WO 2011/ 059344PCT/ NO2010/ 000414 1 A plant for regasification of LNG The
present invention relates to regasification of liquefied gases, and in
parti cul awoaot/qgsbaat for regasification of |iquefied gasCTaNgpo1l/Goguref i ed
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Liquefying natural gas involves compression and cooling of gas to cryogenic tempera-

20 tures, e.g. -160°C. Thus, LNG carriers may transport a significant amount of LNG to
destinations at which the cargo is offloaded to dedicated tanks onshore, before either
being transported by road or rail on LNG carrying vehicles or revaporlzed and trans-
ported by e.g. pipelines.

25 It is often more favourable to revaporize LNG aboard the seagoing carrier before the gas
is off-loaded into onshore pipelines, for instance. US-Patent No. 6,089,022 discloses
such a system and method for regasifying LNG aboard a carrier vessel before revapori-
zed gas is transferred to shore. LNG is flowed through one or more vaporizers posi-
tioned aboard the vessel. Seawater surrounding the carrier vessel is flowed through a

30  vaporizer to heat and vaporize LNG to natural gas before offloading to onshore facili-

ties.

According to US-Patent No. 6,089,022 the “TRI-EX” Intermediate Fluid-fype LNG
vaporizer is capable of using seawater as the principal heat exchange medium. Such

35 type of vaporizer is also disclosed by US-Patent No. 6,367,429 in principle comprising
a housing with a pre-heat and final heating section. The pre-heat section has a plurality
of pipes running therethrough which fluidly connect two manifolds arranged at either



35 type of vaporizer is also disclosed by US-Patent No. 6,367,429 in
principle conprising a housing with a pre-heat and final heating section.
The pre- hwet2osdsti4en has a plurality of pipes running treratdeouyhsiwhi ch
fluidly connect two manifolds arranged at either WO

2011/ 059344PCT/ NO2010/ 000414 2 end of the pre-heat section. The final
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30 coolant entering the heat exchanger as a gas and leaving the same in a liquefied state.

Moreover, coolant is flowed in a closed circuit and through at least one coolant/seawater
heat exchanger in which liquefied coolant is evaporated before entering the LNG/coo-
lant heat exchanger, and the pressure in evaporated coolant is controlled.

35 In the propane loop presented by US-Patent No. 6,945,049, the temperature difference
between seawater entering and leaving the coolant/seawater heat exchanger has to be

relatively high as to avoid voluminous dimensions. Typically, the evaporation tempera-



5 NGis typically heated from-20 C until some bel ow seawater within a
shell & tube type heat exchanger nmade fromtitanium NG and seawater are

di rect ed wo 20hspube si de and shell side, respectively @CTiNo2omatod41g). Hi gh
pressure on the NG side nmake the titaniumshall & tube heat exchanger very
expensi ve and, to reduce costs, this is constructed |like an all wel ded heat
exchanger having strai ght tubes due to gonsiderably io reduced di ameter and
elimnation of the very expensive tube plate conpared with a heat exchanger
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| oop. The L cool ant and NG cool ant heat exchangers can favourably be
constructed as conpact printed circuit heat exchangers. The two heat
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25 - at least one pump boosting LNG pressure;

- a LNG/coolant heat exchanger producing NG from LNG being flowed from the boost-
ing pumps; |
- a closed coolant loop extending through the LNG/coolant heat exchanger and includ-
ing at least one heat exchangers, a coolant frorn the respective heat exchanger being

30 passed through the LNG heat exchanger as a gas and leaQing in a condensed state as to
produce NG by thermal exchange; and
- a heating medium being used within the respective heat exchanger as to provide cool-
ant in a gaseous state, wherein a NG/coolant heat exchanger is arranged in connection
with the LNG/coolant heat exchanger and is connected to the closed coolant loop,

35 whereby LNG is preheated within the LNG/coolant heat exchanger and NG is trim
heated within the NG/coolant heat exchanger using liquid coolant from at least one heat

exchanger.



