I*I Innovation, Sciences et Innovation, Science and CA 3022085 C 2023/05/09

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 022 085
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépét PCT/PCT Filing Date: 2016/05/26 (51) CLInt./Int.Cl. F25J 1/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2017/11/23 F25J 1/62(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2023/05/09 MAK, JOHN, US:
(85) Entrée phase nationale/National Entry: 2018/10/24 THOMAS, JACOB, US;
®6) N° demande PCT/PCT Application No.: US 2016/034362 GRAHAM, CURT, US

(87) N° publication PCT/PCT Publication No.; 2017/200557 (73) Propriétaire/Owner:
o FLUOR TECHNOLOGIES CORPORATION, US
(30) Priorité/Priority: 2016/05/18 (US15/158,143)

(74) Agent: MILTONS IP/P.I.

(54) Titre : SYSTEMES ET PROCEDES POUR LA PRODUCTION DE GNL AVEC RECUPERATION DU PROPANE ET
DE L'ETHANE

(54) Title: SYSTEMS AND METHODS FOR LNG PRODUCTION WITH PROPANE AND ETHANE RECOVERY

[¥E] 106 i
152 185

NG
100, ETHANE [ LIQUEFACTION
RECOVERY 198 UNTT
T ] 20
243

103y

File Gas
58

o5

Treated
Dried Gas!

246 b 243

e 50 se

s ¥

Cap
202204

- 101

PROPANE
RECQVERY
UNIT
piv]

212

LNG

Progane Plus
St 152

106

(57) Abrégé/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 liquefaction 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.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




w0 20177200557 A1 |00 0000 O O O

CA 03022085 2018-10-24

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
23 November 2017 (23.11.2017)

(10) International Publication Number

WO 2017/200557 Al

WIPO I PCT

(51) International Patent Classification:
F25J 1/00 (2006.01) F25J 1/02 (2006.01)

(21) International Application Number:
PCT/US2016/034362

(22) International Filing Date:
26 May 2016 (26.05.2016)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

15/158,143 18 May 2016 (18.05.2016) US

(71) Applicant: FLUOR TECHNOLOGIES CORPO-
RATION [US/US]; 1 Fluor Daniel Drive, Sugar Land,
Texas 77478 (US).

(72) Inventors: MAK, John; FLUOR TECHNOLOGIES
CORPORATION, 1 Fluor Daniel Drive, Sugar Land,

74

62y

Texas 77478 (US). THOMAS, Jacob; FLUOR TECH-
NOLGIES CORPORATION, 1 Fluor Daniel Drive, Su-
gar Land, Texas 77478 (US). GRAHAM, Curt; FLUOR
TECHNOLOGIES CORPORATION, 1 Fluor Daniel Dri-
ve, Sugar Land, Texas 77478 (US).

Agent: HARKINS, Kristin Jordan et al; CONLEY
ROSE, P.C., 5601 Granite Parkway, Suite 500, Plano, Texas
75024 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN,CO,CR, CU,CZ,DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR,
HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA,
LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE,
PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE,

(54) Title: SYSTEMS AND METHODS FOR LNG PRODUCTION WITH PROPANE AND ETHANE RECOVERY

Treated
Dried Gas!

101

PROPANE
RECOVERY
UNTT

! 173 106
/ I
i 192 = ] ] s NG
100, E ETHANE iy LIQUEFACTION
{ RECOVERY g URIT
E UNIT T 150 -~ 194 - ptvi)
E o ar T e
A
226
:

=
256 260

Fuie Gas
- 258
7254

(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.

[Continued on next page]



CA 03022085 2018-10-24

WO 20177200557 A1 { NI 00000 0 0 00O

SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



SYSTEMS AND METHODS FOR LNG PRODUCTION WITH PROPANE AND
ETHANE RECOVERY

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

BACKGROUND

[0002] Hydrocarbon drilling and production systems can include the extraction of natural gas
from wellbores in subterranean earthen formations. For ease of transport or storage, the natural
gas can be liquefied. The liquefaction process includes condensing the natural gas into a liquid
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 to remove certain components
such as water, dust, helium, mercury, acid gases such as hydrogen sulfide and carbon dioxide,
heavy hydrocarbons, and other components.

