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DESCRIPTION

Field of the invention

[0001] The present invention relates to an offshore production facility arrangement.

Background

[0002] In some offshore hydrocarbon reservoirs, the production of hydrocarbons from the
wells requires some operations that can be energy intensive. For example, the pressurization
of wells by water/fluid injection require relatively large amounts of energy. Typically, on fixed
offshore Oil and Gas Production Platforms (Platform) and floating production storage and
offloading vessels (FPSO) such energy to drive the water injection pumps is produced by one
or more on-board power generators using part of the hydrocarbons (gases or liquids)
harvested from the wells. As a result, the hydrocarbon production is not optimal and has a
relatively high carbon dioxide footprint.

[0003] Additionally, renewable electric energy sources are known such as wind turbines that
transform wind energy or wave energy converters that transform wave energy into electric
energy.

[0004] However, using electric energy supplied by an external source to the Platform or FPSO
is difficult and costly to implement as this requires large adaptations to the power network
and/or electric equipment on the Platform or FPSO.

[0005] US 2002/090868 A1 discloses a hydrogen production system onboard a marine vessel
for use with an oil rig or support boat.

[0006] WO 2009/040442 A1 discloses to recover hydrocarbon from a subsea formation using
pumps, for which the electric power is provided by a windmill on a floating structure.

[0007] WO 89/02848 A1 discloses a floating oil production system for an undersea oil well.

[0008] It is an objective of the invention to overcome or mitigate the disadvantages of the prior
art.

Summary of the invention

[0009] The objective is achieved by an offshore hydrocarbon production facility arrangement to
be located on a body of water, which arrangement comprises a hydrocarbon processing unit, a
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floating renewable electric energy source, and a hydrogen gas source, wherein the floating
renewable electric energy source is configured to generate electric energy; the hydrogen gas
source is configured to produce hydrogen gas using the electric energy; the floating
hydrocarbon processing unit is configured with an electric power generator; the electric power
generator is coupled to the hydrogen gas source and is configured for receiving produced
hydrogen gas as fuel gas.

[0010] By providing hydrogen generated by a renewable energy source as fuel gas in the
power generators of the Platform or FPSO less hydrocarbons are consumed and the CO2
footprint of the Platform or FPSO is reduced accordingly. It is observed that hydrogen can be
mixed with hydrocarbons to significant levels as a suitable fuel gas for gas turbines and/or
piston combustion engines. In this manner, the usage of harvested hydrocarbons for power
generation (and corresponding CO2 exhaust) is reduced by the addition of hydrogen gas to
the fuel for the power generator.

[0011] According to an embodiment, the hydrogen gas is created by electrolysis of source
water using an electrolyser system. Preferably, the source water is created from sea water
(bulk water) that is filtered, purified and demineralised by a water treatment system to a level
that the electrolysis reaction to create hydrogen gas from water can take place.

[0012] According to an embodiment, the hydrogen gas production is carried out on a
substation that can be located either on a platform on the floating wind turbine, or on-board the
Platform or FPSO, or on a substation that is separated from both the wind turbine and the
Platform or FPSO.

[0013] If the hydrogen is produced remotely from the Platform or FPSO, a hydrogen feeding
conduit is provided between the hydrogen gas source and the Platform or FPSO. In an
embodiment, where the FPSO is turret moored using a mooring buoy placed in a moonpool of
the FPSO, the hydrogen feeding conduit can be a riser entering the FPSO through the turret
mooring system.

[0014] Advantageous embodiments are further defined by the dependent claims.

Brief description of drawings

[0015] The invention will be explained in more detail below with reference to drawings in which
illustrative embodiments thereof are shown. The drawings are intended exclusively for
illustrative purposes and not as a restriction of the inventive concept. The scope of the
invention is only limited by the definitions presented in the appended claims.

Figure 1 schematically shows an offshore hydrocarbon production facility arrangement in
accordance with an embodiment of the invention;
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Figure 2 shows a schematic layout of the arrangement in which the electric connection
between the wind turbine and the electrolyzer equipment, the hydrogen gas line between the
electrolyser equipment and the small power generator or fuel cell and the input of source water
into the electrolyser equipment are shown;

Figure 3 schematically shows an hydrogen production source in accordance with an
embodiment of the invention.

Detailed description of embodiments

[0016] Embodiments of the present invention will be described hereinafter, by way of example
only, with reference to the accompanying drawings which are schematic in nature and
therefore not necessarily drawn to scale. In the drawings, identical or similar elements are
indicated by the same reference sign.

[0017] Figure 1 schematically shows an offshore hydrocarbon production facility arrangement
100 in accordance with an embodiment of the invention.

[0018] The offshore hydrocarbon production facility arrangement 100 according to the
invention is located on a body of water 1, such a sea or a lake. The arrangement comprises a
floating hydrocarbon processing unit 10, a floating renewable electric energy source 20, and a
hydrogen gas source 30.

[0019] The floating renewable electric energy source 20 which can be a floating wave energy
converter or preferably a floating wind turbine (or a group of wind turbines) is configured to
generate electric energy from the energy provided by the environment, i.e., from wave energy
or wind flow.

