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ABSTRACT

The invention aims at making a volatile organic compound harmless, and in
addition comprehensively improving the energy efficiency within a facility where
treatment of the volatile organic compound is necessary. In the invention, in order to
achieve this aim, a solution means is adopted where, a discharge gas containing a volatile
organic compound 1s supplied to an adsorption apparatus to adsorb the volatile organic
compound in an adsorbent. The volatile organic compound 1s desorbed from the adsorbent
with pressurized steam and mixed with the steam. The steam containing the volatile
organic compound is supplied, in the pressurized state, to the combustion chamber of a gas

turbine, and burned together with a fuel gas.
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DESCRIPTION

METHOD OF TREATING VOLATILE ORGANIC COMPOUND AND SYSTEM FOR

TREATING VOLATILE ORGANIC COMPOUND USING GAS TURBINE

S
TECHNICAL FIELD
The present invention relates to a treatment method and a treatment system for
treating a gaseous volatile organic compound using a gas turbine.
10 - BACKGROUND ART

In the case of using various types of volatile organic compounds such as toluene,
xylene, or the like, there 1s much concern regarding disposal of the volatile organic
compound after use. In the case where the release 1s small, the discharge gas containing
the used volatile organic compounds may be discharged to the atmosphere within a range

15  which falls below a reference value. However in the case where the discharge amount is
large ( that 1s 1n most cases), this is treated by providing a separate treatment facility.

As a conventional general treatment method, at first the discharge gas containing

the volatile organic compound 1s supplied to an adsorption apparatus, and the volatile
organic compound is adsorbed in an adsorbent, and the adsorbent which has adsorbed the

20  volatile organic compound is then desorbed in steam, so that the volatile organic
compound 1s mixed with the steam. Next, the steam which has adsorbed the volatile
organic compound is condensed, and the condensed water is distilled, so that the volatile
organic compound and the water are separated. Finally, the volatile organic compound
which has been separated from the water is burnt, and thus decomposed.

25 In the conventional treatment method, in addition to the cost required for the set
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up of the treatment facility, there is also an increase in cost necessary for operating the
facility. Therefore, a technique has been proposed for treating the volatile organic

compound without extra cost, by using a gas turbine for example existing within a plant

(for example Patent Documents 1, 2 and 3 described hereunder).

In the invention of Patent Document 1, an organic compound generated from a
volatile organic compound is scavenged, and supplied to the inlet port of the air intake of
the gas turbine, and compressed together with air in the compressor. Then the compressed
air containing the toxic substance 1s supplied to the combustor, and together with this, fuel
gas 1S suf)plied 'and burnt to thereby drive the turbine. The toxic substance is burnt in the
combustion chamber and thus made haﬁnless, and discharged to the atmosphere together

with the exhaust of the gas turbine.

In the inventions of Patent Documents 2 and 3, waste fluid of a volatile organic
compound is supplied directly to the combustion chamber, and together with this, fuel gas
1s supplied and burnt to thereby drive the turbine. The waste fluid of the toxic substance is

burnt in the combustion chamber and made harmless, and discharged to the atmosphere

together with the exhaust of the gas turbine.

Patent Document 1: Japanese Unexamined Patent Application, First Publication

No. 2003-322324

Patent Document 2: Japanese Unexamined Patent Application, First Publication

No. 2004-036492

Patent Document 3: Japanese Unexamined Patent Application, First Publication

No. 2004-184003

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention
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Incidentally, in the above described treatment method, the following problems are
indicated. In the invention of Patent Document 1, the construction i1s such that the toxic
substance generated from the volatile organic compound i1s supplied to the air intake of the
gas turbine, however a part of the intake air is not introduced to the combustion chamber,
but is used in cooling the final stage turbine. Therefore, a part of the toxic substance does
not pass through the combustion chamber, that is, is discharged from the gas turbine
without being combusted, and hence 1s not sufficiently treated. In the invention of Patent
Documents 2 and 3, waste fluid with a high concentration of toxic substance is supplied
directly to the combﬁstion chamber. Therefore, there 1s concern that the flame temperature
may become too high.

The present invention takes into consideration the above circumstances with an
object of making the volatile organic compound harmless, and 1n addition
comprehensively improving the energy efficiency within a facility where treatment of the
volatile organic compound is necessary.

Means for Solving the Problems

As a means for solving the above problems, a treatment method for a volatile
organic compound which uses a gas turbine, of the following construction, and a treatment

system for a volatile organic compound is adopted.

That 1s to say, in the present invention, as a first solution means according to a
method of treating a volatile organic compound using a gas turbine, a means is adopted
which has: adsorbing a volatile organic compound contained in a gas to be treated in an
adsorbent; desorbing the volatile organic compound adsorbed in the adsorbent from the
adsorbent using steam under a pressurized environment, and mixing with the steam; and
burning the steam mixed with the volatile organic compound in a combustion chamber of a

gas turbine.
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Furthermore, as a second solution means according to a method of treating a

volatile organic compound using a gas turbine, a means is adopted which in the first

solution means, generates steam by using heat of combustion gas discharged from the gas
turbine.

As a third solution means according to a method of treating a volatile organic
compound using a gas turbine, a means is adopted which in the first or second solution
means, alternately performs in parallel, adsorption of the volatile organic compound 1n the
adsorbent, and desorption of the volatile organic compound from the adsorbent.

As a fourth solution ﬁieans according to a method of treating a volatile organic
compound using a gas turbine, a means i1s adopted which in any of the first through third
solution means, supplies a part of the steam for desorption of the volatile organic
compound from the adsorbent, to the combustion chamber of the gas turbine, without
being supplied for desorption of the volatile organic compound.

