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W2007/ 144103PCT/ EP2007/ 005032 5 PROCESS AND PLANT
FOR THE VAPORI ZATI ON OF LI QUEFI ED NATURAL GAS AND
STORAGE THEREOF The present invention relates
to a process and plant for the vaporization of

“Jdﬁblﬁf“ﬁg natural gas (LNG and 10 storage tienaebor/ooses2
I's known, in LNGtermnals, gas in liquid state

unloaded from rret hane-tankers is reconverted to the
gaseous state. LNGis sent fromthe tanker to storage
tanks on |l and, connected to re-gasification units
normal Iy through 15 "primary punps” with a | ow

di scharge head, imersed in the LNG inside the sane
tanks, followed by "secondary punps”, for the

conpression of the liquid to the final pressure

requi red by the users. The nmi ntenance operations of

the former are particularly conplex and great efforts

are being 20 made to mnimze its incidence, by
produci ng punps with a high reliability and adopting
effective control systens. In order to reduce t

RRISIBS OIANTh PLEYE R THBUVPPRBIZAEEN P WFIED NATURAL
devel oped, having a high capacity and head, which
G| AN GIOIRAEE: HEERERET | ons of the two steps. 25The

core of the termnals consists of vaporizers: %

WO 2007 EIHGIRCTIEFOIB0sphRtes Lo a process and plant

for the vaporization of liquefied natural "gas (LNG) and
storage thereof.

As is known, in LNG terminals, gas in liquid state
unloaded from methane-tankers is reconverted to the gaseous
state. LNG is sent from the tanker to storage tanks on
land, connected to re-gasification units normally through
“primarj} pumps” ﬁith a low discharge head, immersed in the
LNG inside the same tanks, followed by “secondary pumps”,
for the compression of the liquid to the final pressure re-
quired by the users. The maintenance operations of the for-
mer are particularly complex and great elforts are being
made to minimize its incidence, by producing pumps with a
high reliability and adopting effective control systems. In
order to reduce the costs of the system, a pump has re-
cently been developed, having a high capacity and head,
which could combine the functions of the two steps.

The core of the terminals consists of vaporizers: in
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practice these are heat exchangers in which LNG
absorbs thermal energy and passes to the gaseous
state. They are generally classified on the basis of
the energy source, which can be the environnent

woRhe{fs air), an energy vec- 5 tor such aspEl/ERbIND5032

energy or a fuel, or a process fluid comng from

vari ous kinds of external plants. There are

mai nly two types of vaporizers used in termnals

DUREEREEY tHESLatdITR), NERE "XchiAnasTs t{peWhdFhoJdIf absorbs
Rack Vaporizers, ORV) and the "imersed flanme" type
tharmald SKWrIY GRASEASSSEhi &h EBR I9@SePrHssishade - They are
respectively, in the first and second of the three
sanegaties clancidned sBbvehe bPasasserf oSN SNBAIY aPFuree.
systens are present in the termnals, which provide
vhacheranchs Her cyEHMPTNG he' ¥ Fic CFoRRLRY - of Tt RRSTIY Vec-
pl ant under safety and econom cal condi- 15 tions. ,
TRE SUFReAf FAFEEF2Er SNCREWePET 2 R :sRfery| Process fluid
drawbacks, as nentioned her eunder. In the first

pPatRy fFEPeVILI Y Keks aft PR PRIdBLFRES new

vaporizer termnals in Countries which have a rapid .
e BoeEs Ak TR THAL (9 RYRS o Gifs IRBOR GRS T SgHPRGT 18 termi-
| ess rapid de-bottlenecking of inportation ga

BRHE| FHEECIGEE GPRANA C %k &g&erﬁew&&stw nZPraPP‘BVv Rack
ener effi-_ciency to be“Eursued tggether with th

Eiang%%f$on°%Y)tﬁ%d the mmersed ame” type (cafled SMV
or SCV), which can be classified, respectively, in the
first and second of the three categories mentioned above.

A series of auxiliary systems are present in the termi-
nals, which provide the services necessary for the func-
tioning of the plant under safety and economical condi-
tions.

| The current vaporizefs, however, have several draw-
backs, as mentioned hereunder.

