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Description
FIELD OF THE INVENTION

[0001] The present invention generally relates to Ca-
bon Capture and Storage (CCS) technology, and more
particularly to a system for offloading liquid CO, (LCO,)
from an LCO, carrier ship to an intermediate LCO,
storage tank at an LCO, receiving terminal connected
to a long term LCO, storage facility, wherein cross-con-
tamination from cargo of one ship to another, viacommon
intermediate storage tanks, can be avoided. The inven-
tion also relates to a corresponding method. The inven-
tion uses a slip stream of LCO, withdrawn from a main
stream of LCO,, being offloaded to the terminal which is
vaporised and returned to the LCO, carrier ship, and the
vaporisation is used to providing cooling for complete or
partial reliquefaction of a boil-off gas stream withdrawn
from the intermediate LCO, storage tank, and a resulting
reliquefied fraction is returned to the intermediate LCO,
storage tank. The present invention also relates to a
corresponding method.

BACKGROUND ART

[0002] Captured and liquefied carbon dioxide can be
transported in the liquid phase (LCO,) from various loca-
tions and customers to CO, receiving terminals at which
the CO,, will be temporarily stored in intermediate buffer
storage tanks onshore, before being pumped in a dense
phase via a pipeline and injected into an offshore long
term storage reservoir. The purpose of the buffer storage
is to allow for continuous injection to the long-term sto-
rage reservoir despite intermittent LCO, cargo transfer
from ship.

[0003] A general description of an outline of a CCS
chain can be found in Conceptualization of CO, Terminal
for Offshore CCS Using System Engineering Process by
Hyonjeong et al. Energies, 2019, 12, 4350. Said CCS
chain description includes the return of CO, carriers to
consider the vaporised CO, (VCO,) in returning carriers.
According to Hyonjeong et al., the same volume of VCO,
must be loaded into the carrier’s cargo tank when un-
loading LCO, from the carrier to the CO, terminal. The
carrier’s cargo tank is displaced by the VCO, of the
storage tanks at the terminal, while LCO, fills the storage
tanks. There are two reasons for loading VCO, into the
carrier’s cargo tank. The first is to allow the pressure and
temperature of the cargo tank to be controlled during the
unloading process. Constant pressure and temperature
facilitate the process. The second reasonis to prevent the
rapid decrease in temperature due to Joule-Thomson
cooling.

[0004] Thus, for example, during LCO, cargo transfer
between ship and onshore intermediate storage, the
displaced vapour in the onshore intermediate storage
tank could be returned to the CO, carrier ship via a vapour
return connection for pressure maintenance in both sets
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of tanks, i.e. of the carrier ship and of the intermediate
storage of the CO, receiving terminal, respectively.
[0005] However, depending on origin and purity of the
LCO, being received at the terminal, the vapour in the
onshore storage tank or tanks may contain impurities. In
the event that restrictions are imposed on the vapour
quality of vapour being returned to the ship that are not
met by the vapour composition in the onshore storage,
such impurities could pose a substantial impediment to
the functioning of the CCS chain. In particular, LCO,
receiving terminals served by multiple customers, with
CO, originating from various sources, could face chal-
lenges from a technical and commercial point with un-
desired cross-contamination caused by impurities con-
tained in the vapour space of the onshore storage tanks
when returned to the ships.

[0006] It would be desirable to enable pressure main-
tenance in both sets of tanks, i.e. of the carrier ship and of
the intermediate storage of the CO, receiving terminal,
while reducing, and preferably avoiding, the risk of con-
taminating an LCO, carrier tank at a ship in connection
with offloading LCO, from the ship to an LCO, receiving
terminal. Moreover, this should preferably be achieved in
an energy efficient manner.

[0007] Itis anobject of the presentinvention to provide
a system and a method enabling the above.

SUMMARY OF THE INVENTION

[0008] The present invention is based on using a slip
stream of LCO,, which is being withdrawn from a main
stream LCO, being offloaded from a ship and imported to
the terminal, for partially or completely reliquefying a
stream of boil-off gas being withdrawn from an intermedi-
ate storage tank to which intermediate storage tank the
LCO, main stream is being led, wherein the two streams
are kept separate, and wherein a reliquefied fraction from
the stream of boil-off gas is led back to the storage tank.
The required cooling for reliquefaction of a fraction of the
stream of boil-off gas is accomplished by subjecting the
LCO, slip stream to a reduced pressure. The resulting
cold partly vaporised LCO, slip stream, and the stream of
boil-off gas are led to a heat exchanger for exchange of
heat. After complete vaporisation of the LCO, slip
stream, the resulting CO, vapour is led back to the ship
in a vapour return conduit.

