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Description

[0001] The present invention relates to a method and
apparatus for cooling, optionally also liquefying, a hydro-
carbon stream such as natural gas according to the pre-
amble of claims 1 and 10 respectively. Such a method
respectively apparatus is known from WO 2006/087331
A1. Several methods of liquefying a natural gas stream
thereby obtaining liquefied natural gas (LNG) are known.
Itis desirable to liquefy a natural gas stream for a number
of reasons. As an example, natural gas can be stored
and transported over long distances more readily as a
liquid thanin gaseous form, because it occupies a smaller
volume and does not need to be stored at a high pressure.
[0002] Usually natural gas, comprising predominantly
methane, enters an LNG plant at elevated pressures and
is pre-treated to produce a purified feed stock suitable
for liquefaction at cryogenic temperatures. The purified
gas is processed through a plurality of cooling stages
using heat exchangers to progressively reduce its tem-
perature until liquefaction is achieved. The liquid natural
gas is then further cooled and expanded to final atmos-
pheric pressure suitable for storage and transportation.
The flashed vapour from each expansion stage can be
used as a source of plant fuel gas.

[0003] In addition to methane, natural gas usually in-
cludes some heavier hydrocarbons and impurities, in-
cluding but not limited to carbon dioxide, sulphur, hydro-
gen sulphide and other sulphur compounds, nitrogen,
helium, water and other non-hydrocarbon acid gases,
ethane, propane, butanes, C5+ hydrocarbons and aro-
matic hydrocarbons. These and any other common or
known heavier hydrocarbons and impurities either pre-
vent or hinder the usual known methods of liquefying the
methane, especially the most efficient methods of lique-
fying methane. Mostif not allknown or proposed methods
of liquefying hydrocarbons, especially liquefying natural
gas, are based on reducing as far as possible the levels
of at least most of the heavier hydrocarbons and impu-
rities prior to the liquefying process.

[0004] Meanwhile, the capacity of a liquefaction plant
is usually determined by the availability of the gas feed
stream, and the market or expected markets for products
provided by the plant. Thus, it can be desirable to be
flexible as to the capacity of the liquefaction plant. Hith-
erto, extra capacity at a liquefaction plant has simply in-
volved the complete replication of all of the units dealing
with the gas feed stream, from its source to its storage.
All such units are often termed a "train". Some commo-
nality of some units of a train or its support units such as
refrigeration units have been suggested, but no flexibility
in the pre-treatment of the gas has been suggested.
[0005] The costs in creating and running a liquefying
natural gas (LNG) plant or system are naturally high.
Thus any flexibility and so reduction in the energy re-
quirements of the plant or system has significant cost
benefit.

[0006] In a paper entitled "Large Capacity LNG Plant
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Development", Paper PS5-3, J.J.B. Pek et al, presented
at 14th International Conference & Exhibition on Lique-
fied Natural Gas (Doha, Qatar), on 21 March 2004, there
is shown a general process for liquefying natural gas
comprising the general steps of a gas receiving stage, a
gas treating stage, a pre-cooling stage which feeds two
separate but parallel liquefaction stages, and an end
flash stage to provide LNG to an LNG tank.

[0007] WO 2006/009646 A2 relates to a hydrocarbon
fluid processing plant including a plurality of process unit
module types, including first and second process unit
module types having modules intended to be sized at
their respective substantially maximum processing effi-
ciency. WO 2006/009646 A2 shows a number of plant
arrangements but a problem with these arrangements is
that there are always complete ’trains’ for treating and
liquefying the hydrocarbon fluids, without flexibility ther-
ebetween.

[0008] WO 2006/087331 A1 discloses a plant for lig-
uefying natural gas. The plant comprises a natural gas
pre-cooling heat exchanger train, a distributor, two main
cryogenic systems, and two natural gas liquids extraction
units.

[0009] Itisan object of the presentinvention toimprove
the efficiency of a treatment plant or method.

[0010] Itis a further object of the present invention to
better streamline the hydrocarbon stream or streams
through a treatment plant or method.

[0011] The present invention provides a method of
cooling a hydrocarbon stream such as natural gas ac-
cording to claim 1.

[0012] In a further aspect, the present invention pro-
vides an apparatus for cooling a hydrocarbon stream
such as natural gas according to claim 10.

[0013] The invention will now be further illustrated by
way of example only, and with reference to embodiments,
examples and the accompanying diagrammatic and non-
limiting drawings in which:

Figure 1 is a block scheme of part of an LNG plant
according to one embodiment of the present inven-
tion;

Figure 2 is a block scheme of part of an LNG plant
according to a second embodiment of the present
invention; and

Figure 3 is a block scheme of part of an LNG plant
according to a third embodiment of the present in-
vention.

[0014] For the purpose of this description, a single ref-
erence number will be assigned to a line as well as a
stream carried inthat line. Same reference numbers refer
to similar components.

[0015] The method and apparatus described herein
comprises a gas treatment stage, an NGL extraction
stage and a cooling stage. The gas treatment stage com-
prises one or more parallel gas treatment units; the NGL
extraction stage comprises more than one parallel NGL
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extraction units; and the cooling stage comprises one or
more parallel cooling systems. The number of gas treat-
ment units will hereinafter be represented by the letter
X; the number of NGL extraction units as Y, and the
number of cooling systems as Z.

