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A method for CO2 compression and liquefaction

FIELD

The present disclosure deals with a method for compressing and liquefying a feed
of wet CO2.
The disclosure also deals with an installation adapted for performing such a

method.

BACKGROUND

In known methods, CO2 is usually recovered at low pressure, compressed,
dehydrated and exported at very high pressure into export pipelines, or injected into
depleted natural gas or oil wells.

Opportunities to export CO2 in the liquid form are now emerging in the industry.

The specificities and behavior of CO2 when liquefied are not as straightforward as
often published in the literature. Many misconceptions can occur. This can lead to
inefficient process, technical and mechanical issues, as well as large size equipment
items. Many publications on this subject are often incomplete and misleading with regards
to these aspects.

In general, CO2 is compressed through a multistage compressor, dehydrated and
then, if needed, liquefied. The liquefaction process is stand alone. An external
refrigeration unit is required to cool and liquefy CO2. The refrigerant used is an industrial
refrigerant, or sometimes ammonia.

However, such methods have a high energy demand. The refrigerant requires
sourcing and import. As liquefaction is performed at the CO2 export pressure,
compression requires a lot of energy. The pieces of equipment needed to perform
such methods are large, rated for high pressure, which leads to high investment
costs.

An objective of the disclosure is to provide a method that partially or entirely
overcomes the above drawbacks, in particular a method allowing to reduce the cost

(CAPEX and OPEX) of producing liquefied CO2.

SUMMARY OF THE DISCLOSURE
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To this end, the disclosure proposes a method comprising:

- obtaining a feed comprising gaseous CO2,

- compressing said feed in order to obtain a compressed feed and one or several
streams of liquid, and

- liquefying the compressed feed in order to obtain a CO2 rich liquid,

wherein liquefying comprises:

- performing a heat exchange between at least a first portion of the compressed
feed and a cold fluid in a first heat exchanger in order to obtain a first stream of CO2 rich
liquid and a partially heated gas, and

-obtaining the CO2 rich liquid from at least the first stream of CO2 rich liquid,

wherein compressing said feed comprises:

- cooling the feed in a second heat exchanger, the feed receiving cold from a
cooling stream of a first refrigerant, and

- operating a first cooling cycle, in which the first refrigerant circulates and receives

cold in a third heat exchanger from the partially heated gas.

In other embodiments, the method may comprise one or several of the following
features, taken in isolation or any technically feasible combination:

- said gaseous CO2 is wet, the method comprising dehydrating the compressed
feed prior to liquefying the compressed feed,;

- the cold fluid is LNG;

- the first heat exchanger uses an intermediate fluid evaporating by heat exchange
with said first portion of the compressed feed, and condensing by heat exchange with the
cold fluid;

- the intermediate fluid comprises more than 90mol.% of ethane, ethylene,
propane, propylene or ammonia;

- liquefying comprises precooling at least a first part of the compressed feed by
heat exchange with the partially heated gas in a fourth heat exchanger in order to obtain a
precooled CO2 rich gas and to heat the partially heated gas, the first portion of the
compressed feed admitted in the first heat exchanger being at least a part of the
precooled CO2 rich gas;

- liquefying comprises: cooling at least a second portion of the compressed feed by
heat exchange with a second refrigerant in order to obtain a second stream of CO2 rich
liquid; operating a second cooling cycle in which the second refrigerant circulates; and
obtaining the CO2 rich liquid from at least the second stream of CO2 rich liquid;
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- the second refrigerant is a CO2 rich fluid obtained from the compressed feed,;

- operating the second cooling cycle includes expanding a stream of the second
refrigerant in order to obtain a first cold stream of the second refrigerant and performing a
heat exchange between the first cold stream and the first refrigerant in a fifth heat
exchanger in order to obtain the cooling stream of the first refrigerant;

- operating the second cooling cycle includes: expanding a liquid stream of the
second refrigerant in order to obtain a second cold stream of the second refrigerant;
performing a heat exchange between the second cold stream and said part of the
compressed feed in a sixth heat exchanger in order to obtain a cold CO2 rich gaseous
stream and a liquid stream of the second refrigerant; expanding the liquid stream of the
second refrigerant in order to obtain a third cold stream of the second refrigerant; and
performing a heat exchange between the third cold stream and said gaseous stream in a
seventh heat exchanger in order to obtain said second stream of CO2 rich liquid,

