has a clean surface, and thus it is facile to store
and convey the solid fuel 100.

Meanwhile, at an upper portion of the heat-evaporation
drying unit 20, there afe provided a closed portion 21 for
collecting vapor and bad smell generated in the drying process
of the organic sludge and waste 11, and the condenser 22 for
cooling and condensing the vapor collected in the closed
portion 21. The bad smell cooled by the condenser 22 is
introduced again through the gas circulation path 23 into the
burner 40. The gas circulation path 23 is preferably disposed
between the condenser 22 and the burner 40 and also between
the cooling unit 70 and the burner 40 so as to re-circulate
the bad smell.

Fig. 4 is a flowchart showing a manufacturing method of
solid fuel from organic sludge and organic waste using the

fry-drying technology according to an embodiment of the

20
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present invention. The manufacture method includes a step S1
of supplying the organic sludge and waste 11, a step S2 of
supplying a residual product generated when producing bio-
diesel and bio-ethanol, or fuel oil and waste oil including
animal and vegetable fat and oil as oil 31 for the fry-drying
technology, a step S3 of heating the organic sludge and waste
11 and the o0il 31 for the fry-drying technology at a
temperature of 110 ~ 180C for 5 ~ 25 minutes, a step 54 of
cooling solid fuel 100 which is a mixture of the organic
sludge and waste 11 and the oil 31 for the fry-drying
technology, and a step S5 of compression-molding the dried
solid fuel 100.

And the step S2 of supplying the oil 31 for the fry-
drying technology may further includes a step S6 of preheating
the oil 31 for the fry-drying technology.

As described above, the present invention is focused on a
method of removing the moisture in the organic sludge, which
was a big trouble in the drying process of the organic sludge.
Therefore, by coating the surface of the organic sludge with
the residual product generated when producing bio-diesel and
bio-ethanol or fuel oil and waste oil including animal and
vegetable fat and oil, which has some problems in the waste
treatment, the residual product generated when producing bio-

diesel and bio-ethanol or fuel oil and waste oil including
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animal and vegetable fat and oil can be used as an auxiliary
fuel, and also the manufactured solid fuel has no bad smell
and also has a clean surface, and thus it is facile to store
and convey the solid fuel.

The manufacturing apparatus and manufacturing method of
solid fuel from organic sludge and organic waste using the
fry-drying technology preferably include a combination of the
fry-drying unit 90 of the heat-evaporation drying unit 20 and
the conveying means 60 for connecting from the organic sludge
and waste supplying hopper 10 to the heat-evaporation drying
unit 20 and also from the heat-evaporation drying unit 20 to
the compression molding unit 50, as shown in Fig. 1,
alternatively, the conveying means 60 for connecting from the
organic sludge and waste supplying hopper 10 to the
compression molding unit 50, as shown in Fig. 2. Herein, it is
preferable that the screw 91 or chain belt (not shown) and the
cylindrical drum 92 of the f£fry-drying unit 90, and the
conveyer belt of the conveying means 60 are formed of a
metallic material.

As described above, since the solid fuel 100 as the
mixture of the organic sludge and waste 11 and the oil 31 for
the fry-drying technology is conveyed and treated by the
conveying means 60 and the fry-drying unit 90, it is possible

to continuously manufacture the solid fuel 100.
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The compression molding unit 50 functions to mold the
dried organic sludge and thus continuously manufacture the
solid fuel 100. The compression molding unit 50 is provided
with the mold 652 compressed by the screw 51. By the
compression molding unit 50, the solid fuel can be formed into
various shapes such as a rod shape, a spherical shape, an

elliptical shape, a diamond shape, a star shape and the like.

<First embodiments>

In the embodiment, an experiment of drying the sewage
sludge was performed by using the manufacturing apparatus and
manufacturing method of solid fuel from organic sludge and
organic waste using the fry-drying technology, as described
above.

Table 1 shows the moisture content of the sludge by
heating temperatures of glycerol which is the residual product
generated when producing bio-diesel and bio-ethanol. This
experiment is to find an optimum drying temperature of the
sewage sludge having a moisture content of 84%. Considering an
evaporation temperature of the moisture and a boiling point of
the glycerol, the experiment was performed at the extent of
110 ~ 160C. As the result, the moisture content was 74% at a
temperature of 110C, 28% at 130T, in which the sludge can be

burned, and also 2.5% at 150C, in which the moisture was
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almost evaporated.
Table 1
Evaporation Moist
temperature orsture
o content (%)
(C)
Sewage sludge sample 84
Room
Semisolid
temperature ~
0 glycerol
Dried sludge 80C
using glycerol 110TC 74 Liquid state
and bio- . Drying time
diesel/bio- 130C 28 10 minutes
ethanol 140T 16
q (optimum
2.5
150C temperature)

<Moisture content of sludge by temperatures of residual

product of bio-diesel/bio-ethanols

Table 2 shows calorific values of the sludge according to
a temperature distribution of the sewage sludge dried by the
glycerol which is the residual product of the bio-diesel/bio-
ethanol. Comparing with the sewage sludge having a calorific
10 value of 2,534kcal/kg,

the dried sludge has a calorific value

of 6,150kcal/kg.

