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More particularly, the present invention relates to a
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condi tions, the |iquefiaAgtk@ROUND AGES 1S at a
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transortaviap ardsgetinidyatmbsplietiu pfdsade Nahdur des@@mdit{ons Ak hdmﬁed natural gas
many circunstances, hot water or steamis used to heat

is at & REPpraie pf aprQamatelt- 16 fos though bepvier brieparbenst (8o as, for example,
ethanrg,iuéljgp{ﬁ%t V\%.tﬂ% an(artgg b g)n%)ﬂérf %nla the %51?1?11% p%m%sof 1R nge%ied natural gas

azar oJe[o] evaporat or.
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been made. The evaporators presently used are nmainly

propased fargheysaasification toymoorluznmm ofdujuafied ndtuiabigasy pe and
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gas. Evaporators of this type are free of clogging due

the e\tapofatc&e Yiarigys iegpsyvetrentsop drigprecas Ha\tedlemmfnteahean arade.dihe evaporators
cor di ngl used, However, neV|t bl
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type.Of the heat transfer tube. This consequently produces
i ncreased resistance to heat transfer so that the
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transfer area, which entails a hlgher equi pnrent cost.
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increased resistance to heat transfer so that the evaporator must be designed to have an increased
transfer area, which entails a higher equipment cost. To ensure improved heat efficiency,
evaporators of this type include an aluminum alloy heat transfer tube of a special configuration.
These types of evaporators are economically disadvantageous.

[0005] Instead of vaporizing liquefied natural gas by direct heating with water or steam, evaporators
of the intermediate fluid type use propane, fluorinated hydrocarbons or like refrigerant having a low

freezing point. The refrigerant is heated with hot water or steam first to utilize the evaporation and



[ 0005] Instead of vaporizing |liquefied natural gas by
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solar ERKIGBTorUNEG vepdrezatioNoThe s@dlenkd; isiusedRA hetirdby seédnd fluid, such as
1982 to Hong et al., teaches the utilization of solar
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for heating a_.second fluid, such as ter. Thi .
The e ST AR i b BT renbAs it rhufonpturing the
vaporMatibn bRRedd quefied natural gas. The water contains a
anti-freeze additive so as to prevent freezing of the
[0009)At.8r PatentiNg 4 B29,66(G posued at iAoiguptra3c €883 tof 0ogled, Ji).eBal., describes an
Patent No. 4,,399,660, jssued on, August 23, 1983 to, i .
atmos\pgféql%ya,pogp?r suitable fo,r VRN AFEYOZERicC ligh 8B g&ppignuous basis. This device
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vertical passes are piped together. Each pass
around g {yhes a center tube with a plurality of fins
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ambidi® abr YapoMb&0Bid, hedtet FoflbSBLA8E %M. This apparatus utilizes a plurality of
vertically mounted and parallelly connected heat exchange tubes. Each tube has a plurality of
external fins and a plurality of internal peripheral passageways symmetrically arranged in fluid
communication with a central opening. A solid bar extends within the central opening for a
predetermined length of each tube to increase the rate of heat transfer between the cryogenic fluid

in its vapor phase and the ambient air. The fluid is raised from its boiling point at the bottom of the



anbi ent air vaporizer and heater for cryogenic

liquids. This apparatus utilizes a plurality of
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exchange tubes. Each tube has a plurality of external
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system and process to provide a heat exchange process
for the vaporization of |liquefied natural gas which is
relatively inexpeddbGbOSUd N VIBIlIORENt and easy to
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from the circulating fluid to the liquefied natural gas; and (6) discharging vaporized natural gas from
the second heat exchanger.

[0017] In the process of the present invention, the step of passing water comprises distributing the
water over an interior surface of the water tower and drawing ambient air through the water tower

across the distributed water so as to transfer heat from the ambient air into the water. In the



the first heat exchanger so as to transfer heat from
the el evated tenperature water into the circul ating
WO bavisiz44801) passing the |iquefied natural gas PEI/USHE03/023580
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heated distritnitedaivater. STHdrawed distifisted WeteHfrsinthduwhRAbNat BioumPRe to the first
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heat exghangeh. A bl ower is positioned at a top of the water
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fluid is heated by a heating source other ‘than the
connegjgel &y the water outlet line such that the heated water passes therethrough, and a second heat

exchange means having a liquefied natural gas therein. The water tower means serves to heat the
water passed from the water inlet line therein such that the heated water passes to the water outlet
line. The first heat exchange means has a circulating fluid line extending therein in heat exchange

relationship with the water outlet line. The first heat exchange means serves to transfer heat from



