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SYSTEM BACKGROUND OF THE INVENTION 1. Field of the invention
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M@order to control a subsea well, a connection must be established between the well
and a monitoring and control station. The monitoring and control station may be
located in a platform or floating vessel near the subsea installation, or alternatively
in a more remote Jand station. The connection between the control station and the
subsea installation is usually established by installing an umbilical between the two
points. The umbilical must include hydraulic lines for supplying hydraulic fluid to
the various hydraulic actuators located on or near the well. The umbilical may also
include electrical lines for supplying electric power and also for communicating
conirol signals to and/or from the various monitoring and control devices located on
or near the well. The typical umbilical is a very complicated and expensive item.

* The umbilical can cost several thousand U.S. dollars per meter of length, and may
be thousands of meters long.

Exploitation of oil and gas moves further and further offshore and in increasingly
deeper waters. Aside from the increased costs of longer umbilicals, there is also a
problem with response times for the hydraulic equipment, which increases with
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typical example of such a well may be a water injection well.
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It would therefore be of great interest to be able to locate a subsea installation at a
remote locale and be able to operate the well as antonomously as possible, the
installation having its own power supply and intelligent control system. One method
is disclosed in WO 9723708 which describes a subsea installation having a turbine
that is rotated by sea currents to generate power for the operation of a subsea
device. It will be obvious that such a system will be able to provide only a limited
amount of power, and be at mercy of the prevailing sea currents and is therefore not
controllable. Another problem is that the electricity that can be generated would not
be sufficient to operate all the valves in a larger installation.

Batteries have recently been developed which can store enough power to operate all
valves in a subsea installation, if necessary simultaneously, thus enabling power for
the electric actuators to be stored in locally installed batteries. An added advantage
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a second installation, said second installation comprising a pump arranged t© supply
pressurized fluid through said supply line to said subsea installation, said subsea installation
comprising means for operationally injecting said pressurised fluid into a well or a fiud
produced by a well, at a specific pressure at Jeast equivalent to the well pressure or pressure of
the produced fluid; in which the system comprises electrical generating means comprising 2
furbine which in use is operatively connected to said fluid supply line at said subsea
installation, said turbine in use generating electrical power output from said pressurized fluid
flowing through said fluid supply line, to power the at least one electrically operated
component on the subsea installation, the pump at the second installation being operated to
deliver a fluid at a pressure above said specific pressure at said subsea installation, the surplus

being available for generating electric energy.



pressurized fluid through said supply line to said subsea installation, said
subsea installation comprising means for operationally injecting said
pressurised fluid into a well or a fluid produced by a well, at a specific
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pressurizing said fluid to a level higher than what is necessary to inject the
fluid into a well or into a fluid produced by a well, transporting said fluid to
said remote subsea installation, at the remote subsea installation,
extracting the excess energy in the fluid in the fluid supply line by
operating the turbine to generate electric energy to operate the at least
one electrically operated component. WO 2005/078233
PCT/N02005/000060 5 BRIEF DESCRIPTION OF THE DRAWINGS The
invention may be understood by reference to the following description
taken in conjunction with the accompanying drawings, in which like
reference numerals identify like elements, and in which: Fig. 1 shows an
exemplary embodiment of the invention; Fig. 2 shows a schematic of a
subsea installation according an exemplary embodiment of the invention;
Fig. 3 shows an exemplary embodiment generator bypass loop; Fig. 4
shows a detailed view of an exemplary embodiment turbine; and Fig. 5
shows an exemplary embodiment algorithm for monitoring the flow
direction in the flowline and responding thereto.



While the invention is susceptible to various modifications and alternative
forms, specific embodiments thereof have been shown by way of
example in the drawings and are herein described in detail. It should be
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wellhead being the uppermost part of a well that extends down into the
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specification. It will of course be appreciated that in the development of any such
actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and
business-related constraints, which will vary from one implementation to another.
Moreover, it will be appreciated that such a development effort might be complex
and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures.
The words and phrases used herein should be understood and interpreted to have a
meaning consistent with the understanding of those words and phrases by those
skilled in the relevant art. No special definition of a term or phrase, i.c., a
definition that is different from the ordinary and customary meaning as understood
by those skilled in the art, is intended to be implied by consistent usage of the term
or phrase herein. To the extent that a term or phrase is intended to have a special
meaning, i.e., a meaning other than that understood by skilled artisans, such a



