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(57) Abstract: A LNG liquefaction plant includes a propane recovery unit including an inlet for a feed gas, a first outlet for a LPG,
and a second outlet for an ethane-rich feed gas, an ethane recovery unit including an inlet coupled to the second outlet for the ethane-
rich feed gas, a first outlet for an ethane liquid, and a second outlet for a methane-rich feed gas, and a LNG liquetaction unit including
an inlet coupled to the second outlet for the methane-rich feed gas, a refrigerant to cool the methane-rich feed gas, and an outlet for a
LNG. The LNG plant may also include a stripper, an absorber, and a separator configured to separate the feed gas into a stripper liquid
and an absorber vapor. The stripper liquid can be converted to an overhead stream used as a reflux stream to the absorber.
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SYSTEMS AND METHODS FOR LNG PROBUCTION WITH PROPANE AND
ETHANE RECOVERY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] Ths application is a PCT intemational application of and claims prionty to co-pending
U.S. Patent Application Serial No. 15/158,143, filed on May 18, 2016, and entitled “Svsterns
and Methods for LNG Production with Propane and Ethane Recovery”, which is hereby

incorporated by reference for all purposes as if reproduced in ifs entiraty.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMERNT
[30802] Not applicable.

BACKGROUND

{6003} Hydrocarbon drilling and production systems can include the exiraction of natural gas
from wellbores in subterranean earthen formations. For ease of transport or siorage, the natural
gas can be hiquetied. The hiquefaction process includes condensing the natural gas into a hquid
by cooling. The liquefied natural gas (LNG) can then be moved and stored more efficiently.
Prior to condensing, the natural gas can be treated or processed 1o remove cerfain components
such as water, dust, helium, mercury, acid gases such as hvdrogen sulfide and carbon dioxide,
heavy hydrocarbons, and other components.

{6004} Natural gas streams may comtain methane, ethane, propaneg, and heavier hvdrocarbons
together with minor portions of hydrogen sulfide and carbon dioxide. A particular gas
composition may include 85% to 95% methane and 3% to 8% ethane with the balance being
propane and heavier hydrocarbons. The ethane plus hquid content of such a gas ranges from 2
to 5 GPM (gallons of ethane liquid per thousand standard cubic feet of gas) and is generally
considered or identified as a “lean gas.” However, certain natural gas streams mclude different
compositions. Shale gas, for example, may be “richer” than the “lean gas™ noted above, with
ethane content ranging from 12% to 23%, ethane plus liquid content of 5 to 11 GPM, and
heating values from 1,200 1o 1,460 Biwsef. Such an ethane-rich natural gas stream is generally
considered or identified as a “wet gas.” 1t is noted that a “wet gas” may also refer {0 a gas

composition having a relatively high concentration of components heavier than methane.
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[G005] 1t 13 often necessary for the hydrocarbon liquid content in a wet gas or shale gas stream
10 be removed to meet pipeline gas heating value specifications. In some cases, a hydrocarbon
dewpointing unit using refrigeration cooling is used to remove the hydrocarbon higuad content.
However, mn some cases, the hydrocarbon dewpointing unit may not be sufficient to meet the
pipeline gas heating value specifications. For example, with a wet gas or shale gas, the high
heating value of the ethane content may exceed the pipeline gas heating value specifications.
Accordingly, a natural gas hiquid (NGL) recovery unit is needed to remove the hydrocarbon
liguids. In some cases, the NGL contents captured by a NGL recovery unit provide economig
value. In other cases, a natural gas where the non-methane component is limited can provide
an economic vahue, such as for vehucle fuels.

[0006] Many feed gases are provided to the NGL recovery system at relatively high pressure,
such as 900 psig or higher, for example. Such an NGL recovery system includes an expander
to expand the tean feed gas to a lower pressure, such as 450 psig, for example, for feeding inio
the fractionation colunmns. However, a wet or rich shale gas is imtially provided at low

pressure.

SUMMARY
16067] An embodiment of a LNG liquefaction plant includes a propane recovery unit including
an inlet for a feed gas, which may be chilled, a first outlet for a LPG, and a second outlet for an
ethane-rich feed gas, an ethane recovery unit inchiding an inlet coupled to the second outlet for
the ethane-rich feed gas, a first outlet for an ethane hquid, and a second outlet for a methane-
rich feed gas, and a LNG liguefaction unit including an inlet coupled to the second outlet for
the methane-rich feed gas, a refrigerant to cool the methane-rich feed gas, and an outlet for a
LNG. The propane recovery unii may mclude a stripper, an absorber, and a3 separator
configured to separate the chilled feed gas nto a liquid that 1s directed to the stripper and a
vapor that is directed to the absorber and is fractionated. The chilied stripper hiquid may be
converted to an overhead stream used as a reflux stream to the absorber. In some
embodiments, the LNG hquefaction plant further includes a pumyp, a chiller, and a letdown
valve, wherein the pump is configured to pump an absorber bottom liquid fo the siripper,
wherein the converted overhead stream is an ethane-rich overhead stream, and wherein the
chiller is configured to chill the ethane-rich overhead stream and the letdown valve i3
configured to let down pressure in the ethane-rich overhead stream to thereby provide a two-

