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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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#yo possible to provide a flowline specifically for transferring energy to the subsea
installation, without using the transported fluid through the flowline to anything
else. This might be the case where it is economically favourable to install a flowline
compared with laying an electric cable. The fluid transported for generating electric
energy at the subsea installation, may be pure water or other fluid which may be
spilled to the environment, without environmental damage.

In some embodiments, the turbine may be positioned in a bypass loop, so that fluid
can be selectively directed through the turbine as required. One or more electrical
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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.e., 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
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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.
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Workover valves 51 and 52 are also located in the Christmas tree. These additional
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to the well during workover situations. During workover an umbilical (not shown)
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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 is shown in greater detail in Fig. 4.
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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
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rabavée mdhat ouhebded fHmiis fynctionr thex dinpéecebeemrgy imtheaflow is utilized

figwbiatd thettifpihtghi ne 60. To confirmthat the flow
direction has actually changed, the pressure drop
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R AR 36T U R
38 wad x@rigus methogsifieperaingaiimesy s iHese hembodiment, the
ispslieoa¢c@uprises 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.



and the renote control station is notified. If the
pressure drop across the choke is negative, this

w@omsiorsre3 t hat fluid is flow ng out of the wel PCT/ND2005/000060
this case the naster valve 45i13houl d be cl osed
automatically. Referring again to Fig. 2, water is
supplied through the flowine 5 to main pass %es 43, .
Hredparticulps emhesitaenty disgtosed ahpve dfeil vzt @g aSdhf dpypntion
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Adiimitafibas apd indended ta thedehids obotmsatucgompi desigmberein shown,
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e contr ) sensest hat .t he char ge | l._gn
RATHCBAT eBYdER TS Sisclasef apeys o bE el L oraptHefapd a1l such
vealations ars comadered vathin theoscopgagé spirit oditheinsentippaceordingly,
thE I'iﬁ‘@t)ecﬁgﬁ sBH%IQ'H@:?eiﬁQs ad §etifBRh SNAROQHinSs Bél8w. t he
turbi ne 60 generates electrical power. The electricity
generated by the turbine 60 is sent through cable 31
to recharge the batteries 22, 23. Wen the contro
system senses that the charge |evel on the batteries
22, 23 is above a second predeterm ned value, a signa
is sent to disengage the turbine 60, i.e., to renove
the electrical load fromthe turbine 60, and the
turbine 60 is allowed to return to its free-running
state. In the electrically disengaged state, the
turbine 60 generates little or no electrical power. In
t he enbodi nent descri bed above, the flowine is a
water injection flowine. However, other fluids may be
supplied to the Christnmas tree that can be utilized
for the sanme purpose, e.g. extracting energy. Such
fluids may include, but not restricted to, chemcals
such as scale or hydrate inhibitors, nethanol or MG
The fluid transferred may i n one enbodi nent not be
used to anything at the subsea installation but just
be used for the transfer of energy to the subsea
installation. The downhol e safety val ve (not shown)
may be a sinple single-acting valve, for exanple a
fl apper valve. This type of valve will renain open as
long as fluid is flowng into the well, but will close
automatically when the fluid flow stops or reverses,
thus closing off the well. In sonme countries there is
a requirenment to have a surface controlled subsurface
safety valve (SCSSV). In this case a valve such as
t hat described in Norwegi an Patent Specification No.
313 209.can be used. Since this valve can be
controlled fromthe outside of the Christmas tree, an
el ectric actuator may be used. The safety contro
val ve may al so be manual ly cl osed, using an ROV if
necessary. Although the invention is described in
conjunction with a water injection well, it



shoul d be understood that a simlar system nay be used

for a producing well or a manifold system wthout
waoelewants2sy) fromthe true spirit and scope of tPEI/NO2005/000060

i nvention. For exanple, the powsr generating system 30

coul d be operatively coupled to the nethanol or other

chem cal injection flowine to the well, and the fluid

pressuri zed above what is needed for its function,

t@uAIMSe excess energy in the flowis utilized to

rotate the turbine 60. In general, the present
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ol opéﬂatlﬁﬁéil'ﬂy Mgihi&hidoignspbied BSd HesRANM Aoty bbthe subsea
siﬁ&? T? spirit of the invention. Accordingly, the
ection

sought herein is as set forth in the cI ai s

| ow. AI S far su yin ctri
%e b ssalahel athort B ted dng bt opsratea
wmmbémpnmszﬁrﬂ de¢tonalbe boyenwinvedee actustor.a second
installation by a fluid supply line, said second

itnst al Tt $ystenbeif oipiark, avigeeintsaidardphst ope ebtr dallybperated

fdomipfbricht Qu1apriSal AosiRoddige to sai d subsea
i nstal lation, the system conprising electrica

gener afﬂé“&_l/sf@ﬁ‘ '3? fpl '(fﬂe?&n% h#ﬂ@r Q:S{n%pgn%t e{t Y%As¥ one electrical
g

connect ed t sal P
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ouepl¢ctficameeirdtguegs daviceed fluid fl owi ng through
said fluid supply line, and at | east one electrically

Gper atFc syetmo0EDlaiAIT, WWlRréidBaRbati 1654t aht aldc@icad b Wer storage
Wﬁ%Q%nﬂ%u%@d%éﬁ trical power output. 2. The system

cIa| wherel IT said subsea installation is a
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\Wat er
operated component powered by said at least one electrlcal power storage device.

