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(57) Abrégé/Abstract:

Fig. 1

The present invention relates to a method for recovering a helium product or intermediate product, wherein a first natural gas
stream (1) containing helium is supplied to a first natural gas processing unit (10) and at least one second natural gas stream (2)
containing helium is supplied to at least one second natural gas processing unit (20), at least the first natural gas processing unit

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 ® Gatineau, Quebec

noes < e Canada



CA 3108127 A1 2020/02/20

en 3 108 127
(13 A1

(57) Abrégé(suite)/Abstract(continued):

(10) comprising helium recovery means (11) via which the helium product is formed from at least a part of the first natural gas
stream (1). According to the present invention, at least temporarily a helium transfer from the at least one second natural gas
stream (2) to the first natural gas stream (1) by means of a helium transfer arrangement comprising a membrane unit (30) is
performed before the first natural gas stream (1) is provided to the first natural gas processing unit (10) and before the at least one
second natural gas stream (2) is provided to the at least one second natural gas processing unit (20), whereby the first natural gas
stream (1) is enriched in helium and whereby the at least one second natural gas stream (2) is depleted in helium. A corresponding
arrangement (100) for recovering a helium product or intermediate product is also part of the present invention.
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Fig. 1

(57) Abstract: The present invention relates to a method for recovering a helium product or intermediate product, wherein a first natural
gas stream (1) containing helium is supplied to a first natural gas processing unit (10) and at least one second natural gas stream (2)
containing helium is supplied to at least one second natural gas processing unit (20), at least the first natural gas processing unit (10)
comprising helium recovery means (11) via which the helium product is formed from at least a part of the first natural gas stream (1).
According to the present invention, at least temporarily a helium transfer from the at least one second natural gas stream (2) to the
first natural gas stream (1) by means of a helium transfer arrangement comprising a membrane unit (30) is performed before the first
natural gas stream (1) is provided to the first natural gas processing unit (10) and before the at least one second natural gas stream (2)
is provided to the at least one second natural gas processing unit (20), whereby the first natural gas stream (1) is enriched in helium
and whereby the at least one second natural gas stream (2) is depleted in helium. A corresponding arrangement (100) for recovering a
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Description

Method and arrangement for recovering a helium product from natural gas by

membrane unit

The present invention relates to a method and to an arrangement for recovering a
helium product from natural gas according to the pre-characterizing clauses of the
independent claims.

Prior art

Helium is typically recovered from natural gas. In natural gas, helium is usually present
at concentrations of up to 1 mole percent. In exceptional cases, the concentrations may
be even higher. Helium present in natural gas is formed by radioactive decay. While it
is generally possible to recover helium from atmospheric air by means of (cryogenic)
air separation, this is usually not considered practical due to the low concentrations of

helium in air.

Methods and arrangements for recovering helium from natural gas are known and are
e.g. described in H.-W. Haring (Ed.), Industrial Gases Processing, Wiley -VCH, 2006,
particularly chapter 4, "The Noble Gas Helium" or in the article "Noble Gases" in
Ullmann's Encyclopedia of Industrial Chemistry, online edition 15. March 2001, DOI:
10.1002/14356007.a10_045.pub2. They include cryogenic, membrane-based and
combined methods and arrangements.

Helium can e.g. be recovered from natural gas in the course of removing nitrogen from
the natural gas before liquetaction. In this context, e.g. apparatus including a so-called
high-pressure column and a so-called low-pressure column can be used, as particularly
shown in figure 4.1 in Haring. These columns are operated at cryogenic temperatures
at which carbohydrates condense at the operating pressures used.

Via a corresponding method, so-called raw helium is initially produced. This raw helium
is, in order to produce a pure helium product, e.g. subsequently submitted to pressure
swing adsorption (PSA). An example is shown in figure 4.2 in Haring. Additionally to
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pressure swing adsorption, temperature swing adsorption (TSA) can be used which is
based on the temperature dependency of the adsorption.