phase reflux to the absorber. In certain embodiments, the stripper is a non-refluxed stripper.
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[6008] In some embodiments, the overhead stream is directed 1o the absorber for cooling and
reflux in the absorber to recover propane from the chilled feed gas withowt turbo-expansion.
The stripper may operate at least 30 psi higher than the absorber, such that the stripper
overhead stream generates Joule Thomson cooling to reflux the absorber. In some
embodiments, about 99% of the propane content of the chilled feed gas is recovered as the
LPG.  In certain embodiments, the ethane recovery unit further includes a compressor to
compress the ethane-rich feed gas and s configured to sphit the ethane-nich feed gas into first
and second portions. The ethane recovery unit may further include a chiller to chill the first
ethane-rich portion and an expander {0 expand the first ethane-rich portion prior o entering a
demethanizer. At least one of the second ethane-rich portion and a first portion of a hugh
pressure residue gas from the demnethamizer may be directed as a reflux stream to the
demethanizer. About 90% of the ethane content of the ethane-rich feed gas may be recovered
as the ethane hiquid. The LNG hquefaction unit may be configured to use the refiigerant to
cool and condense the methane-rich feed gas to form the LNG with about 93% punty methane.
[6009] In some embodiments, the LNG liguefaction plant includes co-production of the LPG
and the ethane liquid from a rich low pressure shale gas. The rich low pressure shale gas can
be supplied at about 400 to 600 psig. The rich low pressure shale gas may include about 50 to
R(% methane, about 10 to 30% ethane, a remaining component including propane and heavier
hydrocarbons, and a hiquid content of 5 1o 12 GPM. The fead gas may be pre-treated to remove
carbon dioxide and mercury, and dned in a molecular sieve umit.
[B816] An embodiment for a method for ENG liquefaction includes providing a  nich  low
pressure shale gas to a propane recovery wnit, converting the rich low pressure shale gas, in the
propane recovery unit, to a LPG and an ethane-rich feed gas, converting the ethane-rich feed
gas, i an ethane recovery unil, to an ethane liquid and a methane-rich feed gas, and converting
the methane-rich feed gas, in a LNG liquefaction unit, to a LNG using a refrigerant. The
method may further include separating the rich low pressure shale gas mto a liquid that is
directed to a stripper and a vapor that is directed to an absorber and 1s fractionated, converting
the stripper liquid {0 an overhead stream, and providing the overhead stream as a reflux stream
to the absorber.

BRIEF DESCRIPTION OF THE DRAWINGS AND TABLES
(6611} For a detailed description of exemplary embodiments, reference will now be made to
the accompanying drawings and tables in which:
[3012] Figure 1 is an equipment and process flow diagram for an embodiment of a LNG

liguefaction plant or system in accordance with principles disclosed herein;

(23
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[6013] Figure 2 15 a heat composite curve for a propane recovery unit of the LNG liquefaction
plant of Figure 1;

(6614} Figure 3 is a heat composite curve for an ethane recovery unit of the LNG liquefaction
plant of Figure 1;

G015} Figure 4 is a heat composite curve for a NG liquefaction unit of the LNG hiquefaction
plant of Figure 1, and

[8016] Table 1 ilustrates stream compositions for the LNG hiquefaction plant of Figure 1.

DETAILED BESCRIPTION

{6617} In the drawings and description that follow, like parts are typically marked throughout
the specification and drawings with the same reference nurerals. The drawing figures are not
necessarily to scale. Certain features of the disclosed embodiments may be shown exaggerated
n scale or in somewhat schematic form and some details of conventional elements may not be
shown in the interest of clanty and conciseness. The present disclosure is susceptibie to
embodiments of different forms. Specific embodiments are described in detail and are shown in
the drawings, with the understanding that the present disclosure is 10 be considered an
exemplification of the principles of the disclosure, and is not itended to himit the disclosure to
that dlustrated and described herein. 1t s to be fully recognized that the different teachings of
the embodiments discussed below may be employed separately or in any suitable combination to
produce desired results.

