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to a refrigeration process. Mre particularly, the
refrigeration process of the present invention has
particul ar application in the '5 production of

l'i quefied natural gas. Background Art Traditional

R ﬁ%?ﬁg?raftﬂfn ?E%é%soéjﬁ’(‘f theProd uHigH %ffg.‘?gué‘ﬁédl‘ Ntu2AGas”
(hereinafter conprise, I n broa erms, a

natural gas pre-treatnent stage and a gas

|Figlebehtie biyesdioe, The pre-treatnent stage is

required to renove conponents of 10 the gas stream

that will freeze solid at cryogenic tenperatures. .
Bhapresenbinverdioporaiaies tpeaso@erafion Rracessasypraparticularly, the

SERBRA Pl MR Oy Do o giegton i e

tprpdoetidryof leyuefied naturahgadsor pti on process (for
exanpl e usi ng am ne) and/or nenbrane process; heavy
hydr ocar bons renoved by cool i ng and condensi ng, 15 and

VBackgrotmavArt i n a dehydration process (for exanple
usi ng nol ecul ar sieves). Such pre-treatnent my
either require or cause the gas to be heated to about

Sheditibhal Igrocsisast farnitet aged@ftionhef piqoefiss matorli ge&s (hereinafter

both cryogeni c heat exchange and refrigeration, The

pHAG") Sammise, 4t yeaghioieed nadiwebgagrrre-tiRameRt sfipgesand a gas
u r: .

BB 200 e FyER R BRI Sp components o

utheng@m streanpdwtt witinfraewk solid ajecrpogasiartejnparatyoed.i éckamples of

and transferred to_st

rage. A variety of refrigeration ,

RAMRRRETIS | RGQVaFT (RistNis dPpsQiuaine STRAR BPYes dbeTagen sulphide,
W‘Téé}w- hidroeBmosaand 8vakr.t NEaridiPlidXide EndRIrCAYdnbgEAT sulphide is
smal I’ scale plants) the refrigeration

typically removed in an absorption process (for example using amine) and/or
membrane process; heavy hydrocarbons removed 'by cooling and condensing,
and water removed in a dehydration process (for example using molecular
sieves). Such pre-treatment may either require or cause the gas to be heated to

about 50°C.

The liquefaction stage of the process comprises both cryogenic heat exchange
and refrigeration. The pre-treatment stage provides ‘sweet dry’ gas which is
passed through a heat exchanger and expansion valve, where it is cooled to
about -150°C (depending upon gas composition and storage pressure), liquefied
and ftransferred to storage. A variety of refrigeration methods using various

refrigerants and processes are known.

In one example of the prior art (typically for small scale plants) the refrigeration
step comprises each of a standard compression, cooling by air or water and an
expander cycle, in which most refrigeration is provided by the isentropic
expansion of a recycle stream. A turbo expander-compressor is used to recover

power from gas expansion and the refrigerant is further compressed in main gas
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expansi on of a recycle stream A turbo
expander - conpressor is used to.recover power from gas
expansiOn,and the refrigerant s further conpressed in
I n gas WD 2004/ 065869 PCT/ AU2003/ 001623 - en .
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necessary cryogenic tenperatures
dempleeatacds emretle achieandt her exanpl e of the prior art
(typically for larger plants), two refrigerant 5
cycles are provided. Each cycle has its own conpressor
dnl ma)ther @otammmaiflty\eumlmga@a(wa]mllyl foeslalger plaotsd, two refrigerant
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tenperature cycle. erant for the first cycle
tg,qmea:aﬂor%» ﬁbeéjfnyst”cxmmimlswserd @ pre-edol ter paiural igps as well as pre-

SRR SasBR, B CHTEERNES 5ol REuBERERTor PR gl typicaty

N@di g@ﬁgﬁé@rmke@%fhg@gnand | i quefaction of the
natural gas. Alternativel y, | f a nore energy efficient

process is selected, that" process will be very

ERRRERNY Brriplbyier ﬁ%d@‘ssé@'fbf ahe GRBULEOT @5 ING TS Hescribed above
energy i s supplied by nechanical drives that use

