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(57) Abstract: A wet hydrocarbon stream (510) comprising at least methane and water, provided a atemperature equal to afirst
temperature, is cooled thereby lowering the temperature to a second temperature. In awater 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disposal stream (590) comprising water is withdrawn from the wet hydrocarbon stream, at the second temperature.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 afurther heat exchanger (535). At least one refrigerant stream (210)
is aso 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) isheated 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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METHOD OF TREATI NG A HYDROCARBON STREAM COVPRI SI NG
METHANE, AND AN APPARATUS THEREFOR

The present invention relates to a nethod and
apparatus for treating a hydrocarbon stream conprising
met hane .

Hydrocarbon streanms conprising mnethane can be derived
from a nunber of sources, such as natural gas or
petrol eum reservoirs, or from a synthetic source such as
a Fischer-Tropsch process. In the present invention, the
hydrocarbon stream preferably conprises, or essentially
consists of, natural gas. It is useful to treat and cool
such streans for a nunber of reasons. It is particularly
useful to liquefy the hydrocarbon stream

Natural gas is a useful fuel source, as well as a
source of various hydrocarbon conpounds. It is often
desirable to liquefy natural gas in a liquefied natural
gas (LNG plant at or near the source of a natural gas
stream for a nunber of reasons. As an exanple, natural
gas can be stored and transported over |ong distances
nore readily as a liquid than in gaseous form because it
occupies a smaller volume and does not need to be stored
at high pressure.

GB 1,572,900 discloses a process for the liquefaction
of natural gas. The natural gas to be liquefied is pre-
cooled in a heat exchanger in order to renmbve a quantity
of water which is present in the natural gas.

The pre-cooled natural gas |eaves the heat exchanger
and is passed to a phase separator in which condensed

water is renoved from the natural gas. Then the
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partly dried natural gas is passed to a conventional
drier to renmove the remaining water from the natural gas.
This conventional drier is, for exanple, of the kind
containing a suitable desiccant. From the conventional
drier the natural gas is passed to an inlet of a coil in
a heat exchanger in order to be |iquefied. A first m xed
refrigerant is also passed to coils in the heat
exchanger, as well as a second m xed refrigerant.

A drawback of the nethod and apparatus of
GB 1,572,900 is that there may be quite a high
tenmperature difference between the two refrigerant
streans and the dried natural gas stream from the
conventional drier, as they enter the heat exchanger.
This, in turn, may cause thermal stresses (in particular
in coil-wund heat exchangers) and internal pinching in
the heat exchanger, which may |ead to unstable behaviour
in the cooling process and damage to the heat exchanger.

The present invention provides a nethod of treating a
hydrocarbon stream conprising nethane, the nethod
conprising :
- providing a wet hydrocarbon stream conprising at |east
nmet hane and water;
- passing said wet hydrocarbon stream through a wet feed
anbi ent heat exchanger thereby heat exchanging said wet
hydrocarbon stream agai nst anbient and thereby providing
the wet hydrocarbon stream at a tenperature equal to a
first tenperature;
- cooling of the wet hydrocarbon stream thereby | owering
the tenmperature from the first tenperature to a second
tenperature ;
- withdrawing from the wet hydrocarbon stream in a water
renoval device at the second tenperature, at |east one

wet disposal stream conprising water from the wet
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hydrocarbon stream and an effluent stream conprising the
wet hydrocarbon stream from which the at |east one wet
di sposal stream has been renoved,

- passing the effluent stream to a further heat
exchanger;

- passing a refrigerant stream in a conpressed condition
t hrough an anbi ent heat exchanger thereby providing a
source refrigerant stream at a refrigerant tenperature
equal to a third tenperature, which is within 10 °C from
the first tenperature;

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

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

wherein said passing of the effluent stream to the
further heat exchanger conprises heating the effluent
stream by indirectly heat exchangi ng against the wet
hydrocarbon stream at essentially said first tenperature
in a wet feed heat exchanger match the tenperature of the
effluent stream to the first tenperature as close as the
warm end approach tenperature of the wet feed heat
exchanger, wherein said cooling of the wet hydrocarbon
stream conprises this indirectly heat exchanging.

In another aspect, the present invention provides an
apparatus for treating a hydrocarbon stream conprising
nmet hane, the apparatus conprising:

- a supply conduit for providing a wet hydrocarbon stream

that conprises at |east nethane and water;
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- a wet feed anbient heat exchanger connected to the
supply conduit arranged to receive the wet hydrocarbon
stream and to exchange heat between the wet hydrocarbon
stream and an anbient stream

- at least one wet feed heat exchanger connected to the
supply conduit via the wet feed anbient heat exchanger,
and arranged to receive the wet hydrocarbon stream from
the wet feed anbient heat exchanger, and to |ower the
tenperature of the wet hydrocarbon stream wherein there
is essentially no separate heat exchanger present between
the wet feed anbient heat exchanger and the wet feed heat
exchanger ;

- a water renoval device arranged to receive the wet
hydrocar bon stream downstream of the wet feed heat
exchanger, conprising a wet disposal stream outlet for

di scharging a wet disposal stream conprising water from
the wet hydrocarbon stream and a vapour outlet for

di scharging an effluent stream conprising the wet
hydrocarbon stream from which the wet disposal stream has
been renoved,;

- a supply of a source refrigerant stream conprising a
refrigerant stream in a conpressed and anbient cooled
condition, said supply conprising a refrigerant anbient
heat exchanger and a conpressor which discharges the
refrigerant in conpressed condition to the refrigerant
anbi ent heat exchanger, which anbient heat exchanger is
arranged to exchange heat between the refrigerant in
conmpressed 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 renoval device and at |east one

second tube bundle inlet, wherein the further heat
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exchanger is further provided with a first tube bundle
outlet for discharging a cooled hydrocarbon stream
wherein the first tube bundle outlet is 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 [east
one second tube bundle outlet for discharging at |[east
one cooled refrigerant stream wherein the at |east one
second tube bundle outlet is internally in 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 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 renoval device with the first tube bundle inlet
of the further heat exchanger, which first connecting
means passes through the wet feed heat exchanger in
indirect heat exchanging interaction wth the wet
hydr ocarbon stream and
- second connecting neans connecting the refrigerant
anbi ent heat exchanger with the second inlet, for
receiving at least a part of said source refrigerant
stream and said fluid connection being essentially free
from any separate heat exchanger.