[0003] Natural gas streams may contain methane, ethane, propane, and heavier hydrocarbons
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 liquid 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 include 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 to 1,460 Btu/scf. Such an ethane-rich natural gas stream is generally
considered or identified as a “wet gas.” It is noted that a “wet gas” may also refer to a gas
composition having a relatively high concentration of components heavier than methane.

[0004] It is often necessary for the hydrocarbon liquid content in a wet gas or shale gas stream
to 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 liquid content.
However, in 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
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heating value of the ethane content may exceed the pipeline gas heating value specifications.
Accordingly, a natural gas liquid (NGL) recovery unit is needed to remove the hydrocarbon
liquids. In some cases, the NGL contents captured by a NGL recovery unit provide economic
value. In other cases, anatural gas where the non-methane component is limited can provide an
economic value, such as for vehicle fuels.

[0005] 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 lean feed gas to a lower pressure, such as 450 psig, for example, for feeding into the

fractionation columns. However, a wet or rich shale gas is initially provided at low pressure.

SUMMARY

[0006] 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-tich 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 liquefaction 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 unit may include a stripper, an absorber, and a separator configured to
separate the chilled feed gas into aliquid that is directed to the stripper and a vapor that is directed
to the absorber and is fractionated. The chilled stripper liquid may be converted to an overhead
stream used as a reflux stream to the absorber. In some embodiments, the LNG liquefaction plant
further includes 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 is an ethane-
rich overhead stream, and wherein the chiller is configured to chill the ethane-rich overhead
stream and the letdown valve is 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.

[0007] In some embodiments, the overhead stream is directed to the absorber for cooling and
reflux in the absorber to recover propane from the chilled feed gas without 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 is configured to split the ethane-rich feed gas into first and second portions. The
2
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ethane recovery unit may further include a chiller to chill the first ethane-rich portion and an
expander to expand the first ethane-rich portion prior to entering a demethanizer. At least one of
the second ethane-rich portion and a first portion of a high pressure residue gas from the
demethanizer 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 liquid. The LNG liquefaction
unit may be configured to use the refrigerant to cool and condense the methane-rich feed gas to
form the LNG with about 95% purity methane.

[0008] In some embodiments, the LNG liquefaction 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 80%
methane, about 10 to 30% ethane, a remaining component including propane and heavier
hydrocarbons, and a liquid content of 5 to 12 GPM. The feed gas may be pre-treated to remove
carbon dioxide and mercury, and dried in a molecular sieve unit.

[0009] An embodiment for a method for LNG liquefaction includes providing a rich low
pressure shale gas to a propane recovery unit, 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,
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 liquefaction unit, to a LNG using a refrigerant. The method
may further include 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 to an overhead stream, and providing the overhead stream as a reflux stream to the
absorber.

[0010] In another embodiment, there is provided a LNG liquefaction plant comprising: a feed
stream comprising methane, ethane, and propane; a propane recovery unit configured to produce
LPG and an ethane-rich feed gas from the feed stream; an ethane recovery unit including:
[0011] a compressor configured to compress the ethane-rich feed gas to form a compressed
stream, wherein the compressed stream is configured to split into a first portion and a second
portion, wherein the first portion of the compressed stream, the second portion of the compressed
stream, and the ethane-rich feed gas are each ethane-rich, wherein the compressed stream and
the second portion of compressed stream have the same composition; a demethanizer configured
to produce an ethane liquid in an ethane bottom liquid stream and a residue gas in a methane
overhead vapor stream, wherein a first portion of the residue gas is configured to flow to the
demethanizer as a first reflux stream, wherein a second portion of the residue gas from the

demethanizer is a methane-rich feed gas, wherein the first portion of the compressed stream is
3
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configured to flow to the demethanizer as a second reflux stream; a first heat exchanger
configured to heat the methane overhead vapor stream, cool the first portion of the residue gas,
and cool the first portion of the compressed stream; and an expander configured to expand the
second portion of the compressed stream prior to entering the demethanizer; and a LNG
liquefaction unit configured to receive the methane-rich feed gas, cool the methane-rich feed gas
with a refrigerant cycle, and recover LNG from the methane-rich feed gas.

