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Method of deploying a pPhotovoltaic system for offshore deployment

Abstract

M ethodsandsystem sforconstructionofm arinisedphotovoltaicpow erplantsforharsh

conditionsareprovided.Anexam pleofam ethodincludesreinforcem entofthephotovoltaic

m odulesm echanicalcapability andingressionprotectionw hilelow eringthesolarcell

operatingtem peratureusingaheatsinkincontactw ithw ater.T hiscanalsoinclude

attachm entoftheindividualP V m odulestobuoyantm ats,stripsorhosesm akingstackable

m odulestringsthatcanbedeployedfrom avessel.T hem ethod canalsoinclude

arrangem entand m ooringofm ultiplem odulestringsinarraystopow erstationary offshore

rigs,fishfarm s,lighthousesorotherpow erdem andinginstallationsinm arineenvironm ent.

DESCRIPTION

FIEL D O FT HEIN N VEN T IO N

T hepresentinventionrelatestorenew ableenergy productionutilisingm odified

photovoltaicm odulesinafloatingarray system designedforharshenvironm entoffshore.

BACKGR O U N D O FT HEIN N VEN T IO N

M ostfixedorfloatingoffshoreunitssuchasoiland gasproductionplatform s,drillingor

processinginstallationsrequireconsiderableam ountsofenergy tooperate.O therpow er

dem andinginstallationm aybelargefishfarm sthatarelocated farfrom thegrid.T heenergy

dem andforthesesitesarenorm ally supplied viadieselorgasturbinegenerators.Duetothe

highenergy consum ptionoriginatingfrom fossilfuelsourcesandthesubsequentreleaseof

carbondioxide,theactivity hasraisedconsiderableconcernam ongenvironm entalistsand

politicians.

P riorartw hichm ay beusefulforunderstandingthebackground includes:U S 2012/0242275

A1,w hichdescribesalarge-scaleoceanm obilesolarpow ergenerationsystem ;U S

2015/0162866 A1,w hichdescribesasupportingdeviceforasolarpanel;U S 2014/0224165
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A1,w hichdescribesadeviceforsupportingaphotovoltaicpanel;and KR 1011013316 B and

KR 101612832 B,w hichdescribesolarcellsarranged onfloatingdevices.

Ithasbeensuggestedtoconnectseveralinstallationstotheregularelectricity gridthrougha

landbased cableandthereby reducetheCO 2 footprintoftheactivity.T histypeofsubsea

cableisnotonly technically challengingbutalsoextraordinarily expensive.Hence,thetopic

issubjecttopoliticaldispute.

T hepresentinventionprovidesanalternativesolutiontheproblem by offeringacost

effectiveandreliablesystem forharvestingcom pletely renew ableenergy from photovoltaic

devicesduringthedaytim einrem oteoffshorelocations.T hesystem canreplacea

substantialpartoftheenergy dem andduringdaytim einthespring,sum m erandautum n.

P V w orksw ellinhybridpow ersystem sw hereflexiblefuelbased generatorseasily canlevel

outthetypicalirregularitiesthatoccurw iththeshiftingoutputfrom solarenergy system s

duetocloudsandthepositionofthesun.Alternatively,batteriesm ay alsobeused for

energy storage.T helongN orw egiancoastlinew ithitsm any fjords,asw ellastheN orw egian

seaandcontinentalshelfrepresentanideallocationfortheinvention.

T hestandard60 or72 cellphotovoltaicm oduleforuseinlargepow erplantsarenotdirectly

designedtow ithstandm echanicalforcesthatm ay occurfrom w aveslam m ingand/orstrong

w indsatsea.M oreover,them odulesnorm ally requiresolidracksthataresecurely fixedto

theground.Installationrackscouldintheory bearrangedonbargesorotherfloatingvessels,

butnotw ithoutasubstantialcostpenalty com paredtoe.g.thelargescalelandbased

installations.

T hepresentinventionprovidesanovelsolutiontotheproblem ofinstallingP V m odulesin

harshoffshoreenvironm entatalow installationcost.

Anotherw ell-know nphenom enonpertainingtophotovoltaicm odules,isthereducedpow er

productioncausedby heatingoftheencapsulated solarcells.T hecurrentinventionprovides

anintegralsolutionforcoolingtheP V device,enablingalow celloperatingtem perature

w hichincreasestheenergy efficiency.