[0016] For the purpose of this specification, "parallel"
means arranged or operated in parallel with respect to
other units or systems of same type when more than one
of that type of unit or system is provided. As described
herein, an asymmetric arrangement between the number
of gas treatment units, the number of NGL extraction
units, and the number of cooling systems is provided. An
asymmetric configuration offers benefits in terms of over-
all plant availability and matching of individual unit equip-
ment sized design capacity constraints. According to the
invention, the number of NLG extraction units is higher
than the number of cooling systems (i.e. Y > Z). This
advantageous choice is based on an insight that limits in
vapour expander size are typically more restrictive than
the size of a cooling system in terms of production ca-
pacity. NGL extraction units are typically based on an
expander. Thus, production capacity can be increased
by operating in parallel more expander-based extraction
units than there are cooling systems.

[0017] Moreover, providing Y > Z offers the possibility
of providing an excess of NGL extraction capacity relative
to cooling capacity. Generating excess NGL-extracted
gas may be useful to provide domestic gas from a hy-
drocarbon stream cooling site.

[0018] In a group of embodiments, both X and Y are
unequal to Z, whereby at least Y is greater than one.
[0019] The asymmetry provided herein also allows the
energy requirements of the liquefaction facility or plant
to be more balanced.

[0020] An asymmetric configuration also offers the us-
er of a plant options and flexibility should a gas treatment
unit or an NGL extraction unit be off-line, i.e. non-oper-
ational, either accidentally or deliberately for mainte-
nance, etc.. Whilst there may be some reduction in plant
output or in one or more stream flows, overall, the plant
canremain operational through the use of other gas treat-
ment units and NGL extraction units.

[0021] In the gas treatment stage, the level or levels
of certain impurities generally not being hydrocarbons
can be reduced. Two common impurities are carbon di-
oxide and sulphur (and sulphur-based compounds), usu-
ally present with water in the form of ’acid gas’. Many
processes for the removal of acid gas from a feed stream
are known to those skilled in the art. One common meth-
od is the use of an aqueous amine solution, often used
in an extraction column termed a’scrubber’. The aqueous
amine may be one or more of known materials including
for example DGA, DEA, MDEA, MEA and SULFINOLTM
(Shell), and combinations thereof. Typically acid gas re-
moval can result in the reduction of carbon dioxide to
levels of less than about 60ppm, whilst sulphur can be
reduced to levels of less than about 4 ppm. The gas treat-
ment stage comprises one or more parallel gas treatment
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units. By "gas treatment unit" is meant a unit comprising
one or more solvent-fed extraction columns which re-
move acid gas from the hydrocarbon stream under ele-
vated pressure (relative to solvent regeneration pres-
sure) to produce enriched solvent and a treated hydro-
carbon stream. The enriched solventis then passed with-
in the gas treatment unit to one or more pressure let-
down devices and then to one or more heaters or regen-
eration columns which separate the solvent from the acid
gas and recycle at least a portion of the solvent to the
one or more extraction columns. The extraction columns
and heaters orregeneration columns of the gas treatment
unit represent equipment which is dedicated to a single
gas treatment unit such that they are not shared with any
other gas treatment units.

[0022] The NGL extraction stage comprises more than
one parallel NGL extraction units. By "NGL extraction
unit" is meant a unit comprising one or more knock-out
drums from which the hydrocarbon stream is passed, via
an expansion step, to one or more NGL separators which
produce an NGL stream or streams, which each com-
prise, for instance, less than 5 mole % methane. The
knock-out drums and NGL separators of the NGL extrac-
tion unit represent equipment which is dedicated to a
single NGL extraction unit such that they are not shared
with any other NGL extraction units. However, subse-
quent separation of the NGL stream into individual hy-
drocarbon streams, often referred to as fractionation, can
be carried out in a facility shared between NGL extraction
units.

[0023] NGL extraction units as such are known tothose
skilled in the art. Generally, they are designed to reduce
the level or levels of hydrocarbon compounds other than
methane in a feed stream. One common NGL extraction
unit includes a separator or separation vessel, able to
provide a gaseous stream that is methane-enriched, and
one or more other streams. Such other stream or streams
usually but not always include separate or combined
streams of heavier hydrocarbons. The methane-en-
riched stream may be passed through the cooling stage.
[0024] Inoneexample,an NGL extraction unitprovides
a single heavier hydrocarbon rich stream, which is sub-
sequently used either per se, or is further divided into
particular heavier hydrocarbon rich streamsin a separate
location or unit. The division of a heavier hydrocarbon
rich stream can be carried out by one or more separators
known in the art, such as a fractionator. A fractionator
using one or more columns could provide individual
streams of certain heavier hydrocarbons. For example,
with multiple columns, each column could be designed
to provide an individual hydrocarbon stream, such as an
ethane-rich stream, a propane-rich stream, a butane-rich
stream, and a C+ -rich stream, the latter sometimes also
termed a’light condensate stream’. Propane, butane and
Cs+ hydrocarbons are sometimes collectively termed
"natural gas liquids" (NGL), and have known uses.
[0025] An example of a fractionation tower as a con-
ventional distillation column for NGL extraction is shown
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in US 2004/0079107 A1.