10.  The system of claim 1, wherein it further comprising a control module for
controlling said turbine.

11.  The system of claim 10, wherein said control module causes said turbine to
selectively be in at least a first state wherein said turbine generates electrical power
and a second state wherein said turbine does not generate electrical power.

>



chemcal fluid or another kind of fluid to the subsea

installation. 3. The systemof claim1l1l, wherein said
waawse2Bnst al | ation is a gas produci ng wel | apPdI/seres/000060

fluid supply line is a chem calg supply line. 4. The

systemof claim1, wherein said fluid supply line is

connected to neans_ for operationally using said

l2ans dversvatem of elajm 14 ihigesin Hdprther GOTPTIFIAG: subsea
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lectricarly powered valve actuator. 6. The system
SPntEP]a‘inﬁflEe wherein said at |east one el ect rically

erated conponent conprises a control nodule. 7. The
5 st erhbgfsystean af alaimte mdierein saidpitine COBRPFSI ng at

heatiry ongnipdravhiprisihg pphaalist e sigéesdand at@eass @hél rotating magnet;
gctrical power output being supplied to said at

east__one_ el ectri cal wer storage device, 8. The
§)f§%e@,ﬁc51,sn}g %glp‘pr-;smméf nonestefiopary magnet ,sﬁéherem rotation of said
ebdtacy nmenier pawes relamvagmom;anc betvaneprsasles laadp@ht estyting magnet

9na 5B awé&s%hefsta@ﬂ ﬂh Mega% @Tmavé H{oh'aﬁ generating said
east 0 ecirl cal 'y operat e

Egegg%‘f?i by sal d at | east one electrical

power _stor a?%e deV| ce.. 10. The tZt)\/xg%xem of claim],

Wher eiliei systegn phelaiia ddpmibereiy i &t POINPHEAE 2k [qast one speed

cemdor db1l $e1girspa chthtioldl speedldf saiheurbiret em of cl ai m 10,
wherein said control nodul e causes said turbine to

36l ectliheadyytebeof clagh 13¢amkrein Emﬂsdle@ﬁazu@m roetpmt ahtrises an

\{\}1% Qfé%%l H?\ﬂgé %tf?%qu%hggwhlaﬂs v g]é@&l’on?ﬂ%e i a? Eﬁée% of said

oes_ not nera
BERES, 8pd stdeatdgast Off sPeqd SRRTICPMRIRES &i fhe q@ﬂ%??ﬂﬁ@? for sensing
caidpfreqicngy. at | east one charge sensor for sensing the
charge | evel of said battery, said charge |evel

det er mhei sygteihef sialR Akl Mhetdin stafuethbi tshpasidgsecond
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ﬂcﬁoaﬁry Haftier detsrpiiag Ap cHigenmaaf wid Brbipeaspid %ammaﬂon of
seidsdffiolmcy belg hgedmportsaidanthtiontl spedd hadskidgcurrent.
conprising at least one stationary nagnet, wherein

ngt at imhe NktedRbilclaghany wikfdiglit Ralhee Sorhplising \wecontrol module for
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The system of claim 13, wherein it further conprising
a8. | eddre ytens pEelgim 13, ‘wherein it further comprising at least one direction

sensor for sensing the direction of rotation of said turbine.

19.  The system of claim 13, wherein said electrical power output comprises a
three-phase AC signal, and said at least one direction sensor comprises a phase
sequence sensor for sensing the sequence of at least two phases of said three-phase
AC signal.

20.  The system of claim 1, wherein it 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 1, wherein it further comprising at least one control
valve for regulating a flow of said fluid to said turbine.



sensor for sensing a rotational speed of said turbine.

15. The system of claim 13, wherein said electrical
wWEows078288 put conpri ses an AC signal having a PCEY02006$00060

which is proportional to said t®tational speed of said

turbine, and said at | east one speed sensor conprises

freqyency sensoy .for. sensing sai.d frequency., 16. The
g}%st eﬁﬁ“c?f Systesy ﬁ‘? f%i}mvaie Né}eﬁelpﬁﬂmiﬁﬁw Og§ ﬁenﬁyrgli Yave gemprises at
lexess b fonepasitiornt whérksatriedsorn mensi sagd Avidifloetig through said fluid
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fodcdrenfunicatieizerith nicogtral §thivn tatkaeedofenfdteliydrdh @uidnibsea
t oG, sai d turbine, said deternmination of said flow
rate bel ng based upon said rotational speed sensed by