Table 2
Evaporation Calorlflq
value of dried
temperature
(C) sludge
(kcal/kg)
Sewage sludge Sample 2,534
Dried sludge 110TC 3,831
using residual
product of 130T 4,839
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bio-diesel and

bio-ethanol or 140C 5,664
using fuel oil
and waste oil

including 150 6,150

animal and
vegetable fat
and oil

<Calorific value of sludge dried by using residual
product of bio-diesel and bio-ethanol or using fuel oil and

waste o0il including animal and vegetable fat and oil>

<Second embodiment>

Table 3 shows a result in which the sewage sludge is
dried by using the waste oil. This experiment was performed
for 10 minutes. The moisture content was 8.1% at a temperature
of 160C and the calorific value was 6,347kcal/kg, and the

moisture content was 0.3% at a temperature of 180C and the

calorific value was increased to 6,920kcal/kg.

Table 3
Moisture content Calorific value
(%) (kcal/kg)
Sewage sludge 87.8 539
130C Dry sludge 40.0 3,484
150C Dry sludge 12.1 5,972
160 C Dry sludge 8.1 6,347
180C Dry sludge 0.3 6,920

Those skilled in the art will appreciate that the
conceptions and specific embodiments disclosed in the

foregoing description may be readily utilized as a basis
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for modifying or designing other embodiments for carrying
out the same purposes of the present invention. Those
skilled in the art will also appreciate that such
equivalent embodiments do not depart from the spirit and

scope of the invention as set forth in the appended claims.

[Industrial Applicability]

According to the manufacturing apparatus and
manufacturing method of solid fuel from organic sludge and
organic waste using the fry-drying technology, the moisture
content of the organic sludge can be reduced by using a
residual product of bio-diesel and bio-ethanol or using fuel
0il and waste oil including animal and vegetable fat and oil
as oil for the fry-drying technology. After the fry-drying
process, the oil for fry-drying technology is impregnated in
the solid fuel and also coated on the surface of the solid
fuel. Therefore, the solid fuel has a high calorific value and
a clean surface but has not the bad smell and thus it is
facile to store and convey the solid fuel.

Further, according to the present invention, the residual
product of bio-diesel and bio-ethanol or using fuel oil and
waste oil including animal and vegetable fat and oil as oil
for the fry-drying technology can be recycled so as to provide

the solid fuel having a high calorific value which can be used
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as a low-priced alternative fuel for multipurpose energy like
domestic or agricultural heating energy, and thus it can be
contributed to the national demand and supply for energy and
also it is fundamentally prevent that an environmental problem
is occurred by the residual product of bio-diesel and bio-
ethanol or fuel oil and waste oil including animal and
vegetable fat and oil.

Furthermore, according to IPCC (Intergovernmental Panel
on Climate Change) in the UN, when the organic sludge and
waste of 1ton are buried in the ground, wmethane gas (CH,) of
0.133 tons, which causes global warming, is generated until
the organic sludge and waste are completely decomposed. And
even in case that an equipment for collecting LFG (Land fill
Gas) is provided at the landfill, an amount of the methane gas
collected by the equipment is less than 50% of the entirely
generated amount. In some nations where the organic sludge
landfill is prohibited, if the various sludge is dried and
then used as alternative fuel, the alternative fuel can escape
from objects which discharges carbon dioxide. Therefore, in
case that the high calorific organic sludge produced by
treating the organic sludge and the organic waste using the
residual product generated when producing bio-diesel and bio-
ethanol or using fuel oil and waste oil including animal and

vegetable fat and oil as the oil for the fry-drying technology
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is used as the solid alternative fuel, it is possible to
remarkably reduce greenhouse gas and also establish a CDM
(Clean Development Mechanism) business which can secure carbon

credits by inspection of the UN.
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[cLaIms]
[claim 1]

A manufacturing apparatus of solid fuel from organic
sludge and organic waste using the fry-drying technology,
comprising:

an organic sludge and waste supplying hopper 10 which
stores organic sludge and organic waste 11;

an oil tank 30 which stores oil for the fry-drying
technology;

a heat-evaporation drying unit 20 in which the organic
sludge and organic waste 11 supplied from the organic sludge
and waste supplying hopper 10 and the oil 31 for the fry-
drying technology supplied from the oil tank 30 are mixed and
heated;

a cooling unit 70 which cools solid fuel 100 which is the
mixture of the oil 31 for the fry-drying technology and the
organic sludge and waste discharged from the heat-evaporation
drying unit 20; and

a compression molding unit 50 which molds the solid fuel

100 dried in the cooling unit 70 into a desired shape.