tower. This heated circulating fluid is then passed
into the second heat exchanger. In the preferred
wepdvedi4aent of present invention, the secondarBCTES10031¢23580
source is a gas-fired boiler. A small portion of the
di scharged natural gas nust ‘de passed to the boiler so
red for the heating of the  circulating
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bolif; h 2004/ 044480 PCT/ US2003/ 023580
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I'n the water outlet line into the
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awatelftfgilgd? i f8d awalehg Oﬁkreﬂw@mww willslpbivenpogled water into

o o B ) R e o
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1, there . is shown the process for e vapori zation of

from the q\@éqnbé-ﬂn R4 etthg botteraof the C@@@bm%ﬂféhwaﬂqr tolver 12. The pump 22 will
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tower 12 has a water |nI et ine 18 an vvate out
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herefrom sérve
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chanber. 26 of the water tower 12. The punp 22 wl|
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[0024I Hle% Eeesgﬁtl ?1 %ﬁgﬁ% Stow%ro 1% 1|r? g%]aﬁ](rﬁ mﬁ% ﬁ{?é)ggg é%\g&a‘n flowever, it is
importaR@in§ prednt RBRAti G HRAMRE Hatel ford@ 12%pbitd th M Rfperature environments.

For example, in the Gulf Coast of Texas, ambient air temperatures can often exceed 100°F. As

such, when such heated air is drawn through the water tower 12, it will contact cooled water passed
thereinto so as to greatly elevate the temperature of the water. A blower 36 is positioned at the top
of the chamber 26 of water tower 12. Blower 36 will draw the heated air through opening 38

formed on the sides of the chamber 26 of water tower 12. Similarly, the heated water will be



heat fromthe heated water into a circulating fluid

passing to the second heat exchanger 16. After the
whe@i/0d48m t he heated wat er passing through coPdT/BS20031023580

the first heat exchanger 14 has been transferred to

the circulating fluid in the®Coil 32, the cool ed water
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it will contact cool ed water "passed thereinto so as

temperatugy ehitheywatéremathe water inlenfiee 48 eoels dlie sihdelomt Bie.defV point of water,
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over baffles 40 formed on the interior of chanber 26

the sugge Rpgineg as yvpam viater. Rymp Pegill draw theewarsowhietifromtthe basin 24 back into
the ﬁgFﬂéaY%Ec g“?ga% Xyat er inlet line 18 will be distributed

are vely large surface area on the interior
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water ghssing thiouglacaibd (is heat tiahsfer ietationship with ﬁieaimbe]latlﬁ@ﬂulﬂiaassmg through
. h. .a.heat xc an effect w occur which w
coil 33 e F’? inefiiet ﬂﬁ&%ﬁsﬁﬁf@r“é’ttawddke FicEonSiE Pt TR ﬂﬁ Pump 46 will
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heat ekttengel 1d is 4 ﬁhﬂiefrndttub& h@ﬁt dxbleangadt ¢fa ldnﬁwhh@nﬁ?[r@ﬂioﬂ Mlig@kefied natural
line 18 cools the air bel ow the dew poi nt wat er
gas WHig1as$ alerg Hiped inktha bettegn £ oftha &I@ﬁgféht?aﬁem@anm 6. A suitable manifold

will dgﬁ%‘ﬁ%&e hé ﬁ(ﬁ ﬁ%? Hgtugag %%séﬁ%oﬁé h%g?,sr% s gte\llimlgll (lt)ﬁp? %/er%ﬁ{ugb%;l? exchanger
16. Tﬂ@Eéatédhﬁrcﬁlaﬁﬁ% flurfis fhapsd ﬁlftﬁlg%rcﬁbulﬁﬁf?g 8k Ak 5¢ zﬂ{dq}}%rihe interior

t he chamber 26 of mater tower 12, the water is warne
of shelirfed csﬂtbwfyonébwde@anger Itoh eAsmcgethb hsated 2idcudatingaftuid will be in heat
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exch ang eat ed assi ng
be suahainl exBit tlmt the atpdrized sibeialroab atli pm I@utwawltyh)f 1t}ha%ecomd heat exchanger
circulating fluid passing through coil 32. Coil 32 is
16ﬂngp$gﬁ@@§2$%g¥ﬁ@t 2 et line 44 toward the suction side

eat
[0026@]‘3?%&P@?tﬂﬁ% h%\‘.J l%@t\tv% n tﬁe ﬁ{)]t & Ifétl ﬁ{nﬁ zl&eo%caleﬁggpatural gas,
a coldexedudatiag fluld Wlﬂl_rtﬁls§ gEOh C(ﬂ@ @Ircﬁé@l{gaﬂgiﬁroull@t 6§ fm the second heat
shel | - and-t ubes "heat exchanger of a known
exchangspifl pgUhawpmn cirgvlejingfflved wilhbeidiadeted in a cross-current flow on the outside of
the tubes 52 of the second heat exchanger 16. The cold circulating fluid will leave the shell 60 of
the second heat exchanger 16 through pipe 64 and is directed to the first heat exchanger 14. The
cool circulating fluid will be directed into the first heat exchanger 14 through cold circulating fluid