[0009] Accordingly, in one aspect the invention relates
to a system 50 for offloading LCO,, cargo from an LCO,
carrier ship 30 to an intermediate LCO, storage tank 40 at
an LCO, receiving terminal 100, which system avoids
cross-contamination of cargo from one LCO, carrier ship
30 to another, said system comprising: an intermediate
LCO, storage tank 40; a boil-off gas outlet 60 from the
intermediate LCO, storage tank 40 configured to with-
drawing boil-off gas from the intermediate LCO, storage
tank 40; an LCO, cargo import conduit 1,10 connected to
the intermediate LCO, storage tank 40 configured to
receive an LCO, cargo import stream from the LCO,
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carrier ship 30; a CO, vapour return conduit 4, 5,6, 7, 8,9
configured to be connected to the LCO, carrier ship 30
and to return from the system 50 CO, vapour to the LCO,
carrier ship 30; an LCO, outlet 70 from the intermediate
LCO, storage tank 40 configured to discharging LCO,
from the intermediate LCO, storage tank 40; which sys-
tem additionally comprises an LCO, slip stream conduit 2
connected to the LCO, cargo import conduit 1 configured
to withdrawing a slip stream of LCO, fromthe LCO, cargo
import conduit 1; a pressure let-down valve A connected
to the LCO, slip stream conduit 2 configured to receiving
the slip stream of LCO, having afirsttemperature T1, and
to exiting an at least partly vaporised stream of LCO,
having a second lower temperature T2; a partly va-
porised stream conduit 3 connected to the pressure
let-down valve A configured to receiving the atleast partly
vaporised stream of LCO, having a second lower tem-
perature T2; a boil-off gas conduit 11 connected to the
boil-off gas outlet 60; a first heat exchanger B connected
to the partly vaporised stream conduit 3 and to the boil-off
gas conduit 11, respectively, said heat exchanger being
configured to receiving the at least partly vaporised
stream of LCO, having the second lower temperature
T2, toreceiving the boil-off gas withdrawn from the boil-off
gas outlet 60, to transferring heat from the boil-off gas to
the at least partly vaporised stream of LCO, having the
second lower temperature T2, to exiting a reliquefied
fraction from the boil-off gas and to exiting an at least
partly vaporised stream of LCO,, respectively; a conduit
12, 15 connected to the intermediate LCO, storage tank
40 configured to receiving the exiting reliquefied fraction
from the first heat exchanger B; wherein the CO, vapour
return conduit 4, 5, 6, 7, 8, 9 is further configured to
receive CO, vapour resulting from the at least partly
vaporised stream of LCO, having the second lower tem-
perature T2; and wherein a vapour return compressor F
is arranged along the vapour return conduit4, 5,6,7, 8,9
configured to compressing the CO, vapourto be returned
to the LCO, carrier ship 30.

[0010] In a preferred embodiment of the system, the
system additionally comprises means C, D, E configured
to vaporising a remaining non-vaporised fraction of the at
least partly vaporised stream of LCO, exiting the first heat
exchanger B.

[0011] Inyetapreferred embodimentofthe system, the
system comprises means G, 13, H, 14, configured to
separate, compress, and direct a remaining gaseous
fraction of the boil-off gas after partial reliquefaction
thereof into a stream of compressed LCO, withdrawn
fromthe intermediate LCO, storage tank 40 to be injected
into a pipeline 110 connected to an underground long
term storage facility 120.

[0012] In another aspect, the invention relates to a
method for offloading LCO, cargo from an LCO, carrier
ship 30 to an intermediate LCO, storage tank 40 at an
LCO, receiving terminal 100, avoiding cross-contamina-
tion of cargo from one LCO, carrier ship 30 to another,
said method comprising the following steps: i. receiving a
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main stream of LCO, from an LCO, carrier ship 30 and
directing the main stream to an intermediate LCO, sto-
rage tank 40; ii. withdrawing LCO, froman LCO, outlet 70
from the intermediate LCO, storage tank 40; iii. with-
drawing a stream of boil-off gas from a boil-off gas outlet
60 from the intermediate LCO, storage tank 40; iv.
returning CO, vapour from the terminal 100 back to
the LCO, carrier ship 30, which method additionally
comprises the following steps: v. withdrawing from the
main stream of LCO, a slip stream of LCO,; vi. subjecting
the withdrawn slip stream of LCO, having a first tem-
perature T1 to a reduced pressure, thereby partly vapor-
ising the withdrawn LCO, slip stream having a first tem-
perature T1 so as to produce an at least partly vaporised
LCO, slip stream having a second lower temperature T2;
vii. subjecting the withdrawn stream of boil-off gas to heat
exchange with the at least partly vaporised LCO, slip
stream having the second lower temperature T2, thereby
completely or partially liquefying the boil-off gas; viii.
returning the resulting liquefied fraction to the intermedi-
ate LCO, storage tank 40; wherein, in step iv., the CO,
vapour from the terminal 100 being returned to the LCO,
carrier ship 30 comprises a stream of CO, vapour ob-
tained from the slip stream of LCO, and is subjected to
compression before being returned to the ship.

[0013] In a preferred embodiment of the method, the
method additionally comprises a step ix. wherein a re-
maining non-vaporised fraction of the at least partly
vaporised LCO, slip stream after heat exchange in step
vii. is vaporised, and, and wherein, in step iv., the CO,
vapour from the terminal being compressed and returned
to the LCO, carrier ship 30 comprises the resulting CO,
vapour from step ix.

[0014] In yet a preferred embodiment of the method,
the method additionally comprises the step x., wherein,
after heat exchange in step vii., aremaining non-liquefied
gaseous fraction from the boil-off gas stream is separated
and directed into a stream of LCO,, being withdrawn from
the intermediate LCO, storage tank 40 and conveyed to
an underground long term storage facility 120.

[0015] The present invention provides a method and
system providing vapour return for pressure support of
LCO, carrier ship 30 tanks during liquid off-loading by
generating vapours directly from the off-loading cargo at
the terminal 100, eliminating the risk for potential off-spec
vapour return from the onshore storage tank facility 40.
[0016] Also, the invention provides an energy efficient
measure to reliquefy displaced vapour in the onshore
storage tanks 40, by heat integration with the ship vapour
return 4, 5,6,7,8,9.

[0017] The present invention provides a method for a
force-vaporising a slip stream of the off-loaded LCO,
cargo, providing vapour for pressure support to the ship
tanks without ingress of any potential contaminants from
the main onshore storage facility. The system also pro-
vides cooling duty for reliquefaction of displaced vapour
in the onshore storage tanks, reducing the energy re-
quirements for the BOG system.
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[0018] The present invention achieves the advantage
of providing CO, vapour return to an off-loading LCO,
carrier ship 30, independent of the content in the onshore
storage tanks, i.e. avoiding exposure of potential con-
taminants contained in the vapour space from previous
off-loaded cargos, such as from other LCO, carrier ships
30.

[0019] Further embodiments and advantages of the
invention will be apparent from the following detailed
description and appended claims.