- the first refrigerant comprises glycol;

- operating the first cooling cycle includes controlling a temperature of said cooling
stream of the first refrigerant in order to prevent formation of CO2 hydrates in the feed in
the second heat exchanger;

- obtaining the CO2 rich liquid comprises flashing at least said first stream of CO2
rich liquid and recovering an end flash gas,

- liquefying comprises performing a heat exchange between at least a second part
of the compressed feed and the end flash gas in an eighth heat exchanger in order to
obtain a third stream of CO2 rich liquid and a heated end flash gas,

- obtaining the CO2 rich liquid comprises flashing said third stream of CO2 rich
liquid; and

- using a pump to increase a pressure of the CO2 rich liquid.

The disclosure also proposes an installation comprising:

- a compression unit adapted for receiving a feed comprising gaseous wet CO2
and producing a compressed feed and one or several streams of liquid,

- a first cooling cycle, in which a first refrigerant is intended to circulate, and

- a liquefaction unit adapted for liquefying the compressed feed and producing a
CO2 rich liquid,

wherein the liquefaction unit comprises a first heat exchanger adapted for
performing a heat exchange between at least a first portion of the compressed feed and a

cold fluid in order to obtain a first stream of CO2 rich liquid and a partially heated gas, the
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CO2 rich liquid being intended to be obtained from at least the first stream of CO2 rich

liquid,

wherein the compression unit comprises a second heat exchanger adapted for
cooling the feed, the feed receiving cold from a cooling stream of the first refrigerant, the
first cooling cycle including a third heat exchanger adapted for allowing the first refrigerant

to receive cold from the partially heated gas.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure and its advantages will be better understood upon reading the
following description, given solely by way of example and with reference to the appended
drawing, in which:

Figure 1 is a schematic diagram representing part of an installation according to
the disclosure, and

Figure 2 is a schematic diagram representing another part of the installation

partially shown in Figure 1, the other part comprising the second cooling cycle.

DETAILED DESCRIPTION

In all what follows, we will designate by the same references a current circulating
in a pipe and the pipe which transports it. The terms “upstream” and “downstream” are
generally relative to the normal direction of circulation of a fluid.

Furthermore, unless otherwise stated, percentages are molar percentages, and
pressures are given in absolute bar.

The ambient temperature prevailing around the installation is not significant for the

purposes of the disclosure and can be in particular between 5°C and 40°C.

Installation

An installation 10 according to the disclosure will now be described with reference
to Figures 1 and 2.

The installation 10 is adapted for compressing and liquefying a feed 12 comprising
gaseous, for example wet, CO2 (Figure 1) and obtaining a CO2 rich liquid 14.

The feed 12 for example comes from a CO2 capture unit 15. The feed 12 for
example contains more than 90% of CO2 on a dry basis, preferably more than 95%. The

feed 12 may contain light elements, such as nitrogen, hydrogen or methane. The feed 12
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may also contain water, which is then removed in order to prevent hydrate formation or

freezing, and to allow liquefying CO2. The feed may be at a feeding pressure comprised
between 0.1 and 5.0 bar.

By “CO2 rich” in the present document, it is meant that the CO2 fraction is
“between 90.0% and 100.0%, preferably between 95.0%, and 100.0%".

The CO2 rich liquid 14 is preferably at a pressure comprised between 6.0 and 70
bar.

As seen in Figure 1, the installation 10 comprises a compression unit 16 adapted
for receiving the feed 12 and producing a compressed feed 18 and in the example several
streams of liquid 20A, 20B, 20C, and optionally a dehydration unit 22 adapted for
dehydrating the compressed feed 18. The installation 10 comprises a liquefaction unit 26
adapted for liquefying the compressed and optionally dehydrated feed 18 and producing
the CO2 rich liquid 14. The installation 10 comprises a first cooling cycle 28, in which a
first refrigerant 30 is intended to circulate, in order to bring cold to the compression unit
16.

In case the feed 12 is dry enough, the dehydration unit 22 is not needed.

Advantageously, the installation 10 comprises a second cooling cycle 32 shown in
Figure 2, in which a second refrigerant 34 is intended to circulate, in order to bring cold to
the liquefaction unit 26, and optionally to the first cooling cycle 28.

