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Description
Technical Field

[0001] The present invention relates to a pyrolysis
treatment system and a pyrolysis treatment method for
pyrolyzing treatment object containing oxygen atoms,
such as biomass or municipal waste, and recovering
oil from the generated pyrolysis gas.

Background Art

[0002] Material recycling and chemical recycling,
which treat and reuse materials that contain oxygen
atoms, such as biomass and municipal waste, have been
developed. In particular, the chemical recycling, which
uses a pyrolysis furnace to recover oil from biomass, is
attracting attention.

[0003] A fluidized-bed furnace is used in the chemical
recycling. This fluidized-bed furnace has a structure such
that the inside of the furnace is divided by a partition wall
into a pyrolysis furnace and a medium regeneration
furnace. Treatment object, such as biomass, is fed into
the pyrolysis furnace while fluidized medium circulates
between the pyrolysis furnace and the medium regen-
eration furnace. The treatment object is heated by the
fluidized medium in the pyrolysis furnace, and most of the
treatment object is gasified in pyrolysis. The residue of
the treatment object is transported by the fluidized med-
ium to the medium regeneration furnace. The residue of
the treatment object is burned in the medium regenera-
tion furnace to heat the fluidized medium. The heated
fluidized medium moves into the pyrolysis furnace and
functions as a heat source in the pyrolysis furnace.
[0004] The treatment object generates pyrolysis gas
by pyrolysis. Gaseous hydrocarbon contained in the
pyrolysis gas is condensed, so that cracked oil is recov-
ered. The above-mentioned internal circulating fluidized-
bed gasification system is expected to provide a technol-
ogy that can pyrolyze the treatment object and recover
cracked oil and cracked gas as pyrolysis products from
the treatment object.

Citation List
Patent Literature

[0005]
6933577

Patent document 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0006] However, the cracked oil recovered by the pyr-
olysis of the treatment object contains a large amount of
oxygen atoms, and therefore the cracked oil is poor in
quality as a chemical feedstock or fuel, making it difficult
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to use the cracked oil as a basic chemical product or use
the cracked oil in engines or high-efficiency power gen-
eration equipment. In particular, bio-oil generated by the
pyrolysis of biomass has a high oxygen-atom content
rate, and a calorific value of the bio-oil is less than half that
of petroleum-based fuel oil. Furthermore, water and acid-
by-products corrode equipment, and can cause fouling of
the equipment and catalyst due to increased coke pro-
duction.

[0007] Therefore, the presentinvention provides a pyr-
olysis treatment system and a pyrolysis treatment meth-
od that can recover high-quality oil from an oxygen-atom-
containing treatment object, such as biomass.

Solution to Problem

[0008] Inanembodiment,thereisapyrolysistreatment
system for treating a treatment object containing oxygen
atoms, comprising: a fluidized-bed furnace having a pyr-
olysis furnace configured to generate pyrolysis gas by
pyrolyzing the treatment object, and a medium regenera-
tion furnace configured to combust residue of the pyro-
lyzed treatment object; a condenser configured to con-
dense oil component and moisture contained in the pyr-
olysis gas to recover oil-water mixture and light gas
separately; a gas separator configured to recover redu-
cing gas from the light gas; a reducing-gas transfer line
configured to transfer the reducing gas, recovered by the
gas separator, to the pyrolysis furnace; and a fuel line
configured to transfer the light gas, from which the redu-
cing gas has been separated, to the medium regenera-
tion furnace.

[0009] In an embodiment, the fluidized-bed furnace is
aninternal circulating fluidized-bed gasification systemin
which fluidized medium circulates between the pyrolysis
furnace and the medium regeneration furnace.

[0010] Inan embodiment, the pyrolysis treatment sys-
tem further comprises a solid-gas separator disposed
between the pyrolysis furnace and the condenser, the
solid-gas separator being configured to separate parti-
cles from the pyrolysis gas discharged from the pyrolysis
furnace.

[0011] In an embodiment, the condenser includes an
oil scrubber and a water scrubber.

[0012] Inan embodiment, the pyrolysis treatment sys-
tem further comprises an oil-water separator configured
to divide the oil-water mixture, discharged from the water
scrubber, into oil and water.

[0013] Inan embodiment, the pyrolysis treatment sys-
tem further comprises a hydrocracker configured to per-
form hydrogenation on the oil recovered from the oil-
water mixture.