[0020] In the present disclosure, same reference nu-
meral is used both to denote the conduit and the stream
flowing therein. For example, reference numeral 2 is
used to both denote the slip stream conduit, and also
to denote the slip stream itself flowing in said conduit.
[0021] The term "long-term" as used herein denotes a
storage intended to be permanent.

[0022] The present system and method may be com-
bined with either one or both of the embodiments dis-
closed applicant’s co-pending applications filed on even
date herewith.

BRIEF DESCRIPTION OF THE ATTACHED DRAWING

[0023] Figure 1 shows an embodiment of the inventive
system 50 as indicated by the dashed line implemented
into an LCO, receiving terminal 100. The inventive sys-
tem 50 in its most generic embodiment does not include
C, D, E, which in a preferred embodiment can be ar-
ranged along the vapour return condvuit4, 5, 6, 7, 8,9, and
does also not include G and H, which in a preferred
embodiment can be provided for separating outa remain-
ing gaseous fraction after partial liquefaction of the boil-
off gas from the reliquefied conduit 12, 15, and does also
not include I, and J, which are units conventionally in-
cluded in a conventional LCO, receiving terminal 100, in
which the inventive system 50 has not been implemen-
ted.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The core of the invention is a process scheme
that enables efficient heat integration between the cold
closed-circuit vapour return stream to LCO, carrier ship
30 and the warmer displaced boil-off gas from the on-
shore storage tanks 40. This is achieved by using a slip
stream of the off-loaded LCO,, cargo, which serves a dual
purpose:

- as the CO, pressure is let down to e.g. 7 barg, the
temperature will drop to approximately -45°C, pro-
viding refrigeration for the boil-off gas displaced
during filling of onshore storage tanks 40. This en-
ables at least partial recovery of the boil-off gas,
which is reliquefied and returned to the storage tank
40;

- the cold low pressure LCO, is vaporised by indirect
heat exchange in the first heat exchanger B which
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enables a closed-circuit vapour return system, elim-
inating the risk for return of vapour potentially con-
taining incompatible impurities from previous ships
existing in the onshore storage tank facility.

[0025] In the above connection, a lower pressure will
increase the cooling duty in the first heat exchanger B,
but will also increase the compressor duty of vapour
return compressor F.

[0026] Without CO, vapour return from the LCO, re-
ceiving terminal 100 to the LCO, carrier ship 30, e.g. in
order to avoid cross-contamination of the tanks of the
LCO, carrier ship 30, vapour for pressure maintenance
on the ship could possibly alternatively be generated by
force-vaporising liquid CO, cargo on the ship. Such
solution is however considered inferior to the solution
offered by the invention, since, i.a., with such solution, the
displaced vapour in the intermediate LCO, storage tank
or tanks 40 during filling will increase the sizing and
energy requirements for the BOG system of the LCO,
receiving terminal 100.

[0027] Inthe embodiment of the inventionillustrated in
FIG.1,LCO,is offloaded from a ship 30 at pressures from
e.g. 15-18 barg (denoted as medium pressure (MP), with
a typical saturation temperature between -30°C and
-20°C).

[0028] Aslip stream 2 of the off-loaded cargo 1 is fed to
a pressure let-down control valve A, where the pressure
is let down to e.g. 6-10 barg (denoted as low pressure
(LP), with a typical saturation temperature between
-50°C and -40°C).

[0029] The flow rate of the slip stream 2 will be deter-
mined by the off-loading rate, and typically around 5% of
the total flow will be required.

[0030] On the downstream side 3 of the pressure let-
down valve A a two-phase LP LCO, stream is fed to the
first heat exchanger B. In the embodiment in FIG. 1 the
firstheat exchanger B is depicted as a shell and tube heat
exchanger but could alternatively be of another type,
such as a plate or plate-fin heat exchanger. In the first
heat exchanger B, the cold two-phase LP stream pro-
vides cooling of the vapour displaced 11 from the storage
tank 40 during filling thereof. The displacement rate will
depend on the filing rate 10, the injection rate 16, and the
return of reliquefied boil-off gas 15.

[0031] Ideally, in a case of operation wherein the two-
phase LP LCO, stream has been fully vaporised after
heat exchange 4 in the first heat exchanger B, the result-
ing CO, vapour is returned to the ship after compression
of the CO, vapour stream 7 in a vapour return compres-
sor F.

[0032] Following heat exchange in the first heat ex-
changer B in a case of operation wherein the partly
vaporised LP LCO, stream 4 has not been fully va-
porised, the stream is further vaporised in a second heat
exchanger C, using the warm discharge stream 8 of
vapour from the vapour return compressor F. In the
inventive system, first and second heat exchangers B
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and C, respectively, could be referred to as cross heat
exchangers.

[0033] Incase the heat content of the boil-off stream 11
and of the compressor discharge stream 8 are not suffi-
cientto completely vaporise the LP LCO2, so that a partly
vaporised LCO, stream 5 remains after the second heat
exchanger C, a dedicated vaporiser D is provided. The
vaporiser D could be heated electrically, by ambient sea
water or other suitable heat sources available at the
terminal 100.

[0034] From the vaporiser D the LP CO, 6 is preferably
fed to a knock-out drum E to ensure that any remaining
liquid droplets are not found in the suction flow 7 to the
vapour return compressor F.

[0035] The vapour return compressor F will increase
the pressure to be compatible with the ship cargo tank
pressure. The compressor discharge 8 is cooled by
cross-heat exchange in heat exchanger C, providing heat
for vaporisation of a remaining liquid phase in the LP
LCO2 stream 4 as described above.

[0036] Vapour 9 is returned to ship 30 at pressure and
temperature compatible with the MP cargo at a rate that
equals the volumetric flow of off-loaded liquid 1.