If, in the following, reference is made to a "helium product”, this term is to be
understood to describe a stream which is enriched in helium compared to the natural
gas. This helium product could be especially an endproduct which is substantially pure
helium or a gas mixture containing 90, 95, 99, 99.5 (so-called helium 2.5), 99.9 (helium
2.93.0), 99.95 (helium 3.5), 99.99 (helium 4.0), 99.995 (helium 4.5), 99.999 (helium
5.0), 99.9995 (helium 5.5), 99.9999 (helium 6.0) or 99.99999 mole percent (helium 7.0)
of helium. This helium product could also be a helium intermediate product which
contains less helium with 10, 20, 30, 40, 50, 60, 70, 80 mole percent and can optionally
be further to yield a helium endproduct. A stream is considered as a helium product, as
long as the stream is separated from natural gas and contains more percentage of
helium than the natural gas by a recovery means.

In cases where natural gas is not liquefied but e.g. combusted, the helium contained in
the natural gas is normally not utilized but vented to the atmosphere in the flue gas. It is
the object of the present invention to present a method and an arrangement allowing

for an advantageous use of such helium as well.

Disclosure of the present invention

According to the present invention, a method and an arrangement for recovering a
helium product from natural gas with the features of the independent claims is
provided. Advantageous embodiments of the present invention are the subject of the
dependent claims and of the description that follows hereinatfter.

Advantages of the present invention

According to the present invention, a first natural gas stream containing helium is
supplied to a first natural gas processing unit and at least one second natural gas
stream containing helium is supplied to at least one second natural gas processing
unit, at least the first natural gas processing unit comprising helium recovery means via
which the helium product is formed from at least a part of the first natural gas stream.

The present invention particularly can relate to cases in which several second natural
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gas processing units are present. This is especially the case when natural gas is
combusted in several second natural gas processing units, as explained below. These
may e.g. be connected to a natural gas distribution system. In all cases, one or several
second natural gas processing units may be individually supplied with several natural
gas streams or they may be supplied with one natural gas stream which is then
distributed to the second natural gas processing units. In the context of the present
invention, one or more of such (common or individual) natural gas streams may be
included and treated as set forth below.

The first natural gas processing unit may, according to the present invention,
particularly operate using cryogenic temperatures, i.e. temperatures below —100 °C.
The first natural gas processing unit may particularly be embodied as a natural gas
liquefaction unit providing liquefied natural gas (LNG). The helium recovery means may
be particularly part of a nitrogen removal section in such a natural gas liquefaction unit,
as described hereinbefore. The second natural gas processing unit(s) may particularly
lack corresponding recovery means. The second natural gas processing unit(s) may
particularly be adapted to utilize the second natural gas stream by combustion at any
scale (including e.g. combustion in powerplants and industrial and domestic heating
and firing systems), wherein the helium contained therein is transferred to flue gas.
Preferably, the second natural gas processing unit(s) does not contain any means to
separate the helium from natural gas to produce a helium product for commercial
utilization. The seond natural gas stream(s) may e.g. be passed through international

or national transfer pipelines.

Preferably, the natural gas streams including both first natural gas and second natural
gas are transferred by international or national transfer pipelines which has a distance
of at least kilometers from inlet of the natural gas to the outlet to the processing units.

According to the present invention, at least temporarily a helium transfer from the at
least one second natural gas stream to the first natural gas stream by means of a
helium transfer section comprising a membrane unit is performed before the first
natural gas stream is provided to the first natural gas processing unit and before the at
least one second natural gas stream is provided to the second natural gas processing
unit, whereby the first natural gas stream contains more helium than it before the

helium transfer.
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The solution according to the present invention allows to utilize at least a part of the
helium contained in one or more natural gas streams which is or are normally
processed without extracting the helium, e.g. in one or more combustion units like gas
turbines or domestic appliances, with a minimum of additional effort. To this purpose,
the helium is separated from one or more corresponding natural gas streams (the
natural gas stream or streams referred to as the "second" natural gas stream or
streams hereinbefore and hereinafter) and transferred to another natural gas stream
(the natural gas stream referred to as the "first" natural gas stream hereinbefore and
hereinafter) which is supplied to a helium processing unit including helium recovery
means, e.g. a helium liquefaction unit, particularly a natural gas liquefaction unit
including a nitrogen removal section. Generally, the helium recovery means may be
adapted to produce any kind of a "helium product”" as specified hereinbefore and may
include any means known for this purpose from literature. Even if not specifically
explained, helium may also be transferred to several first natural gas streams in the
context of the present invention.