Favourably, the coolant is propane, and the heating nmediumis seawater. 20
An external heater can be arranged to preheat water fed into the heat
exchangerwOreotiodpgt i on with the NG cool ant heat exchan@em/Nazbtogwonati vel y
to preheat seawater fed into all heat exchangers in the closed cool ant

| oop. Enbodi nents according to the present invention are now to be
described in further de- 25 tail, in order to exenplify its principles,
operation and advantages. The description refers to the foll ow ng draw ngs,
not necessarily to scale, where |ike parts have been given |ike reference
nunmer al s to 4 are, si tic.flow dia f the
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i nvention; abeowt the Yoiling ipsessurs angeaivhice tbnipepatud agortrol ohlve icareamgediimthat of t he
present i ”‘éﬁ)@éd n‘[kp(eo resent regasification plant conprises basically two
circuits: a coo n? cuit and a 35 NG circuit. Propane is often preferred
as a codl ant due to therm)dynam c properties and freezing point but any
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tenperatu C bel ow seawat er inl ét tenperature. The
coolant circuit is fed froma cool ant supply H, e.g. a tank, and driven by

a punp E i ph@nRabi§The WSIIARGs B g&:f'e Q&?ﬁle%ﬁtﬂ?gnﬂ@&luﬁq lsétj:aw'h‘?éfgh illustrated as

bei ng nount ed outside the cool ant supply, the punp, e.g. a centrifugal
punp, may also be of the sub- 20 nmerged pot nounted type |like the punps Al,
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NG cool ant ahbeat easluingenyaemn the dlqsequwlamtdocbmr trimheating of NG 25 Cool ed
cool ant | eaving the NG cool ant heat exchanger C is pressure relieved by
means of a control valve F before it enters at |east one_sem welded plate
heat exchakgthodimentsgccorting ©dhe pigheny inveatiomgremew topeslesaribgg imfythende-abl e
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pl at e heat likx edfereger nudheralé? cool ant i s evaporated using seawater, each
bei ng passed on opposite sides through the heat exchangers.
Fig. 1 to 4 are simplified schematic flow diagrams of the regasification plant according

30 to various embodiments of the present invention; and
Fig. 5 is a simplified flow diagram of one embodiment of the present invention.

The present regasification plant comprises basically two circuits: a coolant circuit and a

35 NG circuit. Propane is often preferred as a coolant due to thermodynamic properties and
freezing point but any suitable fluid having an evaporation temperature of about 0 °C in
the pressure ranges 200-2500 kPa may be suitable.



Then, evaporated coolant is passed on to the LNG cool ant heat exchanger B
to be condensed while LNG is evaporated on each side within the heat
exchangerwotren/gspiheat - 35 i ng LNG Condensed cool ant fr @cTiNO20vemb414
exchanger is at last returned into the tank H 6 Many optional variations
are possible, and these are illustrated in a not-exhaustive manner in the
drawi ngs. As shown in Fig. 2 and 4, thegpreheating and trim heating heat
exchangers B, C nay be conbi ned to one conm)n heat exchanger. Such common
heat exchanger is having one LNG NG path and at | east one separate path for
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i al I
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based uponstaindese steelopriapyreuitablé mhtedak ensi ve ref er ences. Corrpar ed with the
prior art, sem -wel ded plate heat exchangers are used between the propane
and seawater and at | east one small er propane circul ating (i)urrp may be used.

20 W t hout Nébleavesdhe ENfreneans hoat exehangend? inaryevaporatad e and efterside pr esent
plant are @L@b@ﬂaﬁ h%&rexa@da@kﬂ@% WhehW & s frinehédeéd %&&ohva}ea@hsmmm tion:
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St hane. ( CoRePesaisinaBRin by £49 hebHeus B TEIey B2y By HMEOAIEES) 0. 08 5%
Hexane (506):6blﬁht%’he vapour temperature is typically 5-10 °C below seawater inlet temperature. -

The coolant circuit is fed from a coolant supply H, e.g. a tank, and driven by a pump E
into a semi welded plate heat exchanger D. Although illustrated as being mounted out-
side the coolant supply, the pump, e.g. a centrifugal pump, may also be of the sub-

20 merged pot mounted type like the pumps A1, A2 mentioned above. Coolant is heated by
means of seawater passing through the plate heat exchanger opposite of coolant, typi-
cally up to 2-5 °C below ingoing seawater temperature. Then, heated coolant is fed into
the NG/coolant heat exchanger C to provide for trim heating of NG.