The installation 10 comprises a first heat exchanger 36 within the liquefaction unit
26, and a second heat exchanger 38 within the compression unit 16 and the first cooling
cycle 28, and a third heat exchanger 40 within the first cooling cycle 28.

Advantageously, the installation 10 comprises a fourth heat exchanger 41 within
the liquefaction unit 26, a fifth heat exchanger 42 within the first cooling cycle 28 and the
second cooling cycle 32, a sixth heat exchanger 44 and a seventh heat exchanger 46
both within the liquefaction unit 26 and the second cooling cycle 32, and an eighth heat
exchanger 48 within the liquefaction unit 26.

Apart from the second heat exchanger 38, the compression unit 16 for example
comprises a suction drum 50, and a compressor 52 for example having a low pressure
stage 52A and a high pressure stage 52B.

In the example, the compressor 52 comprises a low pressure desuperheater 54A
(or intercooler), a high pressure desuperheater 54B, a high pressure stage suction drum
56A and a high pressure stage discharge drum 56B.

The low pressure is higher than the feeding pressure, and for example comprised

between ween 0.3 and 7.0 bar.
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The high pressure is higher than the low pressure, and for example comprised

between ween 8.0 and 25 bar.

In variants (not shown), the compressor 52 may have a single stage, a single
desuperheater 54B and a single discharge drum 56B, or may have three stages or more,
each stage having a dedicated desuperheater and suction drum.

The second heat exchanger 38 is advantageously located downstream of the
desuperheater 54B and upstream of the discharge drum 56B of the last stage of the
compressor 52.

As a variant (not shown), the second heat exchanger 38, the discharge drum 56B
and the optional dehydration unit 22 are located between the suction drum 56A and the
high pressure stage 52B.Apart from the second heat exchanger 38, the third heat
exchanger 40 and the optional fifth heat exchanger 42, the first cooling cycle 28 for
example comprises a pump 58 to circulate the first refrigerant 30.

The first refrigerant 30 advantageously comprises, or is, glycol water.

The dehydration unit 22 may be adapted to use various known technologies, and
for example comprises one or several molecular sieve(s), silica gel, or triethylene glycol
(TEG) (not shown).

Apart from the first heat exchanger 36 and the optional fourth heat exchanger 41
and eighth heat exchanger 48, the liquefaction unit 26 for example comprises an end flash
drum 60 and a pump 62.

The liquefaction unit 26 is adapted for receiving a cold fluid 64, such as LNG
(liquefied natural gas). LNG is a liquid, usually at a temperature below -140°C. The cold
fluid 64 may be a pressurized one, with a pressure for example above 31 bar or even
above 81 bar. The liquefaction unit 26 is adapted for producing a partially heated gas 66
by heating the cold fluid 64, and advantageously for producing an end flash gas 68.

The partially heated gas 66, once heated in the third heat exchanger 40
advantageously becomes a fluid 70 at ambient temperature, or close to, which can for
example be exported to a network 72 or a user.

The end flash gas 68 may be recycled in a process unit 73, which can be part of
the installation 10 or be an outside unit.

The first heat exchanger 36 is advantageously an intermediate fluid liquefier (IFL)
using an intermediate fluid 74, for example comprising more than 90% of ethane or an
equivalent fluid, such as propane, ethylene, propylene or ammonia. For example, the
intermediate fluid 74 is ethane.

As shown in Figure 2, apart from the fifth heat exchanger 42, the sixth heat

exchanger 44 and the seventh heat exchanger 46, the second cooling cycle 32 for
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example comprises a compressor 76, which is for example three staged, a medium

pressure desuperheater 78, a pressure booster 80, a high pressure desuperheater 82A, a
condenser 82B, and an accumulator 84. The second cooling cycle 32 for example
comprises three expansion organs 86A, 86B, 86C, such as valves or turbines, and three
suction drums 88A, 88B, 88C. The second cooling cycle 32 for example comprises a by-
pass 90 for by-passing the fifth heat exchanger 42 totally or partially.

As a variant (not shown), the booster 80 may be a final stage of the compressor
76, or the second cooling cycle 32 has no booster.

In another variant (not shown), the compressor 76 may be a single staged
machine.