[0037] As shown in the embodiment of the invention
illustrated in FIG. 1, the offloaded LCO, is split into two
process sections. As described above, the LP LCO2 2 is
providing vapour for the displaced liquid in the ship cargo
tanks 30 in a closed circuit 2, 3, 4, 5, 6, 7, 8,9. The major
part of the imported LCO, 1 is transferred 10 at MP
conditions to the intermediate storage tank(s) 40.
[0038] Thestoragetankortanks 40 are operated atMP
condition, and liquid CO, is transferred 16 to injection
pump or pumps L. In the embodiment of FIG. 1, the
injection pump | is shown as a single pump but could
also be configured in series with booster pumps. The
pump(s) provide sufficient head for dense phase CO, to
be exported to a pipeline 110 and subsequently injected
into a reservoir 120 for permanent storage. Downstream
of the injection pump 17, an injection heater J may be
arranged to avoid sub-zero temperatures entering the
pipeline at the landfall 19. The injection heater J could for
example be heated electrically, by ambient sea water or
other suitable heat sources available at the terminal.
[0039] The export flow rate 16 is likely to be lower than
cargo transfer rate 10, hence, as the level in the inter-
mediate storage tank 40 increases vapour will be dis-
placed. To control pressure, the displaced vapour 11 will
need to be processed, to avoid CO, emission to atmo-
sphere by vent.

[0040] The displaced vapour 11 at MP conditions will
be reliquefied against the colder LP LCO, stream 3 in a
heat exchanger B. Ideally, in a case of operation wherein
the BOG and/or displaced vapour 11 can be completely
reliquefied, the reliquefied BOG or reliquefied displaced
vapour can be returned to intermediate storage tank 40
via conduit 12, 15. In a case of operation wherein a
gaseous fraction remains 12 after cooling in the vapour
return heat exchanger B, the partly reliquefied vapours
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12 are fed to a two-phase separator G, where reliquefied
BOG/reliquefied displaced vapour is returned 15 to the
intermediate storage tank 40. The gas phase 13, en-
riched with non-condensable impurities, is fed to a boil-
off gas compressor H and the effluent from the compres-
sor is injected into high-pressure LCO, in the export
conduit 18, where it will be dissolved, complying with
single phase flow assurance requirements.

LIST OF REFERENCE SIGNS USED

[0041]

1,10 LCO, cargo import conduit

2 LCO, slip stream conduit

3 partly vaporised LCO, stream conduit

4,5,6,7,8, 9 CO, vapour return conduit

11 boil-off gas conduit

12,13, 14 remaining gaseous fraction conduit
(from boil-off gas)

12,15 reliquefied fraction conduit

16 conduit connecting bottom outlet 70 with
injection pump |

17 conduit connecting outlet from injection
pump with injection heater J

30 LCO, carrier ship

40 intermediate LCO, storage tank

50 system for offloading LCO, cargo (from
an LCO, carrier ship)

60 boil-off gas outlet (from intermediate
LCO, storage tank)

70 LCO, outlet (from intermediate LCO,
storage tank)

100 LCO, receiving terminal

110 pipeline

120 underground long term storage facility

T first temperature (of slip stream)

T2 second lower temperature (of partly va-
porised LCO, stream)

A pressure let-down valve

B first heat exchanger

C second heat exchanger

D vaporiser

E knock-out drum

F vapour return compressor

G two-phase separator

H boil-off gas compressor

| injection pump

J injection heater

Claims

1. A system (50) for offloading LCO, cargo from an
LCO, carrier ship (30) to an intermediate LCO,
storage tank (40) at an LCO, receiving terminal
(100), which system avoids cross-contamination of
cargo from one LCO, carrier ship (30) to another,
said system comprising:
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- an intermediate LCO, storage tank (40);

- a boil-off gas outlet (60) from the intermediate
LCO, storage tank (40) configured to withdraw-
ing boil-off gas from the intermediate LCO, sto-
rage tank (40);

- an LCO, cargo import conduit (1, 10) con-
nected to the intermediate LCO, storage tank
(40) configured to receive an LCO, cargo import
stream from the LCO, carrier ship (30);

- a CO, vapour return conduit (4, 5, 6, 7, 8, 9)
configured to be connected to the LCO, carrier
ship (30) and to return from the system (50) CO,,
vapour to the LCO, carrier ship (30);

- an LCO, outlet (70) from the intermediate
LCO, storage tank (40) configured to dischar-
ging LCO, from the intermediate LCO, storage
tank (40);

characterized in additionally comprising,

- an LCO, slip stream conduit (2) connected to
the LCO, cargo import conduit (1) configured to
withdrawing a slip stream of LCO, from the
LCO, cargo import conduit (1);

- a pressure let-down valve (A) connected to the
LCO, slip stream conduit (2) configured to re-
ceiving the slip stream of LCO, having a first
temperature (T1), and to exiting an atleast partly
vaporised stream of LCO, having a second low-
er temperature (T2);

- a partly vaporised stream conduit (3) con-
nected to the pressure let-down valve (A) con-
figured to receiving the at least partly vaporised
stream of LCO, having a second lower tempera-
ture (T2);

- a boil-off gas conduit (11) connected to the boil
off gas outlet (60);

- a first heat exchanger (B) connected to the
partly vaporised stream conduit (3) and to the
boil-off gas conduit (11), respectively, said heat
exchanger being configured to receiving the at
least partly vaporised stream of LCO, having the
second lower temperature (T2), to receiving the
boil-off gas withdrawn from the boil-off gas outlet
(60), to transferring heat from the boil-off gas to
the at least partly vaporised stream of LCO,
having the second lower temperature (T2), to
exiting areliquefied fraction from boil-off gas and
to exiting an at least partly vaporised stream of
LCO,, respectively;

- a reliquefied fraction conduit (12, 15) con-
nected to the intermediate LCO, storage tank
(40) configured to receiving the exiting relique-
fied fraction from the first heat exchanger (B);
- wherein the CO, vapour return conduit (4, 5, 6,
7, 8, 9) is further configured to receiving CO,
vapour resulting from the at least partly va-
porised stream of LCO, having the second lower
temperature (T2); and

-avapour return compressor (F) arranged along
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the vapour return conduit (4, 5, 6, 7, 8, 9) con-
figured to compressing the CO, vapour to be
returned to the LCO, carrier ship (30).

