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(54) LIQUID NATURAL GAS REGASIFICATION PROCESSES AND SYSTEMS

(57) A liquidnatural gas (LNG) regasificationprocess
comprising a single column demethanizer process is
provided. The process comprises introducing a rich
LNG feed stream, comprising a mixture of at least
methane and ethane, in an at least partially vaporized
state into a demethanizer; condensing an overhead
stream from the demethanizer, wherein the overhead
stream comprises a lean LNG enriched in methane
and reduced in ethane relative to the rich LNG feed
stream; collecting the lean LNG in a collection chamber;
operating the LNG regasification process in a first oper-
ating state in which a lean LNG sendout stream is deliv-
ered toasendout pipeline,wherein the leanLNGsendout
stream comprises at least a portion of the lean LNG; and
carrying out a heat exchange process comprising heat
exchangebetween the leanLNGsendout streamand the
overhead stream, such that the LNG sendout stream is
heated and the overhead stream collected from the de-
methanizer is condensed.
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Description

Technical Field

[0001] The present disclosure relates to liquid natural
gas (LNG) regasification processes and systems. More
particularly although not necessarily exclusively to LNG
regasification processes and systems using a single-
columndemethanizer process to separatemethane from
ethane and other heavier hydrocarbons.

Background

[0002] Natural gas can be transported and stored as
liquid natural gas (LNG), such as for long distance trans-
portation and/or when a pipeline is not a viable option for
transportation. Cooling natural gas down to a tempera-
ture in the range of approximately ‑155 °C to - 170°C
condenses it into LNG and reduces its volume approxi-
mately 600 fold from its gaseous state.
[0003] Regasification is the process of converting LNG
back to its gaseous state. Regasification systems and
processes are typically located at an import terminal
where an LNGcarrier (a tank ship designed for transport-
ing LNG) unloads the LNG for regasification.

Summary

[0004] In an aspect of the disclosure, a liquid natural
gas (LNG) regasification process is provided, comprising
a single column demethanizer process, comprising:

a. introducing a rich LNG feed stream, comprising a
mixture of at leastmethane and ethane, in an at least
partially vaporized state into a demethanizer;
b. condensing an overhead stream from the de-
methanizer, wherein the overhead stream com-
prises a lean LNG enriched in methane and reduced
in ethane relative to the rich LNG feed stream;
c. collecting the lean LNG in a collection chamber

[0005] Optionally, the collection chamber serves as a
suction drum, such that the suction drum serves to pro-
tect downstream equipment (e.g. rotating equipment).
[0006] In other words, only one demethanizer column
is provided in the process.
[0007] Put another way, the flow of the rich LNG feed
stream to the demethanizer passes from a feed inlet to
the demethanizer, without the feed stream first passing
through other distillation or component separation equip-
ment (e.g. without passing through a second demetha-
nizer, absorber or other equipment that acts to remove
methane). Further, the flow of lean LNG passes from the
overhead stream from the demethanizer to the sendout
pipeline, without first combining with a lean LNG stream
from other distillation or component separation equip-
ment (e.g. without combining with a lean LNG stream
from a second demethanizer, absorber or other equip-

ment that acts to remove methane).
[0008] In an aspect of the disclosure, a liquid natural
gas (LNG) regasification process comprising a single
column demethanizer process is provided, the process
comprising:

a. introducing a rich LNG feed stream, comprising a
mixture of at leastmethane and ethane, in an at least
partially vaporized state into a demethanizer;
b. condensing an overhead stream from the de-
methanizer, wherein the overhead stream com-
prises a lean LNG enriched in methane and reduced
in ethane relative to the rich LNG feed stream;
c. collecting the lean LNG in a collection chamber;
d. operating the LNG gasification process in a first
operating state, in which a lean LNGsendout stream
is delivered to a sendout pipeline, wherein the lean
LNG sendout stream comprises at least a portion of
the lean LNG; and
e. carrying out a heat exchange process comprising
heat exchange between the lean LNG sendout
stream and the overhead stream, such that the
LNG sendout stream is heated and the overhead
stream collected from the demethanizer is con-
densed.

[0009] In other words, the LNG regasification process
comprises heat exchange between the lean LNG send-
out stream and the overhead stream, to provide heating
of the lean LNG sendout stream and cooling of the over-
head stream, such that the overhead stream is con-
densed.
[0010] In this way, the lean LNG sendout stream is
utilized to provide refrigeration for the overhead stream,
which comprises the lean LNG product. Conversely, the
heat energy from the overhead stream is utilized to heat
the lean LNG sendout stream. This provides a more
energy efficient system.
[0011] In some embodiments, heat exchanger may be
used. For example, the heat exchanger may comprise
multiple heat exchangers.
[0012] In some embodiments, a compressor com-
presses the overhead stream from the demethanizer
upstreamof the heat exchange process. In such embodi-
ments, since the lean LNG sendout stream is utilized to
provide refrigeration for the overhead stream, this en-
ables the compressor to compress the overhead stream
to an intermediate pressure (e.g. a lower pressure than
mayotherwise bepossible). In otherwords, the lean LNG
is compressed to an intermediate operating pressure.
This intermediate operating pressure lowers the power
requirement of the compressor, hence reducing the
power demands of the process.
[0013] In some embodiments, utilizing the LNG send-
out stream to provide refrigeration to the overhead
stream results the lean LNG being condensed at a lower
temperature with an intermediate pressure (e.g. a lower
pressure than may otherwise be achieved).
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[0014] In some embodiments, at least a portion of the
lean LNG may be delivered from the collection chamber
to the demethanizer as a reflux stream. The lean LNG
having a lower temperaturemay result in lower lean LNG
reflux requirement to the Demethanizer, improving the
overall efficiency of the system.
[0015] In some embodiments, at least a portion of the
lean LNG is delivered to a holding tank, e.g. from the
collection chamber. The lean LNG having a lower tem-
perature may result in a lower amount of flashed boil off
gas (BOG) being sent to the holding tank.
[0016] In some embodiments, the lean LNG sendout
stream is sent to a vaporizer, downstream of the heat
exchange process, and then to the sendout pipeline. In
such embodiments, since the sendout stream is heated
via heat exchange, the heating requirement of the vapor-
izer is reduced, providing a more efficient process.
[0017] In some embodiments, the process disclosed
herein comprises high temperature dense phase (i.e.
high temperature and high pressure) sendout of the lean
LNG. In other words, there is a single sendout stream
sent to the sendout pipeline. This enhances theefficiency
of the process.
[0018] In some embodiments, at least a portion of the
lean LNG is delivered to a holding tank, e.g. from the
collection chamber. Heat exchange between the lean
LNG sendout stream and the overhead stream, to pro-
vide heating of the lean LNGsendout stream is beneficial
when the lean LNG has been stored in a holding tank, for
example, this enables the lean LNG to be stored at a
lower temperature.
[0019] Optionally, wherein the heat exchange process
further comprises heat exchange between the rich LNG
feed stream, the lean LNG sendout stream and the over-
head stream, such that the rich LNG feed stream is
heated to an at least partially vaporized state for intro-
duction into the demethanizer (e.g. a fully vaporized
state), the LNG sendout stream is heated and the over-
head stream collected from the demethanizer is con-
densed.
[0020] In this way, heat exchange is provided between
the rich LNG feed stream, the lean LNG sendout stream
and the overhead stream (comprising lean LNG), par-
tially vaporizing the rich LNG feed stream, heating the
lean LNGsendout stream, and condensing the overhead
stream. This provides a more energy efficient system.
[0021] Optionally, wherein a portion of the rich LNG
feed stream selectively bypasses the heat exchange
process and is introduced directly to the demethanizer.
[0022] In this way, the amount of the rich LNG feed
stream that is passed through theheatexchangeprocess
can be controlled, depending on whether the tempera-
ture of the rich LNG feed stream needs to be raised or
lowered prior to introduction into the demethanizer. This
enables control of the temperature at which rich LNG is
fed into the demethanizer.
[0023] Optionally, the LNG regasification process
further comprising separating an inlet LNG feed stream