The by-pass 90 for example comprises an expansion organ 86D, such as a valve
or a turbine.

The second refrigerant 34 may be any type of refrigerant that can cool and liquefy
CO2.

In a preferred embodiment, the second refrigerant 34 is a CO2 rich fluid,
advantageously obtained from the compressed and optionally dehydrated feed 18. In
other words, the second refrigerant 34 is advantageously made up from the compressed
feed 18.

Method

The operation of the installation 10 will now be described, thus illustrating a
method according to the disclosure.

The feed 12 is first obtained, in the example from the capture unit 15.

The feed 12 is compressed and dried in the compression unit 16 in order to obtain
the compressed feed 18 and the streams of liquid 20A, 20B, 20C.

In the example, the feed 12 is received in the suction drum 50, in which water, and
other liquids if any, are collected to form the stream of liquid 20A.

The feed 12 then enters the compressor 52, in the example via the first stage 52A,
where pressure is increased from the feeding pressure to the low pressure. The feed 12 is
cooled in the low pressure desuperheater 54A and admitted in the high pressure stage
suction drum 56A, from which the second stream of liquid 20B is extracted. The feed 12
then enters the second stage 52B, where pressure is increased from the low pressure to
the high pressure. In the example, the feed 12 is cooled in the high pressure

desuperheater 54B.
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Then, the feed 12 is cooled by receiving cold in the second heat exchanger 38

from a cooling stream 92 of the first refrigerant 30. After this additional cooling, the feed
12 is admitted in the high pressure discharge drum 56B from which the stream of liquid
20C is extracted.

The second heat exchanger 38 provides additional cooling to the feed 12
compared to what the desuperheater 54B can do, which allows condensing more water
before the compressed feed 18 flows into the optional dehydration unit 22 and thus allows
reducing the size of the dehydration unit 22, if any.

Advantageously, the feed 12 is cooled to the minimum possible temperature down
while preventing the formation of CO2 hydrates or ice in the feed.

In the example, the first refrigerant 30 is circulated in the first cooling cycle 28 by
the pump 58. The first refrigerant 30, after exiting the second heat exchanger 38, is cooled
in the third exchanger 40 by receiving cold from the partially heated gas 66, which is in the
example natural gas still rather cold. This produces the fluid 70 at ambient temperature (or
close to) which is advantageously exported to the network 72 or a user.

In the example, the first refrigerant 30, after passing in the third exchanger 40, is
further cooled in the fifth heat exchanger 42 by receiving cold from the second refrigerant
34, in order to obtain the cooling stream 92.

When operating the first cooling cycle 28, the temperature of the cooling stream 92
is advantageously controlled above the temperature of CO2 hydrate formation in the feed
12 flowing in the second heat exchanger 38, in order to prevent such formation.

The compressed feed 18 is optionally dehydrated in the dehydrating unit 22.

The compressed feed 18 is then liquefied in the liquefaction unit 26 in order to
obtain the CO2 rich liquid 14.

Advantageously, at least a first part 93 of the compressed feed 18 is precooled in
the fourth heat exchanger 41 by heat exchange with a partially heated fluid 67 coming
from the first heat exchanger 36, in order to obtain a precooled CO2 rich gas 94 and to
heat the partially heated fluid 67.

The temperature of the partially heated gas 66 entering the fourth exchanger 41
(precooling) is advantageously controlled above the CO2 freezing temperature, so that no
freezing occurs in the fourth exchanger 41.

A heat exchange between at least a first portion 96 of the compressed feed 18 and
the cold fluid 64 is performed in the first heat exchanger 36 in order to obtain a first stream
98 of CO2 rich liquid and the partially heated fluid 67. In the example, the first portion 96 is
at least a portion the precooled CO2 rich gas 94.
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As variants (not shown), there is no precooling of the first part 93 (no fourth

exchanger 41), or the first portion 96 is not a portion of the precooled CO2 rich gas 94, but
a portion or the totality of the compressed feed 18 which is not precooled.

