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(57) Abrege/Abstract:
A wet hydrocarbon stream (510) comprising at least methane and water, provided at a temperature equal to a first temperature, Is

cooled thereby lowering the temperature to a second temperature. In a water removal device (525) at least one wet disposal stream
(590) comprising water Is withdrawn from the wet hydrocarbon stream, at the second temperature. An effluent stream (560),
comprising the wet hydrocarbon stream from which the at least one wet disposal stream (590) has been removed, Is discharged
from the water removal device (525) and passed to a further heat exchanger (535). At least one refrigerant stream (210) Is also
passed to the further heat exchanger (535), and both the effluent stream (560) and the refrigerant stream (210) are cooled in the
further heat exchanger (535) by Indirect heat exchanging against an evaporating refrigerant fraction (230). The effluent stream
(560) I1s heated by Indirectly heat exchanging against the wet hydrocarbon stream (510), wherein said cooling of the wet
hydrocarbon stream (510) comprises this indirectly heat exchanging.
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(57) Abstract: A wet hydrocarbon stream (510) comprising at least methane and water, provided at a temperature equal to a first
temperature, 1s cooled thereby lowering the temperature to a second temperature. In a water removal device (525) at least one wet
disposal stream (590) comprising water 1s withdrawn from the wet hydrocarbon stream, at the second temperature. An effluent
stream (560), comprising the wet hydrocarbon stream from which the at least one wet disposal stream (590) has been removed, 1s
discharged from the water removal device (525) and passed to a further heat exchanger (535). At least one refrigerant stream (210)
1s also passed to the further heat exchanger (535), and both the effluent stream (560) and the refrigerant stream (210) are cooled in
the further heat exchanger (535) by indirect heat exchanging against an evaporating refrigerant fraction (230). The ettluent stream
(560) 1s heated by indirectly heat exchanging against the wet hydrocarbon stream (510), wherein said cooling of the wet hydrocar-
bon stream (510) comprises this indirectly heat exchanging.
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ATING A HYDROCARBON STREAM COMPRISING

L]

METHANE, AND AN APPARATUS THEREFOR

The present 1nvention relates to a method and

apparatus

methane.

for treating a hydrocarbon stream comprising

Hydrocarbon streams comprising methane can be derived

gr—

from a number of sources, such as natural gas or

petroleum reservoilrs, or from a synthetic source such as

a Fischer-Tropsch process. In the present invention, the

hydrocarbon stream preferably comprises, or essentially

g—

consists of, natural gas. It 1s useful to treat and cool

g—

such streams for a number of reasons. It 1s particularly

useful to ligquefy the hydrocarbon stream.

Natural gas 1s a useful fuel source, as well as a

g—

SOuUrce 0Ol

various hydrocarbon compounds. It 1s often

desirable to liguefy natural gas 1n a liguefied natural

gas (LNG)

g—

plant at or near the source 0of a natural gas

g—

stream for a number of reasons. As an example, natural

gas can be stored and transported over long distances

more readily as a liguid than 1n gaseous form because 1t

occuples a smaller volume and does not need to be stored

at high pressure.

g—

GB 1,572,900 discloses a process for the liguefaction

of natural gas. The natural gas to be ligquefied 1s pre-

cooled 1n a heat exchanger 1n order to remove a gquantity

y—

of water which 1s present i1in the natural gas.

The pre-cooled natural gas leaves the heat exchanger

and 1s passed to a phase separator in which condensed

water 1s removed from the natural gas. Then the
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partly dried natural gas 1s passed to a conventional

drier to remove the remalning water from the natural gas.

This conventional drier 1s, for example, of the kind

contalning a sultable desiccant. From the conventional

y—

drier the natural gas 1s passed to an 1nlet of a coil in

a heat exchanger 1n order to be ligquefied. A first mixed

refrigerant 1s also passed to coilils 1n the heat

exchanger, as well as a second mixed refrigerant.

gr— gr—

A drawback of the method and apparatus of

GB 1,572,900 1s that there may be gquite a high

y—

temperature difference between the two refrigerant

streams and the dried natural gas stream from the
conventional drier, as they enter the heat exchanger.
This, 1n turn, may cause thermal stresses (1in particular
1n coil-wound heat exchangers) and i1nternal pilinching 1in
the heat exchanger, which may lead to unstable behaviour
1n the cooling process and damage to the heat exchanger.

g—

The present 1nvention provides a method of treating a

hydrocarbon stream comprising methane, the method
comprilising:
— providing a wet hydrocarbon stream comprising at least

methane and water;

— passing said wet hydrocarbon stream through a wet feed
ambient heat exchanger thereby heat exchanging said wet

hydrocarbon stream against ambient and thereby providing

the wet hydrocarbon stream at a temperature equal to a

first temperature;

gr—

— cooling of the wet hydrocarbon stream thereby lowering

the temperature from the first temperature to a second

temperature;

- wilithdrawing from the wet hydrocarbon stream, 1n a water

removal device at the second temperature, at least one

wet disposal stream comprising water from the wet
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hydrocarbon stream and an e

Cluent stream comprising the

wet hydrocarbon stream from which the at least one wet

disposal stream has been removed;

y—

" luent stream to a further heat

- passing the e

exchanger;

— passing a refrigerant stream 1n a compressed condition

through an ambient heat exchanger thereby providing a

source refrigerant stream at a refrigerant temperature

equal to a third temperature, which 1s within 10 °C from

the first temperature;

y—

— passing at least a part of the source refrigerant

stream to the further heat exchanger while malntaining
1ts temperature essentially equal to the third

temperature;

- luent stream and the at least the

— cooling both the e

gr—

part of the refrigerant stream 1n the further heat

exchanger by 1ndilrect heat exchanglng against an

evaporating refrigerant fraction;

wherein said passing of the effluent stream to the

g—

further heat exchanger comprises heating the effluent

stream by 1ndirectly heat exchanging against the wet

hydrocarbon stream at essentially said first temperature

y—

in a wet feed heat exchanger match the temperature of the

g—

effluent stream to the first temperature as close as the

warm end approach temperature of the wet feed heat

g—

exchanger, wherein said cooling of the wet hydrocarbon

stream comprises this i1ndirectly heat exchanging.