[0014] Inanembodiment, there is provided a pyrolysis
treatment method for treating a treatment object contain-
ing oxygen atoms, comprising: pyrolyzing the treatment
object in a pyrolysis furnace of a fluidized-bed furnace to
generate pyrolysis gas; condensing oil component and
moisture contained in the pyrolysis gas by a condenser to
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recover oil-water mixture and light gas separately; reco-
vering reducing gas from the light gas by a gas separator;
transferring the reducing gas, recovered by the gas se-
parator, to the pyrolysis furnace to cause hydrogen,
contained in the reducing gas, to perform hydrogenation
of the treatment object containing oxygen atoms and the
pyrolysis gas in the pyrolysis furnace; and delivering, as
fuel, the light gas from which the reducing gas has been
separated to a medium regeneration furnace of the flui-
dized-bed furnace to combust residue of the pyrolyzed
treatment object.

[0015] In an embodiment, the fluidized-bed furnace is
aninternal circulating fluidized-bed gasification systemin
which fluidized medium circulates between the pyrolysis
furnace and the medium regeneration furnace.

[0016] In an embodiment, the pyrolysis treatment
method further comprises separating particles from the
pyrolysis gas discharged from the pyrolysis furnace by a
solid-gas separator disposed between the pyrolysis fur-
nace and the condenser.

[0017] In an embodiment, the condenser includes an
oil scrubber and a water scrubber.

[0018] In an embodiment, the pyrolysis treatment
method further comprises dividing the oil-water mixture,
discharged from the water scrubber, into oil and water.

Advantageous Effects of Invention

[0019] The gas separator separates the reducing gas
containing hydrogen from the pyrolysis gas. The redu-
cing gas is delivered to the pyrolysis furnace. The hydro-
gen contained in the reducing gas reacts with the oxygen
atoms contained in the pyrolysis gas in the pyrolysis
furnace, thereby causing the hydrogenation of the pyr-
olysis gas. The moisture produced by the hydrogenation
is condensed in the condenser. The liquid oil and the
water are separated, so that the oil can be recovered. In
particular, the high heat of the pyrolysis gas can be used
directly for the hydrogenation in the pyrolysis furnace.

Brief Description of Drawings
[0020]

[FIG. 1] FIG. 1 is a block diagram showing an embo-
diment of a pyrolysis treatment system;

[FIG. 2] FIG. 2 is a block diagram showing another
embodiment of a pyrolysis treatment system;

[FIG. 3] FIG. 3 is a block diagram showing yet an-
other embodiment of a pyrolysis treatment system;
[FIG. 4] FIG. 4 is a block diagram showing yet an-
other embodiment of a pyrolysis treatment system;
and

[FIG. 5] FIG. 5 is a block diagram showing yet an-
other embodiment of a pyrolysis treatment system.
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Description of Embodiments

[0021] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. FIG.
1 is a block diagram showing an embodiment of a pyr-
olysis treatment system for treating a treatment object
containing oxygen atoms. The treatment object to be
treated by the pyrolysis treatment system is a material
containing oxygen atoms, such as biomass or municipal
waste. In the embodiments described below, biomass,
which is an example of the treatment object, is treated by
the pyrolysis treatment system.

[0022] As shown in FIG. 1, the pyrolysis treatment
system includes a fluidized-bed furnace 40 configured
to pyrolyze and combust biomass, which is an example of
the treatment object containing oxygen-atoms. The flui-
dized-bed furnace 40 includes a pyrolysis furnace 1
configured to pyrolyze the biomass to generate pyrolysis
gas, and amedium regeneration furnace 44 configured to
combust residue of the pyrolyzed biomass.

[0023] The pyrolysis furnace 1 and the medium regen-
eration furnace 44 are formed within the single fluidized-
bed furnace 40. Specifically, an interior of the fluidized-
bed furnace 40 is divided by a partition wall 45 into the
pyrolysis furnace 1 and the medium regeneration furnace
44. The biomass, which is the treatment object, is fed into
the pyrolysis furnace 1 by a raw-material feeding device
(not shown). An overall shape of the fluidized-bed fur-
nace 40 is not particularly limited, and may be, for ex-
ample, cylindrical or rectangular.