The invention will be further illustrated
hereinafter, wusing exanples and with reference to the
drawi ng in which;

Fig. 1 schematically represents a process flow schene
representing a nmethod and apparatus according to

enbodi nents of the invention;
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Fig. 2 schematically represents a process flow schene
representing a method and apparatus according to another
enbodi mrent of the invention;

Fig. 3 schematically represents a process flow schene
representing a nethod and apparatus according to still

anot her enbodi nrent of the invention.

In these figures, sane reference nunbers wll be used
to refer to sane or simlar parts. Furthernore, a single
reference nunmber will be used to identify a conduit or
line as well as the stream conveyed by that Iine.

The present description concerns renoval of a wet
di sposal stream from a wet hydrocarbon stream in a water
removal device, yielding an effluent stream conprising
the wet hydrocarbon stream from which the wet disposal
stream has been renoved.

Figures 1 to 3 schematically show process flow
schemes for treating a hydrocarbon stream First will be
descri bed some of the basic features comon to the
enbodi ments illustrated in Figs. 1 to 3.

Figures 1 to 3 generally illustrate various
enbodi ments of an apparatus for treating a hydrocarbon
stream conprising nethane, wherein is provided:

- a supply conduit for providing a wet hydrocarbon stream
510 that conprises at |east nethane and water;

- at least one wet feed heat exchanger 545 connected to
the supply conduit arranged to receive the wet

hydrocarbon stream 510 and to |lower the tenperature of
the wet hydrocarbon stream 510;

- a water renmoval device 525 arranged to receive the wet
hydrocarbon stream 510 downstream of the wet feed heat
exchanger 545, conprising a wet disposal stream outl et

589 for discharging a wet disposal stream 590 conprising

water from the wet hydrocarbon stream and a vapour
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outlet 559 for discharging an effluent stream 590
conprising the wet hydrocarbon stream from which the wet
di sposal stream 590 has been renoved;
- a further heat exchanger 535 provided with a first tube
bundle inlet 531 for receiving at |east part of the
effluent stream 560 from the water renpbval device 525 and
at |l east one second tube bundle inlet 211 for receiving
at least a part 210 of a source refrigerant stream 280,
the further heat exchanger 535 also provided with a first
tube bundle outlet 539, which is internally in the
further heat exchanger connected with the first tube
bundle inlet 531, for discharging a cooled hydrocarbon
stream 540 and at |east one second tube bundle outl et
219, which is internally in the further heat exchanger
connected with the second tube bundle inlet 211, for
di scharging at least one cooled refrigerant stream 220;
- first connecting neans 565 connecting the vapour outl et
559 of the water renoval device 525 with the first tube
bundle inlet 531 of the further heat exchanger 535, which
first connecting means 565 passes through the wet feed
heat exchanger 545 in indirect heat exchanging
interaction with the wet hydrocarbon stream 510.

Figures 1 to 3 generally illustrate various
enbodi nents of a method of treating a hydrocarbon stream
conprising nmethane, the method conprising:
- providing a wet hydrocarbon stream 510 conprising at
| east methane and water, at a tenperature equal to a
first tenperature;
- cooling of the wet hydrocarbon stream 510 thereby
lowering the tenperature to a second tenperature;
- withdrawing from the wet hydrocarbon stream in a water
renoval device 525 at the second tenperature, at |east

one wet disposal stream 590 conprising water from the wet
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hydrocarbon stream and an effluent stream 560 conpri sing
the wet hydrocarbon stream from which the at |east one
wet disposal stream 590 has been renoved,

- passing the effluent stream 560 to a further heat
exchanger 535;

- 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
of the source refrigerant stream 280 in the further heat
exchanger 535 by indirect heat exchanging against an
evaporating refrigerant fraction 230;

wherein said passing of the effluent stream 560 to the
further heat exchanger 535 conprises heating the effluent
stream 560 by indirectly heat exchanging against the wet
hydrocarbon stream 510, wherein said cooling of the wet
hydrocarbon stream 510 conprises this indirectly heat
exchangi ng .

It is presently proposed to indirectly exchange heat,
for instance using the wet feed heat exchanger 545,
between the effluent stream 560 and the wet hydrocarbon
stream 510 preferably prior to its admssion into the
wat er renoval device 525. Herewith it is achieved that
the tenperature of the effluent stream is restored,
within the limts of the approach temperature of the wet
feed heat exchanger 545, to better match the tenperature
of the wet hydrocarbon stream 510.

This way, the tenperature difference between the
effluent stream suitably in the form of "dried
hydrocarbon feed gas", and the refrigerant stream is
substantially the sane, such as the same within the
approach tenperature of the wet feed heat exchanger 545 -
for instance within 10 °C or preferably wthin 5 °C - as

the tenperature difference between the original wet
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hydrocarbon stream and the source refrigerant stream 280,
regardl ess of the tenperature conditions in the water
removal device 525.

As a result, any pinching and thermal stress that may
be induced in the further heat exchanger 535 when the
effluent stream and the refrigerant streans are fed into
such further heat exchanger 535 would not be
significantly worse than would be the case if the wet
hydrocarbon stream would be passed to the further heat
exchanger without having passed through the water renoval
devi ce 525.

Preferably, the wet hydrocarbon stream 510 and the
source refrigerant stream 280 nmay have substantially the
same tenperature, for instance within 10 °C from each
other, preferably within 5 °C from each other. This can
for instance be achieved by heat exchanging both the wet
hydrocarbon stream and the refrigerant stream agai nst
anbi ent

In addition to the indirect heat exchanging between
the effluent from the water renoval device and the wet
hydrocarbon stream heat may be extracted from at |east
one of :

- the wet hydrocarbon stream in or after the wet feed
heat exchanger;

- the effluent stream in or before the wet feed heat
exchanger ;

- the wet hydrocarbon stream in the water renoval device;
by heat exchanging, preferably indirectly heat

exchangi ng, against an auxiliary refrigerant stream
This way the wet hydrocarbon stream is further cooled
down, and/or its tenperature | owered.