[0018] Unless otherwise specified, in the following discussion and in the clairos, the terms
“including” and “comprising” are used in an open-ended fashion, and thus should be interpreted

k)

to mean “including, but not limited to ... 7

<

Any use of any form of the terms “connect”,
“engage”, “couple”, “attach”, or any other term describing an interaction between elements is
not meant to limat the interaction to direct interaction between the elements and may also include
ndirect interaction between the elements described. The various characteristics mentioned
above, as well as other features and charactenistics described in more detail below, will be
readily apparent to those skilled in the art upon reading the following detailed description of the
embodiments, and by referning to the accompanying drawings.

[6819] In various embodiments described below, a LNG liquefaction plant or system includes
an NGL recovery unit. In some embodiments, the LNG higuefaction plant with NGL recovery
is configured for processing shale gas. In some embodiments, the shale gas 15 a rnich or wet

shale gas. In still further embodiments, the shale gas is at a low pressure, relative to a leaner
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shale gas, when processed. These and other embodiments will be described in more detail
below.

16028] Referring to Figure 1, a LNG hquefaction plant or systern 100 includes a NGL recovery
wit 106 and a LNG liquefaction unit 200. In some embodiments, the NGL recovery unit 106
includes a propane recovery unit 102 and an ethane recovery unit 104, The NGL recovery unit
106 meludes an inlet or mitial feed stream 101 Huidicly coupled to the propane recovery umnit
102 at an exchanger 108, Also fluidicly coupled to the exchanger 108 15 a condutt 110 including
an overhead vapor stream, a conduit 112 including an absorber bottom stream, a conduit 114
including a cooled shale gas stream, a conduit 116 including an ethane enriched reflux stream, a
conduit 138 mncluding a heated bottom stream, a conduwit 146 including a cooled stripper
overhead stream, and a conduit 103 including an ethane rich feed stream. The condut 112
includes a pump 122 and further couples to an absorber 126, The conduit 114 includes a chiller
120 to further cool the shale gas stream to a two phase stream 124 that 15 directed into the
absorber 126. The conduit 116 includes a valve 118,

[6021] The absorber 126 includes a separator that is integrated in the botiom of the absorber
126. The absorber 126 further inchudes a chimney tray 128 that receives a flashed vapor stream
130. In some embodiments, trays or packing are used as the contacting devices in the absorber
126. The conduit 110 15 flundicly coupled to the absorber 126, as is a conduit 132. A purop 134
can be used to pump a flashed liquid stream in the condwt 132.

{6622} The condwt 132 is fludicly coupled to a stripper 136, as is the conduit 138, A reboiler
140 and a reboiler 142 are fludicly coupled to the stripper 136, A conduit 146 1s coupled to the
stripper 136 and includes an overhead stream. A chiller 148 is coupled into the conduit 146 and
can cool the overhead stream into a stream 150 that is directed into the exchanger 108. A
conduit 144 15 fluidicly coupled to the stripper 136 to direct a hquid propane gas (LPG) stream
152 out of the propane recovery umt 102, In some emboduments, trays or packing are used as
the contacting devices in the stripper 136,

{6623} The conduit 103 15 fhndicly coupled to the ethane recovery unit 104 and divects the
ethane rich feed stream into a compressor 154, The compressor 154 1s fhadicly coupled to a
conduit 156 1o direct the comprassed stream to an exchanger 158 that can cool the compressed
stream into a cooled high pressure stream 160. The conduit 156 splits into a conduit 162 for
carrying a dernethanizer reflux sirearn and a condwat 164 for carrying a stream to a demethanzer
reboiler 166 for cooling. Additionally, the conduit 164 includes a chiller 168 for further cooling
mto a stream 170, The conduit 164 is thadicly coupled to an expander 172, which is in tum

fluidicly coupled to a condwt 174 for directing a depressurized and cooled feed stream fo a

(93}
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demethanizer 176, The demethanizer 176 is configured to fractionate the feed stream, with
assistance from the reboiler 166 and a reboiler 178, into an ethane bottom liqud stream, or
ethane liquad, 186 directed through a conduit 184 and a methane overhead vapor siream directed
through a conduit 180

