LI QUEFI ED NATURAL GAS PRODUCTI ON SPECI FI CATI ON BACKGROUND OF THE | NVENTI ON
[0001] This invention relates to a process and apparatus for processing

nat ural owe 20w/qErasduce |iquefied natural gas (LNG that ph@aaisacomiogivonet hane
purity. In particular, this invention is well suited to production of LNG
fromnatural gas found in high-pressure gas transm ssion pipelines. The
applicants claimthe benefits under Title 35, United States Code, Section
119(e) of prior U S. Provisional Application Nunber 61/086, 702 whi ch was
filed on August 6, 2008. WD 2010/017061PCT/ US2009/ 051901 [ 0002] Natural gas
is typically recovered fromwells drilled into underground reservoirs. It
usual |y has a major proportion of nethane, i.e., nethane conprises at | east
50 nol e percent of the gas. Depending on the particul ar underground
reservoir, the natural gas also contains relatively |esser anounts of
heavi er hydrocarbons such as et hane, propane, butanes, pentanes and the

li ke, as well as water, hydrogen, nitrogen, carbon dioxide, and other
gases. [0003] Most natural gas is handled in gaseous form The npbst conmon
means for transporting natural gas fromthe well head to gas processing

pl ants and thence to the natural gas consuners is in high-pressure gas
transm ssion pipelines. In a nunber of circunstances, however, it has been
found necessary and/or desirable to |iquefy the natural gas either for
transport or for use. In renote |ocations, for instance, there is often no
pi peline infrastructure that would allow for convenient transportation of
the natural gas to market. In such cases, the nmuch | ower specific vol une of
LNG relative to natural gas in the gaseous state can greatly reduce
transportation costs by allowi ng delivery of the LNG using cargo ships and
transport trucks. [0004] Another circunstance that favors the |iquefaction

of natural gas is for itdIQEHEDNABUBAL/GASHROPYEITION, | ar ge

nmetropolitan areas, there are fleets of buses,

SPECIFICATION

BACKGROUND OF THE INVENTION

[0001] This invention relates to a process and apparatus for processing natural
gas to produce liquefied natural gas (LNG) that has a high methane purity. In
particular, this invention is well suited to production of LNG from natural gas found
in high-pressure gas transmission pipelines. The applicants claim the benefits under
Title 35, United States Code, Section 119(e) of prior U.S. Provisional Application

Number 61/086,702 which was filed on August 6, 2008.



taxi cabs, and trucks that could be powered by LNGif there were an
econom cal source of LNG avail able. Such LNG fuel ed vehicl es produce

consi der alwbyologasoeai r pol | uti on due to the cl ean-burni ngcmatseso/oefoonat ur al
gas when conpared to simlar vehicles powered by gasoline and di esel

engi nes (which conbust hi gher nol ecul ar wei ght hydrocarbons). In addition,
if the LNGis of high purity (i.e., with a nethane purity of 95 nole
percent or higher), the anount of carbon dioxide (a "greenhouse gas")

et ﬁﬁﬁidchipéﬁ’“@]?ﬁr T e s U e BT A S
| nvention is %sé‘r%rl% 'Ié/usu%i‘cl%rsﬁ%’aé’# Lhobd8 of Laighact | an,of. patutal, gas such
as that found in pre§’ 48 p{p el APH

sure gas ansni'ssion pi‘pelrnes. ypical
anal ysis of a,nat raI am pr.oc ssed. | ordance with this
nventi on muieaﬁ i eé%ﬁf%ﬁéﬁ%%s seina P SRR b f%ﬁ%?lﬁ@ﬁ%m@lfz% ot hane
and ot her ﬁ# ogﬁnts,1 1W Qgg /F and ot her ﬁ@ onen %
i so- but ane, 0"FIEGY F? S&ftoa‘ﬁ@ Bo JetitTAmens PLRCavigh déocé 08%1%“6 A
di oxide, with Lhe bal ance nmade up of nltr ul fur containin ases are
al so sonet i me§"iceBERINC: T‘B%S’G%]P?ﬂg?eé agg e df %&WE LVl PHY a%enkwaaﬂ? f or
| i qguefying natural gas. For _ instance, see Finn, Adrian J., Gant L.
Johnson, and ?%P?Wmﬂﬁdq6ﬂ4?%§6ﬁ“” LNG Technology for Cffshore and M d- Scal e
Pl ant s" Proceedlngs of the Seventy-N nth Annual Convention of the Gas
Processors As&98at i on, Mg nagmbeassphandieq ghgageousiugi he ngBr©MM3. 15, 2000
for a survey of a nunber of such processes. U S. Pat. Nos. 5, 363, 655;
5, 600, 969; 5, BEFsHELranERE, Tl eantoB IBgecbos] izsppidesstng pants arbyant
processes. These nethods generally include steps in which the natural gas
is purified (Hygngedontheinapralgpseqonsimebrs is dubRlestenwregapoumdssiauppeliass. dar bon
di oxi de and sul fur conpounds), cool ed, condensed, and expanded. Cooling and
condensat i on ehumbg ofi gitapneianggashayamerbie hasdwonfriund hendssary amddoy degirttile foent
manners. "Cascade refrigeration” enploys heat exchange of the natural gas
W th several tigdefy gpenaintad gdsaiuthergositrnemsisirvel uge.| mwemotb dochiiony, fooi nts, such as
propane, ethane, and nethane. As an alternative, this heat exchange can be
acconpl i shed usiang, thesiingltan nogfipdlige indimstruoyurethapordd aling foheonvedientger ant  at
several different pressure levels. "Milti-conmponent refrigeration” enploys
heat exchange uaispbingionat the ahtugdgaswd tlarkat. ShR@lheaseRf the gackaldtvef dpatitlc conposed
of several refrigerant conponents in |ieu of nmultiple single-conponent
refrigerants. vExpPaBsLNG réfatiehe nlatalpalin gR$atans fe atooemlyirstied bot h
i senthal pically (using Joul e-Thonson expansion, for instance) and
i sentropical | Maﬂsﬁ&ﬂtmnaom}m@mh@ay bRhILINE; usirgrcafga%h?m@@)tran[s 7] Wil e
any of these nethods could be enployed to produce vehicular grade LNG the
capital and opg#@ti ng costs associated with these nmet hods have generally
made the installation of such facilities uneconom cal. For instance, the
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[ 0009] For a better understanding of the present invention, reference is
made to the foll ow ng exanpl es and drawi ngs. Referring to the draw ngs:
[ 0010] FI GvoRoimg1zo6fil ow di agram of an LNG producti on pl arCTius2@om6rdance
with the present invention; and WD 2010/017061PCT/ US2009/ 051901 [0011] FI G
2is aflowdiagramillustrating an alternative neans of application of the
present invention to an LNG production plant. [0012]In the follow ng
expl anation of the above figures, tables are provided summari zing fl ow
rates cal cul at ed LeRr ese ' r.OC ) - t abl es
appearing her i%n) ﬂr? uée(gglcgfzsg&%%trb; %?Soc@ve?Oa?lgzwyggﬂlr)rﬁ'@g%&g}rl paﬁ%gg have been
rounded to thee%%rzligéao% avgag(l)gﬂ ncﬁg;%eﬁrf?r o urél\éeni ence. The total streamrates
shown in the t'8bfes“"HE etal T nen: ydrocarbon conponents and hence are
general ly lar than the sumof the streamflow rates far the. hydrocarbon
donmponent s, - TR at ur PR S eb G Sy s RErET VIR Sl AR ot he
nearest degree. It should also be noted that the process design .
ol cutat i ons BuPRby et fang i BEL Bt Ry PG BB depi ot ed
in the figures are hased ?n t he assunption of no heat |eak from (or to) the
surroundi ngs FEYEEOIAPBRA! BHSURIB EEREPTOPRE] JLACTIInCs PIGSHREPER LA v
avail able insulating materials nmakes this a very reasonabl e assunption and
one that is t)BFEAEIY AREEIRY Bl BECDi 1 td0mpriiaton e 2grqthane o gherdr
conveni ence, process paraneters are reported in both the traditional
British unitsCeRRPIENSt2ride propens 49f ofhseCssrsnopenty, Aoér inerbr@pral- ¢ wmgles (SI) .
The nmolar flow rates given in the tables may be i.nterEret ed as either pound
mol es per houPutdpe, Ribfarpnapssrdise andded % isaihpn dipride.ayidy g bagies mepe idofs report ed
as horsepower (HP) and/or thousand British Thermal Units per hour (MBTU Hr)
correspond t oniegens tSedfoticontsinrg gasennre asespnicimgppiagtnhol es per hour. The
energy consunptions reported as kilowatts (kW correspond to the stated
mol ar fl ow r af0886li n ki |'lhgreaame apinetsr pemethodsrknowh éorlliy@:fping detotal gas. Fat es
reported as gall ons per day (gallons/D) and/ or pounds per hour (Lbs/hour)
correspond t oinstagces seathidnh, rdtiar J. fGmam Ir. dolenson, angderndR ridindsms@e'LINGur . The LNG
production rates reported as cubic neters per hour (nB/H) and/or

Technology for Offshore and Mid-Scale Plants", Proceedings of the Seventy-Ninth

Annual Convention of the Gas Processors Association, pp. 429-450, Atlanta, Georgia,
March 13-15, 2000 for a survey of a number of such processes. U.S. Pat. Nos.
5,363,655; 5,600,969; 5,615,561; 6,526,777; and 6,889,523 also describe relevant
processes. These methods generally include steps in which the natural gas is purified
(by removing water and troublesome compounds such as carbon dioxide and sulfur
compounds), cooled, condensed, and expanded. Cooling and condensation of the
natural gas can be accomplished in many different manners. "Cascade refrigeration”
employs heat exchange of the natural gas with several refrigerants having
successively lower boiling points, such as propane, ethane, and methane. As an
alternative, this heat exchange can be accomplished using a single refrigerant by
evaporating the refrigerant at several different pressure levels. "Multi-component
refrigeration” employs heat exchange of the natural gas with a single refrigerant fluid

composed of several refrigerant components in lieu of multiple single-component
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ki | ograns per hour (kg/H) correspond to the stated nolar flowrates in

kil ogram nol es per hour. DESCRI PTION OF THE I NVENTION [0014]FIG 1

i1l ustratwe 2atofdioos1di agr am of a process in accordance WPCH/Ush@9psmeent

i nvention adapted to produce an LNG product with a nethane purity in excess
of 99% [0015]In the sinulation of the FIG 1 process, inlet gas taken from
a natural gas transm ssion pipeline enters the plant at 100F [38C] and 900
psia 116,205 kPa(a)1l as stream 30. Stream 30 is cooled in heat exchanger 10
by heat exchapnge. w . I o . m 43c) ,
cool expanded P?’ilg%e\oﬁrnttgtﬁggéfﬁn[lg? 2{5 8%31? Eg %f%g%grhbgé%c)o?n})gﬁlg ; gg%l%]efl ﬁ@i)kg%p or and
liquid at - 11?:' %- Sl.égjf (eldcam 46) - The ool ed . stream 3(9sal'naetl -52F [-47CL
and 897 psia Wi f% kBaTa%l PEEPVIPaEE 7t 81 \Wo p%r%lyons,gstreams 31 and
32. Stream 32 ont ai ni n abO%J)t.B %gf the inlet gas, enters separator 11
where the vapSP K EPPELH g@nei rglééﬁ?e ted fromthe condensed |iquid (stream
34). [0016] Va stream 33 from separat or enters wor kK expansi on

mathi ne 131 nCh ook H T Lisr gy R 6 el R enalsrF et S BB on of the
hi gh pressure feed. The nachi ne 13 expands the vapor substantially

i sent ropi cal | §m§%fj§pi’ G’ﬁtcf‘li}tag"ﬂ’(g\?é’e‘iaﬂ%g %ﬁ@ﬁ%ﬁoFlﬁGdW‘gé]%‘ﬁ? QG%PSELIMG& purification
tower 17, 435 psia 112,999 kPa(a)l, with the work expansion cooling the
expanded st r e&rAcEay nade Herpsadiation fsucloircilipesrusgiaramioply o1 ggenge. 98C1. The
typi cal conmercially avail abl e expanders are capabl e of recovering on the
order of 80- 8BYERIPhEeRvGIRITEhIPBP Y ETy casten ditifee stlir spmpeds. cicsent r opi ¢
expansion. The work recovered is often used to drive a centrifugal