actuator 13 for actuating at least one flow control valve (not shown). An
electrically operated control module 14 is attached to the Christmas tree
11. The control module 14 houses electronic equipment for receiving and
transmitting control and/or telemetry signals 19. The control module 14
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such as batteries, which provide power to the electric actuators and/or
other electrical devices on the Christmas tree |1 or wellhead 12. A cable
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formation, and separates the produced water from the hydrocarbons. WO
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Mayshededatechs\dosen] abduke 3600 Tok edafhication unit 16
includes a first antenna 18, an acoustic transmitter {not shown), and an acoustic
receiver (not shown). The vessel 3 further includes a second antenna 20 for
receiving and transmitting acoustic control and telemetry signals 19 to and from the
antenna 18 on the Christmas tree 11. In other embodiments, different

" communication methods may be employed, such as radio waves. In other
embodiments the antenna 18 may be deployed on a buoy (not shown) floating on the
surface 4. The buoy could then be linked to a remote station via 2 satellite link,
cable, radio, or other suitable communication means.

In the instant exemplary embodiment, the Christmas tree 11 is a water injection
tree. Water is pumped from the vessel 3, through flowline 5, and to the subsea
installation 1 where it is injected into the formation. Alternatively, the flowline 5
may extend from a processing or separation unit (not shown) located remotely from
the well. The processing or separation unit processes the fluid produced from other
wells in the formation, and separates the produced water from the hydrocarbons.



Fig. 2 shows a schematic of the Christmas tree 1 | connected to the

wellhead 12. The subsea well is completed in the usual manner by first

drilling a hole and installing a conductor pipe, then installing a wellhead

and a series of concentric casing strings anchored in the wellhead. Lastly

the WBMFERing and tubing hanger are installed in the well &R/ H{E2005/000060
Christmas tree 1 | is connected to the wéllhead 12. In Fig. 2, 41 denotes

the production flow passage, which communicates with the flow bore of
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innermost casing string. 43 denotes the production outlet, from which
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elﬁlgggg cjyator (not shown) includes an electric motor, a gearbox, and a
driveshatft, which is connected to its respective valve spindle viaa
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alsoolecategbntite, G istinxsdies, Fhaddadehien®d to its respective valve
spindle via a standard API interface. In an exemplary embodiment, the electric
motor may be a brushless type DC motor and the gearbox may be a planetary
gearbox. Examples of a suitable motor 185 and gearbox 175 combination include a
model named TPM 050 sold by the German company Wittensiein. Each electric
actuator has an associated motor controller (not shown) for receiving and sending
signals from the control module 14 and modulating power to the motor upon
receiving the appropriate commands from the control module 14, Each electric
actuator is housed in a removable unit (not shown). The standard API interface
makes it possible to remove the actuator in an emergency, and to actuate the valve
spindle directly with an ROV or a diver.

Workover valves 51 and 52 are also located in the Chrisfmas tree. These additional
valves may be operated by hydraulic actuators (not shown), and are used for access
to the well during workover situations. During workover an umbilical (not shown)



