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(57) Abstract: A design is provided to convert a gas subcooled process plant to a recycle split vapor process for recovering ethane and
propane from natural gas. When in operation, the recovery of ethane and propane canexceed 97 to 99 wt.% of the stream being processed.
A second smaller demethanizer column is added to the gas subcooled process plant as well as the addition of several cryogenic pumps.
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GAS SUBCOOLED PROCESS CONVERSION TO RECYCLE SPLIT
VAPOR FOR RECOVERY OF ETHANE AND PROPANE

BACKGROUND OF THE INVENTION

[0001] The invention is related to a process for recovery of ethane and propane from
natural gas. More specifically, the invention relates to a recycle split vapor process and
system that may be converted from a gas subcooled process for improved performance and
increased revenue for the customer.
[0002] Ethviene, ethane, propyiene, propane and heavier hydrocarbous can be recovered
from a varigty of gases, such as natural gas, refinery gas, and synthetic gas streams obtained
from other bydrocarbon materials such as coal, crude o1, naphtha, ol shale, tar sands, and
lignite. Natural gas usually has a major proportion of methane and ethane, i.e, methane and
ethane together comprise at least 50 mole percent of the gas. The gas may also contain
relatively leaser amounts of heavier hydrocarbons such as propane, bulanes, penianes and the
like, as well as hydrogen, nitrogen, carbon dioxide and other gases.
[0003] The historically cychic fluctuations in the prices of both natural gas and ¥t8 vatural
gas Hiquid {NGL} constituents have reduced the incremental value of ethane and heavier
coraponents as bguid prodocts. This has resulted in a demand for processes that can provide
more efficient recoveries of these products. Avatlable processes for separating these materials
include those based upon cooling and refrigeration of gas, oif absorption, and refrigerated ail
absorption. Additionally, cryogenic processes have become popular because of the
avatlgbitity of econonucal equipment that produces power while simultanecusly expanding
and extracting heat from the gas being processed. Depending upon the pressure of the gas
souree, the richness (ethane and heavier hydrocarbons content) of the zas, and the desired end
products, each of these processes or a combivation thereol may be employed. The cryogenic
expansion process i3 now geanerally preferred for ethane recovery because it provides
maximum simplicity with ease of startup, operating Hexibility, good efficiency, safety, and
good reliability. In a typical cryogenic expansion recovery process, a feed gas stream under
pressure is cooled by heat exchange with other streams of the process and/or external sources
of refrigeration such as a propane compression-refrigeration system. As the gas is cooled,
liquids may be condensed and collected 1n one or more separators as high-pressure gumds
containing some of the desired C2+ components. Depending on the richuess of the gas and
-1-
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the amount of Hauid formed, the high-pressure Hguids may be expanded o a lower pressure
and fractionated. The vapornization ocourring during expansion of the quid resuits in further
cooling of the stream. Under some conditions, pre- cooling the egh-pressure hiquid prior o
the expansion may be destrable in order to further lower the temperature resulting from the
expansion. The expanded stream, cornprising a mixture of hawd and vapor, 13 fractionated in
a distiliation {demethanizer} column. In the columm, the expansion conied stream(s) is {are)
distilled 1o separate residual methane, nitrogen, and other volatile gases as overhead vapor
from the destred C2 components, {3 components, and heavier components as bottom lqund
product.

[0004] If the teed gas is not totally condensed (typically i ts not), the vapor remaining
from the partial condensation can be split into two or more streams. One portion of the vapor
s passed through a work expansion machine or engine, of an expansion valve, o a lower
pressure at which additional liquids are condensead as a result of further cooling of the stream.
The pressure after expansion is essentially the same as the pressure at which the distitiation
column is operated. The combined vapor-liquid phases resulting from the expansion are
supplied as feed to the coluran.

[0005] The remaining portion of the vapor is cooled to substantial condensation by heat
exchange with other process streams, e.g., the cold tractionation tower overhead. Depending
on the amount of high-pressure lguid available, some or all of the lugh-pressure hquid may
be combined with this vapor portion prior to cooling. The resulting cooled stream is then
expanded through an appropriate expansion device, such as an expansion valve, to the
pressure at which the demethanizer is operated. During expansion, a portion of the lguid will
vaporize, resulting in cooling of the total stream. The tlash expanded stream is then supplied
a5 top feed to the demethanizer. Typically, the vapor portion of the expanded stream and the
demethanizer overhead vapor combioe in an upper separator section in the fractionation
tower as residual methane product gas. Alternatively, the cooled and expanded streany may be
supplied 0 a separator o provide vapor and liquid streams. The vapor is combined with the
tower overhead and the hquad 13 supplhied o the column as a top cohunn feed . To the idesl
operation of such a separation process, the residue gas leaving the process will contain
substantally all of the methane in the feed gas with essentially none of the heavier
bydrocarbon components and the bottoms fraction leaving the demethanizer will contain