conpr essor ( sifem thangtyralgag piior tp Hagelachan pprogend gonslerablesaritnd angerting  vapor s,
| i ke stream 35b for exanple. The expanded and partially condensed stream
33a i s divi degosisinsudhieciliienst dsginghe diversdash@eligeentias cy (@GPl Sed. e Bt 36,

cont ai ni ng about 35% of the effluent from expansi on machine 13, is further
cool ed i n heahasdztthamyento8o myeshigait texehimlge ohproduang NG NGof nagghl gaapor at
-153F [-103C] (stream 43b) and cold flash vapor and liquid at -153F [-103C]
(stream 45). Thehdsalredlgbeagoirididd sid ie homBGansportedld 0ferd vi®BiCh-pressurhigaseaf t er
supplied to distillation colum 17 at a m d-colum feed point. The second
portion, streamsBbssion@ifedingsi Igcht dnel X @ peidoitivg neftfidduentd Elimpinate ¥pansd on
machine 13, is directed to heat exchanger 15 where it is warnmed to -57F
[-49C] as it faséfaene eneusfitaien reigicdi Rghposich Giph(séss@amgnsitnsafssivhe cool ed
stream 30a. The further cooled stream 31la at -82F [-64C] is then flash
expanded t hr opighlir@s aRRpke pérvatient@X pefisiolihndess Ghere SHGIlASrRPATEIsen val ve
16, to the operating pressure of fractionation tower 17, whereupon the
expanded streagmaplib at -126F [-88C] is directed to fractionation tower 17
at a lower colum feed point. [0018]Distillation colum 17 serves as an LNG

purification fougr. |t rhSc®rdance with the present invention, it has been found that LNG
with methane purities in excess of 99 percent can be produced from natural gas, even
when the natural gas contains significant concentrations of carbon dioxide. The
present invention, although applicable at lower pressures and warmer temperatures, is
particularly advantageous when processing feed gases in the range of 600 to 1500 psia
[4,137 to 10,342 kPa(a)] or higher.
[0009] For a better understanding of the present invention, reference is made
to the following examples and drawings. Referring to the drawings:
[0010] FIG. 1 is a flow diagram of an LNG production plant in accordance

with the present invention; and



conventional distillation colum containing a plurality of vertically
spaced trays, one or nore packed beds, or sone conbination of trays and
packi ng. wWbieiowoawesn recovers nearly all of the hydrocar pomash@@ws®n t han
nmet hane present in its feed streans (streans 36a and 31b) as its bottom
product (stream 38) so that the only significant inpurity in its overhead
(stream 37) is the nitrogen contained in the feed streans. Equally
inmportant, this tower also captures in its bottom product nearly all of the
car bon di oxi dgyfgedi ng e, Lokl g2 Al GALARNIEh N Jk flogs not enter the
downst ream LNG cool - down secti on re e extrene y low tenperatures would
cause the formation of. saolid carbon di OfiN?fQ_rR@ at i ng operating probl ens.

; . application of the present invention tO an clon .
Stripping vaporsor FRETSEUdTeldd PR LD purP]ﬁ cation tower 17 are

i ded by t ti f st m 3 i tri th
prov e, by a0 BRTAL 8 O SR iy U Podll R RO
distillati | 170 t ed | i .and d i th
G 1 L1201 o0 SO ATl G120 S0, coBLLAR, 00, condelng b et

exchange with streans 43b and 45 as descr.i bed previqusly. The condensed
stream 37a, nBPCATNEeARE thepva ‘i%%}f%oiwsraﬁ? Up H’Qg‘*sip?ﬁ “%%SV%‘E?F{‘ FEREC Bne
portion (stream 40) becones the feed to the LNG cool -down section. The

ot her porti ontediedes hslynuaherdpsconyenicpee. plpgyotpbstreamrales howpiihige tdlsseam 39a
at -148F 11-100Cl is supplied to LNG purification tower 17 at a top feed
poi nt to provingkdg F\]én?légﬁfdtﬁ%amoaGPI’GPQI@PtS@%thnéW? gerppiglly lprgen than the g d
rectifies the vapors rising up the tower so that the tower overhead vapor
(stream 37) afbthe gresailentaley fordeghysirocaten gompancnthe TENGrawes indisaied 8isct i on
contain mnimal amounts of carbon di oxi de and hydrocarbons heavi er than
met hane. [ 002@grTérempigedlusst rovaderd tothe nepsest NGreso di shaeldralss be ndtedthpctbadensed

| iquid stream 40) enters heat exchanger 51 at -148F [-100Cl1 and is

subcool ed by hwatss dxignanayelaripnsipedfoinebdliNGh¢ bapbsewd ponpaging {eg@¢eefsed 12C1L
(stream 43a) and cold flash vapor at -164F [-109Cl1 (stream 41). Subcool ed
stream 40a - 18ictgd ih@ieTigurescun treat onsthe hamgpatonsit np edt lleak firoex(oatddd t hr ough
an appropriate expansi on device, such as expansion valve 52, to a pressure
of appr oxi mat elrgoudd@idgysi(@ fih?), Fodea (Thg ualiBusti cognexgpatysivaiab&ée porti on of
the streamis vaporized, resulting in cooling of the total streamto -164F
[-109C1 (st r eaRuldtiy)matdingds mhias hiex pandasbnable aamnpdn matoae hasepgiatior 53
where the flash vapor (stream41l) is separated fromthe liquid (stream 42).
The flash vapafdd by thede skllesth #aper stream 41) is heated to -153F [-103C1
(stream 4la) in heat exchanger 51 as described previously. WO

2010/ 017061PCjjots32009/ (o2 86hlehiOfR Lirbdetdpadaridiére amrdpdribd BBogePar at or 53 is
subcool ed in heat exchanger 54 to -168F [-111Cl (stream 42a). Subcool ed

stream 42a i syfdiasd BXRANARY addih @AM 0r BPRBYRRNd RlcenBXRANTIRR @@vi ce, such
as expansion valve 55, to the LNG storage pressure (90 psia 11621 kPa(a)l).

During expansirgdndiaPasd Qe fentiﬂﬁleiétﬂ&%‘ayib%if{tél%%édza%@ithér%éﬁﬂdtrhélgs pda cool i ng
of the total streamto -211F 11-135Cl1 (stream 42b), whereupon it is then

directed to LNG3} Rfi g hdRk géﬁlo\ﬁ‘ﬂ Cfife eTanK ENE‘RIF&E%E rYRRLY ad RS SLAY from

expansion (stream 43)  Is separated from product (stream 44). The

LNG fl ash vap ( éﬁaﬁﬁ t ' t}gﬁ - 169F

[-112C1 (st regﬁﬁ) fégéspggu&{a#@gﬂgcoo gm %tqnzgﬁ%r@{ W%@g)?ﬂzaxc g[ﬁ)ggtrt@%?l. Col d

LNG fl ash vapgr i f a i 51, 18,

and 10" a5 deogrrDuFERLIReLR b ORL BALE B HO8F L b el o GERRCABEA 20 e

be used a8 PPl il Sl ERRe [y WiRg BRAPhow LAQARKIGYES RRLLe stream
hour. The LLNG production rates reported as gallons per day (gallons/D) and/or

pounds per hour (Lbs/hour) correspond to the stated molar flow rates in pound moles

per hour. The LNG production rates reported as cubic meters per hour (m’/H) and/or



expanded to the pressure of cold flash vapor stream 4la by expansion val ve
20. During expansion a portion of the streamis vaporized, resulting in
cool i ng ovothw/mioical stream from -133F [-92CLl to -152F [PCTAR@IOSIPEAM
38a). The flash expanded stream 38a is then conbined with cold flash vapor
stream 41a | eavi ng heat exchanger 51 to forma conbined flash vapor and
liquid stream (stream 45) at -153F [-103Cl which is supplied to heat
exchanger 18. It is heated to -119F [-84Cl (stream 45a) as it supplies

cooling to ex gqﬁ o) tr 7 as
descri bed pr e\%ﬁﬁf&[@%ygh é]%‘z& ihg;é'%%gm %H rlrgtrﬁselg%g}a or 11 is
flash expanded o I’Lro ’g;ressure of stream 45a by expansion val ve 12, cooling

stream 34a to'- 5§Ef 4C1. The expanded stream 34a is conbined with heated
flash vapor and liquid stream45a to formcool flash vapor and Iiquid

stream 46, which is heated tﬁEﬁégP%éiggﬁiTﬁEﬂﬁ@EN?ﬁﬁ@anger 10 as descri bed
previ ously. The heated stre d in two stages,
compt €ssor g@i‘@lco”prﬁésf){uus ?au%ral wdlﬁ%raﬁnoﬁe‘g'pg)@s@‘i@ﬁ'wc ﬁ%e e wilithe °> Wi th

cooling to 12 49C1 between s ornlthe

(51T cam 35b). ENE N Si0anpar e RE En RSN e

gas. It is re- Pg%pressed in two stages, conpressor 14 driven by expansion
machi ne 13 and ressor 22 driven by a supplenental power source, with

cooling to 120F 1149C1 betmee st ages pplied by cool 1. The onpressed
second resi dufs (st rBHS ‘gfuﬁdﬁﬁ?ﬁﬁé ﬁPWﬁ“FH E%ﬁﬁ&%% 8@3FPP§% resi due
gas (stream46d) to formresidue gas stream47. After cooling to 120F
1149CL i n di sé&¥dfagemisyon pipelg entteﬁéher RIgnt g EOGRE385¢ band 0 psie | kKa@)] returns
to the natural gas transm ssion pipeline at 900 psia 116,205 kPa(a)l .
[ 0025] A summanystgimsS0r Saeanf Bbivcoeledin headxeragygyl0by rheajl\‘rmﬁa@gﬁ wigrcqohe process

illustrated in FIG 1 is set forth in the following table: Table I (FIG
1) LNG flash vapor at -115°F [-82°C] (stream 43c¢), cool expanded vapor at -57°F

[-49°C] (stream 35a), and cool flash vapor and liquid at -115°F [-82°C] (stream 46).
The cooled stream 30a at -52°F [-47°C] and 897 psia [6,185 kPa(a)] is divided into
two portions, streams 31 and 32. Stream 32, containing about 32% of the inlet gas,
enters separator 11 where the vapor (stream 33) is separated from the condensed
liquid (stream 34).

[0016] Vapor stream 33 from separator 11 enters a work expansion machine
13 in which mechanical energy is extracted from this portion of the high pressure
feed. The machine 13 expands the vapor substantially isentropically to slightly above
the operating pressure of LNG purification tower 17, 435 psia [2,999 kPa(a)], with the
work expansion cooling the expanded stream 33a to a temperature of approximately
-108°F [-78°C]. The typical commercially available expanders are capable of
recovering on the order of 80-85% of the work theoretically available in an ideal
isentropic expansion. The work recovered is often used to drive a centrifugal

compressor (such as item 14), that can be used to compress gases or vapors, like
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Stream Fl ow Summary - Lb. Ml es/H [kg noles/Hr] Stream Met hane Ethane
Propane Butanes+ C. Dioxide Total 30 1,178 69 27 25 8 1, 318
WO 2010/017061 PCT/US2009/051901

stream 35b for example. The expanded and partially condensed stream 33a is divided
into two portions, streams 35 and 36.

[0017] Stream 36, containing about 35% of the effluent from expansion
machine 13, is further cooled in heat exchanger 18 by heat exchange with cold LNG
flash vapor at -153°F [-103°C] (stream 43b) and cold flash vapor and liquid at -153°F
[-103°C] (stream 45). The further cooled stream 36a at -140°F [-96°C] is thereafter
supplied to distillation column 17 at a mid-column feed point. The second portion,
stream 35, containing the remaining effluent from expansion machine 13, is directed
to heat exchanger 15 where it is warmed to -57°F [-49°C] as it further cools the
remaining portion (stream 31) of the cooled stream 30a. The further cooled stream
31a at -82°F [-64°C] is then flash expanded through an appropriate expansion device,
such as expansion valve 16, to the operating pressure of fractionation tower 17,
whereupon the expanded stream 31b at -126°F [-88°C] is directed to fractionation
tower 17 at a lower column feed point.

