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(57) A natural gas liquefaction process according to
the present invention uses a single closed-loop refriger-
ation cycle employing a mixed refrigerant, thereby having
a simple structure for the liquefaction process and allow-

NATURAL GAS LIQUEFACTION PROCESS

ing the liquefaction process to be easily operated. Fur-
thermore, the present invention cools natural gas after
one stream is separated into two streams, thereby having
an excellent efficiency of the liquefaction process.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a natural gas
liquefaction process, and more particularly, to a natural
gas liquefaction process which is capable of being sim-
plified in structure and being easily operated as well as
having excellent efficiency.

BACKGROUND ART

[0002] A thermodynamic process of liquefying natural
gas to produce liquefied natural gas (LNG) has been de-
veloped since 1970s in order to satisfy various assign-
ments including demands for higher efficiency and larger
capacity. In order to satisfy these demands, i.e., to in-
crease the efficiency and capacity of the liquefaction
process, various attempts to liquefy natural gas by using
different refrigerants or different cycles have been con-
tinuously conducted up to now. However, the number of
liquefaction processes that are practically used is very
small.

[0003] One ofthe liquefaction processes that are being
operated and have been most widely used is a '‘propane
pre-cooled mixed refrigerant process (or a C3/MR proc-
ess)’. As illustrated in FIG. 12, in the C3/MR process,
natural gas (NG) is pre-cooled up to approximately 238
K through a Joule-Thomson (JT) cycle (or a propane cy-
cle) using a propane refrigerant C3. Then, the pre-cooled
natural gas is liquefied and sub-cooled up to approxi-
mately 123 K through a mixed refrigerant cycle using a
mixed refrigerant (MR) or a multi-component refrigerant.
As described above, since the C3/MR process uses a
refrigeration cycle using a single refrigerant and a refrig-
eration cycle using a mixed refrigerant, the liquefaction
process is complex, and also it is difficult to operate the
liquefaction process.

[0004] Another one of the liquefaction processes that
are being operated is a cascade process by Conoco Phil-
lips Company. As illustrated in FIG. 13, the liquefaction
process by Conoco Phillips Company consists of three
Joule-Thomson cycles using methane C1, ethylene C2,
and propane C3. As described above, since the cascade
process uses only the refrigeration cycle using the single
refrigerant, the liquefaction process is simplified in oper-
ation and improved in reliability. However, since an indi-
vidual equipment (e.g., a heat exchanger) is needed for
each of the three refrigeration cycles in the cascade proc-
ess, there is a disadvantage that the liquefaction process
needs to be increased in scale.

[0005] Another one of the liquefaction processes that
are being operated is a 'single mixed refrigerant process
(or SMR process)’. As illustrated in FIG. 14, in the SMR
process, the natural gas is liquefied through a single
closed-loop refrigeration cycle using the mixed refriger-
ant. The above-mentioned SMR process has an advan-
tage that the liquefaction process is simplified in struc-
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ture. However, the SMR process has a disadvantage in
that the liquefaction process has low efficiency.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0006] To solve the above-described problems, an ob-
jective of the present invention is to provide a natural gas
liquefaction process which is capable of being simplified
in structure and being easily operated as well as having
excellent efficiency.

TECHNICAL SOLUTION

[0007] A natural gas liquefaction process according to
the presentinvention relates to a natural gas liquefaction
process in which natural gas is primarily cooled in a first
heat exchange part and secondarily cooled in a second
heat exchange part distinguished from the first heat ex-
change part by using a single closed-loop refrigeration
cycle using a mixed refrigerant, wherein the closed-loop
refrigeration cycle includes: a condensation step of par-
tially condensing the mixed refrigerant; a first separation
step of separating the mixed refrigerant into a first stream
having a liquid phase and a second stream having a gas
phase after the condensation step; a first introduction
step of introducing the first stream into the first heat ex-
change part after the first separation step; a first expan-
sion step of expanding the first stream discharged from
the first heat exchange part after the first introduction
step; a first cooling step of introducing the first stream
again into the first heat exchange part to cool the natural
gasin thefirstheat exchange part through the first stream
after the first expansion step; a first recovery step of re-
covering the first stream from the first heat exchange part
after the first cooling step; a second introduction step of
introducing the second stream into the first heat ex-
change part after the first separation step; a third intro-
duction step of introducing the second stream discharged
from the first heat exchange part into the second heat
exchange part after the second introduction step; a sec-
ond expansion step of expanding the second stream dis-
charged from the second heat exchange part after the
third introduction step; a second cooling step of introduc-
ing the second stream again into the second heat ex-
change part to cool the natural gas in the second heat
exchange part through the second stream after the sec-
ond expansion step; and a second recovery step of re-
covering the second stream from the second heat ex-
change part after the second cooling step.

ADVANTAGEOUS EFFECTS

[0008] In the natural gas liquefaction process accord-
ing to the present invention, since the single closed-loop
refrigeration cycle using the mixed refrigerant is used,
the liquefaction process may be simplified in structure
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and easily operated. In addition, since a single stream is
separated into two streams, and then, each of the two
streams cools the natural gas, the liquefaction process
may have the excellent efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a flowchart illustrating a natural gas lique-
faction process according to Embodiment 1 of the
present invention.

FIG. 2 is a flowchart illustrating a first modified ex-
ample of the natural gas liquefaction process of FIG.
1.

FIG. 3 is a flowchart illustrating a second modified
example of the natural gas liquefaction process of
FIG. 1.

FIG. 4 is a flowchart illustrating a third modified ex-
ample of the natural gas liquefaction process of FIG.
1.