Particularly, the present invention allows for decoupling the production rate of a
corresponding helium product from the natural gas liquefaction rate at least in part. If
e.g. in a corresponding helium liquefaction unit only a fraction of the maximum amount
of the liquefied natural gas possible is produced, this would conventionally result in a
corresponding smaller amount of helium product to be recovered. According to the
present invention, however, the lower amount of helium product can at least in part be
compensated by the helium transferred from the other ("second") natural gas
stream(s). In other words, as a result of the helium transfer provided according to the
present invention, a more constant production rate of the helium product can be

assured, independently of the actual natural gas liquefaction rate.

According to the present invention, advantageously the method therefore includes a
first mode of operation performed in a first time period and a second mode of operation
performed in a second time period not overlapping with the first time period, wherein in
the first mode of operation the helium transfer is performed including transtferring a first
amount of helium from the at least one second gas stream to the first gas stream, and
wherein in the second mode of operation the helium transfer is not performed or is

performed including transferring a second amount of helium smaller than the first
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amount of helium from the at least one second gas stream to the first gas stream. By
using the higher helium transfer in the first mode of operation, or by using a helium
transfer in this first mode of operation and no helium transfer in the second mode of
operation, smaller amounts of helium extractable from helium-containing natural gas
processed in the first natural gas processing unit can be compensated as just
mentioned hereinbefore.

As mentioned, in the first mode of operation, particularly a smaller amount of natural
gas is processed in the first natural gas processing unit than is processed in the
second mode of operation. The smaller amount may e.g. be by 10%, 20%, 30%, 40%
or 50% smaller without substantially impairing an amount of the helium product
recovered in the first mode of operation. This corresponds to the advantageous
decoupling of the recovery of the helium product from the amount of natural gas
processed in the first natural gas processing unit at least in part. In particular there is a
control unit provided to vary the total flow rate of the first natural gas in order to provide
a same helium flow rate processed in the first natural gas processing unit as it in the
second mode of operation.

Particularly, in the first mode of operation and in the second mode of operation an
amount of the helium product recovered in the helium recovery means differs by no
more than 50%, 40%, 30% or 20%, particularly by no more than 10 %. Using the
present invention, therefore, demands of downstream arrangements using the helium
products can be fulfilled at any time or a constant supply to a customer can be
ensured.

According to the present invention, in order to perform the helium transfer, at least one
first partial stream and at least one second partial stream may be formed from the at
least one second natural gas stream, the at least one first partial stream being provided
to the membrane unit, a retentate stream and a permeate stream being formed in the
membrane unit, at least a part of the retentate stream being reunited with the at least
one second partial stream, and at least a part of the permeate stream being added to
the first natural gas stream. Using this solution according to a preferred embodiment of
the present invention, a particularly easy transfer may be implemented with little
additional cost.
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Membrane units for separating gas mixtures are generally known in the art. Such
membrane units are supplied with a compressed gas stream ("feed") comprising
components for which a membrane in the membrane unit has different permeabilities.
In a membrane unit, a "permeate” is formed, comprising predominantly or exclusively
components which are not or only to a low extent retained by a corresponding
membrane and therefore preferably pass the membrane. A "retentate" correspondingly
predominantly or exclusively comprises components which are preferably retained by
the membrane of the membrane unit.

Particularly, in the context of the present invention, membranes comprising glassy
polymers may be used, e.g. polymers like polyimides, polysulfones or cellulose
acetate. Such polymers allow for a particularly advantageous and effective helium
recovery because hydrocarbons are to a large extent retained at the high pressure side
(i.e. in the retentate), so that the retentate stream which is substantially larger than the
permeate stream only has to be slightly compressed to compensate for pressure
losses in the membrane unit.