[0018] Distillation column 17 serves as an LNG purification tower. Itis a
conventional distillation column containing a plurality of vertically spaced trays, one
or more packed beds, or some combination of trays and packing. This tower recovers
nearly all of the hydrocarbons heavier than methane present in its feed streams
(streams 36a and 31b) as its bottom product (stream 38) so that the only significant
impurity in its overhead (stream 37) is the nitrogen contained in the feed streams.
Equally important, this tower also captures in its bottom product nearly all of the
carbon dioxide feeding the tower, so that carbon dioxide does not enter the
downstream LNG cool-down section where the extremely low temperatures would

cause the formation of solid carbon dioxide, creating operating problems. Stripping
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WO 2010/017061 PCT/US2009/051901

vapors for the lower section of LNG purification tower 17 are provided by the vapor
portion of stream 31b, which strips some of the methane from the liquids flowing
down the column.

[0019] Reflux for distillation column 17 is created by cooling and condensing
the tower overhead vapor (stream 37 at -143°F [-97°C]) in heat exchanger 18 by heat
exchange with streams 43b and 45 as described previously. The condensed stream
37a, now at -148°F [-100°C], is divided into two portions. One portion (stream 40)
becomes the feed to the LNG cool-down section. The other portion (stream 39) enters
reflux pump 19. After pumping, stream 39a at -148°F [-100°C] is supplied to LNG
purification tower 17 at a top feed point to provide the reflux liquid for the tower.
This reflux liquid rectifies the vapors rising up the tower so that the tower overhead
vapor (stream 37) and consequently feed stream 40 to the LNG cool-down section
contain minimal amounts of carbon dioxide and hydrocarbons heavier than methane.
[0020] The feed stream for the LNG cool-down section (condensed liquid
stream 40) enters heat exchanger 51 at -148°F [-100°C] and is subcooled by heat
exchange with cold LNG flash vapor at -169°F [-112°C] (stream 43a) and cold flash
vapor at -164°F [-109°C] (stream 41). Subcooled stream 40a -150°F [-101°C] from
heat exchanger 51 is flash expanded through an appropriate expansion device, such as
expansion valve 52, to a pressure of approximately 304 psia [2,096 kPa(a)]. During
expansion a portion of the stream is vaporized, resulting in cooling of the total stream
to -164°F [-109°C] (stream 40b). The flash expanded stream 40b enters separator 53
where the flash vapor (stream 41) is separated from the liquid (stream 42). The flash
vapor (first flash vapor stream 41) is heated to -153°F [-103°C] (stream 41a) in heat

exchanger 51 as described previously.
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[0021] Liquid stream 42 from separator 53 is subcooled in heat exchanger 54
to -168°F [-111°C] (stream 42a). Subcooled stream 42a is flash expanded through an
appropriate expansion device, such as expansion valve 55, to the LNG storage
pressure (90 psia [621 kPa(a)]). During expansion a portion of the stream is
vaporized, resulting in cooling of the total stream to -211°F [-135°C] (stream 42b),
whereupon it is then directed to LNG storage tank 56 where the LNG flash vapor
resulting from expansion (stream 43) is separated from the LNG product (stream 44).
The LNG flash vapor (second flash vapor stream 43) is then heated to -169°F
[-112°C] (stream 43a) as it subcools stream 42 in heat exchanger 54. Cold LNG flash
vapor stream 43a is thereafter heated in heat exchangers 51, 18, and 10 as described
previously, whereupon stream 43d at 95°F [35°C] can then be used as part of the fuel
gas for the plant.

[0022] Tower bottoms stream 38 from LLNG purification tower 17 is flash
expanded to the pressure of cold flash vapor stream 41a by expansion valve 20.
During expansion a portion of the stream is vaporized, resulting in cooling of the total
stream from -133°F [-92°C] to -152°F [-102°C] (stream 38a). The flash expanded
stream 38a is then combined with cold flash vapor stream 41a leaving heat exchanger
51 to form a combined flash vapor and liquid stream (stream 45) at -153°F [-103°C]
which is supplied to heat exchanger 18. It is heated to -119°F [-84°C] (stream 45a) as
it supplies cooling to expanded stream 36 and tower overhead vapor stream 37 as
described previously.

[0023] The liquid (stream 34) from separator 11 is flash expanded to the
pressure of stream 45a by expansion valve 12, cooling stream 34a to -102°F [-74°C].

The expanded stream 34a is combined with heated flash vapor and liquid stream 45a
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to form cool flash vapor and liquid stream 46, which is heated to 94°F [35°C] in heat
exchanger 10 as described previously. The heated stream 46a is then re-compressed
in two stages, compressor 23 and compressor 25 driven by supplemental power
sources, with cooling to 120°F [49°C] between stages supplied by cooler 24, to form
the compressed first residue gas (stream 46d).

[0024] The heated expanded vapor (stream 35b) at 95°F [35°C] from heat
exchanger 10 is the second residue gas. It is re-compressed in two stages, compressor
14 driven by expansion machine 13 and compressor 22 driven by a supplemental
power source, with cooling to 120°F [49°C] between stages supplied by cooler 21.
The compressed second residue gas (stream 35e) combines with the compressed first
residue gas (stream 46d) to form residue gas stream 47. After cooling to 120°F
[49°C] in discharge cooler 26, the residue gas product (stream 47a) returns to the
natural gas transmission pipeline at 900 psia [6,205 kPa(a)].

[0025] A summary of stream flow rates and energy consumption for the

process illustrated in FIG. 1 is set forth in the following table:

-10-



0 00 277 38 474 34 12 9 4 536 39 108 0 O

Table I

(FIG. 1)
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Stream Flow Summary - Lb. Moles/Hr [kg moles/Hr]

WO 2010/017061
Stream Methane
30 1,178
31 371
32 807
33 758
34 49
35 493
36 265
37 270
38 474
39 108
40 162
41 20
42 142
43 32
45 494
46 543
47 1,036
44 110
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Ethane Propane Butanes+ C. Dioxide Total
69 27 25 8 1,318
22 9 3 2 415
47 18 17 6 903
36 10 4 5 820
11 3 13 1 33
24 7 3 3 533
12 3 1 2 287

0 0 0 0 277
34 12 9 4 536
0 0 0 0 111
0 0 0 0 166
0 0 0 0 21
0 0 0 0 145
0 0 0 0 35
34 12 9 4 557
45 20 22 5 640
69 27 25 3 1,173
0 0 0 0 110



0 0 111 40 162 0 0 0 O 166 41 20 0 0 O

WO 2010/017061 PCT/US2009/051901

Recoveries™

LNG 13,389 gallons/D [ 1117 mS/D]
1,781 Lbs/H [ 1,781 kg/H]

LNG Purity 99.35%

Power
1* Residue Gas Compression 428 HP [ 704 kW]
2™ Residue Gas Compression 145 HP [ 238 kW]
Totals 573 HP [ 942 kW]

* (Based on un-rounded flow rates)

[0026] The total compression power for the FIG. 1 embodiment of the present
invention is 573 HP [942 kW], producing 13,389 gallons/D [111.7 m’/D] of LNG.
Since the density of LNG varies considerably depending on its storage conditions, it is
more consistent to evaluate the power consumption per unit mass of LNG. For the
FIG. 1 embodiment of the present invention, the specific power consumption is

0.322 HP-H/Lb [0.529 kW-H/kg], which is similar to that of comparable prior art
processes. However, the present invention does not require carbon dioxide removal
from the feed gas prior to entering the LNG production section like most prior art
processes do, eliminating the capital cost and operating cost associated with
constructing and operating the gas treatment processes required for such processes.
[0027] In addition, the present invention produces LNG of higher purity than
most prior art processes due to the inclusion of LNG purification tower 17. The
purity of the LNG is in fact limited only by the concentration of gases more volatile

than methane (nitrogen, for instance) present in feed stream 30, as the operating
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parameters of LNG purification tower 17 can be adjusted as needed to keep the

concentration of heavier hydrocarbons in the LNG product as low as desired.

Other Embodiments

[0028] Some circumstances may favor splitting the feed stream prior to
cooling in heat exchanger 10. Such an embodiment of the present invention is shown
in FIG. 2, where feed stream 30 is divided into two portions, streams 31 and 32,
whereupon streams 31 and 32 are thereafter cooled in heat exchanger 10.

[0029] In accordance with this invention, external refrigeration may be
employed to supplement the cooling available to the feed gas from other process
streams, particularly in the case of a feed gas richer than that described earlier. The
particular arrangement of heat exchangers for feed gas cooling must be evaluated for
each particular application, as well as the choice of process streams for specific heat
exchange services.

[0030] It will also be recognized that the relative amount of the feed stream 30
that is directed to the LNG cool-down section (stream 40) will depend on several
factors, including feed gas pressure, feed gas composition, the amount of heat which
can economically be extracted from the feed, and the quantity of horsepower
available. More feed to the LNG cool-down section may increase LNG production
while decreasing the purity of the LNG (stream 44) because of the corresponding
decrease in reflux (stream 39) to LNG purification tower 17.

[0031] Subcooling of liquid stream 42 in heat exchanger 54 reduces the
quantity of LNG flash vapor (stream 43) generated during expansion of the stream to
the operating pressure of LNG storage tank 56. This generally reduces the specific

power consumption for producing the LNG by keeping the flow rate of stream 43 low

13-
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enough that it can be consumed as part of the plant fuel gas, eliminating any power
consumption for compression of the LNG flash gas. However, some circumstances
may favor elimination of heat exchanger 54 (shown dashed in FIGS. 1 and 2) due to
higher plant fuel consumption than is typical, or because compression of the LNG
flash gas is more economical. Similarly, elimination of the intermediate flash stage
(expansion valve 52 and separator 53, and optionally heat exchanger 51, shown
dashed in FIGS. 1 and 2) may be favored in some circumstances, with the resultant
increase in the quantity of LNG flash vapor (stream 43) generated, which could in
turn increase the specific power consumption for the process. In such cases,
expanded liquid stream 38a is directed to heat exchanger 18 (illustrated as stream 45),
stream 40a is directed to expansion valve 55 (illustrated as stream 42a), and expanded
stream 42b is thereafter separated to produce flash vapor stream 43 and LNG product
stream 44.

[0032] In FIGS. 1 and 2, multiple heat exchanger services have been shown to
be combined in common heat exchangers 10, 18, and 51. It may be desirable in some
instances to use individual heat exchangers for each service, or to split a heat
exchange service into multiple exchangers. (The decision as to whether to combine
heat exchange services or to use more than one heat exchanger for the indicated
service will depend on a number of factors including, but not limited to, LNG flow
rate, heat exchanger size, stream temperatures, etc.)

[0033] Although individual stream expansion is depicted in particular
expansion devices, alternative expansion means may be employed where appropriate.
For example, conditions may warrant work expansion of the further cooled portion of
the feed stream (stream 31a in FIG. 1 or stream 31b in FIG. 2), the LNG purification

tower bottoms stream (stream 38 in FIGS. 1 and 2), and/or the subcooled liquid
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streams in the LNG cool-down section (streams 40a and/or 42a in FIGS. 1 and 2).
Further, isenthalpic flash expansion may be used in lieu of work expansion for vapor
stream 33 in FIGS. 1 and 2 (with the resultant increase in the power consumption for

compression of the second residue gas).