valves may be operated by hydraulic actuators (not shown), and are used
for access to the well during workover situations. During workover an
umbilical (not shown) WO 2005/078233 PCT/N02005/000060 8 will be
used to supgly hydraulic fluid to any remaining hydraulic actuators and to
WRMHEAIEdhnector 53. The workover un%bilical is connected g /4 ©2005/000060
workover unit 54 as shown. A number of sensors are located in the
subsea installation to monitor various parameters of the system. A _
preal e Asridarsitary bydradie Sribte aay seserinins viAvissipmssergend to
4 2% plihnrb rrmernasdp 58 hs wertevanumbibret ictiomotitétd 3 wodtreenunit 54
wateshinjestion flow of the choke 48. A third PT sensor 57 is located in the
production outlet 43 downstream water injection flow of the choke.
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eleglls oW AR fSAUIEd 1o (e vartous devicesy nclging the et T
valve actuators. The. exemplary control modats DPEFLPHOSBLNF fagdesire
tw%llgﬁfgﬁ&eﬁ?rﬁ for redundancy. The processing unit controls the
0 | t tyi qators (not_.shown).and the turhine 60, (in Fig. .
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1@s4Ra9pre b e ymipwnhiexivn, neidisg trelisgianeivaacoairsidie) |
ateFrmBlata centessalo pibtfbtmlsohmmmtetdtativiwdrbativeice ath adifeents,
thecdiechipctihtopsotretishawi emaydie ke wippatdonidt tregbamicabtuators (not
fainatenaao g AobEROROinl iRl dRch RIS A clased Fanawlitefson?, 23 via
expeARIge 'RIRIEINGLR fHidhy )RR MIRANVG R I ARG WIN BAIIRI a1y and
SREAG 12 (RSB GHORRI ALY RPN RRARISAI SPGSRTE  antenna
omyied fiom e oter sledirc acliatore, THE procee g i 21 Eab
used,"aS IOng as clectncal ower TS A05iTSRTE s SIEeRE fI6LrE 8056k the
fuﬁ%ﬁﬁ%ﬂﬁ?%iﬂﬁﬁ?@%&?i’éﬁ?ﬁ%@ﬁ% electric actuators will have a fail
"as. ISy fUncti ity. Referring to Figs. 3 and 4, in a first exemplary - . .
ea‘rihébg lérr%ne{&r%ltyB %Jg%l\}v%’r]?%gﬁqgré | cga%§§§%rﬁ1?§6t_i%c?ﬁ@é?ﬁﬁ’r%ﬁ%%@ ed with
ing Shdugatiay f)g %Sgé ;%é}%\ﬁg)c& Tayiqs a failsafe closed capability. For
example, referring to Fig. 2 the wing valve 50 is depicted with a failsafe spring. In
the instant exemplary embodiment the failsafe springs are omitted from the other
electric actuators. The processing unit 21 can be used, as long as electrical power is
available, to provide failsafe closed functionality. Without electrical power the

electric actuators will have a fail “as is” functionality.

~ Referring to Figs. 3 and 4, in a first exemplary embodiment the power genefating -
system 30 includes a turbine 60 installed closed pipe loop 32, which is coupled to
control valve 38 via flanges 33 and 34. The turbine 60 is operatively connected to
flowline 5, and valve 38 regulates the flow of fluid from flowline 5 to the turbine
60. The valve 38 may be operated by an electric actuator (not shown), which may
be controlled by the control module 14.(in Fig 2). With this arrangement a
controlled amount of fluid may be supplied through the pipe loop 32 as needed, to
provide electricity to charge the batteries 22,23 (in Fig. 2). Valve 38 may be
positioned in a first position such that fluid flowing through the flowline 5 is



control valve 38 via flanges 33 and 34. The turbine 60 is operatively
connected-to flowline 5, and valve 38 regulates the flow of fluid from
flowline 5 to the turbine 60. The valve 38 may be operated by an electric
tuator not shown), which may be controlled by the control module 14
§ Wth this arrangement a_contrglled amount of fluiliHAY B 5/000060
supplled through the pipe loop 32 as nee%ed to provide electricity to
charge the batteries 22,23 (in Fig. 2). Valve 38 may be posmoned ina
firSiRsstsachreteh thapmadonavitg YWuagh mevioadine BoR WG in a second
20050Pe233IPB A NOR0bE/0g0 066/ 1 ¢l Fdyteas thsshig nitrel pipes eyt iddy.
Valye 38 may also be positioned in a second position such that flow
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elpewier pulpt. oFsegwihdinglniovthenstater. are arranged to produce a
three -phase AC power output or signal in a known manner. In a preferred

BarrEERtedfabeime s ihsimdingiedusalies Wicertv mte Giadlandiadend
ndlt%ﬁﬂfbpvma@trqiﬁ@mbm witbinehigibisthintaie aditdte aihtby wimetheretber
undeietdaddormtt. THis enaliilestbed:ttirio eotbdeseb sl inemsersuemngatsyil]
thatonitomionitatdhae siatewt the siste: aspwithbei@mlanedin Bse detail
below. The system includes sensors (not shown) for sensing the speed
arldeirBegonibelvdeationsoftifrot shine BN onsing yhe oltagbaaddicuctant of
metersonrfshsostane adsoNpravtigdvisiiegabial caleuiatioaat gerexadel are also
OyiNidED @A LRI BRI BE GRREASARE: a&w@ermal%ﬁf%tbe expressed
Sl%ﬁﬁ'&@léﬁiﬁ%@ﬁl‘}r&ﬁ%@‘éﬁl&%ﬁdm {ime (Retreg %&ﬁ&é