inlet line 66. In this manner, the cold circulating fluid pipe 64 is once again heated by the heated



gas w il pass along pipe 48 into the bottom 50 of the
second heat exchanger 16. A suitable manifold wll

wale@unidasa e the |iquefied natural gas into theP€TDEROER23580
on the interior of the secon% heat exchanger 16. The
heated circulating fluid is Punped through a

circulatin flwd inlet 58 and into the interior of
water TR Geough cole 0 dasriarshiat exchangeh dbr Arueegnls 68 fs provided so as to

[ e

oppPSPLEF LML 4| bl e AR eSS0 ol crtain

fluid & qu‘tatddri@r tHeeopgepniparofthy Ro6dss 10f thd Soght ﬁﬂeﬂ%ﬂi 'jaﬁfnp 46 will draw
gas within tubes 52. Utimtely, the tenperaturé of

requntea aupntifigarf e cirgulating fyidsiram |the surg@ tanlc 68, an needeént t hat

e vapprized natu rdI he
10027 254G e il 138 s ol ool Bl soliosy The water
shoul8 e file§P®&iky Because of the heat tr ansf er bet vveen t he
hot circulating fluid and the |iquefied natural gas,
[0028] Eyeh dn wiarm eliatatesgsichuis dhatiof thepmsthetthUaitghSmaedsdthe process 10 of the
ci.rculating fl ui tIet 68, from the second heat
Pfese%%eﬁ%m@erca&@t i allatesh Pyt et glornthm of Ngviembge through March, the

s 8168 0,8 P FREA ] LBV OV BB Bl i i

seasofid, mld:hﬁtplaﬁgﬂ Bhipplemandtllfirlngaf ¢hd litﬁleﬁ |7|@ llsi I e ré¥f so dsh€ assure continuous
second heat exchanger 16 through pipe 64 and is
operafipp hequehorighe yrar.f Thedwilpreixis eﬁ@d@awgéfrchmﬂlogsraml hag bexdn commonly used

L b b SEL LA P ) o
fluid le}%s@t@rodg‘ﬂ 1inkics temB RaEL 72%?@16‘5911& 7@' %Céﬁht dl'e%\%s Eddhiad a small portion

64 i s once again heated by t heat e
of theZ@@dllledlgbs (frOBCfHelSS@ﬁﬂI}ie@%&Bﬂlgef Y6 \Namebe ptalmdmg as to provide for the
30 in the first heat exchanger

ﬁringggﬁgggﬁ%ﬁ? vgEh qaguralrgg\g &b hegtingofithe c1gcykg§pg u}de a“é\ie \ategd circulating
fluid i%‘iﬁ s?éaiﬁn.h“ﬁg Gitle@yh g?tﬁel %Illgﬁ ?@%{fgl‘bags%g dlr€§ﬂ# aét}d solely, or in

exte C|rcul require

combiragowwith airéuairgf ﬂlil@& HehE 6% the hoated Whtlé?fr&h%eﬁﬁéter tower 12, to the inlet
i nvention, {) 46 will draw required quantities of

side of He sepondiiea @frggamgeu.l@ fromthe surge tank 68, as

ded. 00271 As her ei | ati fl ui
100297 B Escat Rgpliort Bt e it B e ce ety sed to cool
circul 0611 wﬁfe@ ﬁﬂnw i85talldto8S 8[113@6?5‘6116%&"@15&@11 hiIBEES have ever been
suc hat of southern United States, the
used for dmasspds@ ocﬁfwatrmmg @iesenrt. Covteary |t(o)the(m>phczttlommf kheathter tower as a
ear around. | n the nmonths of Novenber through March,
coolirfg EAICTIRFR i WAICh 4RI BSOSF S ERMTIBUHY BORYVABPB B Belation water,
[
e M85 8 G e LT B8R, 08 . s e vt
is coldu® ItHaﬁrthe7£inTb13n1f o] Wiate@ Gofthamolistura s the &r@@ﬂddn@é&ﬂ& increases the water
operatjon throughout the year. The boiler 70 is of a
invenferbopntinaehiv Sy waled hqtﬁafe bé@m@fﬁ%ﬂﬂlfwouéé ds an pverflew quantity and
rculating fluid. As can

t he, heat
can b‘ggssééeeﬁr“‘hwg‘ie i n%, linﬁlé lg\rz%}ercﬁreagmﬁ%l ng fluid wll
[0030&@&@6 t1 hasoghatvnl Hefh@nﬁﬂ:r li®ak Bergyd.ft rZ&SQEhEB{%OQ@ﬁé BE op&ation of the

suitabl e gas, such as a small portlon
presenxapmntlpad Hasah rbenseth éhes ssronll almbant e»rcﬂoanﬂge pumﬁsescaﬁwelevatmg the

utilize oasto r.ov,
temperaﬁure of hquefd ied natural gas i mgmhcantly%eneth cial.