[0034] While there have been described what are believed to be preferred
embodiments of the invention, those skilled in the art will recognize that other and
further modifications may be made thereto, e.g. to adapt the invention to various
conditions, types of feed, or other requirements without departing from the spirit of

the present invention as defined by the following claims.
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Recoveri es* LNGL3, 389 gallons/D[111.7 nB8/D1 1,781 Lbs/H 1,781 kg/ 111 LNG

Puri ty99. 35% Power 1st Residue Gas Conpression428 HP 2nd Resi due Gas
Conpr ess | WORAB)/HR61 PCT/US2009/051901
WE CLAIM:
1. A process for liquefying a portion of a natural gas stream

containing methane and heavier hydrocarbon components to produce a liquefied
natural gas stream wherein

(a) said natural gas stream is cooled sufficiently to partially
condense it and is thereafter divided into at least a first gaseous stream and a second
gaseous stream;

(b) said first gaseous stream is further cooled and is
thereafter expanded to an intermediate pressure, whereupon said expanded cooled
first gaseous stream is supplied at a lower feed position to a distillation column that
produces an overhead vapor stream and a bottom liquid stream;

(©) said second gaseous stream is separated into a vapor
stream and a liquid stream;

(d) said vapor stream is expanded to said intermediate
pressure and is thereafter divided into at least a first portion and a second portion;

(e) said first portion is cooled and is thereafter supplied to
said distillation column at a mid-column feed position;

® said second portion is heated, with said heating
supplying at least a portion of said cooling of one or more of said natural gas stream
and said first gaseous stream;

(2) said overhead vapor stream is cooled sufficiently to at

least partially condense it and form thereby a condensed stream;
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[ | 704 kW 238 kW Total s573 HPI 942 kW * (Based on un-rounded
flow rates) [0026] The total conpression power for the FIG 1 enbodi nent of
t he presew0 2010/017061 PCT/US2009/051901

(h) said condensed stream is divided into at least a feed
stream and a reflux stream, whereupon said reflux stream is supplied to said
distillation column at a top column feed position;

(1) said feed stream is further cooled and is thereafter
expanded to lower pressure;

() said expanded further cooled feed stream is separated
into a first flash vapor stream and a flash liquid stream;

(k) said flash liquid stream is expanded to still lower
pressure;

Q) said expanded flash liquid stream is separated into a
second flash vapor stream and said liquefied natural gas stream;

(m)  said second flash vapor stream is heated, with said
heating supplying at least a portion of said cooling of one or more of said natural gas
stream, said first portion, said overhead vapor stream, and said feed stream;

(n) said first flash vapor stream is heated, with said heating
supplying at least a portion of said cooling of said feed stream;

(0) said bottom liquid stream is expanded to said lower
pressure, whereupon said expanded bottom liquid stream is combined with said
heated first flash vapor stream to form a first combined stream;

(p) said first combined stream is heated, with said heating
supplying at least a portion of said cooling of one or more of said first portion and
said overhead vapor stream;

() said liquid stream is expanded to said lower pressure,
whereupon said expanded liquid stream is combined with said heated first combined

stream to form a second combined stream; and
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invention is 573 HP 11942 kW, producing 13,389 gallons/D [111.7 n8/ D1 of
LNG Since the density of LNG varies considerably depending on its storage
condi t i orsQ 20t0/41%06m0r € consi stent to eval uate the power PCOASR0NPO5INT per
unit mass of LNG For the FIG 1 enbodi nent of the present invention, the
specific power consunption is 0.322 HP-H Lb 110.529 kWH kg], which is
simlar to that of conparable prior art processes. However, the present

i nvention does not require carbon dioxide renmoval fromthe feed gas prior

to entering the LNG productign S?a?&ée%!rtdéoﬁl%m'lﬁg&eaﬂ{ﬂsRéat égrltBrszgﬁesses do,

elimnating the capl t al cost and operating cost assocla

constructi ng g?%fl pga/dlgtaq leag lﬁ?tlsontorfgeﬁ'(ri f)OOrfln %f Oa?c?na%ursl ! gS yelar ed for S.UCh

processes. I"on, resent 1 nventton pr uCES™NG of hi gher

purity than nost prlor rt rocesses to t n
Duri fication tower L RS BR i 5111%\@?@ A RSBl ont y by the

concentration of .gases nore vo atl n nmet hane (nitroge i nst ance)
present in fe&d @?P%%h%ea St PR s bOS MBS hur [ 11 cat o
tower 17 can be adjusted as needed to keep the concentration of heavier
hydr ocar bons P#"f SEKE%%WE‘HE‘& as |ow as desired. Other Enbodinments
[0028] Sorre circumstances may favor splitting the feed streamprior to
cooling in heat exchanger 16 Su??#p%ﬁﬁurélrﬂ%éffeﬁ%ﬁ? digfdedl o prleaskhtisst nvent i on
is showmn in FIG 2, where feed stream 30 is divided into two portions,
Streams 31 and4S99us Sypask alflioiscaldisaseons Samnd 32 are thereafter cooled in
heat exchanger 10. [0029]In accordance with this invention, external
refrigerati on may be enpl oy&d t osadibist Saseans St{fﬂ#@léé‘ém@%@da&/@?ﬂ%ﬂﬂfe to the
feed gas fromother process streans, particularly in the case of a feed gas
ri cher than t baandpdde pi ineadmediate ipeetssuremélelmamri seulcapanded eaodpdrfesitgagsbuheat
exchangers for feed gas cooling nust be evaluated for each particular
application, sscawehbuppled #ie lohaifed pofitipr poelgiligtioreimnif bat wpbicestinc heat
exchange services. [0030]It will also be recognized that the relative
amount of t heoVeledd stpoeameadlankdhdtotps lignidegtad to t he LNG cool -down section
(stream 40) wi Il depend on several factors, including feed gas pressure,
feed gas conposition, the atunt sadf schealtgasdouctreamns embdnionifeantly the
extracted fromthe feed, and the quantity of horsepower avail able. Mre
feed to the LpNGaisipodondawsitaacisid@neaneysepaiaeeasea LANor preaciuad  tiguidhi | e
decreasing the purity of the LNG (stream 44) because of the correspondi ng
decrease in regkdatx (stream 39) to LNG purification tower 17.

[ 0031] Subcooling of liquid stream 42 in heat exchanger 54 reduces the

quantity of LNG flash vapor ({)st r eadn#3) st@emnes apesicdws andinRxpange on of the
streamto the operating pressure of LNG storage tank 56. This generally

reduces the spRedutd mdROWELat@ ASHITALAG B IEAL 2 REPHMGEINhdtaNBcdaliGoRnkeepi ng the
flow rate of stream 43 | ow
(e) said first portion is cooled and is thereafter supplied to
said distillation column at a mid-column feed position;
) said second portion is heated, with said heating
supplying at least a portion of said cooling of one or more of said first gaseous stream
and said second gaseous stream;

(2) said overhead vapor stream is cooled sufficiently to at

least partially condense it and form thereby a condensed stream;
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enough that it can be consuned as part of the plant fuel gas, elimnating
any power consunption for conpression of the LNG flash gas. However, sone
ci rcunst amoesiomayosiavor el i m nati on of heat exchanger 52cCfAaisesns/osmshed in
FIGS. 1 and 2) due to higher plant fuel consunption than is typical, or
because conpression of the LNG flash gas is nore economcal. Simlarly,
elimnation of the internediate flash stage (expansion valve 52 and
separator 53, and optionally heat exchanger 51, shown dashed in FIGS. 1 and

2) may be favored in sone Ci(%)cu”&aﬁ@&%@?ﬂseﬂt}egmtipﬁvihg\i#1('% aﬁrlléast:agtg&?ase in the

guantity of LNG flash vapor "('stream generate cou In turn

| ncrease the spepl b AONEL SONSHIRLLLN] ful NRaBI08ERR. fRuguch cases,
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stream 45), Stf@ﬁlm 40?311 IS i&ect ed todexgjﬁns_i on valve 55 (illustrated as
stream 42a), SHATRIOPSAHERE 253 PR HBICGIPP HE eaf t er separated to produce
flash vapor stream 43 and LNG product stream.44. [0032]|n FIGS. 1 and 2,
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heat exchangers 10, 1?0,&?and 51. It nay be desirable in sone instances to
use i ndi vi duaP*HBH 'BXOHARGEE: f or each service, or to split a heat
exchange service into nultiple exchangers. (The decision as to whether to
conbi ne heat exchange servi §iés ofdi¢ gparded fgther ¢oid feplstrants ssREMsthger for
the indicated service will depend on a nunber of factors including, but not
limted to, LN #fishflashvaporfeam edchbauidpyadmist r eam t enperatures, etc.)
[ 0033] Al t hough i ndividual stream expansion is depicted in particular
expansi on devi ces, alternatike e ﬁ@h@ﬁuﬁéﬁ%nﬁﬁyp%ée@ﬁﬁﬂ T wher e
appropriate. For exanple, conditions may warrant work expansion of the
further cool edreporeti on of the feed stream (stream3la in FIG 1 or stream
3lb in FIG 2), the LNG purification tower bottons stream (stream 38 in
FIGS. 1 and 2), and/or the s$libcoslieckphidgdifldsh lgtuidedgsmiinsepirated N® ¢ ool - down
section (streanms 40a and/or 42a in FIGS. 1 and 2). Further, isenthalpic

fl ash expansi eswvomdtfasheaps edeannandiseid lighefimdmktuent pasrsiean; f or vapor stream 33
in FIGS. 1 and 2 (with the resultant increase in the power consunption for
conpressi on of the second r és) dusidQy@sond {]a90 BeploW¥iirdam it heuteel, Wak eaidheen

descri bed what are believed to be preferred enbodi nents of the invention,

t hose ski |l | edhédting bepsting avidabt arppe@nif 2&d thding of herorange bisaidest gaseous

nodi fi cati ons may be nade thereto, e.g. to adapt the invention to various
condi tions, typam, ofid§eedl gadoudtiam, kLA Hist fITRG, SaiMoldiRdatl veiepatidan)g from t he
spirit of the present invention as defined by the following clains. WE
CLAIM 1. A presessl k@ sdehguef ying a portion of a natural gas stream

cont ai ni ng net hane and heavi er hydrocarbon conponents to produce a

liquefied natural gas streag)Wheg@l first flash vapor stream is heated, with said heating
supplying at least a portion of said cooling of said feed stream;

(0) said bottom liquid stream is expanded to said lower
pressure, whereupon said expanded bottom liquid stream is combined with said
heated first flash vapor stream to form a first combined stream;

(p) said first combined stream is heated, with said heating
supplying at least a portion of said cooling of one or more of said first portion and

said overhead vapor stream;
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(a) said natural gas streamis cooled sufficiently to partially condense it
and is thereafter divided into at |l east a first gaseous stream and a second
gaseous swpearmn017061 (b) said first gaseou®Csiusea@nos®of urt her
cooled and is thereafter expanded to an internedi ate pressure, whereupon
sai d expanded cool ed first gaseous streamis supplied at a | ower feed
position to a distillation colum that produces an overhead vapor stream
and a bottomliquid stream (c) said second gaseous

streamis separated into a g por%?ﬁ{ ﬁ(ﬁmtﬁggﬁg{pﬁ%ﬁ? Shd B9} pressure

(d) said vapor streamis expande o sald | e pressure ahd is

thereafter divided intqg at least.a first rtion.and.a second portion;
(o) sai dtir soreengiSam Gl St 3t s REPPur 0 BuRT BT oAk
distillation ctol um at a mé]cji]-c%urm tf eed Q@Si tion; (Osaid second portion is
heated, with SK*8 'REAM hEQUSSPYINGY 4™ 855t a portion of said cooling of
one or nore of said natural gas stream and. said fi r.sE1 equs .stream
(g)said overhead vapor strefh i sSEOSFEY QUPHCd PEHP § ?%&gfmﬁé%{ét partially
condense it apd f orm;here a condensed stream WO e

2010/ 017061 PCHAUBS PG/ ERE st a portion of said cooling of gye ar fioge AT HESAS T eam i s
divided into at least a feed streamand a reflux stream whereupon said
reflux streantf@usandspif deropdeassius Sdsat i | 1 ati on col um at a top col umm feed
posi tion; (i) said feed streamis further cooled and is

t hereafter expanded to ¥ ower PPEssieF Bauefins apetiekplaedalisdt tthem cool ed f eed

streamis separated into a first flash vapor streamand a flash |Iiquid
stream containing methane and heavier hydrocarbon components to produce a liquefied

natural gas stream wherein

(a) said natural gas stream is cooled sufficiently to partially
condense it and is thereafter divided into at least a first gaseous stream and a second
gaseous stream;

(b) said first gaseous stream is further cooled and is
thereafter expanded to an intermediate pressure, whereupon said expanded cooled
first gaseous stream is supplied at a lower feed position to a distillation column that
produces an overhead vapor stream and a bottom liquid stream;

(©) said second gaseous stream is separated into a vapor
stream and a liquid stream;

(d) said vapor stream is expanded to said intermediate
pressure and is thereafter divided into at least a first portion and a second portion;

(e) said first portion is cooled and is thereafter supplied to
said distillation column at a mid-column feed position;

() said second portion is heated, with said heating
supplying at least a portion of said cooling of one or more of said natural gas stream

and said first gaseous stream;
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(k)said flash liquid streamis expanded to still |ower pressure; (1l)said
expanded flash liquid streamis separated into a second flash vapor stream
and sai d WoqusFdlesinat ural gas stream PCEUSs@9@s®erond
flash vapor streamis heated, with said heating supplying at |east a
portion of said cooling of one or nore of said natural gas stream said
first portion, said overhead vapor stream and said feed stream