into a first rich LNG stream and a second rich LNG
stream, wherein the rich LNG feed stream comprises
the first rich LNG stream (i.e. the first rich stream is at
least partially vaporized for introduction to the demetha-
nizer); and introducing a first reflux flow in a liquid state
into the demethanizer, the first reflux flow comprising the
second rich LNG stream.
[0024] Utilizing the second rich LNG stream as a reflux
stream provides for greater separation of methane from
the ethane and heavier hydrocarbons in the demethani-
zer.
[0025] In some embodiments, a second reflux flow is
introduced into the demethanizer, the second reflux flow
comprising lean LNG from the collection chamber. In
such embodiments, the use of the second rich LNG
stream as a first reflux flow reduces the amount of lean
LNG that is required as second reflux flow.
[0026] Optionally, wherein the first reflux flow is intro-
duced into the demethanizer above the rich LNG feed
stream (e.g. the first rich LNG stream).
[0027] Optionally, the LNG regasification process
further comprising, in response to a change in composi-
tion of the LNG feed stream, adjusting a relative flow rate
at which the first rich LNG stream and the first reflux flow
are introduced into the demethanizer.
[0028] This enables LNG feed streamsof varying com-
positions to be used in the process.
[0029] Optionally, the LNG regasification process
further comprises introducing a second reflux flow in a
liquid state into the demethanizer. In other words, a
second reflux flow in a liquid state is flashed into the
demethanizer.
[0030] Optionally, wherein the second reflux flow com-
prises at least a portion of the lean LNG from the collec-
tion chamber.
[0031] This provides for greater separation ofmethane
from the ethane and heavier hydrocarbons in the de-
methanizer.
[0032] Optionally, wherein the second reflux flow is
introduced into the demethanizer above the first reflux
flow.
[0033] Optionally the amount of first and/or second
reflux flow may be controlled. In this way, a wide range
of rich LNG feed composition can be processed e.g. with
ethaneup to20molepercent in the richLNG feedstream.
[0034] In some embodiments, the use of the second
rich LNG stream as a first reflux flow in addition to a lean
LNG stream as a second reflux flow provides for greater
separation of methane from the ethane and heavier
hydrocarbons in the demethanizer than would be pro-
vided by use of a lean LNG stream as reflux flow alone.
[0035] In some embodiments, the use of the demetha-
nizer with first and second reflux flows may also provide
for greater process efficiency and reduced power re-
quirements, for example, the use of the second rich
LNG stream as the first reflux flow may reduce the
amount of leanLNG that is requiredas second refluxflow.
[0036] Optionally, the LNG regasification process,
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further comprising collecting a bottom stream from the
demethanizer, wherein the bottom stream from the de-
methanizer comprises a natural gas liquid (NGL) en-
riched in ethane and reduced in methane relative to
the LNG feed stream, optionally wherein the LNG rega-
sification process recovers at least 99 vol% of the ethane
from the rich LNG feed stream in the bottom stream from
the demethanizer.
[0037] Optionally, wherein the lean LNG sendout
stream is sent to a vaporizer downstream of the heat
exchange process, and then to the sendout pipeline.
[0038] In this way, the sendout stream is heated in the
heat exchange process prior to treatment by the vapor-
izer. Consequently, the heating requirement of the vapor-
izer is reduced, providing a more efficient process.
Furthermore, in some embodiments, pre-heating the
LNG sendout stream results in the vaporizer having
excess duty capacity, which potentially allows a higher
sendout capacity e.g. when NGL is produced.
[0039] Optionally, the LNG regasification process,
further comprising operating the LNG regasification pro-
cess to:

a. to deliver a lean LNG sendout stream to a sendout
pipeline,wherein the lean LNGsendout streamcom-
prises at least a portion of the lean LNG; and/or
b. to deliver at least a portion of the lean LNG to a
holding tank.

[0040] In otherwords, the leanLNGmaybeprovided to
the sendout pipeline and/or to a holding tank. In this way,
greater flexibility in the distribution of the lean LNG is
provided.
[0041] The lean LNG sendout rate can be flexible from
a minimum to a peak sendout design capacity of vapor-
izer. In some embodiments, the minimum send out may
be approximately 10% of the vaporizer design capacity.
Furthermore, lean LNG produced can be stored in the
holding tank, and LNG sendout may be at said minimum
or higher, as required.
[0042] Even when the lean LNG sendout is at the
minimum, NGL can still be collected from the bottom
stream of the demethanizer, and the lean LNG produced
stored in the holding tank. Accordingly, a flexible process
is provided in which the LNG sendout rate can be varied,
without impacting NGL production.
[0043] Optionally, wherein, when the LNG regasifica-
tionprocess isoperated todeliver leanLNG to theholding
tank, the lean LNG is expanded in a liquid expander
before delivery to the holding tank.
[0044] In this way, energy from the lean LNG can be
recovered and converted into power, which can be used
in any other part of the process. Accordingly, a more
efficient process can be provided.
[0045] The liquidexpandermayalsominimize theflash
gas and boil off gas in the lean LNG holding tank by
making the lean LNG colder with energy removal.
[0046] Optionally, at least a portion of the lean LNG is

delivered to the sendout pipeline and at least a portion of
the lean LNG is delivered to the holding tank.
[0047] In this way, flexibility in the process is enhanced
and the supply of leanLNG to the sendout pipeline canbe
increased (i.e. by providing lean LNG to the sendout
pipeline fromboth the collection chamber and theholding
tank).
[0048] Optionally, wherein, when the LNG regasifica-
tion process is operated to deliver a lean LNG sendout
stream to a sendout pipeline, at least a portion of the lean
LNG delivered to the sendout pipeline is first delivered to
the holding tank and then subsequently delivered to the
sendout pipeline after delivery to the holding tank, and
another portion of the lean LNG is delivered to the send-
out pipeline without first being delivered to the holding
tank.
[0049] In thisway,apeaksendout rate canbeachieved
by supplying lean LNG from both the collection tank and
the holding tank. In some embodiments, the lean LNG
sendout from the holding tank can be delivered to the
sendout pipeline via the collection tank and/or bypassing
thecollection tank.Accordingly, flexibility in theprocess is
enhanced.
[0050] Optionally, when operated in the first operating
state, at least a portion of the lean LNG is delivered from
the collection chamber and/or the holding tank to the
sendout pipeline.
[0051] Optionally, the LNG regasification process
further comprises operating the LNG regasification pro-
cess inasecondoperatingstate inwhichat least aportion
of the lean LNG is delivered to a holding tank.
[0052] Optionally, the LNG regasification process
further comprises operating the LNG regasification pro-
cess in a third operating state inwhich at least a portion of
the lean LNG is delivered to the sendout pipeline and at
least a portion of the lean LNG is delivered to the holding
tank.
[0053] Optionally, the LNG regasification process
further comprises operating the LNG regasification pro-
cess in a fourth operating state in which at least a portion
of the leanLNG is delivered to the sendout pipeline andat
least a portion of the lean LNG is delivered to the holding
tank, and wherein at least a portion of the lean LNG
delivered to the holding tank is subsequently delivered
to the sendout pipeline after delivery to the holding tank,
andwhereinat least aportionof the leanLNGdelivered to
the sendout pipeline is delivered to the sendout pipeline
without first being delivered to the holding tank.
[0054] Optionally, wherein, in the second, third and/or
fourth operating state, the lean LNG is expanded in a
liquid expander before delivery to the holding tank.
[0055] Optionally, the LNG regasification process,
further comprises operating the demethanizer in a first
operating mode and operating the demethanizer in a
second operating mode, wherein, in the second operat-
ing mode the demethanizer is operated at a higher pres-
sure than in the first operating mode.
[0056] In some embodiments, the demethanizer may
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be operated in the second (e.g. higher pressure) operat-
ing mode when there is excess fuel gas available for
raising a temperature of the demethanizer bottoms. In
some implementations operating in the second higher
pressure operating modemay improve ethane and other
heavier hydrocarbon recovery in the demethanizer. In
some implementations operating in the second higher
pressure operating mode may reduce compression
power requirements of the overhead stream.
[0057] In an aspect of this disclosure a liquid natural
gas (LNG) regasification process comprising a single
column demethanizer process is provided, comprising:

a. introducing a rich LNG feed stream, comprising a
mixture of at leastmethane and ethane, in an at least
partially vaporized state into a demethanizer;
b. condensing an overhead stream from the de-
methanizer, wherein the overhead stream com-
prises a lean LNG enriched in methane and reduced
in ethane relative to the rich LNG feed stream;
c. collecting the lean LNG in a collection chamber;
d. operating the LNG regasification process:

i. to deliver a lean LNG sendout stream to a
sendout pipeline,wherein the lean LNGsendout
stream comprises at least a portion of the lean
LNG; and/or
ii. to deliver at least a portion of the lean LNG to a
holding tank.

[0058] In a further aspect of this disclosure a liquid
natural gas (LNG) regasification process comprising a
single column demethanizer process is provided, com-
prising

a. introducing a rich LNG feed stream, comprising a
mixture of at leastmethane and ethane, in an at least
partially vaporized state into a demethanizer;
b. condensing an overhead stream from the de-
methanizer, wherein the overhead stream com-
prises a lean LNG enriched in methane and reduced
in ethane relative to the rich LNG feed stream;
c. collecting the lean LNG in a collection chamber;
d. operating the LNG regasification process in a first
operating state in which at least a portion of the lean
LNG is delivered to a sendout pipeline; and
e. operating the LNG regasification process in a
second operating state in which at least a portion
of the lean LNG is delivered to a holding tank.

[0059] In other words, lean LNG originating from the
overhead stream may be provided to the sendout pipe-
line and/or to a holding tank. In this way, greater flexibility
in the distribution of lean LNG is provided.
[0060] Optionally, when operated in the first operating
state, at least a portion of the lean LNG is delivered from
the collection chamber and/or the holding tank to the
sendout pipeline.