FIG. 5is a flowchart illustrating a fourth modified ex-
ample of the natural gas liquefaction process of FIG.
1.

FIG. 6 is a flowchart illustrating a fifth modified ex-
ample of the natural gas liquefaction process of FIG.
1.

FIG. 7 is a flowchart illustrating a sixth modified ex-
ample of the natural gas liquefaction process of FIG.
1.

FIG. 8 is a flowchart illustrating a natural gas lique-
faction process according to Embodiment 2 of the
present invention.

FIG. 9 is a flowchart illustrating a modified example
of the natural gas liquefaction process of FIG. 8.
FIG. 10is a flowchart illustrating a natural gas lique-
faction process according to Embodiment 3 of the
present invention.

FIG. 11 is aflowchart illustrating a modified example
of the natural gas liquefaction process of FIG. 10.
FIG. 12is a conceptual flowchart of a C3/MR process
according to a related art.

FIG. 13 is a conceptual flowchart of a cascade proc-
ess according to the related art.

FIG. 14 is a conceptual flowchart of an SMR process
according to the related art.

MODE FOR CARRYING OUT THE INVENTION

[0010] Preferredembodiments of the presentinvention
will be described below in more detail with reference to
the accompanying drawings. However, the present in-
vention is not limited to the embodiments below.

Embodiment 1

[0011] FIG. 1 is a flowchart illustrating a natural gas
liquefaction process according to Embodiment 1 of the
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present invention. A liquefaction process according to
Embodiment 1 of the present invention, as illustrated in
FIG. 1, may be applied to a process in which a single
closed-loop refrigeration cycle is used to cool natural gas
up to a liquefaction temperature, thereby producing lig-
uefied natural gas (LNG). Particularly, the liquefaction
process may be applied to a natural gas liquefaction proc-
ess in which natural gas is primarily cooled in a first heat
exchange part and then secondarily cooled in a second
heat exchange part distinguished from the first heat ex-
change part by using a single closed-loop refrigeration
cycle using a mixed refrigerant or multi-component re-
frigerant. In addition, the liquefaction process according
to the current embodiment may further include a refrig-
eration cycle for additionally cooling the mixed refrigerant
or the natural gas.

[0012] Hereinafter, the liquefaction process according
to Embodiment 1 of the present invention will be de-
scribed in more detail with reference to FIG. 1. First, a
mixed refrigerant (a main stream that will be described
below) is partially condensed (a condensation step). That
is, the mixed refrigerant is partially condensed through a
series of compression processes. Thus, the mixed refrig-
erantincludes a liquid phase refrigerant and a gas phase
refrigerant. Then, the mixed refrigerant is introduced into
a separation unit 111 and separated into a first stream
having a liquid phase and a second stream having a gas
phase (a first separation step). Here, the separation unit
111 may be a normal vapor-liquid separator. This may
be equally applied to a different separation unit that will
be described below.

[0013] The first stream is introduced into a first heat
exchange part 121 through a conduit 211 (a first intro-
duction step). Then, the first stream is discharged from
the first heat exchange part 121 and then introduced into
an expansion unit 131 and expanded (a first expansion
step). Thus, the first stream decreases in temperature.
The expansion unit may include a Joule-Thomson (J-T)
valve. For example, the expansion unit may include a
normal expansion valve. Alternatively, the expansion unit
may include an expander. This may be equally applied
to a different expansion unit that will be described below.
The J-T valve may reduce all of a pressure and a tem-
perature of the stream through a J-T effect.

[0014] The first stream decreases in temperature due
to the expansion and is introduced again into the first
heat exchange part 121 through a conduit 212 to cool
the natural gas (NG) in the first heat exchange part 121
(afirst cooling step). The first stream introduced into the
first heat exchange part 121 through the conduit 212
cools the natural gas together with the first stream intro-
duced into the first heat exchange part 121 through the
conduit 211 and the second stream introduced into the
first heat exchange part 121 through a conduit 221. The
natural gas may be pre-cooled through the above-de-
scribed cooling. As described above, the first stream per-
forms the cooling in the first heat exchange part 121 and
then is recovered from the first heat exchange part 121
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(afirst recovery step). The first stream is recovered from
the first heat exchange part 121 and then transferred for
the condensation step through the conduit 213.

[0015] The second stream is introduced into the first
heat exchange part 121 through the conduit 221 (a sec-
ond introduction step). In the first heat exchange part
121, the second stream is cooled by the first stream in-
troduced into the first heat exchange part 121 through
the conduit 212. Then, the second stream is introduced
into a second heat exchange part 122 through a conduit
222 (a third introduction step). Then, the second stream
is discharged from the second heat exchange part 122
and then introduced into the expansion unit 132 and ex-
panded (a second expansion step). Thus, the second
stream decreases in temperature through the above-de-
scribed expansion.

[0016] The second stream decreases in temperature
due to the expansion and is introduced again into the
second heat exchange part 122 through a conduit 223
to cool the natural gas in the second heat exchange part
122 (a second cooling step). The natural gas may be
liquefied through the above-described cooling. As de-
scribed above, the second stream performs the cooling
in the second heat exchange part 122 and then is recov-
ered from the second heat exchange part 122 (a second
recovery step). The second stream is recovered from the
second heat exchange part 122 and then transferred for
the condensation step through a conduit 224.

[0017] For reference, it is preferable that the first heat
exchange part 121 includes a spiral wound heat ex-
changer (SWHE)-type heat exchanger. This may be
equally applied to the second heat exchange part 122.
In more detail, in case of the natural gas liquefaction proc-
ess, a plate fin heat exchanger (PFHE)-type heat ex-
changer or a spiral wound heat exchanger (SWHE)-type
heat exchanger is generally used for the heat exchang-
ing. In case of the PFHE-type heat exchanger, a stream
for cooling a different stream may be provided in plurality,
and a stream cooled by a different stream may be pro-
vided in plurality. On the other hand, in case of the SWHE-
type heat exchanger, a stream for cooling a different
stream is provided in one, or a stream cooled by a differ-
ent stream is provided in one.