In the first heat exchanger 36, the intermediate fluid 74 is vaporized by heat
exchange with the first portion 96 of the compressed feed 18, for example in a first section
36A of the first heat exchanger 36. The vaporized intermediate fluid 74 for example goes
up in a second section 36B of the first heat exchanger 36 where it is condensed by heat
exchange with the cold fluid 64. The condensed intermediate fluid 74 for example returns
by gravity to the first section 36A below, where the intermediate fluid 74 is vaporized
again. The first portion 96 is thus liquefied and the cold fluid 64 thus heats and/or
evaporates.

The first heat exchanger 36 may be a single piece of equipment, or two separate
pieces of equipment comprising or forming section 36A and section 36B respectively.

The operating pressure of the intermediate fluid 74 allows controlling its
temperature, and therefore the temperature of the first stream 98 of CO2 rich liquid. This
is also used to ensure that the liquid intermediate fluid 74 has a temperature above the
CO2 freezing temperature.

The use of the intermediate fluid 74 in the way described above may not allow to
heat all the cold fluid 64 to ambient temperature. This may depend on what the operating
pressure of the cold fluid 64 is, and what the temperature of the first stream 98 of CO2
rich liquid to be reached is.

For instance, when trying to cool and liquefy CO2 entirely with LNG, the amount of
LNG needed depends entirely on the exit temperature of the vaporized LNG. If the
objective is to warm up entirely the LNG/NG to ambient temperature, so that it can be
exported, the heat exchange between CO2 and LNG will set the LNG flow needed. If the
LNG pressure is high (typically above 31 bar), the amount of LNG needed implies that
LNG vaporizes at a temperature that is warmer than the CO2 liquefaction temperature,
while it is not possible to liquefy CO2 with LNG that is too warm. This is known as a pinch
effect. If the LNG pressure is low (typically below 31 bar), the pinch effect does not occur,
and the entire heat exchange can take place in the first heat exchanger 36.

For the high LNG pressure case (above 31 bar), when a pinch may be
encountered, the flow of the cold fluid 64 can be increased relative to the flow of the first
portion 96. Then, thanks to the excess of the cold fluid 64, the temperature of the partially
heated fluid 67 will remain colder, and the pinch effect is avoided. However, due to the
relatively large amount of the cold fluid 64, the partially heated fluid 67 exiting the first heat

exchanger 36 is colder and cannot be sent directly to an export grid. As part of this
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disclosure, the fourth heat exchanger 41 (precooler) and the third heat exchanger 40

(glycol water cooler) allow to warm-up the partially heated gas 66 (cold natural gas in the
example) to ambient temperature so that it can be exported, while its energy is recovered.
This improves the overall efficiency of the installation 10.

The CO2 rich liquid 14 is obtained from at least the first stream 98 of CO2 rich
liquid. For example, the first stream 98 of CO2 rich liquid is flashed in the end flash drum
60 in order to obtain the CO2 rich liquid 14 and the end flash gas 68. This enables to
improve the quality (purity) of the first stream 98 of CO2 rich liquid, since some light
components, if any, go in the end flash gas 68.

The CO2 rich liquid 14 is advantageously pumped by the pump 62 at a target
export pressure. This advantageously reduces the power required by the CO2
compressor 52 and improves the overall efficiency of the installation 10.

The target export pressure of the CO2 rich liquid 14 may be lower than the
liquefaction pressure, in which case the pump 62 is not required.

Advantageously, in case there is not enough cold fluid 64, or in order to the
increase the flow of cold fluid 64 relative to the flow of the first portion 96 for avoiding a
pinch effect in the first heat exchanger 36, a second portion 100 of the compressed feed
18 is cooled by heat exchange with the second refrigerant 34 in order to obtain a second
stream 102 of CO2 rich liquid.

For example, the second portion 100 does not flow in the first heat exchanger 36
and is diverted from the precooled CO2 rich gas 94 toward the sixth heat exchanger 44,
and then advantageously the seventh heat exchanger 46. Using two heat exchangers,
corresponding to at least two pressure levels in the second cooling cycle 32 allows a
better efficiency.

However, in other embodiments (not shown), only one of the sixth heat exchanger
44 and the seventh heat exchanger 46 may be present.

In short, the sixth heat exchanger 44 and the seventh heat exchanger 46 allow not
to reduce the flow of liquefied CO2 produced in case there is not enough cold fluid 64,
and/or allow overcoming the pinch effect without reducing the flow of liquefied CO2
produced. The fourth heat exchanger 41 and the third heat exchanger 40 allow recovering
the amount of cold still contained in the partially heated fluid 67 and the partially heated
gas 66, this amount being particularly large when the cold fluid 64 is at a high pressure,
for example above 31 bar.

