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(54) IMPROVEMENT OF C3+ RECOVERY

(57) A method for producing a stream enriched in
hydrocarbons containing three or more carbon atoms
from a feed gas stream, comprising:

a) separating an at least partially condensed feed gas
comprising hydrocarbons containing three or more car-
bon atoms (108) in a phase separator (109), thereby pro-
ducing a liquid stream rich in hydrocarbons containing
three or more carbon atoms (110), and a vapor stream
lean in hydrocarbons containing three or more carbon
atoms (111),

b) heating the liquid stream rich in hydrocarbons contain-
ing three or more carbon atoms (110) and introducing
the heated stream (123) into separator drum (112), there-
by producing an overhead stream enriched in hydrocar-
bons containing no more than 3 carbon atoms (113), and
a liquid product stream enriched in hydrocarbons con-
taining three or more carbon atoms (114),

¢) warming the vapor stream lean in hydrocarbons con-
taining three or more carbon atoms (111) toambient tem-
perature, then separating the ambient temperature
stream in a membrane unit (115), thereby producing a
permeate stream (116) and a retentate stream (117),
d) cooling the retentate stream (117) and expanding the
cooled retentate stream (202), combining the cooled, ex-
panded retentate stream (204) with the overhead stream
overhead stream enriched in hydrocarbons containing
no more than 3 carbon atoms (113),

e) warming the combined stream (205), then exporting

as a fuel gas stream (206).
f) combining the permeate stream (116) with the feed
gas stream (101).
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Description
Background

[0001] Off-gases or natural gas contain various com-
ponents like NGLs (C3+ components)which can be mon-
etized separately. Most traditional plants remove NGLs
via cryogenic plants but those technologies usually are
very expensive and consume a lot of power required by
external refrigeration cycles. A less costly technology that
can be used to concentrate NGLs is membrane technol-
ogy.

[0002] Membranes with ability to separate light ends
from C2+/C3+ hydrocarbons already exist but their per-
formance limits their application in less economical sys-
tems where CAPEX or OPEX are usually prohibitive. An
example of such system, which can be considered as
state-of-the art, is illustrated in Figure 1.

[0003] Feed gas stream 101 is compressed in feed
compressor 102, then introduced into first phase sepa-
rator 103. The compressed feed gas stream may be
cooledinaheatexchanger (notshown) priorto admission
into first phase separator 103. First phase separator 103
produces first condensate stream 104 and damp gas
stream 105. Damp gas stream 105 is then introduced
into first dehydration unit 106.

[0004] The dehydrated gas stream is cooled in heat
exchanger 107, wherein it forms at least partially con-
densed stream 108. At least partially condensed stream
is then introduced into second phase separator 109. Sec-
ond phase separator 109 produces C3+ rich liqud stream
110 and C3+ lean gas stream 111. C3+ rich liquid stream
110 is then warmed in heat exchanger 107, producing
warmed C3+ rich liquid stream 123. Warmed C3+ rich
liquid stream 123 is then introduced into separator drum
112. Separator drum 112 may be a flash drum or a dis-
tillation column.

[0005] Separator drum 112 produces overhead gas
stream 113 which is enriched in methane, and C3+ liquid
productstream 114.C3+ lean gas stream 111 then enters
membrane separator 115, thereby producing permeate
stream 116 and retentate stream 117. Permeate stream
116 may be combined with feed gas stream 101 (not
shown). Retentate stream 117 then combined with over-
head gas stream 113, thus producing first combined
stream 118. First combined stream 118 is heated in heat
exchanger 107 thendried in second dehydration unit 119.
Dried retentate stream is then introduced into third phase
separator 120. Third phase separator 120 produces sec-
ond condensate stream 121 and fuel gas stream 122.
[0006] There is a need in the industry for a process
optimized for propylene recovery

Element Numbers
[0007]

101 = feed gas stream
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102 = feed compressor