substantially all of the heavier componends with essentially no methane or more volatile
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components. fo practice, however, this ideal situation is not abtained for the reason that the
conventional demethanizer is operated largely as a sinipping column. The methane product of
the process, therefore, typically comprises vapors leaving the top fractionation stage of the
column, together with vapors not subjected 1o any rectification step. Considerable losses of
(2 components occur because the top hiquid feed coutains substantial quantities of C2
components and heavier components, resulting in corresponding equilibrivm guantities of {2
components and heavier componends in the vapors leaving the top fractionation stage of the
demethanizer. The loss of these desirable components could be significantly reduced if the
rising vapors could be brought into contact with a significant guandity of higd {retl),
containing very little CZ components and heavier components; that is, reflux capable of
absorbing the C, components and heavier components from the vapors. The present invention
provides the means for achieving this objective and sigruficantly improving the recovery of
the desired products.

[0006] The present mwvention 15 generally concerned with the recovery of ethylene,
ethane, propylens, propane and heavier hydrocarbons from such gas streamss. A typical
analysis of @ gas stream to be processed in accordance with this invention would be, in
approximate mole percent, 92.5% methane, 4.2% ethane and other Oy components, 1.3%
propane and other {5 components, 0.4% iscbutane, 0.3%% normal butane, 0.5% pentanes plus,
with the balance made up of nitrogen and carbon dioxide. Sulfur containing gases are also
sometines present.

[0007] The historically cychic fluctuations in the prices of both natural gas and ¥t8 vatural
gas Hiquid {NGL} constituents have reduced the incremental value of ethane and heavier
components as liguid products. This has resulted in a demand for processes that can provide
more efficient recoveries of these products. Available processes for separating these materials
include those based upon cooling and refrigeration of gas, oif absorption, and refrigerated ail
absorption. Additionally, cryogenic processes have become popular because of the
avatlability of economical equipment that produces power while simultanecusly expanding
and extracting heat from the gas being processed. Depending upon the pressure of the gas
souree, the richness (ethane and heavier hydrocarbons content) of the zas, and the desired end

products, each of these processes or a corobivation thereol may be employed.
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[0008] The ervogenic expansion process is now generally preferred for ethane recovery
because it provides maximum simplicity with ease of startup, operating tlexability, good
efficiency, safety, and good reliability,

[0009] There are numerous facilities that employ the Gas Subcooled Process (GSP)
developed by Ortloff Engineering in the 1970’s. This design incorporates the addition of a
reflux stream generated from a portion of the inlet gas which is fed as reflux to the top of a
demethanizer column. The product recovery is dependent on the pressure, temperature and
quality of the reflux stream at the top of the demethanizer column. The relative leanness is
determined by the temperature of the cold separator so that the GSP processes rely on the
cold temperature of the process. This GSP process has been used in many facilities to recover
ethane or propane from natural gas streams. Existing GSP technology is limited in recovery
to 90-96% ethane recovery and 90-99% propane recovery. Retrofitting a GSP plant can
increase recoveries to 97-99% ethane recovery and 97- 99% propane recovery. However,
there are significant costs involved in the additional equipment that are involved in prior art
retrofitting designs.

[0010] An improved process was previously developed by Ortloff Engineering and is
called the Recycle Split Vapor (RSV) Process. This process provides ultra-high ethane or
propane recovery from natural gas streams. The RSV design incorporates the addition of a
small reflux stream generated from residue (product) gas which is used to supplement the
traditional reflux streams from the inlet gas stream. The residue reflux stream is fed into the
demethanizer or deethanizer column to an additional rectification section that is installed
above the typical top reflux feed point of the GSP process. The lower section of the tower
provides bulk recovery of the desired liquid product while the top section provides a
“polishing” step. RSV technology is extremely flexible and can operate as either an ethane
recovery or a propane recovery process. This flexibility allows an operator to maximize plant
profits based on ethane economics. In addition, an RSV plant can operate at flow rates
significantly different than design. In the case of lower flow, higher recoveries can be
achieved but for flow rates higher than design high product recoveries can be maintained.
Current RSV units employ a single demethanizer tower. This technology modifies the GSP
plant to an RSV-type design by adding cryogenic pumps and an additional fit-for-purpose
tower for enhanced recovery. All other known technologies apply a single tower design

which forces a complete redesign of the tower as opposed to an additional small and cost
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effective tower in accordance with the flow scheme of the present invention. The towers are
referred to as fractionation towers as well as demethanizers or demethanizer towers herein.
The invention allows for additional recovery due to efficiency of the RSV process. There is
an increased performance and revenue for customer that is estimated at 9.7 MMS$ per year