2. The system (50) of claim 1, additionally comprising

- means (C, D, E) arranged along the CO,
vapour return conduit (4, 5, 6, 7, 8, 9) configured
to vaporising a remaining non-vaporised frac-
tion of the at least partly vaporised stream of
LCO, exiting the first heat exchanger (B).

3. Thesystem (50) of claim 1 or 2, additionally compris-
ing

- an injection pump (1) connected via a conduit
(16) to the LCO, outlet (70) from the intermedi-
ate LCO, storage tank (40) configured to receiv-
ing LCO, withdrawn from the intermediate LCO,
storage tank (40), and to ejecting a stream of
compressed LCO, to be injected into a pipeline
(110) connected to an underground long term
storage facility (120); and

- a remaining gaseous fraction conduit (12, 13,
14) and means (G,H) arranged along said re-
maining gaseous fraction conduit (12, 13, 14)
configured to receiving, separating from the re-
liquefied fraction conduit (12, 15), and compres-
sing, a remaining gaseous fraction exiting the
first heat exchanger (B) resulting from the boil-
off gas, and to injecting the resulting com-
pressed gaseous fraction of the boil-off gas into
astream of compressed LCO, to be injected into
a pipeline (110) connected to an underground
long term storage facility (120).

4. A method for offloading LCO, cargo from an LCO,
carrier ship (30) to an intermediate LCO, storage
tank (40) atan LCO, receiving terminal (100), avoid-
ing cross-contamination of cargo from one LCO,
carrier ship (30) to another, said method comprising
the following steps:

i.) receiving a main stream of LCO, from an
LCO, carrier ship (30) and directing the main
stream to an intermediate LCO, storage tank
(40);

ii.) withdrawing LCO, from an LCO, outlet (70)
from the intermediate LCO,, storage tank (40);
iii.) withdrawing a stream of boil-off gas from a
boil-off gas outlet (60) from the intermediate
LCO, storage tank (40);

iv.) returning CO, vapour from the terminal (100)
back to the LCO, carrier ship (30),

characterized in additionally comprising the follow-
ing steps:
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v.) withdrawing from the main stream of LCO, a
slip stream of LCO,;

vi.) subjecting the withdrawn slip stream of LCO,,
having a first temperature (T1) to a reduced
pressure, thereby partly vaporising the with-
drawn LCO, slip stream having a first tempera-
ture (T1) so as to produce an at least partly
vaporised LCO, slip stream having a second
lower temperature (T2);

vii.) subjecting the withdrawn stream of boil-off
gas to heat exchange with the at least partly
vaporised LCO, slip stream having the second
lower temperature (T2), thereby partly or com-
pletely liquefying the stream of boil-off gas into a
liquefied fraction;

viii.) returning the resulting liquefied fraction to
the intermediate LCO, storage tank (40);
wherein, in step (iv.), the CO, vapour from the
terminal (100) being returned to the LCO, carrier
ship (30) comprises a stream of CO, vapour
obtained from the slip stream of LCO, and is
subjected to compression before being returned
to the ship.

The method for offloading LCO, cargo froman LCO,
carrier ship (30) to an intermediate LCO, storage
tank (40) atan LCO, receiving terminal (100) of claim
4, additionally comprising the following steps:

ix.) vaporising a remaining non-vaporised frac-
tion of the at least partly vaporised LCO, slip
stream after heat exchange in step (vii);
wherein, in step (iv.), the CO, vapour from the
terminal being compressed and returned to the
LCO, carrier ship (30) comprises the resulting
CO, vapour from step (ix.).

The method of claim 4 or 5, additionally comprising
the step of:

x.) after heat exchange in step (vii.) separating and
directing a remaining non-liquefied gaseous fraction
from the boil-off gas stream into a stream of LCO,
being withdrawn from the intermediate LCO,, storage
tank (40) and conveyed to an underground long term
storage facility (120).

Patentanspriiche

1.

System (50) zum Entladen von LCO,-Fracht von
einem LCO,-Tanker (30) in einen LCO,-Zwischen-
speichertank (40) an einem LCO,-Empfangstermi-
nal (100), wobei das System eine Kreuzkontamina-
tion der Fracht von einem LCO,-Tanker (30) auf
einen anderen vermeidet, wobei das System auf-
weist:

- einen LCO,-Zwischenspeichertank (40);
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- einen Abdampfgas-Auslass (60) aus dem
LCO,-Zwischenspeichertank (40), der konfigu-
riertist, Abdampfgas aus dem LCO,-Zwischen-
speichertank (40) zu entnehmen;

- eine LCO,-Frachtimportleitung (1, 10), die mit
dem LCO,-Zwischenspeichertank (40) verbun-
den ist und konfiguriert ist, einen LCO,-Frach-
timportstrom vom LCO,-Tanker (30) aufzuneh-
men;

- eine CO,-Dampfrickflhrleitung (4, 5, 6, 7, 8,
9), die konfiguriertist, mitdem LCO,-Tanker (30)
verbunden zu werden und CO,-Dampfaus dem
System (50) zum LCO,-Tanker (30) zuriick-
zuflihren;

- einen LCO,-Auslass (70) aus dem LCO,-Zwi-
schenspeichertank (40), der konfiguriert ist,
LCO, aus dem LCO,-Zwischenspeichertank
(40) abzugeben;

dadurch gekennzeichnet, dass es zusatzlich auf-
weist:

- eine LCO,-Nachstromleitung (2), die mit der
LCO,-Frachtimportleitung (1) verbunden ist und
konfiguriert ist, einen LCO,-Nachstrom aus der
LCO,-Frachtimportleitung (1) zu entnehmen;

