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LNG FACILITY WITH INTEGRATED NGL 
EXTRACTION TECHNOLOGY FOR ENHANCED 
NGL RECOVERY AND PRODUCT FLEXIBILITY 

RELATED APPLICATIONS 

[0001] This application claims priority bene?t under 35 
U.S.C. Section ll9(e) of Us. Provisional Patent Ser. No. 
60/698,402 ?led Jul. 12, 2005, the entire disclosure ofWhich 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] This invention relates generally to a method and 
apparatus for liquefying natural gas. In another aspect, the 
invention concerns an improved lique?ed natural gas (LNG) 
facility capable of efficiently supplying LNG products meet 
ing signi?cantly different product speci?cations. 

[0004] 2. Description of the Prior Art 

1. Field of the Invention 

[0005] The cryogenic liquefaction of natural gas is rou 
tinely practiced as a means of converting natural gas into a 
more convenient form for transportation and/or storage. 
Generally, liquefaction of natural gas reduces its volume by 
about 600-fold, thereby resulting in a lique?ed product that 
can be readily stored and transported at near atmospheric 
pressure. 

[0006] Natural gas is frequently transported by pipeline 
from the supply source to a distant market. It is desirable to 
operate the pipeline under a substantially constant and high 
load factor, but often the deliverability or capacity of the 
pipeline Will exceed demand While at other times the 
demand Will exceed the deliverability of the pipeline. In 
order to shave off the peaks Where demand exceeds supply 
or the valleys Where supply exceeds demand, it is desirable 
to store the excess gas in such a manner that it can be 
delivered as the market dictates. Such practice alloWs future 
demand peaks to be met With material from storage. One 
practical means for doing this is to convert the gas to a 
lique?ed state for storage and to then vaporize the liquid as 
demand requires. 

[0007] The liquefaction of natural gas is of even greater 
importance When transporting gas from a supply source that 
is separated by great distances from the candidate market, 
and a pipeline either is not available or is impractical. This 
is particularly true Where transport must be made by ocean 
going vessels. Ship transportation of natural gas in the 
gaseous state is generally not practical because appreciable 
pressurization is required to signi?cantly reduce the speci?c 
volume of the gas, and such pressurization requires the use 
of more expensive storage containers. 

[0008] In vieW of the foregoing, it Would be advantageous 
to store and transport natural gas in the liquid state at 
approximately atmospheric pressure. In order to store and 
transport natural gas in the liquid state, the natural gas is 
cooled to —2400 F. to —2600 P. where the lique?ed natural 
gas (LNG) possesses a near-atmospheric vapor pressure. 

[0009] Numerous systems exist in the prior art for the 
liquefaction of natural gas in Which the gas is lique?ed by 
sequentially passing the gas at an elevated pressure through 
a plurality of cooling stages Whereupon the gas is cooled to 
successively loWer temperatures until the liquefaction tem 
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perature is reached. Cooling is generally accomplished by 
indirect heat exchange With one or more refrigerants such as 
propane, propylene, ethane, ethylene, methane, nitrogen, 
carbon dioxide, or combinations of the preceding refriger 
ants (e.g., mixed refrigerant systems). A liquefaction meth 
odology that may be particularly applicable to one or more 
embodiments of the present invention employs an open 
methane cycle for the ?nal refrigeration cycle Wherein a 
pressurized LNG-bearing stream is ?ashed and the ?ash 
vapors are subsequently employed as cooling agents, recom 
pressed, cooled, combined With the processed natural gas 
feed stream, and lique?ed, thereby producing the pressur 
ized LNG-bearing stream. 

[0010] In the past, LNG facilities have been designed and 
operated to provide LNG to a single market in a certain 
region of the World. As global demand for LNG increases, 
it Would be advantageous for a single LNG facility to be able 
to supply LNG to multiple markets in different regions of the 
World. HoWever, natural gas speci?cations vary greatly 
throughout the World. Typically, such natural gas speci?ca 
tions include criteria such as higher heating value (HHV), 
Wobbe index, methane content, ethane content, C3+ content, 
and inerts content. For example, different World markets 
demand an LNG product having an HHV anyWhere betWeen 
950 and 1160 BTU/S CF. Existing LNG facilities are opti 
mized to meet a certain set of speci?cations for a single 
market. Thus, changing the operating parameters of an LNG 
facility in an effort to make LNG that Would meet the 
non-design speci?cations of a different market creates sig 
ni?cant operating inef?ciencies in the facility. These oper 
ating inef?ciencies associated With producing LNG for 
non-design speci?cations generally makes it economically 
unfeasible to serve more than one market With a single LNG 
facility. 