[0061] Optionally, theprocess comprisesoperating the
LNG regasification process in a third operating state in
which at least a portion of the lean LNG is delivered to the
sendout pipeline and at least a portion of the lean LNG is
delivered to the holding tank.
[0062] Optionally, the leanLNGmaybedelivered to the
sendout pipeline from the collection chamber and/or from
the holding tank.
[0063] Optionally, the leanLNGmaybedelivered to the
collection chamber from the holding tank, prior to being
delivered from the collection chamber to the sendout
pipeline.
[0064] The lean LNG sendout rate can be flexible from
a minimum to a peak sendout design capacity of the
vaporizer. Furthermore, lean LNG produced can be
stored in the holding tank, without any LNG sendout
required.
[0065] Even when the lean LNG sendout is at the
minimum, NGL can still be collected from the bottom
stream of the demethanizer, and the lean LNG stored
in the holding tank. Accordingly, a flexible process is
provided in which the LNG sendout rate can be varied,
without impacting NGL production.
[0066] Optionally, wherein, when the LNG regasifica-
tion process is operated to deliver at least a portion of the
leanLNG to theholding tank, the leanLNG isexpanded in
a liquid expander before delivery to the holding tank.
[0067] In this way, energy from the lean LNG can be
recovered and converted into power, which can be used
in any other part of the process. Accordingly, a more
efficient process can be provided.
[0068] The liquidexpandermayalsominimize theflash
gas and boil off gas in the lean LNG holding tank.
[0069] Optionally, wherein, when the LNG regasifica-
tion process is operated to deliver a lean LNG sendout
stream to a sendout pipeline, the lean LNG delivered to
the pipeline comprises:

a. lean LNG which has first been delivered to the
holding tank and then subsequently delivered to the
sendout pipeline after delivery to the holding tank,
and/or
b. leanLNGdelivered to the sendout pipelinewithout
first being delivered to the holding tank.

[0070] In thisway,apeaksendout rate canbeachieved
by supplying lean LNG from both the collection tank and
the holding tank. In some embodiments, lean LNG send-
out from the holding tank can be delivered to the sendout
pipeline via the collection tank and/or bypassing the
collection tank. Accordingly, flexibility in the process is
enhanced.
[0071] In some embodiments, the process comprises
operating the LNG regasification process in a fourth
operating state in which at least a portion of the lean
LNG is delivered to the sendout pipeline and at least a
portion of the lean LNG is delivered to the holding tank,
andwhereinat least aportionof the leanLNGdelivered to

5

10

15

20

25

30

35

40

45

50

55



6

9 EP 4 818 615 A1 10

the holding tank is subsequently delivered to the sendout
pipeline after delivery to the holding tank, and wherein at
least a portion of the lean LNG is delivered to the sendout
pipeline is delivered to the sendout pipleline without first
being delivered to the holding tank.
[0072] Optionally, when operated in the second, third
and/or fourth operating state, the lean LNG is expanded
in a liquid expander before delivery to the holding tank.
[0073] Optionally wherein the process comprises car-
rying out a heat exchange process comprising heat ex-
change between the lean LNG sendout stream and the
overhead stream, such that the LNG sendout stream is
heated and the overhead stream collected from the de-
methanizer is condensed.
[0074] Optionally, wherein a heat exchanger heats the
LNG sendout stream and condenses the overhead
stream collected from the demethanizer.
[0075] Optionally, wherein the heat exchanger heats
the rich LNG feed stream using heat from the overhead
stream collected from the demethanizer, such that the
rich LNG feed stream is heated to an at least partially
vaporized state for introduction into the demethanizer.
[0076] Optionally, a portionof the rich LNG feed stream
selectively bypasses the heat exchange process and is
introduced directly to the demethanizer.
[0077] Optionally, the process further comprises se-
parating an inlet LNG feed stream into a first rich LNG
stream and a second rich LNG stream, wherein the rich
LNG feed streamcomprises the first richLNGstream (i.e.
the first rich stream is at least partially vaporized for
introduction to the demethanizer); and introducing a first
reflux flow in a liquid state into the demethanizer, the first
reflux flow comprising the second rich LNG stream.
[0078] Optionally, in response to a change in composi-
tion of the LNG feed stream, adjusting a relative flow rate
at which the first rich LNG stream and the first reflux flow
are introduced into the demethanizer.
[0079] Optionally, the process further comprises intro-
ducing a second reflux flow in a liquid state into the
demethanizer, optionally wherein the second reflux flow
comprises at least a portion of the lean LNG from the
collection chamber.
[0080] Optionally, the process further comprises col-
lecting a bottom stream from the demethanizer, wherein
the bottom stream from the demethanizer comprises a
natural gas liquid (NGL) enriched in ethane and reduced
in methane relative to the LNG feed stream. Optionally,
the LNG regasification process recovers at least 99 vol%
of the ethane from the rich LNG feed stream in the bottom
stream from the demethanizer.
[0081] Optionally, the lean LNGsendout stream is sent
to a vaporizer downstream of the heat exchanger, and
then to the sendout pipeline.
[0082] Optionally, the process comprises a single col-
umn demethanizer process.
[0083] Optionally, theprocess comprisesoperating the
demethanizer in a first operatingmode and operating the
demethanizer in a second operating mode, wherein, in

thesecondoperatingmode thedemethanizer isoperated
at a higher pressure than in the first operating mode.
[0084] In a further aspect, a liquid natural gas (LNG)
regasification system is provided, comprising a single
column demethanizer process, comprising: a demetha-
nizer arranged to receive at a first inlet of the demetha-
nizer a rich LNG feed stream in an at least partially
vaporized condition; the demethanizer operable to out-
put at an overheadoutlet an overhead streamcomprising
a lean LNG enriched in methane and reduced in ethane
relative to the LNG feedstream; the demethanizer oper-
able to output a bottom stream comprising natural gas
liquid (NGL) enriched in ethane and reduced in methane
relative to the LNG feed; and a collection chamber oper-
able to receive the leanLNG,andasendout fluidpathway
downstream of the collection chamber and arranged to
deliver a lean LNG sendout stream to a lean LNG send-
out.
[0085] In an aspect of this disclosure a liquid natural
gas (LNG) regasification system comprising a single
column demethanizer system is provided, comprising:
a demethanizer arranged to receive at a first inlet of the
demethanizer a rich LNG feed stream in an at least
partially vaporized condition; the demethanizer operable
to output at an overhead outlet an overhead stream
comprising a leanLNGenriched inmethaneand reduced
in ethane relative to the LNG feedstream; the demetha-
nizer operable to output a bottom stream comprising
natural gas liquid (NGL) enriched in ethane and reduced
inmethane relative to theLNG feed; a collection chamber
operable to receive the lean LNG; a sendout fluid path-
way downstreamof the collection chamber and arranged
to deliver a lean LNG sendout stream to a lean LNG
sendout; and a heat exchanger operable to carry heat
exchangebetween the leanLNGsendout streamand the
overhead stream, such that the LNG sendout stream is
heated and the overhead stream output from the de-
methanizer is condensed.
[0086] Optionally, the demethanizer is arranged to re-
ceive a first rich LNG streamof a rich LNG stream in an at
least partially vaporized state at the first inlet, and a first
reflux flow comprising a second rich LNG stream of the
rich LNG feed stream in a liquid condition at a second
inlet.
[0087] Optionally, the system comprises a flow control
apparatus arranged to adjust a relative flow rate at which
the first rich LNG stream and the first reflux flow are
introduced into the demethanizer.
[0088] Optionally, the demethanizer is arranged to re-
ceive, at a third inlet, a second reflux flow in a liquid
condition. In other words, a second reflux flow in a liquid
state is flashed into the demethanizer.
[0089] Optionally, wherein the heat exchanger is
further operable carry out heat exchange between the
rich LNG feed stream, the lean LNG sendout stream and
the overhead stream, such that the rich LNG feed stream
is heated to an at least partially vaporized state for
introduction into thedemethanizer, the leanLNGsendout
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stream is heated and the overhead stream output from
the demethanizer is condensed.
[0090] In other words, the heat exchanger is arranged
to heat the rich LNG feed stream (e.g. the first rich LNG
stream) using heat from theoverhead streamoutput from
the demethanizer, such that the rich LNG feed stream is
heated to an at least partially vaporized state for intro-
duction into the demethanizer.
[0091] Optionally, the system comprises a first feed
pathway coupling the rich LNG feed inlet to the first inlet
of the demethanizer via the heat exchanger.
[0092] Optionally, the systemcomprisesa second feed
pathwaycoupling the richLNGfeed inlet to thefirst inlet of
the demethanizer bypassing the heat exchanger.
[0093] Optionally, wherein the system comprises at
least one of:

a. a first fluid pathway fluidly coupling the lean LNG
collection chamber to an inlet of the demethanizer,
b. a second fluid pathway fluidly coupling the lean
LNG collection chamber to the lean LNG sendout,
c. a third fluid pathway fluidly coupling the lean LNG
collection chamber to a holding tank,
d. a fourth fluid pathway fluidly coupling the holding
tank to the lean LNG sendout,

wherein the second fluid pathway and/or the fourth fluid
pathway comprises the sendout fluid pathway.
[0094] Optionally, wherein the system is operable to
selectively flow the lean LNG from the lean LNG collec-
tion chamber along one ormore of the first, second, third,
and fourth fluid pathways, when present.
[0095] Optionally, the second and/or fourth fluid path-
way comprises a vaporizer, downstream of the heat
exchanger.
[0096] Optionally, the third fluid pathway comprises a
liquid expander upstream of the holding tank.
[0097] In a further aspect, a liquid natural gas (LNG)
regasification system comprising: a demethanizer ar-
ranged to receive at a first inlet of the demethanizer a
rich LNG feed stream in an at least partially vaporized
condition; the demethanizer operable to output at an
overhead outlet an overhead stream comprising a lean
LNGenriched inmethane and reduced in ethane relative
to the LNG feedstream; the demethanizer operable to
output a bottom stream comprising natural gas liquid
(NGL) enriched in ethane and reduced in methane re-
lative to theLNG feed; andacollection chamber operable
to receive the lean LNG; a sendout fluid pathway down-
stream of the collection chamber and arranged to deliver
a lean LNG sendout stream to a lean LNG sendout;
wherein the system comprises at least one of:

a. a first fluid pathway fluidly coupling the lean LNG
collection chamber to an inlet of the demethanizer,
b. a second fluid pathway fluidly coupling the lean
LNG collection chamber to the lean LNG sendout,
c. a third fluid pathway fluidly coupling the lean LNG

collection chamber to a holding tank, and
d. a fourth fluid pathway fluidly coupling the holding
tank to the lean LNG sendout.