The wet hydrocarbon stream as well as the dried

effluent stream contains nethane. The wet hydrocarbon
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stream may be obtained from natural gas or petrol eum
reservoirs or coal beds. As an alternative the
hydrocarbon stream may al so be obtained from another
source, including as an exanple a synthetic source such
as a Fischer-Tropsch process. Preferably the hydrocarbon
stream conprises at l|least 50 nol % nethane, nore
preferably at |east 80 nol % nethane.

Depending on the source, the wet hydrocarbon stream
may contain varying anmounts of other conponents,
including one or nore non-hydrocarbon conmponents ot her
than water, such as N,, CO,, Hy, H,S and other sul phur
conpounds; and one or nore hydrocarbons heavier than
nmet hane such as in particular ethane, propane and
but anes, and, possibly |esser anmounts of pentanes and
aromati c hydrocarbons. Hydrocarbons wi th a nol ecul ar
mass of at |east that of propane may herein be referred
to as C3+ hydrocarbons, and hydrocarbons wth a nolecul ar
mass of at |east that of ethane may herein be referred to
as C2+ hydrocarhbons.

If desired, the wet hydrocarbon stream may have been
pre-treated to reduce and/or renove one or nore of
undesired conponents 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 in
the art, and their nechanisns are not further discussed
here. The conmposition of the wet hydrocarbon stream thus
vari es depending upon the type and |ocation of the gas
and the applied pre-treatnent (s).

The apparatuses and nethods enbodied in the process
flow schemes shown in Figures 1 to 3 all start with a
supply conduit for providing a wet hydrocarbon stream
510. The wet hydrocarbon stream 510 conprises at |east

nmet hane and water. A wet feed anbient heat exchanger 585
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is arranged in the wet hydrocarbon stream 510 supply
conduit, wupstream of the heat feed heat exchanger 545.

The wet feed heat exchanger 545 is connected to the
supply conduit 510 downstream of the wet feed anbient
heat exchanger 585. The wet feed heat exchanger 545 is
arranged to receive the wet hydrocarbon stream 510, and
to lower the tenperature of the wet hydrocarbon stream
510 .

There is essentially no separate heat exchanger
present between the wet feed anbient heat exchanger and
the wet feed heat exchanger. Thus, no heat exchanging
with another nmedium wll be taking place other than de-
m nims unavoi dable heat exchanging wth the environnent
via the piping used for the supply conduit 510 downstream
of the wet feed anbient heat exchanger 585. The
tenperature of the wet hydrocarbon stream as it passes
into the wet feed heat exchanger 545 is therefore
essentially equal to the first tenperature, which is the
tenperature of the wet hydrocarbon stream as it is
di scharged from the wet feed heat exchanger 585. In
practice this may nean that the tenperature of the wet
hydrocarbon stream as it passes into the wet feed heat
exchanger 545 is less than 5 °C different, preferably
less than 2 °C different, from the first tenperature.

The wet feed heat exchanger 545 may be provided in
the form of a tube in shell type heat exchanger or pipe
in pipe heat exchanger, but preferred is a plate-type
heat exchanger such as a plate-fin heat exchanger and/or
a printed circuit heat exchanger, optionally in a cold
box.

An auxiliary heat exchanging arrangenent, here shown

in the form of a water renoval heat exchanger 575, s
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also provided to further lower the tenperature of the wet
hydrocarbon stream 510.

The water renoval device 525 is arranged to receive
the wet hydrocarbon stream 510 that has passed through at
| east the wet feed heat exchanger 545. Typically the
water renoval device conprises a first water renoval
device inlet 551 to receive the to receive the wet
hydrocarbon stream 510 through; at |east one wet disposal
stream outlet 589, for discharging at |east one wet
di sposal stream 590 that conprises water from the wet
hydrocarbon stream and a vapour outlet 559 for
di scharging an effluent stream 590 conprising the wet
hydrocarbon stream from which the at |east one wet
di sposal stream 590 has been renoved.

The further heat exchanger 535 conprises a first tube
bundle inlet 531 for receiving at least a part of the
effluent stream 560 from the water renpval device 525;
and at |east one second tube bundle inlet 211 for
receiving at least a part 210 of the source refrigerant
stream 280. The further heat exchanger 535 is preferably
enbodied in the form of a coil-wund heat exchanger. I'n
such a case, the further heat exchanger 535 is also
provided with a first tube bundle outlet 539, which is
internally in the further heat exchanger connected wth
the first tube bundle inlet 531 via a first tube bundle
532 passing though a cooling zone in the further heat
exchanger. A cool ed hydrocarbon stream 540 is discharged
via the first outlet 539. The further heat exchanger
further conprises at |east one second outlet 219, which
is internally in the further heat exchanger connected
with the second inlet 211, via a second tube bundle 212
passing through the cooling zone. The first and second

tube bundles (532,212) are arranged in a heat exchanging
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relationship with an evaporating refrigerant fraction
inside the further heat exchanger 535. A cool ed

refrigerant stream 220 is discharged from the further
heat exchanger via the second tube bundle outlet 219.

Additionally, the further heat exchanger 535 is
provided with a shell inlet 231 to provide access to the
cooling zone, and a shell outlet 239 to discharge spent
refrigerant from the cooling zone. The second tube
bundle outlet 219 is connected to the shell inlet 231 via
lines 220 and 230 which are connected to each other via
an expansion device that is here shown in the form of a
Joul e- Thomson val ve 225. The shell outlet 239 discharges
into line 240.

The refrigerant may be a single-conponent refrigerant
such as propane, but is preferably a nmult iconmponent
refrigerant. For exanple, the mult iconmponent refrigerant
may contain a mxture of hydrocarbon conponents including
one or nore of pentanes, butanes, propane, propylene,
et hane, and ethyl ene.

