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Description

[0001] The presentinvention provides a method forthe
gasification of a liquid hydrocarbon stream, such as a
liquefied natural gas (LNG) stream, to provide a gaseous
hydrocarbon stream, such as a natural gas stream, and
power, and an apparatus therefor. The apparatus and
method are particularly suitable for use at a LNG regas-
ification facility.

[0002] LNG s usually primarily liquefied methane con-
taining varying quantities of ethane, propane and bu-
tanes with trace quantities of pentanes and heavier hy-
drocarbon components. Usually the LNG is low in aro-
matic hydrocarbons and non-hydrocarbons such as H,0,
N,, CO,, H,S and other sulphur compounds, because
these compounds have been removed at least partially
before liquefying the natural gas stream, which is then
stored and transported in liquid form.

[0003] Itisdesirable to liquefy natural gas for a number
of reasons. As an example, natural gas can be stored
and transported over long distances more readily as a
liquid thanin gaseous form, because it occupies a smaller
volume. It may not need to be stored at high pressures.
Such liquefied natural gas can be stored at atmospheric
pressure if maintained at cryogenic temperatures, such
as at -160 °C or below. Alternatively, liquefied natural
gas may be stored at temperatures above -160 °C if it is
pressurised above atmospheric pressure.

[0004] In order to regasify the LNG stream, itis usually
pressurised and vaporised. If desired, a selected amount
of one or more additional components, for example ni-
trogen, can be added to obtain natural gas having a de-
sired gas quality, for example a selected heating value
(i.e. energy content when the natural gas is burned), ac-
cording to gas specifications or the requirements of a
consumer. Furthermore, the heating value of the natural
gas may also be adjusted by removing or adding a de-
sired amount of heavier hydrocarbons from natural gas.
[0005] A LNG regasification terminal pressurises and
vaporises LNG so that pressurised natural gas can be
injected into a gas network at ambient temperature. Al-
though different kinds of heat exchangers are available
for vaporising LNG, using an ambient heat source such
as seawater is a common option. However, vaporising
LNG against an ambient heat source represents lost en-
ergy. For instance, for each 1 MTPA (million metric tons
per annum) LNG vaporised, a heat flow of between 20
and 30 MW is lost. This could be used for a number of
practical purposes, such as power generation. It would
be desirable if this unused a heat flow could be harnessed
to generate electricity, rendering the regasification facility
self-sufficient in terms of its power requirements, such
that power input from an external electricity grid or the
burning of hydrocarbon fuels would not be required. A
gasification terminal which does not require the direct or
indirect burning of hydrocarbon fuels for its operation will
be carbon dioxide neutral.

[0006] WO 2007/011921 discloses a method of gen-
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erating power in a LNG regasification facility utilising
LNG. In the disclosed method, natural gas is used as a
working fluid in which at least a portion of vaporised nat-
ural gas is expanded in a turbine to produce power and
expanded vaporised natural gas. The expanded vapor-
ised natural gas is then condensed using cold from the
liquefied natural gas, and subsequently combined with
liquefied natural gas. The combined liquefied and con-
densed natural gas is then vaporised to produce the va-
porised natural gas.

[0007] The method of WO 2007/011921 heats the por-
tion of vaporised natural gas used in the expansion step
to a temperature of 232 °C (450 °F) prior to expansion
in the turbine. Although the disclosed method is said to
be capable of generating 5 MW, this is not attainable
using an ambient heat source, and additional energy in-
putis required. In order to heat the vaporised natural gas
to temperatures of 232 °C, a heat source such as a flue
gas from a gas turbine, a waste heat recovery unit and/or
a fired heater is required. The aforementioned heat
sources all rely upon, for instance, the combustion of a
hydrocarbon fuel and thus produce carbon dioxide emis-
sions.

[0008] A problem of this known method of gasifying is
that the combustion of hydrocarbons and the associated
carbon dioxide emissions are required in order to pro-
duce sufficient power to meet the needs of the regasifi-
cation facility.

[0009] The present invention seeks to address this
problem by providing a method of regasifying a liquid
hydrocarbon stream which is self-sustaining in terms of
power consumption in steady state operation and is car-
bon dioxide neutral.

[0010] In particular, the method and apparatus of the
present invention can generate sufficient power from the
gasification process to operate an LNG import terminal
in which LNG is converted into natural gas for consump-
tion. Such an import terminal need not produce the car-
bon dioxide emissions normally resulting from the gen-
eration of electricity required to operate the terminal and
may be carbon dioxide emissions neutral as a result of
energy generation from the gasification of the LNG.
[0011] It is desirable to minimise the carbon dioxide
emissions from afacility, and more preferably to eliminate
such emissions entirely to provide a "zero carbon dioxide
emissions" regasification method. Such a facility would
be autonomous in terms of its power requirements and
give rise to carbon credits as a result of its carbon dioxide
free power generation.

[0012] In afirst aspect, the present invention provides
a method for the gasification of a liquid hydrocarbon
stream to provide a gaseous hydrocarbon stream and
power, the method comprising at least the steps of:

(a) pressurising a liquid hydrocarbon stream at a
feed pressure to provide a pressurised liquid hydro-
carbon stream at a cold recovery pressure;

(b) heat exchanging the pressurised liquid hydrocar-
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bon stream against one or more vapour recycle
streams to provide a warmed liquid hydrocarbon
stream and one or more liquefied recycle streams;

(c) passing the one or more liquefied recycle
streams, after pressurisation if necessary, to one or
both of the liquid hydrocarbon stream and the pres-
surised liquefied hydrocarbon stream;

(d) pressurising one or more portions of the warmed
liquid hydrocarbon stream to provide one or more
pressurised warmed liquid hydrocarbon streams, at
least one of which is at a minimum pipeline pressure
or higher;

(e) vaporising one or more of the pressurised
warmed liquid hydrocarbon streams, at least one of
which is at the minimum pipeline pressure or higher,
against one or more heat sources to provide one or
more gaseous hydrocarbon streams, at least one of
which is at the minimum pipeline pressure or higher;
(f) dynamically expanding at least a part of at least
one of the one or more gaseous hydrocarbon
streams to provide power and one or more expanded
gaseous hydrocarbon streams, wherein at least a
part of said one or more expanded gaseous hydro-
carbon streams forms at least a part of the one or
more vapour recycle streams.

[0013] In a further aspect, the present invention pro-
vides an apparatus for the gasification of a liquid hydro-
carbon stream to provide a gaseous hydrocarbon stream
and power, said apparatus comprising at least:

- a liquid hydrocarbon stream pump to pressurise a
liquid hydrocarbon stream at a feed pressure to pro-
vide a pressurised liquefied hydrocarbon stream at
a cold recovery pressure;

- a hydrocarbon stream heat exchanger to heat ex-
change the pressurised liquid hydrocarbon stream
against one or more vapour recycle streams to pro-
vide a warmed liquid hydrocarbon stream and one
or more liquefied recycle streams;

- awarmed hydrocarbon stream pump to pressurise
one or more portions of the warmed liquid hydrocar-
bon stream to provide one or more pressurised
warmed liquid hydrocarbon streams at least one of
which is at a minimum pipeline pressure or higher;

- a heat source to vaporise one or more of the pres-
surised warmed liquid hydrocarbon streams, at least
one of which is at a minimum pipeline pressure or
higher, to provide one or more gaseous hydrocarbon
streams;

- arecycle turbine to dynamically expand at least a
part of at least one of the one or more gaseous hy-
drocarbon streams to drive a shaft and provide one
or more expanded gaseous hydrocarbon streams,
at least a part of which forms at least a part of the
one or more vapour recycle streams; and

- one or more hydrocarbon stream mixing devices to
introduce the one or more liquefied recycle streams,
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or a stream derived therefrom, to the liquid hydro-
carbon stream or the pressurised liquefied hydrocar-
bon stream.

[0014] One major advantage of the present invention
is that the method and apparatus operate at two pressure
levels. An initial pressurisation step (a) is carried out to
increase the pressure of the liquid hydrocarbon stream
from a feed pressure to provide a pressurised liquid hy-
drocarbon stream at a cold recovery pressure.

[0015] Thecoldrecovery pressureisthe pressure used
to carry out the heat exchange of the pressurised liquid
hydrocarbon stream against the vapour recycle stream.
This heat exchange warms the liquid hydrocarbon stream
and liquefies the vapour recycle stream.

[0016] A second pressurisation of the warmed liquid
hydrocarbon stream is then carried outin step (d) to bring
the pressure of at least one portion of this stream to a
minimum pipeline pressure or higher. The minimum pipe-
line pressure can be the pressure of the natural gas net-
work to which the vaporised natural gas is to be supplied.
[0017] Second pressurisation step (d) enables the heat
exchange in step (b) to be carried out at any desired
("cold recovery") pressure above the feed pressure. This
allows an optimal LNG cold recovery pressure to be used
in the heat exchange. In particular, the specific heat ca-
pacity of LNG decreases with pressure, such that LNG
at lower pressures can provide additional cooling capac-
ity compared to an identical composition at higher pres-
sure. It is therefore desirable to carry out the heat ex-
change in step (b) at a cold recovery pressure which is
less than the minimum pipeline pressure, in order to pro-
vide optimal cooling to the one or more vapour recycle
streams in step (b).

[0018] It has been found that cold recovery pressures
of less than 60 bar are particularly advantageous. Such
pressures can be significantly less than the minimum
pipeline pressure, which can be in excess of 60 bar, and
commonly up to 85 bar in some countries. Carrying out
the heat exchange step (b) at lower than the pipeline
pressure is also advantageous because the heat ex-
changer can be designed to operate at such lower pres-
sures, reducing CAPEX. Preferably, the cold recovery
pressure is less than the critical pressure of the pressu-
rised hydrocarbon stream in order to retain the latent heat
capacity of the hydrocarbon for the heat exchange. As
used herein, the term "critical pressure" is the pressure
of the pressurised hydrocarbon stream (or any other ap-
propriate stream) at which the phase boundary between
the gaseous and liquid states ceases to exist.

[0019] In contrast, the disclosure of WO 2007/011921
requires that the LNG is pumped to the pipeline pressure
prior to the heat exchange against the expanded vapor-
ised natural gas (vapour recycle stream). This means
that the heat exchange of the LNG to liquefy the expand-
ed vaporised natural gas must be carried out at the nat-
ural gas export pressure (minimum pipeline pressure).
This does not provide any flexibility in the pressure of the
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LNG during the heat exchange step with the expanded
vaporised natural gas, preventing optimisation of the ef-
ficiency of the heat exchange step.

[0020] In addition, step (c) of the present invention
adds the liquefied recycle stream to the liquid hydrocar-
bon stream or the pressurised liquid hydrocarbon stream.
This combination of liquefied streams occurs upstream
of the heat exchange step (b), such that the cold energy
provided toliquefy the vapour recycle stream can be used
to liquefy further natural gas vapour.