[0012] In another embodiment, there is provided a method for LNG liquefaction comprising:
converting a feed stream comprising methane, ethane, and propane to a LPG and an ethane-rich
feed gas; compressing the ethane-rich feed gas to form a compressed stream, wherein the
compressed stream is configured to split into a first portion and a second portion, wherein the
first portion of the compressed stream, the second portion of the compressed stream, and the
ethane-rich feed gas are each ethane-rich, wherein the compressed stream and the second portion
of compressed stream have the same composition; producing, by a demethanizer, an ethane liquid
in an ethane bottom liquid stream and a residue gas in a methane overhead vapor stream, wherein
afirst portion of the residue gas is configured to flow to the demethanizer as a first reflux stream,
wherein a second portion of the residue gas from the demethanizer is a methane-rich feed gas,
wherein the first portion of the compressed stream is configured to flow to the demethanizer as a
second reflux stream, wherein the second portion of the compressed stream is configured to flow

to the demethanizer; and converting the methane-rich feed gas to a LNG.

BRIEF DESCRIPTION OF THE DRAWINGS AND TABLES
[0013] For a detailed description of exemplary embodiments, reference will now be made to the
accompanying drawings and tables in which:
[0014] Figure 1 is an equipment and process flow diagram for an embodiment of a LNG
liquefaction plant or system in accordance with principles disclosed herein;
[0015] Figure 2 is a heat composite curve for a propane recovery unit of the LNG liquefaction
plant of Figure 1;
[0016] Figure 3 is a heat composite curve for an ethane recovery unit of the LNG liquefaction
plant of Figure 1;
[0017] Figure 4 is a heat composite curve for a LNG liquefaction unit of the LNG liquefaction
plant of Figure 1; and
[0018] Table 1 illustrates stream compositions for the LNG liquefaction plant of Figure 1.
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DETAILED DESCRIPTION
[0019] In the drawings and description that follow, like parts are typically marked throughout the
specification and drawings with the same reference numerals. The drawing figures are not
necessarily to scale. Certain features of the disclosed embodiments may be shown exaggerated in
scale or in somewhat schematic form and some details of conventional elements may not be shown
in the interest of clarity and conciseness. The present disclosure is susceptible 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 to be considered an exemplification of the
principles of the disclosure, and is not intended to limit the disclosure to that illustrated and
described herein. It is 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.
[0020] Unless otherwise specified, in the following discussion and in the claims, the terms
“including” and “comprising” are used in an open-ended fashion, and thus should be interpreted
to mean “including, but not limited to ...”. 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
limit the interaction to direct interaction between the elements and may also include indirect
interaction between the elements described. The various characteristics mentioned above, as well
as other features and characteristics 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 referring to the accompanying drawings.
[0021] In various embodiments described below, a LNG liquefaction plant or system includes
an NGL recovery unit. In some embodiments, the LNG liquefaction plant with NGL recovery
is configured for processing shale gas. In some embodiments, the shale gas is a rich or wet shale
gas. In still further embodiments, the shale gas is at a low pressure, relative to a leaner shale gas,
when processed. These and other embodiments will be described in more detail below.
[0022] Referring to Figure 1, a LNG liquefaction plant or system 100 includes a NGL recovery
unit 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 includes an inlet or initial feed stream 101 fluidicly coupled to the propane recovery unit 102
at an exchanger 108. Also fluidicly coupled to the exchanger 108 is a conduit 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 including a heated bottom stream, a conduit 146 including a cooled stripper overhead
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stream, and a conduit 103 including an ethane rich feed stream. The conduit 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 is directed into the absorber 126. The conduit
116 includes a valve 118.

[0023] The absorber 126 includes a separator that is integrated in the bottom of the absorber 126.
The absorber 126 further includes 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 is fluidicly coupled to the absorber 126, as is a conduit 132. A pump 134 can be
used to pump a flashed liquid stream in the conduit 132.

[0024] The conduit 132 is fluidicly coupled to a stripper 136, as is the conduit 138. A reboiler
140 and a reboiler 142 are fluidicly coupled to the stripper 136. A conduit 146 is 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 is fluidicly coupled to the stripper 136 to direct a liquid propane gas (LPG) stream 152 out of
the propane recovery unit 102. In some embodiments, trays or packing are used as the contacting
devices in the stripper 136.

[0025] The conduit 103 is fluidicly coupled to the ethane recovery unit 104 and directs the ethane
rich feed stream into a compressor 154. The compressor 154 is fluidicly coupled to a conduit 156
to direct the compressed 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
demethanizer reflux stream and a conduit 164 for carrying a stream to a demethanizer reboiler 166
for cooling. Additionally, the conduit 164 includes a chiller 168 for further cooling into a stream
170. The conduit 164 is fluidicly coupled to an expander 172, which is in turn fluidicly coupled
to a conduit 174 for directing a depressurized and cooled feed stream to a 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 liquid stream, or ethane liquid, 186 directed through
a conduit 184 and a methane overhead vapor stream directed through a conduit 180.

