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-1- PRODUCI P FROM PRESSURI ZED LI QUEFI ED NATURAL GAS FILELD OF THE

| NVENTI ON TWQ’%&@RM ion relates generally to a process for lrga 9?’P%;§?i on
of liquefied 5 natural gas, and nore particularly relates to a process of
regasi fying pressurized |iquefied natural gas (PLNG to produce by-product
power by econom c use of the available |Iiquetj-ed natural gas cold sink.
BACKGROUND OF THE | NVENTI ON Natural gas is often available in areas renote

to where it will be ultinatPRODICINGPFOWER FROMERESSURIZED' ce of this
fuel is separated fromthe point of use by a large bo of water and it may
t hen prove necessary to transportwﬂﬁﬂﬂMrge vessel s desi gned

for such transport. Natural gas is normally transported overseas as cold
liquid in carrier vessels. At them i 'Lﬁp;‘. @ah his cold liquid,
which in conventional practice is™a ne(gir? a rmﬂslgg ri gl?)ressure and at a
tenperature of about 15 -160[err]C (-256F), nust be regasified and fed to

a distribution systefhittinventior rélateegenerallyds & ﬁmsﬂbr fegasifitAlnortigedded
pressure, generally around 80 atnospheres. This requires the addition of a
subst anti al “anoB#ufabgas, and merrpastigHEbeelatesde aprosess of gegasilying poessurizedduced

during the unl oggli I ' [ as
ol 1 o1 i gases. Lapred A iae (ANGG o A0RoE bR RBLRETY deBdhicTar OO o
handl i ng boi | - offailgblediRupfiabnated] ghscoldsinkiNG unl oadi ng. The anopunt of

boi | -of f gases can be significant, particularly if the LNGis unl oaded at

hi gher pressures. In sonme LNG_un ' rocesses. the vapor left in the
storage contai ner can constit&@ﬁgﬂ%‘ﬁggﬁbwmmp oduct nmass,
dependi ng on the LNG pressure and conposition. One option for 25

recovering the boil 'HB&:M%?%& d'ﬁ%nfag 'g‘ﬂi nlatead mdth 1d Vfiers ’%ﬁﬁ?elﬁﬁﬂfaf’él.cﬂer

for use as a natural gas duct. orsepower required to run evacuation
punps i ncr edkesusedd Quste aften thtexuree jpf tiie fucbistskgarated fratd the ppinhefusefbya lafde
unl oadi ng pr ocegss, T eti nd sttI;lX th WO 99/ 50537 al
PCT/ US99/ 06465 Pody of water and 1t may then prove necessary to transport the natural gas by large
vessels designed for such transport. Natural gas is normally transported overseas as
cold liquid in carrier vessels. At the receiving terminal, this cold liquid, which in
conventional practice is at near atmospheric pressure and at a temperature of about
- 15 -160°C (~256°F), must be regasified and fed to a distribution system at ambient
' temperature and at a suitable clevated pressure, generally around 80 atmospheres.
This requires the addition of a substantial amount of heat and a process for handling
LNG vapors produced during the unloading process. These vapors are sometimes

referred to as boil-off gases.

20 Many different processes have been proposed for handling boil-off gases
produced during LNG unloading. The amount of boil-off gases can be significant,
particularly if the LNG is unloaded at higher pressures. In some LNG unloading
processes, the \}apor left in the storage container can constitute up to about 25% of the
product mass, depending on the LNG pressure and composition. One option for

25  recovering the boil-off vapor is to pump it out of the storage container for use as a
natural gas product. The horsepower required to run evacuation pumps increases and

is an added expense to the overall expense of a LNG unloading process. The industry



-2- has a continuing interest in processes that mnim ze the horsepower
requi renments of making the boil-off vapors available for conmmer’ci al use.
Many suggestwom%s05ave al so been made and sone installations hevesheesdcHui | t
to use the large cold potential of the LNG Sone of these processes use the
LNG 5 vapori zation process to produce by-product power as a way of using
the avail able LNG cold. The avail able cold ig_ used by using as a hot sink
energy sources such as seawater, anbient air;, |ow pressure steamand flue

gas. The heat-t sfer be n.th Lnks.is etfect.ed by using a_single
conponent or m}h%qc onpe éym%erﬁséé? 5??3"‘33%%?&" o) ’-%hheg“ﬁe@°ﬁ'8’a&%q'é‘£?§ﬂ%ﬁ§8f
medi um For exafmltifg tié 5oil-GRVapoiPavallale Gr¥Btmiigial ke, P opane as a
heat-transfer mediumin a closed | oop process to generate electricity. The
LNG liquid is vaporized by |iquefying propane, the liquid propane is then
vapori zed by seawat elManypipgestions have dlsokeen made ard sameipstaliations bare beentbwilbi ne

from the t ur bi 8 e ke REU R ARREAING, Somebtthes Blp RERRTE IND 11,0
propane to I5i queipgrizatfon process to p%dd&@ﬂ%rédﬁ@?t?ﬁbr% aWSidﬂﬁsiﬁ%ﬂiH dvaflablk | S

known in the art, there is a_continuing need for an inproved process that
uses the col d JiIN@ cold.+The aveidahle pald iswsed bymsing as ahet sink energyssources sugh as

gas for use ae Hefpich BB EIRGRERER sk and e tR5 hne Ao B BR e
an inproved praffieds bffectédripasing/a sifigle composent bzaditl-comRinefichegtfradsfarNG) and
si mul t aneousl 'y producing a gas product from boil -off vapors produced by the

li quefied gas dRedigmmps| exschangemaedivmn Forerample, Uz Rat.g¥e. usee
recovered fipom r I | leh 1 r by one
or nore cor%%r egﬁ%@ ag\? ?1 g?r}giggrr%? g%gﬂ%in@gﬂ{%gs%ggl&(fpy%g%g%g’p%%&g&r%elg@%‘cooI ed
in a first heatTING1gaid is Thsorized by tiqhefying pkdpané,ihs Bqwid propaseisithed her
conpressed. The boil-off vapors are then heated in a second heat exchanger.
The pressuri zed¥aPPragrdihysgavaier, aad the vapeyized propane 15 used torpopves adurbine; whigh
preferably to t I@f&?lé | .

