A plant for regasification of LNG The present invention relates to
regasification of |iquefied gases, and in particular a 5 plant for
regasification of liquefied gas, e.g. liquefied natural gas (LNG,
primarily but not exclusively intended for installation on a seagoing
vessels. Natural gas is produced from subterranean reservoirs throughout
the world. Such gas in the formof nethane, for instance, is a valuable
commodi ty, and various nethods and 10 equipnent exist for the extraction,
treatment and transportation of the natural gas fromthe actual reservoir
to consuners. The transport is often perforned by neans of a pipeline in
whi ch gas in the gaseous st ate A plam foheegadificitioniof LN&G conveyed onshore.
However, nmany reservoirs are located in renpote areas or areas with
restricted accessibility, .involving that utilization of pipeline is
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being transported by road or rail on LNG carrying vehicles or revaporized and trans-

ported by e.g. pipelines.

25 Itis 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-type 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



2 end of the pre-heat section. The final heating section has also a
plurality of pipes running therethrough which fluidly connect two ot her
mani fol ds at either end of the final heating section. Seawater surroundi ng
the vessel is punped into a nmanifold and flows through the pipes in the
final heating section and into the manifold before flowng 5 through the
pi pes in the pre-heat section and into the manifold, fromwhich the
seawater is discharged into the sea. In operation, LNG flows from a booster
punp and into Gl I: 1l i kN J : jion of
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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
directed on the tube side and shell side, respectively (trimheating). High
pressure on the NG side make the tita- niumshall & tube heat exchanger
very expensive and, to reduce costs, this is constructed |ike an all wel ded
heat exchanger havi ng strai ght tubes due to considerably 10 reduced

di aneter and elimnation of the very expensive tube plate conpared with a
heat exchanger having U tubes, Using all welded heat exchangers result in
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exchanger and hlglsprﬁﬁaﬁesé%ﬁﬂ'anger above the boiling pressure at seawater
tenperature, a control valve is arranged in the closed cool ant | oop. The
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separate path for coolant in preheating and trim heating portions,
respectively. AQording to the present invention, it is proposed a plant for regasification of LNG,

comprising:

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 fro;n 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.



Further, the heat exchangers included in the closed coolant | oop are
preferentially sem welded plate heat exchangers. To boost LNG being
flowed into the LNG cool ant heat exchanger, it is favourably used 15 at

| east one nultistage centrifugal punp, whereas coolant is circul ated by
means of a centrifugal punp, for instance. Favourably, the coolant is
propane, and the heating nediumis seawater. 20 An external heater can be
arranged to preheat water fed into the hedt exchanger in connection wth
the NG cool ant heat exchanger, alternatively to preheat seawater fed into
all heat exchangers in fhe closed cool ant Ioo% Encgodi ment s _according to
the present i nvEWPAHBRINIRGPTRSHEthiousd thriGicpgian heah exdhpnerranddis hef sxghgpger | 1
order to exenplabdve thettwilimgiprisiupt @ scavaize teatperature A doramdl eahtedig asangddhia the
description refRi& bBlakthopf Ol | OW ng drawi ngs, not necessarily to scale,
where |1 ke parts have been given like reference nunerals: Fig. | to 4
are sinplifi ed schematic flow di agrans of the regasification plant

accordi ng 30 t dh¢BNGigelartiehdNGrrenlent hodt exflangaresa ftvoimable bt construgierhsFig. 5 is
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circuit and a erre cool ant due to

t her modynani ¢ fb‘%térb%fF][‘qa%%gaé‘H&“PPéaé‘?Bﬁwlﬁ%% f?ﬁpeﬁﬁ‘fe%ny suitable fluid having
an evaporatiion tenperature of about 0 Cin the pressure ranges 200-2500 kPa

may be suitabl gythep th%%ehtlekéh'%ﬁ & i8duddd 11'1: 1h9 cloded doBlanti18bbt a8 rEterdnDiRly simf €d f rom
onboard tanks ]%%8 f?j Y}m% |nto at least one high 'pressure punp Al, A2
whi ch boost's LIEIHRIEE At eXHangerr om whi ch boosted LNG is flowed into a

LNG cool ant heat exchanger B. Each punp is a 5 nultistage centrifugal punp,
for instance, bebdvgt @utbaaﬁgﬁ@l”mhtomwme@@owm&dt exmeiget, WiefauRRiblPidear i N9
the LNG coolanj, }J&%%#x %ﬁ@égg&ngf%? e%LF‘;'xcalhleI%as 8y gﬁgﬂtedtbé/mem? etheat ed to

-20 C and highe ore ex rsoertecte o]
transition forcepirdigalrusp, Esdstaee sinilar to US- Pat ent No 6, 945, 049 The
LNG cool ant heat exchanger may be a conpact printed circuit heat exchanger
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LNG cool ant heat exchanger B inh an evaporated state and enters a NG cool ant
heat exchanger Cin which NGis trimheated before conveyed onshore as
super heat ed® v ajyoexterndl heatar cambererangeddo phegaewhter frd ithipe heatpeshatger @ qghi de f or
liquefied 15 GRedoaRtith tHORGX3MRM hedt@RIAA L, W tErnhtSrelyP behdat YeaRaibPefidie! OW
seawater inl etallthgmgéh%g%rs ih the closed coolant loop.

