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GAS PRODUCTION SYSTEM

The present invention relates to a gas production system that supplies liquefied
gas obtained by rectifying source gas as product gas. As the liquefied gas, for example,
liquid oxygen, liquid nitrogen, liquid argon and the like are cited.

As an ordinary air separation device that produces liquid nitrogen from air,
US5596885 and WO 2014/173496 are cited. The air separation device in
US 5,596,885 stores produced high purity liquid oxygen in a high purity liquid oxygen
tank outside the air separation device at a pressure (for example, approximately
1.5 barA) of the low pressure rectification column. The high purity liquid oxygen is
increased in pressure by using a high purity liquid oxygen pump, is evaporated by heat
exchange with the source air or the like in the main heat exchanger of the air separation
device, and is supplied as high pressure gas oxygen.

Further, the air separation device in WO 2014/173496 fills produced high purity
liquid oxygen in a pressure device. The pressure device includes two or more high
purity liquid oxygen pressurised containers, and an evaporator that pressurizes the
high purity liquid oxygen by evaporating a part of the high purity liquid oxygen in the
sealed pressurised container. In the pressure device, a series of basic operations is a
batch cycle including the respective steps of filling the pressurised container with high
purity liquid oxygen, pressurizing, supplying high purity liquid oxygen, and
depressurizing.

Consequently, high purity liquid oxygen cannot be supplied continuously with
the single pressurised container, but continuous supply of high purity oxygen is
realized by combining two or more pressurised containers, and switching these
pressurised containers.

However, in US5,596,885, a pump is used to increase pressure of the high purity

liquid oxygen.
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the pump, and above all, there is a great deal of concern about the influence of
contamination in increasing the pressure of the high purity oxygen. Further, in WO
2014/173496, high purity liquid oxygen is supplied to the pressurised container from
the oxygen production column by using a liquid head, so that the pressurised container
needs to be placed in an air separation device cold box and at a lower portion of the
oxygen production column, and therefore the pressurised container is subjected to
capacity limitation.

Further, by piacing two or more pressurised containers, the coid box becomes
huge, facility cost becomes high because a number of switch valves are required to
switch the two or more pressurised containers, and there is the problem of reduction
in heat efficiency due to heat penetration from the environment.

In not only the case of high purity liquid oxygen production, but also the case of
supplying other low temperature liquefied gases, for example, liquid nitrogen and liquid
argon, similar problems by use of booster pumps are pointed out.

In the light of the aforementioned circumstances, an object of the present
invention is to provide a gas production system that can supply liquefied gas obtained
by rectifying source gas as product gas continuously with high heat efficiency without
using a machine that has a risk of contamination such as a pump.

The present invention is a gas production system including a first heat exchange
unit that cools source gas that is taken in from outside, and a rectification unit having
one or two or more rectification columns for obtaining liquefied gas by rectifying
liquefied source gas (liquid state) obtained by cooling in the first heat exchange unit,
and includes:

- a single pressure device having a single pressurised container to which liquefied
gas extracted from the rectification unit is supplied, a pressure line for extracting and
vaporizing a part of the liquefied gas in the pressurised container and returning the part

of the liquefied gas to the pressurised container, and a second heat exchange unit (for
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- a liquefied gas storage unit that stores liquefied gas which is led out from the
pressurised container of the pressure device, and

- a product gas extraction line for increasing a temperature by causing liquefied
gas to pass through the first heat exchange unit from the liquefied gas storage unit and
to perform heat exchange with the source gas to supply the liquefied gas as product
gas.

In the present invention, the gas production system may further inciude:

- a source gas supply line that supplies the source gas to the rectification unit via
the first heat exchange unit,

- a source gas flow rate measurement unit that is installed at an upstream side of
the first heat exchange unit, of the source gas supply line,

- a first control valve that is installed upstream of the source gas supply line, and
controls a supply amount of the source gas based on a flow rate measured by the
source gas flow rate measurement unit,

- a product gas measurement unit that is installed at a downstream side of the
first heat exchange unit, of the product gas extraction line and measures a value
concerning product gas, and

- a second control valve that is installed in the product gas extraction line, and
controls an extraction amount of the product gas based on a result measured by the
product gas measurement unit.