As a fifth solution means according to a method of treating a volatile organic
compound using a gas turbine, a means is adopted which in any one of the first through
fourth solution means, applies pretreatment for concentrating the volatile organic
compound, to the gas to be treated, and then adsorbs the volatile organic compound in the
adsorbent.

As a sixth solution means according to a method of treating a volatile organic
compound using a gas turbine, a means is adopted where in the fifth solution means, the
pretreatment 1s either one or both of; a concentration treatment for concentrating the
volatile organic compound by desorbing the volatile organic compound from the adsorbent
using a hot gas, or a dehumidifying treatment for removing the water content from the gas
to be treated, which are executed after adsorbing the volatile organic compound being a

treatment object, in a predetermined adsorbent.
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As a seventh solution means according to a method of treating a volatile organic
compound using a gas turbine, a means is adopted which in two solution means of any one
of the first through sixth solution means, after the volatile organic compound has been
adsorbed in the adsorbent, performs heating using a hot gas, before desorbing the volatile
organic compound of the adsorbent with steam.

As an eight solution means according to a method of treating a volatile organic
compound using a gas turbine, a means is adopted where in the sixth or seventh solution
means, the heated gas is discharge gas of combustion gas which has been supplied for
generation of steam.

As a ninth solution means according to a method of treating a volatile organic
compound using a gas turbine, a means is adopted where in the sixth or seventh solution
means, the hot gas is air which has been heated by heat transfer with discharge gas of
combustion gas which has been supplied for generating steam.

On the other hand, in the present invention, as a first solution means according to
a system for treating a volatile organic compound, a means 1s adopted having: an
adsorption apparatus which adsorbs a volatile organic compound contained 1n a gas to be
treated 1n an adsorbent, and desorbs the volatile organic compound which 1s adsorbed in
the adsorbent using steam under a pressurized environment, and mixes this with steam; and

a gas turbine which burns the steam mixed with the volatile organic compound in a

combustion chamber.

As a second solution means according to a system for treating a volatile organic
compound, a means is adopted where, in the first solution means, there is provided a steam
generation apparatus which generates steam using heat of combustion gas discharged from
the gas turbine.

As a third solution means according to a system for treating a volatile organic
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compound, a means is adopted where, in the first or second solutibn means, there 1s further
provided a plurality of adsorption apparatuses, and a switching apparatus which switches
the plurality of adsorption apparatuses so that adsorption of the volatile organic compound
in the adsorbent, and desorption of the volatile organic compound from the adsorbent are
alternately performed in parallel.

As a fourth solution means according to a system for treating a volatile organic
compound, a means is adopted where, in any one of the first through third solution means,
there is further provided a steam bypass control valve which adjusts a flow of steam
supplied directly to a combustion chamber without f)assing through the adsorption
apparatus.

As a fifth solution means according to a system for treating a volatile organic
compound, a means is adopted where, in any one of the first through fourth solution means,
there is further provided a pretreatment apparatus for concentrating a volatile organic
compound contained in a gas to be treated, before adsorbing the volatile organic compound
in the adsorbent.

As a sixth solution means according to a system for treating a volatile organic

compound, a means is adopted where, in the fifth solution means, the pretreatment
apparatus 1s either one or both of; a concentrator which concentrates the volatile organic
compound by desorbing the volatile organic compound from the adsorbent using a hot gas,
and a dehumidifier which removes the water content from the gas to be treated, after
adsorbing the volatile organic compound being a treatment object, in a predetermined

adsorbent.
As a seventh solution means according to a system for treating a volatile organic
compound, a means is adopted where 1n any one of the first through sixth solution means,

heating is performed using a hot gas, before desorbing the volatile organic compound in
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the adsorbent with steam, in the adsorption apparatus.

As an eight solution means according to a system for treating a volatile organic
compound, a means is adopted where in the sixth or seventh solution means, the hot gas is
discharge gas of combustion gas which has been supplied for generating steam in the steam
generator.

As a ninth solution means according to a system for treating a volatile organic
compound, a means 1s adopted where 1n the seventh solution means, there 1s further
provided a heating apparatus which heats air by heat exchange with discharge gas of
combustion gas which has been supplied for generating steam; and the hot gas is hot air
-discharged from the heating apparatus.

Effects of the Invention

In the present invention, since the steam mixed with the volatile organic
compound 1s supphied to the combustion chamber of the gas turbine and combusted, the
volatile organic compound can be made harmless. Moreover, the situation where highly
concentrated volatile organic compound is supplied to the combustion chamber so that the
flame temperature becomes too high can be prevented, and the overall energy efficiency

can be improved. Furthermore, by supplying the steam to the combustion chamber, the

amount of NOx in the combustion gas discharged from the gas turbine can be reduced, and
hence deterioration in the surroundings due to the NOx can be suppressed.

Moreover, by producing steam using heat retained in the combustion gas
discharged from the gas turbine, and supplying this to the adsorption apparatus, then
compared to the case where the steam 1s provided from another system, the energy

necessary for producing the steam can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 1s a system block diagram showing a characteristic configuration of a
volatile organic compound freatment system according to a first embodiment of the present
invention.

FIG 2 1s a system block diagram showing a characteristic configuration of a
volatile organic compound treatment system according to a second embodiment of the
present invention.

FIG. 3 1s a schematic diagram showing operating states "a" to "d" of an adsorption
apparatus 1n the second embodiment of the present invention.

FIG. 4 1s a schematic diagram showing operating states "e" to "h""'of an édsorption
apparatus in the second embodiment of the present invention.

FIG. 5 1s a timing chart showing change in operating conditions of an adsorption
apparatus 1n the second embodiment of the present invention. -

FIG. 6 1s a system block diagram showing a characteristic configuration of a
volatile organic compound treatment system according to a third embodiment of the
present invention.