25 Cooled coolant leaving the NG/coolant heat exchanger C is pressure relieved by means
of a control valve F before it enters at least one semi welded plate heat exchanger G1,
G2. The control valve may be replaced by any suitable means, e.g. a fixed restriction.
An objective of the control valve is to maintain pressure from the pump E through the
two heat exchangers D, C above boiling pressure of coolant at seawater temperature.

30 Within each plate heat exchanger G1, G2 coolant is evaporated using seawater, each
being passed on opposite sides through the heat exchangers.

Then, evaporated coolant is passed on to the LNG/coolant heat exchanger B to be con-
densed while LNG is evaporated on each side within the heat exchanger when preheat-
35 ing LNG. Condensed coolant from the heat exchanger is at last returned into the tank H.



Mor eover, basic data input data may be: 35 LNG Fl ow. 50-300 tons/hour each
skid LNG inlet tenperature: -160 C 7 Gas outlet tenperature: typically
5-10 C bewowosigsmpmtier tenperature LNG i nl et pressure: 4000A220000kARa LNG
outl et pressure: 200 - 600 kPa below inlet pressure Inlet seawater
tenperature : 5-35 C5 According to Fig. 5 showing a sinplified flow

di agram of one enbodi nent of the presentg invention, LNG at a pressure of
500 kPa and tenperature of -160 C enters the LNG Propane PCHE heat
exchanger . Mdnylopéives vatitktiors akepgasibd, dnéthele 40 ilfushared ig a doPEXtBTsHR rhin-
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exchangers , G at a ténperature of 11 C and 250 kPa before exiting at 3

C and 100 kPa. Propane enters at approximately -11,9 C and 500 kPa and
| eaves for Tnat@agiﬁg%ﬁdn@lwaﬁm iasthll &Rt Bnuttlbaegasmuatib@t\@sm@ﬂ‘zﬁ@lr above
25 The di sgussi op, abo as..regards.. t nt inventio re,to
construod ERRERE SRR AGRR R @ SRED TE teenBi o Plst P Lk on,
the true sphangersancspeciofly defigmddormarinainstallntbonsked fior alpdgenedworkintgh@npat ent
clains. Al - i ne&g i : 1.0 i i he
present i nggfr?# ?Igrr#c zi%ﬁlgﬁj%%% {5$0 sakg&{o u?%{‘n rr%ﬁ Wéﬁhté&?%ﬁ%ﬁge%g? &%ﬁ%&eﬁ

with the prior art, semi-welded plate heat exchangers are'used between the propane and

seawater and at least one smaller propane circulating pump may be used.

20 Without considered mandatory, heat exchangers suitable for the present plant are de-

signed for handling LNG with the following typical composition:

Standard
Composition (Mole %) liquefied
25 Nitrogen 0.34 %
Methane (C1) 89.50 %
Ethane (C2) 6.33 %
Propane (C3) 2.49%
Butane (C4) 1.26 %
30 Pentane (C5) 0.08 %
Hexane (C6) 0.0 %
Moreover, basic data input data may be:
35
LNG-Flow : 50-300 tons/hour each skid

LNG inlet temperature :-160°C



30 ent clainms, this fact is actually not excluding that any appropriate
type of |iquefied gases such as ethane, propane, N2, COQ2 is applicable. As
an al t er maDI208/05p3441 s under stood that the present plant Pars®22rayooba4
install ed onshore. 8 Patentclains 1. A plant for regasification of LNG
conprising: 5 - at |east one punp (A, A2) boosting LNG pressure; - a