The product gas measurement unit may be a single component of any one of a
flow rate measurement unit that measures the flow rate of the product gas, a pressure
measurement unit that measures pressure of the product gas, and a concentration
measurement unit that measures a concentration of predetermined gas of the product

gas, or a combination of one or more of them, for example.
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- a recycle source gas compressor that compresses waste gas (recycle source
gas) that is extracted from a column upper portion of a rectification column at a most
upstream side, of the rectification columns,

- an expansion turbine including an oil brake that expands waste gas extracted
from the column upper portion of the rectification column at the most upstream side or
waste gas extracted from a position different from an extraction position of the waste
gas, and

- a controi unit that controis an amount of Coid that is provided to the first heat
exchanger, in accordance with variation of the product gas extraction amount.

One embodiment of the present invention further includes a first condenser that
is disposed in the column upper portion of the rectification column at the most upstream
side, and a second condenser that is disposed at a low position near the first
condensation unit,

- wherein the recycle source gas compressor may compress waste gas (recycle
source gas) that is extracted from a certain position (for example, an upper space
thereof) of the first condenser, and

- the expansion turbine including the oil brake may expand waste gas that is
extracted from a certain position (for example, an upper space thereof) of the second
condenser.

One embodiment of the present invention may be configured to further include
a single condenser that is disposed in the column upper portion of the rectification
column at the most upstream side,

- wherein the recycle source gas compressor compresses waste gas that is
extracted from a certain position of the condenser, and
- the expansion turbine including the oil brake expands the waste gas that is

extracted from the certain position of the condenser.
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an introduction line that introduces liquid nitrogen or liquid oxygen, in the column upper
portion of the rectification column.

According to the configuration, liquid nitrogen or liquid oxygen that is stored in
the external tank can be introduced into the rectification column, so that a larger load
variation can be handled. When oxygen-enriched liquefied gas that is in the lower
portion of the rectification column decreases, oxygen-enriched liquefied gas that is fed
to the condenser disposed in the column top portion of the rectification column also
decreases. In the situation like this, liquid nitrogen or liquid oxygen stored in the
external tank is introduced into the column top portion of the rectification column,
whereby a condensing function can be kept. In the present invention, cold is recovered
by evaporating liquefied gas (for example, high purity liquid oxygen) which is extracted
from the liquefied gas storage unit, in the first heat exchanger. As a result, the amount
of liquid nitrogen which is supplied from the rectification column as the cold source can
be reduced.

In the present invention, the liquefied gas storage unit is disposed outside a cold
box. In the cold box, at least the first heat exchanger, the rectification column, the
expansion turbine, and the recycle source gas compressor may be disposed.

In the present invention, the recycle source gas compressor may be connected
to the expansion turbine including the oil brake, and may be driven by the expansion
turbine.

The gas production system of the present invention may include an expansion-
turbine-integrated compressor, and a booster expander including an oil brake.

In the present invention, the recycle source gas may be fed from the column top
(the air space of the first condenser) of the rectification unit to the recycle source gas
compressor and compressed, subsequently may be fed to the first heat exchanger,
and then may return to the lower portion of the rectification column.

In the present invention, the waste gas is fed to the expansion turbine via the

first heat exchanger from the second condenser at a lower part than the first condenser
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exchanger. Thereafter, the waste gas may be discharged into the atmosphere.

In the present invention, the source gas which is introduced into the first heat
exchanger may be compressed to a predetermined pressure by the compressor, or
may be source gas from which impurities (for example, water, carbon dioxide and the
like) are removed by a removal device after being compressed.

In the present invention, the single pressurised container is preferably installed
below the rectification column.

In the gas production system like the present invention, the production amount
variation of the product gas is adjusted by a capacity of the liquefied gas storage unit,
and for example, for a large production amount variation, a liquefied gas storage unit
with a larger capacity is required. In contrast with this, in WO 2014/173496, it is
possible to respond to a production variation by continuously performing batch
processing with two pressurised containers disposed in the cold box, and the
pressurised containers are installed below the rectification column, so that the pressure
devices undergo capacity restriction, or the cold box becomes huge.

On the other hand, in the present invention, the liquefied gas storage unit does
not have to be installed in the cold box, and therefore does not undergo capacity
restriction, a size of the cold box in the gas production system is not influenced, and
the cold box is not made huge.

Further, according to the present invention, the liquefied gas which is obtained
by rectifying source gas can be supplied as the product gas continuously with high
heat efficiency, without using a machine having a risk of contamination like a pump.