[6624] The conduit 180 is fluidicly coupled between the demethanizer 176 and an exchanger
182 for carrving the overhead vapor stream to the exchanger 182. A conduit 188 15 fluidicly
coupled between the exchanger 182 and a compressor 190 for carrving a residue gas stream o
the compressor 190. In some embodiments, the compressor 190 is driven by the expander 172,
A conduit 192 is coupled between the compressor 190 and a compressor 194 to further compress
the residue gas stream. A condutt 196 18 coupled between the compressor 194 and a challer or
exchanger 198 which cools the residue gas stream in a conduit 171 before the cooled residue gas
stream is directed into the LNG liquefaction unit feed stream conduit 185, A conduit 173 is also
fluidicly coupled between the conduit 171 and the exchanger 182 for directing a portion of the
high pressure residue gas strearn back to the exchanger 182 As shown in Figure 1, the
demethanizer reflux stream condwit 162 is also fhuidicly coupled to the exchanger 182, The
streams in conduits 162, 173 are chilled and condensed in the exchanger 182 using the overhead
vapor stream of the conduit 180, thereby providing two lean reflux sireams i conduts 175, 177
that are directed through valves 179, 181 and combined n a condwuit 183 that is fludicly coupled
to the demethanizer 176.

[3025] The feed stream condut 185 fluidicly couples {o the LNG hiquefaction unit 200 at a heat
exchanger cold box 202, In some embodiments, as will be detailed more fully below, the LNG
liquefaction unit 200 cools, condenses, and subcools the feed stream using a single mixed
refrigerant (SMR). In other embodiments, other mixed refrigerants, external refrigerants, or
mtermal refrigerants may be used. In vanous embodiments, the particular composition of the
working flind in the hquefaction cycle is determined by the specific composition of the feed gas,
the LING product, and the desired liquefaction cvcle pressures. In certain embodiments, a small
or micro~sized LNG plant may include a gas expander cvcle that uses nitrogen or methane,
particularly for offshore applications where liqud hydrocarbons are to be manimized.

[6026] A conduit 204 Auidicly coupled to the exchanger cold box 202 carries a hquefied and
subcooled LNG siream across a letdown valve 206 o expand the LNG stream. A conduit 208 is
coupled between the letdown valve 206 and a LNG flashed tank 210 f{or storage of the LNG
product prior to export to a customer via LNG outlet stream conduit 212,

[6627] The SMR cycle uses two compression stages, comprising a first compressor 214 and a

second compressor 216, with mtercoolers. The first stage compressor 214 receives an input
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stream 262 and discharges a compressed stream 222 that is cooled by a chiller 218 and
separated in a Separator 224, thereby producing a Hiquid to a conduit 228 The liguid in the
conduit 228 1s pumped by a pump 230 forming a stream 232 prior to entering the exchanger
cold box 202 via a conduit 238. The second stage compressor 216 receives an outlet vapor
stream 226 from the separator 224 and discharges a compressed stream 234 that is cooled by a
chiller 220 and carried by a conduit 236 to mix with the stream 232, The mixed stream in the
conduit 238 s further separated in a separator 240, thereby producing a vapor streamn 242 and a
liquid stream 244. Both of streams 242, 244 are cooled and condensed in the exchanger cold
box 202, exiting the exchanger cold box 202 as streams 246, 2438 that are then mixed priorto a
letdown valve 250, The subcooled hiquid siream is then et down in pressure in the valve 250 to
form a stream 252, and chilled to form a stream 262 from the exchanger cold box 202 and
which supplies the refrigeration duty to the feed gas and the muved refrigerant circuit that
includes the first and second stage compressors 214, 216,

[3028] A conduit 254 is coupled to the LNG flashed tank 210 for carrving a gas stream to the
exchanger cold box 202, The gas stream passes through the exchanger cold box 202 into a
conduit 256 that is coupled to a compressor 258 for compressing the gas stream into a fuel gas
stream 260,

16029] In operation, the LNG liquefaction plant 100 receives the wutial gas feed stream 101 at
the propane recovery unit 102 of the NGL recovery unit 106, In some embodiments, the initial
feed stream 101 includes a shale gas, or a wet shale gas. In an exemplary embodiment, the
stream includes a 77 MMscfd shale gas with the composition shown in the “Stream 101 Feed
(Gas” column of Table 1. In further embodiments, the shale gas is treated. For example, the
shale gas can be treated for mercury removal, carbon dioxide removal, and/or dried with
molecular sieves. The initial feed stream 101 15 cooled in the exchanger 108 by the overhead
vapor stream in the conduit 110 from the absorber 126, and by the absorber bottorm stream in the
conduit 112, In some embodiments, the initial feed stream 101 is cooled to about 10°F o 30°F
to form the cooled shale gas stream in the conduit 114, The cooled shale gas stream is further
cooled in the chiller 120, to form the two phase stream 124, In some embodiments, the stream
is further cooled to about -23°F to -36°F. 'The two phase stream 124 is separated in the
absorber 126 into the flashed hquid stream and the flashed vapor stream. The flashed hquid
siream 15 pumped through the condutt 132 by the purop 134 and nto the sinpper 136, The
flashed vapor stream 130 enters the bottom of the absorber through the chironey tray 128, and
its propane content is absorbed in the absorber 126 by the ethane enriched reflux stream coming