103 = first phase separator

104 = first condensate stream

105 = damp gas stream

106 = first dehydration unit

107 = heat exchanger

108 = at least partially condensed stream

109 = second phase separator

110 = C3+ rich liquid stream

111 = C3+ lean gas stream

112 = separator drum

113 = overhead stream enriched in hydrocarbons
containing no more than 3 carbon atoms (from dis-
tillation column)

114 = C3+ liquid product stream (from distillation col-
umn): stream enriched in HC containing three or
more carbon atoms

115 = membrane separator

116 = permeate stream

117 = retentate stream

118 = first combined stream

119 = second dehydration unit

120 = third phase separator

121 = second condensate stream

122 = fuel gas stream

123 = warmed C3+ rich liquid stream

201 = warmed C3+ lean gas stream

202 = cooled retentate stream

203 = first JT valve

204 = expanded retentate stream

205 = second combined stream

206 = fuel gas stream

207 = second JT valve

208 = partially condensed stream (from second JT
valve)

209 = compressed dehydrated gas stream

301 = third combined stream

302 = fourth phase separator

303 = C3+ depleted gas stream

304 = C3+ further enriched liquid stream

305 = expander

306 = expanded stream

307 = warmed C3+ rich liquid stream

308 = combined C3+ lean gas stream

400 = external refrigeration system (optional)

Description of Embodiments

[0008] lllustrative embodiments of the invention are
described below. While the invention is susceptible to
various modifications and alternative forms, specific em-
bodiments thereof have been shown by way of example
in the drawings and are herein described in detail. It
should be understood, however, that the description
herein of specific embodiments is not intended to limit
the invention to the particular forms disclosed, but on the
contrary, the intention is to cover all modifications, equiv-
alents, and alternatives falling within the spirit and scope
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of the invention as defined by the appended claims.
[0009] It will of course be appreciated that in the de-
velopment of any such actual embodiment, numerous
implementation-specific decisions must be made to
achieve the developer’s specific goals, such as compli-
ance with system-related and business-related con-
straints, which will vary from one implementation to an-
other. Moreover, it will be appreciated that such a devel-
opment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclo-
sure.

[0010] Asused herein, the term "ambienttemperature"
is defined as the temperature of the surrounding air. Am-
bient temperature may be defined as between 32 and
150 F. Ambient temperature may be defined as between
32 and 100 F. Ambient temperature may be defined as
between 50 and 80 F. Ambient temperature may be de-
fined as between 65 and 75 F.

[0011] TurningtoFigure 2,feed gas stream 101 iscom-
pressed in feed compressor 102, then introduced into
first phase separator 103. The compressed feed gas
stream may be cooled in a heat exchanger (not shown)
prior to admission into first phase separator 103. First
phase separator 103 produces first condensate stream
104 and damp gas stream 105. First condensate stream
104 comprises condensed water. Damp gas stream 105
is then introduced into dehydration unit 106. Dehydration
106 is necessary to avoid freezing and hydrate formation
in the cold part of the process. Unless the moisture con-
tent in the feed gas stream is sufficiently low, in which
case first phase separator 103 is not required. Dehydra-
tion unit 106 is shown downstream of first phase sepa-
rator 103 (which is the preferable location) but may be
upstream of first phase separator 103. Dehydration unit
106 may be upstream of feed compressor 102, down-
stream of compressor 102, or at a point between stages.
These variations are not shown in the figure in the interest
of maintaining clarity, but the skilled artisan would rec-
ognize these placements.

[0012] Compressed, dehydrated gas stream 209 is
then cooled in heat exchanger 107, wherein it forms par-
tially condensed cooled stream 108. Stream 108 is then
introduced into second phase separator 109, which pro-
duces C3+ rich liquid stream 110 and C3+ lean gas
stream 111.

[0013] Although represented as a single unit, heat ex-
changer 107 may consist of two or more thermally sep-
arate heatexchangers as the design permits (not shown).
One or more of these heat exchangers may be of the
brazed aluminum design. One or more of these heat ex-
changers may be of the shell and tube design.