Furthernore, there is provided a refrigerant «circuit
(not shown) , which conprises a supply of a source
refrigerant stream 280. The supply conprises at least an
anbi ent heat exchanger 285 and refrigerant conpressor
270, which discharges the refrigerant in conpressed
condition to the refrigerant anbient heat exchanger 285.
The refrigerant anbient heat exchanger 285 may for
exanple be provided in the form of an air cooler or a
wat er cool er. The refrigerant conpressor 270, together
with the refrigerant anbient heat exchanger 285 provide
the refrigerant source stream 280 in the form of a
conpressed and anbient cooled refrigerant stream in line
280. The tenperature of the source refrigerant stream

280 is equal to a third tenperature, typically at a value
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within 10 °C from the first tenperature, which is the
tenmperature at which the wet hydrocarbon stream 510 is
di scharged from the wet feed anbient heat exchanger 585.
Line 280 may be connected to |line 210. Thus at | east
a part 210 of the refrigerant source stream 280 can be
passed to the second tube bundle inlet 211 in the further
heat exchanger 535 via line 210, such that the
refrigerant anbient heat exchanger 285 is |ocated
upstream of the second tube bundle inlet 211 of the
further heat exchanger 585. Spent refrigerant in line
240 is conveyed back to the refrigerant conpressor 270
(optionally via a suction drum not shown) where it can
be reconpressed and cooled against anbient, to provide
the source refrigerant stream 280. Speci fic enbodi ments
of the refrigerant circuit wll be further illustrated
herein below with specific reference to Figs. 2 and 3.
The apparatuses of Figs. 1 to 3 further contain first
connecting nmeans 565, connecting the vapour outlet 559 of
the water renoval device 525 with the first tube bundle
inlet 531 of the further heat exchanger 535. The first
connecting nmeans passes through the wet feed heat
exchanger 545 in indirect heat exchanging interaction
with the wet hydrocarbon stream 510. Thus, the wet feed
heat exchanger 545 conpri ses:
- afirst inlet 541 into the wet feed heat exchanger 545
in fluid communication wth the supply conduit for the
wet hydrocarbon stream 510;
- a first outlet 549 from the wet feed heat exchanger 545
in fluid communication wth a first inlet 551 of the
wat er renmpval device 525, which first outlet 549 is
connected to the first inlet 541 through the wet feed

heat exchanger 545;
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- a second inlet 561 into the wet feed heat exchanger 545
in fluid communication wth the vapour outlet 559 of the
wat er rempval device 525;

- a second outlet 569 from the wet feed heat exchanger
545 in fluid comunication wth the first inlet 531 of
the further heat exchanger 535, which second outlet 569
is connected to the second inlet 561 through the wet feed
heat exchanger 545.

Preferably, the wet feed heat exchanger 545 may be
installed in a counter current operating node. I'n
particular, the second outlet 569 may be located on the
same heat exchanging side of the wet feed heat exchanger
545 as the first inlet 541 while the second inlet 561 nmay
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.

The water renoval device 525 may be of any suitable
known type. It may typically conprise a separator vessel
for separating precipitated conponents from the wet
hydrocarbon stream 510, and downstream thereof a water
sorbing device for absorbing or adsorbing renaining water
conponents from the residue vapour from which the
precipitated conmponents have been renoved. Common in the
field are solid bed dehydration units, also referred to
as dry desiccant dehydration wunits. Typically, multiple
beds are in use in a cyclic node of operation involving
drying (absorbing or adsorbing) and regeneration
(desorbing) . Preferably, the water sorbing device is
al so capable of renoving nercury from the wet hydrocarbon
stream which can be facilitated by an appropriate

selection of the sorbent enployed in the solid bed.
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In Figs. 1 to 3, the auxiliary heat exchanging
arrangenent, to further lower the tenperature of the wet
hydrocarbon stream 510 to facilitate the drying, is
enbodied in the form of water renoval heat exchanger 575
arranged between the first outlet 549 from the wet feed
heat exchanger 545 and the first water renoval device
inlet 551 into the water renoval device 525. Herew t h
heat can be extracted from the wet hydrocarbon stream 510
between the first outlet 549 from the wet feed heat
exchanger 545 and the first water renoval device inlet
551 into the water renoval device 525. Alternatively or
additionally, the auxiliary heat exchanging arrangenent
could conprise an auxiliary heat exchanger in the
effluent stream 560, between the vapour outlet 559 from
the water renoval device 525 and the second inlet 569
into the wet feed heat exchanger 545. Still
alternatively or additionally, a heat exchanging
arrangenent could be in the water renoval device 525 to
extract heat from the wet hydrocarbon stream inside the
wat er renoval device.

Finally, still alternatively or additionally, the
heat exchanging arrangenent could be integrated with the
wet feed heat exchanger 545. In that case, the wet feed
heat exchanger 545 is nost suitably provided in the form
of a plate-type heat exchanger, optionally in a cold box,
and conprising an auxiliary inlet and an auxiliary outlet
(not shown) that comrunicate wth an additional set of
channels or chanbers of the wet feed heat exchanger 545
to extract heat from the wet hydrocarbon stream 510
and/or the effluent stream 560.

In each of these cases, an auxiliary refrigerant
stream 250 is used in the auxiliary heat exchanging

arr angenent to extract heat.
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The enbodi ments work as foll ows. The wet hydrocarbon
stream 510 is provided at a tenperature equal to a first
t enper at ure. If the optional wet feed anbient heat
exchanger 585 is enployed, the first tenperature is
controlled by heat exchanging against an anbient stream
such as for instance an air stream or a water stream
The first tenperature may be within 10 °C from anbient
t enper at ur e. For the purpose of the present disclosure,
anbi ent tenperature is the tenperature of the air stream
or the water stream against which the wet hydrocarbon
stream 510 is heat exchanged. Anbi ent tenperature rmay
for instance lie in the range of from O to 50 °C

The wet hydrocarbon stream 510 is cool ed, whereby the
tenperature is lowered to second tenperature. In the
enbodi nents as shown in Figs. 1 to 3, the cooling is
achieved by indirect heat exchanging in the wet feed heat
exchanger 545 followed by indirect heat exchanging
against an auxiliary refrigerant 250 in the water renoval
heat exchanger 575. Instead of or in addition to the
wat er renoval heat exchanger 575, other auxiliary heat
exchangi ng arrangenents described herein may be enpl oyed.
The wet hydrocarbon stream is passed into the water
removal device 525 through the first water renoval device
inlet 551 into the water renoval device 525, where at
| east water, and optionally nercury, is renmoved from the
wet hydrocarbon stream at the second tenperature. At
| east one wet disposal stream 590 conprising water from
the wet hydrocarbon stream and an effluent stream 560
conprising the wet hydrocarbon stream from which the at
| east one wet disposal stream 590 has been renoved are
produced in the water renoval device 525. The effluent
stream 560, containing the wet hydrocarbon stream from

whi ch components including water, and optionally nercury,
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have been renpved, is discharged from the water renpval
device 525 through the vapour outlet 559 from the water
renoval device 525. The wet disposal stream 590 is

di scharged from the water renpval device 525 via wet

di sposal stream outlet 589, for further treatnment (not
shown) and disposal (not shown)