[0021] In contrast, the disclosure of WO 2007/011921
teaches that the condensed expanded vaporised natural
gas is combined with the LNG downstream of the heat
exchange step, such that the cooling duty of the con-
densed expanded vaporised natural gas is not utilised in
the condensation of the expanded vaporised natural gas
stream, leading to a less efficient use of the cold energy
of the LNG.

[0022] The dynamic expansion of at least a part of at
least one of the one or more gaseous hydrocarbon
streams in step (f) is used to generate power. It is pre-
ferred that the gaseous hydrocarbon stream is expanded
to a pressure of between 10 to 30 bars in a turbine.
[0023] The power produced is preferably generated as
electrical power. The generation of electrical power is
advantageous because any excess electricity not re-
quired to operate the gasification facility can be exported
to other processing units or to an external electricity grid,
such as a public electricity grid. If the power is generated
as mechanical power, a system of gearing may be re-
quired to operate the pumps used in the facility.

[0024] The heat sources used herein, including any
hydrocarbon streams generated in the gasification meth-
od which are used as heat sources, preferably have a
temperature greater than the temperature of the stream
to be warmed. Preferably, the heat source has a temper-
ature of greaterthan -40 °C, more preferably greater than
-30 °C, still more preferably in the range of 0 to 30 °C. In
a preferred embodiment, the upper temperature limit of
the heat source is substantially ambient temperature.
One or more of the heat sources may be, for example
one or both of an ambient heat source such as ambient
air or ambient water, and a hydrocarbon stream gener-
ated in the gasification method. However it is possible to
integrate the heat source with that from a combined pow-
er plant.

[0025] Embodiments of the present invention will now
be described by way of example only and with reference
to the accompanying non-limiting drawings in which:

Figure 1 is a diagrammatic scheme of a method of
and apparatus for gasifying a liquid hydrocarbon
stream according to a first embodiment;

Figure 2ais a is a diagrammatic scheme of a method
of and apparatus for gasifying a liquid hydrocarbon
stream according to a second embodiment;

Figure 2bis a is a diagrammatic scheme of a method
of and apparatus for gasifying a liquid hydrocarbon
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stream according to a third embodiment;

Figure 3 is a is a diagrammatic scheme of a method
of and apparatus for gasifying a liquid hydrocarbon
stream according to a fourth embodiment; and
Figure 4 is a is a diagrammatic scheme of a method
of and apparatus for gasifying a liquid hydrocarbon
stream according to a fifth embodiment.

[0026] For the purpose of this description, a single ref-
erence number will be assigned to a line as well as a
stream carried in that line. The same reference numbers
used in different Figures represent identical lines and
streams.

[0027] As discussed above, it is often desirable to lig-
uefy hydrocarbon compositions, such as natural gas be-
cause it can be stored more conveniently and transported
over long distances more readily as a liquid than in gas-
eous form. The liquefied natural gas can then be regas-
ified at the desired destination and passed, under pres-
sure, to a gas network.

[0028] Referring to the drawings, Figure 1 shows a
method of, and apparatus 1 for the, gasification of a liquid
hydrocarbon stream 5. The liquid hydrocarbon stream 5
may comprise a hydrocarbon or mixture of hydrocarbons,
such as a liquefied natural gas stream, or a synthetic
hydrocarbon composition, such as that provided by the
reaction of synthesis gas in a Fischer-Tropsch process.
Liquefied natural gas can be provided by the treatment
and liquefaction of natural gas in a manner known in the
art.

[0029] The liquid hydrocarbon stream 5 is provided at
a feed pressure. Conventionally, liquid hydrocarbon,
such as liquefied natural gas, is stored under cryogenic
conditions. The liquefied gas may be pressurised at tem-
peratures below 0 °C or at atemperature of approximate-
ly -160 °C and at or near atmospheric pressure. This
storage is discussed in more detail in relation to Figure
2a. The feed pressure of the liquid hydrocarbon stream
5 will be dependent upon the pressure to which the
stream is pumped to transport it to the gasification appa-
ratus 1. Preferably, the feed pressure is less than 8 bar,
and more preferably in the range of 1 to less than 8 bar.
[0030] In step (a), the liquid hydrocarbon stream 5 at
the feed pressure is passed to a liquid hydrocarbon
stream pump 10, where it is pressurised to provide a
pressurised liquid hydrocarbon stream 15 at a pressure
higher than the feed pressure. The liquid hydrocarbon
stream pump 10 is preferably an electrical pump. It is
intended to raise the pressure of the liquid hydrocarbon
stream 5 to the pressure at which the subsequent heat
exchange step is to be carried out - the "cold recovery
pressure". The cold recovery pressure is preferably in
the range of 8 to less than 50 bar, more preferably in the
range of 8 to less than 40 bar, even more preferably in
the range of 8 to less than 30 bar.

[0031] The pressurised liquid hydrocarbon stream 15
is then passed to a hydrocarbon stream heat exchanger
30 in step (b), where it is warmed against one or more



7 EP 2 454 518 B1 8

vapour recycle streams 115, to provide a warmed liquid
hydrocarbon stream 35 and one or more liquefied recycle
streams 125. In the embodiment shown in Figure 1, only
a single vapour recycle stream 115 and liquefied recycle
stream 125 are shown, although two, three or four or
more of each stream may be present. Where there are
two or more vapour recycle streams 115, these streams
are advantageously provided at different pressures. This
embodiment is discussed in greater detail in relation to
the embodiment of Figure 3.

[0032] The hydrocarbon stream heat exchanger 30
may be selected from a shell and tube, a plate and fin
and a printed circuit heat exchanger. It is important that
the temperature of the pressurised liquid hydrocarbon
stream 15 at the cold recovery pressure is not raised
above the bubble point ( i.e. the temperature at which the
pressurised liquid hydrocarbon stream 15 first produces
bubbles of vapour) of the composition during the heat
exchange, in order to ensure that the stream remains
liquid, more preferably fully liquid. This is because it is
more difficult and less efficient to compress a multiphase
vapour/liquid stream than a single phase liquid stream.
[0033] The requirement that the pressurised liquid hy-
drocarbon stream 15 remains a liquid in the hydrocarbon
stream heat exchanger 30 places an upper limit on the
cooling duty available from the pressurised liquid hydro-
carbon stream 15 at a particular cold recovery pressure.
Similarly, it is important that sufficient cooling is provided
to the vapour recycle stream 115 to liquefy, preferably
fully liquefy, the vapour recycle stream 115, such that an
upper limit is placed upon the amount of vapour recycle
stream which can be liquefied.

[0034] The warmed liquid hydrocarbon stream 35 exits
the hydrocarbon stream heat exchanger 30 and one or
more portions are passed to a warmed hydrocarbon
stream pump 40. The warmed hydrocarbon stream pump
40 is preferably an electrical pump. It is preferred that all
of the warmed liquid hydrocarbon stream 35 is passed
to the warmed hydrocarbon stream pump 40. The
warmed hydrocarbon stream pump 40 pressurises the
one or more portions of the warmed liquid hydrocarbon
stream 35 to provide one or more pressurised warmed
liquid hydrocarbon streams 45, at least one of which is
at a minimum pipeline pressure or higher. A single pres-
surised warmed liquid hydrocarbon stream 45 is shown
in Figure 1, which will be at or above the minimum pipeline
pressure.

[0035] The portion or portions of the pressurised
warmed liquid hydrocarbon stream(s) 45 at the minimum
pipeline pressure or higher can be gasified and passed
to a gas consumer. Thus, the term "minimum pipeline
pressure" is the required pipeline pressure of the con-
sumer of the vaporised hydrocarbon, such as a gas net-
work. This pressurisation step ensures that the portion
or portions of the pressurised warmed liquid hydrocarbon
stream 45 intended to provide the network gas is/are at
a pressure equal to or higher than that of the pipeline
pressure of the gas network. It is significantly more en-
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ergy efficient to pressurise a liquid stream to the pipeline
pressure or above, than a corresponding evaporated
gaseous stream.

[0036] One or more of the one or more pressurised
warmed liquid hydrocarbon streams 45, at least one of
which is at the minimum pipeline pressure or higher, can
be passed to one or more hydrocarbon stream heaters
50. The hydrocarbon stream heaters 50 are supplied with
one or more heatsources 345 to vaporise the pressurised
warmed liquid hydrocarbon. The one or more heat sourc-
es 345 preferably have a temperature of less than or
equal to ambient temperature, such as an ambient air or
ambient water sources, such as a seawater stream. The
hydrocarbon stream heaters 50 produce one or more
gaseous hydrocarbon streams 55, at least one of which
will be at the minimum pipeline pressure or higher, and
a cooled heat source 355, such as a cooled air or cooled
water, such as seawater, stream. In a preferred embod-
iment the hydrocarbon stream heater 50 is an open rack
vaporiser (ORV).

[0037] Insome cases,the upper pressure limitto which
the warmed liquid hydrocarbon stream(s) 35 can be
pumped is determined by the maximum operating pres-
sure of the hydrocarbon stream heater 50. Commonly,
open rack vaporisers have a maximum operating pres-
sure of 140 to 150 bar. It is preferred that the pressure
of the pressurised warmed liquid hydrocarbon stream(s)
45 which is at a minimum pipeline pressure or higher is
between the minimum pipeline pressure and 140 bar.
[0038] In a preferred embodiment, the warmed liquid
hydrocarbon stream 35 is pressurised to provide the
pressurised warmed liquid hydrocarbon stream 45 as a
supercritical hydrocarbon stream. Under supercritical
conditions, the pressurised warmed liquid hydrocarbon
stream 45 loses its latent heat capacity such that it can
be more easily heated.

[0039] A gaseous hydrocarbon stream splitting device
60 can split at least one of the one or more gaseous
hydrocarbon streams 55 into two or more parts 55a, 55b.
Figure 1 shows the splitting of a single gaseous hydro-
carbon stream 55, whichis at or above the minimum pipe-
line pressure, into two parts, a first part 55a and a second
part 55b.

[0040] The second part, 55b, can be passed to con-
sumers of the gaseous hydrocarbon. If this is provided
above the minimum pipeline pressure, then the pressure
of the stream may be reduced by an appropriate expan-
sion device. The embodiment of Figure 2a provides an
example of such pressure reduction using a turbine to
generate additional power.

[0041] Thefirstpart, 55a, is passed to arecycle turbine
110, where it is dynamically expanded to provide one or
more expanded gaseous hydrocarbon streams 115. A
single expanded gaseous hydrocarbon stream 115 is
shown in Figure 1.

[0042] The recycle turbine 110 converts the useful
work released by the dynamic expansion of the first part,
55a of the gaseous hydrocarbon stream 55 into kinetic
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energy to turn the shaft 112 of an electric generator 120.
The electric generator can provide electrical power to
meet the needs of the gasification facility.