In the first place, there is the necessity of producing
new vaporizer terminals in Countries which have a rapid in-
crease in natural gas consumption, against a less rapid de-
bottlenecking of importation gas pipelines.

Secondly, the present systems do not allow energy effi-
ciency to be pursued together with the exploitation of the

energy contained in Liguefied Natural Gas, which is known

in Anglo-Saxon countries as LNG Cold Utilization and Cryo-



energy contained in Liquefied Natural Gas, which is

known 25 in Angl o- Saxon countries as LNG Col d

Utilization and Cryo- - 2.- genic Power Generation.

In addition to this, there is the fact that storage

in a lung-tank inplies significantly high

GONSd rGieirO0end B tibanane eaciid i ANAYeItER, €bsts.is the fact
Yet another fact is that present vaporizer termnals

hayxe nseiods phobkenmiungtatikng iplEnvi rogmeAt@ntly high

| npact and acceptance on the part of the Communities,

whi thruct ot hea patsdnanwe randamamgretnhet maisiisobst acl es,

together with the problem of safety, for the

pr odimdt | mmtfernefarapior i 2lerts. preserEnbodiomenes ofrnheals have
present invention seek to elimnate the above

dranback oroblete keiowAnar to Envirgpmeritglt Higact and acceptance
commi t ment, enbodi nents of the invention seek to

provheeaxr tppbcidss Cantupl s f $tl Phely dp6r P2ati offref among the
liquefied natural gas (LNG and its storage, which

ALBW FHFE 2GApOr | PP EIETof “ENG EbFi REOPYBM Df oftidentfor the
countries situated far frominhabited centres.

BB et of oVt KB HERTi on al so seek to prOV|de a

process and pl an t he vapori zation of quef i

P GERPIGHE A N aR8 ITESHEbr AGER e b iininate

%%fégLﬁ%FjﬁgkaF% be gyod%%gQRMAth hi gh q val ues,

e vaporlzatlon Processes are

knoveﬂt‘h% H}fs V@@{&{Mﬁhkon Igﬂé #lm%%gl g¢ Qﬁéuwengﬁ&l seek

nd Tts storage during whic ectrical power

Q‘b()dﬂj‘_ccﬁgd@y freans, ks t hepmab, exchange wpar r\h@é)rgﬂétﬁyn of
a heat-rel easing gas, which condenses, in a closed

ayeher (453068639 gand (1S 293/H04)s. stora@@baﬂhﬁﬁﬂbﬁl&ﬁ the
the invention further seek to provide a process and
pkabdtifaehoh her vapordiazahy onr@f droguefriced patmi-dlesgastuated
(LNG and its storage, which allow the regasified
fatufmadn gasaidiocebecemjrest.ed in an exhausted off-shore

reservoir. Enbodi nents of -the invention further seek
to pmbeiddeents of the invention also seek to provide a

process and plant for the vaporization of liquefied natural gas
(LNG) and its storage, which allow electric power to be produced
with Thigh g wvalues, contextually with the vaporization.
Processes are known for the vaporization of liquefiéd natural
gas and its storage during which elecirical power is produced .
by means of thermal exchange carried out by a heat-releasing
gas, which. condenses, in a closed oycle {US-3068659 and US-
2937504) .

Embodiments of the invention further Seek to provide a
process and plant for the vaporization of liquefied natural gas
(LNG) and its storage, which allow the regasified natural gas
to be injected in an exhausted off-shore reservoir.