[0020] The floating wave energy converter and the floating wind turbine are known from the
prior art.

[0021] The floating renewable electric energy source 20 is electrically connected 25 to the
hydrogen gas source 30 that is configured to produce hydrogen gas using the electric energy
from the floating renewable electric energy source. In an embodiment, the hydrogen gas
source 30 comprises an electrolyser device to create hydrogen from source water 1. The
electrolyser is based on the electrolysis of water: the reaction to dissociate water molecules in
hydrogen gas and oxygen gas under supply of electric energy. In the electrolyser the hydrogen
gas is collected separately from the oxygen gas.

[0022] The electrolyser can be based on various electrolyser cell types, such as solid oxide
electrolysis cell, polymer electrolyte membrane cell and alkaline electrolysis cell. In a preferred
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embodiment, the electrolyser is based on polymer electrolyte membrane cell as this can
operate at relatively low temperature at relatively high efficiency.

[0023] The hydrogen gas source 30 has an output conduit 35 for the hydrogen gas that is
connected to an input for fuel gas of an electric power generator 40, 45 that is located on the
floating hydrocarbon processing unit 10. The electric power generator 40, 45 is configured to
supply electric power to hydrocarbon production equipment on board the hydrocarbon
processing unit 10. The electric power generator 40,45 can comprise a gas turbine 40 that in
use drives an electromagnetic generator 45. Alternatively the electric power generator can
comprise a piston engine or other type combustion engine as driver 40.

[0024] According to an embodiment, the hydrogen gas is supplied to the power generator in a
mixture with hydrocarbon fuel gas, obtained from the hydrocarbon production process on the
Platform or FPSO.

[0025] Depending on local circumstances, the hydrogen gas source 30 can be located on a
platform on the floating wind turbine 20. Alternatively, the hydrogen gas source 30 can be
located on the Platform or FPSO. As a further alternative, the hydrogen gas source 30 can be
located on a separate substation on either a floating or fixed platform.

[0026] The Platform or FPSO is configured for harvesting hydrocarbons from one or more
wells in a reservoir (not shown) below the sea bed/lake bed. The operation of the Platform or
FPSO is known to the skilled in the art.

[0027] The output conduit 35 for transfer of produced H2 from the electrolyser 30 to the
offshore hydrocarbon production unit 10 like a Platform or an FPSO, could have a length of
several kilometres with an H2 pressure that could be in the range of 10 to 100 bar.

[0028] Figure 2 shows a schematic layout of the arrangement in which the electric connection
between the wind turbine and the electrolyzer equipment, the hydrogen gas line between the
electrolyser equipment and the small power generator or fuel cell and the input of source water
into the electrolyser equipment are shown.

[0029] For starting-up operation of the Floating Offshore Wind Turbine unit (FOWT) 20 or after
it 20 has tripped or after a complete windless situation, auxiliary equipment 22 to the FOWT is
in need to have a few kilowatts of energy (in the order of about 100 kW max) just to allow start-
up. Accordingly, the arrangement 100 comprises a fuel cell 50 or an auxiliary power generator
50 (of the desired power level) that is to be fed with H2 from the electrolyser 30 and that is
configured to supply electric power to the auxiliary equipment 22 for assisting the start-up of
the FOWT 20.

[0030] A transfer line 55 for hydrogen runs between the electrolyser 30 and the fuel cell or
small power generator 50 in addition to the hydrogen gas supply 35 (not shown here) that runs
between the electrolyser and the power generator on the platform or FPSO.
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[0031] In case of a shutdown/start of the FOWT 20, pressurized H2 in the transfer line is
therefore used for "line packing” or buffer purposes: pressurized H2 is routed back to feed the
small power generator or the fuel cell which could be used for black start of the auxiliary
equipment on the deck and the nacelle. The fuel cell/small power generator is preferably
located close to the electrolyser (for example on the same deck). The deck holding the
electrolyser 30 can be located on a platform of the FOWT 20. Alternatively, the electrolyser 30
is on a substation that also holds the fuel cell or the small power generator 50. From the fuel
cell or the small power generator 50 an auxiliary power line 60 runs to the auxiliary equipment
22 for supplying the electric power.

[0032] According to an embodiment, a floating wind turbine comprises a wind turbine, auxiliary
electric equipment to start-up or control the wind turbine, an electrolyser and a fuel cell, in
which the wind turbine is electrically coupled to the electrolyser for supplying electric energy for
electrolysis; the electrolyser is coupled to the fuel cell by a pressurized hydrogen gas supply
line, and the fuel cell has an electric output to the auxiliary electric equipment for supply electric
power. The pressurized hydrogen gas supply line provides a hydrogen buffer to supply
hydrogen to the fuel cell in case the auxiliary electric equipment is in need of electric energy.

[0033] Figure 3 schematically shows an hydrogen gas production source 30 in accordance
with an embodiment of the invention.

[0034] The hydrogen gas production source is configured to produce hydrogen from source
water 1 that is supplied to the electrolyser 30. According to the invention, the source water is
prepared from bulk water by means of a water treatment process.