[0043] In an alternative embodiment not shown in Fig-
ure 1, two or more gaseous hydrocarbon streams 55 can
be provided by the one or more hydrocarbon stream heat-
ers 50. A first gaseous hydrocarbon stream, which is at
or above the pipeline pressure, can be passed to a gas
network, while a second gaseous hydrocarbon stream
can be passed to the recycle turbine for dynamic expan-
sion.

[0044] Returning to the embodiment of Figure 1, the
one or more expanded gaseous hydrocarbon streams
115 produced by the recycle turbine 110 can be provided
at one or more expansion pressures. The one or more
expansion pressures should be less than the suction
pressure of the one or more gaseous hydrocarbon
streams 55 passed to the turbine.

[0045] The power which can be generated from the
recycle turbine 110 is dependent, amongst various fac-
tors, upon the pressure ratio of the turbine i.e. the ratio
of the pressure of the expanded gaseous hydrocarbon
stream 115 to the pressure of the part 55a of the one or
more gaseous hydrocarbon streams sent to the recycle
turbine 110. Gas expansion is more efficient at pressures
less than the supercritical range, such that suction pres-
sures in the range of 60 to 80 bar are preferred.

[0046] The one or more expanded gaseous hydrocar-
bon streams 115 are passed to the hydrocarbon stream
heat exchanger 30 as at least a part of the one or more
vapour recycle streams. Preferably the one or more va-
pour recycle streams 115 are provided entirely from the
one or more expanded gaseous hydrocarbon streams
115, such that the vapour recycle stream and expanded
gaseous hydrocarbon stream are one and the same. The
one or more vapour recycle streams 115 are liquefied in
the hydrocarbon stream heat exchanger 30 against the
pressurised liquid hydrocarbon stream 15 to provide a
liquefied recycle stream 125. Figure 1 shows the lique-
faction of a single vapour recycle stream 115 to a single
liquefied recycle stream 125.

[0047] If the liquefied recycle stream 125 produced by
the hydrocarbon stream heat exchanger 30 is at the feed
pressure of the liquid hydrocarbon stream 5, then it can
be passed directly to the liquid hydrocarbon stream 5.
Such an embodiment is discussed in relation to Figure
2a below.

[0048] Alternatively, if the pressures of the one or more
liquefied recycle streams 125 are above the feed pres-
sure of the liquid recycle stream 5, then they can passed
to the suction of one or more recycle stream pumps 130.
The one or more recycle stream pumps 130 are prefer-
ably electrical pumps. The one or more recycle pumps
130 pressurise the one or more liquefied recycle streams
125 to provide one or more pressurised liquefied recycle
streams 135 at the cold recovery pressure. The one or
more liquefied recycle streams 125 are preferably fully
liquefied streams, because the recycle stream pump 130
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can operate most efficiently with a single phase liquid
stream. Rather than using multiple recycle stream pumps
130 when there is more than one liquefied recycle stream
125, a multi-stage recycle stream pump 130 may be more
economical. In the embodiment shown in Figure 1, a sin-
gle liquefied recycle stream 125 is passed to a single
recycle stream pump 130.

[0049] The one or more pressurised liquefied recycle
streams 135 can then be combined with the pressurised
liquid hydrocarbon stream 15, via one or more hydrocar-
bon stream mixing devices 20, to provide pressurised
liquid hydrocarbon stream 15a, which is a combined
stream, and is passed to the hydrocarbon stream heat
exchanger 30.

[0050] In order to maximise the power which can be
generated by the electric generator 120, the part 55a of
the of the one or more gaseous hydrocarbon streams 55
which is passed to therecycle turbine 110 should be max-
imised. The one or more expanded gaseous hydrocarbon
streams 115 produced by the recycle turbine 110 must
be subsequently liquefied so that they may be recycled.
The portion of the one or more gaseous hydrocarbon
streams 55 which can be recycled depends upon the
cooling duty available in the hydrocarbon stream heat
exchanger 30 from the pressurised liquid hydrocarbon
stream 15 and the energy required to cool and liquefy
the vapourrecycle stream 115 in the hydrocarbon stream
heat exchanger 30.

[0051] The cooling duty of the pressurised liquid hy-
drocarbon stream 15is dependent upon the temperature
change of the stream i.e. the extent to which it is warmed
in the hydrocarbon stream heat exchanger 30, as well
as the specific heat capacity of the stream.

[0052] Taking a liquefied natural gas stream as an ex-
ample of the pressurised liquefied hydrocarbon stream
15, the specific heat capacity increases with decreasing
stream pressure. As the specific heat capacity increases,
the cooling capacity of the liquefied natural gas stream
will also increase. For instance, the cooling capacity of
liquefied natural gas at 10 bar is approximately 1.75%
more than the cooling capacity at 75 bar. This provides
a significant effect in terms of the cooling duty of this
stream. Thus lower cold recovery pressures are pre-
ferred for this reason.

[0053] The temperature change of the pressurised lig-
uid hydrocarbon stream 15 in the heat exchanger will
depend upon the temperature of the warmed liquid hy-
drocarbon stream 35. This temperature is related to the
working pressure of the heat exchanger 30. Thus, the
higher the temperature to which the pressurised liquid
hydrocarbon stream 15 is warmed in the hydrocarbon
stream heat exchanger 30, the higher the cold recovery
pressure required. However, as discussed above, the
higher the pressure, the lower the specific heat capacity
ofthe pressurised liquid hydrocarbon stream 15, and thus
the lower the cooling capacity. Consequently, the choice
of cold recovery pressure is a balance between the spe-
cific heat capacity of the liquid hydrocarbon and the tem-
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perature increase of the liquid hydrocarbon in the heat
exchanger 30.

[0054] A further limitation on the cooling duty provided
by the pressurised liquefied hydrocarbon stream 15 is
that this stream should remain in the liquid phase in order
to allow it to be efficiently pressurised in the warmed hy-
drocarbon stream pump 40.

[0055] The energy required to cool and liquefy the va-
pour recycle stream 115 is a function of the specific heat
capacity of the vapour recycle stream, the reduction in
temperature of the stream in the hydrocarbon stream
heat exchanger 30, the enthalpy of liquefaction of the
vapour recycle stream at the discharge pressure of the
recycle turbine 110, and the energy of any subcooling.
[0056] In this way, it is possible to determine the max-
imum proportion of the one or more gaseous hydrocar-
bon streams 55 which can be expanded and liquefied,
allowing it to be recycled to upstream of the hydrocarbon
stream heat exchanger 30.

[0057] Withinthe boundary presented by the maximum
portion of the one or more gaseous hydrocarbon streams
55 which can be ultimately be reliquefied, there are a
number of factors which can be considered with a view
to maximising power generation.

[0058] The extent to which the one or more gaseous
hydrocarbon streams 55 can be expanded through the
recycle turbine 110 and reliquefied in the hydrocarbon
stream heat exchanger 30 depends upon the degree of
expansion which is carried out in the recycle turbine 110.
The greater the expansion, the lower the pressure of the
vapour recycle stream 115 passed to the hydrocarbon
stream heat exchanger 30. The lower the pressure of the
vapour recycle stream 115, the lower the temperature at
which it will liquefy in the hydrocarbon stream heat ex-
changer 30.

[0059] However, the capacity of the pressurised liquid
hydrocarbon stream 15 to liquefy the vapour recycle
stream 115 mainly depends upon the pressure differ-
ence.

[0060] A ratio of the cold recovery pressure to the pres-
sure of the vapour recycle stream 115 in the range of 2
to 3 is advantageous because it provides a neat cooling
curve for the vapour recycle stream 115.

[0061] For example, when the liquid hydrocarbon is
LNG, the cold recovery pressure is 20 bara, and the pres-
sure of the vapour recycle stream 115 is 7 bara, the split
ratio, i.e. the extent to which the liquid hydrocarbon can
be recycled after vaporisation, can be approximately 27 %
i.e. 27% by weight of the one or more gaseous hydrocar-
bon streams 55 can be passed to the recycle turbine 110
for energy production and then reliquefied in the hydro-
carbon stream heat exchanger 30 and returned upstream
of the heat exchanger. In this case, approximately one
third of the flow can be expanded.

[0062] However, it should be noted that the method
disclosed herein may not have a single optimum point.
There is a range for the expansion of the recycled first
part 55a of the one or more gaseous hydrocarbon
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streams of between 5 and 45 bara, with a corresponding
split ratio for the part of the stream to be recycled 55a of
between 14% (at 5 bara) and 65% (at 45 bara). Optimi-
sation will depend upon the composition of the liquid hy-
drocarbon stream, its temperature, as well as other fac-
tors such as the temperature approach inside the hydro-
carbon stream heat exchanger between the pressurised
liquid hydrocarbon stream and the vapour recycle
stream.

[0063] Thus, for example, a regasification plant with a
5 million metric ton pre annum (MTPA) design (i.e. the
production of second part 55b of the one or more gaseous
hydrocarbon streams 55), it would be more economical
to provide a vapour recycle stream 115 which has been
expanded at a low pressure range and provided with a
small flow rate to the recycle stream to minimise the size
of the hydrocarbon stream heat exchanger 30 and recy-
cle turbine 110, with corresponding CAPEX savings.
[0064] Figure 2a shows further embodiments of the
method and apparatus disclosed herein. In one such em-
bodiment, the liquid hydrocarbon stream 5 is provided
from a storage tank 400, by pumping a liquid hydrocarbon
feed stream 405 with a feed pump 410, such as a sub-
merged pump. The feed pump 410 is preferably an elec-
trical pump. The feed pump 410 provides a pumped liquid
hydrocarbon stream 415, which can be passed through
a feed valve 420, to provide the liquid hydrocarbon
stream 5 at feed pressure.

[0065] The liquid hydrocarbon is normally stored in
tank 400 under cryogenic conditions. For instance, when
the liquid hydrocarbon is liquefied natural gas, it can be
stored at temperatures of less than -150 °C in a thermally
insulated tank. During storage at such cryogenic condi-
tions, the liquid hydrocarbon can be at or near atmos-
pheric pressure, such as approximately 1 bar.

[0066] Temperature variations during storage can re-
sult in the vaporisation of a portion of the liquefied hydro-
carbon as hydrocarbon gas vapour, also called boil off
gas. Such hydrocarbon gas vapour can be withdrawn
from at or near the top of storage tank 400 as a boil off
gas stream 455, and passed to the suction side of a boil
off gas compressor 460. The boil off gas compressor 460
can be mechanically driven by a boil off gas compressor
driver 470, such as an electric driver powered by elec-
tricity generated by the recycle stream electric generator
120.

[0067] The boil off gas compressor 460 compresses
the boil off gas stream 455 to provide a compressed boil
off gas stream 465. The heat of compression can then
be removed from the compressed boil off gas stream
465, and this condensed in a boil off gas condenser 480.
The boil off gas condenser 480 provides a liquefied boil
off gas stream 485, which can be returned to the storage
tank 400. The compressed boil off gas stream 465 may
be condensed against a liquefied hydrocarbon stream
(not shown), for instance a liquefied hydrocarbon stream
drawn from the tank 400.