Embodiments of the invention further seek to provide
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a process and plant for the vaporization of |iquefied
natural gas (LNG and its storage, which allow the
natural gas injected to be used by sending it to the
supply system by neans of existing infrastructures.
These solutions prove to be particularly interesting
for various reasons. In the first place, the
a PeeRessi kidoblstiwdping Heapapbzatdtapnt eFMin@lsrtiies natural gas
becom ng i ncreasing nore crucial in countries in
(Lvhi chdt hes quasitddey ehioataralv gas eenstHptdaon Jmsected to be
rapi dly increasing against a less rapid
usdde- ot bbemecki ng ab iveordatpllon Yasepi pel imesis of existing
Secondly, the pursuit of energy efficiency goes
infirogethetumisd.h the exploitation of the energy
contained in Liquefied Natural Gas, which is known in
Anti aoreSaxonuicioniy r pesvas tbNG«Colpd rtf ¢hiazdty ohnanksting  for
Cryogeni c Power Generation. Wth this, there is the
varaddst reasdnd acint hat stiosagelienca Ithag-rteankscowl dfbetudying
effected in the fo of natural gas in one of the nmany
vapakieadynor tatmpstl sexhauskeednimservoiessing napty, ucial in
| ast advantage, which could prove to be decisive,
couhtesed nithetfiabt theat qtdveieff ect | ngtwfalr efag econogmotion is
of f shore avoi ds nunerous problens relating to
rapEAVY r onmerkalng npagtinddsessnensts antbrict epleaheet omerheng  of
part of Communities, which in the past were anong. the
imppatatiobspac|myeflonet he producti on of vapori zers. I'n
accordance with a first aspect of the present
i nYeTiddn, thereuisiigr ofi dedray prioddedsnevrIedfe together with
vapori zation of liquefied natural gas (LNG and its
theseophydatéhar att eh¢ zath gy rchetpysdudi eaderidcedpineal Gas,
power during said vaporization operation by neans of ]
whitheknainognc harfgelloharaet erovzed ¢h ahat Csap b tHerlmgrtion and
exchange is carried out by neans of a heat-releaS|ng
CrypeewheReveas Chne e dlWsed idycl @ d@nd tate ats | Ehgt agoitional
first part of said LNGis injected for storage into a
facr 6BRF sELPRpYfatt & gasFedersdiA RRi 6RfFRIGE p& the form of
exhausted or at |east partially exhausted. In
natygdor gaficel i thea SEcold aBpett dfFeffe ples8htost exhausted
invention, there is provided a plant for the
reseawﬁ%atﬁwléﬁf |iaqugﬁfeda%‘a%aaﬁrga@l@ruéfuld prove to be
characterized in that it conprises transformatio
decighffy ofiah erer §y° sdarte WGt dHF%lﬁﬁﬁﬁjépgbt??crelnjeCtlon
power during said vaporization eration_by. neans E
offtsh%lfemméﬁéhaﬁﬂ%rwe R PHETE 1 a%%a}f)tdﬂ%tt%ﬁnﬁbla‘ﬁgﬂenta fnpact
nprise at l-east a first turbine
RssF et g aFOTE 78 part T6F PN M C&sﬂfﬁ%m%‘blre%t gPage in the
i s burnt and expanded and st a_secaond turbi
Pastn Wiich 3 Mdat éd°coliptiess &tﬁgiﬁ%neﬁF:gégl|sprOdHCtl°n of
anded. The process preferably conprises the
Vap?ﬁf?ﬁﬁ ng steps: punping the LNG at a substantially
constant tenperature; vaporizing, at a substantially
constant pressure, the LNG punped by neans of
t hermal exchange with a pernanent heat - r el easi ng gas
in a closed cycle;



sendi ng nost of the regasified LNG for storage in a
reservoir; burning and expandi ng the remaining part
of vaporized LNG not sent for storage in a gas
tur bi ne obt ai ni ng di scharge gases; subj ecting the
per manent gas, after conpression heat-releasing, to
subsequent thermal exchange in a closed cycle with

Intd@%ob@@ﬁcdfﬂﬂ%@sbngiggﬁcﬁﬁﬁéhi gaFsescapdefdnalineh®ion, there
expansion in a turbine, the electric power being

is Rrodused DPRDYs RS LUEDL BG4 Wb e £ N8 LeFBININAGural gas
fegasified part of LNG not sent for storage is burnt

R LR AL DS ALDIE L s o creceric
s RIS 9853 SYBEIIRTcp g TOSLESELVRbed o, shermas

exhausted or at | east partially exhausted. The , ,
XHHRBT nGhOF A6 LERE 1S STPlCtEdtat. & Sabo CARLTA] yis carried

out by means of a heat-releasing permanent gas in a closed cycle
and that at least a first part of said LNG is injected for storage’
into a preexisting natural gas reservoir which must be exhausted
or at least partially exhausted.