[0018] Thus,the liquefaction process using the SWHE-
type heat exchanger may be different from that using the
PFHE-type heat exchanger. That is, the liquefaction
process based on the PFHE-type heat exchanger may
not be applied to that using the SWHE-type heat ex-
changer as it is. In case of the current embodiment, a
single stream (a main stream that will be described be-
low) is separated into two streams (a first stream and a
second stream), and then the two streams are respec-
tively used for cooling the natural gas in the first and
second heat exchange parts 121 and 122. Thus, in case
of the current embodiment, it is necessary to distinguish
the first heat exchange part 121 from the second heat
exchange part 122 so as to use the SWHE-type heat
exchanger. Thatis, the first heat exchange part 121 may
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be provided as one SWHE-type heat exchanger, and the
second heat exchange part 122 may be provided as the
other SWHE-type heat exchanger. In addition, the
SWHE-type heat exchanger is advantageous when a lig-
uefaction system has large capacity. Also, the SWHE-
type heat exchanger is advantageous for maintaining and
repairing the liquefaction system.

[0019] As described above, in the liquefaction process
according to the current embodiment, the natural gas is
liquefied by using the single closed-loop refrigeration cy-
cle. Thus, the liquefaction process according to the cur-
rent embodiment has advantages in that the liquefaction
process is simplified in structure and easily operated. Al-
so, in the liquefaction process according to the current
embodiment, a single stream is separated into two
streams, and then, each of the two streams cools the
natural gas. Thus, although the liquefaction process ac-
cording to the current embodiment includes a single re-
frigeration cycle, the liquefaction process may have an
effect as if the natural gas is cooled through two refrig-
eration cycles. As a result, the liquefaction process may
have excellent efficiency.

[0020] The condensation step may be described in
more detail as follows. The second stream is recovered
from the second heat exchange part 122 and then intro-
duced into a compression unit 141 through a conduit 224
and compressed (a first compression step). Here, the
compression unit 141 may be a normal compressor. Al-
ternatively, the compression unit 141 may be a multi-
stage compressor. This may be equally applied to a dif-
ferent compression unit that will be described below.
Then, the second stream is introduced into a cooling unit
151 through a conduit 231 and cooled. Here, the cooling
unit 151 may be a water cooling type or air cooling type
cooler. This may be equally applied to a different cooling
unit that will be described below. Here, the cooling unit
151 may be selectively provided. That is, the cooling unit
151 may be provided when it is necessary to cool the
compressed stream. This may be equally applied to a
different cooling unit.

[0021] The secondstreamis mixed with the first stream
after the above-described cooling. Thatis, thefirst stream
is recovered from the first heat exchange part 121 and
then mixed with the second stream (a first mixing step).
The above-described mixing may be achieved by con-
necting on conduit 213 to the other conduit 232. Alterna-
tively, a separate constituent for the mixing may be pro-
vided. The main stream may be formed through the mix-
ing. That is, the main stream may be a stream in which
the first stream and the second stream are mixed with
each other. The main stream is compressed by a com-
pression unit 142 (a second compression step). Then,
the main stream is introduced into a cooling unit 152
through a conduit 233 and cooled. The main stream is
partially condensed through the series of processes and
introduced into a separation unit 111 through a conduit
234.

[0022] Forreference, the mixing may be a relative con-
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cept. Thatis, the first and second streams may be mixed
with each other, or the second stream may be mixed with
the first stream according to the structure of the conduit.
Also, the first and second streams may be independently
introduced into the compression unit 142 and then mixed
with each other in the compression unit 142. Also, the
above-described conduits may be different from each
other or the same according to the reference numerals.
Thatis, for convenience of description, two reference nu-
merals may be given to only one conduit. On the other
hand, for convenience of description, only one reference
numeral may be given to two conduits.

[0023] The liquefaction process according to the cur-
rent embodiment may be modified as illustrated in FIG.
2.FIG. 2is aflowchartillustrating a first modified example
of the natural gas liquefaction process of FIG. 1. As illus-
trated in FIG. 2, in the liquefaction process according to
the modified example, the condensation process basi-
cally further includes a third compression step and a
fourth compression step. In more detail, a main stream
in the liquefaction process according to the modified ex-
ample is cooled by a cooling unit 152 and then introduced
into a compression unit 143 through a conduit 2341 and
compressed (a third compression step). Then, the main
stream is introduced into a cooling unit 153 through a
conduit 2342 and cooled.

[0024] Then, the main stream is introduced into a sep-
aration unit 112 through a conduit 2343 and then sepa-
rated into athird stream having a liquid phase and a fourth
stream having a gas phase (a second separation step).
Then, the third stream is mixed with the main stream
within the conduit 2341 through a conduit 2344 (a second
mixing step). Here, the third stream is expanded by an
expansion unit and then mixed with the main stream.
Then, the third stream is introduced into the compression
unit 143 together with the main stream. Also, the fourth
stream is introduced into a compression unit 144 through
a conduit 2345 and compressed (a fourth compression
step). Then, the fourth stream is introduced into a cooling
unit 154 through a conduit 2346 and cooled. The fourth
stream is partially condensed through the series of proc-
esses and introduced into a separation unit 111 through
a conduit 2347.