pressurized |i qdﬁﬁ’gg?‘zbl{‘*ﬁgﬁ%g’)@%%‘@‘{ag&t thrggfvlgl S %é%’?g%é;@%gﬁfg%g eFlgi n the
pressurized | i quibihe theteainecthe NG ichusiyg the ENG tovapsfigsand the propane to liquefy.

et

15 Although the use of LNG as a cold sink is known in the art, there is a
continuing need for an improved process that uses the cold sink of the liquefied
natural gas and at the same time economically and efficiently processes boil-off gases

from liquid natural gas for use as a product.
SUMMARY

20 The present invention provides an improved process for regasifying a
pressurized liquefied gas (PLNG) and simultaneously producing a gas product from
boil-off vapors produced by the liquefied gas and simultaneously producing energy.
Boil-off vapors are recovered from a storage and/or handling facility and are
compressed by one or more compressors. After compression, the boil-off vapors are

25  cooled in a first heat exchanger. The cooled boil-off vapors are then further
compressed. The boil-off vapors are then heated in a second heat exchanger. The
pressurized liquefied gas to be regasified is further pressurized, preferably to the
desired pressure of the regasified product. The pressurized liquid is then passed to the_

first heat exchanger wherein the pressurized liquid is heated in part by the compressed
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-3- boi | - of fyeae and is at least partially regasified. Thi i zed
gas is then pagg}gf to a second heat exchanger to further heatl,&trﬁfesm’?lw'%g

pressurized gas and to produce a pressurized gaseous product. The process
of this invention simultaneously produces energy by circulating in a closed
power cycle through the first and second heaB-5 exchange neans a first
heat - exchange nmedi um the process of the closed cycle conprising the steps

of (1) passing tteit-eff vepors andisaat leastqiartiallyregasifiefli This pressurizedcgea igthenpaisedn i n
heat exchange v¥i0th th rFser ed Foo' | < of f slthase gnd i heatd exchange
with the |iquef|é‘cfe§°5§1f°8 eRchpnzer fb‘&?‘?’%‘%ﬁ*‘%"' EPEIZgd epvand to froduce a

heat - exchange npgésufized gasedisesdiict. _Z'impr%@,s a%mtﬁﬁﬁéntﬁﬁrsinhﬁkd&oﬁémg@{exg&

first heat-exchange nedium by punping; passi ng the pressu
first heat - exchagrgy heciraulatiog in 2 elos¢dpowen cpelg throwgh the fistt ahd acconsd bbatnge

moai um (4) Spaehitemdins kSRR Eoana8 me e dhErocess 8F 5 Gespa cieiEng
second heat exclyipiiing the 5tepd 1) ﬁ‘@@ﬁngtt@&efﬂ&t%aﬂﬁﬁhﬁéfﬁﬁ% HEGtE

heat exchange with an external second heat exchange diumto produce a
pressurized vapuediugin heatexchange withtthepressured bodloff gassphakeand imheatexghangedi um

f 3) th i ' : d the fi heat - exch
medt um vapbr O P pBRERR 1F B (Rl padp L EVET Yo eibang e e A0
the expanded f igradsufigiag ted NeaSORriRE) lietd ﬁfsﬁﬁ?a&s-;&cﬁ_lgﬁgé Hﬁdﬁﬁﬂﬁpﬂﬁﬁ{nﬁ; .

exchanger; and 36) repeating steps (1) throug ) - e practice of
i nventi on pPovi(dkpassingdhe pressytiz t heat-exabanga medipt of stapr(@) teeuighrthe first

R R G T X T N
conver si on pr osedium P GfesRESER T b Sndicds ENHNESIc) 19) BB 8Rbnd Régnt | on

and its advantages w e better understood by referring 25 to the

fol | owi ng det aie*ekpngextorfuptherdwattheifirsh beattexchange mediym by heatiekdtange with an

schematic flow _dj e t.ive enbodiments of this inyventi.on.
Fig. 1is a SC%;@%@@%&%@%@W%@@ em%ss}ﬁ‘z "l’agof’n(%rﬁaﬁﬂg
showi ng a psocehsviperized fifst hoatlek€hange medium of step (3) through an expansion device to

expand the first heat-exchange medium vapor to a lower pressure whereby energy is

produced; (5) passing the expanded first heat-exchange medium of step (4) to the first
heat exchanger; and (6) repeating steps (1) through (5).

The practice of this invention provides a source of power to meet the
20  compression horsepower needed to evacuate boil-off gases from a storage vessel and
it minitizes the overall compression horsepower of the liquid-to-gas conversion

process.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention and its advantages will be better understood by referring
25  to the following detailed description and the attached Figures, which are schematic

flow diagrams of representative embodiments of this invention.