The effluent stream 560 is passed to the further heat
exchanger 535 via the first connecting means 565, and at
| east one part 210 of the source refrigerant stream 280
is passed to the further heat exchanger 535 as well. The
latter is passed to the further heat exchanger 535 while
maintaining its tenperature essentially equal to the
third tenperature. To this end, it will not be passed
through a deliberate heat exchanger and no heat
exchanging with another nmedium wll be taking place other
than de-m nim s unavoi dable heat exchanging with the
environment via the piping used for |ine 210. I'n
practice this may nean that the tenperature of the part
210 of the source refrigerant stream 280 that passes
t hrough the second tube bundle inlet 211 is less than
5 °Cc different, preferably less than 2 °C different, from
the tenperature of the source refrigerant stream 280 as
it is discharged from the refrigerant anbient heat
exchanger 285.

Preferably, the tenmperature of the at |east one part
210 of the source refrigerant stream as it passes
t hrough the second tube bundle inlet 211 in the further
heat exchanger 535, is within 10 °C from the first
tenperature. One way of achieving this is by passing
the refrigerant through the refrigerant anbient heat
exchanger 285 and heat exchanging it against the sane
type of anbient stream as the wet hydrocarbon stream 510.

Wiile it is possible to install a further heat
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exchanger in the effluent stream 560 between the wet feed
heat exchanger 545 and the further heat exchanger 535 in
order to even better approach the first tenperature
and/or the third tenperature, for reasons of capital
expenditure control and operational sinplicity it is
preferred that the tenperature of the effluent stream 560
in the first tube bundle inlet 531 is essentially the
sane as the tenperature of the effluent stream 560 that
was reached by the indirectly heat exchanging against the
wet hydrocarbon stream 510 in the wet feed heat exchanger
545. To this end, the first connecting mneans is
preferably essentially free from any separate heat
exchanger between the wet feed heat exchanger 545 and the
first tube bundle inlet 531 of the further heat exchanger
535. The effluent stream 560 that is discharged from the
wet feed heat exchanger 545 is thus preferably not passed
through any deliberate heat exchanger, and no heat
exchanging with another medium wll be taking place other
than de-m nims unavoi dable heat exchanging with the
environment via the piping used for the connection
between the wet feed heat exchanger 545 and the first
tube bundle inlet 531 of the further heat exchanger 535.
In practice this may nean that the tenperature of the
effluent stream 560 that passes through the first tube
bundle inlet 531 is less than 5 °C different, preferably
less than 2 °C different, from the tenperature of the
effluent stream 560 as it is discharged from the wet feed
heat exchanger 545.

Both the effluent stream 560 and the part 210 of the
source refrigerant stream 280 that is passed to the
further heat exchanger 535 are cooled in the further heat
exchanger 535, by indirect heat exchanging against an

evaporating refrigerant fraction 230. The evaporating
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refrigerant fraction is passed into the shell side of the
further heat exchanger 535 via the shell inlet 231. The
evaporating refrigerant may be a separate refrigerant
from the part of the source refrigerant in line 210 that
is being cool ed. However, as shown in Fig. 1, it may be
a part or all of the cooled refrigerant 220 that exits
the further heat exchanger 535 via the second tube bundle
outlet 219 into line 220. In the enbodinments of Figs. 1
to 3, the evaporating refrigerant 230 is obtained by
expanding at least a part of the cooled refrigerant 220
with the Joul e-Thonson valve 225. Optionally, a
remai ning part of the cooled refrigerant is passed to
anot her heat exchanger (not shown) in the form of
continuing refrigerant stream 235 to be evaporated at a
| ower pressure than the evaporating refrigerant 230

The passing of the effluent stream 560 to the further
heat exchanger 535 conprises heating of the effluent
stream 560 by indirectly heat exchanging against the wet
hydrocarbon stream 510. Thus, the cooling of the wet
hydrocarbon stream 510 nentioned above conprises this
indirectly heat exchanging of the effluent stream 560
agai nst the wet hydrocarbon stream 510. In nore detail,
the wet hydrocarbon stream 510 is passed from the first
inlet 541 into a wet feed heat exchanger 545, through the
wet feed heat exchanger 545 in indirect heat exchanging
interaction with the effluent stream 560, to the first
outlet 549 from the wet feed heat exchanger 545.
Si nul t aneously, the effluent stream 560 is passed from
second inlet 561 into the wet feed heat exchanger 545,
through the wet feed heat exchanger 545 in indirect heat
exchanging interaction wth the wet hydrocarbon stream
510, to the second outlet 569 from the wet feed heat

exchanger 545.
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In order to bring the tenperature of the effluent
stream 560 closer to the tenperature of the part 210 of
the source refrigerant stream 280, before feeding at
| east parts of both streams to the further heat exchanger
535, the dried effluent stream 560 is indirectly heat
exchanged against the wet hydrocarbon stream 510. The
effect is that the second tenperature, at which the wet
hydrocarbon stream is dried in the water renoval device
525, is nore or |less "decoupled" or "isolated" from the
first tenmperature of the wet hydrocarbon stream 510 and
the tenperature of the effluent 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
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 rmuch smaller tenperature
difference, e.g. less than 10 °C or preferably I|ess than
5 °c, than would be the case if the effluent stream 560
would be directly passed from the vapour outlet 559 of
the water renoval device 525 to the first tube bundle
inlet 531 of the further heat exchanger 535.

Thus, preferably the tenperature of the effluent
stream 560 as admtted into the further heat exchanger
535 via the first tube bundle inlet 531 is within
less than 10 °c, preferably within less than 5 °cC
different from the tenperature of the at l|least part 210
of the source refrigerant stream 280 as it is admtted
into the further heat exchanger 535 via the second tube
bundle inlet 211.