Further, in the gas production system as the present invention, Cold needs to
be adjusted, and it is important to supply Cold and keep a heat balance of a process,
with respect to heat penetration to the cold box and heat loss in the heat exchanger.

According to the present invention, Cold with evaporation of liquefied gas (for
example, high purity liquid oxygen) is efficiently recovered, power consumption of the

gas production system (for example, an air separation system) can be reduced, and
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example, high pressure and high purity oxygen gas) can be performed.

Further, in the present invention, restriction to the source air relating to an
evaporation amount of liquefied gas can be specified.

In the case of the source air having a liquefaction point lower than a boiling point
of the liquefied gas, for example, in the case of high purity liquid oxygen, evaporation
of high purity liquid oxygen of approximately 2% in a molar flow rate ratio is possible.

In order to evaporate the high purity liquid oxygen in that amount or more, source
air at high pressure that has a higher liquefaction point than a boiling point of the
liquefied gas may be supplied, and in order to obtain the high pressure, a booster for
increasing the pressure of the source air may be used.

In the product gas extraction line, an automatic on-off valve for feeding liquefied
gas may be provided.

The pressurised container may be provided with a pressure gauge that
measures an inner pressure thereof, and a valve control unit that controls the automatic
on-off valve which is disposed in the pressure line to feed the liquefied gas to the
second heat exchanger so that a pressure value of the pressure gauge becomes a
predetermined value.

A liquefied source gas buffer that stores the liquefied source gas may be
included at a subsequent stage of the first heat exchange unit.

The liquid source gas buffer may be installed in the lower portion of the
rectification column to which the liquefied source gas and the recycle source gas are
introduced.

According to the above configuration, the evaporation amount of the liquefied
gas (liquefied gas for being extracted as product gas) in the first heat exchanger may
vary, in association with a variation of the consumption amount of the source gas, and
with respect to this, an influence of the heat load variation onto the entire gas
production system can be limited by applying the buffer (for example, a liquid air buffer)

on the line of the fluid that performs heat exchange with the source gas (air or the like).
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the supply amount of the source gas. The control unit may conduct control to decrease
a variation of the supply amount by feedback control based on the flow rate measured
by the source gas flow rate measurement unit.

The control unit may control the supply amount of the source gas based on a
flow rate value obtained by measuring the flow rate of the recycle source gas in the
compressor.

The control unit may calculate the amount of cold that is recovered in the first
heat exchanger, from a flow rate of product gas which is measured in the product gas
flow rate measurement unit, and control the expansion turbine including the oil brake
based on the calculated amount of cold.

According to the configuration, the amount of Cold which can be recovered from
the flow rate of the product gas (high purity oxygen) is calculated, and the amount of
Cold which is further required to keep heat balance of the gas production system (the
air separation function unit) is determined by a process balance. The cold source is
controlled to obtain the determined amount of Cold. In the present invention, the cold
source is an expansion turbine including an oil brake.

The control unit may control a flow rate of the expansion turbine, or control a
load on the oil brake, in accordance with the amount of cold. As a method for controlling
the expansion turbine including the oil brake that is the cold source, the oil brake may
be adjusted by control of the oil flow rate that is used in braking, for example.

The oil brake can perform a function of supplying Cold by discharging heat to
outside the cold box. Further, when the expansion turbine including the generator is
used as the cold source, the function of supplying cold may be performed by recovering
heat as electricity by the generator.

A flow meter that measures a flow rate of recycle gas may be provided in a
recycle gas line that is formed among the rectification column, the recycle source gas

compressor and the first heat exchange unit.
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- a branch line that is branched at a previous stage of the first heat exchange unit
of the product gas extraction line,

- a gate valve (for example, one or more automatic on-off valves or branch valves)
that is installed in the branch line, and switches feeding of the liquefied gas to the
branch line and/or the product gas extraction line,

- an extraction control unit that controls the gate valve to feed the liquefied gas to
the branch line and/or the product gas extraction line, and

- a third heat exchange unit (a carburetor or a pressure adjustment vaive) that is
disposed in the branch line.

A terminal end of the branch line may be connected to the product gas extraction
line.

The extraction control unit may control on and off of the gate valve to feed the
liquefied gas to the branch line based on the flow rate measured by the product gas
flow rate measurement unit.