In another aspect, the present invention provides an

apparatus for treating a hydrocarbon stream comprising

methane, the apparatus comprising:

- a supply conduit for providing a wet hydrocarbon stream

that comprises at least methane and water;
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to tThe

supply conduit arranged to receive the wet hydrocarbon

stream and to exchange heat between the wet hydrocarbon

stream and an ambient stream;

supply condult via the wet

at least one wet feed heat exchanger connected to the

feed ambient heat exchanger,

and arranged to receilive the wet hydrocarbon stream from

the wet feed ambient heat exchanger, and to lower the

g—

cemperature of the wet hydrocarbon stream, whereiln there

1s essentially no separate heat exchanger present between

the wet

exchanger;

feed ambient heat exchanger and the wet feed heat

- a water removal device arranged to receilve the wet

g—

hydrocarbon stream downstream of the wet feed

exchanger,

heat

comprising a wet disposal stream outlet for

discharging a wet disposal stream comprising water from

the wet hydrocarbon stream,

di

hydrocarbon stream

g—

scharging an effluent stream comprising the

been removed;

re

g—

y—

and a vapour outlet for

wet

from which the wet disposal stream has

a supply of a source refrigerant stream comprising a

frigerant stream 1n a compressed and ambient cooled

condition, said supply comprising a refrigerant ambient

heat exchanger and a compressor which discharges the

re

ambient heat exchanger,

arranged to exchange heat between the re:

frigerant 1n compressed condition to the re:

‘rigerant

which ambient heat exchanger 1s

‘rigerant 1in

compressed condition and ambient thereby providing the

source refrigerant stream;

a further heat exchanger provided with a first tube

bundle inlet for receilving at least part of the effluent

stream from the water removal device and at least one

SEe

cond tube bundle 1inlet, wherein the further

heat
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exchanger 1s further provided with a first tube bundle

outlet for discharging a cooled hydrocarbon stream,

wherein the first tube bundle outlet 1s 1nternally 1n the

further heat exchanger connected with the first tube

bundle i1inlet via a first tube bundle, and wherein the

further heat exchanger 1s further provided with at least

one second tube bundle outlet for discharging at least

one cooled refrigerant stream, wherein the at least one

second tube bundle outlet 1s 1nternally 1n the further

heat exchanger connected with the second tube bundle

inlet via a second tube bundle, and wherein said first

and second tube bundles are arranged 1n a heat exchanging

relationship with an evaporating refrigerant fraction

inside the further heat exchanger;

g—
—

- first connectiling means connecting the vapour outlet of

the water removal device with the first tube bundle i1inlet

y—

of the further heat exchanger, which first connecting

means passes through the wet feed heat exchanger in
indlrect heat exchanging i1nteraction with the wet

hydrocarbon stream; and

— second connecting means connecting the refrigerant

gr—

ambient heat exchanger with the second 1inlet, for

y—

recelving at least a part of sailid source refrigerant

stream, and said fluid connection beling essentially free

from any separate heat exchanger.

The i1nvention will be further 1llustrated

hereinafter, using examples and with reference to the

drawlng 1n which;

Fig. 1 schematically represents a process flow scheme

representing a method and apparatus according to

g—

embodiments of the invention;
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Fig. 2 schematically represents a process

flow scheme

representing a method and apparatus according to another

gr—

embodiment of the i1nvention;

Fig. 3 schematically represents a process

flow scheme

representing a method and apparatus according to still

g—

another embodiment of the invention.

In these figures, same reference numbers will be used

to refer to same or similar parts. Furthermore, a single

reference number will be used to 1dentify a conduit or

line as well as the stream conveyed by that line.

gr—

The present description concerns removal of a wet

disposal stream from a wet hydrocarbon stream 1n a water

g—

removal device, yieldlng an e

“luent stream comprising

the wet hydrocarbon stream from which the wet disposal

stream has been removed.

Figures 1 to 3 schematically show process

flow

schemes for treating a hydrocarbon stream. Filirst will be

g—

described some of the basic features common to the

embodiments 1llustrated in Figs. 1 to 3.

Figures 1 to 3 generally 1llustrate various

g—
—

embodiments of an apparatus for treating a hydrocarbon

stream comprising methane, wherein 1s provided:

— a supply conduit for providing a wet hydrocarbon stream

510 that comprises at least methane and water;

— at least one wet feed heat exchanger 545 connected to

the supply conduit arranged to receilve the wet

hydrocarbon stream 510 and to lower the temperature of

the wet hydrocarbon stream 510;

A

— a water removal device 525 arranged to receive the wet

y—

hydrocarbon stream 510 downstream of the wet

feed heat

exchanger 545, comprising a wet disposal stream outlet

589 for discharging a wet disposal stream 590 comprising

water from the wet hydrocarbon stream, and a vapour
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" luent stream 590

outlet 559 for discharging an e

comprising the wet hydrocarbon stream from which the wet

disposal stream 590 has been removed;

— a further heat exchanger 535 provided with a first tube

bundle 1nlet 531 for receiving at least part of the

g—

effluent stream 560 from the water removal device 525 and

at least one second tube bundle inlet 211 for receiving

g—

at least a part 210 of a source refrigerant stream 280,

p— 1

che further heat exchanger 535 also provided with a first

tube bundle outlet 539, which 1s 1nternally 1n the

further heat exchanger connected with the first tube

bundle 1nlet 531, for discharging a cooled hydrocarbon

stream 540 and at least one second tube bundle outlet

219, which 1s internally in the further heat exchanger

g—

connected with the second tube bundle i1nlet 211, for

discharging at least one cooled refrigerant stream 220;

— first connecting means 565 connecting the wvapour outlet

559 of the water removal device 525 with the first tube

bundle 1nlet 531 of the further heat exchanger 535, which

first connecting means 565 passes through the wet feed

heat exchanger 545 1n 1ndirect heat exchanging
interaction with the wet hydrocarbon stream 510.

Figures 1 to 3 generally 1llustrate various

g— g—

embodiments of a method of treating a hydrocarbon stream

comprising methane, the method comprising:

— providing a wet hydrocarbon stream 510 comprising at

least methane and water, at a temperature equal to a

first temperature;

y—

— cooling of the wet hydrocarbon stream 510 thereby

lowering the temperature to a second temperature;

- wilithdrawing from the wet hydrocarbon stream, 1n a water

removal device 525 at the second temperature, at least

one wet disposal stream 590 comprising water from the wet
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“luent stream 560 comprising

the wet hvydrocarbon stream from which the at least one

wet disposal stream 590 has been removed;

- passing the e

exchanger 535

.
4

y—

- luent stream 560 to a further heat

g—

— passing at least a part 210 of a source refrigerant

stream 280 to the further heat exchanger 535;

— cooling both the effluent stream 560 and the part 210

g—

of the source refrigerant stream 280 1n the further heat

exchanger 535 by i1ndirect heat exchanging against an

y—

evaporating refrigerant fraction 230;

g—

wherein said passing of the effluent stream 560 to the

further heat exchanger 535 comprises heating the e

g—

- luent

stream 560 by i1ndirectly heat exchanging against the wet

hydrocarbon stream 510, whereiln said cooling of the wet

hydrocarbon stream 510 comprises this 1ndirectly heat

exchanging.

between LThe e

g—

It 1s presently proposed to i1ndilrectly exchange heat,

for 1nstance using the wet feed heat exchanger 545,

“luent stream 560 and the wet hydrocarbon

stream 510 preferably prior to 1ts admission i1nto the

water removal device 525. Herewith 1t 18 achieved that

the temperature of the e

y— y—

" luent stream 1s restored,

g—

within the limits of the approach temperature of the wet

g—

This way,

feed heat exchanger 545, to better match the temperature

of the wet hydrocarbon stream 510.

gr—

“erence between the

the temperature d:

gr—

effluent stream, suitably in the form of “dried

hydrocarbon feed gas”, and the refrigerant stream 1s

substantially the same, such as the same within the

approach temperature of the wet feed heat exchanger 545

the temperature di

g—

for instance within 10 °C or preferably within 5 °C - as

g—

“erence between the origilnal wet
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hydrocarbon stream and the source refrigerant stream 230,

g—

regardless of the temperature conditions 1n the water

removal device 525.