bastel sl bing e
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ef&i’féﬁéé B pheSthe ficconiarsie rchrnasdnith B saayevitcindidatphases (for
clezagwlit HenoiBélitnA (dtatibringficate a change in the direction of rotation of
the turbine 60. A direction sensor is also provided for sensing the sequence of at

least two of the three phases of the three-phase AC signal. The sensors for sensing
the frequency and phase sequence of the power output may comprise calculation
routines within the processing unit 21 of the control module 14 (see fig. 2).

During normal operations, the turbine 60 is running free or with a very small
clectrical load. In this configuration, the rotational speed and direction may be
constantly monitored. From the rotational speed, the flowrate Q can be determined,
thus allowing the detection of interruptions in the flow. When the turbine 60 is
running under electrical load, the rotational speed may be compared to the current
being produced by the generator. This enables the efficiency and/or performance of
the turbine 60 to be monitored. Parameter measurements in a predetermined range
may give an indication that the turbine 60 is failing and should be replaced.
Another way to measure the performance of the turbine 60 is to measure the drop in



the turbine 60. A direction sensor is also provided for sensing the

sequence of at least two of the three phases of the three-phase AC

signal. The sensors for sensing the frequency and phase sequence of the
wer output may comprise calculation routines within the processing unit

%@&P?ﬁ@"&ﬁtrol module 14 (see fig. 2). Dyring normal operatfoH¥ Og{&s/000060

turbine 60 is running free or with a very s}ﬁall electrical load. In this

configuration, the rotational speed and direction may be constantly
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unttableandivetiaienifl the master valve 45 should be closed. However, it is

possible that this reading could be faulty, for example because of a fault in the
turbine 60. To confirm that the flow direction has actually changed, the pressure

_drop across the choke is also measured, as shown on the right hand side of Fig. 5. If
the pressure drop is positive across the choke, a faulty turbine 60 unit is indicated,
and the remote control station is notified. If the pressure drop across the choke is
negative, this confirms that fluid is flowing out of the well. In this case the master
valve 45 should be closed automatically.

Referring again to Fig. 2, water is supplied through the flowline 5 to main passages
43 and 41. The master valve 45 and wing valve 50 are held in the open position,
allowing water to be pumped down the well and into the formation. The control
module 14 monitors the various parameters at the well, including the charge level
on the batteries 22,23, and sends this information to a remote control station {not
shown) on the vessel 3 (in Fig. 1) or on land. When the control module 14 senses



flowing out of the well. When this occurs, the flow control valves (45 and
46) should be closed immediately to avoid problems with the well. An
algorithm for accomplishing this is shown diagrammatically in Fig. 5. The

flow direction can be measured in two ways. First, on the left r%?nd sideﬂof60
‘E%.zqg‘?ﬁésa?ection of rotation of the turbjne 60 is measured® A FEVEILAYE

direction indicates that the flow is in the wrong direction and the master
valve 45 should be closed. However, it is possible that this reading could
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generates electrical power. The electricity generated by the turbine 60 is
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inhibitors, methanol or MEG. The fluid transferred may in one _ _
enidHiREntRdEBRPtisBdSdAaRyRAAdTataniRlineRith a water injection well, it

should be understood that a similar system may be used for a producing well or a
manifold system, without departing from the true spirit and scope of the invention.
For example, the power generating system 30 could be operatively coupled to the
methanol or other chemical injection flowline to the well, and the fluid pressurized
above what 1s needed for its function, thus the excess energy in the flow is utilized
to rotate the turbine 60.

In general, the present invention is directed to an electrical power generation
system, and various methods of operating same. In one illustrative embodiment, the
system comprises at least one flowline, a turbine operatively connected to the
flowline, the turbine being rotatable by fluid flowing through the flowline, and the
turbine generating the electrical power output when the turbine is rotated.

