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(54) Method for starting up a plant for the liquefaction of a hydrocarbon stream

(57)  The present invention relates to a method for
starting up a plant (1), preferably a new plant, for the
liquefaction of a hydrocarbon feed stream (10) such as
natural gas, wherein a liquefied hydrocarbon stream
(110) that has been liquefied in a different liquefaction
plant is used.

At least a part of the liquefied hydrocarbon stream (110)

that has been liquefied in a different liquefaction plant
may be vaporized (15) and subsequently used as a fuel
gas (120) or a commissioning gas in the plant (1).
Further, at least a part of the liquefied hydrocarbon
stream (110) that has been liquefied in a different lique-
faction plant may be introduced into the plant (1), in par-
ticular for cooling down the plant (1).
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Description

[0001] The present invention relates to a method for
starting up a plant for the liquefaction of a hydrocarbon
stream such as natural gas. The present invention is es-
pecially directed to starting up a new plant.

[0002] It is desirable to liquefy a hydrocarbon stream
such as natural gas for a number of reasons. As an ex-
ample, natural gas can be stored and transported over
long distances more readily as a liquid than in gaseous
form, because it occupies a smaller volume and does not
need to be stored at high pressures.

[0003] The starting-up of a plant for the liquefaction of
a hydrocarbon stream, such as an LNG (Liquefied Nat-
ural Gas) plant may take a considerable amount of time
as the various elements need to be purged and cooled
down to the desired operating temperatures.

[0004] A known method for starting up a plant for the
liquefaction of natural gas is disclosed in the presentation
"Passing the Baton Cleanly" by F.W. Richardson, P.
Hunter, T. Diocee and J. Fisher, at GasTech 2000, 12-17
November 2000. This presentation discusses the com-
missioning, start-up and operation of the Atlantic LNG
facilities located at Point Fortin in Trinidad.

[0005] A problem of the above known method for start-
ing up the plant is that it takes a considerable amount of
time; as can be learned form the above presentation, the
starting up of an LNG plant may easily take more than 6
months. The above problem is even more pertinent if no
on-spec fuel gas is available.

[0006] A further problem of the above method is that
in the process of starting up of the plant fuel gas that is
available during the starting up is used for firing a gas
turbine for driving one or more compressors in the refrig-
erant cycles. A disadvantage is that this fuel gas being
available during the starting up may not be on-spec for
the gas turbine. Furthermore, the gas turbine is only start-
ed up after some fuel gas becomes available to the plant,
resulting in a significant loss of time.

[0007] Itis an object of the invention to minimize one
or more of the above problems.

[0008] Itis a further object of the present invention to
provide an alternative method for starting up a plant for
the liquefaction of a hydrocarbon stream, in particular
natural gas.

[0009] One or more of the above or other objects are
achieved according to the present invention by providing
a method for starting up a plant, preferably a new plant,
for the liquefaction of a hydrocarbon feed stream such
as natural gas, wherein a liquefied hydrocarbon stream
that has been liquefied in a different liquefaction plant is
used.

[0010] It has surprisingly been found that, by using lig-
uefied hydrocarbon stream that has been liquefied in a
different liqguefaction plant, a significant gain of time may
be achieved.

[0011] A further advantage of the present invention is
that the liquefied hydrocarbon stream that has been lig-
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uefied in a different liquefaction plant may have a more
desired composition than the fuel gas that is available
during the starting up of the plant.

[0012] Anevenfurther advantage of the presentinven-
tion is that equipment and piping systems being situated
at the more downstream side of the plant may be started
up at an earlier moment, i.e. well before the finalization
of the start-up of the upstream elements of the liquefac-
tion plant and even before any hydrocarbon feed stream
to be liquefied is present.

[0013] According to the present invention, the term
"starting up" includes the restarting up of an already ex-
isting plant as well as the starting up of a new plant. Fur-
thermore, the term "starting up" is not limited to activities
performed for cooling down the plant, but also includes
the commissioning of a plant, i.e. the activities performed
after equipment of the plant has been installed but before
the plant is cooled down or before a hydrocarbon feed
stream is introduced for actual production of a liquefied
hydrocarbon product and fuel gases. This commission-
ing may e.g. include testing, purging and drying out the
various equipment and piping systems. In this respect
also reference is made to the activities as mentioned un-
der "Milestones" in the above-mentioned GasTech 2000
article.

[0014] The hydrocarbon feed stream to be liquefied
may be any suitable hydrocarbon-containing stream to
be liquefied, but is usually a natural gas stream obtained
from natural gas or petroleum reservoirs. As an alterna-
tive the natural gas stream may also be obtained from
another source, also including a synthetic source such
as a Fischer-Tropsch process.