In accordance with a second aspect of the present invention,
there is provided a plant for the vaporization of liquefied natural
gas (LNG) characterized in that it compriées transformation means
of an energy source for obtaining electric power during said wva-
porization operation by means -of tlhermal exchande Wwhere <the
transformation means comprise at least a first turbine in which a
remaining vaporized part of ILNG not sent for storage is burnt and
expanded and at least a second turbine in which a heated compressed
permanent gas is expanded.

The process preferably comprises the following steps:

s pumping the LNG at a substantially constant temperature;

s vaporizing, at a substantially constant pressure, the LNG pumped

e by means of thermal exchange with a permanent heat-releasing
gas in a‘closed cycle;

e sending most of the regésified_ ING for storage in a res-—
ervoir;

* Dburning and expanding the remaining part of vaporized LNG noct
seﬁt for storage in a gas turbine obtaining discharge gases;

- 5 -



5 constant tenperature preferably ranging from-155
to - 165C, nore preferably from-160 to --163C,
bringing the pressure of said LNG from about 1 bar to
a value preferably ranging from 120 to 180 bars, nore
preferably from 120 to 150 bars. 10The vapori zati on
of the LNG punped takes place at a substantially
constant pressure preferably ranging from 120 to 180

o RAESe.PPLE Prgierablbyafieom 120510 LeQchar sonPFidbiddd heat-
the"tenmperature to a value preferably ranging from 10

Q1256 ngl 5 FRe ks A AT L Pz 10k MaRRd 2604 LNGHOL cycle with
sent for res- ervoir storage preferably ranges from3

198 Ueat - LR A 0lye cskEramyOf gaapordnzied ihANG y Sed texpansion in
remai ni ng part of non-stored vaporized LNGis
" a turkine,

the electric power being produced both by the turbine in which

the remaining regasified part of LING not sent for storage is

burnt and expanded and by the turbine in which

- B -
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burnt and expanded in a turbine up to

preferably 20 of 1 bar. The pernagent gagrfzsure

preferably selected fromhe- |iumand nitrogen. Wen

the permanent gas selected is nitrogen, the ther- ma
wEXGhAaNges Wi th the conpressed LNG can take pPGEEPHP7/S032

substantially constant pressure preferably ranging

from2 25.to 5 bars bringing the tenperature froma

value preferably -6: r ' f .
b egalg?gf%m R TIO 980 0BT 2hd t he
plZggﬁgtSégggﬁgfﬁﬁﬁﬁgw%gghd%ﬁ%ﬂgQg?19§§e§e§é§5ﬁfﬁEELNG is

y ‘constant pressure preferably

ranging from50 tq 60 ba i.NGi ,
152 l@ﬁFﬁgv‘&:ﬁ% B e?’g‘?'aa‘bﬁ/ecir Zonlgirane;q%é}%rﬁ %r:tggg% a%gﬁgusmd'
C{QUEB§{gpﬁéggéxo%ﬁggérggérgg]%QQeEQe S0 a substgheéally

arge gases leaving the

thermal exchange can be ' [ SEOHeSt d:
q@PSFﬁgtp&ﬁﬁﬁﬁé%Vﬁv% ggﬁ??%%ga?h %%jectlnggF? {H?ggato )
reservoir, possibl

16505, moXe prefex bf@ef§éﬂe—&%%eﬁ¥9iIlé@°@}dbiiﬁ@ﬁﬂg the

ernative to the vaporization of

H%%g%f%;%ﬁgggﬁédf%ﬂ”étgé‘l?ﬁba{‘eﬁatﬁrﬂ%?ras wARD@referably

in"sulitable tanks, in order to

1%%%%%%3} %mf%ﬁ&?%ﬂ?eléénﬁéréﬂ hbeeMpl-bangabapkerom 120 to
150 bars. 7

.The vaporization of the LNG pumped-takes place at a
gubstantially constant pressure preferably ranging from 120
to 180 bars, more preferably from 120 to 150 bars, bringing
the temperature to a value preferably ranging from 10 to
25°C.

The remaining part of vapérized LNG not sent for res-
ervoir storage preferably ranges from 3 to 8% of the whole
stream of vaporized LNG.

Said remaining part of non-stored vaporized LNG is
burnt and expanded in a turbine up to a pressure preferably
of 1 bar. The permanent gas is preferably selected from he-
lium and nitrogen.