Fig. 1 is a schematic flow diagram of one embodiment of this invention

showing a process to regasify LNG.
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-4- Fig. 2 is a schematic flow diagramof a second enbodi nent of this

i nvention. TROI¥Y8$H7di agrans illustrated in the Figures presd@T/USR9706465
enbodi ments of practicing the process of this invention. The Figures are
not intended to exclude fromthe scope of the invention other enbodi nents
that are the result of normal and 5 expect gf nodifications of these

speci fic enbodi ments. Various required subsystens such as val ves, control

Y wpliel ty and o ar i EPar® e aRanft Ao hisdaHflhSegenl ehBoreiy biHARRE

I NVENTI ON Thi s process of this invention uses the cold of pressurized

li quefied natural gaZhtdlow digi@nsiltustratedrintise Pigites pfdsentancions pmbodiartitsuf
the handling of the Jiquefied natural gas to produce a gas product and to

provi de a power PEAFHFIBE dheprogess of this myention, i ThesFigunes arg not intendest tocexshide | n

the present inv | {N, e . CONPressi an _ene reguir ts of

conpr essi ng theﬁ%%l* ﬁlg S #&%@%‘?@%‘mﬁ‘ %ﬁ?fcﬁ@? g&@%arg Eé%ﬁg?ﬁ?&liaam y
reduced by havi ggpedted madificdtivhs 6PMRECHBEBE lt%ﬁ&g" é&ﬁéu ferds®

t he conpressi on_a?.ages. The co%l ing i p@oﬁ%’ggﬁ%&wt he co Jb@grt e%
pressurized |i qsnch asaalves, cogtrel syRteimes; andisprisars Fave béen delete) fromethe Figuzes for 10

designates a lipe for feeding,. PLNG an insul ated storage vessel 30. The
st orage vessel %W%%ogﬂmgﬂ%@émiﬁmn‘%%-age vessel or it can be
a container on a ship. Line 10 may be a line used to | oad 20 st orage

vessels on a ship or it Cmmﬁ‘fﬂﬁiﬁﬁfMWQﬁTﬁ@mi‘fbﬂer on the

ship to an onshore storage vesse € practice of this 1nvention, PLNG
in storage vessel 30 will typically be at a pressure above about 1724 kPa
(250 psia) and a tenfphisprosess dfdhismeebtion use8 Hewold ¢F presburifdddiquefidd natark] gas

Pr el or ol ¥ P SBENGPR tomgp ok Bk phoh bl by B Ve o Gated ot
boi | off as a vgaap pfidukdsd gid SHOoAEE adde SHbVided pwmge'gﬁ?tgfr?%gﬁgsﬁﬁgai&?sl e

containers, the major portion of the PLNG in vessel
1 to a suit abl epgwardorsthe procpsse In thei presentiavérnitipnethe overghh sompreasion enrgyr mi ned

pressure.  pr ef gl LFnbirESiy e 8- M Shork b 4 rodSs phduls QoS 1
substantially reduced by having at least two compression stages with cooling between
15  the compression stages. The cooling is provided by the cold of the pressurized liquid
natural gas.

Referring to Fig. 1, reference character 10 designates a line for feeding PLNG
to an insulated storage vessel 30. The storage vessel 30 can be an onshore stationary
storage vessel or it can be a container on a ship. Line 10 may be a line used to load

20 storage vessels on a ship or it can be a line extending from a container on the ship to
an onshore storage vessel. In the practice of this invention, PLNG in storage vessel
30 will typically be at a pressure above about 1724 kPa (250 psia) and a temperature
below about —82°C (-116°F), and preferably between about -90°C (~130°F) and
-105°C (-157°F).

25 Although a portion of the PLNG in vessel 30 will boil off as a vapor during
storage and during unloading of storage containers, the major portion of the PLNG in
vessel 30 is fed through line 1 to a suitable pump 31 to pressurize the liquefied gas to

a predetermined pressure, preferably to the pressure at which it is desired to use the
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-5- vaporized natural gas or at the pressure suitable for transport through
a pipeline. %ﬁo sure discharge fromthe punp 31 will norn%q:'ip’ys?%’%@
f+om about 4,137 kPa (600 psia) to 10,340 kPa (1,500 psia), and nore
typically will range between about 6,200 kPa (900 psia) and 7,580 kPa
(1,100 psia). 5 The |iquefied naturalsgas discharged fromthe punmp
31l is directed by line 2 through heat exchanger 32 to at |east partially
vapori ze the PLNgporiZed natues pds bﬂa&dhe‘?]tksmfd suitable € ttanSfbrethehdesipelihe. The
directed by line 3 through a _second heat exchanger 33 to furtherpheat t he
natural gas st r ®sessureidischarge fom the pumpEd will ngemallyrangefiom;iabeut 4B HkPa (600 4

hrough & pi pel PaE bPHESANIR DR}, a3 oS Bty S Hilee bRkl ARSH AR ' °"
storage vessel &Pa'(gomﬁsi@(m@d,siagkph(\m@o?]@a)a conpressor 34 to increase the

pressure of the vapor. Although Fig. 1 shows boil- off vapors comng from
storage vessel 30, which is_the sane storage vessel as the liquefied

natural gas $o be red&§iiqrefied nafEalges disghargedisomdhepinp 3his dirested doyine 2 i
15 : - O L - ‘
carriors or stoltoteHAPEaRER3 Stletlburkiny Diporise bty The BResfliLeA' 1

pressurized vapestural gds exitihgekchynger 82 ifiditeateddytline3cthrough & sdcbndhesool t he
vapor. The cool ed vapor_.is directed by line 7 to a_second conpressor 35 to

further increas&{h3e8%334e firthes heatthe Ratural gas streare, Zhe tevapprized natugal a8 i of

t he gas product g ] : ﬁirta]:ﬁ: ﬁ??l:ﬁ: ' n
directed by Ili ng{ég %%%&Wéggﬁgﬁger é orﬂgéﬁ%%ﬁﬁ%fﬁog%g%% flulsdso iésagharged