- ein Druckabbauventil (A), das mit der
LCO,-Nachstromleitung (2) verbunden und
konfiguriert ist, den LCO,-Nachstrom mit einer
ersten Temperatur (T1) aufzunehmen und einen
zumindest teilweise verdampften LCO,-Strom
mit einer zweiten, niedrigeren Temperatur (T2)
austreten zu lassen;

- eine Leitung (3) fUr einen teilweise verdampf-
ten Strom, die mit dem Druckabbauventil (A)
verbunden und konfiguriert ist, den mindestens
teilweise verdampften LCO,-Strom mit einer
zweiten niedrigeren Temperatur (T2) aufzuneh-
men;

- eine Abdampfgas-Leitung (11), die mit dem
Abdampfgas-Auslass (60) verbunden ist;

- einen ersten Warmetauscher (B), der mit der
Leitung (3) fir den teilweise verdampften Strom
bzw. mit der Abdampfgas-Leitung (11) verbun-
den ist, wobei der Warmetauscher konfiguriert
ist, den zumindest teilweise verdampften
LCO,-Strom mit der zweiten niedrigeren Tem-
peratur (T2) aufzunehmen, das aus dem Ab-
dampfgas-Auslass (60) entnommene Abdampf-
gas aufzunehmen, Warme von dem Abdampf-
gas auf den zumindest teilweise verdampften
LCO,-Strom mit der zweiten niedrigeren Tem-
peratur (T2) zu Ubertragen, einen wieder ver-
flissigten Anteil aus dem Abdampfgas austre-
ten zu lassen bzw. einen zumindest teilweise
verdampften LCO,-Strom austreten zu lassen;
- eine Leitung (12, 15) fir den wieder verfllissig-
ten Anteil, die mit dem LCO,-Zwischenspei-
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chertank (40) verbunden und konfiguriert ist,
den aus dem ersten Warmetauscher (B) aus-
tretenden wieder verflissigten Anteil aufzuneh-
men;

- wobei die CO,-Dampfriickfiihrleitung (4, 5, 6,
7, 8, 9) ferner konfiguriert ist, CO,-Dampf auf-
zunehmen, der aus dem zumindest teilweise
verdampften LCO,-Strom mit der zweiten nied-
rigeren Temperatur (T2) resultiert; und

- einen Dampfrickfihrverdichter (F), der ent-
lang der Dampfruckfiihrleitung (4, 5, 6, 7, 8, 9)
angeordnet ist und konfiguriert ist, den
CO,-Dampf zu verdichten, der zum LCO,-Tan-
ker (30) zuriickgefiihrt werden soll.

2. System (50) nach Anspruch 1, das zusatzlich auf-

weist:

- eine Einrichtung (C, D, E), die entlang der
CO,-Dampfrickfihrleitung (4, 5, 6, 7, 8, 9) an-
geordnet und konfiguriert ist, einen verbleiben-
den nicht verdampften Anteil des zumindest
teilweise verdampften LCO,-Stroms, der aus
dem ersten Warmetauscher (B) austritt, zu ver-
dampfen.

3. System (50) nach Anspruch 1 oder 2, das zusatzlich

aufweist:

- eine Einspritzpumpe (1), die Uber eine Leitung
(16) mit dem LCO,-Auslass (70) des LCO,-Zwi-
schenspeichertanks (40) verbundeniist, die kon-
figuriert ist, LCO, aufzunehmen, das aus dem
LCO,-Zwischenspeichertank (40) entnommen
wird, und einen Strom von verdichtetem LCO,
auszustoBen, der in eine Pipeline (110) einge-
spritzt werden soll, die mit einer unterirdischen
Langzeitspeichereinrichtung (120) verbunden
ist; und

- eine Leitung (12, 13, 14) fir den verbleibenden
gasférmigen Anteil und eine Einrichtung (G, H),
die entlang der Leitung (12, 13, 14) fuir den ver-
bleibenden gasférmigen Anteil angeordnet und
konfiguriert sind, einen verbleibenden gasformi-
gen Anteil, der aus dem ersten Warmetauscher
(B) austritt und aus dem verdampften Gas resul-
tiert, aufzunehmen, von der Leitung (12, 15) fir
den wieder verflissigten Anteil zu trennen und
zu verdichten, und den resultierenden verdich-
teten gasformigen Anteil des Abdampfgases in
einen Strom von verdichtetem LCO, einzusprit-
zen, der in eine Pipeline (110) eingespritzt wer-
den soll, die mit einer unterirdischen Langzeit-
speichereinrichtung (120) verbunden ist.

4. Verfahren zum Entladen einer LCO,-Fracht von ei-

nem LCO,-Tanker (30) in einen LCO,-Zwischen-
speichertank (40) an einem LCO,-Empfangstermi-
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nal (100), wobei eine Kreuzkontamination der Fracht
von einem LCO,-Tanker (30) auf einen anderen ver-
mieden wird, wobei das Verfahren die folgenden
Schritte aufweist:

i.) Empfangen eines Hauptstroms von LCO, von
einem LCO,-Tanker (30) und Leiten des Haupt-
stroms zu einem LCO,-Zwischenspeichertank
(40);

ii.) Entnehmen von LCO, aus einem LCO,-Aus-
lass (70) aus dem LCO,-Zwischenspeichertank
(40);

ii.) Entnehmen eines Abdampfgas-Stroms aus
einem Abdampfgas-Auslass (60) aus dem
LCO,-Zwischenspeichertank (40);

iv.) Rickfiuhren von CO,-Dampf vom Terminal
(100) zurick zum LCO,-Tanker (30),

dadurch gekennzeichnet, dass es zusatzlich die
folgenden Schritte aufweist:

v.) Entnehmen aus dem Hauptstrom von LCO,
eines LCO,-Nachstroms;

