- 1 - SYSTEM AND PROCESS FOR NATURAL GAS LI QUEFACTI ON TECHNI CAL FI ELD 5The
present invention relates to a system and process for natural gas

| iquefaction. In particular, the present invention relates to an offshore
system and process for natural gas |iquefaction. BACKGROUND 10

Li quefied natural gas (LNG can be produced in both the on-shore

envi ronnent and the offshore environnent. Conpared to on-shore environnent,
of fshore production of LNG faces many restrictions under which, the LNG
productivity isqyéfihPANIPROVESYFOR RASHURAL QAS TRUEPACATON Size and
capacity of Refrigerant Conpressor driver (typically gas 15turbine) used in
expander - based LNG process. In present offshore LNG production, the

comon s i turbine is one supplied by GE, Rolls-Royce,
Sienens,ekﬁﬁﬁhgﬂégéFgﬂi&hich, LM6000 is the biggest gas turbine for

of fshore LNG plant. The maxi mum LNG production rate per train if such type
20of gas turbine is up to 1.2 MIPA, using dual nitrogen (N2) expander

cycl 8. SUMVARY! t@RpresinSinvisiNT redies to a system Pid processelat nathtad ses baugirdigndes an
LNG product i on st,em and, met hod bl e_of hi evi inere NG

o oduct o PR IR TR LGS, SHRRE! Faf brSRE MR e et DL e
and capacddsYiquefaction. The aimof this present invention is to provide a

nodi fied nitrogen expander cycle based LNG process, with an inproved LNG
production rate, which is limted by the size 300of the driver for main

refriger %??ﬁ r, typically Gas turbine for offshore. In the nmean
tinme, th?ﬁéﬁ |ghe action efficiency is also inproved.

10
Liquefied natural gas (LNG) can be produced in both the on-shore environment
and the offshore environment. Compared to on-shore environment, offshore production of
LNG faces many restrictions under which, the LNG productivity is limited. One of these
restrictions is due to the size and capacity of Refrigerant Compressor driver (typically gas
15 turbine) used in expander-based LNG process.

In present offshore LNG production, the common selection of gas turbine is one
supplied by GE, Rolls-Royce, Siemens, Man, etc., in which, LM6000 is the biggest gas
turbine for offshore LNG plant. The maximum LNG production rate per train if such type

20 of gas turbine is up to 1.2 MTPA, using dual nitrogen (N,) expander cycle.

SUMMARY OF THIS INVENTION

The present invention provides an LNG production system and method capable of
25 achieving an increased LNG production rate without increasing the Refrigerant

Compressor driver size and capacity.

The aim of this present invention is to provide a modified nitrogen expander cycle
based LNG process, with an improved LNG production rate, which is limited by the size
30 of the driver for main refrigerant compressor, typically Gas turbine for offshore. In the

mean time, the LNG liquefaction efficiency is also improved.



- 2 -- Wth the addition of an independently-operated chiller into the
nitrogen expander cycle after the gas turbine driven conpressor or expander
driven conpressor, the LNG production rate can be increased w thout
increasing the driver size and capacity. 5l n one aspect, enbodi nents of the
present invention provide a process for,liquefaction of a natural gas. The
process includes cooling the natural gas with a first refrigerant provided
by a first cooling systemand cooling the natural gas with a second
refrigerant i ; ol : i stem
is a si nﬁthgtﬁgﬁg&?ggﬁfn% lzlg tg%erﬁ%%de?e? ﬁ?ﬁg%%;{?%n%ﬁggégﬂe g ggﬂ;?ygr%
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with the fi(rlst. refri %géant such that .t he cog}li n ca&aciég of . the second
ref ri ger aPIUHGN £#E CLLROMGrEdHl WY W ATEMIR NG RYESLEGN CaPacity | i anot her
aspect, enbodi ments of the present invention provide a systemfor

| i quefaction of a natural gas. The S}/stem includes a first cooling system
for Zooling the ond aspacur einbedimenist Al dhd ipresentr fventjer anevidar psocses doid

cool i ng stem.for .cooling the-patural gas wth S nd. refriger . The
cecond e UTERRUETof drabiBed P aPe bR ARl K BycBE M Ac: WE] W
second caelrigeeans yedvedwl Bpe firétecdolide pesiela nintl }eoblinimieasiural fay with esetoddst
cooling systemincludes a first cooling device coupled to the second

cool i ng S¢HigsrAnt grovédsdl hng seqead ceelbnmisystam.i J8f aptondxgolng ErsterSoRSPEICON OF
THE DRAW : di ' i ' [ ter
wth ref rg%c%oothél gtsﬁg@ tglr' g% %gt Q{dnste\?ﬁ? dc :O%g'g S%tel%%lg?fg;a.%é:lfﬁ?g&ggg hgﬂg{i C

dr awd ng shacibthgr. afihd Ncopt eugtramns sydedewitane: fusoedsgerat cocldibagtht coolne:
enbodi nent of, tt%e resent i.nventicc{) .- 3 - i Fi 9. 3 is.,a schematic
drawi ng <SABHNPLAN SReEDEGMRFEAN 4R g?s*?‘é‘?ﬂdafﬁa D% SR BIREEP¥ng to anot her
enbodi nent of the present invention. Fig. 4 is a schematic

drawi ng showi ng an LNG production system and process _
In another aspect, embodiments of the present invention provide a system for

liquefaction of a natural gas. The system includes a first cooling system for cooling the
15 natural gas with a first refrigerant, and a second cooling system for cooling the natural gas
with a second refrigerant. The second cooling system is a single phase cooling system.
The first and second cooling systems operate independently from each other. The first
cooling system includes a first cooling device coupled to the second cooling system for

cooling the second refrigerant.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention are disclosed hereinafter with reference to the
drawings, in which:
25

Fig. 1 is a schematic drawing showing an LNG production system and process

according to one embodiment of the present invention.