[0024] The pyrolysis furnace 1 is configured to gener-
ate the pyrolysis gas by heating and pyrolyzing the bio-
mass. A decomposition catalyst may be added to the
pyrolysis furnace 1 in order to promote the pyrolysis.
[0025] The pyrolysis treatment system includes a hy-
drogen-gas supply source 10 configured to supply the
hydrogen gas to the pyrolysis furnace 1. The hydrogen-
gas supply source 10 is coupled to the pyrolysis furnace
1. An example of the hydrogen-gas supply source 10 is a
hydrogen-gas cylinder.

[0026] A fluidized medium (e.g., silica sand) is con-
tained in the pyrolysis furnace 1 and the medium regen-
eration furnace 44. A fluidizing gas is supplied into the
pyrolysis furnace 1 and the medium regeneration furnace
44 to fluidize the fluidized medium. The fluidizing gas
supplied to the pyrolysis furnace 1 includes reducing gas
containing hydrogen gas recovered by a gas separator
15, which will be discussed later, and fresh hydrogen gas
supplied from the hydrogen-gas supply source 10. Spe-
cifically, the reducing gas containing the hydrogen gas
recovered by the gas separator 15 is introduced to the
pyrolysis furnace 1 through the reducing-gas transfer line
17 together with the fresh hydrogen gas, and serves as
the fluidizing gas to fluidize the fluidized medium. Com-
pressed air is supplied as the fluidizing gas to the medium
regeneration furnace 44.

[0027] The biomass is fed into the pyrolysis furnace 1
while the fluidized medium circulates between the pyr-
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olysis furnace 1 and the medium regeneration furnace
44. The biomass is heated by the fluidized medium in the
pyrolysis furnace 1 and pyrolyzed to generate the pyr-
olysis gas. A residue of the biomass is transported by the
fluidized medium to the medium regeneration furnace 44.
The residue of the biomass is combusted in the medium
regeneration furnace 44 to heat the fluidized medium.
The heated fluidized medium moves into the pyrolysis
furnace 1 and functions as a heat source for the pyrolysis
inthe pyrolysis furnace 1. The fluidized-bed furnace 40, in
which the fluidized medium circulates within the furnace
in this manner, is an internal circulating fluidized-bed
gasification system.

[0028] The pyrolysis treatment system further includes
a solid-gas separator 50 configured to separate particles
from the pyrolysis gas discharged from the pyrolysis
furnace 1. Specific examples of particles removed by
the solid-gas separator 50 include polymeric polymer
and coke residue generated during pyrolysis of the bio-
mass, fluidized medium (e.g., fine particles of silica
sand), and fine particles of catalyst. An example of the
solid-gas separator 50 is a cyclone-type solid-gas se-
parator that separates particles from the pyrolysis gas by
centrifugal force.

[0029] The pyrolysis gas discharged from the pyrolysis
furnace 1 is delivered to the solid-gas separator 50. The
particles removed by the solid-gas separator 50 are
returned to the medium regeneration furnace 44. In
one embodiment, the particles removed by the solid-
gas separator 50 may be returned to the pyrolysis furnace
1. The particles in the pyrolysis gas are removed by the
solid-gas separator 50, and as a result, the quality of the
oil recovered in an oil reservoir 12 at the downstream side
can be improved.

[0030] The pyrolysis treatment system includes a con-
denser 7 configured to condense oil component and
moisture contained in the pyrolysis gas generated in
the pyrolysis furnace 1 to recover an oil-water mixture
and light gas separately. The condenser 7 is disposed
downstream of the pyrolysis furnace 1. In the embodi-
ment shown in FIG. 1, the condenser 7 is disposed
downstream of the solid-gas separator 50. The conden-
ser 7 is configured to cool the pyrolysis gas and condense
the oil component and moisture in the pyrolysis gas.
Specific examples of the condenser 7 include a heat
exchanger (e.g., a multi-tube heat exchanger, a spiral
heat exchanger, a plate heat exchanger, etc.), an oil
scrubber, a water scrubber, and a combination thereof.
[0031] In one example, the pyrolysis gas is cooled to
40°C bythe condenser 7. Thus, inthe condenser 7, the ol
components and the moisture having boiling points of
40°C or higher are condensed and discharged as the oil-
water mixture. The oil-water mixture and the light gas are
discharged separately from the condenser 7. The oil-
water mixture is delivered to the oil reservoir 12. The
oil-water mixture is divided into oil and water in the oil
reservoir 12. The oil is recovered as cracked oil or re-
formed oil, and the water is drained from a bottom of the
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oil reservoir 12.