FIG. 7 1s a system block diagram showing a characteristic configuration of a
volatile organic compound treatment system according to a fourth embodiment of the
present invention. .

FIG 8 1s a system block diagram showing a characteristic configuration of a
volatile organic compound treatment system according to a fifth embodiment of the

present invention.

DESCRIPTION OF THE REFERENCE SYMBOLS

1 Adsorption apparatus

2 (Gas turbine
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3 Steam generator
4 Compressor
5 Combustion chamber
6 Turbine
7 Load

BEST MODE FOR CARRYING OUT THE INVENTION

Hereunder is a description of embodiments of the present invention, with
reference to the drawings.

First embodiment

FIG. 1 is a system block diagram showing a characteristic configuration of a
volatile organic compound treatment system according to a first embodiment of the present
ivention. In FIG 1, reference symbol 1 denotes an adsorption apparatus, 2 denotes a gas
turbine, and 3 denotes a steam generator.

The adsorption apparatus 1 adsorbs a volatile organic compound contained in a
gas to be treated, in an adsorbent thereinside, to thereby remove the volatile organic
compound from the gas to be treated, and desorbs the volatile organic compound adsorbed
in the adsorbent, using steam under a pressurized environment, and mixes this with steam.
For the adsorbent, for example activated carbon is used. Furthermore, the pressurized
environment 1s realized by supplying steam to the adsorption apparatus 1.

In such an adsorption apparatus 1, the gas to be treated is input from the outside,
and together with this, steam is input from the steam generator 3. On the other hand, the
treated gas from which the volatile organic compound removed is discharged to the outside,

and together with this, a steam containing compound in which the volatile organic

compound 1s mixed, is output to a combustion chamber 5 of a gas turbine 2. In the
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adsorption apparatus 1, as shown in the ﬁgure,"since 1t 1s necessary to cool the adsorbent,
air (coolhing air) 1s introduced.

The gas turbine 2 has; a compressor 4 for compressing air, a combustion chamber
5 for supplying fuel gas to the compressed air and combusting, and generating combustion
gas, and a turbine 6 which 1s rotated by the kinetic energy and pressure energy of the
combustion gas, and generates a drive force for the compressor 4 and an extémal load 7. In
the gas turbine 2 steam mixed with the volatile organic compound in the adsorption
apparatus 1 is supplied in a pressurized state to the combustion region of the combustion
chamber 5, and burnt together with the fuel gas. The load 7 is for example a generator.

The steam generator 3 1s a type of heat exchanger which uses heat retained in the
combustion gas discharged from the gas turbine 2 to generate steam. This steam generator
3 15 an exhaust heat recovery boiler. The steam in a pressurized state generated in the
steam generator 3 1s supplied to the outside as plant process steam, and is also supplied to
the adsorption apparatus 1.

The method of treating the volatile organic compound by means of the treatment
system of the above described construction will be described.

When the gas to be treated containing the volatile organic compound is supplied
to the adsorption apparatus 1, the volatile organic compound is adsorbed in the adsorbent.
Then, the volatile organic compound adsorbed in the adsorbent is desorbed from the
adsorbent by the operation of the steam under a pressurized atmosphere, and is mixed with
the steam. Here the pressurized environment is realized by supplying steam to the
adsorption apparatus 1. However the method of realizing the pressurized environment is
not limited to this. For example, the pressurized environment inside the adsorption
apparatus 1 can also be realized by supplying a part of the compressed air discharged from

the compressor 4 to the adsorption apparatus 1.
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In this mannef, the steam mixed with the volatile organic compound (steam
containing compound) is supplied to the combustion region of the combustion chamber 5
of the gas turbine 2 in the pressurized state. Then, the volatile organic compound in the
steam containing compound is burnt together with the fuel gas in the combustion chamber
5 to thereby be made harmless. All or a part of the combustion gas of the combustion
chamber 5 rotates the turbine 6, after which this is introduced to the steam generator 3, and
steam 1s produced by heat exchange with water. That 1s to say, in the steam generator 3 the
water 1s evaporated by the heat 1n the fuel gas to generate steam. A part or all of the steam
generated in this manner 1s supphed 1n a pressurized state to the adsorption apparatus 1,
and used for desorbing the volatile organic compound from the adsorbent.

According to this present embodiment, since the steam mixed with the volatile
organic compound is supplied to the combustion chamber 5 of the gas turbine 2 and bumnt,
the volatile organic compound can be made completely ha:mless compared to heretofore.
Furthermore, since the steam mixed with the volatile organic compound is supplied to the
combustion chamber 5 of the gas turbine 2 and burnt, the heat of combustion portion of the
volatile organic compound can reduce part of the fuel used in the gas turbine. Therefore,

the overall energy efficiency can be improved. Moreover, since steam is supplied to the
combustion chamber 5, the amount of NOx in the fuel gas discharged from the gas turbine
2 can be reduced, and hence deterioration of the surrounding environment due to NOx can

be suppressed.

Furthermore, since the heat retained by the combustion gas discharged from the
gas turbine is used to generate steam, then compared to the case where the steam is
provided from another system, the energy required for generating steam can be reduced.
Consequently, the energy efliciency of the plant can be improved overall.

Incidentally, in the present embodiment, the heat of the combustion gas
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discharged from the gas turbine 2 is used to generate steam, however a facility for
generating steam may be provided separately, and steam from this facility may be
supplied.

Second embodiment

Next 1s a description of a second embodiment of the present invention, with
reference to the system block diagram shown i1n FIG. 2.

At first, the quantity of steam that the gas turbine (i.e. the combustion chamber 5)
requires for its own drive (the cOm_bustion steam quantity), and the quantity of steam that
the adsorption apparatus 1 requires for adsorbing the volatile organic compound (the
compound adsorption steam quantity), are not necessarily the same. That is, the
combustion steam quantity needs to be determined from the requirements for safe and
etficient operation of the gas turbine, while the compound adsorption steam quantity needs
to be determined from the requirement for effective adsorption of the volatile organic
compound.