[0098] It will be appreciated that the optional features
described may apply to any aspect disclosed herein. All
combinations contemplated are not recited explicitly for
the sake of brevity.

Brief Description of Figures

[0099] Embodiments will now be described by way of
example only with reference to the accompanying fig-
ures, in which:

FIG. 1 shows a schematic example of an LNG re-
gasification system.
FIG. 2 shows an example of an LNG regasification
process.
FIG. 3 shows an example of an LNG regasification
process.

Detailed Description

[0100] As part of LNG regasification, it may be desir-
able to separate methane in the LNG from other compo-
nents of the LNG. For instance, LNGarriving at an import
terminal is typically composed primarily of methane (e.g.
approximately 80‑95 vol%) but also includes heavier
hydrocarbonssuchasethane, propane,andbutane.This
mixture of methane with heavier hydrocarbons may be
characterized as "rich" LNG.
[0101] Aspects of this disclosure therefore include an
LNG regasification process that separates rich LNG into
a lean LNG and natural gas liquid (NGL). More particu-
larly, in at least some embodiments, the LNG regasifica-
tion process may use a single-column demethanizer to
separate rich LNG into lean LNG and NGL.
[0102] As part of the disclosed regasification pro-
cesses the ethane and other heavier hydrocarbons
may be separated from the methane, resulting in at least
two streams. For example, the regasification process
may produce a first stream of "lean" LNG that is enriched
in methane and reduced in ethane and other heavier
hydrocarbons relative to the rich LNG and a second
stream of natural gas liquid ("NGL") that is enriched in
ethane and other heavier hydrocarbons and reduced in
methane relative to the rich LNG. In examples, the lean
LNG stream may be, for instance, at least 95 vol%, at
least 97 vol%, or at least 99 vol%methane, and the NGL
streammay be, for instance, less than 5 vol%, less than 3
vol%, or less than 1 vol% of methane.

Regasification System

[0103] FIG. 1 is a schematic illustration of an LNG
regasification system 100. In the illustrated embodiment,
the system 100 includes a demethanizer 138 that is
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arranged to receive a first rich LNGstream106of an LNG
feed stream 108 at a first inlet 104 of the demethanizer
138.
[0104] The demethanizer 138 is arranged to receive a
first reflux flow of a second rich LNG stream 112 of the
LNG feed stream 108 at a second inlet 110 of the de-
methanizer 138. The demethanizer 138 is also arranged
to receive a second reflux flow of lean LNG stream210 at
a third inlet 212 of the demethanizer.
[0105] The demethanizer 138 receives the first rich
LNG stream 106 in an at least partially vaporized state
and the two refluxflows in liquid statesare flashed into the
demethanizer. In some implementations a partially va-
porized state may be present when the vapor fraction of
the stream is greater than 0% and the stream is heated
above the saturation condition and less than 100%
(which would be fully vaporized). It will be understood
by those skilled in the art that the saturation condition
occurs when there is 0% vapor present (i.e. the stream is
in an entirely liquid state). It will be appreciated that, in
some embodiments, the first rich LNG stream may be
heated to a substantially fully vaporized state (i.e. the
stream is substantially entirely vapor).
[0106] The demethanizer 138 is operable to output at
anoverheadoutlet 116anoverhead stream136enriched
in methane and reduced in ethane relative to the LNG
feed stream 108.
[0107] The demethanizer 138 in this embodiment is
operable to output at a bottomoutlet 120 a bottomstream
158 enriched in ethane and reduced in methane relative
to theLNG feed stream108.Theuseof thedemethanizer
138 with first 112 and second 210 reflux flows in this
example may provide for enhanced recovery of ethane
and other heavier hydrocarbons from the LNG feed
stream 108.
[0108] In some implementations, the use of the second
rich LNGstream112of the LNG feed stream108asafirst
refluxflow inaddition toasecond leanLNGstream208as
reflux flow provides for greater separation of methane
from the ethane and heavier hydrocarbons in the de-
methanizer 138 thanwould beprovidedby useof a single
lean LNG stream as reflux flow alone.
[0109] In some implementations, the use of the de-
methanizer 138 with first and second reflux flows may
also provide for greater process efficiency and reduced
power requirements, with the use of the second rich LNG
stream 112 as the first reflux flow reducing the amount of
leanLNG(discussed further below) that is requiredas the
second reflux flow.

LNG Feed Stream

[0110] In the embodiment of FIG. 1, the LNG feed
stream 108 enters the system at an inlet 124. The LNG
feed stream 108 entering the system at inlet 124 may be
termed an "inlet LNG feed stream". The LNG feed stream
108 may be a rich LNG feed stream composed primarily
ofmethane (e.g. approximately 80‑95vol%methane) but

also includingheavier hydrocarbonssuchasethane (e.g.
approximately 2‑12 vol%ethane), propane (e.g. approxi-
mately 1‑4 vol% propane), and butane and heavier hy-
drocarbons (e.g. approximately 0‑1 vol% butane and
heavier hydrocarbons in total). The LNG feed stream
108 may also include nitrogen in small amounts (e.g.
0‑3 vol%nitrogen). The composition and relative percen-
tagesof thecomponentsof theLNGfeedstream108may
vary based or region in which the LNG originated, based
on how the LNGwas collected, and/or based on how the
LNG was processed prior to being received in the LNG
regasification system. The LNG feed stream 108may be
a mixture of at least methane and ethane.
[0111] The LNG feed stream 108 may come directly
froman LNGcarrier (e.g. a shipping vessel) arriving at an
import facility, from temporary storage tanks at the import
facility, ormaybedelivered to the regasification system in
other manners. The LNG feed stream 108 may be in a
liquid state.
[0112] The LNG feed stream 108 is fed from the inlet
124 to a pump 126. From the pump 126, the LNG feed
stream 108 is separated into a first rich LNG stream 101
and a second rich LNG stream112. In some implementa-
tionsmost of the LNG feed stream108 is directed into the
first rich LNG stream 101 with the remainder of the LNG
feed stream 108 directed into the second rich LNG
stream 112 (e.g. at least 60 vol%, at least 70 vol%, at
least 80 vol%, at least 90 vol%, or at least 95 vol% of the
LNG feed stream 108 is directed into the first rich LNG
stream 101).
[0113] In the embodiment shown in FIG. 1, the relative
amount of flowdirected into the first and second rich LNG
streams 101, 112 from the LNG feed stream 108 may be
varied by flow control valves 125, 128. As discussed in
further detail below, in some implementations, the rela-
tive flow rates of the first and second LNG steams 101,
112 may be adjusted in response to a change in compo-
sition of the LNG feed stream 108.
[0114] In the embodiment of FIG. 1, after being sepa-
rated into the first and second richLNGstreams101, 112,
the first rich LNG stream 101 is heated to an at least
partially vaporized state. The first rich LNG stream 101
passes from the pump 126 to a heat exchanger 130. The
first rich LNG stream 101 is heated to an at least partially
vaporized state by the heat exchanger 130.
[0115] The heat exchanger 130 is arranged to receive
the first rich LNG stream 101, and also arranged to
receive a lean LNG sendout stream 188 (discussed
further below) and an overhead stream 134 from the
demethanizer 138 (also discussed further below). The
heat exchanger 130 is operable to exchange heat from
the overhead stream 134 to the first rich LNG stream 101
and to the LNGsendout stream188. The heat exchanger
130 condenses the overhead stream134, heats the LNG
sendout stream 188, and at least partially vaporizes the
first rich LNG stream 101.
[0116] The heat exchanger 130 may be a brazed alu-
minum type heat exchanger, a shell and tube heat ex-
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changer, or another type of heat exchanger. The heat
exchanger 130 may be a single unit or a functional
assembly of several heat exchangers.
[0117] Downstreamof theheat exchanger130, the first
rich LNG stream 106 is introduced in the at least partially
vaporized state into demethanizer 138 at the first inlet
104.Thefluidpath from the inlet 124, to thedemethanizer
138, via the heat exchanger 130, can be thought of as a
first feed pathway.
[0118] In the embodiment shown in FIG. 1 the tem-
perature at which the first rich LNG stream 106 is intro-
duced into the demethanizer 138 is controlled by a by-
pass valve 142, which regulates the flow rate of a bypass
stream 144, which is part of the first rich LNG stream 106
that bypasses heat exchanger 130. A temperature con-
troller 146 monitors the temperature of the first rich LNG
stream 106 prior to introduction into demethanizer 138
and controls the bypass valve 142 such that less or more
of the first rich LNG stream 106 passes through the
bypass stream 144 instead of the heat exchanger 130
prior to introduction into the demethanizer 138, depend-
ing on whether the temperature of the first rich LNG
stream 106 needs to be raised or lowered prior to intro-
duction into the demethanizer 138.
[0119] For instance, if the temperature of the first rich
LNG stream 106monitored at the temperature controller
146 is above a desired temperature for the first rich LNG
stream 106 to be introduced into the demethanizer 138,
the temperature controller 146 may open or further open
the bypass valve 142 to increase the flow rate of the first
rich LNG stream 106 that bypasses the heat exchanger
130 via the bypass stream 144. Conversely, if the tem-
perature of the first rich LNG stream106monitored at the
temperature controller 146 is below a desired tempera-
ture for the first rich LNGstream106 to be introduced into
the demethanizer, the temperature controller 146 may
close (partially or entirely) the bypass valve 142 to de-
crease the flow rate of the first rich LNG stream 106 that
bypasses the heat exchanger 130 via bypass stream
144.
[0120] Thefluidpath from the inlet 124, to thedemetha-
nizer 138, bypassing the heat exchanger 130, can be
thought of as a second feed pathway.