As a result, any pinching and thermal stress that may

be 1nduced i1in the further heat exchanger 535 when the

g—

effluent stream and the refrigerant streams are fed into

such further heat exchanger 535 would not be

g—

significantly worse than would be the case 1f the wet

hydrocarbon stream would be passed to the further heat

exchanger without having passed through the water removal

device 525.

Preferably, the wet hydrocarbon stream 510 and the

source refrigerant stream 280 may have substantially the

same temperature, for i1nstance within 10 °C from each

other, preferably within 5 °C from each other. This can

for 1nstance be achieved by heat exchanging both the wet

hydrocarbon stream and the refrigerant stream against

ambient.

In addition to the indirect heat exchanging between

the effluent from the water removal device and the wet

hydrocarbon stream, heat may be extracted from at least

gr—
p—

ornne oI 3

- the wet hydrocarbon stream 1n or after the wet feed

heat exchanger;

— the effluent stream 1n or before the wet feed heat

exchanger;

— the wet hydrocarbon stream i1n the water removal device;

by heat exchanging, preferably 1ndirectly heat

exchanglng, against an auxiliary refrigerant stream.

This way the wet hydrocarbon stream 1s further cooled
down, and/or 1ts temperature lowered.

The wet hydrocarbon stream, as well as the dried

effluent stream, contalns methane. The wet hydrocarbon
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_10_

stream may be obtalned from natural gas or petroleum

reservolrs or coal beds. As an alternative the

hydrocarbon stream may also be obtained from another

source, 1ncluding as an example a synthetic source such

as a Fischer-Tropsch process. Preferably the hydrocarbon
stream comprises at least 50 mol% methane, more

preferably at least 80 mols methane.

Depending on the source, the wet hydrocarbon stream

g—

may contaln varying amounts of other components,

including one or more non-hydrocarbon components other
than water, such as N,, CO,, Hg, H»;S and other sulphur
compounds; and one or more hydrocarbons heavier than
methane such as 1n particular ethane, propane and

g—

butanes, and, possibly lesser amounts of pentanes and

aromatic hydrocarbons. Hydrocarbons with a molecular

gr—

mass of at least that of propane may herein be referred

to as Ca+ hydrocarbons, and hydrocarbons with a molecular

g—

mass of at least that of ethane may herein be referred to

as Co+ hydrocarbons.

If desired, the wet hydrocarbon stream may have been

g—
—

pre—treated to reduce and/or remove one or more of

undesired components such as CO; and H;S, or have

undergone other steps such as pre-pressurizing or the

like. Such steps are well known to the person skilled 1n

the art, and their mechanisms are not further discussed

here. The composition of the wet hydrocarbon stream thus

g—

varlies depending upon the type and location of the gas

and the applied pre-treatment(s).
The apparatuses and methods embodied 1in the process

flow schemes shown 1n Figures 1 to 3 all start with a

supply condult for providing a wet hydrocarbon stream

510. The wet hydrocarbon stream 510 comprises at least

methane and water. A wet feed ambient heat exchanger 585
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— 11 -

1s arranged 1n the wet hydrocarbon stream 510 supply

conduit, upstream of the heat feed heat exchanger 545.

The wet feed heat exchanger 545 1s connected to the

y—

supply conduit 510 downstream of the wet feed ambient

heat exchanger 585. The wet feed heat exchanger 545 1s

arranged to receive the wet hydrocarbon stream 510, and

g—

to lower the temperature of the wet hydrocarbon stream

510.

There 1s essentially no separate heat exchanger

present between the wet feed ambient heat exchanger and

the wet feed heat exchanger. Thus, no heat exchangiling

wlith another medium will be taking place other than de-

minimis unavoldable heat exchanging with the environment

via the piping used for the supply conduit 510 downstream

g—

of the wet feed ambient heat exchanger 585. The

gr—

temperature of the wet hydrocarbon stream as 1t passes

into the wet feed heat exchanger 545 1s therefore

essentially equal to the first temperature, which 1s the

g—

temperature of the wet hydrocarbon stream as 1t 1s

discharged from the wet feed heat exchanger 585. 1In

practice this may mean that the temperature of the wet

hydrocarbon stream as 1t passes 1nto the wet feed heat

exchanger 545 1s less than 5 °C different, preferably

less than 2 °C different, from the first temperature.

The wet feed heat exchanger 545 may be provided 1in

g—

the form of a tube 1n shell type heat exchanger or pipe

1n plipe heat exchanger, but preferred 1s a plate-type

heat exchanger such as a plate—-fin heat exchanger and/or
a printed cilircuit heat exchanger, optionally i1in a cold
box.

An auxiliary heat exchanging arrangement, here shown

g—

1in the form of a water removal heat exchanger 575, 1s
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further lower the temperature of the wet

The water removal device 525 1s arranged to receive

the wet hydrocarbon stream 510 that has passed through at

least the wet feed heat exchanger 545.

water removal device comprises a first

Typically the

walLer removal

device 1nlet 551 to receive the to receive the wet

hydrocarbon stream 510 through;

stream outlet 589, for dischargling at

at least one wet disposal

least one wet

disposal stream 590 that comprises water from the wet

hydrocarbon stream;
discharging an e

hydrocarbon stream

g—

disposal stream 590 has been removed.

bundle 1inlet 531

y—

effluent stream 560

The

y—

and a vapour outlet 559 for
“luent stream 590 comprising the wet

from which the at least one wet

further heat exchanger 535 comprises a filirst tube

for receiving at least a part of the

from the water removal device 525;

g—

and at least one second tube bundle 1nlet 211 for

g—

receiving at least a part 210 of the source refrigerant

stream 280. The further heat exchanger 535 1s preferably

g—

embodied 1n the form of a coil-wound heat exchanger. In

such a case, the further heat exchanger 535 1s also

provided with a

internally 1in the

the

532 passing though a coo.

exchanger.

first tube bundle inlet 531 wvia a

first tube bundle outlet 539, which 1is

further heat exchanger connected with

first tube bundle

1ng zone 1n the further heat

A cooled hydrocarbon stream 540 1s discharged

via the first outlet 539. The further heat exchanger

1s 1nternally 1n the

with the second 1inlet 211,

passing through the cooling zone. The

further comprises at least one second outlet 219, which
further heat exchanger connected

via a second tube bundle 2172

first and second

tube bundles (532,212) are arranged 1n a heat exchanging
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relationship with an evaporating refrigerant fraction

inside the

further heat exchanger 535. A cooled

refrigerant stream 220 1s discharged from the further

heat exchanger via the second tube bundle outlet 219.