[0068] With regard to the gasification line-up shown in
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Figure 2a, this differs from that of Figure 1 in that an
optional further heater 70 is provided to warm the gase-
ous hydrocarbon stream 55 against a heat source to pro-
vide (warmed) gaseous hydrocarbon stream 55¢ prior to
passing it to the gaseous hydrocarbon stream splitting
device 60. The heat source preferably has a temperature
of less than or equal to ambient temperature, such as an
ambient air orambient water sources, such as a seawater
stream or a hydrocarbon stream produced in the gasifi-
cation process. The optional further heater 70 is advan-
tageous if the gaseous hydrocarbon stream 55 is pro-
duced at too low a temperature for a portion, 55e, to be
passed to gas consumers. For instance if the gaseous
hydrocarbon stream 55 is provided at or below 0 °C, ad-
ditional warming could be required to prevent condensa-
tion of water vapour on associated pipework.

[0069] A gaseous hydrocarbon stream splitting device
60 provides a first part 55d of the (warmed) gaseous hy-
drocarbon stream 55c¢ for dynamic expansion and power
generation in recycle turbine 110.

[0070] The embodiment of Figure 2a shows a further
optional aspect of the method and apparatus in which
the second part 55e of the (warmed) gaseous hydrocar-
bon stream 55c is passed to the suction of a pipeline
turbine 80. The pipeline turbine 80 dynamically expands
the second part 55e of the (warmed) gaseous hydrocar-
bon stream 55c to provide an expanded gaseous hydro-
carbon stream 85. The useful work extracted from the
second part 55e of stream 55c is used to mechanically
drive a pipeline electric generator 82 via shaft 81 to pro-
duce electrical power.

[0071] Ifrequired, the expanded gaseous hydrocarbon
stream 85 may be passed to a further heater 87, in which
it can be heated to, for example, 10-15 °C in order to
redress any cooling resulting from the expansion in the
hydrocarbon stream turbine 80. The further heater 87
provides a gaseous hydrocarbon pipeline stream 95
which can be passed to hydrocarbon gas consumers.
The further heater 87 may be provided with a heat source,
such as an ambient heat source, having a temperature
of less than or equal to ambient temperature. The heat
source may be one or more of an ambient air source, an
ambient water source such as a seawater stream, and a
hydrocarbon stream produced in the gasification process
[0072] The optional hydrocarbon stream turbine 80 is
advantageous when the warmed liquid hydrocarbon
stream 35 is pumped to a pressure above the pipeline
pressure by warmed hydrocarbon stream pump 40. In
such a situation, the second part 55e of the (warmed)
gaseous hydrocarbon stream 55c would be provided at
a pressure above the pipeline pressure, and thus require
pressure reduction before it can be passed to the gas
network. The pressure reduction of the second part 55e
of stream 55c can thus be used to generate additional
power. The warmed liquid hydrocarbon stream 35 may
be pumped to a pressure above the pipeline pressure in
order to provide a particular suction pressure for the re-
cycle turbine 110, which is fed by the first part 55¢ of the
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(warmed) gaseous hydrocarbon stream 55c.

[0073] Figure 2b provides alternative embodiments of
the method and apparatus 1 disclosed herein in which
optional further heaters 90, 140 are provided to warm the
first and second parts 55a, 55b of the gaseous hydrocar-
bon stream 55. Optional further heaters 90, 140 are pref-
erably supplied with heat sources having a temperature
of less than or equal to ambient temperature.

[0074] In contrast to the embodiment of Figure 2a,
where a single further heater 70 is provided to warm the
gaseous hydrocarbon stream 55 upstream of the gase-
ous hydrocarbon stream splitting device 60, further heat-
ers 90, 140 are provided in each of the part streams 55a,
55b so that the temperature of each stream can be indi-
vidually adjusted. It will be evident to the skilled person
that only one or other of these optional further heaters
90, 140 may be present as required.

[0075] Thus, thefirst part 55a of gaseous hydrocarbon
stream 55 can be warmed by further heater 140 which
preferably has a heat source having a temperature of
less than or equal to ambient temperature, to provide a
(warmed) first part 55f of the gaseous hydrocarbon
stream 55 to the recycle turbine 110. This can be advan-
tageous in controlling the suction temperature of the
stream to be expanded in the recycle turbine 110 in order
to maintain efficient operation.

[0076] Similarly, the second part 55b of the gaseous
hydrocarbon stream 55 can be warmed in optional further
heater 90 to provide gaseous hydrocarbon pipeline
stream 95a. The optional further heater 90 is advanta-
geous if the second part 55b of gaseous hydrocarbon
stream 55 is too cold to be passed to the gas network,
and must be warmed prior to distribution.

[0077] In a further optional embodiment shown in Fig-
ure 2b, the liquefied recycle stream 125, produced by
liquefying the vapour recycle stream 115 against the
pressurised liquid hydrocarbon stream 15, is passed di-
rectly to liquid hydrocarbon stream 5 via hydrocarbon
stream mixing device 20a to provide a (combined) liquid
hydrocarbon stream 5a. This line-up may be used when
the recycle turbine 110 provides an expanded gaseous
hydrocarbon stream (vapour recycle stream) 115 at the
feed pressure of the liquid hydrocarbon stream 5.
[0078] Inthiscase,thereisnorequirementforarecycle
stream pump to pressurise the liquefied recycle stream
125 to the cold recovery pressure so that it can be com-
bined with the pressurised liquefied hydrocarbon stream
15.

[0079] Although the power requirements of liquid hy-
drocarbon stream pump 10 would have to be increased
to handle (combined) liquefied hydrocarbon stream 5a,
comprising both the liquefied hydrocarbon stream 5 and
the liquefied recycle stream 125, CAPEX savings are pro-
vided because no recycle stream pump is required.
[0080] Figure 2c provides an alternative embodiment
of the method and apparatus 1 disclosed herein in which
all, rather than a part, of a gaseous hydrocarbon stream
55 is passed to the recycle turbine 110a for power gen-
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eration.

[0081] Insuch anembodiment, the recycle turbine 110
may be a multi-stage turbine. Such a multi-stage recycle
turbine 110a can provide two discharge streams, a first
expanded gaseous hydrocarbon stream 115a, and a sec-
ond expanded gaseous hydrocarbon stream 115b. The
first expanded recycle stream 115a can be an interme-
diate pressure stream which can be used to provide the
gaseous hydrocarbon for export. In order to avoid sub-
sequent repressurisation of the first expanded recycle
stream 115a, it should be provided at a pressure at or
above, preferably at, the pipeline pressure. The second
expanded gaseous hydrocarbon stream 115b can be an
intermediate pressure stream which can be used as a
vapour recycle stream.

[0082] If the first expanded gaseous hydrocarbon
stream 115a is at the pipeline pressure, no further pres-
sure reduction is required, The first expanded gaseous
hydrocarbon stream 115a can be passed to a further
heater 87b, in which it can be heated to, for example
10-15 °C, in order to raise the gas to a temperature suit-
able for export. The further heater 87b may be provided
with a heat source having a temperature of less than or
equal to ambient temperature. The further heater 87b
provides a gaseous hydrocarbon pipeline stream 95b
which can be passed to hydrocarbon gas consumers.
[0083] If the first expanded gaseous hydrocarbon
stream 115ais at a pressure above the pipeline pressure,
it can be further expanded in a hydrocarbon stream tur-
bine (not shown) in order to generate additional power
and reduce the pressure of this stream to the pipeline
pressure for export. This embodiment is less preferred
because two turbines are thus required.

[0084] More preferred is the use of a single turbine
which would be a multi-stage recycle turbine 110a, which
would provide the first expanded gaseous hydrocarbon
stream 115a at pipeline pressure, as well as the second
expanded gaseous hydrocarbon stream 115b which is
to be used as the vapour recycle stream. The use of a
single turbine in the line-up shown in Figure 2c provides
CAPEX savings.

[0085] The second expanded gaseous hydrocarbon
stream 115b can be passed to hydrocarbon stream heat
exchanger 30 for liquefaction against the liquid hydrocar-
bon stream 15 as described for the embodiment of Figure
1.

[0086] Figure 3 shows a further embodiment of the
method and apparatus 1 disclosed herein in which mul-
tiple vapour recycle streams 115, operating at different
pressures, are liquefied in the hydrocarbon stream heat
exchanger 30. The provision of two or more vapour re-
cycle streams 115 at different pressures is advantageous
because it allows improved thermal transfer in the heat
exchanger 30. In particular, the cooling curves of multiple
vapour recycle streams 115 can be used to provide a
better match to the heating curve of the (combined) pres-
surised liquid hydrocarbon stream 15a.

[0087] In one example of this line-up, the liquid hydro-
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carbon stream 5 can be a liquefied natural gas stream,
provided at a feed pressure of, for example, 1 bar, and
pressurised to a cold recovery pressure of, for example,
30 bar by liquid natural gas stream pump 10. The pres-
surised LNG stream 15 is then combined with a liquefied
recycle stream 125 at a mixing temperature of, for exam-
ple, -146 °C by natural gas stream mixing device 20 to
provide the (combined) pressurised LNG stream 15a with
a mass flow of, for example, 50 kg/s. The (combined)
pressurised LNG stream 15ais passed to the natural gas
stream heat exchanger 30, which can be a condenser.
[0088] The condenser 30 heats the (combined) pres-
surised LNG stream 15a to provide a warmed LNG
stream 35 at a temperature of, for example, -95 °C. The
warmed LNG stream 35 is passed to warmed LNG
stream pump 40, where it is pressurised to a pressure
of, for example, 75 bar to provide pressurised warmed
LNG stream 45. The pressurised warmed LNG stream
45 can be vaporised in an LNG stream heater 50 with a
heat source, for example to a temperature in the range
of 10-15 °C to provide a gaseous natural gas stream 55.
The heat source preferably has a temperature of less
than or equal to ambient temperature, and is more pref-
erably an ambient heat source. For instance, the LNG
stream heater 50 is preferably an open rack vaporiser.
[0089] The gaseous natural gas stream 55 can have
a mass flow of, for example, 50 kg/s, and is passed to a
gaseous natural gas stream splitting device 60. The gas-
eous natural gas stream 55 is split into two parts. A first
part, 55a, is passed to a recycle turbine 110, for example
at a mass flow of 19 kg/s. A second part 55b, can be
passed to a gas network. The second stream will be at
the pipeline pressure of 75 bar, if the pressurised warmed
LNG stream 45 is pumped to this pressure.