t hrough | i nk0 13 transportatiorathraughraqripeline oe therlikeur al gas product. Preferably
the natural gas in line 13 is conbined with the gas product in line 4 for
Circul ated | n A oF osde FERSE bRYOEEST onfeheRd o0 thaerage vorsel J0adiigHied BY esed
fromthe first peaty PS80 Rérelde the gf'esgu_?e £ vRNUIP Alfhobgh BiY Tgh&b?boil-_rhe

pressure of the heat-transfer nediumiS raised to an el evaled pressure.
pressure of theoffjmapersconiingfroinstomage vessel 5@, which isdhble saynd stonagopesstliassheand

the t f medi, d FE 36, t t- f di ichis i
[ ui 4 conai {1 o apre et 5t Db Ratr s e o oft kb S omm iRl A0es (o
heat exchanger SghdQagars pefbratbd uitiPte IS f3hipSRAd biflet SarHER0f StordgeO™ t he

heat exchanger 32, the heat-transfer
vessels with liquefied gas. From the compressor 34, the pressurized vapor is directed

by line 6 to heat exchanger 32 to cool the vapor. The cooled vapor is directed by

fine 7 to a second compressor 35 to further increase the pressure of the vapor,
preferably to the pressure of the gas product in line 4. The vapor from compressor 35
20  isthen directed by Iine 8 to heat exchanger 33 for re-cooling and is discharged
through line 13 for use as a pressurized natural gas product. Preferably the naturai gas
in line 13 is combined with the gas product in line 4 for delivery to a pipeline or other

suitable use.

A heaf;h'ansfer medium is circulated in a closed-loop cycle. The heat-transfer
25  medium is passed from the first heat exchanger 32 by line 15 to a pump 36 in which
the pressure of the heat-transfer medium is raised to an elevated pressure. The
pressure of the cycle medium depends on the desired cycle properties and the type of
medium used. From pump 36 the heat-transfer medium, which is in liquid condition
and at the elevated pressure, is passed through line 16 to heat exchanger 32 wherein .
30  the heat-transfer medium is heated. From the heat exchanger 32, the heat-transfer
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-6- mediumis passed by line 17 to heat exchanger 33 wherein t he

heat -t r ansf eWOB#SD33Mh i s further heated. Heat from any suit ablRETHERN/0668r ce
i's introduced to heat exchanger 33 by line 18 and the cool ed heat source
medi um exits the heat exchanger through line 19. 5 Any conventional |ow
cost .source of heat can be used; for exanpleg anbient air, ground water,
seawater, river water, or waste hot water or steam The heat fromthe heat
sour.ce passing Eﬁﬁ’p& r

heat -transfer nedi um |sd%2q{netq)r?g%s e?ﬁ%hgﬁ ér%?’ﬂ}%%lgg{efhﬁ%a I on g?edt“ﬁms
heat -t ransf er nfgtherheted.it | eaves the heat exchanger 33 by line 20 as a
gas_of elevated pressure. This gas is 10 passed through line 20 to a

sui t abl e wor k- producjng device ce 37 js preferably a turbine, but

it may be any other B&atfam aBY\ﬂPWh ?f%ﬁwcsa%mgp&cesﬁo B%";S&?ﬁ%haéﬁer@f Bhe

b essur e by pasiagts oy CEEAOMTheal SO AT Bie ML b Biger WERUAFRALD

energy may ke rAnywenmuomlecoh!somdofhaammmechfoﬁﬁampﬂ@mxbienaaiur bi ne
15 whi ch can be used to drive electrical erators or to drive

conpressors (sufi @iﬁ’iﬁ%‘é’%‘ﬁ%?"%wgﬁ’a% s EF WaleRr steap WThecdhest fpmthe ang
36) used in they g?ﬁ,h; fer
medi um i s di rectéag ron#&ﬁ%g\;‘gr lp|ﬁolr€o§1 ucl ng %ggﬂ#ﬁr ou%gﬁ%ng%

the first heat mediunngﬂus Béatwiansfer caukdsehdgasificatién of the hedtaransferimediving saht

| east partiall y cond ed fbyr ably entir t{)f condensed, _and the LNG

i s vaporized bylegvesihs, ?aéFx‘ganﬁés H‘éalgé%l? levateeknresshiey ’Elﬁ he
LG The conslensaded @ihish 188909 2 SBHLW WL g}b%ﬂg%%ef FOBiE 375

exchanger 33 throug e 15 tot e punp the pressure of t he
condensed heat - prefenatilya turbihiebutiittmay bs srynither| foyn oflmgams ediichdfperatesby . The

ot 1§ ng{ anper SEARERDS of 8 VR 3@%&8@@&%@2@5‘ a8 ot f o m

solids in heat @aﬁ&@]ﬁ Eés‘ﬁgbngera%ﬂﬁhghmﬁgﬁeﬁ?ree Tpghndeat

exchangers 32 and 33 has a te bove ng tenperature of
t he heat sour ceresultingehergy tiay ba ceoaaered emqugrdesinedsforrh, guch abeataticnoofiacterbiffh e

heat - t r ansf ' g in
eat-transig n%ﬂfcﬂ uselaeio ﬁnve €. ectncal generators or to drive compressors (such as

compressors 34 and 35) and pumps (such as pumps 31 and 36) used in the

regasification process.

The reduced pressure heat-transfer medium is directed from the work-
producing device 37 through line 21 to the first heat exchanger 32 wherein the heat-
20  transfer medium is at least partially condensed, and preférably entirely condensed, and
the LNG is vaporized by a transfer of heat from the heat-transfer medium to the LNG.
The condensed heat-transfer medium is discharged from the heat exchanger 33
through line 15 to the pump 36, whereby the pressure of the condensed heat-transfer

medium is substantially increased.