Both the effluent stream 560 and the at |east part
210 of the source refrigerant stream 280 are cooled in

the further heat exchanger 535, thereby providing a
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cool ed nethane-containing hydrocarbon stream 540 and at
| east one cooled refrigerant stream 220.

In the enbodinments illustrated by Figs. 1 to 3, heat
is extracted from the wet hydrocarbon stream 510 via the
wat er renoval heat exchanger 575 arranged in the path of
the wet hydrocarbon stream 510 between the wet feed heat
exchanger 545 and the water renoval device 525. The
invention is not limted to extracting heat at that
| ocati on. More generally, the auxiliary refrigerant
stream 250 can be enployed to extract heat from any one
of :

- the wet hydrocarbon stream 510 between the first inlet
541 into the wet feed heat exchanger 545 and the first
wat er renoval device inlet 551 into the water renoval
devi ce 525;

- the effluent stream 560 between the vapour outlet 559
from the water renoval device 525 and the second outl et
569 from the wet feed heat exchanger 545; and

- the wet hydrocarbon stream in the water renoval device
525.

Preferably, the auxiliary refrigerant 250 is cycled
in arefrigerant circuit, enploying at |east a conpressor
and an expansion device, wherein the auxiliary
refrigerant 250 is expanded. Fig. 1 shows a Joul e-
Thomson valve 255 in line 250 as expansion device. The
expanded auxiliary refrigerant stream 260 is passed into
the water renoval heat exchanger 575 and discharged from
the same after it has extracted heat from the wet
hydrocarbon stream 510. The discharged auxiliary
refrigerant 265 is reconpressed

The auxiliary refrigerant can be a refrigerant stream
obtained from a separate and/or dedicated refrigerant

cycle, in which case the auxiliary refrigerant can be of
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any suitable conposition, or it can be derived from a
refrigerant circuit that is also used to provide
refrigerant to another heat exchanger. In the latter
option, less additional equipnent is necessary, because
conpressors and such are already provided in the
refrigerant circuit. Figs. 2 to 3 illustrate enbodinents
wherein the auxiliary refrigerant stream 250 and the at
| east part 210 of the source refrigerant stream 280 both
are supplied from the source refrigerant stream 280.
Preferably, the source refrigerant stream 280 is at |east
partially condensed, for instance by the heat exchanging
against the anbient stream in the refrigerant anbient
heat exchanger 285, thereby formng a liquid refrigerant.
In such a case, the auxiliary refrigerant stream 250
preferably conprises at least a part of the liquid
refrigerant

Starting with Fig. 2, for exanple, the auxiliary
refrigerant is obtained from refrigerant <circuit 200. The
refrigerant circuit 200 conprises a refrigerant
conpressor 270, optionally preceded by one or nore
suction drums (not shown) . The refrigerant conpressor
270 conprises at least a first suction inlet 272, and a
di scharge outlet 279. Optionally, nore suction inlets
may be available to allow feeding into another stage of
conpr essi on. As an exanple, Fig. 2 shows a second
suction inlet 271 which allows feeding into the
conpressor 270 at a pressure that is between the suction
pressure at the first suction inlet 272 and the discharge
outlet 279. The discharge outlet 279 is fluidly
connected to the second tube bundle inlet 211 in the
further heat exchanger 535, whereby the refrigerant
anbi ent heat exchanger 285 is provided between the

di scharge outlet 279 and the second tube bundle inlet 211
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in the further heat exchanger and fluidly connected to
the discharge outlet 279. Second connecting neans
connect the refrigerant anbient heat exchanger 285 and
the second tube bundle inlet 211 into the further heat
exchanger 535. The second connecting means is
essentially free from any separate heat exchanger, so
that the part 210 of the source refrigerant stream 280
can be passed to the further heat exchanger 535 while
mai ntaining the tenperature essentially constant. An
optional accumulator (not shown) nmay be provided in the
second connection neans downstream of the refrigerant
anbi ent heat exchanger 285. Refrigerant «circuit 200 may
al so be applied on the enbodinment of Fig. 1.

Still referring to Figure 2, the connection of the
source refrigerant 1line 280 and the refrigerant I|ine 210
conprises a splitter 245,  arranged to split the source
refrigerant stream 280 into the auxiliary refrigerant
stream 250 and the part 210 of the source refrigerant
stream 280. The discharged auxiliary refrigerant 265 is
passed to the second suction inlet 271 into the
refrigerant conpressor 270 via an optional suction drum
(not shown) . The spent refrigerant discharged from the
further heat exchanger 535 via line 240 is passed to the
first suction inlet 272 into the refrigerant conpressor
270, via another optional suction drum (not shown)

A separate nodification illustrated in Figs. 2 and 3
relative to Fig. 1 is that nore than one refrigerant
stream is fed into the further heat exchanger 535. As can
be seen in Figs. 2 and 3, the further heat exchanger 535
is additionally provided with an optional third tube
bundle inlet 311 for receiving another refrigerant stream
310. The third tube bundle inlet 311 is, via an optional
third tube bundle 312 optionally disposed inside the
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further heat exchanger 535, connected to a third tube
bundl e outlet 319 via which the cooled other refrigerant
stream is discharged into |ine 320. The cool ed ot her
refrigerant stream 320 may for instance be passed to
anot her heat exchanger (not shown) to perform cooling
duty therein.