[0090] The first part 55a of the gaseous natural gas
stream 55 is dynamically expanded in the recycle turbine
110 from the pipeline pressure, for example 75 bar. The
recycle turbine 110b can be a multi-stage recycle turbine.
Such a multi-stage recycle turbine 110b can provide two
discharge streams, a first expanded gaseous natural gas
stream 115c, for example with a pressure of 25 bar and
a mass flow of 7 kg/s, and a second expanded gaseous
natural gas stream 115d, for example with a pressure of
10 bar and a mass flow of 12 kg/s. Both first and second
expanded gaseous natural gas streams 115a, 115b can
then be passed to condenser 30 for liquefaction against
the liquid LNG stream 15.

[0091] The first expanded gaseous natural gas stream
115¢ can be liquefied in condenser 30, for example at
-115 °C, to provide a first liquefied recycle stream 125c.
The second expanded gaseous natural gas stream 115d
can be liquefied in condenser 30, for example at-130 °C,
to provide a second liquefied recycle stream 125d. The
first expanded gaseous natural gas stream 115c will be
more easily liquefied inthe condenser 30 than the second
stream 115d, because the former stream is at a higher
pressure. The first expanded stream 115c will therefore
have better heat exchanger temperature heat transfer,
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and avoid too low a minimum internal temperature ap-
proach to the exchanger 30.

[0092] The first and second liquefied recycle streams
125c¢, 125d can then be passed to a multi-stage recycle
stream pump 130 where they are pressurised, for exam-
ple to 31 bar, to provide a pressurised liquefied recycle
stream 135, for example with a mass flow of 19 kg/s. The
pressurised liquefied recycle stream 135 can then be
mixed with the pressurised LNG stream 15 via natural
gas stream mixing device 20.

[0093] The pressurised LNG stream 15 is provided by
LNG stream 5, which can be drawn from an LNG source
such as a storage tank. When the LNG stream 5 has a
mass flow of 31 kg/s, the pressurised LNG stream 15 will
have a similar mass flow. Thus, (combined) pressurised
LNG stream 15a, comprising the pressurised LNG
stream 15 and pressurised liquefied recycle stream 135,
will have the required mass flow of 50 kg/s. Consequent-
ly, this embodiment provides a line-up in which 38 (i.e.
19/50 kg/s) % by mass of the natural gas is recycled to
the condenser 30.

[0094] The multi-stage recycle turbine 110 can pro-
duce 2.5 MW/MTPA power when used with the exem-
plary mass flows, pressures and temperatures provided
in this embodiment. The power consumption of pumps
10, 40 and 130 is 0,4 MW/MTPA in total, such that a net
power production of 2.1 MW/MTPA is provided. This is
above the power threshold necessary to provide an au-
tonomous gasification terminal and thus would not re-
quire any external power, or utilise any fuel to generate
additional power, during steady state operation.

[0095] In an alternative embodiment not shown in Fig-
ure 3, one or both of the multi-stage recycle turbine 110
and the multi-stage recycle stream pump 130 can be re-
placed by two or more recycle turbines 110b and two or
more recycle stream pumps respectively.

[0096] Figure 4 provides a further embodiment of the
method and apparatus 1 disclosed herein. In this line-up,
a Rankine cycle is incorporated into the regasification
process according to the embodiment of Figure 1 to in-
crease the generated power. It will be apparent that such
a Rankine cycle can be used with any embodiment dis-
closed herein.

[0097] One or more Rankine circuits 200 can be added
to generate additional power from the pressurised
warmed liquid hydrocarbon stream 45. The pressurised
warmed liquid hydrocarbon stream 45 is provided by
warmed hydrocarbon stream pump 40, in which it has
been pressurised to the minimum pipeline pressure or
higher. In a preferred embodiment, the pressurised
warmed liquid hydrocarbon stream is pressurised to su-
percritical pressure, for example in the range of 65 to 85
bars.

[0098] Prior to vaporisation in the one or more LNG
stream heaters 50, the pressurised warmed liquid hydro-
carbon stream 45 can be passed to a working fluid heat
exchanger 210, where itis warmed against an expanded
vaporised working fluid stream 245 in the Rankine circuit
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200, to provide a pressurised (further) warmed liquid hy-
drocarbon stream 45a and a liquefied working fluid
stream 215.

[0099] The working fluid preferably has a condensing
temperature between -20 and -50 °C. In some cases, a
refrigerant is useful as the working fluid. Preferred work-
ing fluids are selected from one or more of the group
comprising: tetrafluoromethane (R14), ethane, pen-
tafluoroethane (R125) and propane.

[0100] The cold energy from the pressurised warmed
liquid hydrocarbon stream 45 is used to liquefy the work-
ing fluid in the expanded vaporised working fluid stream
245. The liquefied working fluid stream 215 thus pro-
duced can then be passed to a working fluid pump 220,
in which it is pressurised to provide a pressurised lique-
fied working fluid stream 225. Preferably, the liquefied
working fluid stream 215 is pumped to a pressure in the
range of 5 to 12 bar, more preferably about 6.2 bars. It
is generally preferred to pump the liquefied working fluid
stream 215 to its dew point pressure at ambient temper-
ature. Such a liquefied working fluid stream can then be
vapourised against a heat source at 15 °C.

[0101] The pressurised liquefied working fluid stream
225 can then be passed to a working fluid heater 230,
where it is vaporised against a heat source. The heat
source preferably has a temperature of less than or equal
to ambient temperature, such as an ambient air or am-
bient water feed stream 325. In an alternative embodi-
ment, the heat source may be ahydrocarbon stream gen-
erated as part of the gasification method. The working
fluid heater 230 is preferably an open rack vaporiser. The
working fluid heater 230 provides a vaporised working
fluid stream 235, and a cooled heat source, such as a
water, air or hydrocarbon stream 345a, which is a cooled
stream.

[0102] The vaporised working fluid stream 235 can
then passed to a working fluid turbine 240, where it is
dynamically expanded to provide power and the expand-
ed vaporised working fluid stream 245. The power is pro-
duced by mechanically driving a working fluid electric
generator 250 with the working fluid turbine 240 via shaft
242. Preferably, the vaporised working fluid stream 235
is expanded to a pressure in the range of 1 to 3 bar, more
preferably about 1.2 bars.

[0103] Ideally, expansion to a minimum pressurein the
working fluid turbine would be preferred in order to max-
imise power generation. However, the lower the pressure
of the expanded vapourised working fluid stream 245,
the harder it will be to liquefy. In contrast, the higher the
pressure of the expanded vapourised working fluid
stream 245, the easier it will be to liquefy, such that al-
though less power will be generated in the working fluid
turbine 240, a smaller, less expensive working fluid heat
exchanger 210 can be used.

[0104] The pressurised (further) warmed liquid hydro-
carbon stream 45a can then be vaporised against a heat
source 345a to provide a cooled heat source, such as a
cooled air or water stream 355a, and a gaseous hydro-
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carbon stream 55. The heat source 345a preferably has
a temperature of less than or equal to ambient temper-
ature, and may be the air, water or hydrocarbon stream
345a produced by the working fluid heater 230.

[0105] Such an embodimentis capable of producing 4
MW/MTPA power. Approximately 2 MW/MTPA can be
generated from the recycle turbine 110 and recycle
stream electric generator 120, in a similar manner to the
embodiment of Figure 1. A further 2 MW/MTPA can be
generated from the working fluid turbine 240 and working
fluid electric generator 250. 4 MW/MTPA power gener-
ation is equivalent to the emission of 12200 ton/year of
carbon dioxide produced by electricity generation from
the combustion of natural gas in a combined cycle power
generation apparatus. This elimination of carbon dioxide
emissions represents a significant advantage, with the
further benefit that the additional electricity generated
which is not used in the steady state operation of the
gasification facility can be exported to other facilities or
an external electricity grid.

[0106] The person skilled in the art will understand that
the present invention can be carried out in many various
ways without departing from the scope of the appended
claims. For instance, the power generated from the em-
bodiment of Figure 4 incorporating a Rankine circuit
could be increased by the use of two or more expanded
gaseous hydrocarbon streams 115 at different pressure
levels, as described in relation to the embodiment of Fig-
ure 3.

Claims

1. A method for the gasification of a liquid hydrocarbon
stream (5) to provide a gaseous hydrocarbon stream
(55) and power, comprising at least the steps of:

(a) pressurising a liquid hydrocarbon stream (5)
atafeed pressure to provide a pressurised liquid
hydrocarbon stream (15) at a cold recovery
pressure;

(b) heat exchanging the pressurised liquid hy-
drocarbon stream (15) against one or more va-
pour recycle streams (115) to provide a warmed
liquid hydrocarbon stream (35) and one or more
liquefied recycle streams (125);

(c) passing the one or more liquefied recycle
streams (125), after pressurisation if necessary,
to one or both of the liquid hydrocarbon stream
(5) and the pressurised liquid hydrocarbon
stream (15);

(d) pressurising one or more portions of the
warmed liquid hydrocarbon stream (35) to pro-
vide one or more pressurised warmed liquid hy-
drocarbon streams (45), at least one of which is
at a minimum pipeline pressure or higher;

(e) vaporising one or more of the pressurised
warmed liquid hydrocarbon streams (45), at
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least one of which is at the minimum pipeline
pressure or higher, against one or more heat
sources (345) to provide one or more gaseous
hydrocarbon streams (55), at least one of which
is at the minimum pipeline pressure or higher;
(f) dynamically expanding at least a part (55,
55a, 55¢e) of at least one of the one or more gas-
eous hydrocarbon streams (55) to provide pow-
er and one or more expanded gaseous hydro-
carbon streams (115), wherein at least a part of
said one or more expanded gaseous hydrocar-
bon streams forms at least a part of the one or
more vapour recycle streams (115).

The method according to claim 1 wherein all heat
exchange and vaporisation steps resulting in an in-
crease in the temperature of any of the hydrocarbon
streams (15, 45, 55) are carried out against one or
both of a heat source having a temperature of less
than or substantially equal to ambient temperature
and a hydrocarbon stream (115) generated in the
gasification method.

The method according to claim 1 or claim 2, wherein
between steps (e) and (f), a gaseous hydrocarbon
stream (55) is split into a first part (55a, 55d) of the
gaseous hydrocarbon stream (55) and a second part
(55b, 55e) of the gaseous hydrocarbon stream (55),
and wherein in step (f) the first part (55a, 55d) of the
gaseous hydrocarbon stream (55) is dynamically ex-
panded to provide one or more first expanded gas-
eous hydrocarbon streams as the one or more va-
pour recycle streams (115).

The method according to claim 3, wherein in step (f)
the dynamic expansion provides at least two first ex-
panded gaseous hydrocarbon streams as at least
two vapour recycle streams (115) each said streams
at different pressures, in step (b) the heat exchange
provides two first liquefied hydrocarbon streams
(125), and in pressurising step (c) the at least two
first liquefied recycle streams (125) are pressurised
to provide a pressurised liquefied recycle stream
(135), which is passed to the pressurised liquid hy-
drocarbon stream (15).