from the condwt 116,
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[6036] The absorber 126 produces a propane depleted overhead vapor stream in the conduit
110 and an ethane enriched bottom stream in the conduit 112, separated as described above by
the separator and the chimmey stray 128, In some embodiments, the bottom stream is enriched
with about 50% to 70% ethane content. The ethane enriched bottom stream is pumped by the
pump 134, heated in the exchanger 108, and then fed to the top of the stripper 136, In some
embodiments, the propane depleted overhead stream is heated in the exchanger 108 o about
70°F, thereby forming the ethane rich feed stream i the conduit 103 prior to feeding the ethane
recovery unit 104, Consequently, it is possible that the turbo-expander in conventional NGL
processes is not required in certain embodiments of the present NGL recovery unit 106,
Further properties of an exeraplary ethane rich feed stream are shown i the “Stream 103 Feed
to Ethane Recovery” column of Table 1.

16031 The stnpper 136, operating at a higher pressure than the absorber in certain
embodiments, rernoves the ethane content using heat from the reboilers 140, 142, producing the
LPG strearn 152, In some embodiments, the vapor pressure of the LPG stream 152 15 200 psig
or lower. In some embodiments, the LPG stream 152 contains about 2% to 6% ethane. Further
properties of an exemplary LPG stream 152 are shown in the “Stream 152 LPG Product”
column of Table 1. Consequently, the LPG product 13 a truckable product that can be safely
transported via pipeline or trucks. The stripper 136 overhead stream in the condwit 146 15
cooled by the propane chiller 148 to form the stream 150. In some embodiments, the stream
150 is cooled to about -33°F to -36°F. The cooled stream 150 is further chilled in the
exchanger 108, In some embodiments, the exchanger 108 chulls the stream to about -40°F to -
45°F, or a lower temperature. Fxchanger chilling occurs prior to a letdown in pressure, such as
at the valve 118, that results in the lean reflux stream to the absorber 126, Consequently, the
top of the sirnpper 136 refluxes the absorber 126 wia the conduit 146, the stream 150, the
exchanger 108, and finally the conduit 116 that delivers the ethane enriched reflux stream to the
absorber 126.

[03832] The ethane rich feed stream in the conduit 103 s directed from the propane recovery
unit 102 to the ethane recovery umit 104, and compressed in the compressor 154, In some
embodiments, the siream is compressed to about 1,000 to 1,200 psig. The compressed stream
int the conduit 156 is cooled in the exchanger 158 to form the cooled high pressure siream 160,
The cooled high pressure stream 160 1s split into two portions: the stream in the conduit 162
and the strearmn in the conduit 164, The conduit 164 strearn 15 cooled in the demethanizer side
rebotler 166 and by the propane chiller 168, In some embodiments, the condwit 164 stream is

cooled to about -33°F or lower. In certain embodiments, the flow in the condumit 164 is about
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70% of the total flow in the conduit 156 of the cooled high pressure stream 160. The cooled
stream 170 after the propane chiller 168 is let down in pressure in the expander 172, In some
embodiments, the stream 170 1s let down in pressure to about 330 to 450 psig and chilled to
about -100°F. The condwt 174 15 for directing the depressunized and cooled feed stream to the
demethanizer 176.

{3833} The demethanizer 176 is refluxed with the cooled high pressure stream in the conduit

=y
I
i

162 and with the high pressure residue gas stream in the conduit 173, In some embodiments,
the stream in the conduit 173 1s about 20% to 30% of the total flow in the condwit 171, Both
streams in the conduits 162, 173 are separately chilled using the demethanizer overhead stream
i the conduit 180 and condensed in the subcool exchanger 182, generating two lean reflux
strearns to the demethanizer 176, In some embodiments, the two lean reflux streams are chilled
to about -100°F. The demethanizer 176 fractionates the feed stream in the conduit 174 into the
ethane bottom liquud stream 186 and the methane overhead vapor stream directed through the
conduit 180, Further properties of an exemplary ethane bottom liquid stream 186 are shown in
the “Stream 186 Fthane Product” column of Table 1. The residue gas stream from the subcool
exchanger 182 in the conduit 188 is compressed by the compressor 190 which is driven by the
expander 172, The residue gas stream 15 then further compressed by the compressor 194, and
chilled by the exchanger 198, In some emboduments, the residue gas stream is compressed o
about 900 psig before entering the feed stream conduit 185 and being fed to the LNG
liguefaction unit 200, Further properties of an exemplary residue gas stream in the feed stream
conduit 185 are shown in the “Stream 185 Feed to LNG Unit” colunm of Table L