When the permanent gas selected is nitrogen, the ther-
mal exchange with the compressed LNG can take place at a
substantially constant pressure preferably ranging from 2

to 5 bars bringing the temperature from a value preferably



The current generators coupled with the turbines,
avai ling of cooling LNG can also be produced with
t he- superconductor technol ogy and can therefore
generate | arge capacities with small weights.
The turbines used as neans for the reintroduction of
vapori zed gas, can be advantageously managed and
rargippori@d 7By theans® ®ftca asupplenerttarybimmianging from -150 to
pl atform The process according to enbodi nents
-130f°ct hedi nventhamarmyxahboye avicongindedabtiea fdeexiabeb i tyn take
as it uses gas turbine or gas expansion cycles
plagiet hout vapsetuntciydlles cohicint encbhere amtataryhlarmnging from
extremely rigid. W) 2007/ 144103PCT/ EP2007/ 005032
50 The pootess bammgimd acic f ungteirenuve t hrsuppl ivedupoweeferably
or vaporized LNG flowrates ranging fromO to 100% as
rargheg péromndntcogdd °€l bsed tylbole moadebabbf fegwedowitém 400 to
varying flowrates. S5Further characteristics and
450advant ages of the inven- tion will appear nore
evident fromthe description of a preferred but
nofhki AP | g terbedi menthof desProcessaamd playdngf ghe thermal
the vaporization of liquefied natural gas (LNG and
exdiangst orages aptormildy tseathetdnedentinencfi thespeatidde ways
10 for indicative and non-limting purposes in the
comrigitgseth diankngso i Atwhingle: afirgapevdishowgsabfiyowhe same
chart of the gasification plant.- '
reservoir at a different level.

An alternative to the wvaporizaticn of LNG directly removed from
methane-tankers can be temporary storage in suitable tanks, in
order Lo reduce the residence timesr in the methane-tanker
terminals.

The current generators coupled with the turbines, availing
cof cocoling ING, can also be produced with the supercenductor
technoclogy and can therefore generate large capacities with small
weights.

The turbines "used as means for the reintroduction of
_ vaporized gas, can be “advantageously managed and supported by
means of a supplementary marine platform. |

The process according to embodiments of ﬁhe invention may
aliow é congiderable flexibility as it uses gas turbine or gas
expansion cycies without wvapour cycles which, dn the contrary,

are extremely rigid.
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The liquefied LNG (1) is first punped froma

met hane-tanker (M (T = -162C, P = 1 bar) by nmeans of

a punping 15 unit (P) at a pressure of 130 bars,

mai nt ai ni ng the tenperature substantially constant,
wio1f1e10b NG punped (2) is then vaporized in REEP2007/005032
exchanger (S) by neans of heat exchange with a
permanent gas in a closed cycle by heating to a

tenperature of 15C and keeping the pressure substan-
20 tiThe PresieRsarftan ekBepACk ol UpFELSHY é’l&ﬁ"oﬁﬁ'lppile% power

Most (4) of the vaporized LNG (3 95% by _vol
eentapFizadre FHOY FRSRF VBT 9%@ V\‘(E)’fgy g uﬁ?% as the

remai ni ng part ) (5%) b t d .
RRIENGNETHT n82 ¥ Tlcﬁos?ﬁle W%ﬁafzééng}gg?, %%; t a\‘ﬂlﬁg‘ tfgying

turbine (Ti) at a 25 pressure of bar and a
Qf-e of 464C are subject ed -8- WO

2007/ 144103PCT/ EP2007/ 005032 to_thernmal excha
the SHERESFercEIACHRF IS 479 ndfY a%qtg%icﬁggec e' inven-

with the permanent gas in cl osed c
tion w1llpappear more evident %rom y ea éescrlptlon of a

preferred but non-limiting embodiment of a process and
planﬁ for the vaporization of ligquefied natural gas (LNG)
and its storage, according to the invention, illustraﬁed
for indicative and non-limitiﬁg purposes in the enclosed
drawings, in which:

¢ figure 1 shows a flow chart of the gasification plant.