LNG cool ant heat exchanger (B) producing NG from LNG being flowed fromthe
boosti ng punps; a closed cool ant | oop extending through the LNG cool ant -
heat exchanger @B} oathe témgdratdieng af tybraky SAVeCisddw sesvddiganperaftre GL , G2),

a coolant from r ective heat | nger being passed through the
LNG heat exchangg‘ralgzéﬁreﬁggeand Ie‘a%@ﬁ?@ﬁaéf%ondensed state as to produce
NG by thermal ekbdiaouftet prassiire a heat 2000 6@0kRmbdiew myetuymrestum t hi n t he ‘

respective heat  fXGRADYES tefd 4 to provide coolant in a gaseous
state, ch ar act er ?{5 geréli rﬁ ﬁétsag NG cool ant heat exchanger (C) is

arranged in connection with the LNG cool ant heat 15 exchanger (B) and is
connect ed WARcérdmglb F$LG hOMY simpAfed PR EiFarthNBohS eBbENRRRESE the LN t he
LNGE cool ant heat exctig\p(ger and NG #15 tkrdagggeat ed wt hflg bug NG cqol ant heat
exchanger o8 HYYPiQRitdY @ 807 REGESUS Bhn 0%t tePRTamERt dO0nSRisS ) . 2. 20
A pl ant actdiGPrpatoPCHE hehdxchdngee Ht aves with a &imperature offi-20 °C Hadvidgwe cl osed
coolant lo | t el L ure in.eyaporated.
ool ant . 3PrsBERE L2580 RE Gnd b A 0ol R oRiRREM rhory WD 21 2,
n that 10 perheated vapour leaves with a temperature of 2 °C and a pressure of 1,105¢+004 kPa.

In the LNG/coolant PCHE and NG/coolant PCHE heat are exchanged against propane
circulating in a closed loop. Propane enters the LNG/coolant PCHE at approximately
-5,4 °C and 400 kPa as gas in which the propane is condensed and leaves the PCHE as
15 liquefied at -19 °C and approximately 253,0 kPa. In the NG/coolant PCHE propane en-
 tersat7 °C and 800 kPa as gas and leaves after condensation as liquefied at approxi-
mately -11,9 °C and 650 kPa. Propane in the closed loop is first pumped by the pump E
and heated against seawater in the plate heat exchanger D in which seawater enters at a
temperature of 11 °C and having a pressure of 250 kPa and leaves at 3 °C and 100 kPa.
20 Propane enters at a temperature of approximately -18,4 °C and 900 kPa and leaves for
entering the NG/coolant PCHE in the condition specified above. Seawater enters the
plate heat exchangers G1, G2 at a temperature of 11 °C and 250 kPa before exiting at 3
°C and 100 kPa. Propane enters at approximately -11,9 °C and 500 kPa and leaves for
entering the LNG/coolant PCHE in the condition specified above
25
The discussion above as regards the present invention are to be construed merely illus-
trative for principles according to the invention, the true spirit and scope of present in-
vention being defined by the patent claims. Although LNG and NG is especially men-
tioned when discussion the present invention and also for sake of simplicity in the pat-
30  ent claims, this fact is actually not excluding that any appropriate type of liquefied gases
such as ethane, propane, N», CO; is applicable. As an alternative, it is understood that

the present plant also may be installed onshore.



the pressure through the heat exchanger (D) and NG cool ant heat exchanger
(© is maintained above the boiling pressure at seawater tenperature. 4.

30 A pl anwoaeotarseisg to any of the preceding clains, c raT/ND2010/008414 2z edi
n that the LNG cool ant heat exchanger (B) and NG cool ant heat ex- changer
(C are printed circuit heat exchangers. 5. 35 A plant according to any of
the preceding clains, characterizedi n that the LNG cool ant heat exchanger
(B) and NG cool ant heat ex- 9 changer (C) are conbined to a single heat
exchanger [paw ngeonet LNG NGapatf and at | east one separate path for cool ant
in preheating and trimheating portions, respectively. 6. 5 A plant
according to any of the preceding clains, char act er - izedi n that the
heat exchamgers (D, A, &) included in the closed cool ant | oop are sem
wel ded pl a plant according to any of the
precedi ng é@%r%ﬁ#ﬂ%&?h?ﬁéﬁq, C?)%gﬁlslﬁgt hat the boosting punps (A, A2)
are nul t5 st aigeast epe PRmPGAL Hirheestigg LNG pressure;