[6034] In some embodiments. the residue gas stream in the conduit 185 enters the heat
exchanger cold box 202 of the ENG hquefaction wt 200 at a presswre of 870 psig and a
temperature of 953°F, and 13 cooled, condensed, and subcooled using a single mixed refrigerant
(SMR), for example. Various refrigerants can be used in other embodiments, such as other
external refrigerants or internal refrigerants such as a boil off gas (BOG) generated from the
LNG itself. The hquefied and subcooled LNG stream coming out of the cold box 202 in the
conduit 204 i3 expanded across the letdown valve 206 to produce the LNG product stream
the conduit 208, In some embodiments, the liquefied and subcooled LNG stream in the conduit
204 is at a pressure of aboui 890 psig and a temperature of about -2535°F. In some
embodiments, the LNG product stream m the conduit 208 is at nearly atmospheric pressure
(>1.0 psig) and further sub-cooled to about -263°F, and stored in the LNG flashed tank 210 for

export to customers as the LNG stream in the conduit 212, Further properties of an exemplary
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LNG stream in the conduit 212 are shown in the “Stream 212 LNG Product” column of Table
1

[6038] The SMR cvele uses two compression stages, including the first compressor 214 and
the second compressor 216, The first stage compressor 214 discharge 15 cooled and separated
in the separator 224, producing a liquid which is pumped by the pump 230 forming the stream
232 prior to entering the cold box 202. In some embodiments, the second stage compressor
216 discharges at about 570 psig and is mixed with the stream 232 and further separated in the
separator 240 producing the vapor stream 242 and the liquid stream 244 Both sireams are
cooled and condensed, exiting the cold box 202 as the streams 246, 248 at, for example, -
255°F. The subcooled liquud ts then let down 1n pressure in the letdown valve 250 and chilled
to, tor example, ~262°F to form the strearn 262 which supplies the refrigeration duty to the feed
gas and the mixed refrigerant circuit.

[6836] In some embodiments, propane recovery of the disclosed systems and processes is 95%.
In further embodiments, propane recovery is 99%. The efficiency of the propane recovery unit
102 1s demonstrated by the temperature approaches in the heat composite curve in Figure 2.
The change m relationship between the hot composite curve and the cold composite curve from
left {0 right over the HealFlow axis shows the efficiency of the propane recovery unit 102, In
some embodiments, the power consumption of the propane recovery umit 102 is driven by the
propane chullers 120, 148, requiring about 7,300 HP. In some embodiments, LPG higud
production is about 7,200 BPD, or about 610 {on per day. In some embodiments, the specific
power consurnption for LPG production 1s about 8.9 kW/ton per day.

6037} The efficiency of the ethane recovery unit 104 is demonstrated by the close temperature
approaches in the heat composite curve in Figure 3. The similar nature between the hot
composite curve and the cold composite curve from left to right over the HeatFlow axis shows
the efficiency of the ethane recovery unit 104. o some embodiments, the power consurption
of the ethane recovery unit 104 is driven by the feed gas compressor 154, and the propane
chiller 168, requiring about 9,000 HP. In some embodiments, ethane hquid production is about

10,000 BPD, or about 580 ton per day. Tn some embodiments, the specific power consumption

/

to produce ethane is about 11.6 K'W/ton per day.

{6038] The efficiency of the LNG liquefaction unit 200 is demonstrated by the close
temperature approaches in the heat composite curve in Figure 4. The similar nature between
the hot composite curve and the cold composite curve from left to right over the HeatFlow axis
shows the efficiency of the LNG liquefaction umit 200. In some embodiments, the power

consumption of the LNG liquefaction unit 200 is driven by the mixed refrigerant compressors

10
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214, 216, requiring abowt 15,900 HP to produce 970 ton per day of LNG. In some
embodiments, the spacific power consumption for the LNG production is 12.2 kW/ton per day.
[6039] Thus, certaim embodiments {for LNG production are disclosed, with co-production of
LPG and ethane in an efficient and compact process. In certain embodiments, wet or rich shale
gas at low pressure can be converted to three liquid products: LPG, ethane Hquid, and ING. In
some embodiments, the disclosed LNG liquefaction plani and process can recover 99%
propane and 90% ethane while producing an LNG product with 95% methane purity. In some
embodiments, the LNG liquefaction plant receives shale gas at a pressure of about 450 to 600
psig, or alternatively about 400 to 600 psig, with ethane plus liqud content of 5 to 12 GPM,
and processes such a rich gas in three uniis: a propane recovery unit, an ethane recovery umit,
and an LNG liquefaction unit. In certain embodiments, the propane recovery unit receives and
processes the gas prior to the ethane recovery unit, and the ethane recovery umit receives and
processes the gas prior to the LNG higuefaction unit. Consequently, propane, ethane, aromatics
and other components desired to be removed from or minimized m the rich shale gas can be
addressed according to the appropriate specifications for feeding into the ENG hquefaction
unit, which can include other known LNG liquefaction units other than the embodiments
described herein.