[0032] The light gas discharged from the condenser 7
includes, for example, hydrogen (H,), methane (CH,),
ethane (C,Hg), liquefied petroleum gas (LPG), carbon
monoxide (CO), and carbon dioxide (CO,).

[0033] The pyrolysis treatment system further includes
a gas separator 15 configured to recover the reducing
gas containing hydrogen gas from the light gas dis-
charged from the condenser 7, and a reducing-gas trans-
ferline 17 configured to transfer the reducing gas contain-
ing the hydrogen gas to the pyrolysis furnace 1.

[0034] The gas separator 15 is disposed downstream
of the condenser 7, so that the light gas discharged from
the condenser 7 is delivered to the gas separator 15.
Specific configuration of the gas separator 15 is not
particularly limited. For example, a pressure swing ad-
sorption device (PSA) or a gas separation membrane can
be used for the gas separator 15. The reducing gas
separated from the pyrolysis gas by the gas separator
15 is transferred through the reducing-gas transfer line
17 to the pyrolysis furnace 1.

[0035] The gas separator 15 is configured to recover
(separate) the reducing gas containing hydrogen gas,
methane, ethane, and carbon monoxide gas, which have
small molecular weights, from the light gas. The reducing
gas containing the hydrogen gas is delivered to the
pyrolysis furnace 1, so that generation of coke during
the pyrolysis of biomass in the pyrolysis furnace 1 can be
suppressed.

[0036] In the pyrolysis furnace 1, the hydrogen gas
contained in the reducing gas is added to the pyrolysis
gas under a high temperature, so that hydrogenation is
performed on the biomass and the pyrolysis gas in the
pyrolysis furnace 1. Specifically, oxygen atoms contained
in the biomass and the pyrolysis gas react with the
hydrogen to form moisture. As a result, the oxygen atoms
are removed from the biomass and the pyrolysis gas.
Because the pyrolysis gas in the pyrolysis furnace 1 has a
high temperature (e.g.,400to 600°C), the high heat of the
pyrolysis gas can be used directly for the hydrogenation
of the pyrolysis gas. The condenser 7 cools the pyrolysis
gas that has been subjected to the hydrogenation in the
pyrolysis furnace 1 and condenses the oil component
and moisture contained in the pyrolysis gas. The liquid oil
and water are separated, so that the oil can be recovered.
[0037] The hydrogen-gas supply source 10 is coupled
to the reducing-gas transfer line 17. The reducing-gas
transfer line 17 extends from the gas separator 15 to the
pyrolysis furnace 1. Therefore, the hydrogen-gas supply
source 10 is coupled to the pyrolysis furnace 1 via the
reducing-gas transfer line 17. The hydrogen gas deliv-
ered to the pyrolysis furnace 1 also functions as a purge
gas within the pyrolysis furnace 1. The purge gasis agas
for discharging the pyrolysis gas remaining in the pyro-
lysis furnace 1 to a downstream side of the pyrolysis
furnace 1, and may be used to adjust a residence time
of the pyrolysis gas.

[0038] Thehydrogen gas contained inthe light gas that



7 EP 4 772 597 A1 8

has been discharged from the condenser 7 is recovered
by the gas separator 15 and used again for the hydro-
genation in the pyrolysis furnace 1. Specifically, the hy-
drogen gas required for the hydrogenation is consumed
while circulating between the pyrolysis furnace 1 and the
gas separator 15. According to this embodiment, an
amount of hydrogen gas consumed for the hydrogena-
tion can be reduced. Depending on the amount of hydro-
gen gas required for the hydrogenation in the pyrolysis
furnace 1, the hydrogen gas may be supplied from the
hydrogen-gas supply source 10 through the reducing-
gas transfer line 17 to the pyrolysis furnace 1.