Fig. 2 shows Heat Flow-Temperature curves of an LNG production system and

30 process according to one embodiment of the present invention.



5according to yet another enbodi nent of the present invention. Fig. 5
is a schemati c drawi ng showi ng an LNG producti on system and process
according to a further enbodi nrent of the present invention. 10DETAI LED
DESCRI PTI ON Figure 1 shows a natural gas |liquefaction system and
process 100 according to one enbodi nent, of the present invention. Natural
gas 1 flows into the liquefaction process fromthe offshore production
facility. This natural gas is typically stranded gas or 15 associ ated gas,
and has under e i f t S (Y oY o]

wi |l address t g %;Sé %gﬂgfﬁg%f%gg S%%‘gﬁ?rdgfnﬂg(}cgﬁgg&goﬁla |fﬁngzi§tﬁ<? n&tgl?ls?t IS
at a pressuoingtotahetheasgeodiheatad e @Osdnamveatiabout 60 bar, or has been
conpressed to a pressure in the range of about 20 bar to about 60 bar in
oi | production gas conpressors. The offshore feed gas normally contains
net hane in thepipange .0fchéme ahHhs (RIRHY APONG %%%ctﬁinh%@%n?gﬁd pARR
6-10% wth typrcal pressure of 20-60 bar. The feed natural gas 1
firshly escexdsgdofyeeahotes embodiment othopiasentriayenbena t hr ee phase separat or,
if aliquid water phase is present in feed natural gas 1. The vapour from
the gas receiver 2 is processed with gas treatnent such as acid gas renoval
(bl ock 4), 25igdehydnaich@natidteskndlhovaing MELNG yrodiigion’ 8RRyaknd Pragks 6) .
The Acid Gas Renoval Unit (AGRU) used at block 4 is typically an am ne
package tasaerdingrpgdurtimnenbedinagit phike psgsertiseention] evel s acceptable in the

| i quefaction process. Feed gas entering AGRU 4 is at an appropriate
tenperature for reasonabl e am ne absorption reactivity and to ensure that
no io0ee MBETAIBEDADESCRIPTEONan drop out in the contactor |eading to am ne
foam ng 30problens. A typical specification of the gas sweetening is to
reach CO2 at a level of less than 50ppm - 4 - The feed gas is

typical l'y dehydgatednb@s @ iaRRAGAL 'Iiﬁﬁéf@&io?xfsy!st%f%ﬁaﬁfd*}g&els POOhibrdthg VRS

such that water is not deposited as solids’in the downstream cold process
equi pmentembpdanehe loy dneapiesent pnoangion. S¥adwial gas blftoks iBta theilspiefagtions @gocass

nmol ecul ar. Si eye lite to dry_.t feed gas ipn a tenperature or ,pressure
T o et e TRl Srafi St el 1Bt RRwnl e S ngdhy etk N odbes i o
t aken fregdcheed §! afiPBasSiideRitné IaREePd B eds Wf Srehineht.” TOB @rébent dedBilption
relatively lean stream Hg renpval is required to avoid the potential of

mercury atitlagddreshthgl aass winamihst fged gas from ¢ pryde plahidizatien emA ¥ rAsPTasITq
typicall ¥hec?aﬁqr§é oF BYlt 4 bt &) 3%%9} %6'%8%%}'&%9 b%%rgﬁgrggxte ' 8% r%?éu[tré‘?r{ gyl phur
i npregnated carbon or Tncreasingly a Zn sul phide. e gehera

range of about 20 bar to about 60 bar in oil production gas compressors. The offshore

feed gas normally contains methane in the range of from about 70% to about 90%; ethane

20 of about 6-10%, with typical pressure of 20-60 bar.

The feed natural gas 1 firstly enters a feed gas receiver 2 which may be a three

phase separator, if a liquid water phase is present in feed natural gas 1. The vapour from

the gas receiver 2 is processed with gas treatment such as acid gas removal (block 4),

25 dehydration (block 5), and mercury (Hg) removal (block 6). The Acid Gas Removal Unit
(AGRU) used at block 4 is typically an amine package that removes CO, and sulphur

species to levels acceptable in the liquefaction process. Feed gas entering AGRU 4 is at

an appropriate temperature for reasonable amine absorption reactivity and to ensure that

no free hydrocarbon liquids can drop out in the contactor leading to amine foaming

30 problems. A typical specification of the gas sweetening is to reach CO; at a level of less

than 50ppm.



requi renent of Hg renpval is to reach Hg |l evel of less than 10 ng/ SnB.
After Hg renoval, the treated gas is cooled and partially condensed in a
feed gas chiller 7, by a first biphasic refrigerant, to a tenperature of
approximately - 20 to -40 C. 15 The first biphasic refrigerant for the
chiller 7 can be a non-flammabl e, non-tpxic refrigerant operating in a

vapour conpression cycle provided by a first cooling systeme.g. a
refrigeration system8. This refrigerant may be of a conmercially avail abl e

type, with a tfac o ! f J i

Alternative re 1‘r?ei %glrfl %%?gsdg@(l}ﬁﬁgg% Ez‘g%%te : Eﬁ%gégh@néélg&ggn 3)2 g Sﬁﬁar{?gﬁ)?l(v) of

t enper at uwasr, anch thetguatereld noBéapasise! dshioldsinrtbadowesirebe @05 piofpess equipnfenee