presenthvhays suksishtialengsgy teauiiemsy)ts dascadingrajichkéguefaction of the

TR B TR 07 S BT GBI el B et

Fereces1viip el yeryesypdrzdld Ircternts aﬁml’@aﬂecaﬁ(ﬂab\mﬂso This energy is
typically convert only 25 - 40% of the energ plied
aipplied dynnechaeieal d”‘@ﬁﬁb@é%@\i’é‘%ﬁw\f%fﬁ %Lﬁ%& as gas turbines, gas

ré{dlh*?&emsp P Bl SmPor S cHrMey ﬁmsucﬁ&\é IS 't‘P\%t Jlecessary

ere i n heat present
aedidemblien prcmeasseas erpﬁrh@mtmarpranel wmuerentlyawerwleeﬁflcnent and are
| I?necfv\];n to typ?cally convert only 25 — 40% of the energy supplied as fuel into useful -
compressive work for the refrigeration process. The majority of energy is lost to
atmosphere in the form of heat. As such, presently available processes for LNG

production are very inefficient.

In known LNG processes the feed natural gas is typically pre-treated to remove
carbon dioxide, heavy hydrocarbons and water prior to liquefaction. This pre-
treatment requires heating in a solvent absorption or membrane system. As a

result, further cooling energy is then required to liquefy the natural gas.

The process for the production of liquefied natural gas of the present invention
has as one object thereof to overcome substantially the abovementioned

problems of the prior art, or to at least provide a useful alternative thereto.

Throughout the specification, unless the context requires otherwise, the word

“comprise” or variations such as “comprises” or “comprising”, will be understood to -
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pre- treatnment requires heating in a sol vent

absorption or nmenbrane system_ As a result, further

cooling energy is then required to |liquefy the natural

gas., 25 Th rocess, for the productiqn of |iguefi .
iy fe GRbst oA Stel S HcSHER et Tnagets, St e exclusion of
Obhe6ihet REGA ol folY ¥ FRBEgUbSt anti al |y the

abo}\elemsnti o%%go gr:J}rooEI errsg% the prior art, or to at

| east provide a useful alternative thereto. Throughout

th e%ﬁééih?aﬁi's%sséb‘m,@fsﬁwé RckGFIANL afte AU liktBRded to facilitate an
ot herwi se, the wor conprise”"~or varilations such as

" gt siesdily of thae pngadndiingentioni dihlybelt isiberdd teodppreciated that the

2004/ 065869 PCT/ AU2003/ 001623 -3 inply.the inclusi ,
SRISGUSG dal % AL A RBPVERIRTRN SmPUBLILOR dhehgny; fethe material
EPES 8 s pAF T bNIMGILgBheR KBbABUERS in ALSE&IISor any other
The precedi ng di scussi on of the background art is

| eeWHgeaNd/or fegion &% at theaprioriiyidetesefdhaianpliodtiame

present invention only. It should be appreciated that

the 5 discussion is not an acknow edgenent -or

aRiddeswie ofthe lavgntibnt he naterial referred to was

part of the common general know edge in Australia or

any other country and/or region as at the priority

dbt acedrdehee apfi itbatpresentDinyehtisurtbersf is Ipsovidedra ippecess for the
In accordance wi.th th resent..inventiqn there is

P GRT o pfasised nafbrdh 838 N5 NG B [ROACBRCR, ke lhp process
Nghataalerigad bytthd istdpadra refrigeration cycle, the ‘
process characterised by the steps of: i)

Pre-treatnent of a natural gas stream ii) Chilling of

ei ther opBatdhndbni Bea heRIALJAOstRERn! reated gas stream
or & refrigerant gas streamw thin the refrigeration

cycle; and 15 iii) Liquefaction of the natural gas.
ii) Chilling of either or both of the resulting pre-treated gas stream or a

refrigerant gas stream within the refrigeration cycle; and
iii) Liguefaction of the natural gas.

Preferably, the chilling step is driven at least in part by waste heat from the
liquefaction step. The waste heat rhay comprise hot jacket water and/or hot
exhaust gases from the main gas engine or furbine driven compressor.
Additionally, heat may also be provided from one or more of the group of prime
movers, compressors, burning of flare or other waste gases or liquids, and solar

power.

Still preferably, waste heat from the liquefaction step is utilised, at least in part, in

the gas pre-treatment step.