[0039] The pyrolysis treatment system further includes
a fuel line 21 configured to supply the light gas, from
which the reducing gas has been separated by the gas
separator 15, to the medium regeneration furnace 44 of
the fluidized-bed furnace 40. The light gas, from which
the reducing gas has been separated, includes, for ex-
ample, liquefied petroleum gas (LPG), such as propane
or butane, which has larger molecular weight, and carbon
dioxide (CO,). The light gas is combusted as fuel in the
medium regeneration furnace 44. The residue of the
biomass pyrolyzed in the pyrolysis furnace 1 is delivered
to the medium regeneration furnace 44 and combustedin
the medium regeneration furnace 44. The heat gener-
ated by the combustion heats the fluidized medium. The
heated fluidized medium is delivered to the pyrolysis
furnace 1 and used as a heat source for the pyrolysis
in the pyrolysis furnace 1.

[0040] FIG. 2 is a block diagram showing another
embodiment of a pyrolysis treatment system. Configura-
tion and operation of this embodiment that will not be
particularly described are the same as those of the em-
bodiment described with reference to FIG. 1, and there-
fore duplicated descriptions will be omitted. The pyrolysis
treatment system of the embodiment shown in FIG. 2
further includes a hydrocracker 25 coupled to the oil
reservoir 12, and a distillation column 28 coupled to
the hydrocracker 25.

[0041] A part or all of the oil in the oil reservoir 12 is
delivered to the hydrocracker 25 by a pump 30. The
hydrocracker 25 is configured to further perform hydro-
genation on the oil recovered in the oil reservoir 12 at a
high temperature (e.g., 400 to 600°C) and under pres-
sure (e.g., 1 MPa or more). Hydrogen gas used in the
hydrogenation in the hydrocracker 25 is supplied from the
hydrogen-gas supply source 10. Trace amounts of oxy-
gen atoms, sulfur atoms, nitrogen atoms, etc. contained
in the oil are removed by the hydrogenation in the hydro-
cracker 25.

[0042] The oil hydrogenated by the hydrocracker 25 is
delivered to the distillation tower 28 where the oil is
divided into light oil and heavy oil. The hydrogen, hydro-
gen sulfide, and ammonia discharged from the distillation
tower 28 are delivered to the gas separator 15. Water
condensed and separated in the distillation tower 28 is
drained from an auxiliary facility of the distillation tower
28.
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[0043] The hydrocracker 25 and distillation column 28
shown in FIG. 2 are appropriately provided based on the
quality required for the oil recovered in the oil reservoir
12.

[0044] FIG. 3 is a block diagram showing yet another
embodiment of a pyrolysis treatment system. Configura-
tion and operation of this embodiment that will not be
particularly described are the same as those of the em-
bodiment described with reference to FIG. 2, and there-
fore duplicated descriptions will be omitted.

[0045] The pyrolysis treatment system of the embodi-
ment shown in FIG. 3 further includes an oil-water se-
parator 53 disposed between the condenser 7 and the oil
reservoir 12. The oil-water mixture generated by the
condenser 7 is delivered to the oil-water separator 53,
which is configured to separate the oil from the water. The
specific configuration of the oil-water separator 53 is not
particularly limited. For example, a coalescer or a sedi-
mentation tank can be used for the oil-water separator 53.
The oil separated by the oil-water separator 53 is deliv-
ered to the oil reservoir 12 and stored in the oil reservoir
12. The water separated from the oil by the oil-water
separator 53 is drained from the oil-water separator 53.
[0046] FIG. 4 is a block diagram showing yet another
embodiment of a pyrolysis treatment system. Configura-
tion and operation of this embodiment that will not be
particularly described are the same as those of the em-
bodiment described with reference to FIG. 3, and there-
fore duplicated descriptions will be omitted.

[0047] The pyrolysis treatment system of the embodi-
ment shown in FIG. 4 further includes a cleaning device
55 disposed between the condenser 7 and the gas se-
parator 15. The cleaning device 55 is configured to scrub
the light gas with a scrubbing liquid by bringing the
scrubbing liquid into contact with the light gas passing
through an inside of the cleaning device 55. A liquid, such
as water, can be used as the scrubbing liquid. The
specific configuration of the cleaning device 55 used is
not particularly limited, and a known cleaning device,
such as ascrubber, can be used. Forexample, a cleaning
tower that includes a tower having a gas passage formed
therein and a spray nozzle for spraying water onto the gas
flowing through the gas passage can be used as the
cleaning device 55.