|'i quids, the hydrate formation t rature for the stream shoul.d be

avoi ded.  The dehdiefiah pesrotiony: addies PICalasEsA TIoHen T ChIBEHUSa ' 880 gas
enters a {erfby GRkum agtem-B%Patlﬂ'ér BOResRlire SGRME SRLHITINI cy@ichi0 pFRBBY ETIRNY
heavy hydrocarbon conponents that could formwaxes or freeze as the natural
gas %s coegedraiied gaerfdetseproress tiféakien dfumh dbe ifesh gag StreapyiZgnasauseAhisower head
strean1fn2ﬁ1s§rub ﬁolqnn 9,15 gooled and partially condensed in a scrub

col umn oveéPRedy @8R HALS)Y 87 4% st anot her refrigerant stream fromthe
closed | oop refrigeration system 8. Operation at a tenperature in the range
of fromabout -20 C to about -50 Cis considered and allows sufficient
recovery of hddgiemapal saequitsddo eroigdvls rpteisbef mprsnry #tagbwasiwaiamre §lafpment

and oper at | 1.t i eptahl.e . I . 30r r : tion.
The vapodt San¥l AL yRER SRk, L e R B Y R b T
a sco ub cathermaulplfid Wxpebphmed lcarbon Br -increasinglA At Ourssudgiedd. f | Tlad igoneral
scrub colum 9, typically based on _vapour pressure of the scrub colum, is
mai nt ai ndBIHETHG! ol remo e imeseBs Texs! of esa&anﬁg)tngéswar m heating nedi a
stream The heating nedia is typically hot water, steam or hot oil wth a
general preference towards hot water systems in the offshore environment.
The stabili sed\fiG légpnaensbtthe botttdgapisomhotad a@ mwatmrllyecandensedad atfeed b oi |
production.facilJity to.he bl ended wi,th the crude. product via ndensat e
expor t p&ﬁﬂ{%?’{i a%‘rrs@t‘@?é]ﬁ r%%‘&ﬁ?a&w&? 9:te%eéat§56r1%fr r%?@?tsryeﬁég?? 64?(?? urn
congignsat@et frst pkdsitd @ePioOAHC ttbOMhd Billek tY daf beefd ashingibld, heorolixRct | ve
to m nimse hydrocarbon inventory, operation, and exportation conplexity
associ at eefrigetant epesttingan andpexprentpressioarcyslgdireviderhby s geelinglgystem e.g. The
cool ed gas. fram.scruh ¢ r.ef.| I rih d _caondensed
" athi AdesaRE e e T bt b o orbieh el GRS oY VR 1
agai nst aragseottbin@fsho@dnanllatiphovidied Fon34a. sdeandve adligdrants yedheay R¥79. a
reduced pressure N2 refrjgerant operating in a conpressor. | oaded expander
cycle 10R4RG BgHihestser| MdAWghiempesatyies digrgcd pier o PoERIse | TBISHTgMabRBss an
EXPANSI O, HIEMIE ?re%gqhi'ag,ot?élﬂydr%é finlxﬁeﬁg)ngéﬁ‘lg%r%%re foh 11 \Ereh ghlﬁ%tavo{dla&
expansi on device I's of a cage guli ded type, for exanple a J-T valve, a
liquid turbine followed by an expansion val ve, a dense phase turboexpander,

or a flashing expander., 20The_fluid | eavi ng expansi on device 18 will be
reduced in tg pﬁ? F%béﬁgJ%éZd%ﬁpﬁﬁﬁﬁég? ,r‘%ﬁ%?$§?ﬁﬁﬁasgéﬁ' Foﬁ%mi?on and
a |iqui d 13t rRa0se TUTSHAPONIMRACS td QD rdrfoveedBr &Ry IR ddsatdmsib@hentdhthgh 1S

preferentially enriched in nore volatile conponent's such as net hane and
ni t r ogen cottddoin epaixels et freexmab she edtenal gab is goalsd apibcomisasedaipdhbe ligatfagtion

fragtion w.l typjicall e at least sufficient to et, the fuel  gas. demands
of e g uiaiment PAf SrerbesE s F herBB st ST bl TiBH bR BUL KGR e
optimal Yatt® dfinig otkehedddondensen 1 @ apdindte@bthePREHifdrantBasim. frobh éhed/elpsdr
fraction is typically at a tenperature in the range of fromabout -163 Cto

about - 1k@paekingrationrsastanne dresationci ladeperatis iothe iangordgron abet20 £¢€ cool s
and condenagsii’.86 -CnGOM00eLA3a 980 RULARLON B EPBY 1Bk AhydrBEubAHeR!
tenperatures 1 n the I'iqueraction system [n sone cases, It y be
advant agewsig deposition inndwnstream equipment and operating within acceptable margins with

30 regard to hydrate formation. The vapour and liquid phases leaving overhead condenser 10

are separated in a scrub column reflux drum 11.



30 vapour fraction fromthe LNG flash drum 19 with a cold vapour stream
(boil off gas or BOG from LNG storage to recover the cold fromthis stream
and inprove the efficiency of the process. The warm flash gas after cold
recovery fromthe MCHE 17 is further - 6 - conpressed, and used as one
portion of the regeneration gas for the. nol ecul ar sieve colums (block 5)
before sent to the gas turbine to use as fuel gas. The npjority of the
refrigeration required by the process is provided by closed |loop, 5
conpressor-1oa Vel I.C LI i is a
si ngl e phase c%gq%ftﬁégggés%?%%%gag.s &gg%# n?@,&yﬁggﬁgﬁng%eﬁﬁguﬁggﬂggé SSHRNbE