- a LNG/coolant heat exchanger (B) producing NG from LNG being flowed from the
boosting pumps;

- a closed coolant loop extending through the LNG/coolant heat exchanger (B) and in-
cluding at least one heat exchangers (D, G1, G2), a coolant from the respective heat
10 exchanger being passed through the LNG heat exchanger as a gas and leaving in a con-
densed state as to produce NG by thermal exchange; and
- a heating medium being used within the respective heat exchanger (D, G1, G2) as to
provide coolant ina gaseousstate, ¢ h ar a ct er iz e d i n that
a NG/coolant heat exchanger (C) is arranged in connection with the LNG/coolant heat
15 exchanger (B) and is connected to the closed coolant loop, whereby LNG is preheated
within the LNG/coolant heat exchanger and NG is trim heated within the NG/coolant
heat exchanger using liquid coolant from at least one heat exchanger (D).

2.

20 A plantaccordingtotheclaiml, ¢ h ar acterized i n that
the closed coolant loop comprises a valve (F) controlling the pressure in evaporated
coolant.

3.

25 A plantaccordingtotheclaim1l, ¢ h ar a cterized i n that
the pressure through the heat exchanger (D) and NG/coolant heat exchanger (C) is
maintained above the boiling pressure at seawater temperature.

4.
30 A plant according to any of the precedingclaims, ¢ h a r a ¢t er -
1z ed 1 n thatthe LNG/coolant heat exchanger (B) and NG/coolant heat ex-

changer (C) are printed circuit heat exchangers.

5.
35 A plant according to any of the preceding claims, ¢ h a r a ¢ t e r -
iz ed 1 n thatthe LNG/coolant heat exchanger (B) and NG/coolant heat ex-



A plant according to any of the preceding clains, char a ct er - 15 izedin
that the coolant punp (E) is preferentially a centrifugal punp. 9. A plant
accordi ngvoaoampoafi t he preceding clains, char a ¢ t er PCTiNOedionoddiat t he
cool ant is propane. 20 10. A plant according to any of the preceding
claims, char a ct er - izedin that the heating nediumis seawater. 2511. A
pl ant according to the claim 10, char aoc t eriz edi n that an external
heater (K) is arranged to preheat seawafer fed into the heat exchanger (D)

i n connect cdhgit () akdeonsheP R AdihglB Badt cRiEhgaARNing@ne [IAGAG Pathlaablat
according to the claim 1&f char a.c t erj z ggqll qﬁtthat an external heater
(K) is arr SAYaRCoEPPHERAG: Os Lot &b Preheatingagd fim hsptingporient, respediier s (D,
a, ).

6.
5 A plant according to any of the precedingclaims, ¢ h a r a c t e r -
iz ed 1 n thattheheat exchangers (D, G1, G2) included in the closed coolant

loop are semi welded plate heat exchangers.

7.
10 A plant according to any of the precedingclaims, ¢ h a r a c t e r -

i zed 1 n thattheboosting pumps (Al, A2) are multistage centrifugal pumps.

8.
A plant according to any of the precedingclaims, ¢ h a r a c t e r -
15 1 z e d 1 n thatthe coolant pump (E) is preferentially a centrifugal pump.

9.
Aplant according to any of the precedingclaims, ¢ h ar a c t e r -
iz e d 1 n thatthe coolantis propane.
20
10.
A plant aécording to any of the precedingclaims, ¢ h ar a c t e r -

iz e d 1 n thattheheating medium is seawater.

25 11,
A plant according totheclaim 10, ¢ h a r a ¢t e r i z e d i n that
an external heater (K) is arranged to preheat seawater fed into the heat exchanger (D) in
connection with the NG/coolant heat exchanger (C).

30 12.
A plant accordingtotheclaim 10, ¢ h ar a ct er i z e d i n that

an external heater (K) is arranged to preheat seawater fed into all of the heat exchangers
(D, G1, G2).