[0014] Inone embodiment, stream 108 is expanded to
a lower pressure across second JT expansion valve 207
to produce partially condensed stream 208, which is then
introduced into phase separator 109. In this embodiment,
cooled stream 108 need not be partially condensed.
C3+ rich liquid stream 110 is warmed in heat exchanger
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107, thus producing warmed C3+ rich liquid stream 123.
Warmed C3+ rich liquid stream 123 is then introduced
into separator drum 112. Separator drum 112 may be a
flash drum or a distillation column. Separator drum 112
produces overhead gas stream 113 which is enriched in
hydrocarbons containing no more than 3 carbon atoms,
and C3+ liquid product stream 114.

C3+ lean gas stream 111 is then warmed in heat ex-
changer 107, thus producing warmed C3+ lean gas
stream 201. Warmed C3+ lean gas stream 201 is at ap-
proximately ambienttemperature. Warmed C3+ lean gas
stream 201 then enters membrane separator 115, there-
by producing permeate stream 116 and retentate stream
117. Permeate stream 116 may be combined with feed
gas stream 101 (not shown) to increase the recovery of
C3+ hydrocarbons in C3+ product stream 114. In one
embodiment, feed 101 is available at high pressure. In
that case, permeate 116 pressure would be increased
through dedicated compressor (not shown).

[0015] The fluxand selectivity vectors are better known
for membranes at ambient temperature. In another em-
bodiment, the possibility to bypass the heat exchanger
if membrane separator 115 is to be operated at sub-am-
bient temperatures allows fine tuning of the required se-
lectivities between components and the off-gas compo-
sition.

[0016] Retentate stream 117 is cooled in heat ex-
changer 107, thus producing cooled retentate stream
202. Cooled retentate stream 202 is expanded across
first JT valve 203, thus producing expanded retentate
stream 204. Expanded retentate stream 204 is then com-
bined with overhead stream enriched in hydrocarbons
containing no more than 3 carbon atoms 113 (after ex-
pansion to pressure of stream 204 / not shown), thereby
producing a second combined stream 205, which pro-
vides cold to the end of heat exchanger 107. Second
combined stream 205 is then warmed up to ambient tem-
perature in heat exchanger 107 thus producing fuel gas
stream 206. At least a portion of fuel gas stream 206 may
be used for the regeneration of driers 106 (not shown).
[0017] Turningto Figure 3 feed gas stream 101 is com-
pressed in feed compressor 102, then introduced into
first phase separator 103. The compressed feed gas
stream may be cooled in a heat exchanger (not shown)
prior to admission into first phase separator 103. First
phase separator 103 produces first condensate stream
104 and damp gas stream 105.

[0018] Damp gas stream 105 is then introduced into
dehydration unit 106. Dehydration is necessary to avoid
freezing and hydrate formationin the cold part of the proc-
ess unless the moisture content in the feed gas stream
is sufficiently low, in which case the first separator 103
is not required.

[0019] Dehydration unit 106 is shown downstream of
first phase separator 103 but may be upstream of first
phase separator 103. Dehydration unit 106 may be up-
stream of feed compressor 102, downstream of compres-
sor 102, or at a point between stages. These variations
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are not shown in the figure in the interest of maintaining
clarity, but the skilled artisan would recognize these
placements.

[0020] Compressed, dehydrated gas stream 209 is
then cooled in heat exchanger 107, wherein it forms par-
tially condensed cooled stream 108. Stream 108 is then
introduced into second phase separator 109, which pro-
duces C3+ rich liquid stream 110 and C3+ lean gas
stream 111.

[0021] Although represented as a single unit, heat ex-
changer 107 may consist of two or more thermally sep-
arate heatexchangers as the design permits (not shown).
One or more of these heat exchangers may be of the
brazed aluminum design. One or more of these heat ex-
changers may be of the shell and tube design.