25 The heat-transfer medium may be any fluid having a freezing point below the
boiling temperature of the pressurized liquefied natural gas, does not form solids in
heat exchangers 32 and 33, and which in passage through heat exchangers 32 and 33
has a temperature above the freezing temperature of the heat source but below the
actual temperature of the heat source. The heat-transfer medium may therefore be in -
30 liquid form during its circulation through heat exchangers 32 and 33 to provide a



30 liquid formduring its circulation through heat exchangers 32 and 33 to
provide a’ 99/ 50537
PCT/ US99/ 064%’%\13-9’?-53?ransfer of sensible heat alternately to BT YYH R e

heat-transfer nmedium It is preferred, however, that the heat-transfer

medi um be used whi ch goes through at |east partial phase changes during
circulation through heat exchangers 32 and 33; with a resulting transfer of
| atent heat. 5 The preferred heat-transfer nedium has a noderate

vapor .pressure trnsferiof stimibde heat alberhatelgno uhd frami! thehedt-epsfeninediennfit ishe heat
source and the fr tenperature of the heat source to provjde a

vapﬁr.i zation ofprﬁ%%iﬁn wevier Hagt the heatiirapsleramedingn ha ysedgehich eotsghrongh et least
32 . e | - ' '
ohase enange.  reduaipafl Snei B Eholl O thafHk HinahBeBnaSha of, Wil

tenperature of temgting eassferd ofdstentitgatef i ed natural gas, such that the

heat -transfer nmediumw || be condensed during passage through heat

exchanger 32. The heat- t‘raréafer medj um can be a pure conpound or a m xture
of conpound$ of such Bamed heat-transier mediumubas ampederate Vapas pTessMrgial p

condense Over ek 30 be IR il Pk bF i Y8R Mo HRRRLARY ©

range of the | nat ura . commercl a
refrigerants netgmperatire df the hestasbutce ampiosidersadpotization of the hesirinsfer noddivhi s

invention,tﬂydrgcar bons 2 vil? 1 %gﬁ carg?&rnqﬁgn}r{sﬂg&&@ml eculsref@%tleggiuglsin

propane, ethane} Bt gg"a]%Fé of bﬁaﬁféﬁ )

heat -t r ansf er | | | : [ 4.0 at
"Gl tEhavd Q?ﬁés@ %g{gg}’m J'Bt%ﬁlgﬁxéﬁ%ﬂ@ﬁtea t%péeig{a#%’ illiﬂgvgm%.uﬂg 50

| east m nor anounts in natural an re are €-
Fig. 2 illuéradempemhye bftheprdssutized liquefieditaturalipassutiothatithe heat-trarisfer

enbodi nent the parts having l.ike nuperals to thaose in Fig. | _haye the sane
process functi : * 2H0 1t hat
funct i ghetiupplkbegbnipsad dyrngRessaee typhgh h@em@g@r 3Bodbseat-(

t he process equ ,mﬂpﬁgﬁg_g ' t oy ' i ze and
capacity to han5| e dlh%ed{er ent u gmﬂnﬁgsaﬁﬂggﬂnggfmde@@gﬂﬂmﬁ

conposi tions. Tdompositiontkatithd heat-trafsfet mediim guill 2onden@5over auhngeafiterapdratutdse
sane as the progess. llustrated in Fig. 1 cept for the conpression and
cool ing of the %’QBBFI“’S‘{"P%%P% HW&“&?@E&@%@E@@%@ pAtURRLE3s o 2 the vapor
streamis subjected to three conpression stages by conpressors 34, 35, and
38 to incragse the Although commercial refrigerants may be used as heat-transfer mediums in the

practice of this invention, hydrocarbons having 1 to 6 carbon atoms per molecule such
as propane, ethane, and methane, and mixtures thereof, are preferred heat-transfer
mediums, particularly since they are normally present in at least minor amounts in

natural gas and therefore are readily available.

20 Fig. 2 illustrates another embodiment of the invention and in this embodiment
the parts having like numerals to those in Fig. 1 have the same process functions.
Those skilled in the art will recognize, however, that the process equipment from one
embodiment to another may vary in size and capacity to handle different fluid flow
rates, temperatures, and compositions. The process illustrated in Fig. 2 is

25  substantially the same as the process illustrated in Fig. 1 except for the compression
and cooling of the vapor stream exiting storage vessel 30. In Fig. 2, the vapor stream
is subjected to three compression stages by compressors 34, 35, and 38 to increase the
pressure of vapor in line 5 in three stages, preferably to approximately the same
pressure of the vapor in line 4. Referring to Fig. 2, stream 5 is passed to the first

30  compressor 34 and the compressed vapor is passed by line 6 through heat exchanger



pressure of vapor in line 5 in three stages, preferably to approximately
the sane pressure of the vapor in line 4. Referring to Fig. 2, stream5 is
passed to thwOf9psess? 30 conpressor 34 and the conpressed vapBOE/US8Y/pitssed
by line 6 through heat exchanger WD 99/ 50537

PCT/ US99/ 06465 -8- 32 to cool the vapor in line 6. The vapor exiting the
heat exchanger 32 is directed (line 7) to th_g_second conpressor 35 to
further increase the pressure of the vapor. From conpressor 35 the vapor is