Yetanotheradvantagew iththecurrentinventionisthedam peningofw avesthathasa

beneficialeffectonm any offshoreinstallation.Dam peningofw aves,sim ilartotheeffectof

oilontroubledw atersorw avedam peningfrom e.g.greaseicecanhaveaprofound
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influenceonw orkingenvironm entand/ortheoverallfatiguelifeofoffshoreconstructions.

T heinventioncanw orkw ellincom binationw ithoffshorew indparksw hereaccesstoand

from thew indm illsm ay betroublesom einroughsea.P V alsow orkw ellincom binationw ith

w ind pow erduetooverlappingpow ergenerationw eatherconditionsduringe.g.low w ind

andhighsolarradiationand viceversa.ForsuchlocationsfloatingP V m ay alsoconnectto

existingpow ercableinfrastructuretoland.

S U M M AR Y O FT HEIN N VEN T IO N

Inanem bodim ent,thereisprovided am ethodofconstructingaphotovoltaicenergy plantin

m arineoffshoreenvironm entcom prisingthestepsof:

(i) im provingthem echanicalstiffnessofeachofaplurality ofphotovoltaic

m odulesby introducingastiffeningelem entattachedtothebacksideofalam inate

encapsulatingsilicon-based solarcellsineachm odule;

(ii) ineachm odule,providingaheatsinksandw ichedbetw eenthebacksideof

them oduleand thestiffeningelem ent;

(iii) attachingaplurality ofm odulestoanelongated,flexiblebuoyantm atform ing

aninterconnectedm odulestring;

(iv) deployingaplurality ofm odulestringsfrom avessel;and

(v) fixingthem odulestrings(2)toindividualbuoys(3)thatareanchoredtothe

seabed(5)toform aphotovoltaicarray forpow erproductionoffshore.

T heappendeddependentclaim sdescribefurtheradvantageousoralternativeem bodim ents

accordingtotheinvention.

T hegistofthepresentinventionisbased onm ultiplestiffand ruggedizedP V m odules,

essentially havinganIP (IngressionP rotection)gradeof68 orbetter,w hichare

interconnectedinstringsandinstalled ontolarge,thin,flexibleandbuoyantm atsorstrips

w hichfloatinthesea.T hesubstratem atsorelongatedstripsarefully flexibleandessentially

follow sthem otionoftheseaw aves.Chopped w avesandseaspray iseffectively ham pered
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by thepresenceofthem atsw hichm ay coverlargeareas.T hem atsm ay orm ay notbe

perforatedorhaverecessestoallow drainageofaccum ulatedpoolsofw aterw hile

m aintainingathinfilm ofw aterontop.T hem atscanbeconstructedfrom crosslinked closed

cellfoam from e.g.polyethylene,polyurethane,EVA,syntheticrubberorcopolym ersw hich

canbefabricated inlargesectionsandthatprovideadequatebuoyancy and im pact

protection.Alternatively,thefabricm ay alsobem ulti-layeredandorpartially inflated by

pocketsofgasorbuoyantoilsorjelliesetc.T heP V m odulesw illbefixed tothem atsw ith

e.g.quicklockcarabinersorshacklesw hichareattachedtopadeyesthataresecurely

w eldedorintegrated inthem ats.Alternativefixationm eanscanbeby strapsore.g.sew ed

pocketsetc.How ever,m any fixationm ethodscanbeenvisaged w ithoutdeviatingfrom the

originalspiritoftheidea.

T herelatively thinsiliconbased solarcellsinP V m odulesareby naturebrittleandvulnerable

tofracturing.Inordertoelim inatetheproblem offracturingcaused by repeated m otion

generatedby seaw avesand/orslam m ingforces,them odulesm ustbereinforced.

R einforcem entcanbeachievedby addingastiffeningcorem aterialtothebacksideofthe

m oduleT hisw illessentially createavery stiffm odule,increasingthebendingresistanceand

theeffectivebendingradiusofthelam inatedsolarcellsandhenceavoidexcessivedam age.

N orm ally,thebacksideoftheP V m oduleisopentoaircirculationinordertoavoidtherm al

insulationw hichcausethecellstoheatupandbecom elessefficient.W iththepresent

invention,thisproblem isaddressedby lettingthebacksidebetherm ally connectedtothe

seaw ater.T hiscanbeachievedby attachinganalum inium heatsinktothebacksideofthe

panel.T hefavourableeffectofw atercoolingofsolarcellsassuchisalready w ellestablished

and know nintheindustry.T hestiffeningcorem aterialm ay alsobeequippedw ithcooling

channelstoallow therm aldissipationdirectly tow ater.T hecom positecorem aterialm ay

alsopreferentially beselectedofam aterialw ithabeneficialtherm alconductivity.