In one illustrative embodiment, the method comprises operatively connecting a
turbine to the flowline and directing a flow of fluid through the turbine to thereby
generate the electrical power output.



installation but just be used for the transfer of energy to the subsea
installation. The downhole safety valve (not shown) may be a simple
single-acting valve, for example a flapper valve. This type of valve will
remain open as long as fluid is flowing into the well, but will close
‘gﬁtg}%ié?@é?& when the fluid flow stops or reverses, thus cldSAG Gf 0060
well. In some countries there is a reqwr%%nent to have, a surface

controlled subsurface safety valve (SCSSV). In this case a valve such as
tiEiteceastionéat pritodivesitniPalesndShectiesti BN EP DS ag dhrpavention
uger. I%imcedifits! vall preatiché woditiblied ronedht dedideniaiefaienhiaghose
trggi1an glebyiat dekiagomaissnbfit usate Theldaistiaontrdf vabxermply;, dieo
bsrm%@y@4%@@%@%&%@&@&@@&&%@%&&%Aim@ghdmﬁ NYeRiRiSre,
dﬁ%ﬂﬁﬁ%ﬁr&oﬁ%‘ %@ﬁ@eﬁ’@tﬂé’\@@ﬁ%@%ﬁ&%@! oft o4 grpﬁerem shown,
ungersipod a&am' 435 3 85, u3eH BEA ARG el

manet{)f ys% m with a/ rom th tru ({It and Iﬂe h
RS PSR G e it e
opERAIAN %r&w;ﬂ%ﬂ%r?ﬁéwh&ﬁsﬁsmeo%ﬂéﬁe ?c%’lﬁh‘j’é@ﬁc%ﬂ“ﬂo%ﬁﬁ%‘?&’g‘%
thbenuhteaitbtheofiehd breisitize setdbaha wibs slrieebiRigYor its function,
thus the excess energy in the flow is utilized to rotate the turbine 60. In
general, the present invention is directed to an electrical power generation
system, and various methods of operating same. In one illustrative
embodiment, the system comprises at least one flowline, a turbine
operatively connected to the flowline, the turbine being rotatable by fluid
flowing through the flowline, and the turbine generating the electrical
power output when the turbine is rotated. In one illustrative embodiment,
the method comprises operatively connecting a turbine to the flowline and
directing a flow of fluid through the turbine to thereby generate the
electrical power output. WO 2005/078233 PCT/NO2005/000060 12 The
particular embodiments disclosed above are illustrative only, as the
invention may be modified and practiced in different but equivalent
manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be
performed in a different order. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than as

described in the claims below. It is therefore evident that the particular
embodiments disclosed above may be altered or modified and all such
variations are considered within the scope and spirit of the invention.
Accordingly,
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the protection sought herein is as set forth in the claims below. 13
CLAIMS 1. A system for supplying electrical power to a subsea installation
in a remote location, said subsea installation comprising at least one
electrically operated component, a fluid supply line extending from said
subsea installation to a second installation, said second installation

comprising a pump arranged to suppl;}’pressunzed fluid through said
supatydine to said subsea installation, said subsea installation comprising

eans fgr Pe%efat'o in |n sald ressur sed fluuz into a well or a
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sumlys pRINg avalable ot generatngelecincenaigy, 2, The system ol
erein sai sup ply Tind &°a cHEMIcK suppyllne es\g; ne in
%FéFéWHﬂW%F@ﬁ% %&f%&@%’é firstanidiore s aard i thiloctian trengarmaid fluid
wpidy 20d]uid supptythineaisieawater idljeationiflowkine:foronateeio be the subsea
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electrically powered valve actuator. 6. The system of any preceding claim,

Wwherédie sgiehastenrst onerelactbicalypriates cRamRONSNt Gamprises a -
control module. 7. The system of any preceding claim, further comprising

3at 'eaﬁﬁe%ﬁe%l%@%% Qoweﬁ%ﬁﬁg&bge% legnsal & %C‘If;i?‘?"u%é"é"enr 8& said

agaRRled tosmdatlensione elscienl pouer sorage dovice
The tem of claim 7, wherein said at least on ECfI’ICa power storage

device comprises a m battery. 9. The system of claim 7 or 8, further

fcomptéifyarIeastond  ctberic sty sieraiatadeiaponeases povisiag ‘b%” $ajtisaid
flaidlamstydine iefectivdmponeritia fade device. 40 14

5. The system of any preceding claim, wherein said at least one electrically operated

component comprises an electrically powered valve actuator.