[0025] Here, it is preferable that the compression unit
(for example, the compression unit expressed by refer-
ence numeral 144) receives a gas refrigerant. However,
when the refrigerant is mixed, or the refrigerant is com-
pressed or cooled like the mixture of the first and second
streams, a liquid refrigerant may be generated. Thus,
when the separation unit 112 is used as described in the
modified example, only the gas refrigerant may be sup-
plied into the compression unit.

[0026] Also, the liquefaction process according to the
current embodiment may be modified as illustrated in
FIG. 3. FIG. 3 is a flowchartillustrating a second modified
example of the natural gas liquefaction process of FIG.
1. Asillustrated in FIG. 3, the second stream is recovered
from the second heat exchange part 122 and then intro-
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duced into a compression unit 141 through a conduit 224
and compressed (a first compression step). Then, the
second stream is introduced into a cooling unit 151
through a conduit 231 and cooled.

[0027] The secondstreamis mixed with the first stream
after the cooling. That is, the first stream is recovered
from the first heat exchange part 121 and then mixed
with the second stream (a first mixing step). The main
stream may be formed through the mixing. As described
above, the main stream is introduced into a separation
unit 112 through a conduit 2321 and then separated into
a third stream having a liquid phase and a fourth stream
having a gas phase (a second separation step). The
fourth stream is introduced into a compression unit 142
through a conduit 2322 and compressed (a second com-
pression step). Then, the fourth stream is mixed with the
third stream (a second mixing step). Here, the third
stream may be forcibly transferred into a conduit 2324
by a pump 161. Then, the third stream and the fourth
stream (the main stream) are introduced into a cooling
unit 152 through a conduit 2324 and cooled. The main
stream is partially condensed through the series of proc-
esses and introduced into a separation unit 111 through
a conduit 234. The liquid refrigerant which may be gen-
erated while the refrigerant is compressed may be in-
creased in pressure by using a refrigerant pump because
the liquid refrigerant is not increased in pressure by using
a refrigerant compressor.

[0028] Also, the liquefaction process according to the
current embodiment may be modified as illustrated in
FIG. 4. FIG. 4 is a flowchart illustrating a first modified
example of the natural gas liquefaction process of FIG.
1. As illustrated in FIG. 4, in the liquefaction process ac-
cording to the modified example, a compression unit
1411 may be further provided. In more detail, when the
first and second streams are mixed with each other to
form a main stream, the main stream is introduced into
the compression unit 1411 through a conduit 1231 and
compressed. Then, the main stream is introduced into a
cooling unit 1511 through a conduit 1232 and cooled.
Then, the main stream is introduced into a separation
unit 112 through a conduit 1233. The liquid refrigerant
which may be generated while the refrigerant is addition-
ally compressed may be increased in pressure by using
arefrigerant pump, like the additional compression stage
as described in the modified example, because the liquid
refrigerant is not increased in pressure by using a refrig-
erant compressor.

[0029] Furthermore, the liquefaction process accord-
ing to the current embodiment may be modified as illus-
trated in FIG. 5. FIG. 5 is a flowchart illustrating a first
modified example of the natural gas liquefaction process
of FIG. 1. Asiillustrated in FIG. 5, in the liquefaction proc-
ess according to the modified example, the second
stream is recovered from the second heat exchange part
122 and then introduced into a compression unit 141
through a conduit 224 and compressed (a first compres-
sion step). Then, the second stream is introduced into a
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cooling unit 151 through a conduit 231 and cooled. Also,
the first stream is recovered from the first heat exchange
part 121 and then introduced into a compression unit 142
through a conduit 213 and compressed (a second com-
pression step). Then, the first stream is introduced into
a cooling unit 152 through a conduit 291 and cooled.
[0030] Then, the first stream is mixed with the second
stream within the conduit 292 through a conduit 232 (a
first mixing step). The main stream may be formed
through the mixing. That is, the main stream may be a
stream in which the first stream and the second stream
are mixed with each other. The main stream is com-
pressed by the compression unit 143 (a third compres-
sion step). Then, the main stream is introduced into a
cooling unit 153 through a conduit 233 and cooled. The
main stream is partially condensed through the series of
processes and introduced into a separation unit 111
through a conduit 234.

[0031] In the liquefaction process according to the
modified example, the main stream is separated into the
first and second streams by the separation unit 111, and
then, the first and second streams are not mixed with
each other until the first and second streams are com-
pressed by the compression units 141 and 142. Thus,
conditions different from each other (for example, pres-
sure conditions) may be applied to the first and second
streams. Therefore, the liquefaction process according
to the modified example may be very advantageous for
optimizing the liquefaction process.

[0032] Also, the liquefaction process according to the
current embodiment may be modified as illustrated in
FIG. 6. FIG. 6 is a flowchart illustrating a fifth modified
example of the natural gas liquefaction process of FIG.
1. As illustrated in FIG. 6, in the liquefaction process ac-
cording to the modified example, the second stream is
recovered from the second heat exchange part 122 and
then introduced into a compression unit 141 through a
conduit 224 and compressed (a first compression step).
Then, the second stream is introduced into a cooling unit
151 through a conduit 241 and cooled. Also, the first
stream is recovered from the first heat exchange part 121
and then introduced into a compression unit 142 through
a conduit 213 and compressed (a second compression
step). Then, the first stream is introduced into a cooling
unit 152 through a conduit 251 and cooled. Also, the sec-
ond stream is introduced into a compression unit 143
through a conduit 242 and compressed (a third compres-
sion step). Then, the second stream is introduced into a
cooling unit 153 through a conduit 243 and cooled.
[0033] Then, the second stream is mixed with the first
stream. That is, the first stream is mixed with the second
stream within the conduit 252 through a conduit 244 (a
first mixing step). The main stream may be formed
through the mixing. As described above, the main stream
is introduced into a separation unit 112 and then sepa-
rated into athird stream having a liquid phase and a fourth
stream having a gas phase (a second separation step).
Then, the third stream is mixed with the second stream
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within the conduit 245 through a conduit 242 (a second
mixing step). Here, the third stream is expanded by an
expansion unit and then mixed with the second stream.
Then, the third stream is introduced into the compression
unit 143 together with the second stream. Also, the fourth
stream is introduced into a compression unit 144 through
a conduit 246 and compressed (a fourth compression
step). Then, the fourth stream is introduced into a cooling
unit 154 through a conduit 247 and cooled. The fourth
stream is partially condensed through the series of proc-
esses and introduced into a separation unit 111 through
a conduit 248.