According to the present invention, the at least one first partial stream is provided to the
membrane unit at a feed pressure and the permeate stream is withdrawn from the
membrane unit at a permeate pressure, wherein a pressure ratio between the feed
pressure and the permeate pressure is advantageously at least 5, particularly at least 8
Such pressure ratios allow for a particularly effective recovery of helium. Furthermore,
the retentate stream is according to the present invention withdrawn from the
membrane unit at a retentate pressure, a pressure difference between the feed
pressure and the retentate pressure being particularly not more than 2 bar, preferable
not more than 1.5 bar.

Advantageously, the membrane unit is operated with a yield of 40% to 90%, preferably
with a yield of 60% to 80%, the yield denoting a ratio of the helium content in the
permeate stream of the membrane and the feed. According to the present invention,
therefore, it is not necessary to recover all helium in the natural gas stream(s) supplied
to the membrane unit, i.e. the at least one first partial stream. A corresponding
membrane unit may therefore be provided and operated at lower cost. In particular, the
membrane unit consists only one stage membrane. |t is particularly advantageous to

choose the said yield range for operation of the membrane unit which not only
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recoverys the helium in a proper amount which fulfills the requirement of the first
natural gas processing unit, but at the same time reduces the cost of the membrane as
much as possible and such to provide a cost-effective membrane unit to resolve the
problem of wasting helium.

According to the present invention, the at least one first partial stream may be
subjected to pretreatment before being provided to the membrane unit according to the
requirements of the membrane unit. Particularly, the pretreatment may include filtering,
heating and/or cooling of and/or adsorption of unwanted components from the at least
one first partial stream. Particularly, a heating and/or cooling step may be included to
compensate for daily and/or seasonal temperature cycles.

According to the present invention, the first natural gas stream and/or the at least one
second natural gas stream are provided at a pressure of 10 to 120 bar, preferable from
10 to 90 bar. Before the retentate stream is at least in part reunited with the at least
one second natural gas stream, it may be recompressed to the pressure of the at least
one second natural gas stream. By selecting the operating conditions of the membrane
units and/or the membranes used, as mentioned, such a recompression may be kept to
a minimum according to the present invention. A separate recompression of the
retentate can also completely be dispensed with if a compressor or several
compressors compressing the at least one second natural gas stream is or are able to
compensate a corresponding pressure loss. This is particularly possible if the
membrane unit is placed in a close distance to a corresponding compressor or
corresponding compressors.

The permeate stream, before being at least in part united with the first natural gas
stream, is advantageously also compressed to the pressure of the first natural gas
stream. In all cases, it is of particular advantage if the membrane unit is installed in a
close distance to a compressor or compressors compressing the first and the at least
one second natural gas stream. Furthermore, it is of particular advantage if
arrangement is made which minimizes the distance of helium transport between the

two streams.

As mentioned before, the first natural gas processing unit is particularly operated at
least in part at a cryogenic temperature and is particularly a natural gas liquefaction
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unit providing liquefied natural gas. As also mentioned, the second natural gas stream
may be combusted in the second natural gas processing unit without extracting the

helium therein.

The present invention also relates to an arrangement for recovering a helium product,
the arrangement including a first natural gas processing unit and at least one second
natural gas processing unit, means adapted to supply a first natural gas stream
containing helium to the first natural gas processing unit and at least one second
natural gas stream containing helium to the at least one second natural gas processing
unit, at least the first natural gas processing unit comprising helium recovery means
adapted to form the helium product from at least a part of the first natural gas stream.
According to the present invention, a helium transfer section comprising a membrane
unit is provided, the helium transfer section being adapted to perform at least
temporarily a helium transfer from the at least one second natural gas stream to the
first natural gas stream before the first natural gas stream is provided to the first natural
gas processing unit and before the at least one second natural gas stream is provided
to the at least one second natural gas processing unit, whereby the first natural gas
stream is enriched in helium and whereby the at least one second natural gas stream is
depleted in helium.