t ur boexpathe strab edlusys iemingsnaiguding dHeaxpaoidemn feboila lgapaiphios evarrefheatyer ant ,
whi ch provides a cryogenic¢c tenperature in the range of -140 Cto -165 C.
Thi s cycn@efgﬁévwgnwﬁﬁi@wglwﬁ if bl et 81 4 TRih QT RHi WP B 8Tak s
primari |y, oferdc3RGAHE h&H Wadk' &lomE if- th@NoMhofETehl BETA:. Athe@stRbIGS&LT € 1N
the 10 range of about 8 bar to ‘about 15 bar. In sone cases, the gaseous

r ef r$ ger amhdersygtei hottoodgrodaatd 6rean beattugms to sheoih arcectidrefapdity or hahlcedaf t he
process or. i ncl ud one other. co nent at typicall e-up ajr.
e Fow el eyl P e St spae auai ' o ot SBmateeCats el o
I's driverprefbRnbY t8 @afntdonBemate2th the cAidR! §98WtRNI fuctiite ik aRkgectRe abay 40
bar to about 60 bar. Two stages of conpression nmay be used, e.g. by first
conpr essobi@svarid @minjeisnlydoeasbes SuYenxgy.c Opgraien dando gERditation neosM ety

Addi tionagl.c I st . t age conpressor 25, 26 has
an aftergagsochar@({z‘?ﬁﬁg fa%eg‘ggééﬁ%%@,%@g?oﬁaﬁéﬁﬁh%r wat er cool er or aircooler
to aotenperature of 30-50 C. The high pressure N2 refrigerant is further
20 conpressed to 80-100 har by a third conpressor 29 which is driven by an
expander 31, wiherpoglegyggs figm ifr@%%fdv@nrr%ffw%am 111.‘§flj‘§1FFéF89{;H§n@ RRGENERTest
pressure in 119 o Pedl al HGnOYLb i Ched NG RATEY BISRIE). 177 AN GD
pressure lre%‘{rhlﬁge%gnt gﬁgggﬁnsg ﬁi r%nco%rpgeg%soef 29Ci sg%??ll ed )i n r%léonpressor
af t er coolgaseod® , refrigetantvpdoigedahptahsacondicbbleng 3@sten, agt enpduadupressofe N220 C
to -50 C before it epnters and cool eFI i,n IVCHEd17 tq«i 2 ie eraIU{%\1 f -40 C
to - 2586CiEEcTant opereting . p COMAEHE PArG CPRANIEn YU AL v eI B Eds i ¢
ref{d ger apbafisiRRlor 88 B¥hing 8EDEIST S anSYS UEHLS 18 $hiBGR INQE! iBAr@Ah BYSkem 8
operates independently fromgas turbine 24, chiller 32 is capable of

provi di n@nacaibodonent, doolxpatiangedee ¥8 tio of graaie guidsd dree.the c3gnplapefdt ur e

of N2 refrjgerant. from ercooler 30, without the n Lnecrease the
si ze and Vgle{%a%ﬁﬂk}ld&“ &%\es OQIBYVBﬁ?ﬁ% a3 FXPAFION YASe ?gﬁgsevﬁ"lq%?ee&g%#eé(@%?a%ﬁ f gas
turbine ifeshihgekehdry - 7 - industry-available size and capacity, the
present enbodi nent can achi eve increased LNG production rate beyond the

capacity limt of a given gas turbine. The chilled refrigerant |eaves the

MCHE 17 and i sfhgwﬂa%ginig%xf)glﬁi&nu&etwc%xﬁa&ﬂleﬁe reduced in temperature and become

biphasic, comprising a vapour portion and a liquid stream. The vapour portion is referred

to as flash gas, which is preferentially enriched in more volatile components such as
methane and nitrogen. The liquid stream is referred to as LNG. The vapour molar fraction
will typically be at least sufficient to meet the fuel gas demands of the system but not more
25 than about 25% on a molar basis with the optimal value being determined on a project
specific basis. The vapour fraction is typically at a temperature in the range of from about
—-163 °C to about —140 °C and is returned as a cold stream to the MCHE 17. MCHE 17
cools and condenses the incoming feed gas and provides cooling at the lowest
temperatures in the liquefaction system. In some cases, it may be advantageous to mix the
30 vapour fraction from the LNG flash drum 19 with a cold vapour stream (boil off gas or
BOG) from LNG storage to recover the cold from this stream and improve the efficiency

of the process. The warm flash gas after cold recovery from the MCHE 17 is further



531 to alowpressure of 8-15 bar wwth a tenperature range of -120 Cto
-150 C. This expansion is conpleted in turboexpander 31 to effect a
primarily isentropic expansion and a resultant | arge decrease in
tenperature. An efficient expansion process greatly enhances the efficiency
of the LNG production. 10The low pressyre refrigerant at the outlet of the
t ur boexpander 31 is returned as a cold streamto the MCHE 17 and used to
provide main cooling for the |iquefaction of natural gas. This gas is at a

temper at ut g, g0nsd dgfeblan SOLALLAANE e £oledidiPh REThOSHARIAULevar !

t han the gas comng fro LNG drum 19 such that 1t opens the
cool i ng cexwess (biockie bhMoHEschT tcathe was twerinatodise s Erchrgal. at e t enperatures. This
15gas is warnmed agai nst the warm feed natural gas and high pressure

refrigerant stream prior to reconpression in the N2 refrigerant conpressor

25126 to conpl eleEmhibat ¥ the refrigeration elit&l By SBPEeeds ik YRIVGE 15,0Qbdeddospir Ve
of the above descri’bed process in Figure 1.. The upper curve 310 represents

t he Bool | wnméssohbadert axpandegasyade rl@amvhiTihein thgepresant eebodn@oisr @ pingdent s
t he consol,i dat ed. heat.ing curv or the refrigerant str f th resent

nventi o e nBSE e Bt ViR Ol G s b S bR B e b B R e
high i quﬁf@@kl\ﬁ)dhﬂelefoﬁ” laCda@ phYscOk fiidelfht, 2560k ippdvedbsgag yb g ditefeaicladire ih @lgeSS .