The chilling step may>further condense certain components of the pre-treated
natural gas stream. Components of the natural gas stream condensed in this

manner may include water, heavy hydrocarbons and/or carbon dioxide.
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exhaust gases fromthe main gas engi ne or turbine

driven conpressor. Additionally, heat may also be

provi ded fromone or nore of the group of prinme 20
are _or .ot her, waste
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WasthBeReouk -BTFEMend 1aeEe! athe Uhilkh@f ithe WrbltfexRgd qis stream is

l'east in part, in the gas pre-treatment step. The )
qivefarably sorguotey Huet membssnaérifage®raaias donphenths selective

f th F e- d 2
GroroRgs et o RYREval T ARD U Rk BB s ARt hner -
Gt o W, 2004/ 168560 T ABR03: 001623 w4 Bt the

. \\D, 2004 ) _
ol ehiling,Sf fke FEHBRIAM P8 S5 EBoT &) HLeg 80T, aiBpents in the
FehRIPEntEdaY ® &nddpebVerTe R thuSRfFmRdN2)Ge giveped and flashed

chillTing of the pre-treated gas streamis preferably
doricpeevedeffiinieacy aatie p conventienal ndiyed seftiger@nt s¥rlehe

sel ective condensation and renoval of various

conponents thereof. 5 The chilling of the refrigerant

ol mrtlwnpneé@rabhrustbesﬁmﬂﬁn@m@né%s@siaﬁtheh@ lithium bromide or an

fri t to. d . The liquid th f d
B AR AR 6T P Rshed  to i mprove efficiency as in
a c?nveglti onalh m E_e::il _ref ri tger an:_ Ic_ycl e. S:I [l further
er e chilling s utilise : .
e e hadn Gihigh SR sriResmba i Sh Lhi s or pgrzle device

lig anRd peMah tHeechinngnéteprai theliqaefadtibn-stxpanderther cool the.
or "JT' valve or nozzle device is added between the

chaturgl ggsstiggmand the |iquefaction step to further
cool the, natural gas stream In accordance with the

present invention there is further provided apparatus
flor accordance with the present invention there is further provided apparatus for

the production of liquefied natural gas, the apparatus comprising an absorption
and/or membrane package for carbon dioxide removal, a dehydration package for
water removal, a liquefaction package, at least one chiller and at least one,
refrigerant compressor package, the chiller being arranged so as to chill the

natural gas stream to be liquefied.

In one form of the invention the liquefaction package further comprises the chiller
arranged to chill a pre-treated natural gas stream from the solvent absorption and
dehydration packages prior to passing that gas stream to a cryogenic heat

exchanger.

In another form of the present invention the chiller is located before, or as a part
of, the amine and/or membrane packages so as to assist in pre-treatment of the

natural gas stream. The chiller may comprise one or more chiller stages.
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wat er renoval, a |iquefaction package, at |east one
chiller and at |east one, refrggerant conpressor
package, the chiller being arranged so as to chill the

i ﬁfﬁg E{%{ %ﬁt%lseﬁzgrheaﬂ@%;%e?gﬁé%&glgérfié ?q%ggd irgﬂ)g lipefgrgiehrgtion cycle
tiaeinfdibléd e cfftiatdyanBrbt oTkdthillePniiyebéd I®R#&EE in both the natural

natural gas streamfromthe sol vent absorption and
deasyslreamemdpetigajaiioppadiages op issithey anednewed. st ream

to a cryogenic heat exchanger. In another formof the
present invention the chiller is |ocated before, or as
aPredenablyef thet lebillaminiedrivedy by wests deat gaokaties osoeach refrigerant
to assist in pre-treat.nent of th 25 natuyral,. gas .
BRRSSI Pockroter Ty WaRSr PSal SwY Gl difitRrlelo the amine
SpRIege W6+ 200HHO6R3LAREOhAERRIS (081688 dehlaradiofetpackage for

further formof the invention the chiller is |ocated

i iegeneragtionrafgaelacviansieyes esed herafir ove the effici ency

thereof. The chiller may be |ocated in both the

natural gas streamand refrigeration package, or in )
el hdrehilleneayhee eopvided &1 graafirg of pigheyhan earmpriady lfeigm bromide

b e fr t .ea g -ant
Rl Hleni agBe! SRR RISh G pisterbly cools the gas
détreth @dl about h80 anstECpab&rge thetitrumnsrortde absaitption chiller cools
and/or to the dehydration package for regeneration of

nbeedas Hreasn &y aBouiskp 1@drein. The chiller may be

provided in the formof either an ammonia or |ithium

brom de absorption chiller. The anmoni a absorption
chiturberexnasrer apf " vebiesor mezzia devige $pa e madeed siwnstream of the
'(ﬁrﬂl%ro -80C whereas the lithium brom de absorption

c ||I ér cools the gas streamto about 0 to 10C. A

tur bo- expander or "JT" val ve or nozzle device may be

al%dea%cgpd/%%gw %e“&%sent invention there is still further provided a

refrigeration process in which waste heat is utilised to chill a process stream

thereby reducing the refrigeration load.