[0034] The liquefaction process according to the mod-
ified example may have the same characteristics as that
according to the forgoing fourth modified example. That
is, in the liquefaction process according to the modified
example, the fourth stream is separated into the first and
second streams by the separation unit, and then, the first
and second streams are not mixed with each other until
the first and second streams are compressed by the com-
pression unit. In addition, the liquefaction process ac-
cording to the modified example may have the same
characteristics as that according to the forgoing first mod-
ified example. Thatis, in the liquefaction process accord-
ing to the modified example, only the gas refrigerant may
be supplied by using the compression unit.

[0035] Furthermore, the liquefaction process accord-
ing to the current embodiment may be modified as illus-
trated in FIG. 7. FIG. 7 is a flowchart illustrating a sixth
modified example of the natural gas liquefaction process
of FIG. 1. Asiillustrated in FIG. 7, in the liquefaction proc-
ess according to the modified example, the second
stream is recovered from the second heat exchange part
122 and then introduced into a compression unit 141
through a conduit 224 and compressed (a first compres-
sion step). Then, the second stream is introduced into a
cooling unit 151 through a conduit 231 and cooled. Also,
the first stream is recovered from the first heat exchange
part 121 and then introduced into a compression unit 142
through a conduit 213 and compressed (a second com-
pression step). Then, the first stream is introduced into
a cooling unit 152 through a conduit 291 and cooled.
[0036] Then, the first stream is mixed with the second
stream within the conduit 292 through a conduit 2331 (a
first mixing step). The main stream may be formed
through the mixing. The main stream is introduced into
a separation unit 112 and then separated into a third
stream having a liquid phase and a fourth stream having
a gas phase (a second separation step). The fourth
stream is introduced into a compression unit 143 through
a conduit 2332 and compressed (a third compression
step). Then, the fourth stream is mixed with the third
stream (a second mixing step). Here, the third stream
may be forcibly transferred into a conduit 2334 by a pump
161. Then, the main stream is introduced into a cooling
unit 153 through a conduit 2334 and cooled. The main
stream is partially condensed through the series of proc-
esses and introduced into a separation unit 111 through
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a conduit 234. A compressor has to be used for increas-
ing a pressure of the refrigerant mixed in the first mixing
step. However, if the liquid refrigerant is generated in the
first mixing step, it is impossible to directly introduce the
liquid refrigerant into the compressor. Thus, the gener-
ated liquid refrigerant has to be separated and then in-
creased in pressure by using the pump.

Embodiment 2

[0037] FIG. 8 is a flowchart illustrating a natural gas
liquefaction process according to Embodiment 2 of the
presentinvention. Asillustrated in FIG. 8, the liquefaction
process according to the current embodiment may be
similar to that according to the foregoing Embodiment 1,
particularly, the fifth modified example. However, the lig-
uefaction process according to the current embodiment
is the same as the forgoing fifth modified example except
for a third heat exchange part. For reference, the same
(equivalent) component as that according to the forego-
ing embodiment is given by the same (equivalent) refer-
ence number, and thus, their detailed description will be
omitted.

[0038] As illustrated in FIG. 8, in the liquefaction proc-
ess according to the current embodiment, a second
stream is introduced into a third heat exchange part 123
through a conduit 2211 (a second introduction step). In
the third heat exchange part 123, the second stream is
cooled by the second stream introduced into the third
heat exchange part 123 through a conduit 2214. Then,
the second stream is introduced into a second heat ex-
change part 122 through a conduit 2212 (a third intro-
duction step). Then, the second stream is discharged
from the second heat exchange part 122 and then intro-
duced into an expansion unit 132 and expanded (a sec-
ond expansion step). Thus, the second stream decreas-
es in temperature through the above-described expan-
sion.

[0039] The second stream decreases in temperature
due to the expansion and is introduced again into the
second heat exchange part 122 through a conduit 2213
to cool natural gas in the second heat exchange part 122
(asecond cooling step). The natural gas may be liquefied
through the above-described cooling. As described
above, the second stream performs the cooling in the
second heat exchange part 122 and then is recovered
from the second heat exchange part 122 through a con-
duit 2214 and introduced again into the third heat ex-
change part 123 (a fourth introduction step). The second
stream may have some cool energy after the natural gas
is cooled in the second heat exchange part 122. Thus,
the liquefaction process according to the current embod-
iment is characterized in that the cool energy is used in
the third heat exchange part 123. That is, in the third heat
exchange part 123, the second stream cools the second
stream introduced into the third heat exchange part 123
through the conduit 2211. The second stream performs
the cooling in the second heat exchange part and then
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recovered from the third heat exchange part 123 (a sec-
ond recovery step). The second stream is recovered from
the third heat exchange part 123 and then transferred for
the condensation step through a conduit 2215.