SUMMARY OF THE INVENTION 

[0011] In one embodiment of the present invention there is 
provided a process for producing lique?ed natural gas 
(LNG). The process includes the folloWing steps: (a) oper 
ating an LNG facility in a ?rst mode of operation to thereby 
produce a ?rst LNG product; (b) adjusting at least one 
non-feed operating parameter of the LNG facility so that the 
LNG facility operates in a second mode of operation; and (c) 
operating the LNG facility in the second mode of operation 
to thereby produce a second LNG product. The ?rst and 
second modes of operation are not to be carried out during 
start-up or shut-doWn of the LNG facility. Steps (a) and (c) 
can, optionally, include producing ?rst and second natural 
gas liquids (NGL) products respectively. The average higher 
heating value (HHV) of the second LNG product is at least 
about 10 BTU/SCF different than the average HHV of the 
?rst LNG product and/ or the average propane content of the 
second NGL product is at least about 1 mole percent 
different than the average propane content of the ?rst NGL 
product. 
[0012] In another embodiment of the present invention 
there is provided a method of varying the heating value of 
LNG produced from an LNG facility. The method includes 
the folloWing steps: (a) cooling natural gas by indirect heat 
exchange to thereby produce a ?rst cooled stream; (b) using 
a ?rst distillation column to separate at least a portion of the 
?rst cooled stream into a ?rst relatively more volatile 
fraction and a ?rst relatively less volatile fraction; (c) 
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cooling at least a portion of the ?rst relatively more volatile 
fraction to thereby produce LNG; and (d) adjusting at least 
one operating parameter of the ?rst distillation column to 
thereby vary the HHV of the produced LNG by at least about 
1 percent over a time period of less than about 72 hours. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0013] A preferred embodiment of the present invention is 
described in detail beloW With reference to the attached 
draWing ?gures, Wherein: 

[0014] FIG. 1a is a simpli?ed ?oW diagram ofa cascaded 
refrigeration process for producing LNG to meet signi? 
cantly different speci?cations of tWo or more different 
markets With certain portions of the LNG facility connecting 
to lines A, B, and C being illustrated in FIG. 1b; 

[0015] FIG. 1b is a How diagram shoWing an integrated 
heavies removal/NGL recovery system connected to the 
LNG facility of FIG. 111 via lines A, B, and C; 

[0016] FIG. 2a is a simpli?ed ?oW diagram ofa cascaded 
refrigeration process for producing LNG to meet signi? 
cantly different speci?cations of tWo or more different 
markets With certain portions of the LNG facility connecting 
to lines B, F, N, O, and P being illustrated in FIG. 2b; 

[0017] FIG. 2b is a How diagram shoWing an integrated 
heavies removal/NGL recovery system connected to the 
LNG facility of FIG. 211 via lines B, F, N, O, and P; 

[0018] FIG. 3a is a simpli?ed ?oW diagram ofa cascaded 
refrigeration process for producing LNG to meet signi? 
cantly different speci?cations of tWo or more different 
markets With certain portions of the LNG facility connecting 
to lines D, J, B, F, E, L, K, M, and G being illustrated in 
FIGS. 3b, 3c, 3d, and 3e; 

[0019] FIG. 3b is a How diagram shoWing an integrated 
heavies removal/NGL recovery system connected to the 
LNG facility ofFIG. 311 via lines D, J, B, F, E, L, K, M, and 
G; 

[0020] FIG. 30 is a How diagram shoWing an integrated 
heavies removal/NGL recovery system connected to the 
LNG facility ofFIG. 311 via lines D, J, B, F, E, L, K, M, and 
G; 

[0021] FIG. 3d is a How diagram shoWing an integrated 
heavies removal/NGL recovery system connected to the 
LNG facility ofFIG. 311 via lines D, J, B, F, E, L, K, M, and 
G; 