Demethanizer

[0121] The demethanizer 138 in FIG. 1 is arranged to
receive the first rich LNG stream 106 and to output a
bottom stream 158 and an overhead stream 136. The
bottom stream 158 from the demethanizer 138 is a nat-
ural gas liquid (NGL) enriched in ethane (and other
heavier hydrocarbons) and reduced in methane relative
to the first rich LNG stream 106. The overhead stream
136 from the demethanizer 138 is enriched in methane
and reduced in ethane (and other heavier hydrocarbons)
relative to the first rich LNG stream 106.
[0122] In some implementations the first rich LNG
stream 106 is introduced into the demethanizer 138 at

a temperature above the vaporization temperature of the
LNG stream 106 (e.g. above approximately ‑256° F).
[0123] The second rich LNG stream 112 is introduced
as a first reflux flow in a liquid condition into the demetha-
nizer 138 at the second inlet 110. The first reflux flow is
introduced into the demethanizer 138 above the first rich
LNG stream 106. In the illustrated embodiment, the first
reflux flow is a mid-reflux for lower sections of the de-
methanizer 138.
[0124] The second reflux flow is introduced in a liquid
condition into the demethanizer 138 at the third inlet 212.
The second reflux flow of lean LNG is introduced into the
demethanizer 138 above the first reflux flow. The second
reflux flow may be a recycled portion of the overhead
stream 134 of the demethanizer 138. The first and sec-
ond reflux flows increase absorption and separation of
ethane and heavier hydrocarbons in the demethanizer
138, thus increasing theethaneandheavier hydrocarbon
concentration in the demethanizer bottom stream 158
and increasing the methane concentration in demetha-
nizer overhead stream 136.
[0125] In at least some embodiments, in response to a
change in composition of the LNG feed stream 108, the
flow rates at which the first rich LNG stream 106 and the
first reflux flow (second rich LNG stream 112) are intro-
duced into the demethanizer 138may be adjusted. In the
embodiment of FIG. 1, the flow control valve 128 allows
adjustingof theflowrateatwhich thefirst richLNGstream
106 is introduced into the demethanizer 138. The flow
control valve125allowsadjustingof theflow rateatwhich
the first reflux flow (via second rich LNG stream 112) is
introduced into the demethanizer 138. The adjustments
may be made automatically or manually and may be
made in response toadetermination that thecomposition
of the LNG feed stream 108 has changed (e.g. as de-
termined by a system operator based on either specific
measurements of the LNG feed stream 108 or based on
knowledge of the source of the LNG feed stream 108). In
some embodiments, the composition of the LNG feed
stream 108 may change from a relatively lean LNG feed
stream to a relatively rich LNG feed stream (i.e. the
percentage of ethane and other heavier hydrocarbons
relative tomethane in theLNG feedstreammaygoup). In
such an embodiment, increasing the flow rate of the first
reflux flow (via the second rich LNG stream 112) may
provide additional liquid acting as reflux flows, which
increases the absorption capacity in the demethanizer
138 to capture the higher percentage of heavier hydro-
carbons into the bottom stream 158.
[0126] In some embodiments, the composition of the
LNG feed stream 108 may change from a relatively rich
LNG feed stream to a relatively lean LNG feed stream
(i.e. the percentage of methane relative to ethane and
other heavier hydrocarbons in the LNG feed streammay
go up). In such an embodiment, less reflux flow in the
demethanizer 138 may be necessary to effectively se-
parate out the ethane and heavier hydrocarbons into the
bottomstream158, and thus theflow rateof thefirst reflux
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flow (via the second rich LNG stream 112) may be de-
creased accordingly.
[0127] An overhead stream 136 is collected from the
demethanizer 138, which is a lean LNG enriched in
methane and reduced in ethane relative to the LNG feed
stream 108. As noted above and discussed in further
detail below, the lean LNG from the overhead stream136
maybe usedas the second reflux flow introduced into the
demethanizer 138 at the third inlet 212.
[0128] A second portion of the lean LNG product
stream 206 is flow controlled with a control valve 214.
The flow control valve 214 allows adjusting of the flow
rate at which the second reflux flow (via second portion of
the lean LNG product stream) is introduced into the
demethanizer 138.Thesecond refluxstream isoptionally
cooled by a cooler 216, then feeds into the demethanizer
as top reflux. In this way, the flowrate of the second reflux
flowcanbeadjusted such that the system is configured to
recover a target amount of ethane (and other heavier
hydrocarbon recovery) from the rich LNG feed stream,
e.g. recovery of at least 97 vol%, at least 98 vol%, or at
least 99 vol% of the ethane and other heavier hydrocar-
bons from the rich LNG feed stream 108 into the bottom
stream 158 from the demethanizer 138.
[0129] In some implementations thedemethanizer 138
may operate at a pressure in the range of from 220 to 560
psia, or 245 to535psia, or 270 to510psiaasmeasuredat
an upper portion of the demethanizer 138. The demetha-
nizer 138 may operate at a temperature in the range of
from ‑100 to ‑205° F, or ‑115 to ‑190° F, or ‑130 to ‑175° F
as measured at an upper portion of the demethanizer
138. The demethanizer 138 may operate at a tempera-
ture in the range of from ‑12 to +95° F, or +3 to +80° F, or
+18 to +65° F as measured at a lower portion of the
demethanizer 138.
[0130] In the embodiment shown in FIG. 1, the tem-
perature of the demethanizer 138 is regulated using a
side reboiler 152andabottom reboiler 154. The reboilers
152, 154 may use heat sources that are typically avail-
able at LNG terminals, which typically provide operating
temperatures greater than +70° F. The reboilers 152, 154
may alternatively use other heat sources. The heating
media used by the reboilers 152, 154may be amixture of
ethylene glycol and water, propylene glycol and water,
hot oil or other combinations of heating fluids commer-
cially available. The side reboiler 152 allows for reduced
duty cycles in the bottom reboiler 154.
[0131] In some embodiments, the Demethanizer re-
boilers 152, 154 are set to remove methane in the NGL
product at a target of <1.45 mol% Methane in the NGL
product.
[0132] In some implementations thedemethanizer 138
may be operated in multiple operating modes. For in-
stance, the demethanizer 138 may be operated in a first
operating mode and a second operating mode, with the
demethanizer 138 operated at a higher pressure in the
second operating mode than in the first operating mode.
For instance, when operated in the first operating mode,

the demethanizer 138 may be operated at a pressure up
to and including 350 psia (or up to and including 325 psia,
or up to and including 300 psia, or up to and including
270psia) as measured at an upper portion of the de-
methanizer 138, and when operated in the second oper-
ating mode, the demethanizer 138 may be operated at a
pressure up to and including 560psia (or up to and
including 535psia, or up to and including 510psia) as
measured at an upper portion of the demethanizer 138.
The second operating mode facilitates improved recov-
ery and reduces the compressor 156 power requirement.
[0133] In some instances, the demethanizer 138 may
be operated in the first lower pressure operating mode
when there is a low heat level available for the reboilers
152, 154 and may be operated in the second higher
pressure operating mode when there is excess fuel
gasavailable for heatingof the reboiler 152, 154medium.
In some implementations operating in the second higher
pressure operating modemay improve ethane and other
heavier hydrocarbon recovery in the demethanizer 138
and may also reduce compression power requirements
(e.g. compression power requirements at the demetha-
nizer overhead compressor 156).
[0134] In some embodiments, the Demethanizer op-
erating pressure is dependent on the inlet gas composi-
tion and/or the heating medium available.
[0135] In the embodiment of FIG. 1 an overhead
stream 136 is collected from the demethanizer 138 that
is enriched in methane and reduced in ethane and other
heavier hydrocarbons relative to the first rich LNGstream
106. A compressor 156 compresses the overhead
stream 136 from the demethanizer 138 to form a com-
pressed stream 134. In some implementations the com-
pressor 156 compresses the overhead stream 136 to a
pressure in the range of from 350 to 600 psia. In the
embodiment of FIG. 1 the compressor 156 is controlled
by a pressure controller 166. The compressor discharge
pressuremaybedependent on the inlet gas composition,
the ethane (and heavier hydrocarbon) recover rate, an-
d/or the sendout rate.
[0136] In the embodiment of FIG. 1 a bottom stream
158 is collected from the demethanizer 138. The bottom
stream158 is anatural gas liquid (NGL) that is enriched in
ethane and other heavier hydrocarbons and reduced in
methane relative to theLNG feed stream108and relative
to the first rich LNG stream 106. In at least some im-
plementations, the LNG regasification system 100 de-
scribedherein recovers at least 97 vol%, at least 98 vol%,
or at least 99 vol% of the ethane and other heavier
hydrocarbons from the LNG feed stream 108 into the
bottom stream 158 from the demethanizer 138.
[0137] FIG. 1 illustrates twooptions for sendout of NGL
product from the bottom stream 158 from the demetha-
nizer 138. One of the options shown in FIG. 1 is that a
pump 160 can pump the NGL in the bottom stream 158
from the demethanizer 138 to an NGL terminal 162 for
delivery as NGL product. The other option shown in FIG.
1 involves delivery of NGL in the bottom stream 158 to a
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de-ethanizer 164 and using an ethane delivery pump228
and a heavier hydrocarbon delivery pump 230 to deliver
ethane product to an ethane terminal 232 and a heavier
hydrocarbon to product terminal 234 respectively. Either
option (162 or 232 / 234) may be selected depending on
demand for a particular type of NGL product. In other
implementations, a systemmay include only one of these
options or may include other functionality for sendout of
NGL product.