[ciaim 2]

The manufacturing apparatus of solid fuel from organic

sludge and organic waste using the fry-drying technology
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according to claim 1, wherein the heat-evaporation drying unit

20 is provided with a burner 40.

[claim 3]

The manufacturing apparatus of solid fuel from organic
sludge and organic waste using the fry-drying technology
according to claim 1, wherein the organic sludge and organic
waste 11 supplied from the organic sludge and waste supplying
hopper 10 and the solid fuel 100 discharged from the heat-
evaporation drying unit 20 are conveyed by a conveying means

60.

[claim 4]

The manufacturing apparatus of solid fuel from organic
sludge and organic waste using the fry-drying technology
according to claim 3, wherein the conveying means 60 is
disposed so as to be passed through the heat-evaporation
drying unit 20, and the heat-evaporation drying unit 20 1is
further provided with a vibrator 80 for vibrating the

conveying means 60.

[claim 5]
The manufacturing apparatus of solid fuel from organic

sludge and organic waste using the fry-drying technology
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according to claim 3, wherein a fry-drying unit 90 connected
with the conveying means 60 is further provided in the heat-

evaporation drying unit 20.

[claim 6]

The manufacturing apparatus of solid fuel from organic
sludge and organic waste using the fry-drying technology
according to claim 5, wherein the fry-drying unit 90 comprises
a cylindrical drum 92 having a plurality of through-holes and

a screw 91 which is rotated in the cylindrical drum 92.

[claim 7]

The manufacturing apparatus of solid fuel from organic
sludge and organic waste wusing the fry-drying technology
according to claim 5, wherein the fry-drying unit 90 comprises
a cylindrical drum 92 having a plurality of through-holes and
a chain belt (not shown) which is disposed in the cylindrical

drum 92.

[claim 8]

The manufacturing apparatus of solid fuel from orgénic
sludge and organic waste using the fry-drying technology
according to any one of claims 3 to 7, wherein the conveying

means 60 is a conveyer.
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[claim 9]

The manufacturing apparatus of solid fuel from organic
sludge and organic waste wusing the fry-drying technology
according to claim 1, wherein a condenser 22 is provided at an

upper side of the heat-evaporation drying unit 20.

[claim 10]

The manufacturing apparatus of solid fuel from organic
sludge and organic waste using the fry-drying technology
according to claim 9, wherein the heat-evaporation drying unit
20, the condenser 22 and the cooling unit 70 are communicated

with each other through a gas circulation path 23.

[claim 11]

The manufacturing apparatus of solid fuel from organic
sludge and organic waste using the fry-drying technology
according to claim 1, wherein the solid fuel 100 discharged
from the heat-evaporation drying unit 20 is treated at 110 ~

180C for 5 ~ 25 minutes.

[ciaim 12]
The manufacturing apparatus of solid fuel from organic
sludge and organic waste using the fry-drying technology

according to claim 1, wherein the solid fuel 100 discharged
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from the cooling unit 70 has a moisture content of 1 ~ 20% of

weight percent and a calorific value of 3,000 ~ 7,000kcal/kg.

[claim 13]

The manufacturing apparatus of solid fuel from organic
sludge and organic waste using the fry-drying technology
according to claim 1, wherein a mold 52 is provided at the end

of the compression molding unit 50.

[claim 14]

The manufacturing apparatus of solid fuel from organic
sludge and organic waste using the fry-drying technology
according to claim 1, wherein the oil tank 30 1is further

provided with a preheating means 35.

[claim 15]

The manufacturing apparatus of solid fuel from organic
sludge and organic waste wusing the fry-drying technology
according to claim 14, wherein the preheating means 35 is
communicated with the heat-evaporation drying unit 20 through

a waste heat path 36.

[claim 16]

A manufacturing method of solid fuel from organic sludge
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and organic waste using the fry-drying technology, comprising:

a step S1 of supplying organic sludge and waste 11;

a step 82 of supplying oil 31 for the fry-drying
technology;

a step S3 of heating the organic sludge and waste 11 and
the oil 31 for the fry-drying technology at a temperature of
110 ~ 180T for 5 ~ 25 minutes so that moisture is evaporated;

a step S4 of cooling solid fuel 100 which is a mixture of
the organic sludge and waste 11 and the oil 31 for the fry-
drying technology; and

a step S5 of compression-molding the dried solid fuel 100.

[cilaim 17]

The manufacturing method of solid fuel £from organic
sludge and organic waste wusing the fry-drying technology
according to claim 16, wherein the step S2 of supplying the
0il 31 for the fry-drying technology may further comprises a

step S6 of preheating the oil 31 for the fry-drying technology.
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[Figure 2]
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[Figure 3]
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[Figure 4]
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