Cxahanger 32t ri? 1N ARdHn REBTTRE huolf ol W APl 22 TR R

conpressor 38 Wlingl7) toithegacoad chiprepsor3S 46 urther inoreastethe prdsurt bfthevapasur e.
From conpressor_38 the conpressed natural gas is directed by line 11
t hrough heat exBreamepmpressor 35 theyepenis passed by ling throygh hept 26832 BRI TBassed

compr oasi ng ¢ neoBiubC i B & nfon b ool AluptR e s doly RSP B e g,
the conpres$ onednifressos 88 whichlih@efechepiange wthbaesifeafmfaaﬁeyswwtl%hﬁ sane.
Since the final di scharge pressure from conpressor 38 wi |l often be above

the critical presenressopds thecomprasspdnatural gas tqditestsd by lingd throygh besd nay be
conpressing a dgns | ' ' onpr ess
t han an equi val ﬁ%ggiﬁ%%y@‘gé‘\é&ﬁ#’%ﬁ%ﬁ‘?‘ég‘%ﬁg‘ﬁgu‘o‘%‘“’g‘ggﬂpﬁrﬁéégﬁ%g a dense
fluid, the presgﬁﬁslegpmd@tmeﬁb&ﬁons)@wfmressor 38 is preferably higher than
the pressure ratios for conpressors 34 and 35. If the |ast conpression

stage conpresses a dense phase fluid, ;the overall_hogrsepower requirenents

of the conpression tindhepigeess of gompressing (g 288 VapRy by, thetran pECmpIEssHreids df» i n

the train r rifc%é:i;s . ol lon in

t he | ast c?)@p?r e%dg?}o%%fégggt%%%ﬁot a gg\;b@d?{ héeé c@?ﬁt{%\éﬁ 1sp¢rgge§l};‘rfyeﬁgt]ﬁﬂ% E%ﬁ#'l uid

20 bei ng conpliassthe finabdischgryefpresamte fivmmnedmpressor FRinild dftery bérahove ghe dritical

pressure ratio for the t{':at, oppressor hjgher than_ the pressure ratjos for
uig e o,

the other conprRF§ssyFeof P FOMPressed, FRMpIes o8 38 gay b cRmpressios
readily determ . : ' | ' '

avai | abl e process sﬁl\r‘rluRﬁl%@uﬁééh%ﬁgr%go*%%ﬁm@%%ﬁgt R’%@s&%%%lt of
ener gy bal ance waper, cHicompressur38tincorprassing densd1fluid, the pressure ratio for

15  compressor 38 is preferably higher than the pressure ratios for compressors 34 and 35.
If the last compression stage compresses a dense phase fluid, the overall horsepower
requirements of the compression train will be minimized by having the last
compressor in the train bear the greater compression duty. However, if the
compression in the last compression stage is not above the critical pressure of the fluid

20 being compressed, no significant benefit is gained by having the pressure ratio for the
last compressor higher than the pressure ratios for the other compressors. The
optimum pressure value for each stage can be readily determined by persons skilled in

the art using commercially available process simulators.
Example

25 | A simulated mass and energy balance was carried out to illustrate the
embodiment of the invention as described by Fig. 2, and the results are set forth in
Table 1 and Table 2 below. The data in the Tables assumed a PLNG production rate
of about 752 MMSCFD and a heat-transfer medium comprising a 50%-50% methane-
ethane binary mixture. Inlet conditions for vapor stream 5 is taken as the geometric

30  average between initial and final pressure and temperature conditions of the storage



enbodi rrengr of the invention as described by Fig. 2, and the results are set
forth in Ta Tabl e 2 below. The data in the Tables a NG
pr-oducti on ng?)eﬂg Zbout 752 MVBCFD and a heat-transfer nedi iﬁ%@f@#ng a
50% 50% net hane- et hane binary m xture. Inlet conditions for vapor streamb5
Is taken as the geonetric 30 average between initial and final pressure
and tenperature conditions of the storage -9A0 99/ 50537

PCT/ US99/ 06465 -9- vessel 30. The data in the Tables were obtained using a
commerci al | y avwuesseldle Thealatssin the Tallestweara optaingd asing alcomghdrdialYShedilable
However, ot her comrercigllal,gmavai | abl e process sinulation progranms can_be

used to devel opPOSESSEHY Brogerny ealled HYSSYEST) Eomesen pther pommexciallysveilablend

Gt present ed Protisdiindiafion fbtadcah BeRELEBNEvI0h ety elrlinetor il
of the present HYSIN®PROI™ aid| ASPENFIIUSM, which e hiilhe ¢ H5dns4RH1edn the

unnecessarily limted thereto. The tenperatures and flow rates are not to
be consi der et a#rt| The dafa prasentedioythe Hablemare offered tospiavidecebettenvmdenstanding of

Yortattons TN Rlahh SRR bl b BHOER &t ot B cSspibes RECEaRET g™
Tenperature thereto.T'Pﬁé?ien@Ef_i‘fﬁré@ﬂﬂrﬂd%% Eﬂgéfflhre K6t30 be Bnisilered z{s?ﬁfii]tﬁionk gg&% g 4

kgnol e/ hr MVBCF*D* 1 441 -96
679 2 Lthe inventiory wihid can haweomany e8iationslipGemperarsd2ad flow rated i8 vizw
V 7, 095 9 .,.-3 . -38 33, 824 679 4 V
7,095 1,029 °é89%°a°hm§s?h°rem33, 824 679 5 v 834
121 - 96 -141 3,735 75 6 V 1, 703 247 -49
- 56 30735 75 7 V. TABLE1703 247 -84  -119
3,735 75 8 V 3,475 504 -35 . -31 3,735
75 9 vV 3,475 504 = 84 -119 3,735 75 11
V 7,095 1,029 - 38 - 36 3,735 79 12 - V
7,095 1,029 |[Stream Phase 3Pr3sure TEemperature Total Flow
Vapor/Liquid | kPa psia °C °F kgmole/hr | MMSCF*D*