The liquefied LNG (1) is first pumped from a methane-
tanker (M} (T = -162°C; P = 1 bar) by means of a pumping
unit (P) at a pressure of 130 bars, maintaining the tem-
perature substantially constant, and the LNG pumped (2) is
then vaporized in the exchanger (S8) by means of heat ex-
change with a permanent gas in a closed cycle by heating to
a temperature of 15°C and keeping the pressure substan-
tially constant, except for pressure drops.

Most (4) of the vaporized LNG (3} (95% by'volumef is
sent for storage in a reservoir (G), whereas the remaining
part (5) (5%) is burnt and expanded in a gas turbine (T1}.

The discharge gases (6) leaving the turbine (T1) at a

pressure of 1 bar and a temperature of 464°C are subjected
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which they transfer heat. The CO2 contained in the

di scharge gases (7) |eaving the exchanger (S2) can be
optionally sequestered. The cl osed cycle of the '
per manent gas conprises the thermal ex- change of the

wB3gg7adhs W th the LNG conpressed with the eRCTERNGEF032
Si) effected at a substantially constant pressure, a
conpression of the cooled gas (11) | eaving the

exchanger 10 (51) by neans of the i

tg_ th‘g?ﬁ@aht@xféhﬁlmse c%lléa%*éﬁ PHRIARI T SR So&me%%t ﬁ%t Bhex-
i scharge gases by neans of the exchan

medbspghengtl yicdnsthmt PRTERAHe 47 %Pg%r|é3/ls°§g’r1e£tc9cle ee

expansi on of the heated gas :
which they transfer heat.g (13) leaving the

The CO, contained in the discharge gases {(7) leaving
the exchanger (S2) can be optionally sequestered. The
closed cycle of the permanent‘gas comprises the thermal ex-
change of the gas (10) with the LNG compressed with the ex-
changer (81) effected at a substantially constant préssure,
a compression of the cooled gas (11) leaving the exchanger
(S1) by means of the compressor (C) with a temperature in-
crease, thermal exchange with the discharge gases by means
of the exchanger (S2) at a substantially constant pressure
and finally an expansion of the heated gas (13) leaving the
exchanger (52) by means of the turbine (T2) with a reduc-
tion in the temperature. |
s« figure 2 shows a block scheme of the various process
phases according to the invention.

The LNG passes from the discharge points of the ship
onto to‘the vaporization platform where it undergoes the
‘process described in the subsequent point 2. The vaporized
product, at a pressure of 130 bars, is reinjected into the
reservoir. If requested by the distribution network, it is
produced and sent to land by means of underwater pipelines
to the on-shore treatment plant. If the demand absorbs the

whole vaporization product, the gas can be sent directly to
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exchanger (S2) by neans of the turbine 15 tion in the

tenperature. figure 2 shows a bl ock schene of phases

according to the invention. The LNG passes fromthe

di scharge points of onto to the vaporization
wil2aé7#aems where it undergoes the 20 process REIERYPEHOS032

in the subsequent point 2. The vaporized product, at

a pressuré of 130 bars, is reinjected into the

e UB S oS eR D el on

under wat er pi pelines
shore plant.

The process and plant for the ﬁaporization of lique-
fied natural gas (LNG) and its storage thus conceived can
undergo numerous modifications and variations, all included
in the scope of the inventive concept; furthermore, all the
details can be substituted with technically equivalent ele-

ments.

- - 10 -



to

the on-shore treatnment plant. If the demand

absorbs the 25 whol e vapori zati on product, the gas
can be sent directly to - 9 - the distribution

net wor k ski ppi ng dehydration in the on- shore plant.
The process and plant for the vaporization of |ique-
fied natural gas (LNG and its storage thus conceived
can 5 undergo nunerous nodifications and vari ati ons,

al |

included in the scope of the inventive concept;

furthernore, all the detail,sn@an be substituted with
technical ly equi val ent e?%@iﬂg

A process for the vaporization of liquefied natural gas (LNG) and its storage,
characterized by the production of electric power during said vaporization
operation by means of thermal exchange characterized in that said thermal
exchange is carried out by means of a heat-releasing permanent gas in a closed
cycle and that at least a first part of said LNG is injected for storage into a pre-
existing natural gas reservoir which must be exhausted or at least partially
exhausted.

The process according to claim 1, characterized in that said permanent gas takes
heat from the discharge gases of at least a first gas turbine which burns a second
part of the vaporized LNG not sent for storage.