id . i . rein
2R RS sRENSE bied 23, MR UM Ry b BT g SO RR0s et teast
PO8F 2seRYINGRFEUET-r ecti on of rotation of said turbine.
19. The systemof claim 13, wherein said electrical
Bover T sygtene ofplaimes, avhersinsaigpsemmgcatign ahit camgrises at least
sakGcatstie@stivene directi on sensor conprises a phase
sequence sensor for sensing the sequence of at | east
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fepmipaissgpeyipmienefor adidihg addbtional pessagreposiaid Bniddrinsported in

saiddigildaseglyf ligsw | oop. 21. The systemof claiml1,
wherein it further conprising at |east one control

val ve £ leth60ralubpBifs Eﬁé}y?r g{» Fan%ﬁi)ﬁafihé’thﬁaﬁ@n 8@ fbmote location,

urbi ne.,22. The system of C 21, erein.sai.d at .
PERle 188 ohP i S0k Pt ety Sl i@ facth with o
seeind ivptailatign ton tunsfesaf e supplarfividfframisaidf degpatl installation to
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. acond. position. in.wiich - ..
pHERYATnE Caded b BE S0P TG BRR0A Pt By S dyessurizing
saiddlyidy bi ne. 23. The systemof claim1, wherein it
further conprising a communication unit for
trondraTtiogsathilvid te saidramoatelsubscatingallétiont ed renotel y
fromsaid subsea installation. 24. The systemof claim
2Bthewtseradé mstaiadionp mansfocatrigoat least somenfiths kmetit chegytin said

QRFP1FFPHA b CldchBPeMdkl e4nd 25 The system of claim 23,
wher eéi n said conmuni cati on unit conprises at |east one

BERShl £ B GEF 1 Bbwer at least one electrically operated component at the
remote subsea installation.

28.  The method of claim 27, further comprising operatively connecting a 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.

29.  The method of claim 28, further comprising sensing a rotational speed of
said turbine. '

30. " The method of claim 28, further comprising:

sensing a current produced by said turbine; and

determining an efficiency of said turbine, said determination of said efficiency
being based upon said rotational speed and said cusrent.



26. The systemof claim1, wherein said second
installation conprises a | andbased installation, or a

wo b@anrs2gs i nstal l ation, or a fixed offshore  PCT/NO2005/000060
installation conprising equi pmagt for addi ng
addi tional pressure to said fluid transported in sai d
fluid ly I'ine. 27. A _nethod for. supplying energ
t%lu-a sTaE Baethod pEfen 26 fufthes commBisng ginigme %Qevvrr@te of said
afluideswingnardhgh shid uppine, baidelecarmiraidnngf sidd flosuhaseleing based
|erga!1@}d,tgﬁoﬂﬁlt%egd_second installation, for transfer

a supply fluid fromsaid second installation to
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turbine to said fluid supply line; and directing at
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claim28, further conprising: sensing a current

poducBle metled of elaimBde furthed casmeismani ng an

eéd‘nh@bt@ﬂi@}i n@istérax*afﬂvé 1 Qi Eluid Ak 159|ﬁh8’f m nat ion of said
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32. The nethod of claim 28, further conprising sensing
a37di r €Ehé oretlofd oHelain 34, ﬁﬁﬂwalcdnmushlgr;mwﬁﬁlg aHeast one of said
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choke valve to said fluid supply line; sensiing a fir
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oke va seco sure in said
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vaheresaid charge level is below a first predetermined value, causing said turbine to
be in a first state wherein said turbine generates electrical power.

39.  The method of claim 38, further comprising:
when said charge level is above a second predetermined value, causing said turbine
to be in a second state wherein said turbine does not generate electrical power.

40.  The method of claim 27, further comprising:

locating a control station remotely from said subsea installation; and
communicating acoustically between said subsea installation and said control
station.

41.  The method of claim 27, further comprising using said supply fluid at said
subsea installation for an additional operation as water injection, chemical
treatement etc.



34. The nmethod of claim33, further conprising

determning a flow direction of fluid flow ng through
wealab/céske val ve, said determ nation of said PCDWN02005/000060

di rection bei ng based upon said first and second

pressures. 35. The nmethod of claim 34, further

conpri sing: connecting a master valve to said_ fluid )
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device. 37. The nethod of claim 36, further conprising

powering at |east one of said electrically operated

device with said at | east one electrical power storage

device. 38. The nethod of claim 36, further

conprising: sensing a charge |evel of said at |east

one el ectrical power storage device; and when said

charge level is below a first predeterm ned val ue,

causing said turbine to be in a first state wherein

said turbine generates electrical power. 39. The

met hod of claim 38, further conprising: when said

charge level is above a second predeterm ned val ue,

causing said turbine to be in a second state wherein

said turbi ne does not generate electrical power. 40.

The nethod of claim 27, further conprising: locating a

control station renotely from said subsea

installation; and communi cating acoustically between

sai d subsea installation and said control station. 41.

The nmet hod of claim 27, further conprising using said

supply fluid at said subsea installation for an

addi tional operation as water injection, chem ca

treatement etc.42. The method of claim40, further

conprising at the second installation adding energy to

said supply fluid in an amount in order to performthe

needed energy transformation and to performthe

addi tional operation at the subsea installation.