vi.) Aussetzen des entnommenen
LCO,-Nachstroms mit einer ersten Temperatur
(T1) einem reduzierten Druck, wodurch der ent-
nommene LCO,-Nachstrom mit einer ersten
Temperatur (T1) teilweise verdampft wird, um
einen zumindest teilweise verdampften
LCO,-Nachstrom mit einer zweiten niedrigeren
Temperatur (T2) zu erzeugen;

vii.) Unterziehen des entnommenen Abdampf-
gas-Stroms einem Warmeaustausch mit dem
zumindest teilweise verdampften LCO,-Nach-
strom mit der zweiten niedrigeren Temperatur
(T2), wodurch der Abdampfgas-Strom teilweise
oder vollstandig zu einem verflussigten Anteil
verfllssigt wird,;

viii.) Rickfihren des resultierenden verflissig-
ten Anteils in den LCO,-Zwischenspeichertank
(40);

wobei in Schritt (iv.) der CO,-Dampf von dem Ter-
minal (100), der zu dem LCO,-Tanker (30) zurtick-
gefiihrt wird, einen Strom von CO,-Dampf aufweist,
der aus dem LCO,-Nachstrom erhalten wird, und
einer Verdichtung unterzogen wird, bevor er zu dem
Tanker zurtickgefuhrt wird.

Verfahren zum Entladen von LCO,-Fracht von ei-
nem LCO,-Tanker (30) in einen LCO,-Zwischen-
speichertank (40) an einem LCO,-Empfangstermi-
nal (100) nach Anspruch 4, das zusatzlich die fol-
genden Schritte aufweist:

ix.) Verdampfen eines verbleibenden nicht ver-
dampften Anteils des zumindest teilweise verdampf-
ten LCO,-Nachstroms nach dem Wéarmeaustausch
in Schritt (vii);
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wobei in Schritt (iv.) der CO,-Dampf von dem Ter-
minal, der verdichtet und zu dem LCO,-Tanker (30)
zuruickgefiihrt wird, den resultierenden CO,-Dampf
von Schritt (ix.) aufweist.

Verfahren nach Anspruch 4 oder 5, das zusatzlich
den folgenden Schritt aufweist:

x.) nach dem Warmeaustausch in Schritt (vii.) Ab-
trennen und Leiten eines verbleibenden nicht ver-
flissigten gasférmigen Anteils aus dem Abdampf-
gas-Strom in einen LCO,-Strom, der aus dem
LCO,-Zwischenspeichertank (40) entnommen und
zu einer unterirdischen Langzeitspeichereinrichtung
(120) befordert wird.

Revendications

Systeme (50) destiné a décharger une cargaison de
LCO, d’'un navire de transport de LCO, (30) vers un
réservoir de stockage de LCO, intermédiaire (40) au
niveau d’un terminal de réception de LCO, (100),
lequel systéme évite une contamination croisée de
cargaison d’un navire de transportde LCO, (30) & un
autre, ledit systéme comprenant :

- un réservoir de stockage de LCO, intermé-
diaire (40) ;

- une sortie de gaz d’évaporation (60) du réser-
voir de stockage de LCO, intermédiaire (40)
configurée pour extraire du gaz d’évaporation
du réservoir de stockage de LCO, intermédiaire
(40);

- un conduit d’importation de cargaisonde LCO,
(1, 10) raccordé au réservoir de stockage de
LCO, intermédiaire (40) configuré pour recevoir
un écoulement d’'importation de cargaison de
LCO, a partir du navire de transport de LCO,
(30);

- un conduit de renvoi de vapeur de CO, (4, 5, 6,
7,8, 9) configuré pour étre raccordé au navire de
transport de LCO, (30) et pour renvoyer, a partir
du systéme (50), de la vapeur de CO, vers le
navire de transport de LCO, (30) ;

- une sortie de LCO, (70) depuis le réservoir de
stockage de LCO, intermédiaire (40) configurée
pour décharger le LCO, du réservoir de stoc-
kage de LCO, intermédiaire (40) ;

caractérisé en ce que ledit systeme comprend en
outre,

- un conduit d’écoulement glissant de LCO, (2)
raccordé au conduit d’'importation de cargaison
de LCO, (1) configuré pour extraire un écoule-
ment glissant de LCO, a partir du conduit d’'im-
portation de cargaison de LCO, (1) ;

- une vanne de réduction de pression (A) rac-
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cordée au conduit d’écoulement glissant de
LCO, (2) configurée pour recevoir I'écoulement
glissant de LCO, ayant une premiére tempéra-
ture (T1) et pour délivrer un écoulement au
moins partiellement vaporisé de LCO, ayant
une seconde température plus basse (T2) ;

- un conduit d’écoulement partiellement vapo-
risé (3) raccordé a la vanne de réduction de
pression (A) configuré pour recevoir I'écoule-
ment au moins partiellement vaporisé de
LCO, ayant une seconde température plus
basse (T2) ;

- un conduit de gaz d’évaporation (11) raccordé
a la sortie de gaz d’évaporation (60) ;

- un premier échangeur de chaleur (B) raccordé
respectivement au conduit d’écoulement par-
tiellement vaporisé (3) et au conduit de gaz
d’évaporation (11), ledit échangeur de chaleur
étant configuré, respectivement, pour recevoir
I'écoulement au moins partiellement vaporisé
de LCO, ayant la seconde température plus
basse (T2), pour recevoir le gaz d’évaporation
extrait de la sortie de gaz d’évaporation (60),
pour transférer de la chaleur du gaz d’évapora-
tion vers I'écoulement au moins partiellement
vaporisé de LCO, ayantlaseconde température
plus basse (T2), pour délivrer une fraction reli-
quéfiée du gaz d’évaporation et pour délivrer un
écoulement au moins partiellement vaporisé de
LCO,;

- un conduit de fraction reliquéfiée (12, 15) rac-
cordé au réservoir de stockage de LCO, inter-
médiaire (40) configuré pour recevoir la fraction
reliquéfiée sortant du premier échangeur de
chaleur (B) ;

- dans lequel le conduit de renvoi de vapeur de
CO, (4,5,6,7,8,9)est en outre configuré pour
recevoir de la vapeur de CO, issue de I'écou-
lement au moins partiellement vaporisé de
LCO, ayant la seconde température plus basse
(T2); et

- un compresseur de renvoi de vapeur (F) dis-
posé le long du conduitde renvoide vapeur (4, 5,
6, 7, 8, 9), configuré pour comprimer la vapeur
de CO, arenvoyer vers le navire de transport de
LCO, (30).