In one form of the present invention the refrigeration process is utilised in an air
separation plant. In a further form of the invention the refrigeration process is
employed in an LPG extraction process. In a still further form of the present

invention, the refrigeration process is employed to pre-treat the gas.
Brief Description of the Drawings

The present invention will now be described, by way of example only, with

reference to one embodiment thereof and the accompanying drawings, in which:-

Figure 1 is a schematic flow chart of a process for the production of

liquefied natural gas in accordance with the present invention;

Figure 2 is a schematic representation of one embodiment of the process
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process stream thereby reducing the refrigeration

load. I'n one formof the presegt invention the

refrigeration process is utilised in an air

separgﬁFon EI ant. In a further formof the invention

the r iYEPati on process is enployed in an LPG

extraction process. In a still further formof the

pr eserftigur203iiave mréssyretdrehalof/ rdigeraan ifon the gressssi of the present
enpl oyed to pre-treat the gas. Brj.ef cr.iptio f .

Che. D BNATIGE" HES b agion Ryahed BHSh St waeh e chiling step
descrideef a Putwaygs stexafind ebeot oot th reference to

one enbodi nent thereof and the acconpanyi ng draw ngs,

in which: Figure 1.is schematic fdlqgw.chart of a .

_ a St Bt PoBRREHTE 5 Frfftusy BinediraPass of Figures 2
gas i mncgod&labastrafirdtHeheffeuteFand dbawaitionodhilldr ¢ b@erall cooling
is a schematic representati on of one enbodi nent of the

pr oced@adA@NED04/ 065869 PCT/ AU2003/ 001623 6 of Figure

1, Figure 3 is a pressure enthal py diagramfor the

process of the present invention using an anmnoni a

absor ftigwe Ehisl peschamalit dlawt BBadhef i pEposss pfor dbe| proguction of

ar apn PSR A IR 4%, I brialre 6 8 el Erflpciment of the
Fi gur ggeentambrdiondenonstrating the effect of the

absorption chiller on overall cooling |oad; and
Figure 5 is a schematic flow chart of a process for

tEestMode) ifen Cakryihg @t thednahtibal gas in accordance
with a second enbodi nrent of the 10 present invention.

In Figure 1 there is shown a process 10 for the production of liquefied natural gas
in accordance with the present invention. The process 10’ broadly comprises
passing a natural gas feed gas 12 to a gas pre-treatment step 14, after which the
gas stream is passed to a chiller 16. The chiller 16 cools the gas stream to at
about -50°C prior to the gas stream passing to a liquefaction stage 18, finally

producing a liquefied natural gas (“LNG”) product 20.

As shown in Figure 1, waste heat from the liquefaction stage 18 is utilised by both

the chiller 16 and the pre-treatment step 14.

In Figure 2 there is shown the process 10 in greater detail than that of Figure 1.

The natural gas stream 12 is subjected to a pre-treatment step 14 comprising an
amine package 22 and a dehydration package 24. The amine package 22 and
the dehydration package 24 remove carbon dioxide and water from the natural
gas stream 12 respectively. Broadly speaking, the pre-treatment step 14 is
required to remove components in the natural gas stream 12 that would otherwise
freeze at cryogenic temperatures experienced in the liquefaction step 18. The

pre-treatment step 14 normally requires the natural gas stream 12 to be heated to
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i nvention. The process 10" broadly conprises passing
a natural gas feed gas 12 to asgas pre- treatnment step
14, after which the 15 gas streamis passed to a

chiller 16. The chiller 16 cool s the treamto at
@@@ut 508GC ST BHCI, ottt%ét@we@tamg oRlingoaRd mofe energy to

Iu‘l 'aeﬂ lﬁﬁ%ﬁ |&§terﬁ lél‘% in & QGH%dl%rﬁllhhéi‘aéﬁdr?Qtep 18.