[0026] The conduit 180 is fluidicly coupled between the demethanizer 176 and an exchanger 182
for carrying the overhead vapor stream to the exchanger 182. A conduit 188 is fluidicly coupled
between the exchanger 182 and a compressor 190 for carrying a residue gas stream to 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 conduit 196 is coupled between the compressor 194 and a chiller or

exchanger 198 which cools the residue gas stream in a conduit 171 before the cooled residue gas
6
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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 stream back to the exchanger 182. As shown in Figure 1, the
demethanizer reflux stream conduit 162 is also fluidicly 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 streams in conduits 175, 177
that are directed through valves 179, 181 and combined in a conduit 183 that is fluidicly coupled
to the demethanizer 176.

[0027] The feed stream conduit 185 fluidicly couples to the LNG liquefaction 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
internal refrigerants may be used. In various embodiments, the particular composition of the
working fluid in the liquefaction cycle is determined by the specific composition of the feed gas,
the LNG product, and the desired liquefaction cycle pressures. In certain embodiments, a small
or micro-sized LNG plant may include a gas expander cycle that uses nitrogen or methane,
particularly for offshore applications where liquid hydrocarbons are to be minimized.

[0028] A conduit 204 fluidicly coupled to the exchanger cold box 202 carries a liquefied and
subcooled LNG stream across a letdown valve 206 to expand the LNG stream. A conduit 208 is
coupled between the letdown valve 206 and a LNG flashed tank 210 for storage of the LNG
product prior to export to a customer via LNG outlet stream conduit 212.

[0029] The SMR cycle uses two compression stages, comprising a first compressor 214 and a
second compressor 216, with intercoolers. The first stage compressor 214 receives an input
stream 262 and discharges a compressed stream 222 that is cooled by a chiller 218 and separated
in a separator 224, thereby producing a liquid to a conduit 228. The liquid in the conduit 228 is
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 is further
separated in a separator 240, thereby producing a vapor stream 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, 248 that are then mixed prior to a letdown valve 250.
The subcooled liquid stream is then let 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
7
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refrigeration duty to the feed gas and the mixed refrigerant circuit that includes the first and
second stage compressors 214, 216.

[0030] A conduit 254 is coupled to the LNG flashed tank 210 for carrying 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.
[0031] In operation, the LNG liquefaction plant 100 receives the initial 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 is cooled in the exchanger 108 by the overhead vapor stream in the
conduit 110 from the absorber 126, and by the absorber bottom stream in the conduit 112. In
some embodiments, the initial feed stream 101 is cooled to about 10°F to 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
liquid stream and the flashed vapor stream. The flashed liquid stream is pumped through the
conduit 132 by the pump 134 and into the stripper 136. The flashed vapor stream 130 enters the
bottom of the absorber through the chimney tray 128, and its propane content is absorbed in the
absorber 126 by the ethane enriched reflux stream coming from the conduit 116.

[0032] 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 chimney 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 to about
70°F, thereby forming the ethane rich feed stream in 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 exemplary ethane rich feed stream are shown in the “Stream 103 Feed to Ethane
Recovery” column of Table 1.

[0033] The stripper 136, operating at a higher pressure than the absorber in certain embodiments,

removes the ethane content using heat from the reboilers 140, 142, producing the LPG stream
8
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152. In some embodiments, the vapor pressure of the LPG stream 152 is 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 is a truckable product that can be safely transported via pipeline
or trucks. The stripper 136 overhead stream in the conduit 146 is 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 chills the stream to about -40°F to -45°F, or a lower temperature. Exchanger
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 stripper 136 refluxes the absorber
126 via 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.