In the volatile organic compound treatment system according to the first
embodiment, the configuration was such that the steam containing compound discharged
from the adsorption apparatus 1 was supplied as is, to the combustion chamber 5.
Therefore the steam quantity supplied to the adsorption apparatus 1 and the steam quantity
supplied to the combustion chamber 5 were the same. Consequently, there is the problem
that the abovementioned combustion steam quantity and the compound adsorption steam
quantity cannot both be satisfied.

Moreover, the adsorption apparatus 1 is one which switches between adsorbing
the volatile organic compound in the adsorbent, and desorbing the volatile organic
compound from the adsorbent under a pressurized environment. Hence there is a problem

in that the discharge gas containing the volatile organic compound cannot be continuously
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treated.

The second embodiment is one for solving such problems of the first embodiment,
being related to a system which is more realistically close to a volatile organic compound
treatment system. In FI1G. 2, components the same as in the first embodiment are denoted
by the same reference symbols. In the following description, description related to
components the same as in the first embodiments is omitted to avoid duplication.

In the system block diagram of FIG. 2, reference symbols 1A and 1B denote
adsorption apparatuses, 8 denotes a steam bypass control valve, 9 denotes a steam injection
control valve, 10A and 10B déhote gas to be treated supply valves, 11A and 11B denote
treated gas discharge valves, 12A and 12B denote steam supply valves, 13A and 13B

denote steam discharge valves, 14 denotes a cooling air fan, and 15A and 15B denote

cooling air supply valves.

The absorption apparatus 1A and the adsorption apparatus 1B are similar

to the adsorption apparatus 1 of the first embodiment. These adsorption

apparatuses 1A and 1B, as shown 1n the figure, are provided in parallel with respect to the
supply path for the gas to be treated and the steam, and as described later alternately

perform volatile organic compound removal treatment with respect to the gas to be treated.
The steam bypass control valve 8 is an open/close valve provided between the

inlet side of the steam supply valves 12A and 12B, and the outlet side of the steam
discharge valves 13A and 13B, and directly supplies a part of the steam supplied to the
adsorption apparatuses 1A and 1B to the steam injection control valve 9 without passing
through the adsorption apparatuses 1A and 1B. That is, this is for supplying a part of the
steam to the steam injection control valve 9, bypassing the adsorption apparatuses 1A and

1B.

The steam 1njection control valve 9 is provided between the steam bypass control
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- valve 8 and the gas turbine 2 (actually the combustion chamber 5), and regulates the

injection quantity of steam to the gas turbine 2. The gas to he treated supply valve 10A is

an open/close valve provided in the gas to be treated supply port in the adsorption

apparatus 1A and performs supply/shutoff of the gas to be treated to the
adsorption apparatus 1A. On the other hand, the gas to be treated supply valve 10B is an
open/close valve provided in the gas to be treated supply port in the adsorption apparatus
1B, and pertorms supply/shutoff of the gas to be treated to the adsorption
apparatus 1B.

The treated gas discharge valve 1 1A 1s an open/close valve provided in the treated
gas discharge port in the adsorption apparatus 1A, and performs discharge/shutoff of the
treated gas from the adsorption apparatus 1A. The treated gas discharge valve 11B is an
open/close valve provided in the treated gas discharge port in the adsorption apparatus 1B,
and performs discharge/shutoff Qf the treated gas from the adsorption apparatus 1B. The
steam supply valve 12A is an open/close valve provided in the steam supply port in the
adsorption apparatus 1A, and performs supply/shutoff of the steam to the adsorption
apparatus 1A. The steam supply valve 12B is an open/close valve provided in the steam
supply port in the adsorption apparatus 1B, and performs supply/shutoff of the steam to the

adsorption apparatus 1B.

The steam discharge valve 13A is an open/close valve provided in the steam
containing compound discharge port in the adsorption apparatus 1A, and performs

discharge/shutoff of the steam containing compound from the adsorption apparatus 1A.
The steam discharge valve 11B is an open/close valve provided in the steam containing
compound discharge port in the adsorption apparatus 1B, and performs discharge/shutoff
of the steam containing compound from the adsorption apparatus 1B.

The cooling air fan 14 1s a power source for supplying cooling air to the
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adsorption apparatuses 1A and 1B. The cooling air supply valve 15A is an open/close

valve provided between the cooling air fan 14 and the adsorption apparatus 1A, and

performs supply/shutoff of cooling air to the adsorption apparatus 1A. The cooling air
supply valve 15B is an open/close valve provided between the cooling air fan 14 and the
adsorption apparatus 1B, and performs supply/shutoff of cooling air to the adsorption
apparatus 1B.

In the volatile organic compound treatment system of the above configuration, in
addition to the steam containing compound discharged from _t_he' adsorption apparatus 1A
or the adsorption apparatus 1B, the steam which has passed fhrough the steam bypass
control valve 8 is supplied to the steam injection control valve 9. Consequently, the
combustion steam quantity, and the compound adsorption steam quantity mentioned above,
can be set separately.

For example, 1n the case where the combustion steam quantity is a flow rate R1,
and the compound adsorption steam quantity is a flow rate R2 (where R1 > R2), the
difference in flow rate between R1 and R2 is supplied to the steam injection control valve 9
via the steam bypass control valve 8 so that the requirement for either one of the

combustion steam quantity and the compound adsorption steam quantity can be satisfied.
The case where R1 <R2 is also considered, however in this case, this gives a condition
where the compound adsorption steam quantity is not completely treated in the gas turbine

2, and hence this is not practical.