firing of the boiler 70 with natural gas for the

heating of the circulating fluid. The heated
wa@regkasing fluid is then passed through thePOIYUBEN3/023580

74 of the boiler 70 and is pgssed directly and solely,

or in conbination with circulating fluid as heated by

the heated water fromthe water tower 12, to the inlet

side of the second heat exchanger 16. [00291 The

present invention is particularly novel in that the

water tower 12 is normally used to cool circulating

Igg%ipg water in many installations. It is not
elreved that such "towers" have ever been used for
Desvgipgenr pose of war nuwig col d wat &xamp@orEkanapy Bxami.$eExamp.4

g&é‘l?catlon of the water tower as a cooling water
LNBYa°28%, whi ch & RePEHY oss occufs continuously from
HEARRRdFLNT Ci T cul qhernat er,  thAue | Sgpo wagRr | oy
LNO FbRRatpr ocess 10 ofbmt he present2iazuenpismoo T a@s7{sb0es,018,000
N@tgntfﬁaaf RbecauseMMB@F/daater is ¢&&0der 1t5Ptan t14€0 1,500

X 2 244 244
gg}g " era ﬁ\éﬁ er émtﬂe noi sti@“e of 2¥*he aTt 2t
I'ncr ﬁ%?e the wat egy 306 NVEIHR! Y 90,300 90,300
Vﬁ‘a@ﬂblw&u@hiﬁdra}t’ure iThe water has to besdrawnepff 4o 44
VegrnGynUBusdyurast an @yer fl ow quantdy and2 can2be used

as fresh water after very mniml water treatnent.

Intpsatite Palreey, AESORSHRS her ei naf fer, i ¥ an energy ahd

HRkQRRSSeg Nar t - shownggyhhe operat bany of §0e peAsent z5

WaiveRdol Fiw.RaBS can fa@mis@en t he usa)socf apddoent o@soo f @&, 100

WaltegGlpagt T mmumﬁ el edeatri ng t he ger atdze of 29 29
% 023580

"Y*’it BPqiRire vkl Sg!fg Fis signifig nef i C‘Pal
agpat FExarrp 3 Exaga) 4 LG Vaggrl zerss
Unlts operatl ng 6 Heat Transferred MMBTU hr 617.4 930
VBB T®Y LNG Fl ownRapeathh/ hr 2, 213, 200 3, 018, 000 1
937, 500 8,000 Natural Gas ow e / day
%w;eggﬂw 8%&&12-360 1500 LNG Tenpg,; atunggl nNQ’@gF F oo
A1r24149eraaé4waaém 2444egMat ural Gas denperagure st degs
Alr T@fpefa@re29y BA® WAt edeh @ ycol Fl ow fate gas/ m nuake 58
/’QGGTG@GW%OUBOO 90 30@9% 300 Wat e1"4/GI ycé$ Ten‘%ﬂ@r at uréé

rFlgw anﬁ?!““tev\at er/ d y&if° Pat d5,@°%ut™2%

qucu‘ agzwg ur?&,t 29 de r;ct ernmedi at e chang@rs Urggts 50
HeR@Gfaadidrdg 8 8 8 8 mni&athr Tr ansf er sedh MVBEW hr 827. 4 380
MR@BreZisridensitiwb er / G y@aghodrl ow Rat e Zpalrd m padoe 908,300 10,300
V?ag)e,rgQO 90, 300 51, 100

1zr-

oilers "Units operating 1 0 2 7
Heat Transferred MMBTU/hr 59 85.9 579
Water/Glycol Flow Rate gal/minute 2,300 2,600 17,500
Water/Glycol Temperature in deg. F 110 110 110
Water/Glycol Temperature out deg. F 180 180 180

Example 1: Design case for Water Tower, LNG Vaporizers and Intermediate Exchangers
Example 2: Hot Season, no boiler operation

Example 3: Air temperature warmer than design

Example 4: Air temperature colder than design.