[0026] In another example, an NGL extraction unit can
include a fractionator which integrally provides individual
streams of certain heavier hydrocarbons such as those
listed hereinbefore.

[0027] Cooling systems for the cooling stage are
known in the art. The cooling system may be a liquefying
system. Cooling systems and liquefying systems may be
embodied in various ways, and generally involve one or
more heat exchangers and refrigerant circuits.

[0028] The cooling stage comprises one or more par-
allel cooling systems. By "cooling system" is meant a
liquefying system comprising one or more closed, inde-
pendent refrigerant cycles. A closed refrigerant cycle
does not exchange refrigerant with another cooling cycle
under normal operation. The closed, independent refrig-
erant cycle or cycles are dedicated to a single cooling
system such that they are not shared with any other cool-
ing systems.

[0029] A liquefying system useable with the present
invention may involve a number of separate serial cooling
steps, and the or each cooling step may involve one or
more heat exchangers, levels or sections. One arrange-
mentinvolves the cooling stage having a first cooling step
for pre-cooling, followed by a second cooling step for
main cryogenic cooling and liquefying.

[0030] A first or pre-cooling step may involve reducing
the temperature of a feed stream to below -0 °C, for ex-
ample in the range -10 °C to -30 °C.

[0031] A second or main cryogenic cooling step may
involve cooling a feed stream to below -90 °C or below
-100 °C, for example between -100 °C to -130 °C, which
usually creates a hydrocarbon stream which is now lig-
uefied, such as liquefied natural gas.

[0032] Each unitorsystem of the stages of the present
invention may use the same or different parameters, such
as flowrate, temperature, pressure, etc.

[0033] By providing units and systems which may op-
erate independently, a unit or system may be taken off-
line for maintenance without having to shut down the en-
tire hydrocarbon cooling plant.

[0034] As described herein, the number of streams for
each of the stages is intended to be shared to match the
number of units or systemsin each stage. This may there-
fore require the division, sharing or combination of the
feed stream or the stream or streams provided by the
previous stage. Such division, sharing and/or combina-
tion may or may not involve the complete mixing of pre-
vious streams, or the complete separation of previous
streams.

[0035] Any division, sharing and/or combination of the
feed stream or stream or streams provided by a previous
stage may be unequally distributed. Preferably the dis-
tribution is equal, that is, there is equidistribution of the
stream or streams amongst the lines to the units or sys-
tems to which the stream or streams are intended to be
passed to.

[0036] The division or sharing of any of the feed
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streams or any of the subsequent treated or cooled hy-
drocarbon stream or streams, could be provided by any
suitable divisor, for example a stream splitter. Preferably
any division or sharing creates two or more streams hav-
ing the same composition and phases.

[0037] All possible arrangements for changes in the
number of streams before or after each stage are envis-
aged. For example, where Xis 1, Y is 2 and Z is 1, the
first treated stream provided by the gas treatment stage
is divided into two first treated streams for each of the
NGL extraction units in the NGL extraction stage. The
two second treated streams provided thereby are then
combined into a single second treated stream for the sin-
gle cooling system in the cooling stage.

[0038] In another example, X can be 2, Y can be 3,
and Z can be 2. Inthis example, the feed streamis shared
or divided into two part-feed streams for the two gas treat-
ment units in the gas treatment stage. The two first treat-
ed streams provided thereby are then shared to provide
three first treated streams, one for each of the NGL ex-
traction units in the NGL extraction stage. The change
from two to three first treated streams may be through a
common manifold, or may be by any other sharing ar-
rangement not having a common union or junction of all
streams. Similarly, the three second treated streams pro-
vided by the NGL extraction stage are then shared to
create two second treated streams for the two cooling
systems. This sharing of the second treated streams may
be through a common manifold, or through any other
arrangement not involving commonality or union of all
the second treated streams.

[0039] The presentinvention may also be used to cre-
ate afacility or plant where Xis 2, Yis2and Zis 1. Should
there be a wish or need to enlarge the capacity of the
facility or plant, one or more further gas treatment units,
NGL extraction units, and/or cooling systems, can be
added, taking into account the design capacity of existing
units, thereby avoiding the hitherto expedient of having
to supply a complete and separated liquefaction ’train’.

[0040] The feed stream may be any suitable hydrocar-
bon-containing gas stream to be cooled, but is usually a
natural gas stream obtained from natural gas or petrole-
um reservoirs. As an alternative the natural gas stream
may also be obtained from another source, also including
a synthetic source such as a Fischer-Tropsch process.

[0041] Usually the natural gas stream is comprised
substantially of methane. Preferably the feed stream
comprises at least 60 mol% methane, more preferably
at least 80 mol% methane.

[0042] Although the method described herein is appli-
cable to various hydrocarbon feed streams, it is particu-
larly suitable for natural gas streams to be liquefied. As
the person skilled readily understands how to liquefy a
hydrocarbon stream, this is not further discussed here.

[0043] Figure 1 shows a block scheme of part of a lig-
uefied natural gas plant 1. It shows an initial feed stream
10 containing natural gas. The feed stream 10 is divided
by a stream splitter 12 into two part-feed streams 20a,



7 EP 2 082 178 B1 8

20b. The division of the feed stream 10 could be based
on any ratio of mass and/or volume and/or flow rate. The
ratio may be based on the size or capacity of the subse-
quent parts, systems or units of the plant, or due to other
considerations. One example of the ratio is an equal di-
vision of the cooled stream mass.