The process according to one or more of the previous claims, characterized in that
NG is vaporized at a substantially constant pressure and pumped by means of
thermal exchange with said heat-releasing permanent gas in a closed cycle.

The process according to claim 3, characterized in that in said closed cycle said
permanent gas, after the releasing of heat, is subjected to a subsequent thermal
exchange with said heat-releasing discharge gases of said turbine and finally to
expansion in at least a second turbine.

The process according to claims 3 or 4, characterized in that said electric power is
produced by both said first turbine in which the remaining vaporized part of LNG
not sent for storage is burnt and expanded and also by said second turbine in

which said heated compressed permanent gas is expanded.

11



10.

1.

12.

ments. 10 15 20 - 10 - CLAIMS 1. A process for the
vapori zation of liquefied natural gas (LNG and its
storage, characterized by the production of electric
power during said vaporization operation by neans of
thernal exchange characterized in that said thermal
exchange is carried out by neans of a heat-rel easing
permanent gas in a closed cycle and that at |east a
first part of said LNGis injected for storage into a

Pr egx : r%gélg a@é%tr&irlglto QRS of GRRE VO LM BON chMadte®Rd in that said
exhausted or at ast partially exhausted. 2. The

e ;?@%ﬁaggg‘]‘m&iisg d0:qGk Qis@esga%wtiglggtgﬁt ik ﬁ&ﬁtiuﬂa tah@hg from -

as’ takes e di scharge

gases of at,|east a first gas.turbi [

secbﬁédtop'é?% Copringine (hsoRFrsy doq_ﬁé %(&;]{afg\éﬁ‘t 5458?{%% a value
storage. 3. The process according to one or nore of

t hetapgieg froms! 20/tail 8 barghar act eri zed in that LNGis

vapori zed at a substantially constant pr
punPedprbsessracnsling tot daimml Chéﬁ@ﬁféﬁ‘&én \ﬂ}fa? ﬁaelé g‘iﬂlrf?an%&?y constant
heat -rel easi ng permanent gas in a closed cycle. 4.
Thetepibearss ragenfrdinng 60 go el 61’ Bd thharcasrens bredehtro a value
that 1n said closed cycle said permanent gas, after

t herah@hg&shnpoab 1b@8irs. i s subj ected to a subsequent
t hermal "exchange with said heat-rel easi ng di scharge

9ases. BocS@idcdrlibitBenand thoBflYaihe 3K phmsittorizddninahat said
| east second turbi ne.
vaporization of LNG takes place at a substantially constant pressure ranging from
120 to 180 bars bringing the temperature to a value ranging from 10 to 25°C.
The process according to one or more of the previous claims, characterized in that
said second part of vaporized LNG not sent for storage in a reservoir ranges from
3 to 8% of the whole vaporized LNG stream.
The process according to one or more of the previous claims, characterized in that
said second part of non-stored vaporized LNG is burnt and expanded in a turbine
up to a pressure of about 1 bar.
The process according to one or more of the previous claims, characterized in that
said permanent gas is preferably selected from helium and nitrogen.
The process according to one or more of the previous claims, characterized in that
when said permanent gas is nitrogen, the thermal exchange with compressed LNG
takes place at a substantially constant pressure ranging from 2 to 5 bars bringing

the temperature from a value ranging from 75 to 100°C to a value ranging from -

150 10 -130°C and the thermal exchange with the discharge gases takes place at a
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13.

14.

15.

16.

17.

5. The process according to clains 3 or 4,
characterized in that said electric power is produced
by both said first turbine in which the renaining
vapori zed part of LNG not sent for storage is burnt
and expanded and al so by said second turbine in which
sai d heated conpressed pernmanent gas is expanded. 6.
The process according to one or nore of clainms 3-5,
characterized in that said punping of LNGis effected

at @LSARalANtdndlahy rORSkaRingir@NBRHAIN o r@Ndiang biingimg  the
- 155 to -165C bringing the pressure of said LNG from

gbc{%%é]ratja?g b a® MR HEeih A RENTD (hr40rT k2Dvile ABEinBEFom 400 to

process according to claim®6, characterized in
th@ﬁp§§id substantially constant tenperature ranges
from-160 to -163C and the pressure is brought to a