The CO2 rich liquid 14 is obtained from the second stream 102 of CO2 rich liquid,
which is for example mixed with the first stream 98 to be flashed in the end flash drum 60

and pumped by the pump 62.
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Advantageously, a heat exchange is performed between at least a second part

104 of the compressed feed 18 and the end flash gas 68 in the eighth heat exchanger 48
in order to obtain a third stream 106 of CO2 rich liquid and to heat the end flash gas 68.

The third stream 106 is for example mixed with the first stream 98 and/or the
second stream 102 to be flashed and pumped.

The second refrigerant 34 circulates in the second cooling cycle 32 (Figure 2)
which, in the example, involves four pressure levels, with the expansion organs 86A, 86B,
and 86C or 86D in between the pressure levels.

In variants (not shown), simpler cooling cycles are possible, in particular with less
pressure levels.

The second refrigerant 34 is recovered from the suction drums 88A to 88C and is
compressed in the compressor 76, which in the example has three stages. The
compressed second refrigerant 34 is then cooled in the medium pressure desuperheater
78 (or intercooler), and its pressure is advantageously further increased in the booster 80.
The second refrigerant then flows for example through the high pressure desuperheater
82A and the condenser 82B, and is recovered in the accumulator 84.

The CO2 critical point is at 31°C. Therefore, CO2 does not condense if its
temperature is higher. The ability to condense CO2 below its critical point temperature
with a cooling media provides an important advantage. However, in case the cooling
media temperature does not allow to condense CO2 at a temperature below 31°C, CO2 is
compressed sufficiently higher than its critical pressure, behaves like a liquid (even though
it is not) and provides cooling when it is let down.

Coming from the accumulator 84, at least a stream 108 or all of the second
refrigerant 34 is expanded in the expansion organ 86A in order to obtain a first cold
stream 110 of the second refrigerant 34. A heat exchange is performed between the first
cold stream 110 and the first refrigerant 30 in the fifth heat exchanger 42 in order to obtain
the cooling stream 92 of the first refrigerant 30.

Optionally, some or all of the second refrigerant 34 may flow through the by-pass
90 to avoid the fifth heat exchanger 42 and be expanded in the expansion organ 86D.

After expansion, the second refrigerant 34 enters the suction drum 88A and a
liquid stream 112 is recovered and expanded in the expansion organ 86B in order to
obtain a second cold stream 114 of the second refrigerant 34. A heat exchange is
performed between the second cold stream 114 and the second portion 100 of the
compressed feed 18 in the sixth heat exchanger 44 in order to obtain the cold CO2 rich

gaseous stream 118.
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The remaining liquid fraction of second refrigerant 34, stream 116, is expanded in

the expansion organ 86C in order to obtain a third cold stream 120 of the second
refrigerant 34. A heat exchange is performed between the third cold stream 120 and the
gaseous stream 118 in the seventh heat exchanger 46 in order to obtain the second
stream 102 of CO2 rich liquid.

Depending on the site facilities availability, cooling can be provided with LNG (or
any other cold fluid 64). Maximum usage of those is considered to optimise the overall
efficiency of the installation 10. This reduces the amount of power consumed by the
second cooling cycle 32. For instance, LNG from an LNG receiving terminal (not shown)
may be considered. Instead of vaporizing LNG (before sending it as vapor to a distribution
network), LNG may be vaporized in the first heat exchanger 36. The operating pressure of
LNG may be adapted and compatible with export of the fluid 70 (natural gas). Similarly, in
case the LNG receiving terminal uses seawater to vaporize LNG, the seawater may be
used by the installation 10 instead (since not used anymore by the LNG terminal, as the
LNG is vaporized in the first heat exchanger 36.

Thanks to the above described features, the installation 10 allows reducing the
cost and energy consumption for producing the CO2 rich liquid 14.

The method uses the cold fluid 64, such as LNG. The optional use of the
intermediate fluid 74, and the fourth heat exchanger 41 allow overcoming thermal pinch,
CO2 freezing and mechanical stress issues.