Tabl e 1 Case .. Descriptign Conpressor Power (MA LNG production

| i quef actiRBgs g‘belélpf ﬁctop-d r C( KUARP ;@@916 starts with the warm, lower pressure stream R

which consists primarily of a gaseous refrigerant, e.g. an N2 refrigerant at a pressure in the
10 range of about 8 bar to about 15 bar. In some cases, the gaseous refrigerant may include
some natural gas to enhance the performance of the process or may include some other

components that typically make-up air.

The low pressure refrigerant is compressed in a first compressor 25 which is driver
15 by a gas turbine 24, to a pressure in the range of about 40 bar to about 60 bar. Two stages
of compression may be used, e.g. by first compressor 25 and a second compressor 26
connected together in series. Additional compressor stages may be used. Each stage
compressor 25, 26 has an aftercooler 27, 28, respectively, using either water cooler or
aircooler to a temperature of 30-50 °C. The high pressure N2 refrigerant is further
20 compressed to 80-100 bar by a third compressor 29 which is driven by an expander 31,
with a typical pressure ratio of 1.5 generating the highest pressure in the closed loop at the
outlet of the compressor.. The high pressure refrigerant leaving third compressor 29 is
chilled in recompressor aftercooler 30, followed by another chiller 32 to a temperature of -
20 °C to -50 °C before it enters and cooled in MCHE 17 to a temperature of -40 °C to -

25 80 °C.

Chiller 32 forms part of, and uses the first biphasic refrigerant supplied by,

refrigerant system 8. Since refrigerant system 8 operates independently from gas turbine

24, chiller 32 is capable of providing additional cooling capacity to further reduce the

30 temperature of N2 refrigerant from aftercooler 30, without the need to increase the size

and capacity of gas turbine 24. In situations where selection of gas turbine is limited by



N2 R134A Total (ton/hr) (MIPA) Case 1 (convention al process) R134A to
precool NG only (no chiller in N2 loop) 30. 1.16 31.16 58.7 0.51 0.53 - 8
- Case 2 (Figure 1)

_7-

industry-available size and capacity, the present embodiment can achieve increased LNG

production rate beyond the capacity limit of a given gas turbine.

The chilled refrigerant leaves the MCHE 17 and is expanded in the turboexpander

5 31 to a low pressure of 8-15 bar with a temperature range of —120 °C to —150 °C. This
expansion is completed in turboexpander 31 to effect a primarily isentropic expansion and

a resultant large decrease in temperature. An efficient expansion process greatly enhances

the efficiency of the LNG production.

10 The low pressure refrigerant at the outlet of the turboexpander 31 is returned as a
cold stream to the MCHE 17 and used to provide main cooling for the liquefaction of
natural gas. This gas is at a temperature considerably colder than the cooled HPN
refrigerant but warmer than the flash gas coming from the LNG flash drum 19 such that it
opens the cooling curves in the MCHE 17 at warmer and intermediate temperatures. This

15 gas is warmed against the warm feed natural gas and high pressure refrigerant stream,

prior to recompression in the N, refrigerant compressor 25/26 to complete the cycle.

Figure 2 shows a typical cooling curve of the above described process in Figure 1. .

The upper curve 310 represents the cooling of the natural gas stream. The lower curve

20 320 represents the consolidated heating curve for the refrigerant streams of the present
invention. The close fit of the warm stream and cold stream indicates the high

liquefaction efficiency of this associated gas liquefaction process.

Table 1
Compressor Power liquefaction
LNG production
MW) Specific
Case No. |Description
power
N2 [R134A| Total |(ton/hr)| (MTPA)
(kWh/kg)
Case 1 R134A to precool NG
(conventionlonly (no chiller in N2 | 30. | 1.16 | 31.16 | 58.7 0.51 0.53
al process) lloop)




R134A to precool NG+N2 both (add chiller 32) 30. 6.86 36.86 75.3 0.65 0.48
Case 3 R134A to precool NG+N2 + reconpressor (add chiller 32+33) 30. 12.84
42.86 82.0 0.71 0.52 Case 4 (Figure 3) RL 34A to precool NG-N2 +

reconpr essor +2nd stage conpressor (add chiller

— 8-

R134A to precool
ING+N2 both (add 30. | 6.86 | 36.86 | 75.3 0.65 0.48
chiller 32)
R134A to precool
ING+N2 +

Case 3 30. | 12.84 | 42.86 | 82.0 0.71 0.52
recompressor

(add chiller 32+33)
R134A to precool
NG+N2 +

Case 2
(Figure 1)

Case 4 recompressor+2nd
) 30. | 19.1 [ 49.17 | 874 0.76 0.56
(Figure 3) |stage compressor
(add chiller
32+33+34)
R134A to precool

ING+N2 +

recompressor+2nd
stage compressor
Case 5 (chiller 32 using the
) 30. 0 30 75.3 0.651 0.40
(Figure 4) |cold duty from
Ammonia Gas
Absorption System
using waste Heat

from GT)

In another embodiment, as shown in Fig. 3, additional chillers 33 and 34 are added

into cooling cycle 102, downstream of each gas turbine driven compressor aftercoolers 27

and 28, respectively. Similar to the configuration of chiller 32, chillers 33 and 34 form

5 part of, and uses the first biphasic refrigerant supplied by, refrigerant system 8. Since
refrigerant system 8 operates independently from gas turbine 24, chillers 33 and 34 are
capable of providing additional cooling capacity to further reduce the temperature of N2
refrigerant from respective aftercoolers 27 /28, without the need to increase the size and

capacity of gas turbine 24. In situations where selection of gas turbine is limited by



32+33+34) 30. 19.1 49.17 87.4 0.76 0.56 Case 5 (Figure 4) R134A to precool
NG+tN2 + reconpressor+2nd stage conpressor (chiller 32 using the cold duty
from Anmoni a Gas Absorption System using waste Heat from GI) 30. 0 30 75.3
0. 651 0.40 I n anot her enbodi nent, as shown in Fig. 3, additional
chillers 33 and 34 are added into coolifjg cycle 102, downstream of each gas
turbine driven conpressor aftercoolers 27 and 28, respectively. Simlar to
the configuration of chiller 32, chillers 33 and 34 form

industry-available size and capacity, the present embodiment can achieve further increased

LNG production rate beyond the capacity limit of a given gas turbine.