ura pro shown I n Figure
vvaste heat fromthe Ilquefaction stage 18 is ut|I|sed

% ﬁqtl.%fachtilragl %gél |8€c§ort'rgri%%\.gal\t;1 Ig?ﬁtg[rh%;ﬁa%g@@y?géiIﬁh@%cﬁén package

here
@6esthern dteF&gdretZJathetllqarefaﬁtloﬁi pgaﬂkage 26Thempaisimgad nggis cryogenic
stream 12 is subjectedtoapre at ment st ep

G5RbEXEhANRPA S FRONRNS L KAYE P AP LONUNGTFAS %%together with a
F?éﬁ‘{g;‘%%lo%%yc@%ﬁn‘rﬁ@ rERBEARR N2y AN B2 ﬁJhﬁeFj%BMﬁir@bs @he or more

packKage 24 renove carbondi oxi de and water fromthe

mafrigesdnt cgapressagrackageespect i vel y. Broadl y speaki ng,

the pre-treatnent step 14 is 25 required to renove
conmponents in the natural gas stream 12 that woul d
dtHeaehqwes‘actndrr pacdiagst 1argrog|elas d-N@ripet & passed to one or more LNG

nced the Ii action step 18. The
g?'gk LNQ%%O%%H@m ly requires the natural
gas stream 12 to be heated to WD 2004/ 065869
Al 623 -7 about 500C. As such, this e
ARy D4l g PRk Hineh By Teamart sy &ifpsses through

rtﬁécHéalt 'eﬂe%ﬁgr'ﬂahﬁﬁﬁéﬁéaﬂs%h RahBe3s L{Dﬁ&‘éuﬁf"g cooled to around
't quefaction step 18. The Ii1quefaction step

c08ptC sed lmuelﬁee\s:mqrrte msmg toythsf LG tamkef%ﬁ;t ilbe LNG separator

IS acuahaPlend o7 ithrods Aofeh i 18eRcas Hhke-up gas for the

ARG A%IABY, 898 regendiadon gRenlrand anplhess arfaciddhs 41 for the
together with a refrigeration cycle 32. The

rafmprgesendrdiesdfcl e 32 further conprises one or nore
refrigerant conpressor packages 34.

The refrigeration cycle 32 comprises a multi-stage compression, air or water
cooling and expander cycle, with most refrigeration produced by isentropic
expansion of a recycle stream. Power from gas expansion is recovered in a turbo
expander-compressor and the refrigerant is further compressed in the main gas
engine or turbine driven booster compressors. Warm refrigerant is precooled by
cold refrigerant gas prior to entering the expander so that the required cryogenic

temperature in the heat exchanger 28 can be achieved.

The chiller 16 is provided in-line between, or upstream of, the pre-treatment step
14 and the liquefaction package 18. The chilling step 16 may be achieved by
either of a lithium bromide absorption chiller, cooling the natural gas stream to

about 10°C, or an ammonia absorption chiller, cooling the natural gas to about -

. 50°C, or may be a combination of these methods. This chilling of the natural gas

stream prior fo the heat exchanger 28 reduces significantly the load on the
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the pre-treatnent step 14 passes through the heat
exchanger 28 and an expansi on_\éa_l ve 38, where it is
cooled to around -1500C and liquefied prior to

passi,n% to the LNG tanks, 36. The. LNG seipar at or .

glosgtiedeeiiorien RyMuRe b the axperpncesel theaapplicaisgas much as
RIS f ; refrigeration cycle 32, as a

?%Ogéne?nﬁggqgtgsmﬁgngﬁgﬁfi nally as a fuel gas 41 for

the 15 conpressor drives 34. The refrigeration cycle
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Power from gas expansion is recovered in t ur bo
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Cé%F&éfn%?ﬁiggtd Qnt*ehﬁg YR Mb e s2hHBOhES r%behéfa@ibﬂeqde%:j Heg)ﬁlﬁed for the

boost e npressors. Warmrefrigerant i's precoo
cubecur siguesaritthg dehpdiadiontpackage 2dn dHothdryegfrigedant gas from the

that the r ired cryogenic t erature i,n the heat .
ShmRegee” Sachartciay Pk ysodithEaRnPiale e mieclicr sieves of the
Pisiodgsbr Pabkage et wWaed, t@ﬁh@@%&ﬁ@?\a@fbeihbeused as fuel for the
pre-treatnment step 14 and the |iquefaction package
1®mmiessehdiivasnit.-st ep 16 may be achi eved by 25 either

of a lithium brom de absorption chiller, cooling the

natural gas streamto about 10'C, or an ammoni a

ahdditipnaldreat may lee utiksssl indi§etahdiarstep 46, gueh as maoie available as