(n) said first flash vapor streamis heated, with said heating supplying at

| east a portion of said COOléé)ng &fld (2\%%@85 gﬁal(a(rja*eﬁl%qmooled sufficiently to at (0)

said bottomliquid streamis~expande _ ower pressure, ereupon
sai d expanded bscEt %r?irﬂll i %érgs str ngm I onbi nggnsgg Sttrréa%@ d heated first flash

ca. C 1t and form e d CON .
vapor stream%o orm 2" FSE "EOnhi Ned s Pream (p) said

first conbined st is heated, with said heating suppl yi t
por i on of Said cool ing of ohe orspeonre w1 ried BRHGR el 5o °

over head vapor stream . sai d |.iqui treamis expanded
Do sar d | oner pREGET R uputear kgt P APt i | 5 conbi ned
wi th said heated first conbined streamto forma second conbi ned stream

and WO 2010/ B8P PETPUBLHHGP 6B BH1eUPPELEPY second conbi ned streamis
heated, wth said heating su.g)pl ying at |least a portion of said cooling of
said natural gas stream (i said bostompliquidsitieaia i Gipanded (RPYFHRIC™Sor t i on
of a natural gas stream contai ni ng net hane and heavi er hydrocar bon
conponent s t oVBriseRESd erpagded hastamdiuish sieany dsheated s Saftdieating supplying

(a) said natural gas streamis divided into at |least a first gaseous stream
and a second gtdg@b@,gorgt)rp @faﬁmd cooling of one or more of said first portion and said overhead

vapor stream;

() said feed stream is expanded to still lower pressure;

(k) said expanded feed stream is separated into a flash
vapor stream and said liquefied natural gas stream;

Q)] said flash vapor stream is heated, with said heating
supplying at least a portion of said cooling of one or more of said natural gas stream,
said first portion, and said overhead vapor stream;

(m)  said liquid stream is expanded to said lower pressure,
whereupon said expanded liquid stream is combined with said heated expanded
bottom liquid stream to form a combined stream; and

(n) said combined stream is heated, with said heating
supplying at least a portion of said cooling of said natural gas stream.

4. A process for liquefying a portion of a natural gas stream
containing methane and heavier hydrocarbon components to produce a liquefied
natural gas stream wherein

(a) said natural gas stream is divided into at least a first

gaseous stream and a second gaseous stream;
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(b) said first gaseous streamis cooled and is thereafter expanded to an

i nternedi ate pressure, whereupon said expanded cool ed first gaseous stream
i s suppl iwo 2ato/|a7déower feed position to a distillation eorasacmieatoopr oduces
an overhead vapor streamand a bottomIliquid stream (c)
sai d second gaseous streamis cooled sufficiently to partially condense it
and is thereafter separated into a vapor streamand a liquid stream

(d) said vapor streamis expanded to said internediate pressure and is
thereafter divided into at ast rtion;

(e) said first portion IS c Iedygnﬁﬁ{gﬁ?ﬁg%%%ﬁkE?Qgﬁﬁmﬁ gaggﬁga d
distillation colugngit m d- co um feed 03|t|on r&q§a)

neat ed, wi th SudHadet Ay B PTG NER A dSSpERs

one or nore of said f| seous str. Qus stream

() sai d over haad VaBPIE # dFRFTES eé@SF@an"LO Rl RO Pt R ER st ¢l 1y
condense it and formthereb 3.59n de st r eam MD

2010/ 017061 PCT/UE20 8B 8 1GFLand 2 dtior Tigid strean; (h) said condensed streamis
divided into at least a feed streamand a reflux stre ﬁm on said
reflux streamis supplied t ) sai " ?@@Fﬂ?ﬁ??%ﬂ“@@Pﬁﬁﬁ’ s 148 yg’olurm f eed
position; i) said feed streamis further cooled and is

t hereafter exBﬁHdéde@“F%ﬁéwiﬁﬂ@?@@@éﬁp?ﬁW§Hﬁﬁae%ﬁéﬁH%@‘mQF@H@ﬂ cool ed feed
streamis separated into a first flash vapor streamand a flash liquid
stream (k)saf®aash liquid streamis expanded to still |ower pressure;

? cond ortionis
oled Tiist gaseo ﬁ
salr ¢ coal i ng of

(d) said vapor stream is expanded to said intermediate
pressure and is thereafter divided into at least a first portion and a second portion;

(e) said first portion is cooled and is thereafter supplied to
said distillation column at a mid-column feed position;

® said second portion is heated, with said heating
supplying at least a portion of said cooling of one or more of said first gaseous stream
and said second gaseous stream;

(2) said overhead vapor stream is cooled sufficiently to at
least partially condense it and form thereby a condensed stream;

(h) said condensed stream is divided into at least a feed
stream and a reflux stream, whereupon said reflux stream is supplied to said
distillation column at a top column feed position;

(1) said bottom liquid stream is expanded to lower pressure,
whereupon said expanded bottom liquid stream is heated, with said heating supplying
at least a portion of said cooling of one or more of said first portion and said overhead
vapor stream;

() said feed stream is expanded to still lower pressure;
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(1)said expanded flash liquid streamis separated into a second flash vapor
stream and said |iquefied natural gas stream (m said
second flwehlowaparsistream i s heated, with said heating sapaisgimgsavl | east a
portion of said cooling of one or nore of said first gaseous stream said
second gaseous stream said first portion, said overhead vapor stream and

said feed stream (n) said first flash vapor streamis
heated, with said heating supplying at |east a portion of said cooling of
said feed stream . [ .qui tr is
expanded to said | ower pr esgﬁr e, Sa\%éxﬁ%rﬁpgﬁgggﬁ%%gﬁgdﬁgﬂg%ﬂg%tat%?hm iquid
streamis com%l %esre‘(a“ﬁltarﬁdsse%id(ijl Qe%%aggu}‘ai rst trfa{ngsh vapor streamto forma
first conbi ned™®st FEAM d & (Sp Said first conbined streamis

heated, with said heating supplying.at |east a portipn.of said cooling of
one or nore of said first pglﬁ)ti o??l(gﬂﬁhé’gﬁo&S%ng‘ﬁggadecgﬁjbtgrga@??aélgﬁ]
(q) said liquid streamis ex anﬁed to said | ower pressure, whereupon said
expanded | i quPPBEtehIferid OB Natd GRS sEoms PEMreH ROrUr sashsT Wet st r oam
to forma second conpi ned stream, ?nd . . a&{)) sai d second
conbi ned st redH #€° ey s{ah sAG Et AuteT ARl Withpiephead vae! A% a portion
of said cooling of one or nore of said first gaseous stream and said second
gaseous stream 3.A processor #3GlEEdsHgmds pertded o id QWRERIGIHIC gas
stream cont ai ni ng nmet hane and heavi er hydrocarbon conponents to produce a
| i quefied nat UPEFURpPASiderRAATI KB Eftfgam i combined with said heplgd expandpdnat ural gas
streamis cooled sufficiently to partially condense it and is thereafter
di vi ded i nt o Aettqnehguid grepmetg formaseopbinced sieidinapthd a second gaseous stream
(b) said first gaseous streamis further cooled and is thereafter expanded
to an internedi ate pressure(Mwhesediparbinedisticanx pdnded vdbokiddedtingst gaseous
streamis supplied at a lower feed position to a distillation colum that
produces an owvwpherhtlagerposionad naidpebliag bboteomniorgel sdiddirsteasepus stream
(c) said second gaseous streamis separated into a vapor streamand a
| i qui d streanmnd said second gaseous stream.
5. The process according to claim 1 or 2 wherein
(a) said flash liquid is cooled before it is expanded to said
still lower pressure; and
(b) said heating of said second flash vapor stream also
supplies at least a portion of said cooling of said flash liquid stream.
6. The process according to claim 3 or 4 wherein
(a) said feed is cooled before it is expanded to said still
lower pressure; and
(b) said heating of said flash vapor stream also supplies at
least a portion of said cooling of said feed stream.
7. An apparatus for liquefying a portion of a natural gas stream

containing methane and heavier hydrocarbon components to produce a liquefied

natural gas stream comprising

03



(d) said vapor streamis expanded to said internediate pressure and is
thereafter divided into at least a first portion and a second portion;

(e) said worsto/qarsti on is cooled and is thereafter supplPCeEASE@998iod1
distillation colum at a md-colum feed position; (Osaid second portion is
heated, with said heating supplying at |east a portion of said cooling of
one or nore of said natural gas streamand said first gaseous stream

(g) said overhead vapor streamis cooled sufficiently to at |east partially

condense it and formther ebya)a c%ggﬁ%&q{la}gégggﬁ& COPnected to receive said (M) said

condensed streamis divided I'nto at |eas stream and a rertl ux
stream whereupon, sai d refl.ux reamis supplied to said distillation
colum at a tgpurg%ﬁaﬁr?ﬁeafmeeénél CB%@% ?ul(%@cﬁ?mg’ o szrBaﬁy Condehse't (i) said bottom
liquid streamis expanded tqg .| ower pressure, whereupon said . ex ed bottom
liquid streamis heated, w ?tH s\gﬁ t‘ﬁ@@ﬂgﬁ]&eagﬁf)‘)ﬁfl‘ifﬁﬁlﬁoéi?cellvgéa§$p%a@g'rti on of
said cooling of one or rrgre of said first gorlti on_.and sai d overhead vapor
stream (1)safPIPEed Urrogihsirenn i Ahadatt {0 dilvast 2 ket L@ 4 k) sai d
expanded feed strfam is separated into a flash vapor stream and said

li quefied nat i8N AU P (1)said flash vapor streamis heated, with
sai d heating supplying at |least a portion of said cooling of one or nore of
said natural gas stream said fi%?nd&t?ﬁtt‘ixﬁl?‘ﬁng%l%a@%’éfleﬁﬂ?gF%é‘i’cflr\?tapor
stream o (m said liquid streamis expanded to said | ower
pressure, whefishremeamp ¢ eeperald it egesors teppand futhebits] ived with said

heat ed expanded bottomliquid streamto forma conbined stream and

(n) said combined stream i s (Heat BE§t CXRRASPNSBGHS PROAEGIOHOSHA PEPPABCaAt | east a

portion of said cooling of said natural gas stream
exchange means to receive said further cooled first gaseous stream and expand it to an

intermediate pressure, said first expansion means being further connected to a
distillation column to supply said expanded further cooled first gaseous stream at a
lower feed position;

(e) first separation means connected to said first dividing
means to receive said second gaseous stream and separate it into a vapor stream and a
liquid stream;

® second expansion means connected to said first
separation means to receive said vapor stream and expand it to said intermediate
pressure;

(2) second dividing means connected to said second
expansion means to receive said expanded vapor stream and divide it into at least a
first portion and a second portion;

(h) third heat exchange means connected to said second
dividing means to receive said first portion and cool it, said heat exchange means
being further connected to said distillation column to supply said cooled first portion

at a mid-column feed position;
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4. A process for liquefying a portion of a natural gas stream contai ning
net hane and heavi er hydrocarbon conponents to produce a |liquefied natural
gas streawowhsrirewl(a)said natural gas streamis di vi de@Cirniseosansisenst a
first gaseous stream and a second gaseous stream WD

2010/ 017061PCT/ US2009/ 051901 (b) said first gaseous stream
is cooled and is thereafter expanded to an internedi ate pressure, whereupon
sai d expanded cool ed first gaseous streamis supplied at a | ower feed

position to a distillation ?8'U”QmiQ@%mﬁkﬂﬂ%&%§§9§%§§?&H%?QHMQR&ﬁDStream

and a bottom|liquid stream second gaseous stream

is cool ed sufngienRJy to partially. condense, it .and i.s thereafter separated
. 3qid secor l\éldlng neans tg receive said second portion and heat'it, w, tﬁ said .
into a vapor Stream and a°l'i quid strean C ) sai d vapor

streamis eng%l%felg FLE}%IYE%%?ileiﬁlﬁtagﬁgﬁ%%ioz%%gg%t S%?o{oﬁl&%?td saljdsfirgt%?age(e)gsf sttr%gm;di vi ded

into at | east (e)
d to said

said first portion is cooleg)and.is @gé%gé%ﬁ%@%ﬁgﬁ%%ggfngﬁfﬁﬁﬁoﬂortiOn is

I
distillation colum at a ni d?col {Ish"#

heated, with said heating supplyi. at | east porti on of said cooling of
one or nore oPﬁ?5VH“$PP@1“%ﬁ§£@d§H%FW%ﬁHP§ﬁﬁwﬁﬁ?ﬂr%@@%hd gaseous stream
(g) said overhead vapor streamis cool ed sufficiently to at least partially
condense it and formthereb{®a cHitibHY Bept sxghangpmeans further connectedto () gaj d
condensed streamis divided into at | east a feed streamand a refl ux
stream wher ebiioHSE iRl wnE giears tp &xive 214 Aysphgad daras ssamrndicseliit | at i on
colum at a top colum feed position; é%) sai d bottom
| iquid streanfiffcientlydndelgast parligiyetongansesi agpdlormphereby seandeased sespinded bott om
liquid streamis heated, with said heating supplying at |east a portion of
said cooling of one or nore(of stirddpiding mpansicpeciantd saul thirdhest head vapor
stream (l)said feed streamis expanded to still |ower pressure;

exchange means to receive said condensed stream and divide it into at least a feed

stream and a reflux stream, said third dividing means being further connected to said
distillation column to supply said reflux stream to said distillation column at a top
column feed position;