[0022] In one embodiment, stream 108 is expanded to
a lower pressure across second JT expansion valve 207
to produce partially condensed stream 208, which is then
introduced into phase separator 109. In this embodiment,
cooled stream 108 need not be partially condensed.
C3+ rich liquid stream 110 is then warmed in heat ex-
changer 107, thus forming warmed C3+ rich liquid stream
307. Warmed C3+ rich liquid stream 307 is then com-
bined with C3+further enriched liquid stream 304 (below),
thus forming combined C3+ lean gas stream 308. Com-
bined C3+ lean gas stream 308 is then introduced into
separator drum 112. Separator drum 112 may be a flash
drum or a distillation column. Distillation column 112 pro-
duces overhead gas stream 113 which is enriched in hy-
drocarbons containing nomore than 3 carbon atoms, and
C3+ liquid product stream 114. The light ends in over-
head gas stream 113 may comprise C2+ hydrocarbons.
In one embodiment, overhead gas stream 113 is com-
bined with fuel gas stream 206 (below)

[0023] In another embodiment, C3+ lean gas stream
111 is expanded through first JT valve 203 thus producing
partially condensed stream 111b. Partially condensed
stream 111b is combined with overhead stream enriched
in hydrocarbons containing no more than 3 carbon atoms
113 (after expansion at pressure of stream 111b / not
shown), thus forming third combined stream 301. Third
combined stream 301 is then introduced into fourth phase
separator 302. Fourth phase separator 302 produces
C3+ further enriched liquid stream 304 and C3+ depleted
gas stream 303. C3+ depleted gas stream 303 is then
introduced into expander 305, thus producing expanded
stream 306

[0024] Powergenerated by expander 305 may be used
to at least partially drive the feed compressor 102, thus
reducing the power consumption and increasing the
overall efficiency of the process.

[0025] Expanded stream 306 is then warmed in heat
exchanger 107 thus producing fuel gas stream 206. Ex-
panded stream 306 may be at a temperature of approx-
imately -88C and may be heated up to approximately
ambient temperature in heat exchanger 107. This addi-
tion of refrigeration into heat exchanger 107 thus allows
the compressed feed gas to reach even lower tempera-
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tures before its expansion into second phase separator
109, which results in a higher net NGL recovery rate. At
least a portion of fuel gas stream 206 may be used for
the regeneration of driers 106 (not shown).

[0026] In one embodiment external refrigeration cycle
400 may be included to add at least a portion of the re-
quired refrigeration. External refrigeration cycle 400 may
be a propane cycle.

[0027] In most traditional processes for the recovery
of NGL'’s (C2+ or C3+) from natural gas, the feed gas is
precooled inthe main heat exchangerand the condensed
liquids are separated in a "cold separator". The remaining
gas is expanded in a turbine, whereas the liquids are
expanded across a valve. Both expanded streams are
typically fed to an absorption or distillation column. This
conceptis not well suited for the case under consideration
(low pressure refinery off-gas, rich in hydrogen, with mod-
erate to high amounts of C3-C4). Herein, the turbine is
used indirectly for reaching lower temperatures at the
NGL separation stage, by expanding a product (fuel gas)
and using it as cooling medium in the exchange line. This
scheme is able to reach higher C3 recovery rates with
lower energy consumption as compared to the previously
described alternatives.

Claims

1. A method for producing a stream enriched in hydro-
carbons containing three or more carbon atoms from
a feed gas stream, comprising:

a) separating an at least partially condensed
feed gas comprising hydrocarbons containing
three or more carbon atoms (108) in a phase
separator (109), thereby producing a liquid
stream rich in hydrocarbons containing three or
more carbon atoms (110), and a vapor stream
lean in hydrocarbons containing three or more
carbon atoms (111),

b) heating the liquid stream rich in hydrocarbons
containing three or more carbon atoms (110)
and introducing the heated stream (123) into
separator drum (112), thereby producing an
overhead stream enriched in hydrocarbons con-
taining no more than 3 carbon atoms (113), and
a liquid product stream enriched in hydrocar-
bons containing three or more carbon atoms
(114),

c) warming the vapor stream lean in hydrocar-
bons containing three or more carbon atoms
(111) to ambient temperature, then separating
the ambient temperature stream in a membrane
unit(115), thereby producing a permeate stream
(116) and a retentate stream (117),

d) cooling the retentate stream (117) and ex-
panding the cooled retentate stream (202), com-
bining the cooled, expanded retentate stream
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(204) with the overhead stream overhead
stream enriched in hydrocarbons containing no
more than 3 carbon atoms (113),

e)warming the combined stream (205), then ex-
porting as a fuel gas stream (206).

f) combining the permeate stream (116) with the
feed gas stream (101).