Table 1 shows the comparison of LNG production rate achieved by various
5 embodiments of the present invention and a conventional system (case 1), under the same
duty / capacity of gas turbine driven compressor. In a system and process with using
chiller 32 illustrated in Figure 1 (Case 2), the LNG production rate is increased by 28%
from 0.51 MTPA to 0.65 MTPA, with 8% overall liquefaction efficiency improvement by

reducing the specific power from 0.53 to 0.49 kW/(kg/h LNG).

10

In a system and process using additional chillers 33 and 34 (Figure 3), the LNG
production rate is further increased by 17%, from 0.65 to 0.76 MTPA. Meanwhile, the
performance of expander driven compressor 29 is also improved in term of its
compression pressure ratio increase, hence the N2 compressor discharge pressure

15 requirement is reduced after the last stage of gas turbine driven compressor 26.

The first cooling system can be a mechanical vapour compression cooling system,
a gas absorption refrigeration system, or a gas adsorption cooling system, which provides
the intermediate cooling temperature in the range of -50 °C to 0 °C.
20
According to yet another embodiment, as shown in Figure 4, first cooling system §'
may be of a type using gas-absorption refrigeration. The waste heat generated by Gas
turbine 24 is used to provide cooling duty for the chillers in first cooling system 8°. For
example, an ammonia absorption refrigeration cycle recovering the waste heat from the
25 gas turbine of N2 refrigerant, as shown in Figure 4, can provide the cooling duty for the
chillers 7, 30, and 32. Hence, the overall plant power consumption is reduced, and the

liquefaction specific power can be improved, e.g. by 20% from 0.48 to 0.40 kWh/kg.

In a further embodiment as shown in Figure 5, a natural gas liquefaction system
30 and process 500 includes a first cooling system 8 and a second cooling system 402. In the
present embodiment, second cooling system 402 is a mixed refrigerant system. A portion

of the first refrigerant supplied by first cooling system 8 is used for cooling the suction



5 part of, and uses the first biphasic refrigerant supplied by, refrigerant
system 8. Since refrigerant system 8 operates independently from gas
turbine 24, chillers 33 and 34 are capabl e of providing additional cooling
capacity to further reduce the tenperature of N2 refrigerant from
respective aftercoolers 27 /28, mﬁthoug the need to increase the size and
capacity of gas turbine 24. In situati ﬂé’mhere sel ection of gas turbine is
limted by - 9 - industry-avail able size and capacity, the present

enbodi nmen n hi f UL 1 ner | dyet 1L.QF : e
capaci ty TreRoaRC RSy Lfibdh, ERAPEIEy e HE, W BSBXRNRaAT®
product i agold dbe thrchidgedatiohyofviaitirall gas, So einbreaicmiiot sveedll LING praietion irmeent i on
and a conventional system (case_ 1), .under the éane d%Iy / capﬁci5y of gas
tur bi ne dP§ehoeimgrosienr402 inclydesatishrommeresiopéedad diltkd ahisrrglee kYT Fdst 32
illustrated.) i ; t : i r b SovbtBGr by
28% 1 om0 AT RIAAE o8, SRR {1 SO Gral T o e aart or O ey

i mpr ®vensdhtilldry3Y edhichi myg dovestsgaeciof ifostpefiercodlenay 0. Bartha @nggeskwy Lkegird LNG) .

10 In a em and prpcess usin itj,onal chillers 33 and 34

(Fi qure #enl 2Rapy Bosed divrstan @ ot wsesBbiadng, Y58 2 o o. 65
to 0.76 NERAasdvBaRWAL! nilltd® REKE FhBBGRcRint SXRAREYY ki YRNnEAFRERSS Y 29
is also inproved in termof its conpression pressure ratio increase, hence
the N2 canedslopmnsigiasthbaftracqolasdSue erovifesatiditiangbenoling cffeefiie seroad caelinghe

| ast stage ofz&ﬁs turbi ne driven conpressor 26. The first cooling
systen1caﬁmﬁg a ihmechani cal vapour conpression cooling system a gas
absggption refrigeration system or a gas adsorption cooling system which
provi des the internediate cooling tenperature in the range of-SO Cto 0 C.
20 According to yet another enbodi nent, as shown in Figure 4, first
cooling system 8 may be of a type using gas-absorption refrigeration. The
wast e heat generated by Gas turbine 24 is used to provide cooling duty for
the chillers in first cooling system 8 . For exanple, an amoni a absorption
refrigeration cycle recovering the waste heat fromthe 25 gas turbine of
N2 refrigerant, as shown in Figure 4, can provide the cooling duty for the
chillers 7, 30, and 32. Hence, the overall plant power consunption is
reduced, and the liquefaction specific power can be inproved, e.g. by 20%
fromO0.48 to 0.40 kWh/kg. In a further enbodi nent as shown in Figure 5, a
natural gas |iquefaction system 30 and process 500 includes a first
cooling system 8 and a second cooling system402. In the present

enbodi nent, second cooling system402 is a m xed refrigerant system A
portion of the first refrigerant supplied by first cooling system8 is used
for cooling the suction - 10 - streamof the m xed refrigerant in second
cool ing system 402, which provides the main cold for the |liquefaction of
natural gas, to increase the overall LNG production rate. Second cooling
system 402 includes a first conpressor 25 and a first aftercooler 27. First
refrigerant fromfirst cooling system8 is introduced to second cooling
system 402 at