The extraction control unit may control on and off of the gate valve to feed the
liquefied gas to the branch line when the first heat exchange unit is stopped.

The source gas is air, for example.

The gas production system is an air separation device, for example.

The liquefied gas is, for example, liquid oxygen, high purity liquid oxygen, liquid
nitrogen, high purity liquid nitrogen, liquid argon, and high purity liquid argon.

The product gas is, for example, oxygen gas, nitrogen gas, and argon gas, and
may be high pressure gas and/or high purity gas.

The source gas is air,

- the rectification unit has a high pressure rectification column that rectifies liquid
air, and a low pressure rectification column that leads out crude oxygen from which
high-boiling-point components (for example, methane and the like) are removed from

the high pressure rectification column to further rectify the crude oxygen,
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may be pressed by the pressure device, and may be introduced into the liquefied gas
storage unit.

The high pressure rectification column may be a nitrogen production column.
Nitrogen (N2) can be extracted from the nitrogen production column.

The low pressure rectification column may be an oxygen production column.

The respective elements may be connected by piping, and in the piping or the
respective lines, any one or more valves of an automatic on-off valve, a flow rate

controi valve and a pressure adjustment vaive may be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a configuration example of a gas production
system of embodiment 1;

FIG. 2 is a diagram illustrating a configuration example of a gas production
system of embodiment 2;

FIG. 3 is a diagram illustrating a configuration example of a gas production
system of embodiment 3; and

FIG. 4 is a diagram illustrating a configuration example of a gas production

system of embodiment 4.

Hereinafter, several embodiments of the present invention will be described. The
embodiments described as follows describe examples of the present invention. The
present invention is not limited to the following embodiments in any way, and also
includes various modified modes that are carried out in a range without changing the
gist of the present invention. All of components described as follows are not always
essential components of the present invention.

In the present embodiment, as illustrated in FIG. 1, a gas production system 100
includes respective elements of an air separation device that produces high purity

liquid oxygen.
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taken in from outside to a high pressure rectification column 21 via a first heat
exchange unit 13. In the first heat exchange unit 13, air becomes liquefied air which is
cooled, and is fed to a lower portion of the high pressure rectification column 21. Crude
oxygen from which high-boiling-point components (for example, methane and the like)
are removed is fed to an upper portion of a low pressure rectification column 22 through
a line L2 from the high pressure rectification column 21.

In order to obtain a steam flow in the low pressure rectification column 22,
liquefied air is supplied to a high purity oxygen evaporator 224 that is instaiied in a
lower portion of the low pressure rectification column 22 as a heat source from a source
liquid air buffer 211 in the high pressure rectification column 21 through a line L3 and
a branch line L31 which branches from the line L3. The liquefied air joins the line L3
thereafter through a line L4, and is introduced into a first evaporator 213.

High purity liquid oxygen is obtained in the low pressure rectification column 22,
and is fed to a pressurised container 31 of a pressure device 30 through a line L5. A
part of the high purity liquid oxygen in the pressurised container 31 is fed to a second
heat exchange unit 32 through a pressure line L51. In the second heat exchanger 32,
the high purity liquid oxygen is vaporized, and returns to the pressurised container 31
through the pressure line L51. Note that a part of the vaporized high purity liquid
oxygen may be configured to return to the low pressure rectification column 22 through
a branch line 52.

In the present embodiment, in the pressurised container 31, a pressure gauge
(not illustrated) that measures an inner pressure of the pressurised container 31, and
a valve control unit (not illustrated) that controls an automatic on-off valve (not
illustrated) that is disposed in the pressure line L51 to feed the high purity liquid oxygen
to the second heat exchanger 32 so that a pressure value of the pressure gauge
becomes a predetermined value may be provided.

From the pressurised container 31 of the pressure device 30, high purity liquid

oxygen is fed to a storage unit 41 through a line L6 and is stored. The high purity liquid
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product gas extraction line L7, is vaporized to be high pressure high purity oxygen gas,
and is supplied as product gas. In the product gas extraction line L7, a product gas
flow rate measurement unit 51 that measures a flow rate of the product gas, and a
second control valve 52 that controls an extraction amount of the product gas based
on the flow rate which is measured by the product gas flow rate measurement unit 51
are provided at a downstream side of the first heat exchange unit 13.