Embodiments according to the present invention are now to be described in further de-
25 tail, in order to exemplify its principles, operation and advantages. The description re-
fers to the following drawings, not necessarily to scale, where like parts have been given

like reference numerals:

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.



The coolant circuit is fed froma coolant supply H e.g. a tank, and driven
by a punp Einto a sem welded plate heat exchanger D. Although illustrated
as bei ng nmounted outside the cool ant supply, the punp, e.g. a centrifugal
punp, nmay al so be of the sub- 20 merged pot nmounted type |like the punps Al,
A2 nmentioned above. Coolant is heated by neans of seawater passing through
the plate heat exchanger opposite of coolant, typically up to 2-5 C bel ow

i ngoi ng seawat er tenperature. Then, heated coolant is fed into the

NG cool ant heat exchanger C to provide for trimheating of NG 25 Cool ed
cool ant | eaving the NG cool ant heat exchanger C is pressure relieved by
means of a contAsGllusuatbd/@ Hig. Defodmetande, ENG 6y fad &bmloabmitd aria (ﬁcersixowmhﬂed pl at e
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last returned | *sttsl;@l&%gﬁgsﬂableglatWy optional variations are possible,
and these are 1[lTustrat n a not-exhaustive manner in the draw ngs. As

shown in Fig. 2 and 4, the preheating and trim heating heat exchangers B, C
may be conbi neNGtleavertbe EGionlahtdwat cesfahgan Ban an Supbracd stawnnhedtrs exchanger is
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type, see Fi 9. 1k Biflidirc AtihAPLS daapﬁpg%»j tegagtaﬁfwwmlb?gg&agecabl e.
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Al t hough, many are present elng a,sin t ex- to

changer, it i s‘“iﬁ’rf’c?é‘f“él"%‘é?ji Rlﬁabeaéaeha%awb%l Uil &3 568 HouiRf onal
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or Floatin ora nits i f.i Cation
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proven equi pmeahé Noidoblahka RSBk €fte pRRide for tGaMpaing@df WGt h the prior art,
sem -wel ded pl ate heat exchangers are used between the propane and seawater

and at | east one snaller propane_circul ati ng n&ma be used. 20 Wt hout
pect

consi der ed Frarfc@tedicgolay degying fhe¥fpigralant best £%¢ S RIFFSUIR FREERbY SReaRt  ar e
desi gned for héadbitroyvdNGF bifork ittehersfad lchgwheagenti yelded blacdwpesetangan G1St andar d
Conposi t L on (M. @ndBdntraiiGaiveSithy e MpldcBO6N Dy 3ditVRENARS. & Gk BstalioR0 Et hane
() 6.33% 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.



Propane (C3)2.49% Butane (C4)1.26 % 30Pentane (C5)0.08 % Hexane (C6)0.0 %
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 bel ow seawater tenperature LNG inlet pressure: 4000-20000 kPa LNG
outl et pressure: 200 -600 kPa bel ow inlet pressure Inlet seawater
tenperature : 5-35 C5 According to Fig. 5 showing a sinplified flow

di agram of one enbodi nent of the present i°Pnvention, LNG at a pressure of

500 kPa and t ermﬁfy%ﬁﬂ&ﬁl itk @R afe ;ﬁggitﬁé,%n& m@selauqlg)s'iﬁ@@ﬂﬁa G man-

exchanger. It | eaves th a tenperature of-20 C having, a pressure o
1, 120e+004 kPa "§hig s rasrigey s SHAdR Blga f‘ndh‘bﬁle Peheating 4t o beatingheeteXgu- 10
per heat ed vapowhariges\Pe€ myiytbls cambigerteoat crmenaf het eRctangkr Sugh egsmpehaaf

1, 105e+004 | t PaxcHaRgdk RealiNEbsON@/NG RaHRdanBadeh abpatP o hedtin pree

e, enters the

exchanged agai Rst.. propane, cj.rcul ating in. a closed |oop. Pro
LNG cool ant %CE}EE nélg D pFo% g ROy ?SEC%Vglﬁﬁgeﬂﬁgerkqsglgggs_sa‘%glpoﬁ emﬁ’ﬁ t he
propane i s condbigerd marb¢ pralcated uping @CpRragd heater K of appropriate type, see Fig. 3

and 4. The same could also be done for seawater into skid being preheated using an ex-
ternal heater of appropriate type, see Fig. 3 and 4. Any suitable coolant than seawater is
applicable. Although, many are presented in the drawings as being a single heat ex-

10 changer, it is understood that each may be supplemented with additional heat exchanger

dependent on capacity and available equipment.