5 chiller 33 which is dowmstreamof first aftercooler 27. Further
conpressor 26 and aftercooler 28 may be used downstream of chiller 33 in
second cooling system402. In this case, a further chiller 34 using first
refrigerant supplied by first cooling system8 is placed downstream of

aftercooler 28 to provide additional cqoling effect to second cooling
system 402. 10 -11- CLAIMS 1. A proce for liquefaction of a natural gas,
t he process conpri sing: cooling the natural gas with a first

refriger a@iA@{/{gvi ded by a first cooling 5system cooling the natural gas
with a second refrigerant provided by a second cooling system wherein the
second cooling systemis a single phase cooling system and operates

i ndependently fromth L,i rst cooling syste cooling the second refrigerant
with the kirstAPEIEsYr Harefactnet aﬂ%@r%rgaéé SPISFCSICRMRI NS wher ei n t he

second cooling SYS4IGD thORAHAE s ERiRY PRAGEHpHahY SOV RIRIBY 838 & coBlit: @ _
reconpressor aftercool er, and wherein cooling the second refrigerant with

the $irst refrigeraystetmkes pl ace downstream of the reconpressor

aftercooler. . 15 3. The process of cl ai . wherein. t second copl ing

syst em i ncl udes ﬁo‘ﬁfnrgstpe B%Hﬁ”’ﬁg%ss‘gﬁhﬁﬁﬁcogg}r%?l&mﬁtfIf%?’%%@ﬁ%? S?%)ggtcggl?n stream
of the expander - dr iR WHRF@S SRlsecoddQoblif §QRI RG: diMiBe pREOREOIIES Jys@ar, ant
with the first refrlngerant t.akeslz&l ace between the first aftercool er and

t he expander - dri vertndmppratesdedependengy froneths fecosling sysicaism 3, wherein the

second cool i ng sgg&gﬁgthggécpg(ﬁ%ﬁ%&?ﬁ%%&gqgg&g@l%graﬁgd a second aftercooler

between the firs er oo e expander-driven conpressor, wherein
coohong the second refrigerant with the first refrigerant takes place

bet ween t he second aftercool er and the expander-driven 25conpressor. 5. The
process oF cl alhfprocaghel dpign {nehereindhe sesam ?fﬁ’?lé‘%i/%?ﬁ‘i‘ %%‘gqsg‘gteéﬁa‘\d%m one

of a mechani cadrivggggMgreg%ngzwgg%&&%ﬂ AHr&ORrEARd Wh8n BBBR Mbisednd

refrigeration system an orption coollng system wherein the
first cooling rsfrgeem withttie B8profvgatentaakes plase dedhstiteamoalché regomprgssarat ure in
t he range of - Sa%erccotofz:r.o. C.
15
3. The process of claim 2, wherein the second cooling system includes a first
compressor and a first aftercooler located upstream of the expander-driven
compressor, wherein cooling the second refrigerant with the first refrigerant takes
place between the first aftercooler and the expander-driven compressor.
20
4. The process of claim 3, wherein the second cooling system includes a second
compressor and a second aftercooler between the first aftercooler and the
expander-driven compressor, wherein cooling the second refrigerant with the first

refrigerant takes place between the second aftercooler and the expander-driven

25 COmpressor.

5. The process of claim 1, wherein the first cooling system is selected from one of a
mechanical vapour compression cooling system, a gas absorption refrigeration
system, and a gas adsorption cooling system, wherein the first cooling system is to

30 provide an intermediate cooling temperature in the range of -50 °C to 0 °C.



-12- 6. The process of claimb5, wherein the first cooling systemis a gas
absorption refrigeration system at |east one of the first and the second
st age conpressor of the second cooling systemis driven by a gas turbine,
and wherein the process further conprising introducing a heat generated by
the gas turbine into the gas absorptiog Srefrigeration system 7. The
process of claim1, wherein the at |ea g“bne of the first and the second
st age conpressor of the second cooling systemis driven by one of a gas
tur bi ne a@d anﬂ?% I?rSEJsE Sﬁ%laﬁwg%herélﬂ fe ﬁ%?&(ﬁﬁ%%i?ﬁém% a iiaaéﬂ% tioﬁmer ein the
singl e phase cooling systemis a gas expansl ofi system &si ng turboexpander
for a gas- phasefrigetatiogeysam, atikdscbngofatie fes aad teyogadistigt enpereatarrod then t he
range of -140 Cto -165 C. 159. A systemfor |iquefacti.on of a natural gas,
the system confsFo AL %Vﬁpi%ﬁfg" g5 dqrbiper gy @%@Pﬁl@e RREe AU gas
with a first rc%fn{dﬂrgﬁ{ Rrod R irSFRad o GRAAEDSy BXThe bRk if0d B39 abligpiia ur al
gas with a second refrigerant, wherein the second cooling systemis a

si ngbe phase cebidermiosyssteim and operates independently fromthe first
cooling system 20wherein the first cooling systemincludes a first cooling
devi ce coupled to the second cooling systemfor cooling the second
refrigerant 10rhelfBecsy st @8O, WharbitBs atibat hdoftthe fise emntheGoIndngaggy St em
includes a first conpressor, a second conpressor, and an expander-driven
conpressor, wremsiressosfithe sdcprd ceadimgishgiemds fuven by s<ifta ggnaabmsRAd eream of
t he expander-dp]| onpressor for cooling the second refrigerant. 11. The
syst em of clafﬂé%%gﬂﬁﬁggéin the first cooling systemfurther includes a
secomd cool i ng device coupled to the second cooling system between the
first conpressor 30and the second,conpnessokafor cooling the second.

refrigerant. The process of claim I, wherein the single phase cooling system 1s a gas expansion
system using turboexpander for a gas-phase refrigerant, which provides a

cryogenic temperature in the range of -140 °C to -165 °C.