Water/ d ycol Tenperature in deg. F 29 42 29 29

Wat er/ d ycol Tenperature out deg. F 44 64 49 44
W@R00a/0h4480\at er Fl ow Rate gal / m nute 82, 700 85, BODUS2003/023580

82,700 46,800 GCircul. Water_ Tenperature in deg. F 50

70 55 50 Gircul. Water Tenp%rature out deg F 35 48

ter .Jo r. Units,.operating 1 1 . Nunber of
[0031%6 pye t10p e@ s1§§1 p eanig V&\i&%@@ op@*t}éq,ﬁnqr@gt Inspprigeniar, in hot

weath%y@#gnnléglﬁtg }g@gﬁﬁ i %}F\%tll@ég @e%%gjéegl: ?g'%g%éle %ﬁrpo%es of elevating

the walenfearpatature, AxUA r&%e@, the péébeﬂﬁm'@&ﬁfbﬂi avoldsahit usd\8f fiitural gas for the
Fl ow Rate gal / m nute 82,700 85, 600 82, 700 46, 800

PUrposss PEGMPELRAITE Flevetise s s result drgsigmifigmt gpergpcass benefit over existing
Syﬂenﬁgrcul Wat er Tenperature out deg. F. 50 70 55 50
cat Transferred MMBTU hr 617.4 930 823 351 Misture
[0032)CORel eire@dih® Biselaburb abd derigtibh 5@&}%‘39‘/&11%019 @Qﬂlll@tra'ﬁ% and explanatory
Water boilers Units operating 1
thereofr dasibes elaigeaBTly HetaibooBthe Qlllfsﬁgted\ﬂmtan/dﬂwd:’f[d stépisandi the described

Rat e aI/nl 300 600 1 er/d ycol

procesy gy B df Bt TeijoPo T ARD 3 o b degagine from the true spirit
t

of the ITRRHE. %i?‘%m Sl Ly B i Rl s and their
legal cgunfabentger s Exanpl e 2: Hot Season, no boil er operation

Exanple 3: Air tenperature warner than design Exanple

4: Air tenperature colder than design. WO 2004/ 044480

PCT/ US2003/ 023580 -9 [0031] The present invention

achi eves significant advantages over the prior art. In

particular, in hot weather environnents, the present

invention utilizes the anbient air for the purposes of

elevating the water tenperature. As a result, the

present invention avoids the use of natural gas for

the purposes of tenperature elevation. This can

result in a significant energy cost benefit over

exi sting



systenms. [0032] The foregoing disclosure and

description of the invention is illustrative and
wezphanasory thereof. Various changes in the PEr/asi083/023580
of the illustrated systemor_in the steps of the

descri bed process can be mae& within the scope of the

appended cl ai ns wi t hout degarti ng fromthe true spirit

of the invention. The pre IMBvent i on shoul d onl y be
1crAmt ted by the following clains and their |[egal

equi val ents. WD 2004/ 044480 PCT/ US2003/ 023580 -10

ClUAI AVBrockssGbAVddoriding AqRéfsBssurh0das Cappritiagng | i quefi ed

natural gas conprising: passing water into a water

t ower $OSHRE VeerdnOAWaerdowernoes it alevategfiemheravat efithe water, said step
of asﬁli d sLe of . passi ng water conprising: distributing
PAPHE VT Y 8an interior surface of the water t ower;

and draw ng anmbigaiing thd WA f REnWRbEErERYSF the water tower; and

across the distributed "water so as to transter heat
from anbi ent ai r drawihpembhamneair throngii thg vdee telvevated the distributed
erature water through a first heat exchanger;
16!‘1?%

te
Waterﬁgggf‘%ﬁa%feéihle%ﬂﬁ% t hEMEEREh the first heated

exchan Lev d .

Forpor arrpait, 08 ehCoitd ARTRARMer AERER S ARCREESLE e,

the |i guedngedciralatingllug@throuphaha fise tenel S&Aknger so as to transfer heat
exchanger; punping the heated circulating fluid from

from thg elqvpied terppesatuescetiaigts saicheirculatiogdbédind- heat
exchanger..so.,as to. transf.er heat fromthe circul ating
fluid %ﬁ?séngttll?giﬂyeg{f el gap Hﬁ%f" SYRLC NERFXCEhar gi ng
vapor i Z@ehpRal e fbatdPSirdul AMtMBd HBROME ARS8 ALarRXERRRELHto the second
2. The process of Claim1, further conprising:

heat exolmaigersiorsy tortiassfenteaf framthdheraiating fludd s# thewiguefied natural gas; and

tower; an drai ning .the condensed noisture from said
vat er freing vangrized patueal sag fromy the seeend hertexehanger.

c i : [ 0 ..ai.t froma top of said
mggg:h@gémkg?s g‘@g%%?h%&g%bﬁ%ﬁ?wgﬁgf is drawn across the
di stri buhdssinghelistud. frobh eheiOigRSHidvatet @ landf Ur t her
conprising: formng the water tower having a plurality
of baf fdraring grerpopdensed aioisturs diogh sead wrter towear.