val ye ranging from 120 to 15 ars. . J :
et arag B amiedp g pb e o BF higvigh ok, HLOREaRed i that
in that said vaporization of, LNG takes ce at. a .
sulbsgidaplestes Ppweo ARERAE fﬁ%f%é%‘drgse‘“r %ﬁ;?"ﬁ&% ?‘Eﬁ’P‘i 3t Pogluced in
180 bars bringing the tenperature to_a val ue rangjn

fr onrrell genc@B@s Qoupite Vitho et SUREED r HPAFIYS i) With the
nore of the previous clains, characterized in that
saisipaeanhdopachnddégwapori zed LNG not sent for

storage in a reservoir ranges from3 to 8% of the

WhoT1R praRes acerindNG sikbeamre dlihe Piveiops cloiess claraeriied in that
to one or nore of the previous clains, characterized

in %MN@% HaSS6ARHLP HebnQff ARt And[hefdre being Mibjected
is burnt and expanded in a turbine up to a pressure

of aho tpu&x@%ﬂnd%bseﬁﬁ%g?’é B880RGCO ket jBded @ t@fﬁﬁ(gt@fy storage

nore “of evious ¢ characterized in t _
sai d Eﬁ?ﬁ%@ﬁgﬁ gas is preferably selected from helium

and™i

The process according to claim 2, characterized in that the CO; contained in said
discharge gases is sequestered.

. The process according to claim 15, characterized in that said sequestered CO, is
injected into said reservoir.
A plant for the vaporization of liquefied natural gas LNG characterized in that it
comprises transformation means of an energy source for obtaining electric power
during said vaporization operation by means of thermal exchange where the
transformation means comprise at least a first turbine in which a remaining

vaporized part of LNG not sent for storage is burnt and expanded and at least a

second turbine in which a heated compressed permanent gas is expanded.
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12. The process according to one or nore of the

previous clains, characterized in that when said

per manent gas is nitrogen, the thernmal exchange with

conpressed LNG takes place at a substantially

constant pressure ranging from2 to 5 bars bringing

the tenperature froma value ranging from75 to 100C

to a value ranging from- 150 to -130C and the

thernal exchange with the di scharge gases takes place

M%E@ﬂ&lh% kd é’lai‘ﬁp [‘55 AR CBARISH Hft EAdelefdc boasn &fained
rin

ars |ng the temperature froma val ue

r an%l) n% lfﬁng £ Ond PGl i§ g}lﬂugeed 15%&%&%655%& Pteﬁ with

450 I'OCGSS accor to one or nore of

previ ou i ms, ch cter h ctric
V\%‘P s SSI EIBS?IY%??%% ‘iiwft:hzi@? Sug Bréecté)?% ?ﬁo&f ne is
produced in current generatgrs, cou

3 eReRHEds dheltebfutmprises o
technol ogy. 14. The process according to one 0
of supelementaisousariicaip forra h fra SURROTNGd 2f nedsh a%a“g atng’mes and
LNG i s transported by neans of nethane-tankers and
bef eimrodeitiog metjsedtsaill vaposiacd gpuingt At abirgstspvddtiueshausted
vaporization, it is subjected to tenporary storage in
Sui hlaberetatidis. 15. The process according to claim 2,
characterized in that the CO2 contained in said
di scharge gases is sequestered. 16. The process
according to claim15, characterized in that said
sequestered CO2 is injected into said reservoir. 17.
A plant for the vaporization of |iquefied natural gas
LNG characterized in that it conprises transformation
means of an energy source for obtaining electric
power during said vaporization operation by neans of
t hermal exchange where the transfornmati on neans
conprise at least a first turbine in which a
remai ni ng vaporized part of LNG not sent for storage
is burnt and expanded and at | east a second turbine
in which a heated conpressed permanent gas is
expanded. 18. The plant according to claim 17,
characterized in that said electric power obtained
fromsaid first and second turbine is produced in
current generators coupled with the turbines
t hensel ves effected with the superconduct or
technol ogy. 19. The plant according to claim 17,
characterized in that it conprises a supplenentary
marine platformfor supporting at |east said turbines
and reintroducti on neans of said vaporized gas into

~an at least partially exhausted natural reservoir.
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