The regasification plant may be installed on a Shuttle Regasification Vessel (SRV) or
Floating Storage Regasification Units (FSRU). The regasification plant and its heat ex-
15 changers are specially designed for marine installations and for cryogenic working con-
“ ditions. The plant is based upon proven equipment with extensive references. Compared
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) 249 %
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



15 liquefied at -19 C and approxi mately 253,0 kPa. In the NG cool ant PCHE
propane enters at 7 C and 800 kPa as liquid and | eaves after being cool ed
to approximately -11,9 C and 650 k.Pa as |iquid. Propane in the closed | oop
is first punped by the punp E and heated agai nst seawater in the plate heat
exchanger D in which seawater enters at a tenperature of 11 C and having a
pressure of 250 kPa and | eaves at 3 C and 100 kPa. 20 Propane enters at a
tenperature of approximtely -18,4 C and 900 kPa and | eaves for entering
the Md cool ant PCBEE in the condition specified above. Seawater enters the
pl ate heat exchangers G, 02 at a tenperature of 11 C and 250 kPa before
exiting at 3 C and 100 kPa. Propane entefs at approxi mately -11,9 C and 500
kPa and | eaves for gp&fdRehptlGrel NG §Rd13RI10 oW Rad A8 tenfpBdiutel ON speci fi ed
above 25 The di SCUS?NBQnIea}bPeE’s%reas reg?{fogﬁoqtoﬂﬁpapr esent invention are to be
construed nerely ilJustrative for pfrinciples according to the invention,
the true spirit andLQQSB‘@tEFSSHFesent2q0mﬁ§91’fﬁa@ﬁ°‘ﬁéﬁ%§mﬁé‘?i ned by the patent
clains. Al though LNElchsawi@tinperspecs-33iCy nenti oned when di scussion the
present invention and also for sake of sinplicity in the pat- 30 ent

T, 11k Ll o oo o, e
alternative, i tselllsténvﬁlhtﬁle”rr“s%{é;%a p{eﬁsg‘ie °E§°§?‘B%*’é‘§é°mp“6ﬁ“faeﬁ€ ﬁgps&éoe%§/$%e i nstal | ed
onshore. 8 Pat'dHtPreAFECHAhsst exangss it lpavepydivmitaupesae 520 Nd¥vvgapr i si ng: -
at | east one pumgsufeidf 1, 1200-00dds tridregteds MENiY @sisut hegt exchagdr iGhoddhant heat

exchanger ( By plemeiiat vagbuliendet On 4 Deppfirnigr 1 tomed plekstiiof Neosbanstpang punps;
- a closed coolant | oop extending through the LNG cool ant heat exchanger

B) and i ncl udin | east fi e hanger . 02 a cool ant
1£r Z)m the respec} ?\3%& é&?a?*geggcaﬁ%@}e“%’&ﬂ‘gf’ﬁ eﬁgﬁ‘gﬂ“’?aﬁ%ﬁ%@ H&PHPRG heat
exchanger as a °§adetiag i 3 odossd logp- Prapage endand caplagt RCHEGat eppro¥imgstilice NO by
t her mal exchang®4 “Qudl 400 kPdve gasiimghiphetté propabeis pgdeasadndieas the PORE psespect i ve
heat exchanger Hgéstied £62)9 “Esandl SppRx@otell258,0 @b i thd MG/BoBASECHESprSfaad & and a
Ceri zedt n {hat SorLymEkoats kgl 4 ‘9*26%5&%38% topft it ﬁg@r%ﬁ%g prarac
connection wit h't:tmrlldeé\géy %%‘8}”8‘&?0"%3&? a‘éﬁfé’?’f %’@gf’c‘ ﬁ(%"z“gﬁib’fée g B‘E‘gd to the
cl osed cool ant "PEEREGH esP By [ ferlpie hest enkeaead hinh fav4ia ontiepi@dem-ant  heat
exchanger and M@ajue of i1 16 dnd htveg apidstura L HBPh@Ideovbsant *Qedtl 0@kRzhanger usi ng
l'iquid cool ant phdpaiche sbLeaRshheatapRsaRARY eI 4(Bhand #8 kBa anfh1dbdr accor di ng
to the clal Ml entidinde ibefdin il do ﬁidi&onspeg FBWCsch QUG e heat

cool ant anger |

exchanger (D) a 0 at exc Q)1 I nt ai ned above the
boi l'i ng pressu lp@’w at §’é°§9ﬁ?r§ IGIt éFegwtpEﬁa : _of 11°Cand Sso%a lnlafore 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 1n 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 inventton, 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.