T heoffshoreP V array isdesigned w ithenoughbuoyancy tofloat,w iththebacksideoftheP V

m odulespartially subm erged,enablingheattransferw iththew ater.T hem odulestrings,or

m ultiplestringsform inganarray,arem ooredtotheseabed,by anchors,chainsand in

com binationw ithlightw eightropem adeofe.g.polyesterornylon.Alternativem eansof

m ooringisofcoursealsopossible.BuoysarealsoinstalledtopreventtheP V installationto

bedraggedunderby seacurrentand/orw avedriftforces.T hegeom etry asw ellasthe
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num berandsizeoftheanchorsandbuoysisdesignedtom inim iselateraldriftforces.T he

buoysm ay alsobeequippedw ithappropriatelanternstom arkthelocationofthepow er

plantforseafarers.

Anim portantaspectoftheinventionistheeasy attachm entoftheP V m odulesw hichenable

quickandcostefficientinstallationby deployingP V m odulesattachedtoflexiblem ats,strips

ofm atorhosesontothesurfacefrom suitablevessels.T hem odulesarestackableand can

easily bedeployedorretractedincaseofextrem ew eather.T heP V m odulesare

interconnectedw ithhighquality nondegradablecontactscapableofperm anent

subm ersion.Furtherm ore,theelectricalcablesarem echanically attachedtotherigid

m oduleinordertostrengthenthestressreliefpropertiesbeyondw hatisofferedby the

regularjunctionbox term inals.

DependingonthesizeoftheP V array,num berofstrings,designedpeakw attageetc.,theP V

system isconnectedtoinverterscapableoftransform ingthepow ertotheintendedoffshore

consum er.Iftheinvertersandtransform ersornotinstalleddirectly attheuser’soffshore

facility,they canbeencapsulatedand m adebuoyant.T helatterisparticularly relevantfor

largeareainstallationw ithe.g.m ultiplestringinvertersand w herethepow erisdelivered

througham ainpow ercabletotheenduser.

Inoneem bodim entoftheinvention,preassem bledstringsofm odulescanbestackedon

deckofvesselsorbargesforeasy deploym entorretractione.g.forw inter,inordertoavoid

them ostextrem ew eatherandtopreservethesystem w henthepow ergeneratingpotential

islow erduetolim iteddaylight.Alternatively,theP V system canbeseasonably operated

andtow edtom orebenignw aterse.g.fjordsduringw inter.Inm oreequatorialw atersthe

installationscanbeoperatedundersim ilarinsolationconditionsyearround.T hehorizontal

arrangem entofm odulesisidealfornearverticalinsolationaroundequatorialw aters,but

thefloatationsystem orthem odulesthem selvescanalternatively befabricated w ithfixed

inclination,e.g.20 -30 degreesforoptim isationinthenorthernorsouthernhem isphere.T he

latterrequireproperorientationofthefloatingarray.

T hesystem m ay alsobecom binedw ithbatteriesandpreferably beused incom bination

w ithlow energy density redoxflow battery technology.
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S everallargearraysw illhaveacalm ingeffectontheseainthevicinity oftheoffshore

installations,sim ilartothatofoilslicksorgreaseiceintroubled w aters.T heP V system

w hichessentially coversthesurfaceoftheseaw illpreventw indinducedbreakingofw aves,

ripplesand chopped sea,w hiletheindividualP V m odulesw illexperienceslow heavem otion

w hensubjectedtolargesw ells.

BR IEFDES CR IP T IO N O FT HEDR AW IN GS

FIG.1 show saDdiagram m aticview ofphotovoltaicsystem floatinginthesea

FIG.2 sS how singaP V m oduleattachedtoperforatedfloatationm at

FIG.3 show singafirstem bodim entw ith— isacrosssectionofaP V m odulew ithstiffening

elem entcontainingaheatsink

FIG.4 sS how singasecond em bodim entw ith— asim ilarcrosssectionw herethestiffening

coolingelem entconsistsofacorrugated profile

DET AIL ED DES CR IP T IO N O FS P ECIFIC EM BO DIM EN T S

Fig1.(N nottoscale)S show sanexam pleofinterconnectedP V m odules[1]installedonto

elongatedflexiblefloatingm ats[2]w hichareattachedtobuoys[3] w hicharem ooredw ith

polyesterornylonropes[4],w hichagainissecuredtotheseabedby anchors[5].

FigIG.2 (N nottoscale)S show singaP V m odulew ithafram e8forattachm entpoints[8] for

attachm enttotheperforatedfloatationm atw ithpadeyes[9]usingshackles[10].