Further, a branch line L71 that branches at an upstream side from the first heat
exchange unit 13 in the product gas extraction line L7, and a terminal end thereof is
connected to the product gas extraction line L7 is provided. In the branch line L71, an
automatic on-off valve 53 is provided. An extraction control unit 50 controls the
automatic on-off valve 53 to feed high purity liquid oxygen to the branch line L71 and/or
the product gas extraction line L7. A third heat exchange unit 55 is provided in the
branch line L71. The extraction control unit 50 may control on and off, an opening
degree and the like of the automatic on-off valve 53 to feed high purity liquid oxygen
to the branch line L71 based on the flow rate measured by the product gas flow rate
measurement unit 51 (in order to extract a necessary amount of product gas, for
example). Further, the first heat exchange unit 13 is brought into a stopped state (at a
time of the function of the air separation device being stopped or the like), the second
control valve 52 is brought into a closed state, and on and off, the opening degree and
the like of the automatic on-off valve 53 are controlled to feed the high purity liquid
oxygen to the branch line L71. The high purity liquid oxygen that is fed to the branch
line L71 is vaporized in a third heat exchanger 55 to be high pressure high purity
oxygen gas and is supplied as the product gas.

In the present embodiment, the storage unit 41 is disposed outside the cold box,
and in the cold box, the first heat exchange unit 13, the high pressure rectification
column 21, the low pressure rectification column 22, an expansion turbine 151, a

recycle source gas compressor 153, and the pressure device 30 are disposed.
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the line L2 is a crude oxygen line, and the lines L5, L51, L52, L6, L7 and L71 are high
purity liquid oxygen lines.
Process control method according to variation of product gas extraction amount

A source gas flow rate measurement unit 11 is provided at an upstream side of
the first heat exchange unit 13 in the source gas supply line L1, and a first control valve
12 that controls a supply amount of source air based on the flow rate measured by the
source gas flow rate measurement unit 11 is provided at an upstream side of the
source gas flow rate measurement unit 11. Further, the expansion turbine 151
including an oil brake 152 that expands waste gas that is extracted from a second
condenser 214 of the high pressure rectification column 21 is provided. A recycle air
compressor 153 that compresses recycle air extracted from a column top of the high
pressure rectification column 21 is provided.

The waste gas which is extracted from the second condenser 214 of the high
pressure rectification column 21 is fed to the expansion turbine 151 through the first
heat exchanger 13, the waste gas expands in the expansion turbine 151 to drive the
turbine, and thereafter passes through the first heat exchanger 13 to be discharged
into atmosphere. By drive of the expansion turbine 151, the recycle air compressor 153
drives via the oil brake 152. That is, the power required for compression is supplied
from the connected expansion turbine 151 via the oil brake 152. The recycle air is fed
to the recycle air compressor 153 from the first condenser 213 in the high pressure
rectification column 21 to be compressed. Next, the recycle air is fed to the first heat
exchanger 13, and subsequently returns to the lower portion of the high pressure
rectification column 21. Note that the liquid air is fed to the second condenser 214
through the line not illustrated from the first condenser 213.

A control unit 60 controls the expansion turbine 151 including the oil brake 152
in accordance with a variation of the product gas extraction amount, and controls a
treatment amount of the recycle air. For example, the control unit 60 calculates energy

of cold (cold amount) that is recovered by the first heat exchange unit 13 from the flow
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unit 51, and controls a cold source based on the calculated energy of cold (the cold
amount). In the present embodiment, the cold source is the oil brake 152.

In the present embodiment, a load relating to the cold source decreases by the
amount of cold that is recovered by evaporation (extraction of the product gas) of the
high purity liquid oxygen in the first heat exchanger 13 (the cold produced by the oil
brake 152 decreases), whereby an amount of waste gas (high pressure air) which is
introduced into the expansion turbine 151 decreases. Further, the cold that is
discharged from the oil brake 152 similarly decreases, and the compressed power that
can be recovered by the recycle air compressor 153 connected to the expansion
turbine 151 increases, so that the treatment amount of recycle air can be increased,
and the energy which is consumed by the recycle air compressor 153 can be reduced.