Lean LNG

[0138] In the embodiment of FIG. 1 lean LNG is col-
lected in theoverheadstream136 from thedemethanizer
138 and compressed by the compressor 156 to a com-
pressed overhead stream 134. The lean LNG is then
passed through the heat exchanger 130 and condensed.
A leanLNGcollectionchamber168 isarranged to receive
the leanLNGof theoverhead stream134.Thesubcooled
condensed lean LNG242 feeds into the lean LNGcollec-
tion chamber 168 at inlet 170. In some implementations
the lean LNG collection chamber 168 may be a surge
drum. In other implementations the lean LNG collection
chamber 168 may be another type of holding chamber
configured to temporarily hold lean LNG.
[0139] The lean LNG collection chamber 168 may
operate in a pressure in the range of from 350 to 600
psia and a temperature in the range of from ‑180 to ‑260°
F In the embodiment shown in FIG. 1, the lean LNG
collection chamber 168 includes a vapor vent 246 as
Normal No Flow (NNF). The vapor vent 246 in this
embodiment is a pressure controlled valve. In some
implementations, when vapor is present, vapor vent
246 facilitates subcooling stream 242.
[0140] In the system of FIG. 1, several fluid pathways
fluidly couple the lean LNG collection chamber 168 to
other components of the system such that the system is
operable to selectively flow the lean LNG from the lean
LNG collection chamber 168 along one or more of those
fluid pathways to various destinations.
[0141] A first fluid pathway includes fluid pathway seg-
ments indicated by reference numerals 172, 190, 208,
210 in FIG. 1 and fluidly couples the lean LNG collection
chamber 168 to the third inlet 212 of the demethanizer
138 such that the lean LNG can be recycled as the
second reflux flow into the demethanizer 138. In the
illustrated embodiment, the first fluid pathway also in-
cludes a feed cooler 216 at which lean LNG is optionally
cooledbeforebeing fed to thedemethanizer138. Insome
embodiments, the feed cooler 216 may be omitted.
[0142] A second fluid pathway includes fluid pathway
segments indicated by reference numerals 172, 174,
186, 188 and fluidly couples the lean LNG collection
chamber 168 to a vaporizer 182 and a lean LNG sendout
184 for sending a lean LNG sendout stream 188 to a
pipeline using a sendout pump 226.
[0143] A third fluid pathway includes fluid pathway
segments indicated by reference numerals 172, 190,

192, 194, 196 and fluidly couples the lean LNG collection
chamber 168 to a liquid expander 198 and a holding tank
200, with an optional send out of a portion of the stream
194 to a regasification unit as a stream indicated by
reference numeral 224.
[0144] A fourth fluidpathway includes thefluidpathway
segment indicated by reference numerals 202 and fluidly
couples the holding tank 200 to the vaporizer 182 and the
lean LNG sendout 184, either by recycling the lean LNG
from the holding tank 200 back to the lean LNGcollection
chamber 168 and then to the vaporizer 182and leanLNG
sendout 184 via the second fluid pathway including fluid
pathway segments indicated by reference numerals 172,
174, 186, 188, or by bypassing the lean LNG collection
chamber 168 via a bypass segment 204 and then via part
of the second fluid pathway including fluid pathway seg-
ments indicated by reference numerals 186 and 188.
[0145] The fluid pathway segments indicated by refer-
ence numerals 186 and 188 may be thought of as a
"sendout fluid pathway", which is downstream of the
collection chamber 168 and arranged to deliver a lean
LNG sendout stream to the lean LNGsendout 184. In the
embodiment of FIG. 1, the second fluid pathway and the
fourth fluid pathway both comprise the "sendout fluid
pathway".
[0146] TheLNGregasificationsystem100 illustrated in
FIG. 1 is configured to operate in several different oper-
ating states in which some of these fluid pathways are
open and permit flow of lean LNG to various components
of the system and other fluid pathways are closed and
prevent flowof leanLNG from thecollection chamber 168
along those pathways. Although not shown in FIG. 1, the
LNG regasification system 100 may include control
valves, additional pumps not shown in FIG. 1, or other
functionality facilitating opening and closing of the fluid
pathways from the collection chamber 168.
[0147] In a first operating state of the LNG regasifica-
tion system 100, the lean LNG is delivered to a sendout
pipeline. In such a first operating state the second fluid
pathway (including fluid pathway segments 172, 174,
186, 188) fluidly couples the lean LNG collection cham-
ber 168 to the vaporizer 182 and the lean LNG sendout
184 for sending a lean LNG sendout stream 188 to the
sendout pipeline. Additionally or alternatively, in the first
operating state, the fourth fluid pathway (including fluid
pathway segments 202,204) fluidly couples the holding
tank 200 and the lean LNG sendout 184. The system in
FIG. 1 allows for LNG sendout via lean LNG sendout
stream 188 of a minimum of 10% of the vaporizer design
capacity to 100% of the vaporizer design capacity.
[0148] In a second operating state of the LNG regasi-
fication system 100, the lean LNG is delivered to the
holding tank 200. In such a second operating state the
third fluid pathway (including fluid pathway segments
172, 190, 192, 194, 196) fluidly couples the lean LNG
collection chamber 168 to the liquid expander 198 and
the holding tank 200.
[0149] In the embodiment of FIG. 1 a pressure con-
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troller and adjusting valve assembly 218 manages the
dischargepressureof the liquidexpander198 tomaintain
the expander outlet at a subcooled state. In the embodi-
ment of FIG. 1 the holding tank 200 generates boil off gas
220 and remaining in-tank lean LNG 244 which accumu-
lates until send out is required.
[0150] When additional send out capacity is needed,
the lean in-tank LNG244may be subsequently delivered
back out of the holding tank 200 along the pathway
segment indicated by reference numeral 202 to the col-
lection chamber 168 by an in-tank pump 222, or may
bypass the collection chamber 168 via the pathway seg-
ment indicated by reference numeral 204 for delivery to
the lean LNG sendout 184.
[0151] It will be appreciated that 0‑100% of the lean
LNG collected in the collection chamber 168, less the
amount diverted as the second reflux flow to the de-
methanizer 138, can be sent to the holding tank 200.
Given that the regasification system 100 is operated to
sendout a minimum of 10% of the vaporizer design
capacity to the pipeline, in circumstances where 100%
of lean LNG collected in the collection chamber 168 is
sent to the holding tank 200, the flow required for the 10%
minimumsendoutmust be sent from theholding tank 200
to the LNG sendout 184 using the in-tank pump 222.
[0152] In circumstances where less than 100% of lean
LNGcollected in the collection chamber 168 is sent to the
holding tank 200, the flow required for the 10%minimum
sendout can be sent from the collection chamber 168
and/or the holding tank 200 to the LNG sendout 184.
[0153] In circumstances where there is a demand for
"peak" sendout of lean LNG to the LNG sendout 184 (i.e.
corresponding to the peak of the vaporizer design capa-
city), leanLNGcanbesent fromboth theholding tank200
and the collection chamber 168. Accordingly, it will be
appreciated that the "peak" sendout rate can be higher
than100%of the rate atwhich leanLNG is collected in the
collection chamber 168 from the overhead stream, less
the amount diverted as the second reflux flow to the
demethanizer 138. In other words, the peak sendout of
lean LNG to the LNG sendout 184 can be higher than
100% of the rate of production of lean LNG by the
demethanizer 138 (less the amount diverted as the sec-
ond reflux flow to the demethanizer 138). In such embo-
diments, the bypass fluid segment 204 enables addi-
tional lean LNG to be sent to the LNG sendout 184, in
addition to the lean LNG sent out directly from the collec-
tion chamber 168, such that sufficient lean LNG is pro-
vided to the LNG sendout 184 (i.e. the pump 226, heat
exchanger 130 and vaporizer 182) to meet the "peak"
demand.
[0154] Accordingly, in such embodiments, it will be
appreciated that the "peak" sendout of lean LNG to the
LNG sendout 184 is not the same as the rate of produc-
tion of lean LNG from the demethanizer 138 (e.g. less the
amount diverted as the second reflux flow to the de-
methanizer 138). In fact, the "peak" sendout of lean
LNG is higher than the rate of production of lean LNG