3. The process of Claim 1, further comprising:

exhausting cooled air from a top of said water tower after the ambient air is drawn
across the distributed water.
4. The process of Claim 1, further comprising:
forming the water tower having a plurality of baffles formed therein, said water tower
having a blower at a top thereof, said water tower having a plurality of openings formed in a wall
thereof adjacent respectively said plurality of baffles, said step of drawing ambient air comprising
passing the ambient air through said plurality of openings so as to be in close proximity to the water
distributed over said plurality of baffles.
5. The process of Claim 4, said step of forming the water tower comprising:
securing a water basin to a bottom of said water tower, said water basin positioned
so as to collect the heated distributed water, said step of pumping the elevated temperature water

comprising pumping the heated distributed water from said water basin to said first heat exchanger.



having a bl ower at a top thereof, said water tower
having a plurality of openings forned in a wall

wao heneofss@dj acent respectively said plurality PET/US2003/023580
baffl es, said step of draw ng anmbi ent air conprising
passing the anbient air thro b‘h said plurality of

0 i.Ngs. SO a 0 he_in close.proximty to the water
oty 8€€fauggi= E“rgaeﬁ?%m?rf %f baffles. 5 The
Pr 0Ces Syudpin @b Matbr fRAL i ) 1 er
~ tower ipon'p?rli%si ng: éecur?aﬁghg?&g%tgg%agéﬁgog%ga e&??%?ﬁaﬁertheheat
is traxdffersel idtohe eircutlativerfluidai d wat er basi n positioned so
as7t col | ect t@s heated distributed water, said step
of ,

TREESE 1Y el oy esaid; eaeped hedlr exolangsr beingnprsheli-agd-tubes heat

] ' : . i stri-buted. water .from sai er ,
exchdiigh A0 AT E pEl bR LR} eIt oS of said second
heat drCHangS?) 0413 1iGEadRAhaturd bab pastihe tIROOGESHS tes fl RidRetond heat exchanger.

further conprising: punping the water from said ?I rst

hefatThesprenyef Clabn d alvgthwpecmprisinger after the heat s
e e LB 5 g STE s it e
excha??@ﬂ dfte® Bt Heb8 Srah§Bred ﬁﬁlﬁ@ﬁfgﬁ:ﬁfcula L dufdsato tﬁée Tiﬁﬁ%f%éiinglglral gas.

uid passing wthin the s an Cross t
s&i A pecessdor Vepatiziag dlyaefier nateal ghslcomysiingd nat ur al
gas passing through the tubes in said second heat

exchandapsiig wate HgteE Lyvesso af i gieVate # ismpgeature of the water;

conpri sy, g ' ' l.ati fluid fromsaid
cecond hagmeEplene) MRl Plhisdfrolihy ot hE R tpee
af ter tohssidpeatirdutatingadlied Si6eh the A Bedtet Sdchamdedtd Ao transfer heat
fluid into the liquefjed natural gas. 9. A process for

from thesérviater! ierparefuest water intat saich¢irapdating Slwpdsi si ng:  passi ng
wat er into a ter. tower .So as to el eyate
t enper &L UM By lﬂﬁeé‘le\ﬂé]\tgﬁlf?l gaﬁHﬁ%Pﬁﬁcopﬁge%Ieéaéﬂ“éﬁﬁ
tenper ahikhpehoWaé Eéatéch&@];&iﬁ{ijiing ﬂ:uiri{f ﬁBmﬁﬁ@Eres?iﬁgﬁ%?&Eaég?r eiato the second

passing a circulating rough t I'rs

heat exglrmgageras o trassfrchett faora files citvediting flugiintd e ¢lga¥iddathtural gas;
tenperature water into said circulating flui él; passi ng
the i atﬁé Jrgiie yaperizsr ngisalicas Hom thesesand headexchanger.

exchan : ' .cigew ating fluid fro

The 1 RefiingBHOBLAab e o SR BAE 6P o e S8 Hhan the water
toweresaddhBagags se@cabeibh@a bhRfAfoilbeahd f rom the circul ati ng

fluid into the liquefied natural gas; discharging

vapor i Pesingathgrheategaanotives ruahidty sefccinmlatimgt fleid cinangsid . second heat
heat i ng .anot her quantity. of circulating fluid by a

exchaflfd (o8P BSlnafifi Vamoleed riehbistormttinoe! qai o
heating soupsRinael REiéh SARe fistedeROlhGhi | :
t he heat ed gnot errﬂgtlﬂantitgl osf c%rcuﬁlngtall%agl???ég?gé%tﬁlggoume’ and
sai d secondfihegsaid portion of the discharged natural gas so as to heat said another

quantity of circulating fluid.