FigIG.3 sS how singoneem bodim entw itha-Ccross-sectionoftheruggedizedP V m odule

w ithlam inate[12]encapsulatingsiliconbased solarcells[13].T hem oduleism odifiedw ith

lightw eightsandw ichcom positecorem aterial[6] andheatsinkelem ents[7].T heheatsinkis

arranged tofacilitateheatdissipationfrom thebacksideofthelam inate12 tothesea.

FigIG.4.S show singasecondem bodim entw heretheheatsinkism adeofalum inium profile

orcorrugatedheatsinkplate[11] fixedtothealum inium fram e[8].
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T hegistofthepresentinventionisbased onm ultiplestiffand ruggedizedP V m odules,

essentially havinganIP (IngressionP rotection)gradeof68 orbetter,w hichare

interconnectedinstringsandinstalled ontolarge,thin,flexibleandbuoyantm atsorstrips

w hichfloatinthesea.T hesubstratem atsorelongatedstripsarefully flexibleandessentially

follow sthem otionoftheseaw aves.Chopped w avesandseaspray iseffectively ham pered

by thepresenceofthem atsw hichm ay coverlargeareas.T hem atsm ay orm ay notbe

perforatedorhaverecessestoallow drainageofaccum ulatedpoolsofw aterw hile

m aintainingathinfilm ofw aterontop.T hem atscanbeconstructedfrom crosslinked closed

cellfoam from e.g.polyethylene,polyurethane,EVA,syntheticrubberorcopolym ersw hich

canbefabricated inlargesectionsandthatprovideadequatebuoyancy and im pact

protection.Alternatively,thefabricm ay alsobem ulti-layeredandorpartially inflated by

pocketsofgasorbuoyantoilsorjelliesetc.T heP V m odulesw illbefixed tothem atsw ith

e.g.quicklockcarabinersorshacklesw hichareattachedtopadeyesthataresecurely

w eldedorintegrated inthem ats.Alternativefixationm eanscanbeby strapsore.g.sew ed

pocketsetc.How ever,m any fixationm ethodscanbeenvisaged w ithoutdeviatingfrom the

originalspiritoftheidea.

T herelatively thinsiliconbased solarcellsinP V m odulesareby naturebrittleandvulnerable

tofracturing.Inordertoelim inatetheproblem offracturingcaused by repeated m otion

generatedby seaw avesand/orslam m ingforces,them odulesm ustbereinforced.

R einforcem entcanbeachievedby addingastiffeningcorem aterialtothebacksideofthe

m oduleT hisw illessentially createavery stiffm odule,increasingthebendingresistanceand

theeffectivebendingradiusofthelam inatedsolarcellsandhenceavoidexcessivedam age.

N orm ally,thebacksideoftheP V m oduleisopentoaircirculationinordertoavoidtherm al

insulationw hichcausethecellstoheatupandbecom elessefficient.W iththepresent

invention,thisproblem isaddressedby lettingthebacksidebetherm ally connectedtothe

seaw ater.T hiscanbeachievedby attachinganalum inium heatsinktothebacksideofthe

panel.T hefavourableeffectofw atercoolingofsolarcellsassuchisalready w ellestablished

and know nintheindustry.T hestiffeningcorem aterialm ay alsobeequippedw ithcooling

channelstoallow therm aldissipationdirectly tow ater.T hecom positecorem aterialm ay

alsopreferentially beselectedofam aterialw ithabeneficialtherm alconductivity.
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T heoffshoreP V array isdesigned w ithenoughbuoyancy tofloat,w iththebacksideoftheP V

m odulespartially subm erged,enablingheattransferw iththew ater.T hem odulestrings,or

m ultiplestringsform inganarray,arem ooredtotheseabed,by anchors,chainsand in

com binationw ithlightw eightropem adeofe.g.polyesterornylon.Alternativem eansof

m ooringisofcoursealsopossible.BuoysarealsoinstalledtopreventtheP V installationto

bedraggedunderby seacurrentand/orw avedriftforces.T hegeom etry asw ellasthe

num berandsizeoftheanchorsandbuoysisdesignedtom inim iselateraldriftforces.T he

buoysm ay alsobeequippedw ithappropriatelanternstom arkthelocationofthepow er

plantforseafarers.