[0034] The ethane rich feed stream in the conduit 103 is directed from the propane recovery unit
102 to the ethane recovery unit 104, and compressed in the compressor 154. In some
embodiments, the stream is compressed to about 1,000 to 1,200 psig. The compressed stream in
the conduit 156 is cooled in the exchanger 158 to form the cooled high pressure stream 160. The
cooled high pressure stream 160 is split into two portions: the stream in the conduit 162 and the
stream in the conduit 164. The conduit 164 stream is cooled in the demethanizer side reboiler
166 and by the propane chiller 168. In some embodiments, the conduit 164 stream is cooled to
about -33°F or lower. In certain embodiments, the flow in the conduit 164 is about 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 is let down in pressure to about 350 to 450 psig and chilled to about -100°F. The
conduit 174 is for directing the depressurized and cooled feed stream to the demethanizer 176.
[0035] The demethanizer 176 is refluxed with the cooled high pressure stream in the conduit 162
and with the high pressure residue gas stream in the conduit 173. In some embodiments, the
stream in the conduit 173 is about 20% to 30% of the total flow in the conduit 171. Both streams
in the conduits 162, 173 are separately chilled using the demethanizer overhead stream in the
conduit 180 and condensed in the subcool exchanger 182, generating two lean reflux streams 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 liquid 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 Ethane Product” column of Table 1. The residue gas stream from the subcool
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exchanger 182 in the conduit 188 is compressed by the compressor 190 which is driven by the
expander 172. The residue gas stream is then further compressed by the compressor 194, and
chilled by the exchanger 198. In some embodiments, the residue gas stream is compressed to
about 900 psig before entering the feed stream conduit 185 and being fed to the LNG liquefaction
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” column of Table 1.

[0036] In some embodiments, the residue gas stream in the conduit 185 enters the heat exchanger
cold box 202 of the LNG liquefaction unit 200 at a pressure of 870 psig and a temperature of
95°F, and is 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 liquefied and subcooled LNG stream coming out of the cold box 202 in the conduit 204 is
expanded across the letdown valve 206 to produce the LNG product stream in the conduit 208.
In some embodiments, the liquefied and subcooled LNG stream in the conduit 204 is at a pressure
of about 890 psig and a temperature of about -255°F. In some embodiments, the LNG product
stream in 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 LNG stream in the conduit 212 are shown
in the “Stream 212 LNG Product” column of Table 1.

[0037] The SMR cycle uses two compression stages, including the first compressor 214 and the
second compressor 216. The first stage compressor 214 discharge is 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 streams are cooled and
condensed, exiting the cold box 202 as the streams 246, 248 at, for example, -255°F. The
subcooled liquid is then let down in pressure in the letdown valve 250 and chilled to, for example,
-262°F to form the stream 262 which supplies the refrigeration duty to the feed gas and the mixed
refrigerant circuit.

[0038] 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 is demonstrated by the temperature approaches in the heat composite curve in Figure 2. The
change in relationship between the hot composite curve and the cold composite curve from left

to right over the HeatFlow axis shows the efficiency of the propane recovery unit 102. In some
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embodiments, the power consumption of the propane recovery unit 102 is driven by the propane
chillers 120, 148, requiring about 7,300 HP. In some embodiments, LPG liquid production is
about 7,200 BPD, or about 610 ton per day. In some embodiments, the specific power
consumption for LPG production is about 8.9 kW/ton per day.

[0039] 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. In some embodiments, the power consumption 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 liquid production is about 10,000
BPD, or about 580 ton per day. In some embodiments, the specific power consumption to
produce ethane is about 11.6 kW/ton per day.

[0040] 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 unit 200. In some embodiments, the power consumption
of the LNG liquefaction unit 200 is driven by the mixed refrigerant compressors 214, 216,
requiring about 15,900 HP to produce 970 ton per day of LNG. In some embodiments, the
specific power consumption for the LNG production is 12.2 kW/ton per day.

[0041] Thus, certain 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 liquid, and LNG. In some
embodiments, the disclosed LNG liquefaction plant 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 liquid content of 5 to 12 GPM, and processes
such a rich gas in three units: a propane recovery unit, an ethane recovery unit, 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 unit receives and processes the gas
prior to the LNG liquefaction unit. Consequently, propane, ethane, aromatics and other
components desired to be removed from or minimized in the rich shale gas can be addressed
according to the appropriate specifications for feeding into the LNG liquefaction unit, which can

include other known LNG liquefaction units other than the embodiments described herein.
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[0042] In certain embodiments, the propane recovery unit 102 includes brazed aluminum
exchangers, propane chillers, 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 rich overhead that is chilled 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 feed gas, without turbo-
expansion. In certain embodiments, propane recovery is about 99% propane recovery.