[0048] The light gas discharged from the condenser 7
is introduced into the cleaning device 55. The hydrogen,
the hydrogen sulfide, and the ammonia discharged from
the distillation tower 28 are also delivered to the cleaning
device 55. Water-soluble substances, such as fine par-
ticlesand ammonia, are removed from the light gas by the
cleaning device 55. The light gas thathas passed through
the cleaning device 55 is delivered to the gas separator
15.

[0049] FIG. 5 is a block diagram showing yet another
embodiment of a pyrolysis treatment system. Configura-
tion and operation of this embodiment that will not be
particularly described are the same as those of the em-
bodiment described with reference to FIG. 3, and there-
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fore duplicated descriptions will be omitted.

[0050] Inthe embodiment shownin FIG. 5, a combina-
tion of an oil scrubber 60 and a water scrubber 56 is used
as the condenser 7. Specifically, the oil scrubber 60 and
the water scrubber 56 as the condenser 7 are configured
to cool the hydrogenated pyrolysis gas in two stages to
condense oil component and moisture. The oil scrubber
60 is arranged downstream of the pyrolysis furnace 1. In
the embodiment shown in FIG. 5, the oil scrubber 60 is
arranged downstream of the solid-gas separator 50. The
oil scrubber 60 is coupled to the pyrolysis furnace 1, the
water scrubber 56, and the oil reservoir 12. The pyrolysis
gas hydrogenated in the pyrolysis furnace 1 is introduced
to the oil scrubber 60 via the solid-gas separator 50.
[0051] The oil scrubber 60 is configured to cool heavy
oil recovered on its bottom, and then spray the heavy oil
onto the pyrolysis gas to cool the pyrolysis gas and
condense gaseous oil component contained in the pyr-
olysis gas. In one embodiment, oil supplied from outside,
instead of the recovered heavy oil, may be sprayed in the
oil scrubber 60.

[0052] In one example, the pyrolysis gas is cooled to
150°C by the oil scrubber 60. Thus, oil component having
a boiling point of 150°C or higher is condensed in the oil
scrubber 60. The condensed oil and the sprayed oil are
discharged from the oil scrubber 60 as heavy oil and
stored in the oil reservoir 12. The specific configuration of
the oil scrubber 60 is not particularly limited, and a known
oil scrubber can be used. For example, a cleaning tower
that includes a tower having a gas passage formed
therein and a spray nozzle for spraying oil onto a gas
flowing through the gas passage can be used as the oil
scrubber 60.

[0053] The water scrubber 56 is disposed between the
oil scrubber 60 and the gas separator 15. The water
scrubber 56 is further coupled to the oil-water separator
53. The water scrubber 56 is configured to bring water
into contact with the pyrolysis gas that has passed
through the oil scrubber 60, thereby further cooling the
pyrolysis gas. In this embodiment, the water scrubber 56
is configured to bring alkaline water into contact with the
pyrolysis gas. The pyrolysis gas is cooled by the contact
with the water (e.g., alkaline water in this embodiment).
For example, the pyrolysis gas is cooled from 150°C to
40°C by the water scrubber 56. Thus, in the water scrub-
ber 56, oil component and moisture having boiling points
generally within arange of 150°C to 40°C are condensed.
Oil-water mixture is discharged from the water scrubber
56 and delivered to the oil-water separator 53. The oil-
water separator 53 is configured to separate oil (e.g., light
oil of 40°C) from the alkaline water. The pyrolysis gas
from which the oil component and moisture have been
removed by the water scrubber 56 is delivered as a light
gas to the gas separator 15.

[0054] According to this embodiment, the oil contained
in the pyrolysis gas is recovered by the oil scrubber 60
and the water scrubber 56, so that fine particles and
water-soluble substance gases in the pyrolysis gas are
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removed, and an overall oil yield is improved.

[0055] The hydrocracker 25 and the distillation tower
28 shown in FIGS. 2 to 5 may be omitted. The embodi-
ments described with reference to FIGS. 1 to 5 may be
combined as appropriate. For example, the condenser 7
constituted of a combination of the oil scrubber 60 and the
water scrubber 56 shown in FIG. 5 may be applied to the
embodiments described with reference to FIG. 1 or 2.
[0056] The previous description of embodiments is
provided to enable a person skilled in the art to make
and use the present invention. Moreover, various mod-
ifications to these embodiments will be readily apparent
to those skilled in the art, and the generic principles and
specific examples defined herein may be applied to other
embodiments. Therefore, the present invention is not
intended to be limited to the embodiments described
herein but is to be accorded the widest scope as defined
by limitation of the claims.