Further, with variation of the consumption amount of high purity oxygen, a cold
supply amount of the devices (the first heat exchange unit 13, the high pressure
rectification column 21 and the like) by high purity liquid oxygen varies. The variation
amount can be evaluated by a variation of an amount of the liquid air that is stored in
the air separation device (the rectification column or the like), for example. That is,
when the evaporation amount of the high purity liquid oxygen is increased, the liquefied
air amount increases, whereas when the evaporation amount decreases, the liquefied
air amount decreases, and the source liquid air buffer 211 is provided in the device
(the high pressure rectification column) so that the liquefied air amount does not
become excessive or insufficient. In the present embodiment, the source liquid air
buffer 211 is provided in the lower portion of the high pressure rectification column 21
at a lower portion from a position where the source air and recycle air are introduced.

The control unit 60 controls the load on the oil brake 151 in accordance with the
amount of cold which is calculated.

In the first heat exchange unit 13, the compressor 15 and the high pressure
rectification column 21, recycle gas lines (R1, R2) are formed, and recycle air flows. In

the recycle gas line R2, a flow meter 155 that measures a flow rate of recycle gas is
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of the flow meter 155 is sent to the control unit 60. The control unit 60 controls a supply
amount of the source air in accordance with the measurement value of the flow meter
155.

Further, waste gas is introduced into the expansion turbine 151 via the first heat
exchange unit 13 through a discharge line R3 from the high pressure rectification
column 21, and is discharged into atmosphere via the first heat exchange unit 13
through a discharge line R4.

An exampie of process control according to a production amount variation (an
extraction amount variation) of high purity oxygen will be described. Note that similar
process control also can be adopted for high purity nitrogen without being limited to
high purity oxygen.

The production amount variation of high purity oxygen is controlled by the
product gas flow rate measurement unit 51 and the second control valve 52 which are
installed in the product gas extraction line L7.

The control unit 60 calculates energy of cold (the Cold amount) which is
recovered, based on the flow rate of the product gas, which is measured in the product
gas flow rate measurement unit 51, determines energy of cold that is further required
to keep heat balance of the gas production system (an air separation function unit)
based on a process balance, and controls the cold source to obtain the determined
energy of cold. Further, the control unit 60 also controls the supply amount of the
source air.

For example, the process control is executed as follows.

Cold that is given by liquid oxygen evaporation in the first heat exchange unit 13
is determined, the amount of cold which should be generated by the oil brake 152
which is disposed in the expansion turbine 151 and supplies cold is determined, and a
variable that adjusts a load of the oil brake 152, such as an oil flow rate, for example,

is determined.
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expansion turbine 151, and the treatment amount of the recycle air compressor 153
depends on the load on the oil brake 152. That is, when much cold is required, the
treatment amount of the recycle air decreases when the load on the oil brake 152 is
high, whereas when the load on the oil brake is low, the treatment amount of the
recycle air increases.

Further, in order to keep the production amount of high purity oxygen, the total
of the source air and recycle air needs to be fixed, and when the recycle air increases,
the source air can be reduced.

Accordingly, the recycle air flow rate (measured by the flow meter 155) is
uniquely determined in accordance with the above described load on the oil brake 151
which is determined, a difference between a total amount of air which should be
supplied to the first heat exchange unit 13, the high pressure rectification column 21,
the expansion turbine 151 and the recycle air compressor 153 (the air separation
function unit), and the recycle air mount is calculated as the source air amount.
Subsequently, based on the instruction from the control unit 60, the source air amount
is controlled by the source air flow meter 11 and the first control valve 12.

The control unit 60 and the extraction control unit 50 may be realized by a
cooperation of a computer including a processor and a memory, and a software
program stored in a memory, or may be realized by a dedicated circuit, firmware and
the like. Further, the control unit 60 may include an input/output interface and an output
unit.

A configuration of embodiment 2 is illustrated in FIG. 2. A gas production system
200 includes respective elements of an air separation device that produces high purity
liquid oxygen. The elements with the same reference signs as those in embodiment 1
and FIG. 1 have the same functions, and therefore, explanation thereof may be omitted.

In embodiment 1, the first condenser 213 and the second condenser 214 are
included in the column upper portion of the high pressure rectification column 21 (the

rectification column at a most upstream side), whereas in embodiment 2, only the
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gas that is extracted from a certain position of the condenser 213 passes through the
waste gas line R1, and is fed from the waste gas line R1 to the recycle source gas
compressor 153 through a branch line R11 which branches from the waste gas line R1
and is compressed. Further, the waste gas is fed to the first heat exchanger 13 through
a branch line R13 branching from the waste gas line R1 and is subjected to heat
exchange, and thereafter, is fed to the expansion turbine 151 including the oil brake
152, where the waste gas is expanded. The functions of the expansion turbine 151 and
the oil brake 152, and the function of the control unit 60 are similar to those in
embodiment 1.