In this volatile organic compound treatment system, the steam injection control
valve 9 1s provided on the downstream side of the steam bypass control valve 8 in the flow
direction of the steam (that is, between the steam bypass control valve 8 and the gas turbine
2). However the steam injection control valve 9 may be provided on the upstream side of

the steam bypass control valve 8 (that is between the steam generator 3 and the steam
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bypass control valve 8). Als‘o' in this configuration, a similar operational effect to that
mentioned above 1s obtained.

Next 1s a detailed description of the operation of the adsorption apparatus 1A and
the adsorption apparatus 1B provided as a pair in parallel, with reference to FIG. 3 to FIG. 5.
FIG. 3 and FIG. 4 show the change in the operating conditions "a" through "h" of the
adsorption apparatus 1A and the adsorption apparatus 1B corresponding to the open/close
conditions of the steam bypass control valve 8, the gas to be treated supply valves 10A and
10B, the treated gas discharge valves 11A and 11B, the steam supply valves 12A and 12B,
the steam discharge valves 13A and 13B, and the cooling air supply va]ves 15A and 15B.
Furthermore, FIG. 5 is a timing chart with the changes in the operating conditions "a"
through "h" 1n FIG. 3 and FIG. 4, shown chronologically. The adsorption apparatus 1A and
the adsorption apparatus 1B repeat these changes in the operating conditions "a" through
"h" to thereby change the state in sequence from the adsorption state, to the compression
state, the desorption state, the decompression state, the cooling state, and the adsorption
state.

Regarding the steam bypass control valve 8, the gas to be treated supply valves
10A and 10B, the treated gas discharge valves 11A and11B, the steam supply valves 12A
and 12B, the steam discharge valves 13A and 13B, and the cooling air sﬁpply valves 15A
and 15B in FIG. 3 and FIG. 4, the white space representation shows that the valves are in
the open condition, and the black space representation shows that the valves are in the
closed condition. In FIG. 3 and FIG. 4, the open/close condition of the steam bypass
control valve 8 is also shown. However, the steam bypass control valve 8 is a valve for
supplementing the difference in flow rate between the combustion steam quantity and the
compound adsorption steam quantity as described above, and does not directly regulate the

condition of the adsorption apparatus 1A and the adsorption apparatus 1B.



10

15

20

235

CA 02574536 2007-01-19

17

In the operating condition "a”, the adsorption apparatus 1A 1s shown in the
adsorption state, and the adsorption apparatus 1B is shown in the compression state. That
is to say, the adsorption apparatus 1A sets the gas to be treated supply valve 10A and the
treated gas discharge valve 11A to the open condition, and sets the steam supply valve 12A,
the steam discharge valve 13 A, and the cooling air supply valve 15A to the closed
condition, to thereby give the adsorption state where the gas to be treated 1s sequentially
supplied, and the treated gas is sequentially discharged. On the other hand, the adsorption
apparatus 1B seis the steam supply valve 12B to the open condition, and sets the gas'to-be
treated supply valve 10B, the treated gas discharge valve 11B, the steam discharge valve
13B, and the cooling air supply valve 15B to the closed condition, to thereby give the
compression state where only the steam i1s sequentially supplied.

As shown in FIG. 5, the adsorption apparatus 1A continues the adsorption state
over a comparatively long time of the operating conditions "a" through "d". On the other
hand, the adsorption apparatus 1B shifts from the previous adsorption state to the
compression state shown in the operating condition "a", and compresses to a sufficient
pressure, and then changes to the desorption state shown in the operating condition "b".
That 1s to say, the adsorption apparatus 1B, in addition to the steam supply valve 12B, sets
the steam discharge valve 13B to the open condition, to thereby give the desorption state
where the steam 1s sequentially supplied, and the steam containing compound is
sequentially discharged.

In this operating condition "b", when the organic solvent adsorbed in the
adsorbent inside the adsorption apparatus 1B is sufficiently desorbed under pressure, the

adsorption apparatus 1B shifts to the decompression state as shown in the operating

condition "c”. That is to say, the adsorption apparatus 1B gives the decompression state by

setting the treated gas discharge valve 11B to the open condition, and setting the gas to be
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treated supply valve 10B, the steam supply valve 12B, the steam discharge valve 13B, and
the cooling air supply valve 15B to the closed condition.

Then, when the pressure inside the adsorption apparatus 1B drops to normal
pressure the adsorption apparatus 1B shifts to the cooling state shown by the operating
condition "d". That is to say, the adsorption apparatus 1B, in addition to the treated gas
discharge valve 11B, sets the cooling air supply valve 15B to the open condition to thereby
supply the cooling air to the inside to cool to normal temperature. Furthermore, the
adsorption apparatus 1B, as shown by the operating condition "e" sets the gas to be treated
supply valve 10B and the treated gas discharge valve 11B to the open condition and sets
the steam supply valve 12B, the steam discharge valve 13B, and the cooling air SUpp]y
valve 15B to the closed condition, to thereby give the adsorption state where the gas to be
treated 1s sequentially supplied, and the treated gas is sequentially discharged.

On the other hand, the adsorption apparatus 1A sets the steam supply valve 12A to
the open condition, and sets the gas to be treated supply valve 10A, the treated gas
discharge valve 11A, the steam discharge valve 13A, and the cooling air supply valve 15A
to the closed condition, to thereby give the compression state where only the steam is
sequentially supplied. The operating conditions "e" through "h" are conditions with the
adsorption apparatus 1A and the adsorption apparatus 1B switched with respect to the

operating conditions "a" through "d". Therefore, description of thereafter is omitted.
As can be easily understood by observing FIG. 5, the adsorption apparatus 1A and

the adsorption apparatus 1B alternately switch between the adsorption of the volatile
organic compound from the gas to be treated, to the desorption of the volatile organic
compound from the adsorbent. Furthermore, the adsorption of the volatile organic
compound from the gas to be treated, that is, the removal treatment for the volatile organic

compound of the gas to be treated is continuously performed by changing the adsorption
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", n

apparatus 1A and the adsorption apparatus 1B so as to give the operating conditions "a
through "h".
"The number of adsorption apparatuses 1s not limited to two (the adsorption
(
apparatus 1A and the adsorption apparatus 1B). By operating an even larger number of
adsorption apparatuses in parallel, the gas to be treated may be continuously treated.