2. Systeme (50) selon la revendication 1, comprenant

en outre

-un moyen (C, D, E) disposé le long du conduit
de renvoi de vapeur de CO, (4, 5, 6, 7, 8, 9),
configuré pour vaporiser une fraction non vapo-
risée restante de I'écoulement au moins partiel-
lement vaporisé de LCO, sortant du premier
échangeur de chaleur (B).

3. Systéme (50) selon la revendication 1 ou la reven-
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dication 2, comprenant en outre

- une pompe d’injection (I) raccordée par le biais
d’un conduit (16) a la sortie de LCO, (70) du
réservoir de stockage de LCO, intermédiaire
(40) configurée pour recevoir du LCO, extrait
du réservoir de stockage de LCO, intermédiaire
(40), et pour éjecter un écoulement de LCO,
comprimé a injecter dans un pipeline (110) rac-
cordé a une installation de stockage a long
terme souterraine (120) ; et

- un conduit de fraction gazeuse restante (12,
13, 14) et un moyen (G, H) disposé le long dudit
conduitde fraction gazeuse restante (12, 13, 14)
configuré pour recevoir, séparer du conduit de
fraction reliquéfiée (12, 15), et comprimer une
fraction gazeuse restante sortant du premier
échangeur de chaleur (B) issue du gaz d’éva-
poration, et pour injecter la fraction gazeuse
comprimée obtenue du gaz d’évaporation en
un écoulement de LCO, comprimé a injecter
dans un pipeline (110) raccordé a une installa-
tion de stockage a long terme souterraine (120).

Procédé de déchargement d’une cargaison de LCO,
d’un navire de transport de LCO, (30) vers un ré-
servoir de stockage de LCO, intermédiaire (40) au
niveau d’'un terminal de réception de LCO, (100),
évitant une contamination croisée de cargaison d’'un
navire de transport de LCO, (30) a un autre, ledit
procédé comprenant les étapes suivantes consis-
tanta:

i.) recevoir un écoulement principal de LCO,
d’un navire de transport de LCO, (30) et diriger
I’écoulement principal vers un réservoir de stoc-
kage de LCO, intermédiaire (40) ;

ii.) extraire du LCO, d’'une sortie de LCO, (70)
du réservoir de stockage de LCO, intermédiaire
(40) ;

iii.) extraire un écoulement de gaz d’évaporation
de la sortie de gaz d’évaporation (60) du réser-
voir de stockage de LCO, intermédiaire (40) ;
iv.) renvoyer de la vapeur de CO, du terminal
(100) en retour vers le navire de transport de
LCO, (30),

caractérisé en ce que le procédé comprend en
outre les étapes suivantes consistant a :

v.) extraire, de I'écoulement principal de LCO,,
un écoulement glissant de LCO, ;

vi.) soumettre I'écoulement glissant extrait de
LCO, ayant une premiére température (T1) &
une pression réduite, vaporisant ainsi partielle-
ment I'écoulement glissant de LCO, extrait
ayant une premiére température (T1) de fagon
a produire un écoulement glissant de LCO,, au
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10

moins partiellement vaporisé ayant une se-
conde température plus basse (T2) ;

vii.) soumettre I'écoulement de gaz d’évapora-
tion extrait a un échange de chaleur avec I'é-
coulement glissant de LCO, au moins partielle-
ment vaporisé ayant la seconde température
plus basse (T2), liquéfiant ainsi partiellement
ou complétement I'écoulement de gaz d’évapo-
ration en une fraction liquéfiée ;

viii.) renvoyer la fraction liquéfiée obtenue vers
le réservoir de stockage de LCO, intermédiaire
(40);

dans lequel, a I'étape (iv.), la vapeur de CO,
provenant du terminal (100) qui est renvoyée
vers le navire de transport de LCO, (30)
comprend un écoulement de vapeur de CO,
obtenu a partir de I'écoulement glissant de
LCO, et est soumise a une compression avant
d’étre renvoyée vers le navire.

Procédé de déchargement d’une cargaisonde LCO,
d’un navire de transport de LCO, (30) vers un ré-
servoir de stockage de LCO, intermédiaire (40) au
niveau d'un terminal de réception de LCO, (100)
selon la revendication 4, comprenant en outre I'é-
tape suivante consistant a :

ix.) vaporiser une fraction non vaporisée res-
tante de I'écoulement glissant de LCO, au
moins partiellement vaporisé aprés I'échange
de chaleur de I'étape (vii) ;

dans lequel, & I'étape (iv.), la vapeur de CO,
provenant du terminal qui est comprimée et
renvoyée vers le navire de transport de LCO,
(30) comprend la vapeur de CO, obtenue a
I'étape (ix.).

Procédé selon la revendication 4 ou la revendication
5, comprenant en outre I'étape consistant a :

X.) aprés I'’échange de chaleur de I'étape (vii.), sé-
parer et diriger une fraction gazeuse non liquéfiée
restante de I'écoulement de gaz d’évaporation en un
écoulement de LCO, qui est extrait du réservoir de
stockage de LCO, intermédiaire (40) et qui est trans-
porté vers une installation de stockage a long terme
souterraine (120).
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