[0040] For reference, it is preferable that each of the
first and second heat exchange parts 121 and 122 in-
cludes an SWHE-type heat exchanger. However, the
third heat exchange part 123 may be an SWHE-type heat
exchange or PFHE-type heat exchanger. That is, the
third heat exchange part 123 is not particularly limited to
the type of heat exchanger. However, the third heat ex-
change part 123 may be separately provided with respect
to the first heat exchange part 121. (The third heat ex-
change part may be integrated with the second heat ex-
change part)

[0041] The liquefaction process according to the cur-
rent embodiment may be modified as illustrated in FIG.
9. FIG. 9 is a flowchart illustrating a modified example of
the natural gas liquefaction process of FIG. 8. As illus-
trated in FIG. 9, in the liquefaction process according to
the modified example, the second stream is separated
into a first portion and a second portion. The above-de-
scribed branch may be achieved by branching the other
conduit 2216 from one conduit 2211. Alternatively, a sep-
arate constituent for the branch may be provided.
[0042] Here, the first portion may be introduced into
the third heat exchange part 123. That is, in the liquefac-
tion process according to Embodiment 2, the whole sec-
ond stream is supplied into the third heat exchange part
123. However, in the liquefaction process according to
the modified example, only a portion of the second stream
is supplied into the third heat exchange 123. Also, the
second portion is introduced into the first heat exchange
part 121 through a conduit2216. Here, the second portion
is cooled by the first stream introduced into the first heat
exchange part 121 through the conduit 212. Then, the
first and second portions are mixed again with each other
and then introduced into the second heat exchange part
122 (see the conduits 2212 and 2217).

[0043] In the liquefaction process according to the
modified example, the first portion of the second stream
is cooled in the third heat exchange part 123, and the
second portion of the second stream is cooled in the first
heat exchange part 121. That s, in the liquefaction proc-
ess according to the modified example, the second
stream is separated into the two portions, and then, the
two portions are respectively cooled in the heat exchange
parts different from each other. Thus, the liquefaction
process according to the modified example, it is unnec-
essary to cool the whole second stream in the third heat
exchange part 123. Therefore, the liquefaction process
according to the modified example may be suitable when
it is difficult to cool the whole second stream in the third
heat exchange part 123.

Embodiment 3

[0044] FIG. 10 is a flowchart illustrating a natural gas
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liquefaction process according to Embodiment 3 of the
present invention. As illustrated in FIG. 10, the liquefac-
tion process according to the current embodiment may
be similar to that according to the foregoing Embodiment
1, particularly, the fifth modified example. However, the
liquefaction process according to the current embodi-
ment is the same as the forgoing fifth modified example
except for a third heat exchange part. For reference, the
same (equivalent) component as that according to the
foregoing embodiment is given by the same (equivalent)
reference number, and thus, their detailed description
will be omitted.

[0045] Asillustratedin FIG. 10, in the liquefaction proc-
ess according to the current embodiment, a second
stream is introduced into a first heat exchange part 121
through a conduit 2311 (a second introduction step). In
the first heat exchange part 121, the second stream is
cooled by a first stream introduced into the first heat ex-
change part 121 through a conduit212. Then, the second
stream is introduced into a second heat exchange part
122 through a conduit 2312 (a third introduction step).
Then, the second stream is discharged from the second
heat exchange part 122 and then introduced into an ex-
pansion unit 132 and expanded (a second expansion
step). Thus, the second stream decreases in temperature
through the above-described expansion.

[0046] The second stream decreases in temperature
due to the expansion and is introduced again into the
second heat exchange part 122 through a conduit 2313
to cool natural gas in the second heat exchange part 122
(asecond cooling step). The natural gas may be liquefied
through the above-described cooling. As described
above, the second stream performs the cooling in the
second heat exchange part 122 and then is recovered
from the second heat exchange part 122 through a con-
duit 2314 and introduced into the third heat exchange
part 123. The second stream may have some cool energy
after the natural gas is cooled in the second heat ex-
change part 122. Thus, the liquefaction process accord-
ing to the current embodiment is characterized in that the
cool energy is used in the third heat exchange part 123.
That is, in the third heat exchange part 123, the second
stream cools the natural gas introduced into the third heat
exchange part 123 through a conduit 311 (a third cooling
step). The natural gas may be pre-cooled through the
above-described cooling. The second stream performs
the cooling in the second heat exchange part and then
is recovered from the third heat exchange part 123 (a
second recovery step). The second stream is recovered
from the third heat exchange part 123 and then trans-
ferred for the condensation step through a conduit 2315.
[0047] Asdescribed above, the natural gas is primarily
cooled in the third heat exchange part 123 and then sup-
plied into the second heat exchange part 122 through a
conduit 312. Then, the natural gas is secondarily cooled
in the second heat exchange part 122. As a result, the
natural gas may be liquefied. For reference, it is prefer-
able that each of the first and second heat exchange
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parts 121 and 122 includes an SWHE-type heat exchang-
er. However, the third heat exchange part 123 may be
an SWHE-type heat exchange or PFHE-type heat ex-
changer. That is, the third heat exchange part 123 is not
particularly limited to the type of heat exchanger. How-
ever, the third heat exchange part 123 may be separately
provided with respect to the first heat exchange part 121.
(The third heat exchange part may be integrated with the
second heat exchange part)

[0048] The liquefaction process according to the cur-
rent embodiment may be modified as illustrated in FIG.
11. FIG. 11 is a flowchart illustrating a modified example
of the natural gas liquefaction process of FIG. 10. As
illustrated in FIG. 11, in the liquefaction process accord-
ing to the modified example, the natural gas is separated
into a first portion and a second portion. The above-de-
scribed branch may be achieved by branching one con-
duit into two conduits. Alternatively, a separate constitu-
ent for the branch may be provided.