5 r e onhi nat i f <1 he h . Thi

SR, SpaEtoh oMufoPHE. 100! AR SSRel i, e for pover
ate, k&3t fiethcempter froantieyblrhig effithreroridiieMiaste gases
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| prdfiseidse splespevge Paeitad ikeant by, in the experience of

the applicants, as nuch as 50% conpared with the

prior art. The chiller step 16 utilises waste heat 42,

clbipeiss tgbadindeszired thak é{ép@ﬁdﬁa‘rr upei the composition of the natural

gas stream 12, another benefit of the process 10 of the present invention is that ‘

the chiling step 16 may condense some .Components, including heavy

- hydrocarbons, LPG’s, water, hydrogen sulphide and/or carbon dioxide. These

condensed components can either be a useful pfoduct stream or may assist in the
pre-treatment process itself. Additionally, the flash gas 39 from the LNG
separator 37 is high in nitrogen, thereby improving the heating value of the LNG
product 20. Further, the flash gas 39 is bone dry making it especially suitable for
regeneration gas 40 and making it especially suitable as fuel gas 41 in the

compressor drives 34 due to its high methane number.

In Figure 3 there is shown a pressure enthalpy diagram for the process 10 of the
present invention utilising an ammonia absorption chiller cooling the natural gas
stream to about -50°C, followed by an expander or “JT” valve 38, as shown in
Figure 2, to further pre-cool the natural gas stream. It is envisaged that a
compressor, for example a vacuum compressor (not shown), may also be added

to the ammonia circuit to further pre-cool the natural gas.
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stream prior to entering nmenbranes and/or heat
regeneration gas required for_the nolecular sieves of
t he dehydrati on package 24. Hot dry refrigerant gas
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benefit of the procCcess 10 of the Eresent invention is
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removal and drying, and immediately prior to the heat exchanger 28 of the
refrigeration cycle 32. As noted previously, this staged chilling of the natural gas
stream 12 allows selective condensation and removal of various components
thereof. Within the refrigeration cycle 32 a chiller 102 is used to chill mixed

refrigerant.

The processes 10 and 100 for the production of LNG each utilise waste heat from
the refrigeration cycle to generate heat or cold as required, thereby increasing the
efficiency of the LNG production process when compared with prior art processes.
For example, prior art LNG processes lose energy by way of waste heat to
atmosphere. The present invention utilises waste heat to chill the natural gas
and/or refrigerant, thereby improving the efficiency of the process, reducing

capital and operating costs, reducing greenhouse gas emissions and simplifying
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at nosphere. The present invention utilises waste heat
to chill the natural gas ano_l/ﬂr_ refrigerant, thereby
i nmproving the efficiency of the process, reducing
capi tal and operating costs, reducing greenhouse gas
%’ ons and sinplifying WO 2004/ 065869
003/001623 -10 the process. Alternatively, a
simlar efficiency to that of the prior art processes
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Modi fications and vari ations such as woul d be apparent
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the scope of the present invention. WO 2004/ 065869 -

11 dainms PCT/ AU2003/001623 1. A process for the _
(2 odupbress atcordingetoi eldim atwhereingde oitillinpsitely is driven at least in
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3. A process according to claim 2, wherein the waste heat comprises hot jacket
water and/or hot exhaust gases from the main gas engine or turbine driven

compressor.

4. A process according to claim 1 or 2, wherein heat is provided from.one or
more of the group of prime movers, compressors, burning of flare or other

waste gases or liquids, and solar power.

5. A process according to any one of the preceding claims, wherein waste heat
from the liquefaction step is utilised, at least in part, in the gas pre-treatment

step.

6. A process according to any one of the preceding claims the chilling step

condenses certain components of the pre-treated natural gas stream.