Additionally, the further heat exchanger 535 1is

provided with a shell inlet 231 to provide access to the

cooling zone,

refrigerant

and a shell outlet 239 to discharge spent

from the cooling zone. The second tube

bundle outlet 219 1s connected to the shell 1nlet 231 wvia

lines 220 and 230 which are connected to each other via

y—

an expansion device that 1s here shown 1n the form of a

Joule—-Thomson valve 225.

into line 240.

such as propane,

refrigerant.

The re:

may contailn a mixture of

y—

g—

one or more oI pentanes,

ethane, and ethylene.

(not shown),

Furthermore,

refrigerant stream 280.

The shell outlet 239 discharges

"rigerant may be a single-component refrigerant

but 1s preferably a multicomponent

For example, the multicomponent refrigerant

hydrocarbon components including

butanes, propane, propvlene,

there 1s provided a refrigerant circuilt

g—

which comprises a supply of a source

The supply comprises at least an

amblient heat exchanger 285 and refrigerant compressor

210,

condition to the re:

The re:

which discharges the refrigerant i1in compressed

"rigerant ambient heat exchanger 285.

‘rigerant ambient heat exchanger 285 may for

g—
—

example be provided 1n the form of an air cooler or a

water cooler. The refrigerant compressor 270, together

with the re:

the re:

"rigerant ambilent heat exchanger 285 provide

y—

‘rigerant source stream 280 1n the form of a

compressed and ambient cooled refrigerant stream 1n line

280 .

g—

The temperature otf

the source refrigerant stream

280 1s equal to a third temperature, typically at a wvalue
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within 10 °C from the first temperature, which 1s the

temperature at which the wet hydrocarbon stream 510 1s

discharged from the wet feed ambient heat exchanger 585.

Line 280 may be connected to line 210. Thus at least

y—

a part 210 of the refrigerant source stream 280 can be

passed to the second tube bundle 1nlet 211 1in the further
heat exchanger 535 via line 210, such that the

refrigerant ambient heat exchanger 285 1s located

g— g—

upstream of the second tube bundle i1nlet 211 of the

further heat exchanger 585. Spent refrigerant 1n line

240 1s convevyed back to the refrigerant compressor 270

(optionally via a suction drum, not shown) where 1t can

be recompressed and cooled agalnst ambient, to provide

the source refrigerant stream 280. Specific embodiments

g—

of the refrigerant circuit will be further 1llustrated

herein below with specific reference to Figs. 2 and 3.

gr—

The apparatuses of Figs. 1 to 3 further contain first

connecting means 565, connecting the wvapour outlet 559 of

the water removal device 525 with the first tube bundle

inlet 531 of the further heat exchanger 535. The first

connecting means passes through the wet feed heat

exchanger 545 1n 1ndirect heat exchangling interaction

with the wet hydrocarbon stream 510. Thus, the wet feed

heat exchanger 545 comprises:

— a first inlet 541 1nto the wet feed heat exchanger 545

pr— —
p—

in uld communication with the supply conduit for the

wet hydrocarbon stream 510;

— a first outlet 549 from the wet feed heat exchanger 545

in fluld communication with a first i1nlet 551 of the

water removal device 525, which first outlet 549 1s

connected to the first 1nlet 541 through the wet feed

heat exchanger 545;
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— a second 1nlet 561 1nto the wet feed heat exchanger 545

in fluid communication with the wvapour outlet 559 of the

water removal device 525;

— a second outlet 569 from the wet feed heat exchanger

y—

545 1n fluid communication with the first 1nlet 531 o0

the further heat exchanger 535, which second outlet 569

1s connected to the second 1inlet 561 through the wet

heat exchanger 545.

Preferably, the wet feed heat exchanger 545 may be

installed 1n a counter current operating mode. In

particular, the second outlet 569 may be located on the

g—

feed

same heat exchanging side of the wet feed heat exchanger

545 as the first 1nlet 541 while the second 1nlet 561 may

g—

be located on the same heat exchanging side of the wet

feed heat exchanger 545 as the first outlet 549. The

second outlet discharges to the first inlet 531 of the

further heat exchanger 535.

g—

The water removal device 525 may be of any suitable

known tvype. It may typically comprise a separator vessel

for separating precipitated components from the wet

g—

hydrocarbon stream 510, and downstream thereof a water

sorbing device for absorbing or adsorbing remainling water

components from the residue vapour from which the

preciplitated components have been removed. Common 1n the

as dry desiccant dehydration units. Typically, multip.

g—

beds are 1n use 1n a cyclic mode of operation i1nvolving

dryving (absorbing or adsorbing) and regeneration

(desorbing). Preferably, the water sorbing device 1s

y—

field are solid bed dehydration units, also referred to

c

also capable of removing mercury from the wet hydrocarbon

stream, which can be facilitated by an appropriate

g—

selection of the sorbent employved in the solid bed.
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In Figs. 1 to 3, the auxiliary heat exchanging

arrangement, to further lower the temperature of the wet

hydrocarbon stream 510 to facilitate the drving, 1s

y—

embodied 1n the form of water removal heat exchanger 575

arranged between the first outlet 549 from the wet feed

heat exchanger 545 and the first water removal device

inlet 551 1nto the water removal device 525. Herewlth

heat can be extracted from the wet hydrocarbon stream 510

p— 1

between the first outlet 549 from the wet feed heat

exchanger 545 and the first water removal device 1inlet

551 1nto the water removal device 525. Alternatively or

additionally, the auxililiary heat exchanglng arrangement

could comprise an auxililary heat exchanger 1in the

g—

effluent stream 560, between the vapour outlet 559 from

the water removal device 525 and the second 1nlet 569

into the wet feed heat exchanger 545. Still

alternatively or additionally, a heat exchanging

arrangement could be 1in the water removal device 525 to

extract heat from the wet hydrocarbon stream inside the
water removal device.

Finally, still alternatively or additionally, the

heat exchanging arrangement could be integrated with the

wet feed heat exchanger 545. In that case, the wet feed

heat exchanger 545 1s most sultably provided 1in the form

g—

of a plate-type heat exchanger, optionally 1in a cold box,

and comprising an auxilillary 1inlet and an auxiliary outlet

g—
—

(not shown) that communicate with an additional set of

gr—

channels or chambers of the wet feed heat exchanger 545

to extract heat from the wet hydrocarbon stream 510

y—

~luent stream 560.

and/or the e

g—

In each of these cases, an auxiliary refrigerant

stream 250 1s used 1n the auxiliary heat exchanging

arrangement to extract heat.
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The embodiments work as follows. The wet hydrocarbon

stream 510 1s provided at a temperature equal to a first

gr—

temperature. If the optional wet feed ambient heat

exchanger 585 1s employed, the first temperature 1is

controlled by heat exchanging against an amblent stream,

such as for 1nstance an alr stream oOor a water stream.

The first temperature may be within 10 °C from ambient

g—

temperature. For the purpose of the present disclosure,

ambient temperature 1s the temperature of the ailr stream
or the water stream against which the wet hydrocarbon

stream 510 1s heat exchanged. Ambient temperature may

for instance lie 1n the range of from 0 to 50 °C.