Anim portantaspectoftheinventionistheeasy attachm entoftheP V m odulesw hichenable

quickandcostefficientinstallationby deployingP V m odulesattachedtoflexiblem ats,strips

ofm atorhosesontothesurfacefrom suitablevessels.T hem odulesarestackableand can

easily bedeployedorretractedincaseofextrem ew eather.T heP V m odulesare

interconnectedw ithhighquality nondegradablecontactscapableofperm anent

subm ersion.Furtherm ore,theelectricalcablesarem echanically attachedtotherigid

m oduleinordertostrengthenthestressreliefpropertiesbeyondw hatisofferedby the

regularjunctionbox term inals.

DependingonthesizeoftheP V array,num berofstrings,designedpeakw attageetc.,theP V

system isconnectedtoinverterscapableoftransform ingthepow ertotheintendedoffshore

consum er.Iftheinvertersandtransform ersornotinstalleddirectly attheuser’soffshore

facility,they canbeencapsulatedand m adebuoyant.T helatterisparticularly relevantfor

largeareainstallationw ithe.g.m ultiplestringinvertersand w herethepow erisdelivered

througham ainpow ercabletotheenduser.

Inoneem bodim entoftheinvention,preassem bledstringsofm odulescanbestackedon

deckofvesselsorbargesforeasy deploym entorretractione.g.forw inter,inordertoavoid

them ostextrem ew eatherandtopreservethesystem w henthepow ergeneratingpotential

islow erduetolim iteddaylight.Alternatively,theP V system canbeseasonably operated

andtow edtom orebenignw aterse.g.fjordsduringw inter.Inm oreequatorialw atersthe

installationscanbeoperatedundersim ilarinsolationconditionsyearround.T hehorizontal

arrangem entofm odulesisidealfornearverticalinsolationaroundequatorialw aters,but

thefloatationsystem orthem odulesthem selvescanalternatively befabricated w ithfixed
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inclination,e.g.20 -30 degreesforoptim isationinthenorthernorsouthernhem isphere.T he

latterrequireproperorientationofthefloatingarray.

T hesystem m ay alsobecom binedw ithbatteriesandpreferably beused incom bination

w ithlow energy density redoxflow battery technology.

S everallargearraysw illhaveacalm ingeffectontheseainthevicinity oftheoffshore

installations,sim ilartothatofoilslicksorgreaseiceintroubled w aters.T heP V system

w hichessentially coversthesurfaceoftheseaw illpreventw indinducedbreakingofw aves,

ripplesand chopped sea,w hiletheindividualP V m odulesw illexperienceslow heavem otion

w hensubjectedtolargesw ells.
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CLAIMS

1. A m ethod ofconstructingaphotovoltaicenergy plantinm arineoffshoreenvironm ent

com prisingthestepsof:

(i) im provingthem echanicalstiffnessofeachofaplurality ofphotovoltaicm odules

(1)by introducingastiffeningelem ent(6)attached tothebacksideofalam inate

(12)encapsulatingsilicon-based solarcells(13)ineachm odule(1)and

(ii) ineachm odule(1),providingaheatsink(7)sandw iched betw eenthebacksideof

them odule(1)andthestiffeningelem ent(6)

characterised in that them ethodfurthercom prisesthesteps:

(iii) attachingaplurality ofm odules(1)toanelongated,flexiblebuoyantm atform ing

aninterconnectedm odulestring(2);

(iv) deployingaplurality ofm odulestrings(2)from avessel;

(v) fixingthem odulestrings(2)toindividualbuoys(3)thatareanchoredtothe

seabed(5)toform aphotovoltaicarray forpow erproductionoffshore.

2. A m ethod accordingtoclaim 1,w hereinsteps(i)-(iii)arecarriedoutonshore,and

w hereineachm odulestring(2)isfoldedandstacked fordeploym entfrom avessel

3. A m ethod accordingtoclaim 1-2,w hereineachm odulestring(2)iselectrically

connectedtoafloatingw ater-cooledDC/AC inverter.

4. A m ethod accordingtoclaim 1-2,w hereineachm odulestring(2)iselectrically

connectedtoafloatingDC com binerunit.

5. A m ethod accordingtoclaim 1-4,w hereinthem atism adeofclosedcellpolym erfoam .

6. A m ethod accordingtoclaim 1-4,w hereinthem atism adeofsyntheticrubber.

7. A m ethod accordingtoclaim 1-6,w hereinthem atisinflatablew ithgasorbiodegradable

oil.

8. A m ethod accordingtoclaim 1-7,w hereintheheatsink(7)isconstructedofm arine

gradealum inium alloy.

9. A m ethod accordingtoclaim 1-8 w hereineachm odule(1)hasam odulefram e(8)to

w hichtheheatsink(7)istherm ally connected.