[0022] FIG. 3e is a How diagram shoWing an integrated 
heavies removal/NGL recovery system connected to the 
LNG facility ofFIG. 311 via lines D, J, B, F, E, L, K, M, and 
G; 

[0023] FIG. 4a is a simpli?ed ?oW diagram ofa cascaded 
refrigeration process for producing LNG to meet signi? 
cantly different speci?cations of tWo or more different 
markets With certain portions of the LNG facility connecting 
to lines D, B, F, E, I, and G being illustrated in FIG. 4b; 

[0024] FIG. 4b is a How diagram shoWing an integrated 
heavies removal/NGL recovery system connected to the 
LNG facility of FIG. 411 via lines D, B, F, E, I, and G; 
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[0025] FIG. 5a is a simpli?ed ?oW diagram ofa cascaded 
refrigeration process for producing LNG to meet signi? 
cantly different speci?cations of tWo or more different 
markets With certain portions of the LNG facility connecting 
to lines D, B, F, E, and G being illustrated in FIG. 5b; 

[0026] FIG. 5b is a How diagram shoWing an integrated 
heavies removal/NGL recovery system connected to the 
LNG facility of FIG. 511 via lines D, B, F, E, and G; 

[0027] FIG. 6a is a simpli?ed ?oW diagram ofa cascaded 
refrigeration process for producing LNG to meet signi? 
cantly different speci?cations of tWo or more different 
markets With certain portions of the LNG facility connecting 
to lines H, D, B, F, E, I, and G being illustrated in FIG. 6b; 

[0028] FIG. 6b is a How diagram shoWing an integrated 
heavies removal/NGL recovery system connected to the 
LNG facility of FIG. 611 via lines H, D, B, F, E, I, and G; 

[0029] FIG. 7a is a simpli?ed ?oW diagram ofa cascaded 
refrigeration process for producing LNG to meet signi? 
cantly different speci?cations of tWo or more different 
markets With certain portions of the LNG facility connecting 
to lines H, D, B, F, E, and G being illustrated in FIG. 7b; and 

[0030] FIG. 7b is a How diagram shoWing an integrated 
heavies removal/NGL recovery system connected to the 
LNG facility of FIG. 711 via lines H, D, B, F, E, and G. 

DETAILED DESCRIPTION 

[0031] The present invention can be implemented in a 
process/facility used to cool natural gas to its liquefaction 
temperature, thereby producing lique?ed natural gas (LNG). 
The LNG process generally employs one or more refriger 
ants to extract heat from the natural gas and then reject the 
heat to the environment. In one embodiment, the LNG 
process employs a cascade-type refrigeration process that 
uses a plurality of multi-stage cooling cycles, each employ 
ing a different refrigerant composition, to sequentially cool 
the natural gas stream to loWer and loWer temperatures. In 
another embodiment, the LNG process is a mixed refrigerant 
process that employs at least one refrigerant mixture to cool 
the natural gas stream. 

[0032] Natural gas can be delivered to the LNG process at 
an elevated pressure in the range of from about 500 to about 
3,000 pounds per square in absolute (psia), about 500 to 
about 1,000 psia, or 600 to 800 psia. Depending largely upon 
the ambient temperature, the temperature of the natural gas 
delivered to the LNG process can generally be in the range 
of from about 0 to about 180° F, about 20 to about 1500 E, 
or 60 to 125° F. 

[0033] In one embodiment, the present invention can be 
implemented in an LNG process that employs cascade-type 
cooling folloWed by expansion-type cooling. In such a 
liquefaction process, the cascade-type cooling may be car 
ried out at an elevated pressure (e.g., about 650 psia) by 
sequentially passing the natural gas stream through ?rst, 
second, and third refrigeration cycles employing respective 
?rst, second, and third refrigerants. In one embodiment, the 
?rst and second refrigeration cycles are closed refrigeration 
cycles, While the third refrigeration cycle is an open refrig 
eration cycle that utiliZes a portion of the processed natural 
gas as a source of the refrigerant. The third refrigeration 
cycle can include a multi-stage expansion cycle to provide 








