A configuration of embodiment 3 is illustrated in FIG. 3. The gas production
system 300 includes respective elements of the air separation device that produces
high purity liquid oxygen. The elements with the same reference signs of those in
embodiments 1 or 2 and FIG. 1 or 2 have the same functions, so that explanation
thereof may be omitted. Embodiments 1 and 2 each include the expansion turbine 151
having the oil brake 152, and the recycle source gas compressor 153, but embodiment
3 includes none of them, and is configured to store liquid nitrogen LNz in an external
tank instead.

An introduction line L9 that introduces liquid nitrogen is included in a column
upper portion of the high pressure rectification column 21 (the rectification column at
the most upstream side). When oxygen-enriched liquefied gas in the source liquid air
buffer 211 in the high pressure rectification column 21 decreases, oxygen-enriched
liquefied gas that is fed to the condenser 213 disposed in the column top portion of the
high pressure rectification column 21 also decreases. Therefore, liquid nitrogen stored
in the external tank is introduced into the high pressure rectification column 21.

Further, waste gas that is extracted from column tops of the high pressure
rectification column 21 and the low pressure rectification column 22 passes through

waste gas lines R1 and R34 and is fed to the first heat exchanger 13.
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21, not only the first condenser 213 but also the second condenser 214 may be further
included.

A configuration of embodiment 4 is illustrated in FIG. 4. A gas production system
400 includes respective elements of an air separation device that produces high purity
liquid oxygen. Elements with the same reference signs as those in embodiments 1 to
3 and FIGS. 1 to 3 have the same functions, and therefore explanation will be omitted.
In embodiments 1 and 2, the expansion turbine 151 having the oil brake 152 and the
recycie source gas compressor 153 are included, whereas in embodiment 4, a
configuration including an expansion turbine 401 is adopted.

Waste gas that is extracted from the low pressure rectification column 22 passes
through the waste gas line R34, passes through the first heat exchanger 13 to perform
heat exchange and is discharged into atmosphere. Further, waste gas that is extracted
from the first condenser 213 of the high pressure rectification column 21 is fed to the
expansion turbine 401 through the first heat exchanger 13, the waste gas expands
here to drive the turbine, and thereafter passes through the first heat exchanger 13 to
be discharged into atmosphere.

Note that in the column upper portion of the high pressure rectification column
21, not only the first condenser 213 but also the second condenser 214 may be further
included.

In the present embodiment, the control unit calculates an amount of cold that is
recovered by the first heat exchanger 13 from the flow rate of the product gas which is
measured in the product gas flow rate measurement unit, and controls the expansion
turbine 401 based on the calculated cold amount. The amount of cold that can be
recovered is calculated from the flow rate of the product gas (high purity oxygen), and
a cold amount that is further required to keep heat balance of the gas production
system (the air separation function unit) is determined based on the process balance.

A cold source is controlled to obtain the determined cold amount. The cold

source is the expansion turbine 401.
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high purity liquid oxygen, but the gas production system is not limited to this, and may
produce high purity liquid nitrogen, high purity liquid argon and the like.

In embodiments 1 to 4 described above, the branch line L71 and the third heat
exchanger 55 are provided, but the present invention is not limited to this, and the
branch line L71 and the third heat exchanger 55 may be omitted.

In embodiments 1 to 4 described above, the product gas flow rate measurement
unit 51 (corresponding to the flow rate measurement unit) is used as the product gas
measurement unit, but the present invention is not limited to this, and in piace of the
product gas flow rate measurement unit 51, a pressure measurement unit that
measures the pressure of the product gas and/or a concentration measurement unit
that measures a concentration of predetermined gas of the product gas may be used,
or in addition to the product gas flow rate measurement unit 51, a pressure
measurement unit that measures the pressure of the product gas and/or a
concentration measurement unit that measures the concentration of the predetermined
gas of the product gas may be used. In this case, the second control valve can control
the extraction amount of the product gas based on the result of being measured in the

above described product gas measurement unit.
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Claims