from thedemethanizer 138 (e.g. less theamount diverted
as the second reflux flow to the demethanizer 138).
[0155] As another alternative, instead of being deliv-
ered to the holding tank 200, lean LNG may be directed
from liquid expander 198 to an LNG regasification term-
inal 224.
[0156] In a third operating state of the LNG regasifica-
tion system 100, the lean LNG is delivered to both the
sendout pipeline 184 (via a fluid pathway including the
fluid pathway segments indicated by reference numerals
172, 174, 186, 188) and the holding tank 200 (via the fluid
pathway segments indicated by reference numerals 172,
190, 192, 194, 196).
[0157] In a fourth operating state of the LNG regasifi-
cation system 100, the lean LNG is delivered to both the
sendout pipeline 184 (via fluid pathway including the fluid
pathway segments indicated by reference numerals 172,
174, 186, 188) and the holding tank 200 (via the fluid
pathway segments indicated by reference numerals 172,
190, 192, 194, 196), andat least a portionof the lean LNG
delivered to the holding tank 200 is subsequently deliv-
ered to the sendout pipeline 184 after delivery to the
holding tank 200. The portion of the lean LNG delivered
to the holding tank 200 that is subsequently delivered to
the sendout pipeline 184 may flow via the fluid pathway
segment indicated by reference numeral 202 back to the
collection chamber 168 and then to the sendout pipeline
184 via segments indicated by reference numerals 172,
174, 186, 188, or may bypass returning to the collection
chamber 168 by flowing via the segments indicated by
reference numerals 202, 204, and then via the segments
indicated by reference numerals 186, 188 to the sendout
pipeline 184.
[0158] In the embodiment of FIG. 1, the multiple oper-
ating states at which the system can be operated allows
for flexibility in the lean LNG minimum to peak sendout
rate, from 10% to 100% of the design capacity of the
vaporizer 182.
[0159] In any and all of the first, second, third, and
fourth operating states described above the system
may continue to recycle part of the lean LNG from the
collection chamber 168 to the third inlet 212 of the de-
methanizer 138 as the second reflux flow via fluid path-
waysegments indicatedby referencenumerals172, 190,
208, 210. The reflux flow in the demethanizer 138 facil-
itates increasing ethane and other heavier hydrocarbon
concentrations in demethanizer bottom stream 158 and
increasingmethane concentration in demethanizer over-
head stream 136. The reflux flow into the demethanizer
138 in the FIG. 1 embodiment may optionally be cooled
by cooler 216. In other implementations cooler 216 is
unnecessary and heat exchanger 130, side reboiler 152,
and bottom reboiler 154may provide adequate tempera-
ture conditions in the demethanizer 138.

Example LNG Regasification Process

[0160] FIG. 2 shows an example of an LNG regasifica-
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tion process. The LNG regasification process can be
performed using the LNG regasification system shown
in FIG. 1 or may be performed with a different LNG
regasification system. Similarly, while the LNG regasifi-
cation system of FIG. 1 may be used to perform the LNG
regasification process of FIG. 2, the LNG regasification
system of FIG. 1 may also or alternatively be used to
perform different LNG regasification processes.
[0161] In the LNG regasification process of FIG. 2, at
step 250, an LNG feed stream is heated to an at least
partially vaporized condition. The LNG feed stream is a
mixtureofat leastmethaneandethane.When thesystem
of FIG. 1 is used, LNG feed stream from inlet 124 is
separated into a first rich LNG stream 101 and a second
rich LNG stream 112, and the first rich LNG stream is
heated to an at least partially vaporized state.
[0162] When the system of FIG. 1 is used for the
process of FIG. 2, a heat exchanger 130 is used to heat
the first rich LNG stream 101 to the at least partially
vaporized condition.
[0163] In some embodiments, as discussed above, a
portion of the rich LNG feed stream (e.g. the first rich LNG
stream)selectively bypasses theheat changer130and is
introduced directly to the demethanizer.
[0164] Atstep252, the richLNGstream is introduced to
the demethanizer 138 at the first inlet 104. The rich LNG
stream is introduced in the at least partially vaporized
condition. When the system of FIG. 1 is used for the
process of FIG. 2, the first rich LNG stream, a first reflux
flow, and a second reflux as lean LNG stream flow are
introduced into the demethanizer 138. The first rich LNG
stream is introduced in the at least partially vaporized
condition, while the first and second reflux flows are
introduced in liquid conditions (i.e. are flashed) into the
demethanizer 138. The first reflux flow is the second rich
LNG stream that was separated from the LNG feed
stream. The first reflux flow may be introduced into the
demethanizer above the first rich LNG stream, and the
second reflux flow may be introduced into the demetha-
nizer 138 above the first reflux flow. The second reflux
flow is lean LNG.
[0165] A relative flow rate at which the first rich LNG
stream and the first reflux flow are introduced into the
demethanizer 138 may be adjusted in response to a
change in compositionof theLNG feed.When thesystem
of FIG. 1 is used, the first rich LNG stream 106 is intro-
duced into the demethanizer 138 at inlet 104, the first
reflux flow (the second rich LNG stream 112) is intro-
duced into the demethanizer 138 at inlet 110, and the
second reflux flow is introduced into the demethanizer at
inlet 212, with flow control valves 125, 128 facilitating
adjustment of relative flow rates of the first rich LNG
stream and the first reflux flow.
[0166] The demethanizer 138 may be operated in a
first operating mode and operated in a second operating
mode,with the secondoperatingmode thedemethanizer
operating at a higher pressure than the first operating
mode. As one example, in the first operating mode the

demethanizer is operated at a pressure up to 270 psia
and in the second operating mode the demethanizer is
operated at a pressure up to 510 psia. When the system
of FIG. 1 is used, the operation of reboilers 152, 154may
be adjusted to change the operating mode of the de-
methanizer 138 between lower and higher pressure
modes.
[0167] At step 254, a bottom stream is collected from
the demethanizer. The bottom stream from the demetha-
nizer is an NGL enriched in ethane and reduced in
methane relative to the LNG feed stream. In at least
some implementations of the process shown in FIG. 2,
the LNG regasification process recovers at least 99 vol%
(or at least 97 vol%or at least 98 vol%) of the ethane (and
any heavier hydrocarbons) from the LNG feed stream in
the bottom stream from the demethanizer. When the
system of FIG. 1 is used, the bottom stream 158 from
demethanizer 138 is collected and may be delivered to
NGL terminal 162 or to de-ethanizer 164.
[0168] At step 256, an overhead stream is collected
from the demethanizer. The overhead stream is a lean
LNGenriched inmethane and reduced in ethane relative
to the LNG feed stream. When the system of FIG. 1 is
used, the overhead stream 136 is collected from the
demethanizer 138 and compressed by compressor
156 to form the stream indicated by reference numeral
134.
[0169] At step 258, the overhead stream 134 is con-
densedbyheat exchanger 130andcollected in collection
chamber 168.
[0170] As discussed above, depending on the operat-
ing state of the LNG regasification system / process, the
lean LNG collected in the overhead stream may be
recycled and/or delivered to various destinations.
[0171] At step 260, prior to sendout, a lean sendout
stream 186, comprising the lean LNG, is heated by the
heat exchanger 130.
[0172] At step 262, the heated lean LNG sendout
stream is vaporized in vaporizer 182 then delivered to
a sendout pipeline.
[0173] FIG. 3 shows a further example of an LNG
regasification process, illustrating how the lean LNG
collected in the overhead streammay be recycled and/or
delivered. Following step 258 (as shown in FIG. 2), the
LNG regasification process may be operated to deliver a
lean LNG sendout stream to a sendout pipeline 262,
wherein the lean LNG sendout stream comprises lean
LNG; and/or to deliver lean LNG to a holding tank 264.
[0174] When thesystemofFIG.1 isused, the leanLNG
is expanded in the liquid expander 198 prior to delivery to
the holding tank 200.
[0175] In some embodiment, delivering the lean LNG
to the sendout pipeline 262 includes delivering lean LNG
which has first been delivered to the holding tank and
then subsequently delivered to the sendout pipeline after
delivery to the holding tank, and/or lean LNGdelivered to
the sendout pipeline without first being delivered to the
holding tank.
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Performance