As to further features and advantages of an inventive arrangement and its possible
embodiments, particular reference is made to the description of the method according
to the present invention and its embodiments as described before. An arrangement
according to the present invention is particularly adapted to perform a corresponding

method or an embodiment thereof.

The present invention will further be described with reference to the appended drawing
illustrating an embodiment of the present invention.

Brief description of the drawing

Figure 1 illustrates an arrangement according to an embodiment of the invention.

Detailed description of the drawing
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Figure 1 schematically illustrates an arrangement 100 according to an embodiment of
the invention in form of a simplified process diagram. The following explanations
likewise relate to a corresponding method.

In the arrangement 100, a first natural gas stream 1 containing helium is supplied to a
first natural gas processing unit 10 as described before, e.g. to a natural gas
liquefaction unit, and a second natural gas stream 2 containing helium is supplied to a
second natural gas processing unit 20, e.g. including a gas turbine. At least the first
natural gas processing unit 10 comprises helium recovery means 11 via which the
helium product is formed from at least a part of the first natural gas stream 1. For
further details, reference is made to the explanations above.

In the arrangement 100, at least temporarily a helium transfer from the second natural
gas stream 2 to the first natural gas stream 1 by means of a helium transfer
arrangement comprising a membrane unit 30 is performed before the first natural gas
stream 1 is provided to the first natural gas processing unit 10 and before the second
natural gas stream 2 is provided to the second natural gas processing unit 20, whereby
the first natural gas stream 1 is enriched in helium and whereby the second natural gas
stream 2 is depleted in helium.

For this helium transfer, at least a first partial stream 3 and a second partial stream 4
are formed from the second natural gas stream 2, the first partial stream 3 being
provided to the membrane unit 30, a retentate stream 5 and a permeate stream 6 being
formed in the membrane unit 30, at least a part of the retentate stream 5 being reunited
with the second partial stream 2, and at least a part of the permeate stream 6 being
added to the first natural gas stream 1. The streams formed correspondingly are
indicated with 2' and 1" in figure 1.

Before being supplied to the membrane unit 30, the first partial stream 3 is subjected to
a pretreatment. In the example illustrated, it is heated in a heater 31. The retentate
stream 5 and the permeate stream 6 are recompressed, in the example illustrated, in a
blower 51 and a compressor 61, respectively.

A control unit 50 is adapted to perform a first mode of operation performed in a first
time period and a second mode of operation performed in a second time period not

PCT/EP2019/025260
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overlapping with the first time period, wherein in the first mode of operation the helium

transfer is performed including transferring a first amount of helium from the second

gas stream 2 to the first gas stream 1, and wherein in the second mode of operation

the helium transfer is not performed or is performed including transferring a second

amount of helium smaller than the first amount of helium from the second gas stream 2

to the first gas stream 1.

The two modes of operation (Mode 1, Mode 2) of the method are subsequently

illustrated in an example, wherein the term "total flow rate" (refers to a flow rate of the

whole gas mixture of a corresponding stream and the term "helium flow rate" refers to

the helium content thereof. The denotation of the streams corresponds to figure 1.

Figures are given in standard cubic meters.

Stream 2 2' 3 5 6 1 1
Mode 2

Total flowrate | 100,000 | 100,000 | - - - 100,000 | 100,000
Helium flow rate | 500 500 - - - 500 500
Mode 1

Total flowrate | 104,444 | 100,000 | 55,560 | 51,116 | 4,444 55,556 | 60,000
Helium flow rate | 522.2 300.0 277.8 55.6 222.2 277.8 500
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Claims

A method for recovering a helium product, wherein a first natural gas stream (1)
containing helium is supplied to a first natural gas processing unit (10) and at least
one second natural gas stream (2) containing helium is supplied to at least one
second natural gas processing unit (20), at least the first natural gas processing
unit (10) comprising helium recovery means (11) via which the helium product is
formed from at least a part of the first natural gas stream (1), characterized in
that at least temporarily a helium transfer from the at least one second natural gas
stream (2) to the first natural gas stream (1) is performed before the first natural
gas stream (1) is provided to the first natural gas processing unit (10) and before
the at least one second natural gas stream (2) is provided to the at least one
second natural gas processing unit (20), wherein the helium transfer is carried out
by means of a helium transfer arrangement comprising a membrane unit (30).