Advantageously, all the energy of the cold fluid 64 is recovered. The overall heat
integration provided by the different heat exchangers allows recovering the entire cold
energy from LNG for example, since LNG is heated to ambient temperature and can be
sent to the network 72 or to a user.

Since water is advantageously condensed upstream of the optional dehydration
unit 22, the size and duty of the latter is reduced. This is achieved by further cooling the
wet CO2, using the first refrigerant 30. The risk of hydrate formation, or even freezing, is
avoided by controlling the temperature of the cooling stream 92 of first refrigerant 30
above the CO2 hydrate formation temperature. Besides, the first refrigerant 30 is cooled
using the partially heated gas 66 (cold natural gas in the example). Additional cooling of
the first refrigerant 30 may be provided by the second cooling cycle 32 if needed.

In case there is not enough cold fluid 64 (LNG in the example) to liquefy CO2, the
second cooling cycle 32 may be used to provide additional cooling to the liquefaction unit
26. Any type of refrigerant compatible for this service may be used, but as part of the
disclosure, some of the compressed and optionally dehydrated feed 18 may be used as

the second refrigerant 34. The second cooling cycle 32 may involve only one pressure
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stage, or multiple pressure stages for better efficiency. Depending on the operating

pressure of the cold fluid 64, and the CO2 precooling achieved in the fourth heat
exchanger 41, the number of pressure stages in the second cooling cycle 32 may be
adapted.

Using the final pump 62 allows liquefying CO2 before it is fully compressed to its
final pressure, which reduces the power required by the CO2 compressor 52 and
improves the overall efficiency of the installation 10.

The streams 98, 102 and/or 106 of CO2 rich liquid are advantageously flashed in
the end flash drum 60. This allows removing most of the light components that may be
present. Liquid CO2 quality (composition) is also improved. The end flash gas 68 is
advantageously sent to the eighth exchanger 48 where the cold of the end flash gas may
be recovered for liquefaction. Once the end flash gas 68 is warm, it can be recycled back
to the process unit 73.

The integration of the process of liquefaction of CO2 with the vaporization of LNG
improves the efficiency of the process. The method can accommodate with the use of
LNG at high pressure (above 31 bar) or at low pressure (below 31 bar). Utilities available
from an LNG terminal may be shared with the installation 10 (such as cooling sea water,

etc...) to further improve its efficiency.



20

25

30

35

WO 2025/124739 PCT/EP2024/025336

14
CLAIMS

1. A method comprising:

- obtaining a feed (12) comprising gaseous CO2,

- compressing said feed (12) in order to obtain a compressed feed (18) and one or
several streams of liquid (20A, 20B, 20C), and

- liquefying the compressed feed (18) in order to obtain a CO2 rich liquid (14),

wherein liquefying comprises:

- performing a heat exchange between at least a first portion (96) of the
compressed feed (18) and a cold fluid (64) in a first heat exchanger (36) in order to obtain
a first stream (98) of CO2 rich liquid and a partially heated gas (66), and

-obtaining the CO2 rich (14) liquid from at least the first stream (98) of CO2 rich
liquid,

wherein compressing said feed (12) comprises:

- cooling the feed (12) in a second heat exchanger (38), the feed (12) receiving
cold from a cooling stream (92) of a first refrigerant (30), and

- operating a first cooling cycle (28), in which the first refrigerant (30) circulates and

receives cold in a third heat exchanger (40) from the partially heated gas.

2. The method according to claim 1, wherein said gaseous CO2 is wet, the
method comprising dehydrating the compressed feed (18) prior to liquefying the

compressed feed (18).

3. The method according to claim 1 or 2, wherein the cold fluid (64) is LNG.

4. The method according to any one of claims 1 to 3, wherein the first heat
exchanger (36) uses an intermediate fluid (74) evaporating by heat exchange with said
first portion (96) of the compressed feed (18), and condensing by heat exchange with the
cold fluid (64).

5. The method according to claim 4, wherein the intermediate fluid (74)

comprises more than 90mol.% of ethane, ethylene, propane, propylene or ammonia.