1 L 3,041 441 -96 -141 33,824 679

2 L 7,0951 1,029 -88 -126 33,824 679

3 \'% 7,0951 1,029 -39 -38 33,824 679

4 Y 7,095 1,029 16 61 33,824 679

5 Vv 834 121 -96 -141 3,735 75

6 A% 1,703 247 -49 -56 3,735 75

7 Vv 1,703 2471 -84 -119 3,735 75

8 Vv 3,475 504] =35 =31} 3,735 75

9 \' 3,475 504! -84 -119 3,735 75

11 A% 7,095 1,029} =38 -36 3,735 75

12 A% 7,0951 1,029 16 61 3,735 75

15 L 2,200 319 -84 -119 56,235 1,129

16 L 4,199 609 -83 =117 56,235 1,129

17 V/L 4,199 6091 -18 0 56,235 1,129

20 v 4,199 609 22 72 56,235 1,129

21 V 2,200 319] -15 5 56,235 1,129

* Million standard cubic feet per day
Table 2 compares the horsepower requirements of compressors 34, 35, and 38
and pumps 31 and 36 in two simulated cases: Case 1 was without interstage cooling
and Case 2 was with interstage cooling. In Case 1, it was assumed that boil-off gas
15 was compressed by compressors 34, 35, and 38 without having the boil-off vapor pass
through heat exchanger 32. In Case 2, the boil-off vapor was processed in accordance
with the practice of this invention as illustrated by the embodiment shown in Fig. 2.



15 L 2,200 319 -84 -119 56, 235 1,129 16 L

94,. 199 609 - 83 -117 56, 235 1,129 17 V/I'L T 4,199
609 -18 WwWO9980537 56, 235 1,129 20 \Y 4, 199CT/USBYEH465 22
2 56, 235 1,129 21 \Y 2,200 319 -15 5

56, 235 1,129 * MIlion standard cubic feet per day Table 2 conpares the
hor sepower requirenents of conpressors 34, 3f and 38 and punps 31 and 36
in tw sinulated cases: Case 1 was without interstage cooling and Case 2
was wWith interstage cooling. In Case 1, f § assuned that boil-off gas 15
was conpressed by conpressors 34, 35, and mnthout havi ng the boil-off

sor

vapor pass through heat exchanger 32. In Case 2, the boil-off vapor was
processed in ?jgcordance with tHe Qgeqctw q%g bt “ﬁ@&ﬁ%ﬁér&dﬂlﬁﬁfeﬁ?t ed
PCT/ US99/ 06465 - 10- Table 2. Case Moy iEr .". A

requi rement witt homcompie,gbﬁuage cooI114ﬂng(1 Mmip)l nt rstla@ékiﬂc(lwﬁghp)

Conpr essor 34 462 _‘wvu, o
2316kW316h 90kW, t ot pl

e ey o TP Rogmresser3f®3 iV S514R% (8loshh’ Ot P 10994&“’.&?&?5%@2(\ doy
(2,952 hp) Totf J_U 649K v) np)
(ener gy consunled) T 3 & ?ik@ 973B hé)%‘&%ﬁé%gbk

(19, 730 hp) (dnergym ed) The ggb?kW\Qng@)z showztmtkwt(g?ggﬁﬁ}nl Cé

by the enbodi nent shown in Fig. mte

35 1, 836 kw3ompresson3 V‘k(ﬁ%s‘t@h?)z h

2,834 kW(3,80|O hp) S%BMSG 56142‘)\2021,528\)1;1;:02 9p2 B[;QSSkW(S,ZMth) kW
enbodi nent depi-ct-ed - £55—PeWet—{0—-020—

<\

versus 10, 649 kW t haFotslhe total aﬁ;ﬁéﬁkﬁ?(lkmmpberrent30301(@&6&@6119) bdt h
Case 1 and Casje @netgyeohsunisdpe {37 produced nore

Turbine 37 14,719 kW (19739 hp) 14,713 kW (19,730 hp)
(energy produced)

The data in Table 2 show that the practice embodiment depicted in Fig. 2
(Case 2) requires 15% less power (9,020 kW versus 10,649 kW) than the total power
5 requirements of Case 1. In both Case 1 and Case 2, the turbine 37 produced more
power than required to run the compressors and pumps. Cooling the boil-off vapor
(streams 6 and 8 in Fig. 2) to —84°C (~119°F) before entering compressors 35 and 38
substantially reduces the horsepower requirements for compression. In addition, the
boil-off gas provides part of the heating duty in heat exchanger 32 for warming the
10 liquid gas in stream 2.

A person skilled in the art, particularly one having the benefit of the teachings
of this patent, will recognize many modifications and variations to the specific process
disclosed above. For example, a variety of temperatures and pressures may be used in
accordance with the invention, depending on the overall design of the system and the

15  composition, temperature, and pressure of the liquefied natural gas. As discussed
above, the specifically disclosed embodiments and examples should not be used to
limit or restrict the scope of the invention, which is to be determined by the claims

below and their equivalents.



power than required to run the conpressors and punps. Cooling the boil-off
vapor (strearpo by 8 in Fig. 2) to -84[err]C (-119[err]F) bpEpaRosierséy i N
conpressors 35 and 38 substantially reduces the horsepower requirenments for
conpression. In addition, the boil-off gas provides part—of—the-heating

duty in heat exchanger 32 for warmng the 10 liquid gaﬂ"mﬁmr am2. A
ns

person skilled in the art, particularly one Havi ng the lm,m"l)
teachings of this patent, will recognize many nodificati%* j ns

to the specifi ¢ Whatdeelsirrdisl osed above. For exanple, a variety of
tenperatures and pressures nmay be used in accordance with the invention,

dependi ng on thg over ' . : . kil
tonperatire.  and”pr edopgEavtiteRlerig BRI fplcfa hitpra GRERTANA RS
the specifically di sthesdd petehialititeeedfds atilized xcomprizinghoseps ot be used to
limt or restrict the scope of the invention, which is to be determ ned by
the cl ai ns bel ow and their eguival ents. WD 99/ 50537 .