[0015] Usually the natural gas stream is comprised
substantially of methane. Depending on the source, the
natural gas may contain varying amounts of hydrocar-
bons heavier than methane such as ethane, propane,
butanes and pentanes as well as some aromatic hydro-
carbons. The natural gas stream may also contain non-
hydrocarbons such as H,O, N,, CO,, H,S and other sul-
phur compounds, and the like.

[0016] If desired, the feed stream containing the nat-
ural gas may be pre-treated before liquefaction. This pre-
treatment may comprise removal of undesired compo-
nents such as CO, and H,S, or other steps such as pre-
cooling, pre-pressurizing or the like. As these steps are
well known to the person skilled in the art, they are not
further discussed here.

[0017] The person skilled in the art will understand that
the liquefaction plant to be started up may be one of var-
ious line-ups, without being limited to a specific line-up.
As the person skilled readily understands how to liquefy
a hydrocarbon stream, this is not further discussed here
in full detail. The plant may e.g. comprise one or more
heat exchangers with respective refrigerant cycles to cool
the feed stream in one or more steps; one or more pre-
treating units for removing undesired components from
the feed stream such as H,0, N,, CO,, H,S and other
sulphur compounds; a so-called NGL (natural gas lig-
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uids) extraction unit to remove one or more hydrocarbons
heavier than methane such as ethane, propane, butanes
and pentanes; storage tanks for the storage of liquefied
product; etc.

[0018] Further the person skilled in the art will readily
understand that after liquefaction, the liquefied natural
gas may be further processed, if desired.

[0019] According to the present invention with "a lig-
uefied hydrocarbon stream that has been liquefied in a
different liquefaction plant" is meant that an already ex-
isting liquefied hydrocarbon stream is used that has not
been liquefied in the plant being started up but that has
previously been liquefied in a different liquefaction plant.
The liquefied hydrocarbon stream that has been liquefied
in a different liquefaction plant may have been produced
in a nearby liquefaction train that has already been start-
ed up. However, usually the liquefied hydrocarbon
stream that has been liquefied in a different liquefaction
plant will have been produced in a remote location and
shipped or otherwise transported to the location where
the plant to be started up is located. Thus, the liquefied
hydrocarbon stream that has been liquefied in a different
liquefaction plant is preferably obtained from an offload-
ing LNG carrier vessel.

[0020] The person skilled in the art will understand that
the liquefied hydrocarbon stream that has been liquefied
in a different liquefaction plant may be stored temporarily
in a storage tank before it is used in the plant to be started
up, e.g. in a storage tank at an LNG import terminal. If
desired, the liquefied hydrocarbon stream that has been
liquefied in a different liquefaction plant may be even be
stored temporarily in the storage tank forming part of the
plant to be started up (i.e. the storage tank wherein the
liquefied hydrocarbon stream produced in the plant to be
started up will be stored).

[0021] The liquefied hydrocarbon stream that has
been liquefied in a different liquefaction plant may be
used in various ways during the starting up of the lique-
faction plant.

[0022] According to a first embodiment at least a part
of the liquefied hydrocarbon stream that has been lique-
fied in a different liquefaction plant is vaporized and sub-
sequently used as a fuel gas in the plant. The fuel gas
may be used e.g. to commission fuel gas systems, for
power generation of any gas turbines in the plant, to com-
mission electrical distribution systems, to fire heaters,
etc.

[0023] Preferably the fuel gas is used for firing a gas
turbine of the plant, in particular for driving a compressor,
preferably a compressor forming part of a refrigerant cy-
cle used for cooling at least a part of the hydrocarbon
feed stream to be liquefied in the plant being started up.
[0024] According to a second embodiment (which may
also be used in combination with the above-mentioned
first embodiment), at least a part of the liquefied hydro-
carbon stream that has been liquefied in a different lig-
uefaction plant is used for providing electric power to the
plant.
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[0025] Furthermore at least a part of the liquefied hy-
drocarbon stream that has been liquefied in a different
liquefaction plant may be vaporized and subsequently
used as a commissioning gas in the plant, e.g. in a hy-
drocarbon purge process train, to dry out a mercury re-
moval bed, to regenerate molecular sieves, to test refrig-
erant compressors, etc.

[0026] According to a further embodiment, at least a
part of the liquefied hydrocarbon stream that has been
liquefied in a different liquefaction plant is introduced into
the plant, in particular for cooling down the plant. To this
end the liquefied hydrocarbon stream that has been lig-
uefied in a different liquefaction plant may be introduced
in e.g. the piping system and equipment of the plant. As
an example, the liquefied hydrocarbon that has been lig-
uefied in a different liquefaction plant may be used to
cool down the loading system, tanks and associated
equipment and an end-flash system. Furthermore, at
least a part of the liquefied hydrocarbon stream that has
been liquefied in a different liquefaction plant may be
heat exchanged against a stream used in the plant to be
started up.