[0044] The two part-feed streams 20a, 20b pass to a
gas treatment stage 2 comprising two parallel gas treat-
ment units 14a, 14b. Such gas treatment units 14a, 14b
are adapted to reduce impurities, including but notlimited
to acid gas, in the part feed-streams 20a, 20b, and so
provide two first treated streams 30a, 30b respectively.
Operation of gas treatment units 14a, 14b such as scrub-
bers are well known in the art. Figure 1 shows an exit
stream 15a, 15b for carbon dioxide, sulphur and any sul-
phur-based compounds from each gas treatment unit
14a, 14b.

[0045] The first treated streams 30a, 30b are passed
to an NGL extraction stage 4 which comprises two par-
allel NGL extraction units 16a, 16b. The NGL extraction
units 16a, 16b provide two second treated streams 40a,
40b, which streams are methane-enriched, and which
are combined to provide a combined treated stream 50.
The second treated feed streams 40a, 40b can be com-
bined using a combiner 18 knownin the art. The combiner
may be any suitable arrangement, generally involving a
union or junction or piping or conduits, optionally involv-
ing one or more valves.

[0046] The NGL extraction units 16a, 16b also provide
two heavier hydrocarbon enriched streams 17a, 17b
which pass to a common fractionator 24. The enriched
streams 17a, 17b may be combined prior to entry into
the common fractionator 24 as shown in Figure 1, or may
be passed separately into the common fractionator 24.

[0047] The common fractionator 24 is designed to pro-
vide separate enriched streams of one or more hydro-
carbons such as propane, butane and Cg+ hydrocar-
bons, and optionally also ethane. Such enriched streams
are useful products for use in the liquefying plant 1 or
outside the plant. Such enriched streams are shown col-
lectively in Figure 1 as streams 26.

[0048] Thefractionator24 may be asingle fractionation
unit, or have one or more columns, wherein each column
is usually dedicated to separating and providing a par-
ticular heavier hydrocarbon. Fractionation is well known
in the art and the benefit and use of individual streams
of propane, butane and C5+ are alsowellknown inthe art.
[0049] Although not shown in Figure 1, any methane
stream or methane-enriched stream provided by the frac-
tionator 24 may be returned or recycled back into the
path of the second treated streams 40a, 40b or the com-
bined stream 50.

[0050] The combined treated stream 50 is then passed
to a cooling stage 6. In Figure 1, the cooling stage 6
provides a cooled hydrocarbon stream 60.

[0051] The cooling of the combined treated stream 50
in the cooling stage 6 may involve any degree of cooling
using any number of units, devices or systems or com-
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binations thereof known in the art. One example is the
use of one or more heat exchangers. Usually, cooling is
effected by passing the combined treated stream 50
against one or more cooling or refrigerant streams and/or
through one or more valves and/or separators, as known
in the art.

[0052] Inone embodimentofthe presentinvention, the
cooling stage 6 is adapted to liquefy the combined treated
stream 50 so as to provide a liquefied hydrocarbon
stream such as liquefied natural gas. Liquefaction of the
combined treated stream 50 can be carried out by pass-
ing it through a cooling system being a liquefying system
22 using one or more heat exchangers and cooling it
against one or more refrigerants, either being dedicated
refrigerants or other cooled streams. The liquefying can
involve one or more cooling and/or liquefying steps.
[0053] Generally, it is intended to provide a liquefied
natural gas stream having a temperature below -150 °C,
more usually between -160 °C and -165 °C.

[0054] Between the gas treatment stage 2, NGL ex-
traction stage 4 and the cooling stage 6, one or more
other units or features may be involved such as valves
or further treatments, or to control of the path or flow of
the streams thereinbetween.

[0055] Figure 1 shows a method of treating a hydro-
carbon stream such as natural gas wherein X is 2, Y is
2,and Zis 1. There is therefore asymmetry between the
number of gas treatment units, the number of NGL ex-
traction units, and the number of cooling systems. An
asymmetric configuration, particularly where Y > Z as in
the embodiment of Figure 1, offers benefits as explained
hereinabove.

[0056] Figure 2 shows a block scheme of part of a lig-
uefied natural gas plant 1a according to a second em-
bodiment of the present invention. In Figure 2, a feed
stream 10 is divided by a divider 12 into three part-feed
streams 20a, 20b and 20c, either equally or unequally
as described above. The three part-feed streams 20a,
20b, 20c passinto three respective and parallel gas treat-
ment units 14a, 14b and 14c which comprise the gas
treatment stage 2. The action and effect of the gas treat-
ment units 14a, 14b, 14c is similar to those described
hereinbefore. They provide three first treated streams
30a, 30b, 30c, and three other streams 15a, 15b, 15c,
being for example, sulphur, carbon dioxide, etc.

[0057] The three first treatment streams 30a,b,c pass
into respective and parallel NGL extraction units 16a,
16b, 16¢c, whose action and effect is similar to those de-
scribed hereinbefore. The units 16a, 16b, 16¢ provide
three second treated streams 40a, 40b, 40c which are
then shared for the cooling stage 6, and three heavier
hydrocarbon streams 17a, 17b, 17c, whose use and/or
separation can be the same or similar to that described
above in Figure 1.