Third embodiment

Next 1s a description of a third embodiment of the present invention, with
reference to FIG. 6.

The third embodiment 1s one which applies pretreatment to the gas to be treated in
order to improve the treatment efficiency. FIG. 6 i1s a system block diagram of a volatile
organic compound treatment system according to the third embodiment. Components the
same as for the volatile organic compound treatment system according to the first and
second embodiments, are denoted by the same reference symbols.

In FIG. 6, reference symbol 16 denotes a dehumidifying tower, 17 and 20 denote
chillers, 18 denotes a concentrator, and 19 denotes a fan. The dehumidifying tower 16 isa

tower which dehumidifies the gas to be treated by gas/liquid contact with cold water. That
1S to say, the dehumidifying tower 16 is constructed so that gas to be treated is supplied
from below, and the gas to be treated is discharged from above, while cold water is watered
from above to below. Consequently, the gas to be treated is cooled by gas-liquid contact
with the cold water so that the steam contained in the gas to be treated is condensed,

separated, and entered into the cold water, and as a result the gas to be treated is

dehumidified.
The chiller 17 cools the water discharged from the bottom of such a

dehumidifying tower 16 and supplies this as the aforementioned cold water to the

dehumidifying tower 16. The dehumidifying tower 16 and the chiller 17 constitute the
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dehumdifier.

The concentrator 18 concentrates the volatile organic compound contained in the
gas to be treated (the dehumidified gas) discharged from the dehumidifying tower 16 and
discharges this to the chiller 20. That is, in the concentrator 18, the gas to bé treated 1s
passed through activated carbon in powder form, to desorb and remove the volatile organic
compound, and 1s discharged as treated gas. Together with this, the volatilé organic
compound which has been adsorbed in the activated carbon is desorbed ffom the activated

carbon by means of discharge gas. As a result, discharge gas containing concentrated

volatile organic compound 1s discharged as new gas to be treated. The discharge gas

discharged from the steam generator 3 is high temperature gas of approximately 100°C,

and by means of this high temperature discharge gas, the volatile organic compound is
desorbed from the activated carbon.

The fan 19 1s provided for forcefully discharging the treated gas from the
concentrator 18. The chiller 20 cools the new gas to be treated and supplies this to the gas
to be treated supply valves 10A and 10B. The new gas to be treated is gas which contains

the volatile organic compound concentrated in the discharge gas discharged from the steam

generator 3 as described above. Consequently, this is high temperature gas close to 100°C.

The chiller 20 1s provided for cooling this high temperature gas to be treated, to a

temperature suitable for treatment in the adsorption apparatus 1A and the adsorption

apparatus 1B.

In the present volatile organic compound treatment system, the gas to be treated is
pretreated by the dehumidifier having the dehumidifying tower 16 and the chiller 17, and
the concentrator 18. That is, after being subjected to dehumidifying treatment and

concentration treatment, it is subjected to the main treatment (the treatment for removing

the volatile organic compound) by the adsorption apparatus 1A and the adsorption
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apparatus 1B. Consequently, in the adsorption apparatuses 1A and 1B, new gas to be
treated containing the volatile organic compound where the concentration is higher than
-for the aforementioned first and second embodiments 1s treated, and hence the treatment
efficiency can be improved.

5 For example in the aforementioned FIG. 5, the situation where the adsorption
apparatus 1A performs adsorption treatment from operating conditions "a" through "d",
while the adsorption apparatus 1B performs adsorption treatment from the operating
conditions "e" through "h" is shown. However, by performing pretreatment in the present
embodimeht, the time for the adsorption treatment can be shortened, and the treatment

10 efficiency for the gas to be treated can be improved.

For the pretreatment, either one of dehumidifying treatment or concentration
treatment is suitable. By means of the dehumidifying treatment, the steam in the gas to be
treated 1s removed. Therefore, by this amount, the concentration of volatile organic
compound in the gas to be treated is significantly increased. Consequently, even if

15  pretreatment is performed by only the dehumidifying treatment, it is possible to improve
the treatment efficiency of the gas to be treated. On the other hand, by means of only the

concentration treatment also, the concentration of the volatile organic compound i1s
significantly improved. Therefore, it 1s possible to improve the treatment efficiency of the

gas to be treated.

20 - Fourth embodiment
Next 1s a description of a fourth embodiment of the present invention, with
reference to FIG. 7.
Thas volatile organic compound treatment system has a configuration where, as
shown in F1G. 7, a fan 21, hot gas supply valves 22A and 22B, and hot gas discharge valves

25  23Aand23B are added to the volatile organic compound treatment system according to the
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third embodiment.

The fan 21 supplies discharge gas (hot gas) from the steam generator 3 to the hot
gas supply valves 22A and 22B. The hot gas supply valve 22A is provided between this
fan 21 and the discharge gas supply port of the adsorption apparatus 1A, and supplies/cuts
off the discharge gas to the adsorption apparatus 1A. On the other hand, the hot gas supply
valve 22B is provided between this fan 21 and the discharge gas supply port of the
adsorption apparatus 1B, and supplies/cuts off the discharge gas to the adsorption
apparatus 1B.