Industrial Applicability

[0057] The presentinvention is applicable to a pyroly-
sis treatment system and a pyrolysis treatment method
for pyrolyzing treatment object containing oxygen atoms,
such as biomass or municipal waste, and recovering oil
from the generated pyrolysis gas.

Reference Signs List
[0058]

1 pyrolysis furnace

7 condenser

10  hydrogen-gas supply source
12 oil reservoir

15  gas separator

17  reducing-gas transfer line

21 fuelline

25  hydrocracker

28  distillation tower

40 fluidized-bed furnace

44  medium regeneration furnace
45  partition wall

50 solid-gas separator

53 oil-water separator

55 cleaning device

56  water scrubber

60 oil scrubber

Claims

1. Apyrolysis treatment system for treating a treatment
object containing oxygen atoms, comprising:

a fluidized-bed furnace having a pyrolysis fur-
nace configured to generate pyrolysis gas by
pyrolyzing the treatment object, and a medium
regeneration furnace configured to combust re-
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sidue of the pyrolyzed treatment object;

a condenser configured to condense oil compo-
nentand moisture contained in the pyrolysis gas
to recover oil-water mixture and light gas sepa-
rately;

a gas separator configured to recover reducing
gas from the light gas;

areducing-gas transfer line configured to trans-
fer the reducing gas, recovered by the gas se-
parator, to the pyrolysis furnace; and

a fuel line configured to transfer the light gas,
from which the reducing gas has been sepa-
rated, to the medium regeneration furnace.

The pyrolysis treatment system according to claim 1,
wherein the fluidized-bed furnace is an internal cir-
culating fluidized-bed gasification system in which
fluidized medium circulates between the pyrolysis
furnace and the medium regeneration furnace.

The pyrolysis treatment system according to claim 1,
further comprising a solid-gas separator disposed
between the pyrolysis furnace and the condenser,
the solid-gas separator being configured to separate
particles from the pyrolysis gas discharged from the
pyrolysis furnace.

The pyrolysis treatment system according to claim 1,
wherein the condenser includes an oil scrubber and
a water scrubber.

The pyrolysis treatment system according to claim 4,
further comprising an oil-water separator configured
to divide the oil-water mixture, discharged from the
water scrubber, into oil and water.

The pyrolysis treatment system according to claim 1,
further comprising a hydrocracker configured to per-
form hydrogenation on the oil recovered from the oil-
water mixture.

Apyrolysis treatment method for treating a treatment
object containing oxygen atoms, comprising:

pyrolyzing the treatment object in a pyrolysis
furnace of a fluidized-bed furnace to generate
pyrolysis gas;

condensing oil component and moisture con-
tained in the pyrolysis gas by a condenser to
recover oil-water mixture and light gas sepa-
rately;

recovering reducing gas from the light gas by a
gas separator;

transferring the reducing gas, recovered by the
gas separator, to the pyrolysis furnace to cause
hydrogen, contained in the reducing gas, to per-
form hydrogenation of the treatment object con-
taining oxygen atoms and the pyrolysis gas in
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10.

1.

the pyrolysis furnace; and

delivering, as fuel, the light gas from which the
reducing gas has been separated to a medium
regeneration furnace of the fluidized-bed fur-
nace to combust residue of the pyrolyzed treat-
ment object.

The pyrolysis treatment method according to claim 7,
wherein the fluidized-bed furnace is an internal cir-
culating fluidized-bed gasification system in which
fluidized medium circulates between the pyrolysis
furnace and the medium regeneration furnace.

The pyrolysis treatment method according to claim 7,
further comprising separating particles from the pyr-
olysis gas discharged from the pyrolysis furnace by a
solid-gas separator disposed between the pyrolysis
furnace and the condenser.

The pyrolysis treatment method according to claim 7,
wherein the condenser includes an oil scrubber and
a water scrubber.

The pyrolysis treatment method according to claim
10, further comprising dividing the oil-water mixture,
discharged from the water scrubber, into oil and
water.
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