[0058] The sharing ofthe three second treated streams
40a, 40b, 40c may not involve the complete combination
and mixing of the second treated streams 40a, 40b, 40c
within one position, location, line or stream. Thus, refer-
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ences herein to the second treated streams being
"shared", include the second treated streams being able
to provide one or more streams to a cooling stage, which
cooling stage may comprise one or more cooling sys-
tems. The one or more streams supplying the cooling
system or systems may therefore comprise flow from two
or more second treated streams, without involving flow
from all of the second treated streams.

[0059] It is intended by the present invention that all
the second treated streams collectively supply their flow
to the or all of the cooling systems of the cooling stage.
[0060] In Figure 2, it is diagrammatically represented
that the three second treated streams 40a, 40b, 40c pro-
vide, via linked piping or conduits at junctions 19a, 19b,
combined treated streams 50a, 50b, which pass respec-
tively into two cooling systems 22a, 22b which comprise
the cooling stage 6. The cooling systems 22a, 22b pref-
erably liquefy the combined treated streams 50a, 50b to
provide two liquefied hydrocarbon streams 52a, 52b,
which can be combined to provide a combined liquefied
hydrocarbon stream 60, such as liquefied natural gas.
[0061] Thus, Figure 2 shows a method of treating a
hydrocarbon stream such as natural gas wherein X is 3,
Yis3,and Zis 2.

[0062] Figure 3 shows a simplified block scheme of
part of a liquefied natural gas plant 1b according to a third
embodiment of the present invention. In Figure 3, a feed
stream 10 passes into a single gas treatment unit 100
for the gas treatment stage 2. The action and effect of
the gas treatment unit 100 is similar to those described
hereinbefore. This provides a first treated stream 30d
which is optionally passed through a separate or integral
drying unit 101 to reduce its water content, and provide
a drier treated stream 30e.

[0063] The drier treated stream 30e is then divided by
a divider 32, preferably equally, into 3 part-streams 30f,
30g, 30h, which pass into three respective and parallel
NGL extraction units 102a, 102b and 102c, whose action
and effect is similar to those described hereinbefore, and
which comprise the NGL extraction stage 4. The units
102a, b, c provide three second treated streams 40a,
40b, 40c, which are then combined using a combiner 34
to provide a single combined stream 50.

[0064] The combined stream 50 is then divided by a
divider 36 into two part-streams 50a, 50b, optionally un-
equally or equally, to pass into two cooling systems 103a,
103b, similar to those described above, and which com-
prise the cooling stage 6. The cooling systems 103a,b
are preferably adapted to liquefy the part-streams 50a,
50b, to provide two liquefied hydrocarbon streams 52a,
52b, which can then be combined by a combiner 38 to
provide a combined liquefied hydrocarbon stream 60,
such as liquefied natural gas. The liquefied natural gas
60 can pass through an endflash unit 104 in a manner
commonly known in the art, to provide a final liquefied
product stream 70.

[0065] Thus, Figure 3 shows another embodiment of
the present invention having a gas treatment stage with
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one gas treatment unit, an NGL extraction stage having
three NGL extraction units, and a cooling stage compris-
ing two parallel cooling systems, i.e. a method of treating
a hydrocarbon stream such as natural gas wherein X is
1,Yis3,and Z is 2.

[0066] The person skilledinthe art will understand that
the present invention can be carried out in many various
ways without departing from the scope of the appended
claims.

Claims

1. Method of cooling a hydrocarbon stream such as
natural gas, the method at least comprising the steps
of:

(a) providing a feed stream (10);

(b) passing the feed stream (10) through a gas
treatment stage (2) comprising X gas treatment
units (14a, 14b), X being one or more, the gas
treatment units being operatedin parallelin case
X is more than one, the feed stream (10) being
divided into two or more part-feed streams (20a,
20b) if there is more than one gas treatment unit,
toprovide one or morefirsttreated streams (30a,
30b);

(c) passing the first treated stream or streams
(30a, 30b) of step (b) through an NGL extraction
stage (4) comprising Y parallel NGL extraction
units (16a, 16b), Y being more than one, the first
treated stream or streams (30a, 30b) being
shared to match the number of NGL extraction
units (16a, 16b), to provide one or more second
treated stream or streams (40a, 40b); and

(d) passing the second treated stream or
streams (40a, 40b) of step (c) through a cooling
stage (6) comprising Z cooling system or sys-
tems (22), Z being one or more, the cooling sys-
tems being operated in parallel in case Z is more
than one, the Z cooling system or systems being
liquefying system or systems comprising one or
more closed, independent refrigerant cycle or
cycles, the second treated stream or streams
(40a, 40b) being shared to match the number of
cooling system or systems (22), to provide a
cooled hydrocarbon stream or streams;

characterized in that Y > Z.

2. Method as claimed in claim 1, wherein the feed
stream (10) is divided into two part-feed streams
(20a, 20b), and X is 2 and Z is 1, and/or wherein Y
is2and Zis 1.

3. Method as claimed in claim 1, wherein the feed
stream (10) is divided into three part-feed streams
(20a, 20b, 20c), and X is 3 and Z is 1 or 2, and/or
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wherein Yis3and Zis 1 or 2.