[0176] The embodiment of an LNG regasification sys-
temandprocess shown inFIGS.1, 2and3anddescribed
above provide an efficient and flexible system and pro-
cess for regasificationof LNGand recoveryof ethaneand
heavier hydrocarbons.
[0177] The use of a demethanizer with dual reflux
streams provides for high levels of ethane recovery
(e.g. at least 97+ vol%, at least 98+ vol%, or at least
99+ vol%). When lean LNG product is sent out directly to
the pipeline via the lean LNG sendout 184, the heat
exchanger 130 is used to recover refrigeration from the
lean LNG stream 188 that is used to condense the lean
LNG overhead stream 134 from the demethanizer 138.
When the lean LNG product is sent to the holding tank
200, the liquid expander 198 is used to recover energy
from the leanLNGproduct and tominimize flashgas / boil
off gas in the holding tank 200. At times of peak lean LNG
product demand, the in-tank pump 222 of holding tank
200 can be operated to send out the lean LNG product
244 to supplement lean LNG product from the collection
chamber 168 for send out via pump 226.
[0178] The use of demethanizer 138 with multiple re-
fluxstreams, theuseof the liquidexpander198 to recover
power from the lean LNG product prior to delivery to
holding tank 200, and the use of the heat exchanger
130 to recover refrigeration from the lean LNG product
prior to sendout at the lean LNG sendout 184 all provide
for increased process efficiency with reduced power
consumption. The use of heat exchanger 130 to recover
refrigeration from the lean LNG product prior to sendout
at the lean LNG sendout 184 as preheating also reduces
the duty required of the vaporizer 182, further increasing
the sendout vaporizer 182 capacity. Without such pre-
heating, the vaporizer would be required to do both
preheating and vaporization.
[0179] The adjustability of the rates at which first rich
LNG stream 106 and second rich LNG stream 112 are
delivered to the demethanizer 138 allows for efficient and
effective processing of a wide range of rich LNG feed
compositions.
[0180] The multiple operating states at which the sys-
tem 100 can be operated allows for flexibility in the lean
LNG sendout rate, from 10% to 100% of the design
capacity of the vaporizer 182. When necessary, peak
sendout canbesupplied fromholding tank200 inaddition
to direct sendout from collection chamber 168.
[0181] When high temperature heat is available for the
demethanizer 138 reboilers 152, 154, the demethanizer
138 may be operated at pressures up to and including
560psia (or up to and including 535psia, or up to and
including 510psia), which improves recovery and re-
duces the demethanizer 138 overhead compressor
power requirements.
[0182] The embodiments disclosed herein are in-
cluded for demonstration purposes only and not as lim-
itations on the scope of the invention. Other variations in

the construction, configuration, and performance of the
LNGregasification systemsandprocessesmaybemade
without departing from thescopeor spirit of the inventions
set out in the following claims, and those of skill in the art
will recognize that the foregoing descriptions were pro-
vided by way of example only.

Claims

1. A liquid natural gas (LNG) regasification process
comprising a single column demethanizer process,
the process comprising:

a. introducing a rich LNG feed stream, compris-
ing a mixture of at least methane and ethane, in
an at least partially vaporized state into a de-
methanizer;
b. condensing an overhead stream from the
demethanizer, wherein the overhead stream
comprises a lean LNG enriched in methane
and reduced in ethane relative to the rich LNG
feed stream;
c. collecting the lean LNG in a collection cham-
ber;
d. operating the LNG regasification process in a
first operating state inwhich a leanLNGsendout
stream isdelivered to asendout pipeline,where-
in the lean LNG sendout stream comprises at
least a portion of the lean LNG; and
e. carrying out a heat exchange process com-
prising heat exchange between the lean LNG
sendout stream and the overhead stream, such
that the LNG sendout stream is heated and the
overhead stream collected from the demethani-
zer is condensed.

2. The process of claim 1, wherein the heat exchange
process further comprises heat exchange between
the rich LNG feed stream, the lean LNG sendout
stream and the overhead stream, such that the rich
LNG feed stream is heated to an at least partially
vaporized state for introduction into the demethani-
zer, the LNG sendout stream is heated and the over-
head stream collected from the demethanizer is
condensed, optionally wherein a portion of the rich
LNG feed stream selectively bypasses the heat ex-
change process and is introduced directly to the
demethanizer.

3. Theprocessof any preceding claim, further compris-
ing separating an inlet LNG feed stream into a first
rich LNG stream and a second rich LNG stream,
wherein the rich LNG feed streamcomprises the first
rich LNG stream; and introducing a first reflux flow in
a liquid state into the demethanizer, the first reflux
flow comprising the second rich LNGstream, option-
ally wherein, in response to a change in composition
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of the LNG feed stream, adjusting a relative flow rate
at which the first rich LNG stream and the first reflux
flow are introduced into the demethanizer.

4. Theprocessof any preceding claim, further compris-
ing introducing a second reflux flow in a liquid state is
flashed into thedemethanizer, optionallywherein the
second reflux stream comprises lean LNG from the
collection chamber.

5. Theprocessof any preceding claim, further compris-
ing collecting a bottom stream from the demethani-
zer, wherein the bottom stream from the demetha-
nizer comprises a natural gas liquid (NGL) enriched
in ethane and reduced in methane relative to the
LNG feed stream, optionally wherein the LNG rega-
sification process recovers at least 99 vol% of the
ethane from the LNG feed stream in the bottom
stream from the demethanizer.

6. The process of any preceding claim, wherein the
lean LNG sendout stream is sent to a vaporizer
downstreamof the heat exchange process, and then
to the sendout pipeline.

7. Theprocessof any preceding claim, further compris-
ing operating the LNG regasification process in a
second operating state in which at least a portion of
the leanLNG isdelivered toaholding tank, optionally
further comprising operating the LNG regasification
process in a third operating state in which at least a
portion of the lean LNG is delivered to the sendout
pipeline and at least a portion of the lean LNG is
delivered to the holding tank, optionally further com-
prising operating the LNG regasification process in a
fourth operating state inwhichat least aportionof the
lean LNG is delivered to the sendout pipeline and at
least a portion of the lean LNG is delivered to the
holding tank, and wherein at least a portion of the
lean LNG delivered to the holding tank is subse-
quently delivered to the sendout pipeline after deliv-
ery to the holding tank, andwherein at least a portion
of the lean LNG delivered to the sendout pipeline is
delivered to the sendout pipeline without first being
delivered to the holding tank.

8. The process of claim 7, wherein, in the second, third
and/or fourth operating state, the lean LNG is ex-
panded in a liquid expander before delivery to the
holding tank.

9. Theprocessof any preceding claim, further compris-
ing operating the demethanizer in a first operating
mode and operating the demethanizer in a second
operating mode, wherein, in the second operating
mode the demethanizer is operated at a higher
pressure than in the first operating mode.

10. A liquid natural gas (LNG) regasification process
comprising a single column demethanizer process,
comprising:

a. introducing a rich LNG feed stream, compris-
ing a mixture of at least methane and ethane, in
an at least partially vaporized state into a de-
methanizer;
b. condensing an overhead stream from the
demethanizer, wherein the overhead stream
comprises a lean LNG enriched in methane
and reduced in ethane relative to the rich LNG
feed stream;
c. collecting the lean LNG in a collection cham-
ber;
d. operating the LNG regasification process in a
first operating state in which at least a portion of
the lean LNG is delivered to a sendout pipeline;
and
e. operating the LNG regasification process in a
secondoperatingstate inwhichat least aportion
of the lean LNG is delivered to a holding tank.

11. The process of claim 10, further comprising operat-
ing the LNG regasification process in a third operat-
ing state in which at least a portion of the lean LNG is
delivered to the sendout pipeline and at least a
portion of the lean LNG is delivered to the holding
tank, and/or further comprising operating the LNG
regasification process in a fourth operating state in
whichat least aportionof the leanLNG isdelivered to
the sendout pipeline and at least a portion of the lean
LNG is delivered the holding tank, and wherein at
least a portion of the lean LNG delivered to the
holding tank is subsequently delivered to the send-
out pipeline after delivery to the holding tank, and
wherein at least a portion of the lean LNG delivered
to the sendout pipeline is delivered to the sendout
pipeline without first being delivered to the holding
tank.

12. The process of claim 10 or 11, wherein, in the sec-
ond, third and/or fourth operating state, the lean LNG
is expanded in a liquid expander before delivery to
the holding tank.

13. A liquid natural gas (LNG) regasification system
comprising a single column demethanizer system,
comprising: a demethanizer arranged to receive at a
first inlet of the demethanizer a rich LNG feed stream
in an at least partially vaporized condition; the de-
methanizer operable to output at an overhead outlet
anoverheadstreamcomprisinga leanLNGenriched
in methane and reduced in ethane relative to the
LNG feedstream; the demethanizer operable to out-
put a bottom stream comprising natural gas liquid
(NGL) enriched in ethane and reduced in methane
relative to the LNG feed; a collection chamber oper-
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able to receive the leanLNG;asendout fluidpathway
downstream of the collection chamber and arranged
to deliver a lean LNG sendout stream to a lean LNG
sendout; and a heat exchanger operable to carry
heat exchange between the lean LNG sendout
stream and the overhead stream, such that the
LNG sendout stream is heated and the overhead
stream output from the demethanizer is condensed.

14. The system of claim 13, wherein the heat exchanger
is further operable carry out heat exchange between
the rich LNG feed stream, the lean LNG sendout
stream and the overhead stream, such that the rich
LNG feed stream is heated to an at least partially
vaporized state for introduction into the demethani-
zer, the LNG sendout stream is heated and the over-
head stream output from the demethanizer is con-
densed.

15. The system of claim 13 or 14, wherein the system
comprises at least one of:

a. a first fluid pathway fluidly coupling the lean
LNG collection chamber to an inlet of the de-
methanizer,
b. a second fluid pathway fluidly coupling the
lean LNG collection chamber to the lean LNG
sendout,
c. a third fluid pathway fluidly coupling the lean
LNG collection chamber to a holding tank,
d. a fourth fluid pathway fluidly coupling the
holding tank to the lean LNG sendout,

wherein the second fluid pathway and/or the fourth
fluid pathway comprises the sendout fluid pathway,
optionally wherein the system is operable to selec-
tively flow the lean LNG from the lean LNGcollection
chamber along one ormore of the first, second, third,
and fourth fluid pathways, when present.
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