(m)  fourth heat exchange means connected to said third
dividing means to receive said feed stream and further cool it;

(n) third expansion means connected to said fourth heat
exchange means to receive said further cooled feed stream and expand it to lower
pressure;

(0) second separation means connected to said third
expansion means to receive said expanded further cooled feed stream and separate it
into a first flash vapor stream and a flash liquid stream;

(p) fourth expansion means connected to said second
separation means to receive said flash liquid stream and expand it to still lower

pressure;
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WO 2010/ 017061PCT/ US2009/ 051901 (k) sai d expanded feed streamis separated
into a flash vapor streamand said liquefied natural gas stream (1l)said
flash vapwo 28twiaaoeni s heated, with said heating supplyi RgTAIS2000A5190R
portion of said cooling of one or nore of said first gaseous stream said
second gaseous stream said first portion, and said overhead vapor stream
(m said liquid streamis expanded to said | ower pressure, whereupon said
expanded |iquid streamis conmbined with said heated expanded bottomliquid

streamto forma conbi ned strean.an i ted to $aM roif d conbi ned
streamis heated, with sai dhheatl hrg &f)apllonmr%nsacton?eé:aesto b pc())r |on of said

cooling of ong or.more of, r%a'19e i exgin%é?l %ﬁlq%tgfs raQPn%H se%%'at% iS§gond gaseous
stream 5. The process accor

(a) said flash Ilchangls cool e bef anded to said still |ower

X
pressure; and®°" apor streant andjiiid @Pﬁeﬁélﬁufﬁégosfm%% d second flash vapor
stream al so supplies at |ea i on. of said coo o said flash
liquid stream 6. The proceszrsacc%f%{oﬁﬁh{“?f‘tﬁ’f if‘%eéne&}ls %Wéf‘%rfeﬁted w0

(a) said feed |3 cool ed before it is ex andcg }? said still |ower ressure
and said third Sel(aﬁ)tloggleansﬁ%‘?%lﬁas% seeaplgs A8V AP NeddmvilPs

supplies at least a portion of said cooli ng of said feed stream
said heating supplying at least a portion of said further cooling of said feed stream;

(s) said fourth heat exchange means further connected to
said second separation means to receive said first flash vapor stream and heat it, with
said heating supplying at least a portion of said further cooling of said feed stream;

(t) second withdrawing means connected to a lower region
of said distillation column to withdraw a bottom liquid stream;

(u) fifth expansion means connected to said second
withdrawing means to receive said bottom liquid stream and expand it to said lower
pressure;

v) first combining means connected to said fifth expansion
means and to said fourth heat exchange means to receive said expanded bottom liquid
stream and said heated first flash vapor stream, respectively, and form thereby a first
combined stream;

(w) said third heat exchange means further connected to
said first combining means to receive said first combined stream and heat it, with said
heating supplying at least a portion of said cooling of one or more of said first portion
and said overhead vapor stream;

x) sixth expansion means connected to said first separation

means to receive said liquid stream and expand it to said lower pressure;
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7. An apparatus for liquefying a portion of a natural gas stream containing
net hane and heavi er hydrocarbon conponents to produce a |liquefied natural
gas streawpcompmi®ing WO 2010/ 017061PCT/ US2009/ 051901 PCT/US2009/051901 (a)
first heat exchange neans connected to receive said natural gas stream and
cool it sufficiently to partially condense it; (b) first
di vi di ng neans connected to receive said partially condensed natural gas
streamand divide it into at |least a first gaseous stream and a second

gaseous stream Do sekGild c%?n%%ﬁj%;ﬂ%ﬁl’s cfﬁﬁ%é@ci‘%%aﬁ%ﬁ{r&gaconne“ ed

to said first dividing nmean recel ve sal I'rst gaseous s m and

further cool it: . . .é(@ fiﬁst ex aqsion means connected to
. exgansion 1rrlleans and to said t}tnr heat exchdnge means.to retc 1ve Sal e)ipa ed.
sai d second hé exchange neans to receive=salrd further coole i rst

t d dit t ' di at | by 1
Lo on moamual SRS PRl Sl bety AR R bRTS ol FBiT N 1 38 BN E suppl

sai d expanded funiher.cgoled‘first gaseous streamat a | ower feed position;
(e) first sep&FaPd SHHELSLdAlct ed to said first dividing means to
recei ve said second gaseous£%tre%g%gnd sgga ate it into a vapor stream and

a liquid stream (Osecond eXpansidhilTeleALeXcaings Bray ffughes gonpesipq Gysaid
separation neans to receive said vapor stream and expand it to said
i nt er medi at e ficeRdgbining means to receive said seeepd copbHI stgiap) W Mgte XHE connect ed
to said second expansion means to receive said expanded vapor stream and
di vide it interidbeyipgatprlying & pstgaeionr! sidceplisge Gl ggnstream.
(h) third heat exchange means connected to said second dividing neans to
recei ve said first portdon ddrpdaks fof liquedyiae megtiorRichzaiyel seafdMbei ng
further connected to said distillation colum to supply said cooled first
portion at a sintRigiof methafewd heodernthydiecarbgr Jompiodenseiopnalupeatiquetiehange neans
further connected to
natural gas stream comprising
(a) first dividing means connected to receive said natural
gas stream and divide it into at least a first gaseous stream and a second gaseous
stream;
(b) first heat exchange means connected to receive said first
gaseous stream and cool it;
(©) second heat exchange means connected to said first heat
exchange means to receive said cooled first gaseous stream and further cool it;
(d) first expansion means connected to said second heat
exchange means to receive said further cooled first gaseous stream and expand it to an
intermediate pressure, said first expansion means being further connected to a
distillation column to supply said expanded further cooled first gaseous stream at a
lower feed position;

(e) said first heat exchange means further connected to

receive said second gaseous stream and cool it sufficiently to partially condense it;
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sai d second dividing nmeans to receive said second portion and heat it, with
sai d heating supplying at |east a portion of said further cooling of said
first gaswousiogtirean (1) first w thdraerus2eeansol
connected to an upper region of said distillation colum to w thdraw an
over head vapor stream (k)said third heat exchange nmeans further connected
to said first withdrawi ng neans to receive said overhead vapor stream and
cool it sufficiently to at least partially condense it and formthereby a
condensed stream . r [ ected to
said third heat exchange rreg%s tfolrS% eé%r%{]/éemg%a%x%n%n ense%ﬂ%t“ﬁglga?n and divi de
tinto at Teast, 8.fgeq, SLLEAMANG.RG SIS LEam o 32l dudilrdgdi vi di ng
means bei ng fUrther "Cohhecd 8% I}fa?l on <o U 0 Supply said
reflux streamto d distil Iatlonc at a top colurmfeed posi ti on;
(M fourth: nestrERahigh ek fsea%&ﬂ%ﬁﬂ%@“ ¥6"ai 0 thia i viding means to
recei ve said feed stream anggfurther coo (n) third
expansi on means connected t &sai %?C?W?PSW&AWE&%%&?F&‘@tﬂé%{ﬂ&“% recei ve
said further cooled feed stream and expand it to | ower ress
(0) second sePRABHPHIACHSIMECEINHLCARET YHaR AP e’iﬂ‘l?‘llﬂt%ﬁ?ﬂg‘ ar?fs\ans to
recei ve said expanded further cool ed feed stream and separ ate it into a
first flash vBEdstream and a flash liquid stream (p)
fourth expansion neans connected to sai d second separation neans to receive
said flash Iiquid stream anfVexpisend dividige sieppy copprgtsd tppad et WO
2010/ 017061PCT/ US2009/ 051901 (g) third separation nmeans
connected to SHAESIPHULING lesepAVsIashexpamuied vaRsT ﬁt&a@i apd devadedt BIpAMIEE f | ash
liquid stream and separate it into a second flash vapor stream and said
| i quefied nat Girsaporgesanstarseeand portion; (r) said fourth heat
exchange neans further connected to said third separation neans to receive
sai d second flash vapor stréam athddheadexi¢hangasi¢ans saindetdrbiasiidge®oppl yi ng at
| east a portion of said further cooling of said feed stream
(s) said four tividiegancaax chacge sagldinst potionhed cad tnest ledt ¢xohage desecond
separation neans to receive said first flash vapor streamand heat it, with
sai d heati ng beippluythexgoabeclodas taiddipditatipw colahin sedudplly waitl keslec ol pangonof sai d
feed stream

at a mid-column feed position;

() said second heat exchange means further connected to
said second dividing means to receive said second portion and heat it, with said
heating supplying at least a portion of said further cooling of said cooled first gaseous
stream;

k) first withdrawing means connected to an upper region
of said distillation column to withdraw an overhead vapor stream;

) said third heat exchange means further connected to
said first withdrawing means to receive said overhead vapor stream and cool it
sufficiently to at least partially condense it and form thereby a condensed stream;

(m)  third dividing means connected to said third heat
exchange means to receive said condensed stream and divide it into at least a feed

stream and a reflux stream, said third dividing means being further connected to said
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(t) second wi thdrawi ng neans connected to a | ower region of said
distillation colum to withdraw a bottom|liquid stream

(u) fifthwoxpwair@en neans connected to said second w t h#CamiSegIne@ns t o
receive said bottomliquid stream and expand it to said | ower pressure;

(v) first combining nmeans connected to said fifth expansion neans and to
said fourth heat exchange neans to receive said expanded bottomli quid
stream and said heated first flash vapor stream respectively, and form
thereby a fir a%s ﬁ’a?%ﬁ'c&ﬁan% gugﬁgl aid reflux. stream to said dist M@loé&lhgnﬁ Qlart heat .
exchange neans FUrEher Tconnect ed t o s & U4t 15¥'Co I Ning neans to receive
said first cogﬁh%eﬁmatrsggland heat it, with said heating supplying at

| east a portion of “sard cooling of one or nore of said first portion and
sai d overhead vapor stream X) _si xt h expansi.on neans
connected to said first sepgpatigﬁ“ﬂgﬁﬁg”?%“?é@%?@%“@%?%ﬁgﬁﬂﬁﬂrstrean1and
expand it to said | ower pressure; . (y) second

conbi ni ng neaﬁ§1IEHH%QE5&%&?%%H%ﬁ§%%@ﬁnéyﬁﬁﬂEPBWOHéans and to said third
heat exchange neans to receive said expanded |iquid stream and said heated
first combined stream respé@tiv@P&FX%WHO?HFﬁPfﬁ@Fﬁﬁ o salloBHyheah i ned
stream and (z). said first heat exchange neans further
connect ed to SHhansaERTodeiThCatiAfuHearrdladdeqdsiisyy andespandis AW ombi ned
stream and heat it, with said heating supplying at | east a portion of said
cool ing of saP@sW&tural gas stream 8. An apparatus for

i quefying a portion of a natural gas stream containing nmethane and heavi er
hydr ocar bon conmponents to pfRduc#cend separgifdngpcangeannediediasaid thitdlam conpri si ng
(a) first dividing neans connected to receive said natural gas stream and
di vide it i ntexmansipreasins o feirdivt sagbespandsd Sirthengnoled decd sgettoal sgpareloils st ream
(b) first heat exchange neans connected to receive said first gaseous
stream and coaito i first flash vapor stream and a flagk Jiqgé storadh; heat exchange neans
connected to said first heat exchange neans to receive said cooled first
gaseous stream and further ¢pol fourth expansion means connected gh)safdisegindexpansi on
means connected to said second heat exchange neans to receive said further
cool ed first gapsmoosmsinsearcandsagkfiahdiquitl stanamd enpevdiedisall ®wer essure, said
first expansion nmeans being further connected to a distillation colum to
supply sai d eppsnded further cooled first gaseous streamat a | ower feed
position; (e) said first heat exchange neans further
connected to receive said segondhgasgatsios hfe@@moamndied@daid foushlf ficiently to
partially condense it;

expansion means to receive said expanded flash liquid stream and separate it into a
second flash vapor stream and said liquefied natural gas stream;

(s) said fourth heat exchange means further connected to
said third separation means to receive said second flash vapor stream and heat it, with
said heating supplying at least a portion of said further cooling of said feed stream;

(t) said fourth heat exchange means further connected to
said second separation means to receive said first flash vapor stream and heat it, with
said heating supplying at least a portion of said further cooling of said feed stream;

) second withdrawing means connected to a lower region

of said distillation column to withdraw a bottom liquid stream;

9.