6. The method according to any one of claims 1 to 5, wherein liquefying
comprises precooling at least a first part (93) of the compressed feed (18) by heat
exchange with the partially heated gas (66) in a fourth heat exchanger (41) in order to

obtain a precooled CO2 rich gas (94) and to heat the partially heated gas (66), the first
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portion (96) of the compressed feed (18) admitted in the first heat exchanger (36) being at

least a part of the precooled CO2 rich gas (94).

7. The method according to any one of claims 1 to 6, wherein liquefying
comprises:

- cooling at least a second portion (100) of the compressed feed (18) by heat
exchange with a second refrigerant (34) in order to obtain a second stream (102) of CO2
rich liquid,

- operating a second cooling cycle (32) in which the second refrigerant (34)
circulates, and

- obtaining the CO2 rich liquid (14) from at least the second stream (102) of CO2
rich liquid.

8. The method according to claim 7, wherein the second refrigerant (34) is a

CO2 rich fluid obtained from the compressed feed (18).

9. The method according to claim 7 or 8, wherein operating the second cooling
cycle (32) includes expanding a stream (108) of the second refrigerant (34) in order to
obtain a first cold stream (110) of the second refrigerant (34) and performing a heat
exchange between the first cold stream (110) and the first refrigerant (30) in a fifth heat

exchanger (42) in order to obtain the cooling stream (92) of the first refrigerant (30).

10. The method according to any one of claims 7 to 9, wherein operating the
second cooling cycle (32) includes:

- expanding a liquid stream (112) of the second refrigerant (34) in order to obtain a
second cold stream (114) of the second refrigerant (34),

- performing a heat exchange between the second cold stream (114) and said part
(100) of the compressed feed (18) in a sixth heat exchanger (44) in order to obtain a cold
CO2 rich gaseous stream 118 and a liquid stream (116) of the second refrigerant (34),

- expanding the liquid stream (116) of the second refrigerant (34) in order to obtain
a third cold stream (120) of the second refrigerant (34), and

- performing a heat exchange between the third cold stream (120) and said
gaseous stream (118) in a seventh heat exchanger (46) in order to obtain said second
stream (102) of CO2 rich liquid.



20

25

30

35

WO 2025/124739 PCT/EP2024/025336

16
11. The method according to any one of claims 1 to 10, wherein the first

refrigerant (30) comprises glycol.

12. The method according to any one of claims 1 to 11, wherein operating the first
cooling cycle (28) includes controlling a temperature of said cooling stream (92) of the first
refrigerant (30) in order to prevent formation of CO2 hydrates in the feed (12) in the

second heat exchanger (38).

13. The method according to any one of claims 1 to 12, wherein:

- obtaining the CO2 rich liquid (14) comprises flashing at least said first stream
(102) of CO2 rich liquid and recovering an end flash gas (68),

- liquefying comprises performing a heat exchange between at least a second part
(104) of the compressed feed (18) and the end flash gas (68) in an eighth heat exchanger
(48) in order to obtain a third stream (106) of CO2 rich liquid and a heated end flash gas
(68), and

- obtaining the CO2 rich liquid (14) comprises flashing said third stream (106) of
CO2 rich liquid.

14. The method according to any one of claims 1 to 13, comprising using a pump

(62) to increase a pressure of the CO2 rich liquid (14).

15. Aninstallation (10) comprising:

- a compression unit (16) adapted for receiving a feed (12) comprising gaseous
wet CO2 and producing a compressed feed (18) and one or several streams of liquid
(20A, 20B, 20C),

- a first cooling cycle (28), in which a first refrigerant (30) is intended to circulate,
and

- a liquefaction unit (26) adapted for liquefying the compressed feed (18) and
producing a CO2 rich liquid (14),

wherein the liquefaction unit (26) comprises a first heat exchanger (36) adapted for
performing a heat exchange between at least a first portion (96) of the compressed feed
(18) and a cold fluid (64) in order to obtain a first stream (98) of CO2 rich liquid and a
partially heated gas (66), the CO2 rich liquid (14) being intended to be obtained from at
least the first stream (98) of CO2 rich liquid,

wherein the compression unit (16) comprises a second heat exchanger (38)

adapted for cooling the feed (12), the feed (12) receiving cold from a cooling stream (92)
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of the first refrigerant (30), the first cooling cycle (28) including a third heat exchanger (40)

adapted for allowing the first refrigerant (30) to receive cold from the partially heated gas

(66).