Method according to one or more of the preceding
claims, wherein each NGL extraction unit (16a, 16b)
provides a second treated stream (40a, 40b) and
one or more separate streams (17a, 17b).

Method as claimed in claim 4, wherein 5 the one or
more separate streams comprise one or more of a
propane stream, a butane stream and a C5+ stream.

Method as claimed in claim 4, wherein the one or
more separate streams (17a, 17b) are fractionated
to provide one or more fractionated streams (26).

Method as claimed in claim 5, wherein the one or
more fractionated streams (26) comprise one or
more of a propane stream, a butane stream and a
C5+ stream.

Method according to one or more of the preceding
claims, wherein X is different from Z.

A method according to one or more of the preceding
claims wherein the cooling step (d) liquefies the sec-
ond treated stream or streams (40a, 40b) to provide
aliquefied hydrocarbon stream (60) or streams, pref-
erably liquefied natural gas.

Apparatus for cooling a hydrocarbon stream such as
natural gas, the apparatus at least comprising:

(i) a gas treatment stage (2) to receive a feed
stream (10) comprising X gas treatment Z unit
orunits (14a, 14b), X being one or more, the gas
treatmentunits being arranged in parallelin case
X is more than one, the feed stream (10) being
divided if there is more than one gas treatment
unit;

(ii) an NGL extraction stage (4) to receive the
treated feed stream or streams from the gas
treatment stage, comprising Y parallel NGL ex-
traction units (16a, 16b), Y being more than one;
and

(iii) a cooling stage (6) to receive the NGL ex-
tracted stream or streams from the NGL extrac-
tion stage, comprising Z cooling system or sys-
tems (22), Z being one or more, the cooling sys-
tems being arranged in parallelin case Z is more
than one, the Z cooling system or systems being
liquefying system or systems comprising one or
more closed, independent refrigerant cycle or
cycles, to provide a treated hydrocarbon stream
or streams;

characterized in that Y > Z.

Apparatus as claimed in claim 10, 5 wherein X is 2
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and Z is 1, and/or wherein Yis 2and Zis 1.

12. Apparatus as claimed in claim 10, wherein X is 3 and
Zis 1 or 2, and/or wherein Yis3and Zis 1 or 2.

13. Apparatus as claimed in one or more of claims 10 to
12, further comprising a fractionator (24) to fraction-
ate all of one or more separate streams (17a, 17b)
provided by the NGL extraction units.

14. Apparatus according to one or more of claims 10 to
13, wherein X is different from Z.

Patentanspriiche

1. Verfahren zum Kihlen eines Kohlenwasser-
stoffstroms, wie zum Beispiel Erdgas, wobei das
Verfahren mindestens die folgenden Schritte um-
fasst:

(a) Bereitstellen eines Zufuhrstroms (10);

(b) Leiten des Zufuhrstroms (10) durch eine
Gasbehandlungsstufe (2), die X Gasbehand-
lungseinheiten (14a, 14b) umfasst, wobei X eins
oder grofer ist, wobei die Gasbehandlungsein-
heiten parallel betrieben werden, falls X gréRer
als eins ist, wobei der Zufuhrstrom (10) in zwei
oder mehr Teilzufuhrstrome (20a, 20b) aufge-
teilt wird, wenn mehr als eine Gasbehandlungs-
einheit vorhanden ist, um einen oder mehrere
erste behandelte Stréme (30a, 30b) bereitzu-
stellen;

(c) Leiten des ersten behandelten Stroms bzw.
der ersten behandelten Stréme (30a, 30b) von
Schritt (b) durch eine NGL-Extraktionsstufe (4),
die Y parallele NGL-Extraktionseinheiten (16a,
16b) umfasst, wobei Y eins oder gréRer, wobei
der erste behandelte Strom bzw. die ersten be-
handelten Stréme (30a, 30b) geteilt werden, um
der Anzahl der NGL-Extraktionseinheiten (16a,
16b) zu entsprechen, um einen zweiten behan-
delten Strom oder mehrere zweite behandelte
Stréme (40a, 40b) bereitzustellen; und

(d) Leiten des zweiten behandelten Stroms bzw.
der zweiten behandelten Strome (40a, 40b) von
Schritt (c) durch eine Kuhlstufe (6), die Z Kiihl-
system oder Z Kuihlsysteme (22) umfasst, wobei
Z eins oder groRer ist, wobei die Kihlsysteme
parallel betrieben werden, falls Z grof3er als eins
ist, wobei es sich bei dem Z Kuhlsystem bzw.
beiden Z Kiihlsystemen um ein verflissigendes
System bzw. verflissigende Systeme handelt,
umfassend einen geschlossenen, unabhangi-
gen KihImittelkreislauf oder mehrere geschlos-
sene, unabhangige Kihlmittelkreislaufe, wobei
der zweite behandelte Strom bzw. die zweiten
behandelten Strome (40a, 40b) geteilt werden,
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um der Anzahl des Kiihlsystems bzw. der Kiihl-
systeme (22) zu entsprechen, um einen gekihl-
ten Kohlenwasserstoffstrom oder gekiihlte Koh-
lenwasserstrome bereitstellen,

dadurch gekennzeichnet, dass Y > Z ist.