exchanger, said step of discharging vaporized natural
gas conprising: passing a portion of the discharged
wWo200408448@as t o said heating source; and firiPQI/Es1003/023580
portion of the discharged naizral gas so as to heat
said another quantity of cifrculating fluid. WO
20 4/ 044480 PCT/ US2003/ 023580 -12 10. A process for
ort BIOReSSITP I RRPTIZRE hapefiedi naual gas GoPEsiAg: passi ng
vvater [ .
terper JPETE il £ OHBH0RE: B3e L BRI B aryrg of e gpter said st
of passirppwatsd cogpribit ri buting t he vvater over an interior
surface of the water tower; and_ drawi ng ambient air
t hr ough t he dﬁéltﬂélitlflgdh!éwa% Py gntinferion wirferbof the water éower; and
so as to transfer |rto
The anbi ont CTRAGIERG: & RGBS e R Gobfiyted water so
as to B¥ES heffrold afbieRUAP I We W&?er ahexAbRAt LiLARERAL nyeouw&? temperature
through a first heat exchanger; passing a circul at
in ex¢essi0X73°ls ough the first heated exchanger so as to

transfer heat he el evated tenperature water
into s&Erae g F%F?Tﬁé tqoperafure pde; thpugha ﬁrﬂélﬁéiquéhﬁnger

neat ea Pt SRR pERE AOARH U B g i panstr e

from thetelevattd teRpQBMEre WeRE intX Gh@pigRlati@ fgd;t 0 transfer heat
fromthe circulating fluid into the Ilquefl ed nat ur al

gas; apgssing he higrefiadgaiaplgas i anecond deatgxshdngem t he

second heat e an cess for .va zin

| i quef iPEHP e EBF %@gﬂ%%%tﬁﬁ%?ﬂ% be &t ﬂélea'gfixéb gt gtosthe second
heat A@hBiget DWMto BAnder Redt ﬁ‘l)l%vtﬁé ﬁrﬁtle&ﬁ?ﬁﬁﬁ@hﬂé fheq ugﬂgd natural gas; and

water, said water being f er punplné

el evat elischagingraporizduatieal gab frongthe dedond dikatlegelianger.

exchanger; passing a circulating fluid through the

first heated exchanger so as to transfer heat from

t nto said C|rculat|ng
fhgl %&\ég‘% g?%l]‘r?ggﬁ {aiéﬁa&‘f‘ .“&{%aellgﬁ‘&c‘afll}%% passi ng
the |i %H@sﬁﬂgeﬁaﬁﬁhﬁb alwaasiolvet & & DR ehf%ﬁ‘f erature of the water, said
exchanger; punping the heated circulating fl UI d from

waterthemgffrash twabmat exchanger into the second heat
exchanger so ansf er heat fé@m t hg circul at| ng

fluid PHPEMEHES Ffea%fsé Fegrperpttg ter Jaroughy 4 dirst deat crghagiesiy
\v,\%pggb O&Z%%i@gﬁ%@%@%%@g%ﬁ&? Reh DAl hEXED D IE Ly transfer heat

from the elevated temperature water into said circulating fluid, said circulating fluid being glycol;
passing the liquefied natural gas into a second heat exchanger;
pumping the heated circulating fluid from the first heat exchanger into the second
heat exchanger so as to transfer heat from the circulating fluid into the liquefied natural gas; and

discharging vaporized natural gas from the second heat exchanger.



-13 12. A systemfor vaporizing liquified natural gas
conprising: a water tower neans having a water inlet

WO 2ove/0ar80 a wat er outlet |ine, said water towePCT/IBENG023580
for heating water passed fromsaid water inlet line
therein such that heated water passes to said water

| i i d.wat . I Si ng:
o) St R BB BT 1
wat er 'd\kfﬁ&rtbwgﬁnedﬂgﬁé\tih?@\%’teﬁ legg?%#g%!v%gérbpgé\tgiﬂé,@gid water tower

water onto to said plurality o
meanyganiwatifid Wated passedifrbmpaidi watad idlet linsriheteid QichdhaWest9d water passes to
., anbi eng5 .air across the water on said plurality of
said wafet Quilet ling, qaigd witerdpWeHRPHNS SBRIPHIFBEed at a bottom of
sai d chanber, said ut | et lhine.connected tao . .
said water basin:® (gl\g@fbrgé]%a%#&eéﬁ Iglglxa(l:]‘rt?’a?]fgbea?ﬁr%sg[ﬁ?em’ said water inlet line
positioaethecised distriaé thewadt@r onfiriol said pliRdnserardat the
heated water passes therethrough, said first heat
exchange means ha¥blagenmedns @ﬁﬂ)@g fonajtop olisaid ¢Hanber for drawing ambient