The wet hydrocarbon stream 510 1s cooled, whereby the

temperature 1s lowered to second temperature. In the

embodiments as shown in Figs. 1 to 3, the cooling 1is

achieved by 1ndilirect heat exchanging i1n the wet feed heat

exchanger 545 followed by 1ndirect heat exchanging

agalnst an auxilliary refrigerant 250 1n the water removal

g—

heat exchanger 575. Instead of or 1in addition to the

water removal heat exchanger 575, other auxiliary heat
exchanging arrangements described herelin may be employed.

The wet hydrocarbon stream 1s passed i1nto the water

removal device 525 through the first water removal device

inlet 551 1nto the water removal device 525, where at

least water, and optionally mercury, 1s removed from the

wet hydrocarbon stream at the second temperature. At

least one wet disposal stream 590 comprising water from

gr—

" luent stream 560

the wet hydrocarbon stream, and an e

comprising the wet hydrocarbon stream from which the at

least one wet disposal stream 590 has been removed are

produced 1n the water removal device 525. The effluent

stream 560, containing the wet hydrocarbon stream from

which components 1ncluding water, and optionally mercury,
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have been removed, 1s discharged from the water removal

device 525 through the wvapour outlet 559 from the water

removal device 525. The wet disposal stream 590 1s

discharged from the water removal device 525 via wet

y—

disposal stream outlet 589, for further treatment (not

shown) and disposal (not shown).

The effluent stream 560 1s passed to the further heat

exchanger 535 via the first connecting means 565, and at

g—

least one part 210 of the source refrigerant stream 280

1s passed to the further heat exchanger 535 as well. The

latter 1s passed to the further heat exchanger 535 while
malintalning 1ts temperature essentially equal to the

third temperature. To this end, 1t will not be passed

through a deliberate heat exchanger and no heat

exchanging with another medium will be taking place other

than de-minimis unavoidable heat exchanging with the

environment via the piping used for line 210. 1In

g—

practice this may mean that the temperature of the part

g—

210 of the source refrigerant stream 280 that passes

through the second tube bundle i1nlet 211 1s less than

5 °C different, preferably less than 2 °C different, from

gr—

the temperature of the source refrigerant stream 280 as

1t 1s discharged from the refrigerant ambilent heat

exchanger 285.

gr—

Preferably, the temperature of the at least one part

210 of the source refrigerant stream, as 1t passes

through the second tube bundle inlet 211 1in the further

heat exchanger 535, 1s within 10 °C from the first

y—

temperature. One way of achilieving this 1s by passing

the refrigerant through the refrigerant ambient heat

exchanger 285 and heat exchanging 1t agalnst the same

g—

type of ambient stream as the wet hydrocarbon stream 510.

While 1t 1s possible to i1nstall a further heat
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" luent stream 560 between the wet

temperature

y—

for reasons of capital

expenditure control and operational simplicity 1t 1s

preferred that the temperature of the e

in the

g—

g—

g—

first tube bundle i1nlet 531 1s essentially the

feed

further heat exchanger 535 1n

" luent stream 560

same as the temperature of the effluent stream 560 that

was reached by the i1ndirectly heat exchanging agains

wet hydrocarbon stream 510 1n the wet

545. To this end, the first connecting

means 1S

preferably essentially free from any separate heat

exchanger between the wet

g—

535. The effluent stream 560 that 1s discharged

wet feed heat exchanger 545 1s thus pre:

through any deliberate heat exchanger,
exchanglng with another medium will

than de—-minimis unavoidable heat exchanging with the

environment via the piping used for the

between the wet feed heat exchanger 545

and no heat

connection

M

and the first

Che

feed heat exchanger

feed heat exchanger 545 and the
first tube bundle 1nlet 531 of the further heat exchanger
from the

"erably not passed

be taking place other

tube bundle 1nlet 531 of the further heat exchanger 535.

c

g—

"luent stream 560 that passes through

y—

In practice this may mean that the temperature of the

the first tube

bundle 1nlet 531 1s less than 5 °C different, preferably

c

less than Z/

g—

“luent stream 560 as 1t 1s discharged

heat exchanger 545.

SOUrce Ire:

exchanger 535,

further heat exchanger 535 are cooled 1n the

Both the effluent stream 560 and the part 210 of

g—

from the wet

‘"rigerant stream 280 that 1s passed to the

°C different, from the temperature of the

by 1ndirect heat exchanging against an

g—

feed

the

further heat

evaporating refrigerant fraction 230. The evaporating




10

15

20

25

30

CA 02803466 2012-12-20
WO 2012/000998

— 20 -

PCT/EP2011/060826

g—

refrigerant fraction 1s passed 1nto the shell side of the

evaporating refrigerant may be a separate

y—

further heat exchanger 535 via the shell 1nlet 231. The

refrigerant

from the part of the source refrigerant 1n line 210 that

1s being cooled. However, as shown 1n Fig. 1, 1t may be

g—

a part or all of the cooled refrigerant 220 that exits

the further heat exchanger 535 via the second tube bundle

g—

outlet 219 1nto line 220. In the embodiments of Figs. 1

gr—

o 3, the evaporating refrigerant 230 1s obtained by

expandlng at least a part of the cooled refrigerant 220

with the Joule-Thomson valve 225. Optionally, a

g—

remalning part of the cooled refrigerant 1s passed to

another heat exchanger (not shown) 1n the

g—
p—

form of

contilnulng refrigerant stream 235 to be evaporated at a

lower pressure than the evaporating refrigerant 230.

gr—

The passing of the effluent stream 560 to the further

y—

heat exchanger 535 comprises heating of the e

y—

- luent

stream 560 by i1ndirectly heat exchanging against the wet

g—

hydrocarbon stream 510. Thus, the cooling of the wet

hydrocarbon stream 510 mentioned above comprises this

indirectly heat exchanging of the effluent stream 560

against the wet hydrocarbon stream 510.

the wet hydrocarbon stream 510 1s passed

In more detaill,

from the first

inlet 541 1nto a wet feed heat exchanger 545, through the

wet feed heat exchanger 545 1n i1ndirect heat exchanging

g— pr— —

interaction with the e uent stream 560,

to the first

outlet 549 from the wet feed heat exchanger 545.

gr—

Simultaneously, the e

“luent stream 560 1s passed from

second i1nlet 561 1nto the wet feed heat exchanger 545,

through the wet feed heat exchanger 545 1n 1ndirect heat

exchanging i1nteraction with the wet hydrocarbon stream

510, to the second outlet 569 from the wet feed heat

exchanger 545.
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gr—

In order to bring the temperature of the e

- luent

stream 560 closer to the temperature of the part 210 of

gr—
p—

the source re:

rigerant stream 280, before feediling at

y—

least parts of both streams to the further heat exchanger

535, the dried effluent stream 560 1s 1ndirectly heat

exchanged agalnst the wet hydrocarbon stream 510. The

g—

effect 1s that the second temperature, at which the wet

hydrocarbon stream 1s dried i1in the water removal device

525, 1s more or less *“decoupled” or “isolated” from the

gr—

first temperature of the wet hydrocarbon stream 510 and

y—

the temperature of the e

y—

“luent stream discharged from

outlet 569 on the other side of the wet feed heat

exchanger 545.