The other refrigerant stream may be circulated in
another refrigerant circuit (not shown) that is separate
from refrigerant circuit 200. For exanple, the
refrigerant circuit 200 rmay be a pre-cooling refrigerant
circuit used to produce the cooled hydrocarbon stream 540
and the cooled other refrigerant stream 320 in the form
of a pre-cooled main refrigerant stream The main
refrigerant of the main refrigerant stream may be cycled
in main refrigerant circuit that is distinct from the
pre-cooling refrigerant circuit, such as described in for
i nstance US Pat. 6,370, 910. In such a case, each of the
pre-cooling refrigerant and the main refrigerant may be
conposed of a mixed refrigerant. A mxed refrigerant or
a mxed refrigerant stream as referred to herein
conprises at least 5 nol% of two different conponents.
More preferably, any mixed refrigerant conprises two or
nore of the group consisting of: nethane, ethane,
et hyl ene, propane, propylene, butanes and pentanes.
Suitably, the pre-cooling refrigerant has a higher
average nolecular weight than main refrigerant. Mor e
specifically the pre-cooling refrigerant in the pre-
cooling refrigerant circuit may be formed of a mixture of
two or nmore conponents wthin the follow ng conposition:
0-20 nol % net hane, 20-80 nol % ethane and/or ethylene, 20-
80 nmol % propane and/or propylene, <20 nol % butanes, <10
nol % pentanes; having a total of 100% The main cooling

refrigerant in the main refrigerant circuit may be formed
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of a mxture of two or nore conponents wthin the
followi ng conmposition: <10 nol % N2, 30-60 nol % net hane,
30-60 nol % ethane and/or ethylene, <20 nol % propane
and/ or propylene and <10% butanes; having a total of
100%

Alternatively, and one enbodinment enploying this is
illustrated in Fig. 3, the pre-cooling refrigerant and
the main refrigerant may both be drawn from the
refrigerant circuit 200. An exanple is the so-called
Single Mxed Refrigerant processes, of which an exanple
can be found in US Patent 5,832, 745. In such a single
m xed refrigerant process, the refrigerant being cycled
in the refrigerant circuit may be formed of a mxture of
two or nmore conponents wthin the follow ng conposition:
<20 nmpl % N2, 20-60 mol % net hane, 20-60 nol % et hane and/or
et hyl ene, <30 nol % propane and/or propylene, <15% butanes
and <5% pentanes; having a total of 100%

In the enbodiment of Fig. 3 the source refrigerant
stream 280 is partially, not fully, condensed (for
instance in refrigerant anbient heat exchanger 285), and
subsequently separated in a pre-cooling refrigerant
gas/liquid separator 275 into a vaporous |I|ight fraction
refrigerant stream and a liquid refrigerant. The vapour
light refrigerant stream is 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 inlet 311 as the other refrigerant
stream The liquid refrigerant is discharged at the
bottom of the pre-cooling refrigerant gas/liquid
separator 275 and fed to the splitter 245 wherein it is
split into the auxiliary refrigerant stream 250 and the

part 210 of the source refrigerant stream 280.
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The cooled other refrigerant stream 320 may be
partially or fully condensed in the further heat
exchanger 535. A part of the condensed other refrigerant
stream 320 may be injected into the evaporating
refrigerant 230 via optional |ine 352, optional Joule-
Thomson val ve 353 an optional conbiner 357 provided in
i ne 230. Alternatively or in addition thereto, a part
of the condensed other refrigerant stream 320 may be
evaporated in another heat exchanger and returned to the
refrigerant conpressor 270 via optional line 390 and an
optional third suction inlet 273 into the refrigerant
conpressor 270.

The cool ed hydrocarbon stream 540 that is discharged
from the further heat exchanger 535 may be further
treated in a variety of nanners. In one group of
enbodi nents, it may be cooled in one or nore other heat
exchangers against one or both of at least a part of the
continuing refrigerant stream 235 being evaporated in
anot her heat exchanger at a |lower pressure than the
evaporating refrigerant 230 and at l|least a part of the
cooled other refrigerant stream 320. Preferably, at
| east part of the cooled hydrocarbon stream 540 is cool ed
to a tenperature |ow enough, such as below -125 °C or
preferably below -150 °c, to form liquefied natural gas.
Such liquefied natural gas be depressurized in an end-
flash system or depressurization stage as known in the
art, and subsequently stored in a cryogenic liquid
storage tank at a pressure of between 1 and 2 bar
absolute and a temperature of approximately -162 °C
This will not be described in further detail herein

In another group of enbodinments, the cooled
hydrocarbon stream 540 may be subjected to one or nore

extraction steps wherein C2+ hydrocarbons, preferably
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C3+ hydrocarbons, are extracted from the cool ed

hydr ocar bon
the form of
met hane-enri

line gas, o

stream 540 thereby generating a residue
a nmet hane-enriched hydrocarbon stream
ched hydrocarbon stream may be sold as pi

r subjected to nore cooling in the way

in
Thi s
pe

S,

described in the preceding paragraph, to produce
liquefied natural gas. The extracted C2+ hydrocarbon
preferably C3+ hydrocarbons, may be sold and/or further
processed, for instance by fractionation into single-

conponent s

but ane .

treans including ethane and/or propane and/or

The person skilled in the art wll understand that

t he present
ways W t hout

clains .

invention can be carried out in many vari

ous

departing from the scope of the appended
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1. Method of treating a hydrocarbon stream conprising
nmet hane, the method conprising:

- providing a wet hydrocarbon stream conprising at |east
nmet hane and water;

- passing said wet hydrocarbon stream through a wet feed
anbi ent heat exchanger thereby heat exchanging said wet
hydrocarbon stream agai nst anbient and thereby providing
the wet hydrocarbon stream at a tenperature equal to a
first tenperature;

- cooling of the wet hydrocarbon stream thereby | owering
the tenperature fromthe first tenperature to a second

t enperature ;

- withdrawing from the wet hydrocarbon stream in a water
renoval device at the second tenperature, at |east one
wet disposal stream conprising water from the wet
hydrocarbon stream and an effluent stream conprising the
wet hydrocarbon stream from which the at |east one wet
di sposal stream has been renoved,

- passing the effluent stream to a further heat
exchanger ;

- passing a refrigerant stream in a conpressed condition
t hrough an anbi ent heat exchanger thereby providing a
source refrigerant stream at a refrigerant tenperature
equal to a third tenperature, which is within 10 °C from
the first tenperature;

- passing at least a part of the source refrigerant
stream to the further heat exchanger while maintaining
its tenperature essentially equal to the third

t enper at ure;
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- cooling both the effluent stream and the at |east the
part of the refrigerant stream in the further heat
exchanger by indirect heat exchanging against an
evaporating refrigerant fraction;

wherein said passing of the effluent stream to the
further heat exchanger conprises heating the effluent
stream by indirectly heat exchanging against the wet
hydrocarbon stream at essentially said first tenperature
in a wet feed heat exchanger match the tenperature of the
effluent stream to the first tenperature as close as the
warm end approach tenperature of the wet feed heat
exchanger, wherein said cooling of the wet hydrocarbon
stream conprises this indirectly heat exchanging.