16040] In certain embodiments, the propane recovery umt 102 includes brazed alumimum
exchangers, propane chiliers, an integrated separator-absorber and a non-refluxed stripper,
wherein the separator provides a flashed vapor to the absorber, and a flashed liquid that is
pumped, heated, and fed to a stripper.  In some embodiments, the stripper does not require a
condenser and reflux system. Liquid from the absorber bottom is pumped and fed to the non-
refluxed stripper, which produces an ethane nich overhead that is chilied and let down in
pressure to the absorber as a two-phase reflux. In some embodiments, the LNG liquefaction
plant includes a high propane recovery process while processing a rich feed gas at low pressure,
using the stripper overhead for cooling and reflux to recover propane from the fead gas, without
turbo-expansion. In certamn embodiments, propane recovery is about 99% propane recovery.
[3841] In some embodiments, the absorber operates between about 450 {0 S50 psig pressure,
In finther embodiments, the stripper operates at least 30 psi, alternatively at 50 psi, and
alternatively at 100 psi or higher pressure than the absorber, such that the stripper overhead
vapor can generate cooling using Joule Thomson cooling to refllux the absorber. Based on the
feed gas composition shown in Table 1, m some embodiments, the absorber operates at about -
45°F 10 -65°F in the overhead and abowt -40°F to -60°F in the bottom, while the stripper

operates at about 10°F 1o 20°F in the overhead and about 15G°F to 250°F in the botiom. In

11
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certain embodiments, these temperatimes may vary and are dependent on the feed gas
COMPOSIionS.

[6042] In some embodiments, the propane recovery umit recovers 99% of the propane and
heavier hyvdrocarbons, producing an LPG hquud product with a vapor pressure of about 200
psig or lower pressure and an overhead vapor depleted in the propane and heavier hydrocarbon
components. In certain embodiments, such a LPG product is a truckable LPG product, and the
absorber overhead vapor is depleted in propane, containing the methane and ethane
hydrocarbons only.

{6043} In some embodiments, the ethane recoverv unit includes gas compressors, brazed
aluminum exchangers, propane chillers, turbo-expanders and a demethanizer. In some
embodiments, the feed gas 15 compressed to about 900 to 1,200 psig or lugher pressure, and the
compressed gas is split ito two portions with 70% chilled and expanded to feed the
demethanizer while the rernaining portion is liquefied m a subcool exchanger, forming a reflux
to the demethamzer. In certain embodiments, the demethanizer operates at about 350 to 450
psig or higher pressure. In still further embodiments, a portion of the high pressure residue gas,
for example, about 20% to 30%, is recycled back to the subcool exchanger and then {o the
demethanizer as another or second reflux stream.  Subsequently, the ethane recovery unit
produces a 99% purity ethane liquid and a residue gas with 95% methane content.

[6044] Finally, in some embodiments, the residue gas from the ethane recovery unit is
liguefied using a multi-component refrigerant in brazed alumunum exchangers. In some
embodimoents, the multi-component refrigerant contans mitrogen, methane, ethane, propane,
butane, pentane, hexane, and other hvdrocarbons. In some embodiments, the mixed refrigerant
is compressed to about 500 to 700 psig, cooled by an air cooler and condensed in the cold box
prior to let down n pressure which generates cooling o subcool the high residue gas stream to
about ~250 to -260°F. The subcooled LNG 1s further let down in pressure to about atmospheric
pressure, producing the LNG liquid product.

[3845] The above discussion 15 meant to be lustrative of the principles and vartous
embodiments of the present disclosure. While certain embodiments have been shown and
described, moditications thereof can be made by one skilled in the art withowt departing from
the spirit and teachings of the disclosure. The embodiments described herein are exemplary
only, and are not himiting.  Accordingly, the scope of protection is not limited by the
description set out above, but 18 only limited by the claims which follow, that scope including

all equivalents of the subject matter of the claims.
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CLAIMS

What is claimed 1s:

1. A LNG hiquefaction plant comprising;

a propane recovery umi including an inlet for a chilled feed gas, a first outlet for a LPG,
and a second outlet for an ethane-rich feed gas;

an ethane recovery unit including an inlet coupled fo the second outlet for the ethane-
rich feed gas. a first outiet for an ethane liquid, and a second owilet for a methane-rich feed gas:
and

a LNG hquefaction urat including an inlet coupled to the second outlet for the methane-

rich feed gas, a refrigerant to cool the methane-rich feed gas, and an outlet for a LNG.