[0027] In a further aspect the present invention pro-
vides a system for starting up a plant for the liquefaction
of a hydrocarbon feed stream such as natural gas, the
system at least comprising:

- a plant for the liquefaction of a hydrocarbon feed
stream, the plant atleast comprising a heat exchang-
er having an inlet for the feed stream to be cooled
and an outlet for a cooled stream, wherein the feed
stream can be heat exchanged against a refrigerant
being cycled in a refrigerant cycle containing at least
a compressor for compressing evaporated refriger-
ant;

- a storage tank for storing a liquefied hydrocarbon
stream produced in the plant; and

- asource of a liquefied hydrocarbon stream that has
been liquefied in a different liquefaction plant.

[0028] Preferably the system further comprises one or
more of: a vaporizer connected to an outlet of the source
for vaporizing at least a part of the liquefied hydrocarbon
stream from said source; a gas turbine connected to an
outlet of the vaporizer; etc.

[0029] Hereinafter the invention will be further illustrat-
ed by the following non-limiting drawing. Herein shows:

Fig. 1 schematically a process scheme in accord-
ance with the present invention.

[0030] Forthe purpose of this description, a single ref-
erence number will be assigned to a line as well as a
stream carried in that line. Same reference numbers refer
to similar components.

[0031] Figure 1 schematically shows a process
scheme and system (generally indicated with reference
no. 100) used during the starting up of a liquefaction plant
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1 for the liquefaction of a hydrocarbon feed stream 10
such as natural gas. The feed stream 10 may have been
previously treated e.g. to remove propane and heavier
hydrocarbons and/or other undesired components (such
as H,0, N,, CO, and H,S) to a certain extent before the
actual liquefaction takes place.

[0032] The system 100 comprises a liquefaction plant
1 for the liquefaction of a natural gas feed stream 10, a
storage tank 5 for storing the liquefied natural gas (LNG)
as produced during normal operation (i.e. after the plant
1 has been started up) and a separate source 4 (in casu
a storage tank, e.g. at an LNG import terminal) of already
existing LNG that has been previously produced in a sep-
arate plant (not shown). If desired, the previously pro-
duced LNG may even be temporarily storedin the storage
tank 5 forming part of the plant 1 to be started up as a
result of which the tanks 4 and 5 may be one and the
same.

[0033] The liquefaction plant 1 comprises a first heat
exchanger 2 in which the feed stream 10 is heat ex-
changed against an evaporating refrigerant being cycled
in a first refrigerant cycle 6. The first refrigerant cycle
comprises a compressor 8 for recompressing refrigerant
stream 40 being evaporated in the first heat exchanger
2 and a cooler 9 such as an air or water cooler for cooling
the compressed stream 50. After cooling in the cooler 9
the refrigerant is recycled as stream 60 to the first heat
exchanger 2 in which it is again evaporated to remove
heat from the feed stream 10.

[0034] As shown in Fig. 1 the first heat exchanger 2
has an inlet 21 for the feed stream 10 and an outlet 22
for cooled stream 20.

[0035] The cooled stream 20 is passed to the inlet 31
of a second heat exchanger 3 in which during normal
operation the actual liquefaction will take place. To this
end the cooled stream 20 is heat exchanged in second
heat exchanger 3 against an evaporating refrigerant be-
ing cycled in a second refrigerant cycle 7. Similar to the
first refrigerant cycle 6, the second refrigerant cycle 7
comprises a compressor 11 for recompressing refriger-
ant stream 70 being evaporated in the second heat ex-
changer 3 and a cooler 12 such as an air or water cooler
for cooling the compressed stream 80. After cooling in
the cooler 12 the refrigerant is recycled as stream 90 to
the second heat exchanger 3 in which it is again evapo-
rated to remove heat from the cooled stream 20.
[0036] During normal operation of the plant 1 a lique-
fied stream 30 is removed at the outlet 32 of the second
heat exchanger 3 and passed to a storage tank 5. If de-
sired, more than the two refrigerant cycles 6, 7 may be
present.

[0037] Inthe embodiment of Figure 1, the compressor
8 of the first refrigerant cycle 6 is driven by a gas turbine
13 that is fired using LNG taken (as stream 110) from the
separate source 4 (at outlet 41) after it has been vapor-
ized in vaporizer 15. The vaporized stream is passed on
as stream 120 to the gas turbine 13. Reference number
130 indicates that the gas turbine can be mechanically
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connected to the compressor 8.

[0038] The person skilled in the art will understand that
stream 110 may - alternatively or in addition - be used
for firing a gas turbine (not shown), e.g. for driving the
compressor 11 in the second refrigerant cycle 7.

[0039] During starting up of the plant 1 according to
the present invention, liquefied stream 110 will be taken
from the separate source 4 to assist in the starting up of
the plant 1.