[0049] Here, the first portion may be introduced into
the third heat exchange part 123. That is, in the liquefac-
tion process according to Embodiment 3, the whole nat-
ural gas is supplied into the third heat exchange part 123.
However, in the liquefaction process according to the
modified example, only a portion of the natural gas is
supplied into the third heat exchange 123. Also, the sec-
ond portion is introduced into the first heat exchange part
121 through a conduit 313. Here, the second portion is
cooled by the first stream introduced into the first heat
exchange part 121 through the conduit 212. Then, the
first and second portions are mixed again with each other
and then introduced together into the second heat ex-
change part 122 (see the conduits 312 and 314).
[0050] In the liquefaction process according to the
modified example, the first portion of the natural gas is
cooled in the third heat exchange part 123, and the sec-
ond portion of the natural gas is cooled in the first heat
exchange part 121. That is, the liquefaction process ac-
cording to the modified example is characterized in that
the natural gas is separated into the two portions, and
then, the two portions are respectively cooled (pre-
cooled) in the heat exchange parts different from each
other.

Claims

1. A natural gas liquefaction process in which natural
gas is primarily cooled in a first heat exchange part
and secondarily cooled in a second heat exchange
part distinguished from the first heat exchange part
by using a single closed-loop refrigeration cycle us-
ing a mixed refrigerant, the closed-loop refrigeration
cycle comprising:

a condensation step of partially condensing the
mixed refrigerant;
a first separation step of separating the mixed
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refrigerant into a first stream having a liquid
phase and a second stream having a gas phase
after the condensation step;

a first introduction step of introducing the first
stream into the first heat exchange part after the
first separation step;

a first expansion step of expanding the first
stream discharged from the first heat exchange
part after the first introduction step;

afirst cooling step of introducing the first stream
again into the first heat exchange part to cool
the natural gas in the first heat exchange part
through the first stream after the first expansion
step;

afirstrecovery step of recovering the first stream
from the first heat exchange part after the first
cooling step;

a second introduction step of introducing the
second stream into the first heat exchange part
after the first separation step;

a third introduction step of introducing the sec-
ond stream discharged from the first heat ex-
change part into the second heat exchange part
after the second introduction step;

a second expansion step of expanding the sec-
ond stream discharged from the second heat
exchange part after the third introduction step;
a second cooling step of introducing the second
stream again into the second heat exchange
part to cool the natural gas in the second heat
exchange part through the second stream after
the second expansion step; and
asecondrecovery step of recovering the second
stream from the second heat exchange partafter
the second cooling step,

wherein the first stream is transferred for the
condensation step after the first recovery step,
and the second stream is transferred for the con-
densation step after the second recovery step.

2. The natural gas liquefaction process of claim 1,
wherein the condensation step comprises:

afirst compression step of compressing the sec-
ond stream;

a first mixing step of mixing the first stream with
the second stream to form a main stream after
the first compression step; and

a second compression step of compressing the
main stream after the first mixing step.

3. The natural gas liquefaction process of claim 1,
wherein the condensation step comprises:

afirst compression step of compressing the sec-
ond stream;

a first mixing step of mixing the first stream with
the second stream to form a main stream after
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the first compression step;

a second separation step of separating the main
stream into a third stream having a liquid phase
and a fourth stream having a gas phase after
the first mixing step;

a second compression step of compressing the
fourth stream after the second separation step;
and

a second mixing step of transferring the third
stream by using a pump to mix the third stream
with the fourth stream, which is formed after the
second compression step, after the second sep-
aration step,

wherein the third stream and the fourth stream
are transferred together for the first separation
step after the second mixing step.

4. The natural gas liquefaction process of claim 1,
wherein the condensation step comprises:

afirst compression step of compressing the sec-
ond stream;

a second compression step of compressing the
first stream;

a first mixing step of mixing the first stream with
the second stream to form a main stream after
the first and second compression steps; and

a third compression step of compressing the
main stream after the first mixing step.

5. The natural gas liquefaction process of claim 1,
wherein the condensation step comprises:

afirst compression step of compressing the sec-
ond stream;

a second compression step of compressing the
first stream;

a third compression step of compressing the
second stream after the first compression step;
a first mixing step of mixing the first stream with
the second stream to form a main stream after
the second and third compression steps;

a second separation step of separating the main
stream into a third stream having a liquid phase
and a fourth stream having a gas phase after
the first mixing step;

a second mixing step of mixing the third stream
with the second stream after the second sepa-
ration step; and

a fourth compression step of compressing the
fourth stream after the second separation step,
wherein the third stream is transferred for the
third compression step together with the second
stream after the second mixing step, and the
fourth stream is transferred for the first separa-
tion step after the fourth compression step.

6. The natural gas liquefaction process of claim 1,
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wherein

a first compression step of compressing the second
stream;

a second compression step of compressing the first
stream;

a first mixing step of mixing the first stream with the
second stream to form a main stream after the first
and second compression steps;

a second separation step of separating the main
stream into a third stream having a liquid phase and
a fourth stream having a gas phase after the first
mixing step;

a third compression step of compressing the fourth
stream after the second separation step; and

a second mixing step of transferring the third stream
by using a pump to mix the third stream with the
fourth stream, which is formed after the third com-
pression step, after the second separation step,
wherein the third and fourth streams are transferred
together for the first separation step after the second
mixing step.

The natural gas liquefaction process of any one of
claims 1 to 6, wherein each of the first and second
heat exchange parts comprises a spiral wound heat
exchanger (SWHE)-type heat exchanger.