13

6. The system of any preceding claim, wherein said at least one electricaily operated

compenent comprises a control module.

7. The system of any preceding claim, further comprising at least one electrical power storage
device, said electrical power output being supplied to said at least one electrical poweEr storage

device.

8. The system of claim 7, wherein said at least one electrical power storage device comprises a

battery.

5. The system of ¢laim 7 or 8, further comprising at least one electrically operated component

powered by said at least one electrical power storage device,
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10. The system of any preceding claim, further comprising a control

module for controlling said turbine. 11. The system of claim 10, wherein

said control module causes said turbine to 5 selectively be in at least a

first state wherein said turbine generates electrical power, and a second

state wherein said turbine does not g perate electrical power. 12. The

system of claim 11, further comprising: at least one charge sensor for

1@ensinﬁéhﬁﬁaﬁr@edﬁgelpoéc§&iﬂgba%§ﬁy, ﬁa’rﬁbﬁh@ﬁgmﬁbﬂgl a%@oﬂ@tg“i’ﬁiﬁﬁll? for
cti id first and second states of said turbine by said contro

C%gﬁﬁgg %?@T grgéystem of any preceding claim, wherein said turbine

comprises: a rotary member comprising a plurality of blades and at least
ldne rotatingsieragpietiand i%.avixedihcasingootwiprisiigeatiessst orié turbine to
sSlationaryewingingsivhere i detalieniafl saichiainey s Memhescatee Hrolalivad a

é@%’a%&?%ﬁ’&‘e‘é‘ﬁ?ﬁéh?&j&&ggreaﬁséo‘?'&?n'fra?&?e“erl@c%@%”%%%ﬂd said at least

one stationary winding, said relativé motion genera%ng said electrical
power output. 14. The system of any preceding claim, further comprising
13t leaBhonetgpeddisensorffoth=20csemsiing:a rotational speed of said
afUsainend 2nlibe systeMopkelaing b whereiRwaidrelgatniaatRowes QHAR level
ERMPIRESAN A NG DAvigaliequeney NIICRIS RIROHIANG 0.5 niro
rotational speed of said turbine, and said at least one speed sensor
prises a frequency sensor for sensing said frequency. 25 16. The
system of claim 14 or 15, further comprising: .. at least one current
1 SENSALEQ; SERSINGNR SiEEaTIaGHCoRRnSAld tuhiioameaBdrol unit for
: . r | :
B U AL A g,
2 Ay 7S COTRAR B Ay L AR AADG M ARREr BBRRIRSRY A BhtAyf rotary
meTolhl leafers ot nmiminerz fidwt e ofifl rid ftelving rtiroug magiel anfoirid at least
otk sleternintian af saidtlew it kehéaienbeing daseshupansaitbut.

rotational speed sensed by said speed sensor. 35 18. The system of any

receding claim, further comprising at least one djrection sensor for
1B 5 ST GH G FOR T s AEAEH GBS 575, 8 1Hb Syetarfgpnsor for

seskang 2ot InEseed «lexdisiipower output comprises a three-phase AC
signal, and said at least one direction sensor comprises a phase

15€d U?Hﬁ%&@&s&rqﬁgﬁnﬁﬁ? WRGHGAeINeREe YodllEash iR RPASES P hgalthnal
hafmlegez; @re%ggnéfcwﬁgg%'proponional to said rotational speed of said turbine, and said at

least one speed sensor comprises a frequency sensor for sensing said frequency.

16.  The system of ciaim 14 or 13, further comprising:
at least one current sensor for sensing a current produced by said turbine;
a contro! unit for determining an efficiency of said turbine, said determination of said

efficiency being based upon said rotational speed and said current.

17.  The system of any of claims 14 - 16, further comprising a control module for
determining a flow rate of fluid flowing through said turbine, said determination of said flow

rate being based upon said rotational speed sensed by said speed sensor.