Verfahren nach Anspruch 1, wobei der Zufuhrstrom
(10) in zwei Teilzufuhrstrdme (20a, 20b) aufgeteilt
wird und X 2 ist und Z 1 ist und/oder wobei Y 2 ist
und Z 1 ist.

Verfahren nach Anspruch 1, wobei der Zufuhrstrom
(10) in drei Teilzufuhrstrome (20a, 20b, 20c) aufge-
teilt wird und X 3istund Z 1 oder 2 ist und/oder wobei
Y 3istund Z 1 oder 2 ist.

Verfahren nach einem oder mehreren der vorherge-
henden Anspriiche, wobeijede NGL-Extraktionsein-
heit (16a, 16b) einen zweiten behandelten Strom
(40a, 40b) und einen oder mehrere getrennte Stréme
(17a, 17b) bereitstellt.

Verfahren nach Anspruch 4, wobei der eine oder die
mehreren getrennten Strdme einen oder mehrere
von einem Propanstrom, einem Butanstrom und ei-
nem C5+-Strom umfassen.

Verfahren nach Anspruch 4, wobei der eine oder die
mehreren getrennten Stréme (17a, 17b) fraktioniert
werden, um einen oder mehrere fraktionierte Strome
(26) bereitzustellen.

Verfahren nach Anspruch 5, wobei der eine oder die
mehreren fraktionierten Strdme (26) einen oder
mehrere von einem Propanstrom, einem Butan-
strom und einem C5+-Strom umfassen.

Verfahren nach einem oder mehreren der vorherge-
henden Anspriiche, wobei X von Z verschieden ist.

Verfahren nach einem oder mehreren der vorherge-
henden Anspriiche, wobei der Kuhlschritt (d) den
zweiten behandelten Strom bzw. die zweiten behan-
delten Strome (40a, 40b) verflissigt, um einen ver-
flissigten Kohlenwasserstoffstrom (60) oder verflis-
sigte Kohlenwasserstoffstréme, vorzugsweise ver-
flissigtes Erdgas, bereitzustellen.

Vorrichtung zum Kihlen eines Kohlenwasser-
stoffstroms, wie beispielsweise Erdgas, wobei die
Vorrichtung mindestens Folgendes umfasst;

(i) eine Gasbehandlungsstufe (2) zum Empfan-
gen eines Zufuhrstroms (10), die X Gasbehand-
lungseinheit oder X Gasbehandlungseinheiten
(14a, 14b) umfasst, wobei X eins oder gréer
ist, wobei die Gasbehandlungseinheiten parallel
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1.

12.

13.

14.

angeordnet sind, falls X grof3er als eins ist, wo-
bei der Zufuhrstrom (10) geteilt wird, wenn mehr
als eine Gasbehandlungseinheit vorhanden ist;
(i) eine NGL-Extraktionsstufe (4) zur Aufnahme
des behandelten Zufuhrstroms bzw. der behan-
delten Zufuhrstréme aus der Gasbehandlungs-
stufe, die Y parallele NGL-Extraktionseinheiten
(16a, 16b) umfasst, wobei Y groRer als eins ist;
und

(iii) eine Kuhlstufe (6) zur Aufnahme des durch
NGL extrahierten Stroms bzw. der durch NGL
extrahierten Strome aus der NGL-Extraktions-
stufe, das Z Kihlsystem oder Z Kihlsysteme
(22) umfasst, wobei Z eins oder gréRer ist, wobei
die Kuhlsysteme parallel angeordnet sind, falls
Z groRer als eins ist, wobei es sich bei dem Z
Kuhlsystem bzw. den Z Kiihlsystemen um ein
verflissigendes System bzw. um verflissigen-
de Systeme handelt, die einen geschlossenen
unabhangigen Kihimittelkreislauf oder mehrere
geschlossene, unabhangige Kuhimittelkreislau-
fe umfassen, um einen oder mehrere behandel-
te Kohlenwasserstoffstrome bereitzustellen,
dadurch gekennzeichnet, dass Y > Z ist.

Vorrichtung nach Anspruch 10, wobei X 2 ist und Z
1 ist und/oder wobei Y 2 ist und Z 1 ist.

Vorrichtung nach Anspruch 10, wobei X 3 ist und Z
1 oder 2 ist und/oder wobei Y 3istund Z 1 oder 2 ist.

Vorrichtung nach einem oder mehreren der Anspri-
che 10 bis 12, ferner umfassend einen Fraktionator
(24) zum Fraktionieren von allen von einem oder
mehreren getrennten Strémen (17a, 17b), die von
den NGL-Extraktionseinheiten bereitgestellt wer-
den.

Vorrichtung nach einem oder mehreren der Anspri-
che 10 bis 13, wobei sich X von Z unterscheidet.

Revendications

1.