A natural gas liquefaction process in which natural
gas is primarily cooled in a first heat exchange part
and secondarily cooled in a second heat exchange
part distinguished from the first heat exchange part
by using a single closed-loop refrigeration cycle us-
ing a mixed refrigerant, the closed-loop refrigeration
cycle comprising:

a condensation step of partially condensing the
mixed refrigerant;

a first separation step of separating the mixed
refrigerant into a first stream having a liquid
phase and a second stream having a gas phase
after the condensation step;

a first introduction step of introducing the first
stream into the first heat exchange part after the
first separation step;

a first expansion step of expanding the first
stream discharged from the first heat exchange
part after the first introduction step;

afirst cooling step of introducing the first stream
again into the first heat exchange part to cool
the natural gas in the first heat exchange part
through the first stream after the first expansion
step;

afirstrecovery step of recovering the first stream
from the first heat exchange part after the first
cooling step;

a second introduction step of introducing the
second stream into a third heat exchange part
which is distinguished from the first heat ex-
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change part after the first separation step;

a third introduction step of introducing the sec-
ond stream discharged from the third heat ex-
change part into the second heat exchange part
after the second introduction step;

a second expansion step of expanding the sec-
ond stream discharged from the second heat
exchange part after the third introduction step;
a second cooling step of introducing the second
stream again into the second heat exchange
part to cool the natural gas in the second heat
exchange part through the second stream after
the second expansion step; and

a fourth introduction step of recovering the sec-
ond stream from the second heat exchange part
to introduce the recovered second stream again
into the third heat exchange part after the sec-
ond cooling step; and

asecondrecovery step of recovering the second
stream from the third heat exchange part after
the fourth introduction step,

wherein the first stream is transferred for the
condensation step after the first recovery step,
and the second stream is transferred for the con-
densation step after the second recovery step.

9. The natural gas liquefaction process of claim 8, fur-

ther comprising:

a third separation step of separating the second
stream into a first portion and a second portion
after the first separation step; and

afifth introduction step ofintroducing the second
portion into the first heat exchange part,
wherein the second introduction step comprises
introducing the first portion into the third heat
exchange part, and

the third introduction step comprises introducing
the first and second portions together into the
second heat exchange part after the second and
fifth introduction steps.

10. A natural gas liquefaction process in which natural

gas is liquefied by using a single closed-loop refrig-
eration cycle using a mixed refrigerant, the closed-
loop refrigeration cycle comprising:

a condensation step of partially condensing the
mixed refrigerant;

a first separation step of separating the mixed
refrigerant into a first stream having a liquid
phase and a second stream having a gas phase
after the condensation step;

a first introduction step of introducing the first
stream into the first heat exchange part after the
first separation step;

a second introduction step of introducing the
second stream into the first heat exchange part
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after the first separation step;

a first expansion step of expanding the first
stream discharged from the first heat exchange
part after the first introduction step;

afirst cooling step of introducing the first stream
again into the first heat exchange part to cool
the second stream in the first heat exchange part
through the first stream after the first expansion
step;

afirstrecovery step of recovering the first stream
from the first heat exchange part after the first
cooling step;

a third introduction step of introducing the sec-
ond stream discharged from the first heat ex-
change part into a second heat exchange part
which is distinguished from the first heat ex-
change part after the first cooling step;

a second expansion step of expanding the sec-
ond stream discharged from the second heat
exchange part after the third introduction step;
a second cooling step of introducing the second
stream again into the second heat exchange
part to cool the natural gas in the second heat
exchange part through the second stream after
the second expansion step;

a third cooling step of recovering the second
stream from the second heat exchange part to
introduce the recovered second stream into a
third heat exchange part which is distinguished
from the first heat exchange part, thereby cool-
ing the natural gas in the third heat exchange
part through the second stream after the second
cooling step; and

asecondrecovery step of recovering the second
stream from the third heat exchange after the
third cooling step,

wherein the first stream is transferred for the
condensation step after the first recovery step,
and the second stream is transferred for the con-
densation step after the second recovery step,
and

the natural gas is primarily cooled in the third
heat exchange part and secondarily cooled in
the second heat exchange part, thereby being
liquefied.

11. The natural gas liquefaction process of claim 10, fur-
ther comprising:

a step of separating the natural gas into a first
portion and a second portion;

afirstnatural gas introduction step of introducing
the first portion into the third heat exchange part;
a second natural gas introduction step of intro-
ducing the second portion into the first heat ex-
change part;

a natural gas mixing step of mixing the first por-
tion with the second portion after the first and
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second natural gas introduction steps; and

a third natural gas introduction step of introduc-
ing the first portion together with the second por-
tion into the second heat exchange part after the
natural gas mixing step.

12. The natural gas liquefaction process of any one of
claims 8 to 11, wherein the condensation step com-
prises:

afirst compression step of compressing the sec-
ond stream;

a second compression step of compressing the
first stream;

a third compression step of compressing the
second stream after the first compression step;
a first mixing step of mixing the first stream with
the second stream to form a main stream after
the second and third compression steps;

a second separation step of separating the main
stream into a third stream having a liquid phase
and a fourth stream having a gas phase after
the first mixing step;

a second mixing step of mixing the third stream
with the second stream after the second sepa-
ration step; and

a fourth compression step of compressing the
fourth stream after the second separation step,
wherein the third stream is transferred for the
third compression step together with the second
stream after the second mixing step, and

the fourth stream is transferred for the first sep-
aration step after the fourth compression step.

13. The natural gas liquefaction process of any one of
claims 8 to 11, wherein each of the first and second
heat exchange parts comprises a spiral wound heat
exchanger (SWHE)-type heat exchanger.
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