15 9. A system for liquefaction of a natural gas, the system comprising:

a first cooling system for cooling the natural gas with a first refrigerant;

a second cooling system for cooling the natural gas with a second refrigerant,
wherein the second cooling system is a single phase cooling system, and
operates independently from the first cooling system;

20 wherein the first cooling system includes a first cooling device coupled to the

second cooling system for cooling the second refrigerant

10.  The system of claim 9, wherein the second cooling system includes a first
compressor, a second compressor, and an expander-driven compressor, wherein
25 the first cooling device is positioned downstream of the expander-driven

compressor for cooling the second refrigerant.

11.  The system of claim 10, wherein the first cooling system further includes a second
cooling device coupled to the second cooling system between the first compressor

30 and the second compressor for cooling the second refrigerant.



- 13 - 12. The systemof claim 11, wherein the first cooling systemfurther
includes a third cooling device coupled to the second cooling system

bet ween the second conpressor and the expander-driven conpressor for
cooling the second refrigerant. 513. The system of claim 10, further
including a third cooling systemfor cqgling the second refrigerant at a
third stage, wherein the first cooling device is coupled between the
expander driven conpressor and the third cooling systemfor cooling the

second refyig f - Al T i ger: ; i rd:cooling
Systom t o sool s &yl VEERRE e cIgh APk RA) el AR FigOT 1S
first cooling @yihgdetice cripkdttethef scomduveliog systane bbtaueee dle seapolur
conpressi on cooling syste a gas absorption refrigeration system and a
gas adsorpti oﬁogﬁﬁ?ﬁsﬂr@r’éifg% @fﬁand%ﬁéﬁeﬁ cppgressqrdor @%ﬁpg Hy sgg@%erﬁfr;ggra[n&
provi de an internediate cooling tenperature in the range of -50 Cto 0 C

15 15. The systemof claim 14, wherein the first cooling systemis a gas
absos pt i of3. r ef Thegstami afivlaysiOe mrthat incbalstg e debokimgsysiensfor apelingibe second

stage conpressor of the second.cooling, syst is driven by.a gas .turbine,
and wherein tHE eﬁﬁ?ﬁ@ﬁ@“?&mﬁégﬁFéng’nﬁﬁghﬁigX)ﬁ?g?ﬁ?ggﬂxggggigeration
system t o i nt neEuss tAe BgALdSRNREALEMPRYsof Ah ehedBRd Lol RIgNG stemifor Edigingas
absorption refrigeration system 16. The system of claim9, wherein the at

| east one of tthesdcond refiigetantthsfore therrgoendaghigemn eetgesdhe Biirdiogeling exstn
cooling system.i iven one of a gas turbine and an electrical notor.
25 17. The syg%gﬁgg e%ﬁ%?ﬁé@% wherein the single phase cooling systemis a
gasi@xpansi on system usi ng turboexpander for a gas-phase refrigerant, which
provi des a cryQgenic tenPerature iin the range of -140 Ctq -165 C _3018. A
process fldr | ildGensiem @b slagm % whareip B fgsteoolingsysiene bssleels PGPt ool i ng

tscgt 2";;[ ur fil 12&h_?ec\f’{iaﬁi@alavaﬂ)ﬁr%n{p%s@foﬂ%ﬁ@i’?ﬁg 854, 98ds B¥sofpifonrefrigefRbhng
system, and a gas adsorption cooling system, wherein the first cooling system is to
provide an intermediate cooling temperature in the range of -50 °C to 0 °C.
15
15.  The system of claim 14, wherein the first cooling system is a gas absorption
refrigeration system, at least one of the first and the second stage compressor of the
second cooling system is driven by a gas turbine, and wherein the gas turbine is

coupled to the gas absorption refrigeration system to introduce a heat generated by

20 the gas turbine into the gas absorption refrigeration system.

16.  The system of claim 9, wherein the at least one of the first and the second stage
compressor of the second cooling system is driven by one of a gas turbine and an
electrical motor.

25

17.  The system of claim 9, wherein the single phase cooling system is a gas expansion

system using turboexpander for a gas-phase refrigerant, which provides a

cryogenic temperature in the range of -140 °C to -165 °C.

30 18. A process for liquefaction of a natural gas, the process comprising:
cooling the natural gas with a first refrigerant provided by a first cooling

system,;



cooling the natural gas wth a second refrigerant provided by a second
cooling system wherein the second cooling system operates independently
fromthe first cooling system cooling the second refrigerant with the
first refrigerant, 5wherein the second cooling systemincludes a first
conpressor and a first aftercooler, anq wherein cooling the second
refrigerant with the first refrigerant %ékes pl ace downstream of the first
aftercooler. 10

cooling the natural gas with a second refrigerant provided by a second cooling
system, wherein the second cooling system operates independently from
the first cooling system;
cooling the second refrigerant with the first refrigerant,
5 wherein the second cooling system includes a first compressor and a first
aftercooler, and
wherein cooling the second refrigerant with the first refrigerant takes place

downstream of the first aftercooler.

10