[0035] To this end, the hydrogen gas production source 30 has an intake line that comprises
filtration 30-1, reversed osmosis and purification 30-2 devices. At the entry of the intake line,
the bulk water is guided through coarse and fine filters to remove any objects and particles
from the water. After passing the filters, the water is treated in a purification station to
demineralize the water to a purity level suitable for the electrochemical reaction to dissociate
water into hydrogen gas and oxygen gas. In an electrolysis cell 30-3 hydrogen gas and oxygen
gas are created using electric energy 30-4 from the floating wind turbine or wave energy
converter. The hydrogen gas is separated 30-5 from the oxygen and collected for transport 30-
7. In an optional next stage, the hydrogen gas is supplied to a compressor for compressing 30-
6 the hydrogen gas before transporting the hydrogen to the gas turbine/piston engine of the
power generator.

[0036] Alternative to a direct gas supply to the power generator by gas line 35, the hydrogen
gas production source may be configured with a storage buffer (not shown here) in which
hydrogen gas is temporarily stored before transport to the power generator 40,45.

[0037] The invention has been described with reference to some embodiments. Obvious
modifications and alterations will occur to the person skilled in the art upon reading and
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understanding the preceding detailed description. It is intended that the invention be construed
as including all such modifications and alterations insofar as they come within the scope of the
appended claims.
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Patentkrav

1. Anordning til offshore-anlaeg til carbonhydridproduktion, som skal placeres pa
et vandomrade, omfattende en flydende carbonhydridbearbejdningsenhed, en
flydende vedvarende elektrisk energikilde og en hydrogengaskilde,
hvor
den flydende vedvarende elektriske energikilde er konfigureret til at
generere elektrisk energi;
hydrogengaskilden er konfigureret til at producere hydrogengas under
anvendelse af den elektriske energi fra den flydende vedvarende elektriske
energikilde;
den flydende carbonhydridbearbejdningsenhed er konfigureret med en
elektrisk effektgenerator;
den elektriske effektgenerator er koblet til hydrogengaskilden og er
konfigureret til at modtage produceret hydrogengas som braendselsgas.

2. Anordningen ifglge krav 1, hvor den flydende vedvarende elektriske energikilde

omfattende en flydende vindmglle til at generere den elektriske energi.

3. Anordningen ifglge krav 1 eller krav 2, hvor hydrogengaskilden omfatter et
elektrolysatorsystem til at producere hydrogengassen fra kildevand under
anvendelse af den elektriske energi, hvor elektrolysatorsystemet er elektrisk
forbundet til den flydende vedvarende elektriske energikilde.

4. Anordningen ifglge krav 3, hvor elektrolysatorsystemet omfatter en eller flere
elektrolysatorindretninger baseret pd en celletype valgt fra en gruppe omfattende
fast oxidelektrolysecelle, polymerelektrolytmembrancelle og alkalisk

elektrolysecelle.

5. Anordningen ifglge krav 4, hvor elektrolysatorsystemet er udstyret med et
vandbehandlingssystem konfigureret til at producere kildevand fra vandmassen,
hvilket vandbehandlingssystem omfatter indretninger til mindst filtrering,

omvendt osmose og vandrensning.
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6. Anordningen ifglge et hvilket som helst af de foregaende krav, hvor hydrogen-
gaskilden er indrettet enten:
pa en platform af den flydende vedvarende elektrisk energikilde, eller
pa en understation adskilt fra den flydende vedvarende elektriske
energikilde og den flydende carbonhydridbearbejdningsenhed, eller
ombord pa den flydende carbonhydridbearbejdningsenhed.

7. Anordningen ifglge et hvilket som helst af de foregaende krav, hvor hydrogen-
gaskilden er udstyret med en kompressor til komprimering af den producerede
hydrogengas fgr levering af hydrogengassen til den elektriske effektgenerator.

8. Anordningen ifglge et hvilket som helst af de foregdende krav, hvor den
elektriske effektgenerator er konfigureret til at modtage produceret hydrogengas
blandet med carbonhydrid-baseret gas.

9. Anordningen ifglge et hvilket som helst af kravene, hvor hydrogengaskilden

omfatter en hydrogengaslagerbuffer.

10. Anordningen ifglge et hvilket som helst af de foregdende krav, hvor den
flydende carbonhydridbearbejdningsenhed er et fartgj omfattende et
drejetarnsforankrings-system, og hydrogengassen transporteres fra
hydrogengaskilden til carbonhydrid-bearbejdningsenheden via et stigrgr, som
treenger ind gennem drejetarnsforankringssystemet.

11. Anordningen ifglge et hvilket som helst af de foregdende krav, hvor den
flydende vedvarende energikilde omfatter elektrisk hjalpeudstyr;
hydrogengaskilden er yderligere koblet til en braendselscelle eller en anden
effektgenerator via en tryksat hydrogengasledning, og braendselscellen eller den
anden effektgenerator er elektrisk forbundet med hjeelpeudstyret til levering af

elektrisk energi til hjaelpeudstyret.
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DRAWINGS
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