The hot gas aischarge valve 23A is provided between the discharge gas discharge
port of the adsorption apparatus 1A and the gas to be treated supply port of the chiller 20,
and supplies/cuts off the discharge gas discharged from the adsorption apparatus 1A to the
gas to be treated supply port of the chiller 20. The hot gas discharge valve 23B 1s provided
between the discharge gas discharge port of the adsorption apparatus 1A and the gas to be
treated supply port of the chiller 20, and supplies/cuts off the discharge gas discharged
from the adsorption apparatus 1A to the gas to be treated supply port of the chiller 20.

The adsorption apparatuses 1A and 1B are those shown in FIG. 3 through FIG. 5 as

described for the second embodiment. However due to supplying pressurizing steam to the

adsorption apparatuses 1A and 1B under normal temperature conditions in the pressurizing
treatment, a part of the steam is condensed and becomes drain water. Mbreover, a very
small amount of volatile organic compound adhered to the adsorbent due to the adsorption
treatment, infiltrates into this drain water.

This volatile organic compound treatment system is for solving such a problem,
and between the adsorption treatment and the heating treatment shown in FIG. 3 through

FIG. 5, performs heat treatment using; the abovementioned fan 21, the hot gas supply

valves 22A and 22B, the hot gas discharge valves 23 A and 23B, and the discharge gas
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discharged from the steam generator 3.

Since either one of the adsorption apparatuses 1A and 1B performs the same heat
treatment, then taking the adsorption apparatus 1B as representative, when the adsorption
treatment is completed by supplying the gas' to be treated to the adsorption apparatus 1B
and discharging the treated gas, the hot gas supply valve 22B and the hot gas discharge
valve 23B only are opened. As a result, discharge gas discharged from the fan 21 1s

supplied to the adsorption apparatus 1B to thereby heat the adsorption apparatus 1B
interior. Since this discharge gas has a temperature of approximately 100°C as described

above, the interior of the adsorpﬁon apparatus 1B can be heated to a sufficient level so that
condensation of steam does not occur.

As a result, the situation where the steam condenses due to the next step, that is,
the pressurizing treatment using steam, can be prevented, and the aforementioned problem
of the drain water of the adsorption apparatuses 1A and 1B can be solved. Consequently,
according to this volatile organic compound treatment system, the volatile organic
compound contained in the drain water of the adsorption apparatuses 1A and 1B can be
effectively used as an energy source, and also by burning the volatile organic compound as
a part of the fuel of the gas turbine 2, even better energy conservation can be realized.

In the case where 1t 1S not necessary to treat the volatile organic compound
contained in the drain water of the adsorption apparatuses 1A and 1B, this drain water may
be supplied to the discharge gas discharge port of the steam generator 3, and evaporated
and discharged into the atmosphere. Since the water quantity of the drain water is not very
large, this can be sufficiently evaporated by supplying to the discharge gas discharge port
of the steam generator 3.

Fifth embodiment

Finally 1s a descniption of a fifth embodiment of the present invention with
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reference to FIG. 8.

This volaﬁle organic compound treatment system corresponds to a case where the

steam generator 3 1s arranged separated from other equipment, and corresponds to a

modified example of the aforementioned third and fourth embodiments.

5 In the volatile organic compound treatment system of the third embodiment, the
discharge gas discharged from the steam generator 3 was used as a heat source for
concentrating the gas to be treated in the concentrator 18. On the other hand, in the volatile
organic compound treatment system of the fourth embodiment, the discharge gas
discharged from the steam generator 3 was used as a heat source for suppressing

10 generation of drain water of the adsorption apparatuses 1A and 1B.

However, 1n these volatile organic compound treatment systems, in the case
where the steam generator 3 is arranged away from the concentrator 18 or the adsorption
apparatuses 1A and 1B, it 1s necessary to install a comparatively large duct over a long
distance for supplying the discharge gas to the concentrator 18 or the adsorption

15 apparatuses 1A and 1B, and a comparatively large ventilation power is necessary.
Theretore this invites an increase in equipment cost and an increase in running cost.

In this volatile organic compound treatment system, compared to the
configuration of the aforementioned fourth embodiment, instead of 'discharge gas, air 1s
supplied to the fan 21, and instead of discharge gas, air is supplied to the concentrator 18

20  from a fan 24. Furthermore, the discharge air from the fan 21 is heated by a first heating

system having heat exchangers 25 and 26, and a pump 27, while on the other hand,
discharge air from the fan 24 is heated by a second heating system having heat exchangers
28 and 29, and a pump 30.

The heat exchanger 25 1s provided in the vicinity of the discharge gas discharge

25  port of the steam generator 3, and performs heat exchange between the discharge gas and a
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predetermined heating medium. The heat exchanger 26 is provided in the vicinity of the
air discharge port of the fan 21 and performs heat exchange between the air discharged
from the fan 21 and the heating medium. The pump 27 is provided part way along a
heating medium circulation duct provided between the heat exchanger 25 and the heat
exchanger 26, and circulates the heating medium between the heat exchanger 25 and the
heat exchanger 26.

The heat exchanger 28 1s provided in the vicinity of the discharge gas discharge
port of the steam generator 3, and performs heat exchange between the discharge gas and a
predetermined heating médium. The heat exchanger'-‘29 1s provided 1n the vicinity of the
air discharge port of the fan 24 and performs heat exchange between the air discharged
from the fan 24 and the heating medium. The pump 30 is provided part way along a
heating medium circulation duct provided between the heat exchanger 28 and the heat
exchanger 29, and circulates the heating medium between the heat exchanger 28 and the
heat exchanger 29.