253. A plant according to the claim2, char ac t erize di n that- the

cl osed cool ant | oop conprises a punp (E) and a valve (F), the valve (F)
controlling the pressure in coolant fromthe punp (F) through the heat
exchanger (D) and NG cool ant heat exchanger (C) above the boiling pressure
at seawater tenperature. 30 4. A plant according to any of the preceding
claims, char act er- iz edi n that the LNG cool ant heat exchanger (B)
and NG cool ant heat ex- changer (C) are printed circuit heat exchangers. 35
9 A plant according to any of the preceding clains, ¢c har act er -

I zedin that the LNG cool ant heat exchanger (B) and NG cool ant heat ex-
changer (C) are combined to a single hea¥ exchanger having one LNG NG pat h

and at |east ong separate paih faop goolant in preheating and trim heating
portions, respectively. 6. A plant according to any of the preceding
clainms, char a ct er - izedi n that the heat exchangers (D, @, 02)
i ncluded in thel:cl osed cool ant | oop are sem wel ded plate heat exchangers.
7. . A plant accaptlife régasifieayioroff LNGiecopipagei ng clains, c har act er
: 5 - at least one pump (Al, A2) boosting 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 first heat exchanger (G1, G2}, a coolant from the respective heat
w0 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 (G1, G2) as to pro-
vide coolant in a gaseous state, and a second heat exchanger (D) as to provide heated
liquidcoolant, ¢ h a r a ¢t erized 1 n thataNG/coolant heat
15 exchanger (C) is arranged in connection with the LNG/coolant heat 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 ex-
changet using liquid coolant from the second heat exchanger (D),

0 2.
A plant accordingtotheclaim1l, ¢ h ar ac ter iz e d 1 n that
the pressure through the heat exchanger (D) and NG/coolant heat exchanger (C) is
maintained above the boiling pressure at seawater temperature..

25 3.
Aplant accordingtotheclaim2, ¢ haracterized i n that-
the closed coolant loop comprises a pump (E) and a valve (F), the valve (F) controlling
the pressure in coolant from the pump (E) through the heat exchanger (D) and
NG/coolant heat exchanger (C) above the boiling pressure at seawater temperature.

30
4,
A plant according to any of the precedingclaims, ¢ h ar a c t e r -
i zed 1 n thatthe LNG/coolant heat exchanger (B) and NG/coolant heat ex-
changer (C) are printed circuit heat exchangers.

35



zedin that the boosting punps (A, A2) are nultistage centrifugal punps.

158. A plant according to any of the preceding clains, char act er - i z e
din that the coolant punp (B) is preferentially a centrifugal punp. 9. 20
A plant according to any of the preceding clains, char a ct er - i zedin
that the coolant is propane. 10. A plant according to any of .the

preceding clainms, c har act er - 25 izedin that the heating nediumis
seawater. 11. A plant according to the claim10, char a ct eriz edi n
t hat an external heater (K) is arranged to preheat seawater fed into
t he heat exchanger (D) in 30 connection with the NG cool ant heat exchanger
(C). 12. A plant according to the clai10, char act eri z edi n

that  an exterpal a&laafngto agﬁfthépr 3@&% tq prghegt, segwater fed into all
of the heat exc haneg %r S ' that th G/coolant heat exchanger (B) and NG/coolant heat ex-

changer (C) are combined to a single heat exchanger having one LNG/NG path and at

least one separate path for coolant in preheating and trim heating portions, respectively.

6.
A plant according to any of the precedingclaims, ¢ h ar ac t e r -
i z ed 1 n thatthe heat exchangers (D, G1, G2) included in the closed coolant
Ioop are semi welded plate heat exchangers.
10
7.
A plant according to any of the precedingclaims, ¢ h a r ac¢c t e r -
ized in thatthe boosting pumps (A1, A2) are multistage centrifugal pumps.

15 8.
A plant according to any of the precedingclaims, ¢ h aract e r -
i zed i n thatthe coolant pump (E) is preferentially a centrifugal pump.

9.
20 A plant according to any of the precedingclaims, ¢ h ar a c t e r -
i zed i n thatthe coolantis propane.

10.
A plant according to any of the precedingclaims, ¢ h a r a ¢ t e r -
s 1z e d 1 n thatthe heating medium is seawater.

11.

Aplant accordingtotheclaim10, ¢ h a ra ¢ 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
30 connection with the NG/coolant heat exchanger (C).

12.

A plant accordingtotheclaim10, ¢ h aract et iz ed 1 n that

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