18 The system of any preceding claim, further comprising at least one direction sensor

for sensing the direction of rotation of said turbine.
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5 20. The system of any preceding claim, further comprising a closed flow
loop in fluid communication with said fluid supply line, said turbine being
positioned in said closed flow loop. 21. The system of claim 20, further
comprising at least one control valve for regulating a flow of said fluid to

said turbine. 10 22. The system of clajm 21, wherein said at least one

control valve comprises at least a first position in which at least a part of

iSaid flliid fiowingfthioud!’ seid-fuidestipptyritabrsvdirected chrgugh salidee-phase
Awm@@ajaaﬁh aséecméaﬂoaﬂmmmi%Bnﬂalidcﬂ@w;iﬁgstbra&@b siebftickensor for

SHBRIne  ypessss e W Bine. 1 29 The syalem ol gy preceding
Urther comprising a communication unit for communicating with a

control station located remotely from said subsea installation. 24. The
Bysternofsgiam F3awhereidisaideombrtinicatoprgnit eorimprisdowat lwastn fluid
Ofe aCeUGHGit? G:tidnsmitiely B, Hhensysicraaf plditha3:06h 4 whtiiein cop.
said communication unit comprises at least one acoustic receiver. 25 26.

The SY}?J%{HQI @PM%%%&Q&@MMQ‘P&E?l@a&adge%%&%%lﬂétﬁ#%'é?ﬂ%ng a flow

niq{meto ; (?m based installation, or a floating installation, or a fixe
“offshore MStEIALIOR. 27. A method for supplying energy to a subsea
installation at a remote location, which subsea installation comprises at
Yfeast SfesetattAE atople rabEg e SHhB It A PETING 1t femstiens @tflURgst 2 first
psuifpgalyrli ndidommetting saidf suld Saadifktaliatiorrwgithaa Shebruiipistéliatiodirected
i grasarfetrohea supplycond flukttifiom saich secomdwhgteltationsiol Said supply line
preneie-shsgsm installation for injection into a well or a fluid produced by a
well, said method comprising: (r)(r)' providing electrical generating means

2r,:omplcksm%{glturbIme operatr}/ y ganne %d to said fluid sugplxl %on umtcl for
Subsea location energi/ to sali E id atsaid second

“SHERARSRHSH B aré@'ﬁ[?ﬂu?ﬁ’i&”é’z?‘ﬁ&%f&“ﬁ%‘eé” |8V Sﬂ?gsHESFTH%fF?U\?H&‘E is

necessary to inject the fluid into a well or into a fluid produced by a well,
2¢ransportinyesaid flefd 16, sdidvierrrdesubraaiimstaifationpmethe lrerhote acoustic
rauhssa installation, extracting the excess energy in the fluid in the fluid

supply line by operating the turbine to generate electric energy to operate

2§he aﬂ@%&%%ﬁ!ﬁé}m@@'& %Qemgncsqm%’:ﬂ%%c%ﬁo &}ﬁt’&% gso:ltqlzggmone

27 whereln said supply fluid is used as water injection fluid. 16 29. T

stic
“méthod of claim 27, wherein said supply fluid is used for chemical

treatment. '
26. The system of any preceding claim, wherein said second installation comprises a landbased

installation, or a floating installation, or 2 fixed offshore instaliation,

27 A method for supplying energy to a subsea installation at a remote location, which subsea
installation comprises at Jeast one electrically operated component and having at least one fluid
supply line connecting said subsea installation with a second installation, for transfer of a supply
fluid from said second instaliation to said remote subsea installation for injection into a well or a
fluid produced by a well, said method comprising:

providing electrical generating means comprising a turbine operatively connected to said fluid
suppiy line at said subsea location,

adding energy to said supply fiuid at said second installation by pressurizing said fluid to a level
higher than what is necessary to inject the fluid into a well or into a fluid produced by a well,
transporting said fluid to said remote subsea installation,

at the remote subsea instailation, extracting the excess energy in the fluid in the fluid supply line by

operating the turbine to generate electric energy to operate the at least one electricaily operated

component.