based on a 200 MMSCFD FEED rate and 6.5 GPM.
BRIEF DESCRIPTION OF THE DRAWING

[0011] The FIGURE shows a flow scheme of the invention with two fractionation or

demethanizer towers.
DETAILED DESCRIPTION OF THE INVENTION

[0012] The FIGURE tlusirates a flow diagram of a process in accordance with the
present invention. In the process, inlet gas enters at 120°F and a pressure of 1040 paia as feed
stream 10, Feed stream 10 proceeds ioto strearn, 12, The stream, 12, 15 cooled to 19°F by heat
exchange with a portion of a cool residue gas {stream 66} at -17°F in heat exchangers 14,
[0013] Following cooling, stream 16, passes into which is then cooled by heat exchanger
20 with cooled atream 22 entering separator 24 where the vapor (siream 54} 18 separated from
the condensed biguid {(stream 26}

[0014] The vapor stream 54 from separator 24 is divided tnto gaseous first and second
strearns, 54 and T8, Strearm 54, containing 30 percent of the total vapor, is sent through heat
exchanger 56 with stream 58 after passing through valve 60 entering an upper potrtion of
demethanizer column 32 A vapor stream 34 then exits the top of demethanizer column 32 to
enter a lower portion of g second demethanizer column 36 that 12 smaller than demethanizer
column 32, A Bauid stream 38 exits a bottom section of second demethanizer column 36 1o
he compressed by compressor 40 with compressed stream 42 entering an upper portion of
demethanizer cohumn 32, A vapor stream 04, that comprises mostly methane exiis a top
portion of second demethanizer colurn 36 and 13 sent through heat exchanger 56 to a stream
68 and then o heat exchanger 14 to becoms strear 70 that is then compressed by expander
compressors 72 and 74 and returns in stream 76 to demethanizer column 32, A liquid stream
44 exits the bottom of demethanizer colomn 32 1o stream 44 that 1s then compressed by
compressor 46 with streant 4% passing through heat exchanger 50 to then exit as natural gas
Liguid prodoct stream 32 containing the higher hydrocarbons than the residue gas stream 33
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that 13 mainly methane. Also shown are the streams and heat exchangers {o heat and cool the
streams g5 approprigte. Stream 70 passes through expander compressor 72 and then a
compressed vapor stream 30 then passes through residue compressor 82 with stream 24
passing through heat exchanger 86 with residue gas 88 comprising methane. A portion of
residue gas 88 is diverted in stream 90 to a residue filter coalescer 92 with siream 94 passing
through heat exchanger 14 and then siream 95 passing through beat exchanger 56 {o stream
o8 and valve 100 and then in stream 102 1o second derethanizer unit 36, A portion of stream
16 passes through heat exchanger 106 10 beat exchanger 50 and then is combined with stream
12, A mosily vapor stream 104 exits demethanizer column 32 and passes through line 104 to
heat exchanger 106 1o return (0 demethanizer column 32 1o stream 110,

[0015] The present invention provides a significant improvement iy recovery of €2 and
{3 hydrocarbons when compared to the plant before the addition of the second smaller

demethanizer unit as shown in the following table:

TABLE
5P Recover REY Recovery
2 Recovery %% §7.02 o 03
{23 Recovery % 69 46 100
Chiller Temperature ("F) ~283 -28
Refrigeration BHP 4450 3320
Kesidue BHP 13433 13393
Compression HP 17883 16715

[0016] Any of the above conduits, unit devices, scaffolding, surrounding environments,
zones or similar may be equipped with one or more monitoring components including
sensors, measurement devices, data capture devices or data transmission devices. Signals,
process or status measurements, and data from monitoring components may be used to
monitor conditions in, around, and on process equipment. Signals, measurements, and/or data
generated or recorded by monitoring components may be collected, processed, and/or

transmitted through one or more networks or connections that may be private or public,
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general or specific, direct or indirect, wired or wireless, encrypted or not encrypted, and/or
combination(s) thereof; the specification is not intended to be limiting in this respect.

[0017] Signals, measurements, and/or data generated or recorded by monitoring
components may be transmitted to one or more computing devices or systems. Computing
devices or systems may include at least one processor and memory storing computer-readable
instructions that, when executed by the at least one processor, cause the one or more
computing devices to perform a process that may include one or more steps. For example, the
one or more computing devices may be configured to receive, from one or more monitoring
component, data related to at least one piece of equipment associated with the process. The
one or more computing devices or systems may be configured to analyze the data. Based on
analyzing the data, the one or more computing devices or systems may be configured to
determine one or more recommended adjustments to one or more parameters of one or more
processes described herein. The one or more computing devices or systems may be
configured to transmit encrypted or unencrypted data that includes the one or more
recommended adjustments to the one or more parameters of the one or more processes

described herein.
SPECIFIC EMBODIMENTS

[0018] While the tollowing 1s described in conjunction with specific embodiments, it will
be understood that this description is intended to tlusirate and not hmit the scope of the
preceding description and the appended claims.