7. A process according to claim 6, wherein components of the natural gas stream
condensed in this manner include one or more of water, heavy hydrocarbons

and/or carbon dioxide.
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of the natural gas. 2. A process according to claim1,
wherein the chilling step is 'di ven at least in part
by waste heat fromthe |iquefactfion step. 10 3. A
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accordlng to any one of the preceding clains, wherein
e chillin

HacoineeeE 35Sl E0AnE s o 8RSkt e Iagts, Avherein the chilling
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wherein the chilling of the pre-treated gas streamis

conducted in a nunber of stages so as to allow 5 the

?gi n%g%g}tfe??%et‘r?ﬂélﬁb' RN AYdoRE BV RHe Pred@fih@USaims, either a' turbo-
expander or ‘JT valve or nozzle device is added between the chilling step and

the liquefaction step to further cool the natural gas stream.

13.An apparatus for the production of liquefied natural gas, the apparatus
characterised by an absorption and/or membrane package for carbon dioxide
removal, a dehydration package for water removal, a liquefaction package, at
least one chiller and at least one refrigerant compressor package, the chiller

being arranged so as to chill the natural gas stream to be liquefied.

14.An apparatus according to claim 13, wherein the liquefaction package further
comprises the chiller arranged to chill a pre-treated natural gas stream from
the solvent absorption and dehydration packages prior to passing that gas

stream to a cryogenic heat exchanger.

15.An apparatus according to claim 13 or 14 , wherein the chiller is located
before, or as a part of, the amine and/or membrane packages so as to assist in

pre-treatment of the natural gas stream.



10. A process according to any one of the preceding
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for carbon dioxide renoval, a dehydration package for
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chiller c?nd at | east one refrigerant conpressor

paci@fﬁ’ée {miothihe gturah gas girsaim agd deligesatianocydie. or in either one
theinatbyfal gas streamto be |iquefied. 20 14. An

apparatus according to claim 13, wherein the

I i quefaction package further conprlses the chiller
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chi conpri ses one Oor nore c er stages. 17.An
apparatus according to any one of clains 13 to 16

WEhR! SoddtatshhdddtlingSto any one of claims 13 to 20, whersin the chiller is

provided in the form of either an ammonia or lithium bromide absorption chiller.

22.An apparatus according fo claim 21, wherein the ammonia absorption chiller
cools the gas stream to about —30 to -80°C whereas the lithium bromide

., absorption chiller cools the gas stream to about 0 to 10°C.

23.An apparatus according to any one of claims 13 to 22, wherein a turbo-

expander or “JT” valve or nozzle device is added downstream of the chiller.

24. A refrigeration process in which waste heat is utilised to chill a process stream

thereby reducing the refrigeration load.

25. A refrigeration process according to claim 24, wherein the refrigeration process

is utilised in either of an air separation plant or an LPG extraction process.



| ocated in the refrigeration cycle to inprove the
efficiency thereof. 5 18. An apparatus according to any
W@r@®4/065864 ai ns 13 to 16, wherein the chiller iBCT/AU2003/001623
| ocated in both the natural gas stream and
refrigeration cycle, or in'ei;Qgg one thereof. 19.An
apparatus according to any one of clains 13 to 18,
rein.the chiller is drjven .waste heat froamthe . ]
of S iAtribaR Bl araftss Brssdledcld JHiR 2esr 28gwherean the refrigeration
appaFeddss 8RS dibiol ettt Thd BasWherei n waste heat is
al so directed to the am ne package for am ne
regeneration and/or to the dehydration package for
regeneration of nol ecul ar sieves used therein. 21. An
apparatus according to any one of clains 13 to 20,
wherein the chiller is provided in the formof either
an amonia or |ithium broni de absorption chiller. 15
22. An apparatus according to claim 21, wherein the
amoni a absorption chiller cools the gas streamto
about -30 to -80C whereas the |ithium brom de
absorption chiller cools the gas streamto about 0 to
10C. 23. An apparatus according to any one of clains 13
to 22, wherein a turbo- expander or "JT" valve or
nozzl e device is added downstream of the chiller. 20
24. A refrigeration process in which waste heat is
utilised to chill a process stream thereby reducing
the refrigeration |load. 25.A refrigeration process
according to claim24, wherein the refrigeration
process is utilised in either of an air separation
pl ant or an LPG extraction process. WO 2004/ 065869
PCT/ AU2003/ 001623 -14 26. A refrigeration process
according to claim?24 or 25, wherein the refrigeration
process is enployed to pre-treat the gas.