The method according to claim 4 wherein the dy-
namic expansion in step (f) is carried out in a multi-
stage recycle turbine (110) and in step (c) the pres-
surisation is carried out in a multistage recycle
stream pump (130).

The method according to any one of the preceding
claims, further comprising the step of heating the
gaseous hydrocarbon stream (55) against a heat
source (70) between steps (e) and (f).

The method according to any one of claims 3 to 5
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further comprising the steps of:

- heating the first part (55a) of the gaseous hy-
drocarbon stream (55) against a heat source pri-
or to the dynamic expansion in step (f); and

- heating the second part (55b) of the gaseous
hydrocarbon stream (55) against a heat source.

8. Themethod according to any of the preceding claims

wherein step (¢) comprises one or both of:

(i) passing at least one of the one or more lig-
uefied recycle streams (125) to the liquid hydro-
carbon stream (5) if the one or more liquefied
recycle streams (125) are atthe feed pressure or
(i) pressurising at least one of the one or more
liquefied recycle streams (125) to provide a
pressurised liquefied recycle stream (135) atthe
cold recovery pressure and passing the pressu-
rised liquefied recycle stream to the pressurised
liquid hydrocarbon stream (15), if the pressure
of the one or more liquefied recycle streams
(125) is above the feed pressure.

The method according to any of the preceding
claims, wherein at least one (55c¢) of the one or more
gaseous hydrocarbon streams (55) is at a pressure
higher than the minimum pipeline pressure, the
method further comprising the steps of:

(g) dynamically expanding at least a part (55€e)
of the at least one gaseous hydrocarbon stream
(55¢) which is at a pressure higher than the min-
imum pipeline pressurein a pipeline turbine (80),
said pipeline turbine mechanically driving a
pipeline electric generator (82) to provide elec-
trical power and an expanded gaseous hydro-
carbon stream (85) which is at a pressure of at
least the minimum pipeline pressure; and

(h) heating the expanded gaseous hydrocarbon
stream (85) against a heat source to provide a
heated gaseous hydrocarbon stream (95);

(i) passing the heated gaseous hydrocarbon
stream (95) to a gas network.

10. The method accordingto any of the preceding claims

further comprising, between steps (d) and (e), the
steps of:

-heatexchanging at least one of the one or more
pressurised warmed liquid hydrocarbon
streams (45) against an expanded vaporised
working fluid stream (245) to provide a liquefied
working fluid stream (215);

- pressurising the liquefied working fluid stream
(215) to provide a pressurised liquefied working
fluid stream (225);

- vaporising the pressurised liquefied working
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fluid stream (225) against a heat source (325)
to provide a vaporised working fluid stream
(235); and

- dynamically expanding the vaporised working
fluid stream (235) in a working fluid turbine (240),
said working fluid turbine (240) mechanically
driving a working fluid electric generator (250)
to provide electrical power and the expanded
vaporised working fluid stream (245).

The method according to any of the preceding claims
in which the cold recovery pressure is in the range
of 10 to less than 60 bar, more preferably 20 to less
than 50 bar and/or the minimum pipeline pressure
is greater than or equal to 60 bar, more preferably
greater than or equal to 70 bar, still more preferably
greater than or equal to 75 bar.

The method according to any of the preceding claims
wherein said one or more heat sources (345) have
a temperature of less than or equal to ambient tem-
perature.

The method according to any of the preceding claims
wherein the liquid hydrocarbon stream (5) is liquefied
natural gas and the one or more gaseous hydrocar-
bon streams (55) comprise a natural gas stream
(55b).

An apparatus (1) for the gasification of a liquid hy-
drocarbon stream (5) to provide a gaseous hydro-
carbon stream (55), said apparatus comprising at
least:

- aliquid hydrocarbon stream pump (10) to pres-
surise a liquid hydrocarbon stream (5) at a feed
pressure to provide a pressurised liquefied hy-
drocarbon stream (15) at a cold recovery pres-
sure;

- a hydrocarbon stream heat exchanger (30) to
heat exchange the pressurised liquid hydrocar-
bon stream (15) against one or more vapour re-
cycle streams (115) to provide a warmed liquid
hydrocarbon stream (35) and one or more lig-
uefied recycle streams (125);

- a warmed hydrocarbon stream pump (40) to
pressurise one or more portions of the warmed
liquid hydrocarbon stream (35) to provide one
or more pressurised warmed liquid hydrocarbon
streams (45) at least one of which is at a mini-
mum pipeline pressure or higher;

- a heat source (345) to vaporise one or more
of the pressurised warmed liquid hydrocarbon
streams (45), at least one of which is at a mini-
mum pipeline pressure or higher, to provide one
or more gaseous hydrocarbon streams;

- arecycle turbine (110) to dynamically expand
at least a part (55, 55a, 55e) of at least one of



15.

16.

23 EP 2 454 518 B1 24

the one or more gaseous hydrocarbon streams
(55) to drive a shaft (112) and provide one or
more expanded gaseous hydrocarbon streams,
at least a part of which forms at least a part of
the one or more vapour recycle streams (115);
and

- one or more hydrocarbon stream mixing de-
vices (20) to introduce the one or more liquefied
recycle streams (125), or a stream derived
therefrom (135), to the liquid hydrocarbon
stream (5) or the pressurised liquefied hydrocar-
bon stream (15).

The apparatus (1) according to claim 14, further com-
prising:

- arecycle stream pump (130) to pressurise the
one or more liquefied recycle streams (125) to
provide a pressurised liquefied recycle stream
(135) at the cold recovery pressure; and

wherein hydrocarbon stream mixing device (20) in-
troduces the pressurised liquefied recycle stream
(135) to the pressurised liquid hydrocarbon stream
(15).

The apparatus (1) according to claim 14 or claim 15,
wherein the heat source (345) has a temperature of
less than or substantially equal to ambient temper-
ature.

Patentanspriiche

1.

Verfahren zur Vergasung eines flissigen Kohlen-
wasserstoffstroms (5), um einen gasférmigen Koh-
lenwasserstoffstrom (55) und Energie bereitzustel-
len, umfassend wenigstens die Schritte:

(a) Unter-Druck-Setzen eines fliissigen Kohlen-
wasserstoffstroms (5), welcher mit einem Zu-
fuhrdruck vorliegt, um einen unter Druck gesetz-
ten flissigen Kohlenwasserstoffstrom (15) mit
einem Druck zur Kaltgewinnung bereitzustellen;
(b) Warmeaustauschen des unter Druck gesetz-
ten flissigen Kohlenwasserstoffstroms (15) ge-
gen einen oder mehrere Dampfrezyklierungs-
strome (115), um einen erwarmten flissigen
Kohlenwasserstoffstrom (35) und einen oder
mehrere verflissigte Rezyklierungsstréme
(125) bereitzustellen;

(c) Leiten des einen oder der mehreren verflis-
sigten Rezyklierungsstréome (125), erforderli-
chenfalls nach einem Unter-Druck-Setzen, zu
dem verflussigten Kohlenwasserstoffstrom (5)
oder dem unter Druck gesetzten fliissigen Koh-
lenwasserstoffstrom (15) oder zu beiden;

(d) Unter-Druck-Setzen von einem oder mehre-
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ren Teilen des erwarmten fliissigen Kohlenwas-
serstoffstroms (35), um einen oder mehrere un-
ter Druck gesetzte erwarmte fliissige Kohlen-
wasserstoffstrome (45) bereitzustellen, wobei
wenigstens einer bei einem Mindestpipeline-
druck oder dartber vorliegt;

(e) Verdampfen von einem oder mehreren der
unter Druck gesetzten flissigen Kohlenwasser-
stoffstréme (45), wobei wenigstens einer bei ei-
nem Mindestpipelinedruck oder dartiber vor-
liegt, mit einer oder mehreren Warmequellen
(345), um einen oder mehrere gasférmige Koh-
lenwasserstoffstrome (55) bereitzustellen, wo-
bei wenigstens einer bei dem Mindestpipeline-
druck oder dartber vorliegt;

(f) dynamisches Expandieren von wenigstens
einem Teil (55, 55a, 55€) von wenigstens einem
des einen oder der mehreren gasférmigen Koh-
lenwasserstoffstrome (55), um Energie und ei-
nen oder mehrere expandierte gasférmige Koh-
lenwasserstoffstrome (115) bereitzustellen, wo-
bei wenigstens ein Teil des einen oder der meh-
reren expandierten gasférmigen Kohlenwasser-
stoffstrdme wenigstens einen Teil des einen
oder der mehreren Dampfrezyklierungsstrome
(115) bildet.

Verfahren nach Anspruch 1, wobei alle Warmeaus-
tausch-und Verdampfungsschritte, welche zu einem
Anstieg in der Temperatur von jedwedem der Koh-
lenwasserstoffstréome (15, 45, 55) flihren, mit einer
Warmequelle mit einer Temperatur von weniger als
oderim Wesentlichen gleich der Umgebungstempe-
ratur oder einem Kohlenwasserstoffstrom (115),
welcherim Vergasungsverfahren gebildet wird, oder
beiden durchgefiihrt werden.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei
zwischen den Schritten (e) und (f) ein gasférmiger
Kohlenwasserstoffstrom (55) in einen ersten Teil
(55a, 55d) des gasformigen Kohlenwasser-
stoffstroms (55) und in einen zweiten Teil (55b, 55e)
des gasférmigen Kohlenwasserstoffstroms (55) auf-
getrennt wird, und wobei im Schritt (f) der erste Teil
(55a, 55d) des gasformigen Kohlenwasser-
stoffstroms (55) dynamisch expandiert wird, um ei-
nen oder mehrere erste expandierte gasférmige
Kohlenwasserstoffstrome als den einen oder die
mehreren Dampfrezyklierungsstrome (115) bereit-
zustellen.

Verfahren nach Anspruch 3, wobei im Schritt (f) die
dynamische Expansion wenigstens zwei erste ex-
pandierte gasférmige Kohlenwasserstoffstrome als
wenigstens zwei Dampfrezyklierungsstrome (115)
bereitstellt, wobei jeder dieser Stréme bei einem un-
terschiedlichen Druck vorliegt, im Schritt (b) der War-
meaustausch zwei erste verflissigte Kohlenwasser-
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stoffstrome (125) liefert, und im Schritt des Unter-
Druck-Setzens (c) die wenigstens zwei ersten ver-
flissigten Rezyklierungsstréme (125) unter Druck
gesetztwerden, um einen unter Druck gesetzten ver-
flissigten Rezyklierungsstrom (135) bereitzustellen,
welcher zum unter Druck gesetzten flissigen Koh-
lenwasserstoffstrom (15) geleitet wird.

Verfahren nach Anspruch 4, wobei die dynamische
Expansion im Schritt (f) in einer Mehrstufenrezyklie-
rungsturbine (110) ausgefihrt wird und im Schritt (c)
das Unter-Druck-Setzen in einer mehrstufigen Pum-
pe fur Rezyklierungsstréme (130) ausgefiihrt wird.