In the present volatile organic compound treatment system constructed in this
manner, the discharge gas discharged from the steam generator 3 is not supplied directly to
the concentrator 18 and the adsorption apparatuses 1A and 1B, but the heat of the discharge
gas 1s transferred to the air discharged from the fans 21 and 24 using the first and second
heating systems to thereby heat the air to give heated air, and this heated air is supplied to
the concentrator 18 and the adsorption apparatuses 1A and 1B as hot gas.

Here, by using a liquid heating medium with a large comparative heat capacity for
the heating medium, gives an installation where the respective heating medium circulation
ducts are significantly reduced compared to the ducts for supplying the discharge gas to the
concentrator 18 and the adsorption apparatuses 1A and 1B. Furthermore in the case where

the heat capacity of the heating medium is large, the circulation flow quantity of the
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heating medium can be kept comparatively small. Therefore the power for the fans 27 and
30 can be kept smaller than the air distribution power for supplying the discharée gas to the
concentrator 18 and the adsorption apparatuses 1A and 1B.

Consequently, according to this volatile organic compound treatment system, it 1s
possible to avoid an increase in equipment cost and an increase in running cost in the case

where the steam generator 3 1s provided away from the concentrator 18 or the adsorption

apparatuses 1A and 1B.
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. A method of treating a volatile organic compound using a gas turbine comprising:
adsorbing a volatile organic compound contained in a gas to be treated in an adsorbent;
desorbing the volatile organic compound adsorbed in the adsorbent from the adsorbent

using steam under a pressurized environment, and mixing with the steam; and

burning the steam mixed with the volatile organic compound in a combustion chamber

of a gas turbine.

2. A method of treating a volatile organic compound using a gas turbine according

to claim 1, further comprising:

generating steam by using heat of a combustion gas discharged from said gas turbine.

3. A method of treating a volatile organic compound using a gas turbine according

to claim 1 or 2, further comprising:

alternately performing in parallel, adsorption of said volatile organic compound in the

adsorbent, and desorption of said volatile organic compound from the adsorbent.

4, A method of treating a volatile organic compound using a gas turbine according

to any one of claims 1 to 3, further comprising:
supplying a part of the steam for desorption of the volatile organic compound from the
adsorbent, to the combustion chamber of the gas turbine, without being supplied for

desorption of the volatile organic compound.

J. A method of treating a volatile organic compound using a gas turbine according

to any one of claims 1 to 4, further comprising:

applying a pretreatment for concentrating the volatile organic compound, to the gas to

be treated, and then adsorbing the volatile organic compound in the adsorbent.

6. A method of treating a volatile organic compound using a gas turbine according
to claim 5, wherein said pretreatment is either a concentration treatment for concentrating

the volatile organic compound by desorbing the volatile organic compound from the
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adsorbent using a hot gas or a dehumidifying treatment for removing the water content

from the gas to be treated, or both, which are executed after adsorbing the volatile

organic compound being a treatment target, 1n a predetermined adsorbent.

7. A method of treating a volatile organic compound using a gas turbine according
to any one of claims 1 to 5, wherein after the volatile organic compound has been
absorbed in the adsorbent, performing heating using a hot gas, before desorbing the

volatile organic compound of the adsorbent with steam.

8. A method of treating a volatile organic compound using a gas turbine according
to claim 6, wherein the hot gas is discharge gas of combustion gas which has been

supplied for generating steam.

9. A method of treating a volatile organic compound using a gas turbine according
to claim 6, wherein the hot gas is air which has been heated by heat transfer with

discharge gas of combustion gas which has been supplied for generating steam.

10. A system for treating a volatile organic compound, comprising:

an adsorption apparatus which adsorbs a volatile organic compound contained in a gas
to be treated in an adsorbent, and desorbs said volatile organic compound which i1s
adsorbed in said adsorbent using steam under a pressurized environment, and mixes said
volatile organic compound with said steam; and

a gas turbine which burns said steam mixed with said volatile organic compound in a

combustion chamber.

11. A system for treating a volatile organic compound according to claim 10,
comprising a steam generation apparatus which generates steam using heat of

combustion gas discharged from said gas turbine.

12. A system for treating a volatile organic compound according to claim 10 or 11,
further comprising a plurality of adsorption apparatuses, and a switching apparatus which

switches said plurality of adsorption apparatuses so that adsorption of the volatile organic
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compound 1n the adsorbent, and desorption of the volatile organic compound from the

adsorbent are alternately performed 1n parallel.

13. A system for treating a volatile organic compound according to any one of claims
10 to 12, further comprising a steam bypass control valve which adjusts a flow of steam

supplied directly to a combustion chamber without passing through the adsorption

apparatus.

14. A system for treating a volatile organic compound according to any one of claims
10 to 13, further comprising a pretreatment apparatus for concentrating a volatile organic

compound contained 1n a gas to be treated, before adsorbing the volatile organic

compound in the adsorbent.

15. A system for treating a volatile organic compound according to claim 14, wherein
said pretreatment apparatus is either a concentrator which concentrates the volatile
organic compound by desorbing the volatile organic compound from the adsorbent using
a hot gas or a dehumidifier which removes the water content from the gas to be treated,
after adsorbing the volatile organic compound being a treatment object, in a

predetermined adsorbent, or both.

16. A system for treating a volatile organic compound according to claim 11, wherein
a hot gas 1s used to perform heating before desorbing the volatile organic compound in

the absorbent with steam, in the adsorption apparatus.

17. A system for treating a volatile organic compound according to claim 15, wherein
the hot gas 1s discharge gas of combustion gas which has been supplied for generating

steam 1n the steam generator.

18. A system for treating a volatile organic compound according to claim 15, turther
comprising a heating apparatus which heats air by heat exchange with discharge gas of
combustion gas which has been supplied for generating steam, and

the hot gas 1s hot air discharged from a heating apparatus.
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