Procédé de refroidissement d’un flux d’hydrocarbu-
res tel que du gaz naturel, le procédé comprenant
au moins les étapes suivantes :

(a) produire un flux d’alimentation (10) ;

(b) faire passer le flux d’alimentation (10) a tra-
vers un étage de traitement de gaz (2) compre-
nant X unités de traitement de gaz (14a, 14b),
X étantune ou plusieurs, les unités de traitement
de gaz fonctionnant en paralléle dans le cas ou
X est supérieur a un, le flux d’alimentation (10)
étant divisé en deux ou plus de deux flux d’ali-
mentation partiels (20a, 20b) s’il y a plus d’'une
unité de traitement de gaz, pour produire un ou
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plusieurs premiers flux traités (30a, 30b) ;

(c) faire passer le ou les premiers flux traités
(30a, 30b) de I'étape (b) par un étage d’extrac-
tion de LGN (4) comprenant Y unités d’extrac-
tion de LGN (16a, 16b) paralleles, Y étant su-
périeur a un, le ou les premiers flux traités (30a,
30b) étant partagés pour correspondre au nom-
bre d’'unités d’extraction de LGN (16a, 16b),
pour produire un ou plusieurs deuxiemes flux
traités (40a, 40b) ; et

(d) faire passer le ou les deuxiémes flux traités
(40a, 40b) de I'étape (c) par un étage de refroi-
dissement (6) comprenant un ou Z systémes de
refroidissement (22), Z étant un ou plusieurs,
les systémes de refroidissement fonctionnant
en paralléle dans le cas ou Z est supérieur a un,
le ou les Z systemes de refroidissement étant
un ou plusieurs systemes de liquéfaction com-
prenant un ou plusieurs cycles de réfrigérant in-
dépendants fermés, le ou les deuxiemes flux
traités (40a, 40b) étant partagés pour corres-
pondre au nombre de systémes de refroidisse-
ment (22), pour produire un ou des flux d’hydro-
carbures refroidis ;

caractérisé en ce que Y > Z.

Procédé selon la revendication 1, dans lequel le flux
d’alimentation (10) est divisé en deux flux d’alimen-
tation partiels (20a, 20b), et X est 2 et Z est 1, et/ou
dans lequel Y est 2 et Z est 1.

Procédé selon la revendication 1, dans lequel le flux
d’alimentation (10) est divisé en trois flux d’alimen-
tation partiels (20a, 20b, 20c), et X est 3 et Z est 1
ou 2, et/ou dans lequel Y est 3 et Z est 1 ou 2.

Procédé selon I'une ou plusieurs des revendications
précédentes, dans lequel chaque unité d’extraction
de LGN (16a, 16b) produit un deuxiéme flux traité
(40a, 40b) etun ou plusieurs flux séparés (17a, 17b).

Procédé selon la revendication 4, dans lequel le ou
les flux séparés comprennent un ou plusieurs parmi
un flux de propane, un flux de butane et un flux de
C5+.

Procédé selon la revendication 4, dans lequel le ou
les flux séparés (17a, 17b) sontfractionnés pour pro-
duire un ou plusieurs flux fractionnés (26).

Procédé selon la revendication 5, dans lequel le ou
les flux fractionnés (26) comprennent un ou plusieurs
parmi un flux de propane, un flux de butane et un
flux de C5+.

Procédé selon I'une ou plusieurs des revendications
précédentes, dans lequel X est différent de Z.
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9.

10.

1.

12.

13.

14.

Procédé selon I'une ou plusieurs des revendications
précédentes, dans lequel I'étape de refroidissement
(d) liquéfie le ou les deuxiemes flux traités (40a, 40b)
pour produire un ou des flux d’hydrocarbures liqué-
fies (60, de préférence du gaz naturel liquéfié.

Appareil permettant de refroidir un flux d’hydrocar-
bures tel que du gaz naturel, 'appareil comprenant
au moins :

(i) un étage de traitement de gaz (2) pour rece-
voir un flux d’alimentation (10), comprenantune
ou X unités de traitement de gaz (14a, 14b), X
étant un ou plusieurs, les unités de traitement
de gaz étant agencées en paralléle dans le cas
ou X est supérieur a un, le flux d’alimentation
(10) étant divisé s'’il y a plus d’'une unité de trai-
tement de gaz ;

(i) un étage d’extraction de LGN (4) pour rece-
voir le ou les flux traités a partir de I'étage de
traitement de gaz, comprenant Y unités d’ex-
traction de LGN (16a, 16b) paralléles, Y étant
supérieur a un ; et

(iii) un étage de refroidissement (6) pour recevoir
le ou les flux extraits de LGN a partir de I'étage
d’extraction de LGN, comprenant un ou Z sys-
temes de refroidissement (22), Z étant un ou
plusieurs, les systémes de refroidissement étant
agenceés en paralléle dans le cas ou Z est su-
périeur a un, le ou les Z systémes de refroidis-
sement étant un ou plusieurs systémes de liqué-
faction comprenant un ou plusieurs cycles de
réfrigérant indépendants fermés, pour produire
un ou des flux d’hydrocarbures traités ;

caractérisé en ce que Y > Z.

Appareil selon la revendication 10, dans lequel X est
2 et Zest1, et/ou dans lequel Y est2 et Z est 1.

Appareil selon la revendication 10, dans lequel X est
3 etZest1ou?2, et/oudans lequel Y est 3 et Z est
1ou?2.

Appareil selon I'une ou plusieurs des revendications
10 a 12, comprenant en outre une colonne de frac-
tionnement (24) pour fractionner tous les flux parmi
un ou plusieurs flux séparés (17a, 17b) produits par
les unités d’extraction de LGN.

Appareil selon I'une ou plusieurs des revendications
10 a 13, dans lequel X est différent de Z.
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