PCT/ US99/ 06465 What i(®) Pressurizmsgithe hquefied natural gaste @ predetoravnsdaresiyresoner i n

which liquefied natural gas is gasified and the cold potential thereof is

utilized, cogprising -t |71 ' i
gas to a pr et er m ndt) fShE e fitesnhitt IRFEAR Sl s diSueh SF 126 BhlgRr
l'i quefied natural gas twherdpynthe liquefidd faturhl gas dhvapgtizedpner eby the |iquefi ed

natural gas is vaporized; (c) passing the vaporized natural gas through a

second heat exchanger, whereby the vaporized natural gas [s heated to
produce a first vapolBuRasHngtheyapo . natural gas fhyou ?%9 %‘iﬁ?ﬁ’éeﬁcﬁa@ﬁq ger ant

as a working fluid in agg the Vabdridell s b &\ dﬁ@e?é fo to
condense the refrigerant an tg heat tﬁ%&?%ﬂ%ﬁsiﬂggegy& t rougﬁt(a%%%rto
pressurize the condenseprodedty i gerant, through a second heat exchanger in

whi ch heat is absorbed froma heat source to vaporizeé the pressurized,
refrigerant,,.and through a,work-pr.oducj ng deyice, 15. . Lt eperate
energy: (e)@onpressi ébg“ﬁ’&?ﬁ\%ﬁﬂ%’&méﬁs”@wmg&rﬁﬂ@&q ‘E}FF“HégWg,gﬂa‘e

first heat exchanger to condense the refrigerant and to heat the liquefied

gas, through a pump to pressurize the condensed refrigerant, through a
second heat exchanger in which heat is absorbed from a heat source to
vaporize the pressurized refrigerant, and through a work-producing device

15 to generate energy;
(e) compressing boil-off vapor by a first compression means;

(f) passing the compressed boil-off vapor through the first heat exchanger to
cool the boil-off vapor and to heat the liquefied gas; and

(g) further compressing the boil-off vapor by a second compression means and
20 passing the compressed vapor from the second compression means through
the second heat exchanger to heat the boil-off vapor to produce a second

vaporous product.

2. The process of claim 1 wherein the cooled boil-off vapor of step (f) is further
compressed by a third compression means and the further compressed boil-off
25 vapor is passed through the first heat exchanger for re-cooling of the boil-off
vapor prior to step (g).



(ff) passing the conpressed boil-off vapor through the first heat exchanger
- h 1 A A
to cool the haoil-off vapor and to heat.the lig ad gas; andP l).lsésa)ﬂﬁ}sts.'er

conpressi ng M8 of f vapor by WQQEB}” HABIBEENd on neans
passi ng the conpressed vapor fromithe sman m gorrpr §ssi on neans t hrough the
second heat exchanger to heat the lbs : t0 produce a second

vapor ous product. 2. The process of cI ai /112 wherein the cool ed boil -off
vapor of step (f) is further conpressed by a third conpressi on neans and
the further conpressete prictss@f tlath 1 wherein the\bRgIcsft V?po[ﬁaﬁételd(d) heow presiie
first heat exchanger for re-cooling of the boil-off vapor prior to step

(g). -12- 3. Thkovigrabetds724fkFel (25 Gpsia)and e demparaturcthetweant sboyrfifl* Cof
step (e) has a press 4 kPa (250 psia) and a tenperature
bet vieen” about -80[err']1@2@f‘-b) gr@fﬁ?ﬁ)‘}é‘i 1 12[err]C (-170[err]F). 4.

The process of claim1l wherein the pressurized |iquefied natural gas to be

5 o) and LIRS T bk oR i) SR ey R iR ed ol K% 6250

psia) and an initial tehperature between
-112[err] C (5 170][ er r teigasifiéd has anThiﬁakpressmboﬁe aﬁoat WMkBs(HOrpsia&end]mt
source for the second_heat exchanger is_wate rocess of claiml

wherei n the heat souindtalt mpw%maheﬁrSB&ﬁdﬂaﬁ)amé Hi2e 179PFa war m

fluid selected fromthe group consisting essentially of air, ground wat er,

sea water, riveg watef %Wﬁfeﬁﬁfé h%&tesﬁﬂ}ce}or th?]se fid BE ér

claim1l V\,herel n"t he re??l gerant conprises a m xtur ocar VI ng
1 to 6 carbon atons pewaterol ecul e. 8. The process of cI aiml V\/nerel n an
electric generator is coupled to the work- 15 produci ng device to
drive an el ectrjcal ner at or
6. e process of claim 1 wherein the heat source for the second heat exchanger
10 is a warm fluid selected from the group cons1stmg essentially of air, ground

water, sea water, river water, waste hot water and steam.

7 The process of claim 1 wherein the refrigerant comprises a mixture of

hydrocarbons having 1 to 6 carbon atoms per molecule.

8. The process of claim 1 wherein an electric generator is coupled to the work-
- 15 producing device to drive an electrical generator.
9. A process as claimed in any preceding claim and substantially as herein

described with or without reference to the Example and/or the accompanying

‘R

drawings.
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