[0043] In some embodiments, the absorber operates between about 450 to 550 psig pressure. In
further embodiments, the stripper operates at least 30 psi, altematively 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 reflux the absorber. Based on the feed gas composition
shown in Table 1, in some embodiments, the absorber operates at about -45°F to -65°F in the
overhead and about -40°F to -60°F in the bottom, while the stripper operates at about 10°F to
20°F in the overhead and about 150°F to 250°F in the bottom. In certain embodiments, these
temperatures may vary and are dependent on the feed gas compositions.

[0044] In some embodiments, the propane recovery unit recovers 99% of the propane and
heavier hydrocarbons, producing an LPG liquid 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.

[0045] In some embodiments, the ethane recovery unit includes gas compressors, brazed
aluminum exchangers, propane chillers, turbo-expanders and a demethanizer. In some
embodiments, the feed gas is compressed to about 900 to 1,200 psig or higher pressure, and the
compressed gas is split into two portions with 70% chilled and expanded to feed the demethanizer
while the remaining portion is liquefied in a subcool exchanger, forming a reflux to the
demethanizer. 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 to 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.
12
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[0046] Finally, in some embodiments, the residue gas from the ethane recovery unit is liquefied
using a multi-component refrigerant in brazed aluminum exchangers. In some embodiments, the
multi-component refrigerant contains nitrogen, methane, ethane, propane, butane, pentane,
hexane, and other hydrocarbons. 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 in
pressure which generates cooling to subcool the high residue gas stream to about -250 to -260°F.
The subcooled LNG is further let down in pressure to about atmospheric pressure, producing the
LNG liquid product.

[0047] The above discussion is meant to be illustrative of the principles and various
embodiments of the present disclosure. While certain embodiments have been shown and
described, modifications thereof can be made by one skilled in the art without departing from
the spirit and teachings of the disclosure. The embodiments described herein are exemplary
only, and are not limiting. Accordingly, the scope of protection is not limited by the
description set out above, but is 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 1s claimed 1s:

1. A LNG liquefaction plant comprising:

a feed stream comprising methane, ethane, and propane;

apropane recovery unit configured to produce LPG and an ethane-rich feed gas from the
feed stream;

an ethane recovery unit including

a compressor configured to compress the ethane-rich feed gas to form a
compressed stream, wherein the compressed stream is configured to split into a first
portion and a second portion, wherein the first portion of the compressed stream, the
second portion of the compressed stream, and the ethane-rich feed gas are each ethane-
rich, wherein the compressed stream and the second portion of compressed stream have
the same composition,;

a demethanizer configured to produce an ethane liquid in an ethane bottom liquid
stream and a residue gas in a methane overhead vapor stream, wherein a first portion of
the residue gas is configured to flow to the demethanizer as a first reflux stream, wherein
a second portion of the residue gas from the demethanizer is a methane-rich feed gas,
wherein the first portion of the compressed stream is configured to flow to the
demethanizer as a second reflux stream;

a first heat exchanger configured to heat the methane overhead vapor stream, cool
the first portion of the residue gas, and cool the first portion of the compressed stream;
and

an expander configured to expand the second portion of the compressed stream

prior to entering the demethanizer; and

14

Date Regue/Date Received 2021-05-04



a LNG liquefaction unit configured to receive the methane-rich feed gas, cool the

methane-rich feed gas with a refrigerant cycle, and recover LNG from the methane-rich feed gas.

2. The LNG liquefaction plant of claim 1, wherein the propane recovery unit comprises:

asecond heat exchanger configured to cool the feed stream to form a cooled feed stream;

a chiller configured to chill the cooled feed stream to form a chilled feed gas;

an absorber configured to separate the chilled feed gas into an absorber bottom stream, a
flashed liquid stream, and an absorber overhead vapor stream; and

a stripper configured to receive the absorber bottom stream and the flashed liquid stream
and to form a stripper overhead stream and a LPG stream containing the LPG, wherein the
stripper overhead stream contains ethane and methane,

wherein the second heat exchanger is further configured to heat an absorber overhead
stream to form a heated absorber overhead stream,

wherein the heated absorber overhead stream contains the ethane-rich feed gas.

3. The LNG liquefaction plant of claim 2, wherein the stripper overhead stream is
configured to be an absorber reflux stream to the absorber, wherein the stripper is configured
to receive the absorber bottom stream at a first location above a second location where the

stripper receives the flashed liquid stream.