[0019] A first embodiment of the invention 18 a process for the separation of a gas stream
containing methane, C2 components, C3 components, and heavier hydrocarbon components
into a volatile residue gas fraction and a relatively less volatile fraction contatning the C2
components, C3 components and heavier hydrocarbon components or the €3 components and
heavier hydrocarbon components in a fractionation tower, comprising the steps of dividing
the gas stream into a gaseous first siream and a gaseous second stream, cooling the gaseous
second stream under pressure sufficiently to partially condense, separating the partially
condensed second stream to thereby provide a vapor stream and a condensed stream,
expanding the vapor stream to a lower pressure and supplying it at a first mid-column feed
posttion within a lower region of the fractionation tower, expanding at feast a portion of the
condensed stream to the lower pressure and supplying it to the fractionation tower at a second
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mid-column feed position, withdrawing a distillation stream from an upper region of the
fractionation tower and, sending the distillation stream to a lower region of a second
fractionation tower that 18 smaller than the first fractionation tower, removing a more volatile
stream from the second fractionation tower to be sent to a residue gas stream; removing a less
volatile stream from the second fractionation tower and sending at least a portion of the less
volatile stream to the first fractionation tower. An embodiment of the invention is one, any or
all of prior embodiments in this paragraph up through the first emnbodiment in this paragraph
wherein the second fractionation tower is 10 to 50% of the height of the fractionation tower.
An embodiment of the invention 1s one, any or all of prior embodiments in this paragraph up
through the first embodiment o this paragraph wherein the second fractionation tower is 20
to 40% of the height of the fractionation tower An embodiment of the invention is one, any or
all of prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the relatively less volatile fraction includes 99.5 to 100 wit% of C2 components from
the gas. An embodiment of the wvention 1s one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph wherein the relatively less
volatile fraction includes 99 98 wt%s of C2 components from the gas. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the relatively less volatile fraction includes 98 to 100
wit?s of C3 compounents from the gas. An embodiment of the tovention 15 one, any or all of
prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the relatively less volatile fraction includes 100 wit% of C3 components from the gas.
An embodiment of the invention 1s one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the natural gas liquid 1s at 1000 psig.
An embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the natural gas liquid comprises a
maximum of 5,000 ppmv C1. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph, further
comprising at least one of sensing at least one parameter of the process and generating a
signal from the sensing; sensing at least one parameter of the process and generating data

from the sensing; generating and transmitting a signal; generating and transmitting data.
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CLAIMS:

t. A process for the separation of a gas stream confaining methane, U2 components,
3 components, and heavier hydrocarbon components into a volatile residue gas fraction and
a relatively less volatile fraction containing said C2 componeunts, C3 components and heavier
hydrocarbon components or said C3 components and heavier hydrocarbon componentsin a
fractionation tower, compnising the steps of
dividing said gas stream into a gaseous first stream and a gaseous second stream;
cooling said gaseous second stream under pressure sufficiently to partially condense;
separating satd partially condensed second stream to thereby provide a vapor stream
and a condensed stream,;
expanding said vapor stream to a lower pressure and supplying it at a first mid-
column feed position within a lower region of the fractionation tower;
expanding at least a portion of the condensed stream to said lower pressure and
supplying it to said fractionation tower at a second mid-column feed position;
withdrawing a distillation stream from an upper region of the fractionation tower;
sending said distillation stream to a lower region of a second fractionation tower that
is smaller than said first fractionation tower;
removing a more volatile stream from said second fractionation tower to be sentto a
residue gas stream; and
remnoving a less volatite stream from said second fractionation tower and sending at
least a portion of said less volatile stream to said first fractionation tower.
2. The process of clairo | wherein said secound fractionation tower s 10 to 50% of
the height of said fractionation tower.
3. The process of claim | wherein said second fractionation tower 15 20 to 40% of
the height of said fractionation tower
4. The process of claira | wherein said relatively less volatile fraction includes 99.5
to 100 wis of C2 compouvents from said gas.
5. The process of claim 1 wherein said relatively less volatile fraction includes 99.98
wit?s of C2 components from said gas.
6. The process of claim | wherein said relatively less volatile fraction includes 98 to

100 wt% of C3 components from said gas.
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7. The process of claim 1 wherein said relatively less volatile fraction includes 100
wi% of C3 components from said gas.
& The process of claim 1 wherein said natural gas hiquid is at 1000 psig.

9. The process of claim 1 wherein said natural gas liguid comprises a maximum of

5 5,000 pprov CL
10. The process of claim 1, further comprising at least one of’

sensing at least one parameter of the process and generating a signal from the sensing;

sensing at least one parameter of the process and generating data from the sensing;

generating and transmitting a signal;

10 generating and transmitting data.
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