2. The nethod according to claim 1, wherein said
indirectly heat exchanging of the effluent stream against
the wet hydrocarbon stream conprises passing the wet
hydrocarbon stream from a first inlet into the wet feed
heat exchanger at a tenperature of essentially equal to
the first tenperature, through the wet feed heat
exchanger in indirect heat exchanging interaction wth
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 fromthe wet feed heat exchanger.

3. The method according to claim 2, further conprising
- passing the wet hydrocarbon stream into the water
removal device through a first water renoval device inlet
into the water renoval device and discharging the
effluent stream from the water renoval device through a
vapour outlet from the water renoval device; and

- extracting heat from at |east one of:
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- the wet hydrocarbon stream between the first inlet into
the wet feed heat exchanger and the first water renoval
device inlet;

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

- the wet hydrocarbon stream in the water renoval device;
by heat exchanging against an auxiliary refrigerant
stream

4. The nmethod according to claim 3, wherein the
auxiliary refrigerant stream and the at |east part of the
source refrigerant stream are obtained by splitting the
source refrigerant stream into said auxiliary refrigerant
stream and said at |east part of the source refrigerant
stream

5. The nmethod according to claim 4, further conprising
at least partially condensing the source refrigerant
stream by said passing of said refrigerant stream through
said anmbient heat exchanger, thereby formng a liquid
refrigerant, wherein the auxiliary refrigerant stream
conprises at least a part of the liquid refrigerant.

6. The nmethod according to claim s, wherein partially,
but not fully, condensing the source refrigerant stream
by said passing of said refrigerant stream through said
anbi ent heat exchanger, and wherein said splitting of the
source refrigerant stream conprises subsequently
separating the source refrigerant stream into a vaporous
light fraction refrigerant stream and said liquid
refrigerant

7. The nmethod according to any one of clains 3 to 6,
further conprising expanding the auxiliary refrigerant
stream prior to said extracting heat from the at | east

one of :
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- the wet hydrocarbon stream between the first inlet into
the wet feed heat exchanger and the first water renoval
device inlet;
- the effluent stream between the vapour outlet from the

wat er renpval
feed heat exchanger;
- the wet hydrocarbon

8. The nethod according to
clains, wherein the water

separator vessel for

from the wet hydrocarbon
a sorbing device sorbing at

9. The method according

device and the second outl et
stream in the water
r enoval
separating precipitated

stream and,

to any one of

from the wet
renoval devi ce.
any one of the preceding

device conprises a

conponent s
downst ream t her eof,
| east water.

t he preceding

claims, further conprising admtting the effluent stream
into the further heat exchanger via a first tube bundle
inlet and admitting the at |east part of the source
refrigerant stream into the further heat exchanger via

| east one second tube bundle inlet .

10. The method according to claim 9, wherein the
tenperature of the effluent stream in the first tube

bundle inlet is essentially

of the effluent stream that

the sane as the tenperature

was reached by said

indirectly heat exchanging against the wet hydrocarbon
stream at essentially said first tenperature in the wet
feed heat exchanger.

11. The method according to claim 9 or claim 10, wherein

the tenperature of

tenperature of the at |east

refrigerant
heat

inlets in the further

apart from each other.
12. The method according to

clainms, wherein the first

the effl uent

stream in the first

exchanger

tenperature of

stream and the
part of the source

and second tube bundl e
are less than 10 °C
any one of the preceding

the wet
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hydrocarbon stream before said indirect heat exchanging
against the effluent stream is controlled by heat
exchangi ng against said anbient stream and wherein the
at least part of the source refrigerant stream has a
temperature within 10 °C from the first tenperature

13. The method according to any one of the preceding
clainms, wherein the wet hydrocarbon stream conprises
natural gas, and wherein at least part of the effluent
stream is cooled to form liquefied natural gas.

14. Apparatus for treating a hydrocarbon stream
conprising nethane, the apparatus conprising:

- a supply conduit for providing a wet hydrocarbon stream
that conprises at |east nethane and water

- a wet feed anbient heat exchanger connected to the
supply conduit arranged to receive the wet hydrocarbon
stream and to exchange heat between the wet hydrocarbon
stream and an anbi ent stream

- at least one wet feed heat exchanger connected to the
supply conduit via the wet feed anbient heat exchanger,
and arranged to receive the wet hydrocarbon stream from
the wet feed anbient heat exchanger, and to |ower the
temperature of the wet hydrocarbon stream wherein there
is essentially no separate heat exchanger present between
the wet feed anbient heat exchanger and the wet feed heat
exchanger ;

- a water renoval device arranged to receive the wet
hydrocarbon stream downstream of the wet feed heat
exchanger, conprising a wet disposal stream outlet for

di scharging a wet disposal stream conprising water from
the wet hydrocarbon stream and a vapour outlet for

di scharging an effluent stream conprising the wet
hydrocarbon stream from which the wet disposal stream has

been renoved;
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- a supply of a source refrigerant stream conprising a
refrigerant stream in a conpressed and anbient cooled
condition, said supply conprising a refrigerant anbient
heat exchanger and a conpressor which discharges the
refrigerant in conpressed condition to the refrigerant
anbi ent heat exchanger, which anbient heat exchanger is
arranged to exchange heat between the refrigerant in
conpressed condition and anbient 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 renoval device and at |east one
second tube bundle inlet, wherein the further heat
exchanger is further provided with a first tube bundle
outlet for discharging a cooled hydrocarbon stream
wherein the first tube bundle outlet is 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 [east
one second tube bundle outlet for discharging at |[east
one cooled refrigerant stream wherein the at |east one
second tube bundle outlet is internally in 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 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 renoval device with the first tube bundle inlet
of the further heat exchanger, which first connecting
means passes through the wet feed heat exchanger in

i ndirect heat exchanging interaction wth the wet

hydr ocar bon stream and
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- second connecting mneans connecting the refrigerant

anbi ent heat exchanger with the second tube bundle inlet,
for receiving at least a part of said source refrigerant
stream and said second connecting neans being
essentially free from any separate heat exchanger.

15. The apparatus according to claim 14, wherein the
first connecting neans is 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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