4. The LNG liquefaction plant of claim 3, wherein the propane recovery unit further
comprises
a first pump;

a second pump;

a second chiller; and
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aletdown valve,

wherein the first pump is configured to pump an absorber bottom stream to the stripper,
wherein the second pump is configured to pump the flashed liquid stream to the stripper,

wherein the second chiller is configured to chill the stripper overhead stream,

wherein the letdown valve is configured to let down in pressure the stripper overhead

stream to thereby provide the absorber reflux stream as a two-phase reflux to the absorber.

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

6. The LNG liquefaction plant of claim 3, wherein the stripper overhead stream is
configured to be directed to the absorber as the absorber reflux stream for cooling and reflux
in the absorber to recover propane from the chilled feed gas without turbo-expansion, wherein
the stripper is configured to operate at least 30 psi higher than the absorber, such that the

stripper overhead stream generates Joule Thomson cooling to reflux the absorber.

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

chilled feed gas is recovered as the LPG.

8. The LNG liquefaction plant of claim 1, wherein the first reflux stream and the second

reflux stream combine to form a single reflux stream into a top of the demethanizer.

9. The LNG liquefaction plant of claim 1, wherein the ethane recovery unit further comprises
a chiller configured to chill the second portion of the compressed stream utilizing propane

refrigeration.
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10. The LNG liquefaction plant of claim 9, wherein the first reflux stream and the second reflux
stream are configured to flow to a top of the demethanizer at a first location above a second

location where the second portion of the compressed stream enters the demethanizer.

11. The LNG liquefaction plant of claim 10, wherein 90% of the ethane content of the ethane-

rich feed gas is recovered as the ethane liquid.

12. The LNG liquefaction plant of claim 1, wherein the refrigerant cycle is configured to cool
and condense the methane-rich feed gas to form the LNG with 95% purity methane, wherein the
refrigerant cycle comprises:

a first compressor configured to compress a single mixed refrigerant to form a first
compressed stream;

a first separator configured to separate the first compressed stream into a first vapor
stream and a first liquid stream;

a second compressor configured to receive and compress the first vapor stream to form a
second compressed stream, wherein the second compressed stream and the first liquid stream are
combined to form a mixed stream;

a second separator configured to separate the mixed stream into a second vapor stream
and a second liquid stream;

an exchanger cold box configured to cool and condense the second vapor stream and the
second liquid stream, wherein the second vapor stream and the second liquid stream are
combined after exiting the exchanger cold box; and

alet down valve configured to let down a pressure of a stream comprising the combined

second vapor stream and second liquid stream to form a let-down stream, wherein the let-down
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stream is configured to flow through the exchanger cold box to provide refrigeration for the

methane-rich feed gas

13.  The LNG liquefaction plant of claim 1, wherein the feed stream comprises shale gas

supplied at a pressure of 400 to 600 psig.

14.  The LNG liquefaction plant of claim 1, wherein the feed stream further comprises

heavier hydrocarbons.

15. The LNG liquefaction plant of claim 1, wherein the feed stream is pre-treated to remove

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

16.  The LNG liquefaction plant of claim 2, wherein the absorber bottom stream comprises

50 to 70 mol% ethane.

17. The LNG liquefaction plant of claim 1, wherein the refrigerant cycle is configured to

provide refrigeration only to the LNG liquefaction unit.

18. The LNG liquefaction plant of claim 1, wherein the feed stream comprises

50 1o 80 mol % methane.

19. A method for LNG liquefaction comprising:

converting a feed stream comprising methane, cthane, and propanc to a LPG and an
ethane-rich feed gas;

compressing the ethane-rich feed gas to form a compressed stream, wherein the
compressed stream is configured to split into a first portion and a second portion, wherein the

first portion of the compressed stream, the second portion of the compressed stream, and the
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ethane-rich feed gas are each ethane-rich, wherein the compressed stream and the second portion
of compressed stream have the same composition;

producing, by a demethanizer, an ethane liquid in an ethane bottom liquid stream and a
residue gas in a methane overhead vapor stream, wherein a first portion of the residue gas is
configured to flow to the demethanizer as a first reflux stream, wherein a second portion of the
residue gas from the demethanizer is a methane-rich feed gas, wherein the first portion of the
compressed stream is configured to flow to the demethanizer as a second reflux stream, wherein
the second portion of the compressed stream is configured to flow to the demethanizer; and

converting the methane-rich feed gas to a LNG.