Verfahren nach einemder vorstehenden Anspriiche,
ferner umfassend den Schritt des Erhitzens des gas-
férmigen Kohlenwasserstoffstroms (55) mit einer
Warmequelle (70) zwischen den Schritten (e) und (f).

Verfahren nach einem der Anspriiche 3 bis 5, ferner
umfassend die Schritte:

- Erhitzen des ersten Teils (55a) des gasférmi-
gen Kohlenwasserstoffstroms (55) mit einer
Warmequelle vor der dynamischen Expansion
im Schritt (f); und

- Erhitzen des zweiten Teils (55b) des gasférmi-
gen Kohlenwasserstoffstroms (55) mit einer
Warmequelle.

8. Verfahrennacheinemdervorstehenden Anspriiche,

wobei der Schritt in (c) eines oder beides umfasst:

(i) Leiten von wenigstens einem des einen oder
der mehreren verflissigten Rezyklierungsstro-
me (125) zum flissigen Kohlenwasser-
stoffstrom (5), wenn der eine oder die mehreren
verflissigten Rezyklierungsstréme (125) mit ei-
nem Zufuhrdruck vorliegen, oder

(ii) Unter-Druck-Setzen von wenigstens einem
des einen oder der mehreren verflissigten Re-
zyklierungsstrome (125), um einen unter Druck
gesetzten verflissigten Rezyklierungsstrom
(135) bereitzustellen, welcher bei einem Druck
zur Kaltgewinnung vorliegt, und Leiten des unter
Druck gesetzten verflissigten Rezyklierungs-
stroms zum unter Druck gesetzten flissigen
Kohlenwasserstoffstrom (15), wenn der Druck
des einen oder der mehreren verflissigten Re-
zyklierungsstrome (125) Gber dem Zufuhrdruck
liegt.

Verfahren nach einemder vorstehenden Anspriiche,
wobei wenigstens einer (55c) des einen oder der
mehreren gasférmigen Kohlenwasserstoffstréme
(55) bei einem héheren Druck als dem Mindestpipe-
linedruck vorliegt, wobei das Verfahren ferner die
Schritte umfasst:
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(g) dynamisches Expandieren von wenigstens
einem Teil (55e) des wenigstens einen gasfor-
migen Kohlenwasserstoffstroms (55c), welcher
bei einem héheren Druck als dem Mindestpipe-
linedruck vorliegt, in einer Pipelineturbine (80),
welche Pipelineturbine mechanisch einen Pipe-
linegenerator (82) antreibt, um Elektrizitat und
einen expandierten gasformigen Kohlenwas-
serstoffstrom (85) bereitzustellen, welcher bei
einem Druck von wenigstens dem Mindestpipe-
linedruck vorliegt; und

(h) Erhitzen des expandierten gasférmigen Koh-
lenwasserstoffstroms (85) mit einer Warme-
quelle, um einen erhitzten gasférmigen Kohlen-
wasserstoffstrom (95) bereitzustellen; und

(i) Leiten des erhitzten gasférmigen Kohlenwas-
serstoffstroms (95) zu einem Gasnetzwerk.

Verfahren nach einem dervorstehenden Anspriiche,
ferner umfassend zwischen den Schritten (d) und (e)
die Schritte:

- Warmeaustauschen von wenigstens einem
des einen oder der mehreren unter Druck ge-
setzten erwarmten flissigen Kohlenwasser-
stoffstrdme (45) gegen einen expandierten ver-
dampften Arbeitsfluidstrom (245), um einen ver-
flissigten Arbeitsfluidstrom (215) bereitzustel-
len;

- Unter-Druck-Setzen des verflissigten Arbeits-
fluidstroms (215), um einen unter Druck gesetz-
ten verflissigten Arbeitsfluidstrom (225) bereit-
zustellen;

- Verdampfen des unter Druck gesetzten ver-
flissigten Arbeitsfluidstroms (225) mit einer
Warmequelle (325), um einen verdampften Ar-
beitsfluidstrom (235) bereitzustellen; und

- dynamisches Expandieren des verdampften
Arbeitsfluidstroms (235) in einer Arbeitsfluidtur-
bine (240), welche Arbeitsfluidturbine (240) me-
chanisch einen Arbeitsfluidgenerator (250) an-
treibt, um Elektrizitdt und den expandierten ver-
dampften Arbeitsfluidstrom (245) bereitzustel-
len.

Verfahrennach einem dervorstehenden Anspriiche,
wobei der Druck zur Kaltgewinnung im Bereich von
10 bis weniger als 60 bar, starker bevorzugt von 20
bis weniger als 50 bar liegt und/oder der Mindest-
pipelinedruck groRer als oder gleich 60 bar, starker
bevorzugt groRer als oder gleich 70 bar, noch starker
bevorzugt gréRer als oder gleich 75 bar ist.

Verfahren nach einem dervorstehenden Anspriiche,
wobei die eine oder die mehreren Warmequellen
(345) eine Temperatur von weniger als oder gleich
Umgebungstemperatur besitzen.
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Verfahren nach einemder vorstehenden Anspriiche,
wobei der flissige Kohlenwasserstoffstrom (5) ver-
flissigtes Erdgas ist und der eine oder die mehreren
gasformigen Kohlenwasserstoffstrome (55) einen
Erdgasstrom (55b) umfassen.

Vorrichtung (1) zur Vergasung eines fliissigen Koh-
lenwasserstoffstroms (5), um einen gasférmigen
Kohlenwasserstoffstrom (55) bereitzustellen, wel-
che Vorrichtung wenigstens umfasst:

- eine Pumpe (10) fir einen flissigen Kohlen-
wasserstoffstrom, um einen flissigen Kohlen-
wasserstoffstrom (5), welcher mit einem Zufuhr-
druck vorliegt, unter Druck zu setzen, um einen
unter Druck gesetzten verflissigten Kohlenwas-
serstoffstrom (15) mit einem Druck zur Kaltge-
winnung bereitzustellen;

- einen Warmeaustauscher (30) fir einen Koh-
lenwasserstoffstrom, um den unter Druck ge-
setzten flissigen Kohlenwasserstoffstrom (15)
gegen einen oder mehrere Dampfrezyklie-
rungsstrome (115) einem Warmeaustausch zu
unterziehen, um einen erwarmten flissigen
Kohlenwasserstoffstrom (35) und einen oder
mehrere verflissigte Rezyklierungsstréme
(125) bereitzustellen;

- eine Pumpe (40) fir einen erwdrmten Kohlen-
wasserstoffstrom, um einen oder mehrere Teile
des erwarmten flissigen Kohlenwasser-
stoffstroms (35) unter Druck zu setzten, um ei-
nen oder mehrere unter Druck gesetzte erwdrm-
te flissige Kohlenwasserstoffstréme (45) bereit-
zustellen, wovon wenigstens einer bei einem
Mindestpipelinedruck oder daruber vorliegt;

- eine Warmequelle (345), um einen oder meh-
rere der unter Druck gesetzten erwarmten flis-
sigen Kohlenwasserstoffstrome (45) zu ver-
dampfen, wobei wenigstens einer bei dem Min-
destpipelinedruck oder dartber vorliegt, um ei-
nen oder mehrere gasformige Kohlenwasser-
stoffstrome bereitzustellen;

- eine Rezyklierungsturbine (110), um wenig-
stens einen Teil (55, 55a, 55e) von wenigstens
einem des einen oder der mehreren gasférmi-
gen Kohlenwasserstoffstrome (55) dynamisch
zu expandieren, um eine Welle (115) anzutrei-
ben und einen oder mehrere expandierte gas-
férmige Kohlenwasserstoffstrome bereitzustel-
len, wovon wenigstens ein Teil wenigstens ei-
nen Teil des einen oder der mehreren Dampf-
rezyklierungsstrome (115) bildet; und

- ein oder mehrere Mischvorrichtungen (20) flr
Kohlenwasserstoffstrom, um den einen oder die
mehreren verflissigten Rezyklierungsstréme
(125) oder einen daraus abgeleiteten Strom
(135) in den verflissigten Kohlenwasser-
stoffstrom (5) oder den unter Druck gesetzten
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verflissigten Kohlenwasserstoffstrom (15) ein-
zubringen.

Vorrichtung (1) nach Anspruch 14, ferner umfas-
send:

- eine Pumpe (130) fir einen Rezyklierungs-
strom, um den einen oder die mehreren verflis-
sigten Rezyklierungsstrome (125) unter Druck
zu setzen, um einen unter Druck gesetzten ver-
flissigten Rezyklierungsstrom (135), welcher
mit einem Druck zur Kaltgewinnung vorliegt, be-
reitzustellen; und

wobei die Mischvorrichtung (20) fiir Kohlenwasser-
stoffstrom den unter Druck gesetzten verflissigten
Kohlenwasserstoffstrom (135) in den unter Druck
gesetzten flissigen Kohlenwasserstoffstrom (15)
einbringt.

Vorrichtung (1) nach Anspruch 14 oder Anspruch
15, wobei die Warmequelle (345) eine Temperatur
von weniger als oderim Wesentlichen gleich der Um-
gebungstemperatur besitzt.

Revendications

Procédé pour la gazéification d’'un courant d’hydro-
carbure liquide (5) pour obtenir un courant d’hydro-
carbure gazeux (55) et de I'énergie, comprenant les
étapes consistant a :

(a) mettre sous pression un courant d’hydrocar-
bure liquide (5) a une pression d’alimentation
afin d’obtenir un courant d’hydrocarbure liquide
mis sous pression (15) réglé a une pression de
récupération a froid ;

(b) soumettre a un échange thermique le cou-
rant d’hydrocarbure liquide mis sous pression
(15) par mise en contact avec un ou plusieurs
courants de recyclage des vapeurs (115) afin
d’obtenir un courant d’hydrocarbure liquide ré-
chauffé (35) et un ou plusieurs courants de re-
cyclage liquéfiés (125) ;

(c) transférer lesdits un ou plusieurs courants
de recyclage liquéfies (125), aprés mise sous
pression si nécessaire, soit au courant d’hydro-
carbure liquide (5), soit au courant d’hydrocar-
bure liquide mis sous pression (15), ou aux
deux ;

(d) mettre sous pression une ou plusieurs por-
tions du courant d’hydrocarbure liquide réchauf-
fé (35) afin d’obtenir un ou plusieurs courants
d’hydrocarbures liquides réchauffés mis sous
pression (45), dont au moins un est réglé a une
pression de pipeline minimale ou a une pression
supérieure ;
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(e) vaporiser un ou plusieurs desdits courants
d’hydrocarbures liquides réchauffés mis sous
pression (45), dont au moins un est réglé a une
pression de pipeline minimale ou a une pression
supérieure, par mise en contact avec une ou
plusieurs sources de chaleur (345) afin d’obtenir
un ou plusieurs courants d’hydrocarbures ga-
zeux (55), dont au moins un estréglé a une pres-
sion de pipeline minimale ou a une pression
supérieure ;

(f) soumettre a une détente dynamique au moins
une partie (55, 55a, 55e) d’au moins un desdits
un ou plusieurs courants d’hydrocarbures ga-
zeux (55) afin d’obtenir de I'énergie et un ou plu-
sieurs courants d’hydrocarbures gazeux soumis
a une détente (115),

dans lequel au moins une partie desdits un ou plu-
sieurs courants d’hydrocarbures gazeux soumis a
une détente forme au moins une partie desdits un
ou plusieurs courants de recyclage des vapeurs
(115).