The method of claim 1, wherein separator drum com-
prises a deethanizer column, and the overhead
stream enriched in hydrocarbons containing no more
than 3 carbon atoms (113) is mixed with fuel gas
stream (206).

The method of claim 1 or 2, further comprising step
a1l) dehydrating a damp feed gas stream, cooling
the dehydrated feed gas stream, and optionally ex-
panding the cooled, dehydrated feed gas stream to
produce the at least partially condensed feed gas
comprising hydrocarbons containing three or more
carbon atoms (108) prior to step a).

The method of claim 1 or 2, further comprising step
a2) compressing a feed gas stream (101) and phase
separating the compressed feed gas stream, there-
by producing the damp feed gas stream (105) and
a condensate stream (104), prior to step a1).

The method of claims 1 through 4, wherein at least
two of the cooling in steps a1), b) and d), and the
warming in steps c¢) and e) occur in the same heat
exchanger (107).

The method of claim 5, wherein additional refriger-
ation is provided to the heat exchanger (107).

A method for producing a stream enriched in hydro-
carbons containing three or more carbon atoms from
a feed gas stream, comprising:

a) separating an at least partially condensed
feed gas comprising hydrocarbons containing
three or more carbon atoms (108) in afirstphase
separator (109), thereby producing a liquid
stream rich in hydrocarbons containing three or
more carbon atoms (110), and a vapor stream
lean in hydrocarbons containing three or more
carbon atoms (111),

b) expanding the vapor stream lean in hydrocar-
bons containing three or more carbon atoms
(111) and combining the expanded vapor
stream with an overhead stream enriched in hy-
drocarbons containing no more than 3 carbon
atoms (113), to produce a combined vapor
stream (301),

a) introducing the combined vapor stream (301)
into a second phase separator (302), thereby
producing a liquid stream further enriched in hy-
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10.

1.

12.

drocarbons containing three or more carbon at-
oms (304) and a gas stream depleted in hydro-
carbons containing three or more carbon atoms
(303),

b) heating the liquid stream rich in hydrocarbons
containing three or more carbon atoms (110)
and combining the heated stream (307) with the
liquid stream further enriched in hydrocarbons
containing three or more carbon atoms (304)
and introducing the combined stream (308) in a
separator drum (112), thereby producing the
overhead stream enriched in hydrocarbons con-
taining no more than 3 carbon atoms (113), and
a liquid product stream enriched in hydrocar-
bons containing three or more carbon atoms
(114),

a) expanding the gas stream depleted in hydro-
carbons containing three or more carbon atoms
(303), warming the expanded gas stream (306)
and then exporting as a fuel gas stream (206)

The method of claim 7, wherein separator drum com-
prises a deethanizer column, and the overhead
stream enriched in hydrocarbons containing no more
than 3 carbon atoms (113) is mixed with fuel gas
stream (301).

The method of claim 7 or 8, further comprising step
a1l) dehydrating a damp feed gas stream, cooling
the dehydrated feed gas stream, and optionally ex-
panding the cooled, dehydrated feed gas stream to
produce the at least partially condensed feed gas
comprising hydrocarbons containing three or more
carbon atoms (108) prior to step a).

The method of claim 7 or 8, further comprising step
a2) compressing a feed gas stream (101) and phase
separating the compressed feed gas stream, there-
by producing the damp feed gas stream (105) and
a condensate stream (104).

The method of claims 7 through 9, wherein at least
two of the cooling in steps a1), b) and d), and the
warming in steps c) and e) occur in the same heat
exchanger (107).

The method of claim 11, wherein additional refriger-
ation is provided to the heat exchanger (107).
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