. ndi therejin.in he exchange rel ationship wth
ar acgéslts gle\(/j\yg{l][gl}orbfﬁ“? gf[urarl}t%gl,hbagg?sda? rst heat exchange neans
for transferringpgatadif gﬁlﬁé}ﬁdgﬁﬁo‘%ﬁ%ﬁg chdnB&! $3id water outlet
~ water outlet line into the circulating flurd in sal
line coimectdddt isamid Wateritdsinj ne; and a second heat exchange

nmeans hayi ng a liquefied natural gas _|ine therein,
said ct etihe prange mepnsicancsted o saich graten owthdt ding sushribat the heated

- i xchange rel ationship .... .
vate}85ls SUCARNAR, TR el 5 AR AP P e cxendin
therei@ € hewd gechaRad@ | dtidhsHip M &1t kiR ohgatlink! QM ﬁl@ﬁléﬁfs@{cﬁgnge means for

circulating fluid into the |liquefied natural gas I n

transfgring hepiyfrem thel heated water dmsaid iwater ostetdiredantie bizadlating fluid in said

. sexchange. neans having a vaporized gas outlet extending
Clrcu]?ﬁ%%@‘l“ggme’@ The systemof Claim 12, said first heat

exchang [ t.ef; saj.d. . .
ol SRR AR OB 0L o RA Tty Gl torein. i

circulatih@fluitlilime exteAdingtie sy sécend béat Cketianpd Riearisah de &GO e relationship
.. heat exchansae means having a circulating fluid out Fet
with saig lengfigd sasiicesaibsacondihest exchengeaneang fartwnsfening hett from the heated

: [ [ W th sajid .circul ati.n | ui line in,
cireuGATHRIRD RO R Brb B o Dlyaticah s, Sid second hea
exchabb@mRhrshhavifyl Lvapeaodtol dailct%tha %ﬂ'@ﬁ&ﬁ. conprising a

S eII-and-?%%egﬁ@heat exch%nger,ﬂgai I quefi ed

natural gas line being the tubes of said heat

exch er, th i.rcul ating _fluid passing around the

t Ege it AYLTR 8F Clmg 1|Li_esaéq11 E_FSF head gxehapes mgrahanGera olpd water outlet,
said cbb8g W%Re?ghﬂ& ih QotMunt AL &E Wit sai fwafté}' ifliepfil! - said

vapori zed gas outlet positioned at an uppér end of

sai d heat exchanger. WO 2004/ 044480 PCT/ US2003/ 023580

14. The system of Claim 12, said second heat exchange means having a circulating fluid
outlet extending therefrom, said circulating fluid outlet communicating with said circulating fluid

line in said first heat exchange means.

15. The system of Claim 12, said second heat exchange means comprising a shell-and-tubes
heat exchanger, said liquefied natural gas line being the tubes of said heat exchanger, the circulating
fluid passing around the tubes interior of the shell, said circulating fluid line opening to the interior

of said shell, said vaporized gas outlet positioned at an upper end of said heat exchanger.



-14 16. A systemfor vaporizing liquified natural gas
conprising: a water tower neans having a water inlet

WO 2ove/0ar80 a wat er outlet |ine, said water towePCT/IBENG023580
for heating water passed fromsaid water inlet line
therein such that heated water passes to said water

outlet line. a first hea xchange neans, connected to
o AP0 SIS FoieRer g G e R CAHOTRERET  wat or

passes AhaERbREQHMs heAdh WS 0%
havi ng a cilr cul ati na T uéijad ?Fﬁgleggﬁaﬁg?%%? ﬁtéér@??f Si‘nﬁl water tower

meanh Extheatinhwaigepassébfromnsidivpatori infet Had thetvrt @ich @t hedted water passes to
line, IISSB'_d first heat exchange neans for transferring

said water; oyt %he heated water in said water outlet line

ot . . er | el ati flu

RIS T R R T
waterpabses tlerggm®ubh, REidifehehtRxclkMe methd Katd dQufatilg ﬁlelgiitlﬁfc extending

extending in said second heat exchange neans in
thereig iz heah g¥cheagaclaiasship withisaif veddroutlétdneS saatfingtisat éxvhange means for

|.d.second heat exchange neans for transferring heat = =
eonstpih L RS Bt B R AT s e oiocop PR paid in said
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17. The system of Claim 16, said second heat exchange means having a gas line connected
thereto, said boiler means having said gas line connected thereto, said second heat exchange means
for passing a portion of the vaporized gas through said gas line to said boiler means, said boiler

means firing the vaporized gas so as to heat the circulating fluid in said circulating fluid line.