WD 2010/ 017061PCT/ US2009/ 051901 (Ofirst separation nmeans connected to said
first heat exchange neans to receive said partially condensed second
gaseous swoeamvdam@iseparate it into a vapor stream and &Ciriusaéod/oSt9peam

(g) second expansi on neans connected to said first separation neans to
recei ve said vapor stream and expand it to said internmedi ate pressure;

(h) second dividing neans connected to said second expansi on neans to
recei ve sai d expanded vapor streamand divide it into at least a first

portion and a second porti Ogvr‘?d dflfth %xpansmn means céﬂnlact&ﬁ"%o sgldrlg(,% deXChange

neans connected to said sec VI nmeans to recelve said first portion
and cool it, 419 heat exchange s be further conn ected 50 sai d

rawmlg MeEans to,recerve. sa ott 11 dq d str am and eX; an to sa1d oyer
distillation &8 0 supply §8°d“ cdo b PSt porti a col um

feed position; (j) said second heat exchange means further
connected to S5 Second d|V|d|ng neans to receive said second portion and
heat it, with said heating ? | east a Eorthon Qﬂjﬁgld further
cooling of said cooled firs Wgas ﬁh WE%H?MBCOIRGB to said hit S st
mnthdramnng means connected to an region of said dlstl | ati on col um
to wit hdraw alBPePAELF4pY et i %p PG‘“'CFWFF?:]S REat W&HQH&Q ans
further connected tq said fjrst mﬁthdraMAn means to receive said overhead
vapor strean1gﬁ@“ﬁ@ﬁPmﬂpagﬁ#@$%@@%FﬂVr96”5%“ﬁ@ﬁ%ﬁﬂbépéﬁﬁmﬂ?“@BHH@ﬁSe it and
formthereby a condensed stream (mthird dividing neans
connected to SANRIn¢hieyheat exchange means to receive said condensed
streamand divide it into at least a feed streamand a reflux stream said
third dividing means bei ng ftrt hiid bya hest eedangs sapglurgproppdciediton col um

to supply said reflux streamto said distillation columm at a top colum
feed position said first combining means to receive said first combined stream and heat it, with said

heating supplying at least a portion of said cooling of one or more of said first portion
and said overhead vapor stream;

(y) sixth expansion means connected to said first separation
means to receive said liquid stream and expand it to said lower pressure;

(2) second combining means connected to said sixth
expansion means and to said third heat exchange means to receive said expanded
liquid stream and said heated first combined stream, respectively, and form thereby a
second combined stream; and

(aa)  said first heat exchange means further connected to said
second combining means to receive said second combined stream and heat it, with
said heating supplying at least a portion of said cooling of one or more of said first
gaseous stream and said second gaseous stream.

0. An apparatus for liquefying a portion of a natural gas stream
containing methane and heavier hydrocarbon components to produce a liquefied

natural gas stream comprising
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(n) fourth heat exchange neans connected to said third dividing neans to
receive said feed stream and further cool it; (o) third
expansi orwoeangic@nnect ed to said fourth heat exchange RERNES2009/060EI Ve
said further cooled feed streamand expand it to | ower pressure;

(p) second separation nmeans connected to said third expansion neans to
recei ve said expanded further cooled feed stream and separate it into a
first flash vapor streamand a flash |liquid stream (q)
fourth expansi on neans conn tedﬁ&gm%fé@hﬁ%&Bﬁ%m%%HQQQﬁRQHma&ﬁ&iitO receive
said flash liquid stream and expand 1 X0 st | ower pressure,;

(r) third separat]on feans COBRESLEd. i oAl founil expansion means to
receive said expan%%é FA"a8H I qui St eant an )%epara?e’it into a second
flash vapor stream and said |l.iquefjed natural gas stream . .

(s) said fourth heat exchangd medibTt MM aiARATE 6 s oty g
separation nmeans to receive sai d sqﬁo d.flasg vagpr stream and heat it,
with said heafTHEMSHPHIH #g SUeaot BtVIde hEIQ FoffSbt ISh$AECI FTREY ¢ dol i ng of
said feed stream (t) said fourth heat exchange neans
further conned¥c8d $45°UWSFE%bcond separation means to receive said first
flash vapor stream and heat it, with said heating supplying at least a
portion of said further cool$ng Hrorbiegt Gelapegmpang cpnnected t said first (u)
second wi thdrawi ng neans connected to a | ower region of said distillation
col umm to wi t AF4RE eI TSRS iy fsiereeanyream@nd Brdheerybil PCT/ US2009/ 051901
(v) fifth expansion nmeans connected to said second withdraw ng neans to
recei ve said bottom |iquid §Dreafiisherdarsiqnaneins eonpectedipdaif ¢gepd pragssur e;

(w) first combining nmeans connected to said fifth expansion neans and to
sai d fourth heshaggeairangyle reastyrsaitl durthseedolad fstigdsconpsiivaa dndotpradntd gui d
stream and said heated first flash vapor stream respectively, and form

t hereby a fi r sttermodibicpedsuse, s@d st expansion means being furfhe) caga¢atedthiar d heat
exchange neans further connected to said first combining nmeans to receive
sai d first codbiilteidnstlomane supdlyseidtexpandedutthersapldd Fssagaspgpssugyl stiang at

| east a portion of said cooling of one or nore of said first portion and
sai d over headlowap tred poditGan (y) sixth expansion neans
connected to said first separation nmeans to receive said liquid stream and
expand it to said | ower presgur efirst separation means connectéZip ssidd@ndivédndi ni ng
means connected to said sixth expansion neans and to said third heat
exchange neangehi® tb &CEivY id ficGndepapainsl eiebahi fidisehagdid @ aitd anghos aredmhmated fir st
conbi ned stream respectively, and formthereby a second conbi ned stream

and liquid stream;

® second expansion means connected to said first
separation means to receive said vapor stream and expand it to said intermediate
pressure;

(2) second dividing means connected to said second
expansion means to receive said expanded vapor stream and divide it into at least a
first portion and a second portion;

(h) third heat exchange means connected to said second
dividing means to receive said first portion and cool it, said heat exchange means
being further connected to said distillation column to supply said cooled first portion

at a mid-column feed position;
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(aa)said first heat exchange neans further connected to said second

conbi ning neans to recei ve said second conbi ned streamand heat it, wth
sai d heatwogosumpicyi ng at | east a portion of said cool i rgTafS2ame5v01 nor e of
said first gaseous stream and sai d second gaseous stream 9. An apparatus
for liquefying a portion of a natural gas stream containing nethane and
heavi er hydrocarbon conponents to produce a liquefied natural gas stream
conprising WD 2010/017061PCT/ US2009/ 051901 (a) first heat
exchange nmeans connected to tecej [ ol it
sufficiently to partially cgzden%%§$?@kﬂwaﬁ&a&ﬁgeggim§&h%ggh@?%%ﬁ8dividing
means connected.to Qﬁﬁeive sai d partiath condensed q@tU{aL gas stream and

o . . Said secon viding nieans to'reéceive Sai cond porudn;and heatit, with
divide it intd at®PEast ‘Bef1Fe gaseous S Pealand™s sacond gaseous stream

c) second heat .exchange ans connected.to said first dividing means to
oot ve sai o PGE GROEBLL et PaS A oF DA Rer ORbe of i i b DSTER" 10 )
first expansi on nmeans connected fo sa%g second heat e chaq&§ means to
receive said further cool edWirst'™HELREHE NS PFALHCAMG CEXpHNTPPLE 16  an

intermedi ate pressure, said first expansio ans being further connected
to a distiIIan%%ﬁgﬁﬁﬁﬁﬁl?%“@hﬁﬁW§m§Qiﬂ“ﬁ@%ﬁ%ﬁgwo?%??ﬁgr cool ed first

gaseous streamat a | ower feed position; (e) first
separation means connected {8 safdf! thitd Seat gxehrpgerpeappnbe@nrEidive sai d
second gaseous stream and separate it into a vapor streamand a liquid
stream (Osec&dfiskpabdinsie mearssio seaive stidavaread yprpr pirgast andepalribt i on means
to receive said vapor streamand expand it to said internediate pressure,
(g) second di Wifipglyte ahisast paHabtgdanse & apdifosa gerby @xprdearedriipdzins t o
recei ve said expanded vapor streamand divide it into at |east a first
portion and a second portiofl)  third dividing means cogrig¥ted ki satdl thishheagx change
nmeans connected to said second dividing neans to receive said first portion
and cool it, swhangeeaanetegt@ngeaideamisnisdistiganf andtdnade i¢ otmadeasth feed sai d
distillation colum to supply said cooled first portion at a m d-col umm
feed positi onstream and a reflux stream, said third dividing means being further connected to said
distillation column to supply said reflux stream to said distillation column at a top
column feed position;
(m)  second withdrawing means connected to a lower region
of said distillation column to withdraw a bottom liquid stream;
(n) third expansion means connected to said second
withdrawing means to receive said bottom liquid stream and expand it to lower
pressure;
(0) said third heat exchange means further connected to
said third expansion means to receive said expanded bottom liquid stream and heat it,
with said heating supplying at least a portion of said cooling of one or more of said
first portion and said overhead vapor stream;

(p) fourth expansion means connected to said third dividing

means to receive said feed stream and expand it to still lower pressure;
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(i)said second heat exchange neans further connected to said second
dividing neans to receive said second portion and heat it, with said

heati ng swippbyingoeéat | east a portion of said further coeCirrus2eb/oseod first
gaseous stream (1) first withdrawi ng neans connected to
an upper region of said distillation colum to wthdraw an overhead vapor
stream (k)said third heat exchange neans further connected to said first
wi t hdrawi ng means to receive said overhead vapor stream and cool it
sufficiently to at |east partii al se | a condensed
stream (1)@ hi r%ﬁ@@gﬁqﬁg&n&é%ﬁlg&g}gg%e{%égggﬁ&éai dthird
heat exchange eans, £0, Lecolue. Sof dogondansed. st reamand divi e, t into at
|l east a feed StHEAM And"a FeFTUX'STPEER &I ThiT d i vs di ng nmeans bei ng
further connected tto sai dﬂ&il.stif.l Idatti 02 colum to supply said reflux stream
to said disti S PERTCO G igeelisd PERTELE SHR P eed positi on:

(m second w thdrawi ng neans_ connected.to a, lower region of said
distillation colum to wit hz]?aw ﬁ“cg%{rgg?ﬁtlef%?%’ nagapg gper connected to

(n) third expansi on ans connected to said second w thdraw ng neans to
receive said 6365 tom %eaﬂf‘tbons‘?‘?aé%mrﬁ??&ee@ﬁ@éﬂ&l Y4POE Jrepgviay it Es‘gﬁl? gud

(o) said third heat exchan?e means further connected to said third

expansi on neaRURS SHRLEIS A TeastiaPogigRah ad coding Shene e Liriddistantioneat it
with said heating supplying at | east a portion of said cooling of one or
nore of said fRdsid pstheibyrPahdeddi d over head vapor stream

(p) fourth expansion nmeans connected to said third dividing neans to

recei ve said feed stream ané® exphhtcimantion Beqns connggied tospiddefseparatipm

2010/ 017061PCT/ US2009/ 051901

means to receive said liquid stream and expand it to said lower pressure;

() combining means connected to said fifth expansion
means and to said third heat exchange means to receive said expanded liquid stream
and said heated expanded bottom liquid stream, respectively, and form thereby a
combined stream; and

(u) said first heat exchange means further connected to said
combining means to receive said combined stream and heat it, with said heating
supplying at least a portion of said cooling of said natural gas stream.