1. A gas production system including a first heat exchange unit (13) that cools
source gas (L1) that is taken in from outside, and a rectification unit having one or two
or more rectification columns (20,21,22) for obtaining liquefied gas by rectifying
liquefied source gas obtained by cooling in the first heat exchange unit, comprising:

- a single pressure device having a single pressurised container (31) to which
liquefied gas extracted from the rectification unit is supplied, a pressure line (L5I) for
extracting and vaporizing a part of the liquefied gas in the pressurised container and
returning the part of the liquefied gas to the pressurised container, and a second heat
exchange unit (32) that is disposed in the pressure line;

- a liquefied gas storage unit (41) that stores liquefied gas (L6) which is led out
from the pressurised container of the pressure device; and

- a product gas extraction line (L7) for supplying the liquefied gas as a product
gas by causing liquefied gas to pass through the first heat exchange unit from the

liquefied gas storage unit to perform heat exchange with the source gas.

2. The gas production system according to claim 1, comprising:

- a source gas supply line (L1) that supplies the source gas to the rectification unit
(20,21) via the first heat exchange unit (13);

- a source gas flow rate measurement unit (11) that is installed at an upstream
side of the first heat exchange unit, of the source gas supply line;

- a first control valve (12) that is installed upstream of the source gas supply line,
and controls a supply amount of the source gas based on a flow rate measured by the

source gas flow rate measurement unit;



10

15

20

25

21

- a product gas measurement unit (51) that is installed at a downstream side of
the first heat exchange unit, of the product gas extraction line and measures a value
concerning product gas; and

- a second control valve (52) that is installed in the product gas extraction line,
and controls an extraction amount of the product gas based on a result measured by

the product gas measurement unit.

3. The gas production system according to claim 1 or 2, the gas production system
further comprising:

- a recycle source gas compressor (153) that compresses recycle source gas
(R1) that is extracted from a column upper portion of a rectification column (20),
preferably at a most upstream side (top end), of the rectification columns;

- an expansion turbine (151) including an oil brake that expands waste gas (R3)
extracted from the column upper portion of the rectification column at the most
upstream side or waste gas extracted from a position different from an extraction
position of the recycle source gas; and

- a control unit (60) that controls an amount of cold that is provided to a first heat

exchanger, in accordance with variation of the product gas extraction amount.

4. The gas production system according to claim 3, further comprising a first
condenser (213) that is disposed in the column upper portion of the rectification column
at the most upstream side, and a second condenser (214) that is disposed at a lower
position near to the first condensation unit,

- wherein the recycle source gas compressor compresses recycle source gas
(R1) that is extracted from a certain position of the first condenser, and

- the expansion turbine (151) including the oil brake (152) expands waste gas

(R3) that is extracted from a certain position of the second condenser.
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5. The gas production system according to claim 3, further comprising a single
condenser (213) that is disposed in the column upper portion of the rectification column
(20,21) at the most upstream side,

- wherein the recycle source gas compressor (153) compresses recycle source
gas that is extracted from a certain position of the condenser, and

- the expansion turbine (151) including the oil brake (152) expands the waste gas

that is extracted from the certain position of the condenser.

6. The gas production system according to claim 1 or 2, further comprising an
introduction line (L9) that introduces liquid nitrogen or liquid oxygen, in the column

upper portion of the rectification column (20,21).

7. The gas production system according to any one of claims 1 to 6, comprising a
liquefied source gas buffer that stores the liquefied source gas, at a subsequent stage

of the first heat exchange unit (13).

8. The gas production system according to any one of claims 3 to 5, wherein the
control unit calculates cold that is recovered in the first heat exchange unit (13), from
a flow rate of product gas, which is measured in the product gas flow rate measurement
unit (51), and controls the expansion turbine (151) including the oil brake (152) based

on the calculated cold.
9. The gas production system according to claim 8, wherein the control unit
controls a flow rate of the expansion turbine (151), or controls a load on the oil brake

(152), in accordance with the cold.

10. The gas production system according to any one of claims 1 to 9, comprising:
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- a branch line (R13, L71) that is branched at a previous stage of the first heat
exchange unit of the product gas extraction line;

- a gate valve (53) that is installed in the branch line, and switches feeding of the
liquefied gas to the branch line and/or the product gas extraction line;

- an extraction control unit (50) that controls the gate valve to feed the liquefied
gas to the branch line and/or the product gas extraction line; and

- a third heat exchange unit (55) that is disposed in the branch line.