The effluent stream 560 discharged from the wet feed

g—

heat exchanger 545 and at least a part of the source

refrigerant stream 280 can then be passed to the further

heat exchanger 535 with a much smaller temperature

difference, e.g. less than 10 °C or preferably less than

5 °C, than would be the case 1f the effluent stream 560

g—

would be directly passed from the wvapour outlet 559 of

the water removal device 525 to the first tube bundle

inlet 531 of the further heat exchanger 535.

gr—

Thus, preferably the temperature of the e

- luent

stream 560 as admitted into the further heat exchanger

535 via the first tube bundle 1nlet 531 1s within

less than 10 °C, preferably within less than 5 °C,

g—

different from the temperature of the at least part 210

gr—

of the source refrigerant stream 280 as 1t 1s admitted

into the further heat exchanger 535 via the second tube

bundle 1nlet 211.

Both the effluent stream 560 and the at least part

g—

210 of the source refrigerant stream 280 are cooled 1in

the further heat exchanger 535, thereby providing a
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cooled methane-contalning hydrocarbon stream 540 and at

least one cooled refrigerant stream 220.

In the embodiments i1llustrated by Figs. 1 to 3, heat

1s extracted from the wet hydrocarbon stream 510 via the

y—

water removal heat exchanger 575 arranged 1n the path of

the wet hydrocarbon stream 510 between the wet feed heat
exchanger 545 and the water removal device 525. The

invention 1s not limited to extracting heat at that

location. More generally, the auxiliary refrigerant

stream 250 can be employed to extract heat from any one

y—

OL <

— the wet hydrocarbon stream 510 between the first 1inlet

541 i1nto the wet feed heat exchanger 545 and the first

water removal device 1nlet 551 1nto the water removal

device 525;

— the effluent stream 560 between the vapour outlet 559

from the water removal device 525 and the second outlet

569 from the wet feed heat exchanger 545; and
— the wet hydrocarbon stream 1in the water removal device

0205.

Preferably, the auxiliary refrigerant 250 1s cycled

in a refrigerant cilircuit, employing at least a compressor

and an expansion device, wherein the auxiliary

refrigerant 250 1s expanded. Fi1g. 1 shows a Joule-

Thomson valve 255 1n line 250 as expansion device. The

expanded auxililary refrigerant stream 260 1s passed i1nto

the water removal heat exchanger 575 and discharged from

the same after 1t has extracted heat from the wet

hydrocarbon stream 510. The discharged auxililiary

refrigerant 265 1s recompressed.

The auxililary refrigerant can be a refrigerant stream

obtalined from a separate and/or dedicated refrigerant

I

cycle, 1n which case the auxiliary refrigerant can be of
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any sultable composition, or 1t can be derived from a

refrigerant circuilt that 1s also used to provide

refrigerant to another heat exchanger. In the latter

option, less additional equipment 1s necessary, because

compressors and such are already provided 1n the

refrigerant circuit. Figs. 2 to 3 1llustrate embodiments

wherein the auxiliary refrigerant stream 250 and the at

g—

least part 210 o:

- the source refrigerant stream 280 both

are supplied from the source refrigerant stream 280.

Preferably, the source refrigerant stream 280 i1s at least

partially condensed, for 1nstance by the heat exchanging

agalinst the ambient stream 1n the refrigerant ambient

heat exchanger 285, thereby forming a liguid refrigerant.

In such a case, the auxiliary refrigerant stream 250

preferably comprises at least a part of the liguid

refrigerant.

Starting with Fi1ig. 2, for example, the auxililary

refrigerant 1s obtained from refrigerant circuit 200. The

refrigerant cilrcuit 200 comprises a refrigerant

compressor 270, optionally preceded by one or more

suction drums (not shown). The refrigerant compressor

270 comprises at
discharge outlet
may be available

compression. As

suction 1nlet 27°

least a first suction 1inlet 272, and a

279. Optionally, more suction 1nlets

1)

to allow feedlng 1nto another stage of

an example, Fi1g. 2 shows a second

which allows feediling 1nto the

compressor 270 at a pressure that 1s between the suction

pressure at the
outlet 279. The

connected to the

first suction inlet 272 and the discharge

discharge outlet 279 1s fluidly
second tube bundle 1nlet 211 1n the

further heat exchanger 535, whereby the refrigerant

ambient heat exchanger 285 1s provided between the

discharge outlet

279 and the second tube bundle i1inlet 211
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1n the further heat exchanger and fluidly connected to

the discharge outlet 279. Second connecting means

connect the refrigerant ambient heat exchanger 285 and

the second tube bundle 1nlet 211 1nto the further heat

exchanger 535. The second connectling means 1S

essentially free from any separate heat exchanger, so

g—

that the part 210 of the source refrigerant stream 280

can be passed to the further heat exchanger 535 while

malntaining the temperature essentially constant. An

optional accumulator (not shown) may be provided 1n the

y—

second connection means downstream of the refrigerant

ambient heat exchanger 285. Refrigerant circuit 200 may

g—

also be applied on the embodiment of Fig. 1.

gr—

Sti1ll referring to Figure 2, the connection of the

source refrigerant line 280 and the refrigerant line 210

comprises a splitter 245, arranged to split the source

refrigerant stream 280 1nto the auxililiary refrigerant

g—

stream 250 and the part 210 of the source refrigerant

stream 280. The discharged auxiliary refrigerant 265 1s

passed to the second suction 1nlet 271 1nto the

refrigerant compressor 270 via an optional suction drum

(not shown). The spent refrigerant discharged from the

further heat exchanger 535 via line 240 1s passed to the

first suction inlet 272 1nto the refrigerant compressor

270, via another optional suction drum (not shown).

A separate modification illustrated in Figs. 2 and 3

relative to Fig. 1 1s that more than one refrigerant

stream 1s fed i1into the further heat exchanger 535. As can

be seen 1in Figs. 2 and 3, the further heat exchanger 535

1s additionally provided with an optional third tube

bundle 1nlet 311 for recelving another refrigerant stream

310. The third tube bundle inlet 311 1s, via an optional

third tube bundle 312 optionally disposed 1inside the
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further heat exchanger 535, connected to a third tube

bundle outlet 319 wvia which the cooled other refrigerant

stream 1s discharged 1nto line 320. The cooled other

re

another heat exchanger

frigerant stream 320 may

duty therein.

another re:

re

for 1nstance be passed to

(not shown) to perform cooliling

The other refrigerant stream may be cilrculated 1in

‘rigerant circuit (not shown) that 1s separate

from refrigerant circuit 200. For example, the

frigerant circult 200 may be a pre-cooling refrigerant

circult used to produce the cooled hydrocarbon stream 540

and the cooled other re:

g—

OL

re

1n

pre—-coolilng re

‘rigerant stream 320 1n the form

a pre—cooled maln refrigerant stream. The main

g—

frigerant of the main re:

‘rigerant stream may be cycled

maln refrigerant circuit that 1s distinct from the

gr—

frigerant circult, such as described 1n for

y—

instance US Pat. 6,370,910. In such a case, each of the

pre—-cooling re

g—
p—

frigerant and the maln refrigerant may be

composed of a mixed refrigerant. A mixed refrigerant or

a mixed refrigerant stream

comprises at least 5 mol%$ of two dai

More preferably, any mixed

y—

as referred to herein

g— g—

“erent components.

refrigerant comprises two Or

y—

more of the group consisting of: methane, ethane,

ethylene, propane, propylene, butanes and pentanes.