2. The LNG liguefaction plant of claim 1, wherein the propane recovery unit further
comprises a stripper, an absorber, and a separator configured to separate the chilled feed gas
into a ligquid that is directed to the stripper and a vapor that is directed to the absorber and is

fractionated.

3. The LNG liguefaction plant of claim 2, wherein the chilied stripper liquid is converted

10 an overhead stream used as a reflux stream 1o the absorber.

4 The LNG liguefaction plant of claim 3 further comprising a pump, a chiller, and a
letdown valve, wherein the pump is configured to pump an absorber bottom liquid to the
stripper, wherein the converted overhead stream 15 an ethane-rich overhead stream, and
wherein the chiller is configured to chill the ethane-rich overhead stream and the letdown
valve 18 configured to let down pressure in the ethane-rich overhead siream to thereby

provide a two-phase reflux to the absorber.

5. The LNG liquefaction plant of claim 2, wherein the siripper is a non-refluxed stripper.

6. The LNG hquefaction plant of claim 3, wherein the overhead stream 1s directed to the

absorber for cooling and reflux in the absorber 1o recover propane from the chilled feed gas

without turbo-expansion.

13
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7. The LNG liquefaction plant of claim 3, wherein the stripper operates at least 30 psi
higher than the absorber, such that the stripper overhead stream generates Joule Thomson

cooling to reflux the absorber,

8. The LNG liquefaction plant of claim 3, wherein about 99% of the propane content of

the chilled feed gas is recovered as the LPG.

9. The LNG hiquefaction plant of claim 2, wherein the fractionated vapor is a low

pressure residue gas containing ethane and methane components.

10, The LNG liquefaction plant of claim 1, wherein the ethane recovery unit further
comprises a compressor {0 compress the ethane-rich feed gas and is configured to split the

ethane-rich feed gas into first and second portions.

11, The LNG liquefaction plant of claim 10, wherein the ethane recovery wnit further
comprises a chiller to chill the first ethane-nch portion and an expander to expand the first

ethane-~rich portion prior to entering a demethanizer.

12, The LNG liguefaction plant of claim 11, wherein at least one of the second ethane-
rich portion and a first portion of a high pressure residue gas from the demethanizer is

directed as a reflux stream to the demethanizer.

13, The LNG liquefaction plant of claim 12, wherein about 90% of the ethane content of
the ethane-rich feed gas 1s recovered as the ethane liquid, and wherein a second portion of the

high pressure residue gas from the demethanizer is the methane-rich feed gas.
i4 The LNG hquefaction plant of claim 1, wherein the LNG hquefaction umit 15 configured
to use the refrigerant to cool and condense the methane-rich feed gas to form the LNG with

about 95% purity methane.

15. The LNG hquetaction plant of claim 1 further comprising co-production of the LPG

and the ethane hiquid from a rich low pressure shale gas.

14
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i6. The LNG liquefaction plant of claim 15, wherein the rich low pressure shale gas is

supplied at about 400 to 600 psig.

17. The LNG hquefaction plant of claim 15, wherein the nich low pressure shale gas
comprises about 50 to 80% methane, about 10 to 30% ecthane, a remaining component

including propane and heavier hydrocarbons, and a liquid content of 5 to 12 GPM.

i8. The LNG hiquefaction plant of claim 1, wherein the chilled feed gas is pre-treated to

remove carbon dioxide and mercury, and dried in a molecular sieve unit.

[
(i
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i9. A method for LNG liguefaction comprising:

providing a rich low pressure shale gas 1o a propane recovery unit;

converiing the rich low pressure shale gas, in the propane recovery unit, {0 a LPG and
an ethane-nch feed gas;

converting the ethane-rich feed gas, in an ethane recovery unit, to an ethane liquid and a
methane-rich feed gas; and

converting the methane-rich feed gas, in a LNG hiquefaction umit, to a LNG using a

refrigerant.

29. The method of claim 19 further comprisimg:

separating the rich low pressure shale gas into a liquid that is directed to a stripper and a
vapor that is directed to an absorber and is fractionated;

converting the stripper liquid {0 an overhead stream; and

providing the overhead stream as a reflux stream to the absorber.
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