28. The method of claim 27, wherein said supply fluid is used as water injection fluid.
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30. The method of any one of claims 27 - 29, further comprising

operatively connecting a 5 turbine to said fluid supply line; and directing

at least part of said flow of supply fluid through said turbine to thereby
generate said electrical energy. 31. The method of claim 30, further
comprising sensing a rotational speed,.of said turbine. 10 32. The method

of claim 31, further comprising: sensing a current produced by said

turbine; and determining an efficiency of said turbine, said determination

of saidleffieterioy Heing hasedinupdnsaid fiokbtkional fopeaetharidrsaitnt.

current. 15 33. The method of claim 31 or 32, further comprising

%?terrﬂiig ingthaoglo}‘\la{latengfo c.gz fl.:l'ﬂq Ilgwiﬁgtﬁgrrgg%hnssaég tu.,[:rbzi 1% lsacliod ecting a

etermination o said ?Iovy rate being based upon aid l‘bfgtlona Speed. _

oEPiag. 7 e tidtitoe BR E et BIiisStne 38 IeattRarcehipids iRy'sehsimgly fluid
thitreghiondofurtadatiothofisac terditrel B3 ediieimettryd of any of claims 27 -

34, further comprising: connecting a choke valve to said fluid supply line;
25 seqsing g fstpressure n sai fiuid supnly line.on onegide gf sald e
choke valve; and sensing & second pregsuréln sald’flumpsupp?y fihe on
tWHeither side of said'choke valve. (n(r)e 36. The method of claim 35,

further comprising determining a flow direction of fluid ™ flowing through
s3aid chksvalyer spich determinatianefaaid flow direction being based 00
u Soncsa%igngg?t 1%%91::% %orégi fes %Jer_ea%ip.... 37. The method of claim 36,
Furfﬁér_comprf)slr]g: cor:fnep ing a master valve to said fluid supply line;
ISR FIPR) oFiteHRY §§iﬁ%&§%@9wwé fstrEspaHER %6 Wik FF Y Rgiom based
uP&n 38id Tietinetspek d havhyanf alaims 27 - 37, further comprising supplying :
said electrical power output to at least one electrical power storage
sdevice, 47 3haThe melhod obolaim, 38, Jyrher comprising pOeNng.aloc i
"’Ijé,qst one of Said elepfrlc’é ly opéra ed componerits with said at least one
foidcticrianp Brieb SpdgRaBRHcE 4 G ABIFARART stidIdnK Jeuhejnsgbased upon
st tioetiosahpmising: 5 sensing a charge level of said at least one electrical
power storage device; and

34,  The method of any of claims 30 - 33, further comprising sensing a direction of

rotation of said turbine.

35, The method of any of claims 27 - 34, further comprising:

connecting a choke valve to said fluid supply line;

sensing a first pressure in said fluid supply line on one side of said choke valve; and
sensing a second pressure in said fluid supply line on the other side of said choke valve.

36,  The method of claim 35, further comprising determining a flow direction of fluid
flowing through said choke valve, said determination of said flow direction being based

upon said first and second pressures.

37. The method of claim 36, further compnising:
connecting a master valve to said fluid supply line; and

controlling said master valve in response to said flow direction.

38.  The method of any of claims 27 - 37, further comprising supplying said electrical

power output to at least one electrical power storage device.
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when said charge level is below a first predetermined value, causing said
turbine to be in a first state wherein said turbine generates electrical
power. 41. The method of claim 40, further comprising: 10 when said
charge level is above a second predetermined value, causing said turbine
to be in a second state wherein said tlu]rbine does not generate electrical
power. 42. The method of any of claims 27 - 41, further comprising:
iQ.Catin&@&@ﬁ&?bﬁt@éﬁ%?@m@ﬁ%}}téﬁﬁﬁﬂﬁ%gjp%%%%gl iﬂ&f@d@ﬂ@ B d@dﬁ@i %&a—ically
co COysti S on and sai

R e S T BT
comprising at the second installation adding energy to said supply fluid in
4h ambuyntshfficiénizio: powst Yhdtuhsimetppsmgde sufficient electrical

Lnargy toneperation aidheiglediicalyopemieed compoasite20d. - - - ...
when' said 'chargg'ieffel is ‘below a first predetermined value, causing said turbine fo be in a

first state wherein said turbine generates electrical power,

41, The method of claim 40, further comprising:
when said charge level 1s above a second predetermined value, causing said turbine to be in a

second state wherein said turbine does not generate electrical power.

42.  The method of any of claims 27 - 41, further comprising:
locating a control station remotely from said subses installation; and
communicating acousticatly between said subsea installation and said control station.

43, The method of any of claims 27 - 42, further comprising at the second installation
adding energy to said supply fluid in an amount sufficient to power the turbine to provide
sufficient electrical energy for operation of the electrically operated component.