Suiltably,

the pre-cooling refrigerant has a higher

average molecular weight than main refrigerant. More

sSpeci:

cooling re:

‘rigerant circult may be formed of a mixture of

f1cally the pre-cooling refrigerant 1n the pre-

gr—

A

two or more components within the following composition:

0-20 mol% methane,

20-80 mol% ethane and/or ethylene, 20-

80 mol% propane and/or propylene, <20 mol$%$ butanes, <10

mol%s pentanes;

re

frigerant 1n the main re:

g—

having a total of 100%. The main cooling

‘rigerant circuit may be formed
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g— g—

of a mixture of two or more components within the

following composition: <10 mol% N»p, 30-60 mol% methane,

30-60 mol% ethane and/or ethylene, <20 mol% propane

and/or propyvlene and <10% butanes; having a total of
100%.

Alternatively, and one embodliment employing this 1s

11llustrated 1n Fig. 3, the pre-cooling refrigerant and

the main refrigerant may both be drawn from the

refrigerant circuit 200. An example 1s the so-called

gr—

Single Mixed Refrigerant processes, of which an example

can be found in US Patent 5,832,745. In such a single

mixed refrigerant process, the refrigerant beiling cycled

g— g—
p—

1n the refrigerant cilrcuilt may be formed of a mixture of

two or more components within the followling composition:
<20 mol% Ny, 20-60 mol% methane, 20-60 mol% ethane and/or

ethyvlene, <30 mol% propane and/or propylene, <15% butanes

y—

and <5% pentanes; having a total of 100%.

g—

In the embodiment of Fig. 3 the source refrigerant

stream 280 1s partially, not fully, condensed (for

instance 1n refrigerant ambient heat exchanger 285), and

subsequently separated 1n a pre-cooling refrigerant

gas/liguid separator 275 into a vaporous light fraction

refrigerant stream and a liquid refrigerant. The vapour

g—

light refrigerant stream 1s discharged at the top of the

pre—cooling refrigerant gas/liquid separator 275 into

line 310 to be fed to the further heat exchanger 535 via

the third tube bundle 1nlet 311 as the other refrigerant

stream. The liquid refrigerant 1s discharged at the

y—

bottom of the pre-cooling refrigerant gas/liquid

separator 275 and fed to the splitter 245 wherein 1t 1s

split 1nto the auxiliary refrigerant stream 250 and the

g—

part 210 of the source refrigerant stream 280.
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The cooled other refrigerant stream 320 may be

partially or fully condensed 1n the further heat

gr—

exchanger 535. A part of the condensed other refrigerant

stream 320 may be 1njected 1nto the evaporating

refrigerant 230 via optional line 352, optional Joule-

Thomson valve 353 an optional combiner 357 provided 1in

line 230. Alternatively or 1n addition thereto, a part

g—

of the condensed other refrigerant stream 320 may be

evaporated 1n another heat exchanger and returned to the

refrigerant compressor 270 vilia optional line 390 and an

optional third suction 1nlet 273 1nto the refrigerant

compressor 270.

The cooled hydrocarbon stream 540 that 1s discharged

from the further heat exchanger 535 may be further

g— g—
—

treated 1n a variety of manners. In one group of

embodiments, 1t may be cooled 1n one or more other heat

y— y—

exchangers against one or both of at least a part of the

continulng refrigerant stream 235 belng evaporated 1in

another heat exchanger at a lower pressure than the

g—

evaporating refrigerant 230 and at least a part of the

cooled other refrigerant stream 320. Preferably, at

gr—

least part of the cooled hydrocarbon stream 540 1s cooled

to a temperature low enough, such as below —-125 °C or

preferably below —-150 °C, to form ligquefied natural gas.

Such liguefied natural gas be depressurilized 1n an end-

— =
p—

ash system or depressurization stage as known 1n the

art, and subsequently stored 1in a cryogenic liguid

gr—
p—

storage tank at a pressure of between 1 and 2 bar

y—

absolute and a temperature of approximately -162 °C.

This will not be described 1in further detail herein.

g—

In another group of embodiments, the cooled

hydrocarbon stream 540 may be subjected to one or more

extraction steps wherein Co+ hydrocarbons, preferably
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C3+ hydrocarbons, are extracted from the cooled

hydrocarbon stream 540 thereby generating a residue 1n

gr—

the form of a methane-enriched hydrocarbon stream. This

methane—-enriched hydrocarbon stream may be sold as pipe
line gas, or subjected to more cooling 1n the way

described 1n the preceding paragraph, to produce

liquefied natural gas. The extracted Co+ hydrocarbons,

preferably Ci3+ hydrocarbons, may be sold and/or further

processed, for instance by fractionation 1nto single-
component streams including ethane and/or propane and/or
butane.

The person skilled 1n the art will understand that

the present invention can be carried out 1n many varilious

g—

ways without departing from the scope of the appended

claims.
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CLAIMS

1. Method of treating a hydrocarbon stream comprising

methane, the method comprising:

- providing a wet hydrocarbon stream comprising at least
methane and water;

- passing said wet hydrocarbon stream through a wet feed
ambient heat exchanger thereby heat exchanging said wet
hydrocarbon stream against an amblent stream and thereby
providing the wet hydrocarbon stream at a temperature equal
to a first temperature;

- cooling of the wet hydrocarbon stream thereby lowering the
temperature from the first temperature to a second

temperature;

- withdrawing from the wet hydrocarbon stream, 1in a water
removal device at the second temperature, at least one wet
disposal stream comprising water from the wet hydrocarbon
stream and an effluent stream comprising the wet hydrocarbon
stream from which the at least one wet disposal stream has
been removed;

- passing the effluent stream to a further heat exchanger;

- passing a refrigerant stream in a compressed condition
through an ambient heat exchanger thereby providing a source
refrigerant stream at a refrigerant temperature equal to a
third temperature, which is within 10 °C from the first
temperature;

- passing at least a part of the source refrigerant stream
to the further heat exchanger while maintaining its
Cemperature essentially egual to the third temperature;

- cooling both the effluent stream and the at least the part
of the refrigerant stream in the further heat exchanger by
indirect heat exchanging against an evaporating refrigerant

fraction;
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wherelin saild passing of the effluent stream to the further
heat exchanger comprises heating the effluent stream by
indirectly heat exchanging against the wet hydrocarbon
stream at essentially said first temperature in the wet feed
ambient heat exchanger to match the temperature of the
effluent stream to the filirst temperature as close as a warm
end approach temperature of the wet feed heat exchanger,

wherein said cooling of the wet hydrocarbon stream comprises

this indirectly heat exchanging.