20. The method of claim 19, further comprising:
cooling, in a first heat exchanger, the first portion of the compressed stream;
heating, in the first heat exchanger, the methane overhead vapor stream; and

cooling, in the first heat exchanger, the first portion of the residue gas.

21. The method of claim 19, further comprising:
expanding the second portion of the compressed stream prior to entering the

demethanizer.

22 The method of claim 19, further comprising:

cooling, in a second heat exchanger, the feed stream to form a cooled feed stream;

chilling, in a chiller, the cooled feed stream to form a chilled feed gas;

separating, in an absorber, the chilled feed gas into an absorber bottom stream, a flashed
liquid stream, and an absorber overhead vapor stream;

stripping, in a stripper, the absorber bottom stream and the flashed liquid stream to form
a stripper overhead stream and a LPG stream containing the LPG, wherein the stripper overhead
stream contains ethane and methane; and

heating, in the second heat exchanger, the absorber overhead vapor stream to form a
heated absorber overhead stream,

wherein the heated absorber overhead stream contains the ethane-rich feed gas.

23.  The method of claim 22, wherein the absorber is configured to receive the stripper

overhead stream as an absorber reflux stream, wherein the stripper is configured to receive the
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absorber bottom stream at a first location above a second location where the stripper receives

the flashed liquid stream.

24, The method of claim 23, further comprising:
pumping the absorber bottom stream to the stripper;
pumping the flashed liquid stream to the stripper;
chilling the stripper overhead stream; and
reducing a pressure of the stripper overhead stream to thereby provide the absorber

reflux stream as a two-phase reflux to the absorber.

25. The method of claim 23, wherein the stripper overhead stream is configured to be
directed to the absorber as the absorber reflux stream for cooling and reflux in the absorber to
recover propane from the chilled feed gas without turbo-expansion, wherein the stripper is
configured to operate at least 30 psi higher than the absorber, such that the stripper overhead

stream generates Joule Thomson cooling to reflux the absorber.

26.  The method of claim 22, wherein the stripper is a non-refluxed stripper.

27. The method of claim 22, wherein 99% of the propane content of the chilled feed gas is

recovered as the LPG.

28. The method of claim 22, wherein the absorber bottom stream comprises 50 to 70 mol%

ethane.

29. The method of claim 19, wherein the first reflux stream and the second reflux stream

combine to form a single reflux stream into a top of the demethanizer.

30. The method of claim 19, further comprising:

chilling the second portion of the compressed stream utilizing propane refrigeration.

31. The method of claim 30, wherein the first reflux stream and the second reflux stream
are configured to flow to a top of the demethanizer at a first location above a second location

where the second portion of the compressed stream enters the demethanizer.
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32.  The method of claim 31, wherein 90% of the ethane content of the ethane-rich feed gas

is recovered as the ethane liquid.

33.  The method of claim 19, wherein converting the methane-rich feed gas to a LNG
comprises:

cooling and condensing the methane-rich feed gas to form the LNG with 95% purity
methane;

compressing a single mixed refrigerant to form a first compressed stream;

separating the first compressed stream into a first vapor stream and a first liquid stream;

receiving and compressing the first vapor stream to form a second compressed stream,
wherein the second compressed stream and the first liquid stream are combined to form a mixed
stream;

separating the mixed stream into a second vapor stream and a second liquid stream;

cooling and condensing, in an exchanger cold box, the second vapor stream and the
second liquid stream, wherein the second vapor stream and the second liquid stream are
combined after exiting the exchanger cold box; and

reducing a pressure of a stream comprising the combined second vapor stream and second
liquid stream to form a let-down stream,

wherein the let-down stream is configured to flow through the exchanger cold box to

provide refrigeration to cool and condense the methane-rich feed gas.

34, The method of claim 19, wherein the feed stream comprises a shale gas supplied at a

pressure of 400 to 600 psig.

35.  The method of claim 19, wherein the feed stream further comprises heavier

hydrocarbons.

36.  The method of claim 19, wherein the feed stream is pre-treated to remove carbon dioxide

and mercury, and dried in a molecular sieve unit.

37.  The method of claim 19, wherein the feed stream comprises 50 to 80 mol% methane and
10 to 30 mol% ethane.

38.  The method of claim 19, wherein the feed stream has a liquid content of 5 to 12 GPM.
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