[0040] As an example, at least a part of the liquefied
hydrocarbon stream 110 may be vaporized in vaporizer
15 and subsequently used as a fuel gas in the plant 1.
The fuel gas may be used e.g. to commission fuel gas
systems, for power generation of any gas turbines in the
plant, to commission electrical distribution systems, to
fire heaters, etc.

[0041] As shown in the embodiment of Figure 1, the
fuel gas is passed on as stream 120 and used for firing
the gas turbine 13 for driving the compressor 8 forming
part of the refrigerant cycle 6 used for cooling at least a
part of the hydrocarbon feed stream 10.

[0042] If desired, at least a part of the liquefied hydro-
carbon stream 110 may also be used for providing electric
power to the plant 1.

[0043] Furthermore at least a part of the liquefied hy-
drocarbon stream 110 may be vaporized in the vaporizer
15 and subsequently used as a commissioning gas in
the plant 1, e.g. in a hydrocarbon purge process train, to
dry out a mercury removal bed, to regenerate molecular
sieves, to test refrigerant compressors, etc.

[0044] Further, at least a part of the liquefied hydro-
carbon stream 110 may be introduced into the plant 1,
in particular for cooling down the plant 1. To this end the
liquefied hydrocarbon stream 110 may be introduced in
e.g. the piping system and equipment of the plant. As an
example, the liquefied hydrocarbon stream 110 may be
used to cool down the loading system, piping systems
(such as lines 10, 20 and 30), tanks (such as tank 5) and
associated equipment and an end-flash system.

[0045] After the plant 1 has been started up, normal
operation will take place and the separate source 4 may
be disconnected from the plant 1, as the plant will then
be in a position to generate its own fuel gas, if necessary.
[0046] The person skilled in the art will readily under-
stand that many modifications may be made without de-
parting from the scope of the invention. As an example,
the compressors may comprise two or more compression
stages. Further, each heat exchanger may comprise a
train of heat exchangers.

Claims

1. Method for starting up a plant (1), preferably a new
plant, for the liquefaction of a hydrocarbon feed
stream (10) such as natural gas, wherein a liquefied
hydrocarbon stream (110) that has been liquefied in
a different liquefaction plant is used.
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Method according to claim 1, wherein at least a part
of the liquefied hydrocarbon stream (110) that has
been liquefied in a different liquefaction plant is va-
porized and subsequently used as a fuel gas in the
plant (1).

Method according to claim 2, wherein the fuel gas is
used for firing a gas turbine (13) of the plant (1), in
particular for driving acompressor, preferably a com-
pressor (8) forming part of arefrigerant cycle (6) used
for cooling at least a part of the hydrocarbon feed
stream (10).

Method according to claim 2 or 3, wherein the fuel
gas is used for providing electric power to the plant

().

Method according to one or more of the preceding
claims, wherein at least a part of the liquefied hydro-
carbon stream (110) that has been liquefied in a dif-
ferent liquefaction plant is vaporized and subse-
quently used as a commissioning gas in the plant (1).

Method according to one or more of the preceding
claims, wherein at least a part of the liquefied hydro-
carbon stream (110) that has been liquefied in a dif-
ferent liquefaction plant is introduced into the plant
(1), in particular for cooling down the plant (1).

Method according to one or more of the preceding
claims, wherein at least a part of the liquefied hydro-
carbon stream (110) that has been liquefied in a dif-
ferent liquefaction plant is heat exchanged against
a stream used in the plant (1).

Method according to one or more of the preceding
claims, wherein the liquefied hydrocarbon stream
(110) that has been liquefied in a different liquefac-
tion plant is obtained from an offloading LNG carrier
vessel.

System (100) for starting up a plant (1) for the lique-
faction of a hydrocarbon feed stream (10) such as
natural gas, the system (100) at least comprising:

-aplant (1) for the liquefaction of a hydrocarbon
feed stream (10), the plant (1) at least compris-
ing a heat exchanger (2) having an inlet (21) for
the feed stream (10) to be cooled and an outlet
(22) for a cooled stream (20), wherein the feed
stream (10) can be heat exchanged against a
refrigerant being cycled in a refrigerant cycle (6)
containing at least a compressor (8) for com-
pressing evaporated refrigerant (40);

- a storage tank (5) for storing a liquefied hydro-
carbon stream (30) produced in the plant (1);
and

- a source (4) of a liquefied hydrocarbon stream
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that has been liquefied in a different liquefaction
plant.

10. System (100) according to claim 9, further compris-

ing:

- a vaporizer (15) connected to an outlet (41) of
the source (4) for vaporizing at least a part of
the liquefied hydrocarbon stream from the
source (4).

11. System (100) according to claim 10, further compris-

ing:

- agas turbine (13) connected to an outlet of the
vaporizer (15).

12. System (100) according to claim 11, wherein the gas

turbine (13) can drive a compressor (8) for com-
pressing the evaporated refrigerant (40).
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