2 . The method according to claim 1, wherein said
indirectly heat exchanging of the effluent stream against
the wet hydrocarbon stream comprises passing the wet
hydrocarbon stream from a first i1nlet into the wet feed heat
exchanger at a temperature of essentially equal to the first
temperature, through the wet feed heat exchanger 1n indirect
heat exchanging interaction with the effluent stream, to a
first outlet from the wet feed heat exchanger, and passing
the effluent stream from a second inlet into the wet feed
heat exchanger, through the wet feed heat exchanger in
indirect heat exchanging interaction with the wet
hydrocarbon stream, to a second outlet from the wet feed

heat exchanger.

3. The method according to c¢laim 2, further comprising

- passing the wet hydrocarbon stream into the water removal
device through a first water removal device inlet into the
water removal device and discharging the effluent stream
from the water removal device through a vapour outlet from
the water removal device; and

- extracting heat from at least one of:
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- the wet hydrocarbon stream between the first inlet 1nto
the wet feed heat exchanger and the first water removal
device 1nlet;

- the effluent stream between the vapour outlet from the
water removal device and the second outlet from the wet feed
heat exchanger;

- the wet hydrocarbon stream 1n the water removal device;

by heat exchanging agailnst an auxiliary refrigerant stream.

4, The method according to claim 3, wherein the auxiliary
refrigerant stream and the at least part of the source
refrigerant stream are obtained by splitting the source
refrigerant stream into said auxiliary refrigerant stream

and saild at least part of the source refrigerant stream.

5. The method according to claim 4, further comprising at
least partilially condensing the source refrigerant stream by
sald passing of saild refrigerant stream through said ambient
heat exchanger, thereby forming a liquid refrigerant,
wherein the auxiliary refrigerant stream comprises at least

a part of the ligquid refrigerant.

6 . The method according to claim 5, wherein partially, but

not fully, condensing the source refrigerant stream by said
passing of sald refrigerant stream through said ambient heat
exchanger, and wherein said splitting of the source
refrigerant stream comprises subsequently separating the
source refrigerant stream into a vaporous light fraction

refrigerant stream and said liquilid refrigerant.

7. The method according to any one of claims 3 to 6,

further comprising expanding the auxiliary refrigerant
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stream prior to sald extracting heat from the at least one

of :

- the wet hydrocarbon stream between the first inlet 1nto
the wet feed heat exchanger and the first water removal
device 1inlet;

- the effluent stream between the vapour outlet from the
water removal device and the second outlet from the wet feed

heat exchanger;

- the wet hydrocarbon stream in the water removal device.

8 . The method according to any one of claims 1 to 7,
wherein the water removal device comprises a separator

vessel for separating precipitated components from the wet

hydrocarbon stream and, downstream thereof, a sorbing device

sorbing at least water.

9. The method according to any one of claims 1 tc 8,
further comprising admitting the effluent stream into the
further heat exchanger via a first tube bundle 1nlet and
admitting the at least part of the source refrigerant stream

into the further heat exchanger via least one second tube

bundle 1inlet.

10. The method according to claim 9, wherein the
temperature of the effluent stream in the first tube bundle
inlet 1s essentially the same as the temperature of the
effluent stream that was reached by sald i1ndirectly heat
exchangilng agalnst the wet hydrocarbon stream at essentially

sald first temperature in the wet feed heat exchanger.

11. The method according to claim 9 or claim 10, wherein
the temperature of the effluent stream and the temperature

of the at least part of the source refrigerant stream in the
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first and second tube bundle 1nlets 1n the further heat

exchanger are less than 10 °C apart from each other.

12. The method according to any one of claims 1 to 11,
wherein the first temperature of the wet hydrocarbon stream,
before said indirect heat exchanging against the effluent
stream, 1s controlled by heat exchanging against said
ambient stream; and whereln the at least part of the source

refrigerant stream has a temperature within 10 °C from the

first temperature.

13. The method according to any one of claims 1 to 12,
wherein the wet hydrocarbon stream comprises natural gas,
and wherein at least part of the effluent stream 1s cooled

to form liquefied natural gas.

14. Apparatus for treating a hydrocarbon stream comprising
methane, the apparatus comprising:

- a supply conduit for providing a wet hydrocarbon stream
that comprises at least methane and water;

- a wet feed ambient heat exchanger connected to the supply
condult arranged to receive the wet hydrocarbon stream and
to exchange heat between the wet hydrocarbon stream and an
amblient stream;

- at least one wet feed heat exchanger connected to the
supply condult via the wet feed ambilent heat exchanger, and
arranged to receive the wet hydrocarbon stream from the wet
feed amblent heat exchanger, and to lower the temperature of
the wet hydrocarbon stream, wherein there is essentially Nno
separate heat exchanger present between the wet feed ambient

heat exchanger and the wet feed heat exchanger;

- a water removal device arranged to receive the wet

hydrocarbon stream downstream of the wet feed heat
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exchanger, comprising a wet disposal stream outlet for
discharging a wet disposal stream comprising water from the
wet hydrocarbon stream, and a vapour outlet for discharging
an effluent stream comprising the wet hydrocarbon stream
from which the wet digsposal stream has been removed;

- a supply of a source refrigerant stream comprising a
refrigerant stream in a compressed and amblent cooled
condition, said supply comprising a refrigerant ambient heat
exchanger and a compressor which discharges the refrigerant
1n compressed condition to the refrigerant ambient heat
exchanger, which ambient heat exchanger 1s arranged to
exchange heat between the refrigerant in compressed
condition and ambient thereby providing the source
refrigerant stream;

- a further heat exchanger provided with a first tube bundle
inlet for receiving at least part of the effluent stream
from the water removal device and at least one second tube
bundle inlet, wherein the further heat exchanger is further
provided with a first tube bundle outlet for discharging a
cocled hydrocarbon stream, wherein the first tube bundle
outlet 1s internally in the further heat exchanger connected
with the first tube bundle inlet via a first tube bundle,
and wherein the further heat exchanger is further provided
with at least one second tube bundle outlet for discharging
at least one cooled refrigerant stream, wherein the at least
one second tube bundle outlet 1s internally in the further

heat exchanger connected with the second tube bundle inlet

vlia a second tube bundle, and wherein sald first and second

tube bundles are arranged in a heat exchanging relationship

with an evaporating refrigerant fraction inside the further

heat exchanger;

- first connecting means connecting the vapour outlet of the

water removal device with the firgst tube bundle inlet of the
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further heat exchanger, which first connecting means passes
through the wet feed heat exchanger in indirect heat
exchanging interaction with the wet hydrocarbon stream; and

- gsecond connecting means connecting the refrigerant amblent

heat exchanger with the second tube bundle inlet, for

receiving at least a part of said source refrigerant stream,

and sald second connecting means being essentlally free from

any separate heat exchanger.

15. The apparatus according to claim 14, wherein the first
connecting means 18 essentially free from any separate heat
exchanger between the wet feed heat exchanger and the first

tube bundle inlet of the further heat exchanger.
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