A method according to claim 1, including a first mode of operation performed in a
first time period and a second mode of operation performed in a second time
period not overlapping with the first time period, wherein in the first mode of
operation the helium transfer is performed including transferring a first amount of
helium from the at least one second gas stream (2) to the first gas stream (1), and
wherein in the second mode of operation the helium transfer is not performed or is
performed including transferring a second amount of helium smaller than the first
amount of helium from the at least one second gas stream to the first gas stream.

A method of claim 2, wherein in the first mode of operation a smaller amount of
natural gas is processed in the first natural gas processing unit (10) than is
processed in the second mode of operation.

A method of claim 2 or 3, wherein in the first mode of operation and in the second
mode of operation an amount of the helium product recovered in the helium
recovery means (11) differs by no more than 50 %.

A method according to any of the preceding claims, wherein for the helium transfer
at least one first partial stream (3) and at least one second partial stream (4) are
formed from the second natural gas stream (2), the first partial stream (3) being
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11.

12.

13.

12

provided to the membrane unit (30), a retentate stream (5) and a permeate stream
(6) being formed in the membrane unit (30), at least a part of the retentate stream
(5) being reunited with the second partial stream (2), and at least a part of the
permeate stream (6) being added to the first natural gas stream (1).

A method according to claim 5, wherein the first partial stream (3) is provided to
the membrane unit (30) at a feed pressure and wherein the permeate stream (6) is
withdrawn from the membrane unit (30) at a permeate pressure, a pressure ratio
between the feed pressure and the permeate pressure being at least 5, preferable
at least 8.

A method according to any of claims 5 to 6, wherein the membrane unit (30) is
operated with a yield of 40% to 90%, preterable between 60% to 80%, the yield
denoting a ratio of the helium content in the permeate stream (6) and in the first
partial stream (3).

A method according to any of claims 5 to 7, wherein the first partial stream (3) is
subjected to pretreatment before being provided to the membrane unit (30).

A method according to claim 8, wherein the pretreatment includes filtering, heating,
cooling and/or adsorption of unwanted components.

A method according to any one of the preceding claims, wherein the first natural
gas stream (1) and/or the second natural gas stream (2) are provided at a
pressure of 10 to 120 bar.

A method according to any of the preceding claims wherein the first natural gas
processing unit (10) is operated at least in part at a cryogenic temperature.

A method according to claim 11 wherein the first natural gas processing unit (10) is
a natural gas liquefaction unit providing liquefied natural gas.

A method according to any of the preceding claims wherein the at least one
second natural gas stream (2) is combusted in the at least one second natural gas
processing unit (20).
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14. An arrangement for recovering a helium product, the arrangement including a first
natural gas processing unit (10) and at least one second natural gas processing
unit (20), means adapted to supply a first natural gas stream (1) containing helium
to the first natural gas processing unit (10) and at least one second natural gas
stream (2) containing helium to the at least one second natural gas processing unit
(20), at least the first natural gas processing unit (10) comprising helium recovery
means (11) adapted to form the helium product from at least a part of the first
natural gas stream (1), characterized by a helium transfer section comprising a
membrane unit (30), the helium transfer section being adapted to perform at least
temporarily a helium transfer from the at least one second natural gas stream (2)
to the first natural gas stream (1) before the first natural gas stream (1) is provided
to the first natural gas processing unit (10) and before the at least one second
natural gas stream (2) is provided to the at least one second natural gas
processing unit (20).

15. An arrangement according to claim 14 wherein the membrane unit contains only
one membrane stage which provide a helium yield of 40% to 90%, preferably 60%
to 80%, wherein the yield denoting a ratio of the helium content in the permeate
stream (6) and in the first partial stream (3).
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