10. An apparatus for liquefying a portion of a natural gas stream
containing methane and heavier hydrocarbon components to produce a liquefied
natural gas stream comprising

(a) first dividing means connected to receive said natural
gas stream and divide it into at least a first gaseous stream and a second gaseous
stream;

(b) first heat exchange means connected to receive said first

gaseous stream and cool it;
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(q) second separation nmeans connected to said fourth expansi on neans to
recei ve said expanded feed stream and separate it into a flash vapor stream
and sai d WoqusFdlesinat ural gas stream PCT)USg@v@stohi r d heat
exchange nmeans further connected to said second separation nmeans to receive
said flash vapor streamand heat it, with said heating supplying at |east a
portion of said cooling of one or nore of said first portion and said

over head vapor stream (s) fifth expansi on neans connected

to said first separation megys t%C&%ﬁ%&t"&f?@iggmh%ﬂ%&e%&?oaéllc?f’}‘;ith%xtpa”d It

to said |ower pressure; ning nmeans connected to
said fifth ex sion_ne S ird heat ex e ns to receive
251 d expanded raearOE s R SR Fakl eogﬁstaeﬁ B BIRE R o st r eam
respectively, and formtherg{ﬁ a.. corrbl ned st (fit . (u)
said first heat exchange me ?nséodﬂﬂeeaél?%%l ?%e 8i°Y é%cr%ﬁlﬂ?aﬁg neans to
recei ve said conbi ned stream and sai d heati u i ng at
east a porti SHUBIESHE LI Vﬁgalfl?uf?fﬁf il Gt SER et R Hbpar at us
for liquefyi ngjéaglg rtion of atural gas stream cq@t ai ni ng, met hane and

heavi er hydro atE(?FFﬁ%ﬁ%ﬁflg i S¥RA8Y @eﬂlSIbF‘&%é‘frf B9t HP 2gas st ream

conpri si ng o i)’ first dividing nmeans connected to receive
sai d nat ur al 6‘&%11%‘913@‘%111"}@8%5‘]@!@’ sgid expanglet @“B?r Pelgd firshegspus siregps@dus st ream
and a second gaseous stream (b) first heat exchange neans
connected to efepd Pl f i r st gaseous stream and cool it; WO

2010/ 017061PCT/ US2009/ 051901 (c) second heat exchange
means connected to said firéd hetid éRcheargyehansamsansduites epnpectediod cool ed
first gaseous stream and further cool it; (d) first

expansi on nearescizormeésren gascovapiebagend ool st licesndh tmppetisty gnrdengs ikecei ve
said further cooled first gaseous stream and expand it to an internedi ate
pressure, said first expansifon nbBahspeliiongnéans téreectebiorseidtied hta a
distillation colum to supply said expanded further cooled first gaseous
stream at a | ewbangeesrnpogedeivenaid partially condensed second( g@ayeosabtcbamiandt heat
exchange neans further connected to receive said second gaseous stream and
cool it suffi sdpentdiyintcoa @t st@hihynd o tiged secant; ; (0 first
separation nmeans connected to said first heat exchange nmeans to receive
said partially condensed se¢ond gasehipasichedihardnseqiadadiéfirst | nto a vapor
streamand a liquid stream
separation means to receive said vapor stream and expand it to said intermediate
pressure;
(h) second dividing means connected to said second
expansion means to receive said expanded vapor stream and divide it into at least a
first portion and a second portion;
1) third heat exchange means connected to said second
dividing means to receive said first portion and cool it, said heat exchange means
being further connected to said distillation column to supply said cooled first portion
at a mid-column feed position;

() said second heat exchange means further connected to

said second dividing means to receive said second portion and heat it, with said
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(g) second expansi on neans connected to said first separation neans to
recei ve said vapor stream and expand it to said internedi ate pressure;

(h) secomsiodnwiddiresy neans connected to said second expam€Tars200an80t o
recei ve said expanded vapor streamand divide it into at least a first
portion and a second portion; (i) third heat exchange
nmeans connected to said second dividing neans to receive said first portion
and cool it, said heat exchange neans being further connected to said
distillation | . . .0 coql. i . I 1,.49-caol umm
feed position?gmﬂgag%&u%ﬂRa%&a%%b??{gg%gﬂg%%%%)hﬁ%@%agggﬁg%ggggggﬁg further
connected to said second dividing neans to receive said second portion and

heat it, wi t h &4 heati ng supplying at |east a portion of said further

cooling of said cooled first, .gasgous. Sfrea K)first wthdraw ng neans
connected to an upper regiohgof gﬁfﬁ“@#@??gkg%?%ﬁn%gkﬂﬁ%m1%ﬂﬁf?ﬁgPaw an
over head vapor_stream .(1)said third heat exchange nmeans further connected
to said first Owa’c%cg?tgiﬁléfbgoi@%? Wihdpasei W&ﬁ@&‘r‘éﬁpg{ﬁé}?ﬁ@ad vapor stream and

cool it sufficiently to at | east I

partially condense |t and formthereby a
condensed stream M) Sal‘?@}ﬁl %‘f"r‘i F?fg‘aﬁﬁe\ﬂﬁf‘%é’“ﬁgﬁgn%ﬁ?ﬁ]ﬁ%ct ed to

said third heat exchange neans to receive sajid condensed stream and di vi de
it into at | es{ it pibdaving sansdadecsive sfif gyeriaqed sapqr seaitrndipeldt di vi di ng
means being further connected to said distillation colum to supply said
reflux streant4Beisylydo gt lsist prrlysiwndaramndions thesdy esPudenselsBerbosi ti on;
(n) second w thdrawi ng nmeans connected to a |ower region of said
distillation colum to withéphw &irBgiidng MESicennseted insaid third heat

(o) third expansi on neans connected to said second withdrawi ng neans to
recei ve sai d bohprghnidaguiodecsivesaifhcantignsed pagnen and dividd ibinse atdeassxiged;

(p) said third heat exchange neans further connected to said third
expansi on neasscatimnd@ediurstsai.gaightipahdedingotcaontdingfuitbersonwainl andidheat it
with said heating supplying at |east a portion of said cooling of one or
nore of said flistilddtiopooltinomo supdlysaidde itnxestrheaach saaibstillgtiore@igmn at a top

(q) fourth expansion nmeans connected to said third dividing neans to
recei ve sai d tdedn$dei@ashiand expand it to still | ower pressure;

(n) second withdrawing means connected to a lower region
of said distillation column to withdraw a bottom liquid stream;

(0) third expansion means connected to said second
withdrawing means to receive said bottom liquid stream and expand it to lower
pressure;

(p) said third heat exchange means further connected to
said third expansion means to receive said expanded bottom liquid stream and heat it,
with said heating supplying at least a portion of said cooling of one or more of said
first portion and said overhead vapor stream;

() fourth expansion means connected to said third dividing

means to receive said feed stream and expand it to still lower pressure;
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WO 2010/ 017061PCT/ US2009/ 051901 (r) second separation
means connected to said fourth expansion neans to receive said expanded
feed stresmandiseparate it into a flash vapor stream amdTasealosoefi ed
natural gas stream (s) said third heat exchange neans
further connected to said second separation neans to receive said flash
vapor stream and heat it, with said heating supplying at |east a portion of
said cooling of one or nDre of said first portion and said overhead vapor

stream (t) %‘;' f&e@o&f%@aﬂ&tio%r}nfmﬁ?‘ ngcqmgggllg?outﬂ% said first

separation nmeans to receive id I|qU| rean1a expan to said | ower
pressure, ansion means to g 1%’16 sard ex Idrég fee rr]esamce%ranece;[r% tll’RO % fifth
expansi on meaRs and 16 Sal 0 ¢t %gd% exc an &' Heand t'o" 'Ee&i Ve said
expanded IIqUI%ﬁ§&%%ﬁﬁ#?ﬁ@gzﬂvg%28 Hﬁ'%@& gﬁged bottom | iquid stream
respectively, ‘eam and (v)
said first heat exchange ne§$s fur @fﬁ conn cted to ﬁl d conbi ni ng neans to
recei ve said combi ned streafyand ¥R peat ey Tg%ﬁﬁﬂs EQE KRty Bﬁ?ylng at

| east a portlon of said cooling of one or re of said first seQus stream
and said secofdd ﬁ?g%ﬁﬁgmg?Fﬁﬁ s ippreeeiys S ﬂﬂgﬂhY%@r%E%@Fﬂ?Hﬁ“P'ggh 7 or 8
wher ei n %%éa a fifth heat exchange neans is connected to
sai d second sBPARPTPEH HER ffestaoFingt yad §%?@gpf@§ﬁﬂmﬂﬁhwam§tFgéﬁﬂ@ﬁd cool
it; b) said fourth expansion neans is adapted to be
connected to 3% Widketsaherer iadhange means to receive said cool ed flash

| iquid stream and expand it to said still |ower pressure; WO

2010/ 017061PCT/ US2009/ 0519040 fifth expansion means cenneeled @ seidifire sepaioat i on
means is adapted to separate said expanded cooled flash liquid streaminto
sai d second fmgsts tgmseive said¢ band srrdmeaid dxpand idd baadilomat pressiregas st ream
(d) said fifth heat exchange neans is further connected to said third
separati on neans to receive(Wai dec@ggongneimshnnegied to gid fddnexpatidreat it
with said heating supplying at |least a portion of said cooling of said
flash |iquid staeaml tasndl third heat exchange means toejcepaisgld bxpantdl Inpat stexiohange
nmeans i s adapted to be connected to said fifth heat exchange neans to
recei ve sai d hebtaeihesed oxindddashiomaigoid sstangaespandelyuaddfem the@by at, with
said further heating supplying at |east a portion of said further cooling
of said feed sémigaddsutzn;ldnd apparatus according to claim9 or 10 wherein
(V) said first heat exchange means further connected to said
combining means to receive said combined stream and heat it, with said heating
supplying at least a portion of said cooling of one or more of said first gaseous stream
and said second gaseous stream.
11. The apparatus according to claim 7 or 8 wherein
(a) a fifth heat exchange means is connected to said second
separation means to receive said flash liquid stream and cool it;
(b) said fourth expansion means is adapted to be connected

to said fifth heat exchange means to receive said cooled flash liquid stream and

expand it to said still lower pressure;
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(a) a fourth heat exchange neans is connected to said third dividing neans
to receive said feed streamand further cool it; (b) said
fourth exwensicon7seans is adapted to be connected to saiPdTiusaeowisivent
exchange neans to receive said further cooled feed stream and expand it to
said still |ower pressure; (c) said second separation
nmeans i s adapted to separate said expanded further cooled feed streaminto
said flash vapor streamand said |iquefied natural gas stream

(d) said fourth heat eXCha”Q@arg%Tri‘ thirasé UES iR e GRANEE %Qhés%{)%?r{eqaiﬁ.econd

separation nmeans to receive as apor stream a ea , Wth said

heating suppl X;ipre‘lﬂde%tco&%&ﬁ%sh%qg%gs L ?% %a%?éc?%'%r‘f&%ﬁ}sﬁ% £ N9, 9fiq5ai d Teed
stream and €) sal T eat exchange neans i s adapted
to be connectﬁg%%P i d fougth heat exchange neans to receive said heated

flash vapor 8%$§H@I$ﬁﬁ HeF heat it, with said further heating
supplying at | east a portionof o2l feRRl LRl 208 SRl &ullod 17t
said third separation means to receive said second flash vapor stream and heat it, with
said heating supplying at least a portion of said cooling of said flash liquid stream;
and

(e) said fourth heat exchange means is adapted to be
connected to said fifth heat exchange means to receive said heated second flash vapor
stream and further heat it, with said further heating supplying at least a portion of said
further cooling of said feed stream.

12. The apparatus according to claim 9 or 10 wherein

(a) a fourth heat exchange means is connected to said third
dividing means to receive said feed stream and further cool it;

(b) said fourth expansion means is adapted to be connected
to said fourth heat exchange means to receive said further cooled feed stream and
expand it to said still lower pressure;

(©) said second separation means is adapted to separate said
expanded further cooled feed stream into said flash vapor stream and said liquefied
natural gas stream;

(d) said fourth heat exchange means is further connected to
said second separation means to receive said flash vapor stream and heat it, with said
heating supplying at least a portion of said further cooling of said feed stream; and

(e) said third heat exchange means is adapted to be

connected to said fourth heat exchange means to receive said heated flash vapor
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stream and further heat it, with said further heating supplying at least a portion of said

cooling of one or more of said first portion and said overhead vapor stream.
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