Procédé selon larevendication 1, dans lequel toutes
les étapes d’échange de chaleur et de vaporisation
donnant lieu a une élévation de la température de
'un quelconque des courants d’hydrocarbures (15,
45, 55) sont mises en oeuvre par mise en contact
soit avec une source de chaleur dont la température
est inférieure ou essentiellement égale a la tempé-
rature ambiante, soit avec un courant d’hydrocarbu-
re (115) généré dans le procédé de gazéification, ou
avec les deux.

Procédé selon la revendication 1 ou 2, dans lequel,
entre les étapes (e) et (f), on sépare un courant d’hy-
drocarbure gazeux (55) en une premiére partie (55a,
55d) du courant d’hydrocarbure gazeux (55) et en
une deuxiéme partie (55a, 55d) du courant d’hydro-
carbure gazeux (55), et dans lequel, a I'étape (f), on
soumetla premiére partie (55a, 55d) du courantd’hy-
drocarbure gazeux (55) a une détente dynamique
afin d’obtenirun ou plusieurs premiers courants d’hy-
drocarbures gazeux soumis a une détente, a titre
desdits un ou plusieurs courants de recyclage des
vapeurs (115).

Procédé selon la revendication 3, dans lequel, a
I'étape (f), la détente dynamique permet d’obtenir au
moins deux premiers courants d’hydrocarbures ga-
Zeux soumis a une détente a titre d’au moins deux
courants de recyclage des vapeurs (115), chacun
desdits courants étant réglé a des pressions
différentes ; a I'étape (b), I'échange de chaleur per-
met d’obtenir deux premiers courants d’hydrocarbu-
res liquéfiés (125) et, aI'étape de mise sous pression
(c), lesdits au moins deux premiers courants de re-
cyclage liquéfiés (125) sont mis sous pression afin
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d’obtenir un courant de recyclage liquéfié mis sous
pression (135) qui est transféré au courant d’hydro-
carbure liquide mis sous pression (15).

Procédé selon la revendication 4, dans lequel la dé-
tente dynamique a I'étape (f) est mise en oeuvre
dans une turbine de recyclage a plusieurs étages
(110) et, a I'étape (c), la mise sous pression est réa-
lisée dans une pompe pour courant de recyclage a
plusieurs étages (130).

Procédé selon 'une quelconque des revendications
précédentes, comprenant en outre étape consistant
achauffer le courantd’hydrocarbure gazeux (55) par
mise en contact avec une source de chaleur (70)
entre les étapes (e) et (f).

Procédé selon 'une quelconque des revendications
3 a5, comprenant en outre les étapes consistant a :

- chauffer la premiére partie (55a) du courant
d’hydrocarbure gazeux (55) par mise en contact
avec une source de chaleur avant de procéder
a la détente dynamique a I'étape (f) ; et

- chauffer la deuxiéme partie (55b) du courant
d’hydrocarbure gazeux (55) par mise en contact
avec une source de chaleur.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel I'étape (c) comprend une
des actions suivantes ou les deux :

(i) le transfert d’au moins un desdits un ou plu-
sieurs courants de recyclage liquéfiés (125) au
courant d’hydrocarbure liquide (5), lorsque les-
dits un ou plusieurs courants de recyclage liqué-
fiess (125) sont réglés a la pression
d’alimentation ; ou

(i) la mise sous pression d’au moins un desdits
un ou plusieurs courants de recyclage liquéfiés
(125) afin d’obtenir un courant de recyclage li-
quéfié mis sous pression (135) réglé a la pres-
sion de récupération a froid et le transfert du
courant de recyclage liquéfié mis sous pression
au courant d’hydrocarbure liquide mis sous
pression (15), lorsque la pression desdits un ou
plusieurs courants de recyclage liquéfiés (125)
est supérieure a la pression d’alimentation.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel au moins un courant d’hy-
drocarbure gazeux (55c) parmi lesdits un ou plu-
sieurs courants d’hydrocarbures gazeux (55) est ré-
glé a une pression supérieure a la pression de pipe-
line minimale, le procédé comprenant en outre les
étapes consistant a :

(g) soumettre a une détente dynamique au
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moins une partie (55e) dudit au moins un cou-
rant d’hydrocarbure gazeux (55c), qui estréglée
a une pression supérieure a la pression de pi-
peline minimale dans une turbine pour pipeline
(80), ladite turbine pour pipeline procurant un
entrainement mécanique a une centrale électri-
que pour pipeline (82) afin d’obtenir de I'électri-
cité et un courant d’hydrocarbure gazeux sou-
mis a une détente (85) qui est réglé a une pres-
sion correspondant au moins a la pression de
pipeline minimale ; et

(h) chauffer le courant d’hydrocarbure gazeux
soumis a une détente (85) par mise en contact
avec une source de chaleur afin d’obtenir un
courant d’hydrocarbure gazeux réchauffé (95) ;
(i) transférer le courant d’hydrocarbure gazeux
réchauffé (95) a un réseau de transport de gaz.

Procédé selon I'une quelconque des revendications
précédentes, comprenant en outre, entre les étapes
(d) et (e), les étapes consistant a :

- soumettre a un échange thermique au moins
un desdits un ou plusieurs courants d’hydrocar-
bures liquides réchauffés mis sous pression (45)
par mise en contact avec un courant de fluide
de travail vaporisé soumis a une détente (245)
afin d’obtenir un courant de fluide de travail li-
quéfié (215) ;

- mettre sous pression le courant de fluide de
travail liquéfié (215) afin d’obtenir un courant de
fluide de travail liquéfié mis sous pression (225) ;
- vaporiser le courant de fluide de travail liquéfié
mis sous pression (225) par mise en contact
avec une source de chaleur (325) afin d’obtenir
un courant de fluide de travail vaporisé (235) ; et
- soumettre a une détente dynamique le courant
de fluide de travail vaporisé (235) dans une tur-
bine pour fluide de travail (240), ladite turbine
pour fluide de travail (240) procurant un entrai-
nement mécanique a une centrale électrique
pour fluide de travail (250) afin d’obtenir de
I'électricité et le courant de fluide de travail va-
porisé soumis a une détente (245).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la pression de récupéra-
tion a froid se situe dans la plage de 10 a moins de
60 bars, de maniére plus préférée de 20 a moins de
50 bars et/ou la pression de pipeline minimale est
supérieure ou égale a 60 bars, de maniéere plus pré-
férée supérieure ou égale a 70 bars, de maniére en-
core plus préférée supérieure ou égale a 75 bars.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel lesdites une ou plusieurs
sources de chaleur (345) possédent une tempéra-
ture inférieure ou égale a la température ambiante.
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13. Procédé selon 'une quelconque des revendications

précédentes, dans lequel le courant d’hydrocarbure
liquide (5) représente du gaz naturel liquéfié et les-
dits un ou plusieurs courants d’hydrocarbures ga-
zeux (55) comprennent un courant de gaz naturel
(55b).

14. Appareil (1) pour la gazéification d’'un courant d’hy-

drocarbure liquide (5) afin d’obtenir un courant d’hy-
drocarbure gazeux (55), ledit appareil comprenant
au moins :

- une pompe (10) pour courant d’hydrocarbure
liquide pour la mise sous pression d’un courant
d’hydrocarbure liquide (5) a une pression d’ali-
mentation afin d’obtenir un courant d’hydrocar-
bure liquéfié mis sous pression (15) réglé a une
pression de récupération a froid ;

- un échangeur de chaleur (30) pour un courant
d’hydrocarbure pour soumettre a un échange
thermique le courant d’hydrocarbure liquide mis
sous pression (15) par mise en contact avec un
ou plusieurs courants de recyclage des vapeurs
(115) afin d’obtenir un courant d’hydrocarbure
liquide réchauffé (35) et un ou plusieurs cou-
rants de recyclage liquéfiés (125) ;

- une pompe (40) pour un courant d’hydrocar-
bure réchauffé pour la mise sous pressiond’une
ou de plusieurs portions du courant d’hydrocar-
bure liquide réchauffé (35) afin d’obtenir un ou
plusieurs courants d’hydrocarbures liquides ré-
chauffés mis sous pression (45), dont au moins
un estréglé a une pression de pipeline minimale
Ou a une pression supérieure ;

- une source de chaleur (345) pour la vaporisa-
tion d’un ou de plusieurs courants parmiles cou-
rants d’hydrocarbures liquides réchauffés mis
sous pression (45), dont au moins un est réglé
a une pression de pipeline minimale ou a une
pression supérieure, afin d’obtenir un ou plu-
sieurs courants d’hydrocarbures gazeux ;

- une turbine de recyclage (110) pour la détente
dynamique d’au moins une partie (55, 55a, 55e)
d’au moins un desdits un ou plusieurs courants
d’hydrocarbures gazeux (55) afin d’entrainer un
arbre (112) et d’obtenir de I'électricité et un ou
plusieurs courants d’hydrocarbures gazeux
soumis a une détente, dont au moins une partie
forme au moins une partie desdits un ou plu-
sieurs courants de recyclage des vapeurs
(115) ; et

- un ou plusieurs dispositifs de mélange de cou-
rants d’hydrocarbures (20) pour introduire les-
dits un ou plusieurs courants de recyclage liqué-
fies (125), ou un courant qui en dérive (135),
dans le courant d’hydrocarbure liquide (5) ou
dans le courantd’hydrocarbure liquéfié mis sous
pression (15).
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15. Appareil (1) selon la revendication 14, comprenant
en outre :

- une pompe pour courant de recyclage (130)
pour la mise sous pression desdits un ou plu- 5
sieurs courants de recyclage liquéfiés (125) afin
d’obtenir un courant de recyclage liquéfié mis
sous pression (135) réglé a la pression de récu-
pération a froid ; et

10
dans lequel le dispositif de mélange de courants
d’hydrocarbures (20) introduit le courant de recycla-
ge liquéfié mis sous pression (135) dans le courant
d’hydrocarbure liquide mis sous pression (15).

15
16. Appareil (1) selon la revendication 14 ou selon la
revendication 15, dans lequel la source de chaleur
(345) posséde une température inférieure ou sensi-
blement égale a la température ambiante.
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