OFFSHORE FLOATI NG OCEAN ENERGY SYSTEM Cross- Reference To Rel at ed
Applications [0001] This application clains benefit of -the filing dates of
U. S. Proweizorzloswppl i cation No. 61/162,151 , filed Mar ®oTAB2012008%70 U. S.
Provi sional Application No. 61/228,888, filed July 27, 2009, and U.S.
Application No. 11/569,869, which is the U S. National Stage of

I nternational Application PCT/US04/18687, filed June 9, 2004. The

di scl osures of all three of these applications are incorporated herein in
their entirety. T@Eﬁﬁ&QREFEIe@AT[lN&ﬁgFEBN)MEwBﬁtYsSMST pr esent
disclosure relate to the general art of potential energy storage and power
generation, and in particular to systens for capturing and storing energy,
for instance, offshoreCrossdtaferpnscedorRelatadgyppcatioms. Background [0003] A
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Background
[0003] A number of renewable energy sources exist that are adapted to use

forces of nature to generate power. Examples of such sources include, but are not
limited to offshore wind, ocean currents, and ocean waves. These sources,
however, are intermittent and/or time-variable in nature. Since their productive time
intervals are not generally correlated with the time intervals of load demand, these
renewables are not well accepted by the power industry.

[0004] | In order to be more useful, such intermittent, but otherwise sustainable
power sources must be integrated with large, readily accessible means of systemic
energy storage and subsequent power production. Existing, accepted energy
storage means are generally terrestrial (pumped storage), that are not readily
available to offshore renewable energy sources. Those that are, such as batteries,
are excessively heavy, short lived and expensive, and may be dangerous to the

environment.

Brief Description of the Drawings
[0005] Embodiments of the present disclosure will be readily understood by

the following detailed description in conjunction with the accompanying drawings.



[0006] Figure 1 illustrates a bottom perspective view of a pneumatically
stabilized platform (PSP) for use in the offshore floating ocean energy
systens dEOcpid@sicder ein, in accordance with various enPodiuseris2807©007]
Figure 2A illustrates a cross-sectional view of a "Rho-Cee" wave energy
converter (WEC), in accordance with various enbodi nents; [0008] Figure 2B
illustrates an exanple of a hydraulic power takeoff device buoyantly
coupled to an oscillating water columm (OAC), in accordance with various

enmbodi meFmbediments I the djsglesurearg ilusitated ksway obeéxampieeed eabvarat of a

| i near ; h&G ly coupled to an OAC, in
accordaﬂ@gé%% ﬁ(t\?ﬁ?}ﬂ@r&g%@ﬁ%ﬁﬁcg&ﬁt&gﬁﬁ? g%%?_&[l:i gure 2D shows an exanple of a
uni di red0P@flal r ckigure ilkistratea ehiotier pessreetive vign\ie rrekeeticallevi ce

pneunat i : ol ' ' nce with
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I | | ust r adesegbed merdindinciccardaney witly) vavdous enbegiireerty; r esonance in a Rho- Cee
WEC and aring_.an e | e of a conventiqnal oscillating colum with a
vert cal D0 Bpen: HEOREGER Teigs & ohse SR AL B R HEE CAf Em  hat adds a
hor i zontenergyosdnvemer(WVE C)g ircadtorddnce ith vapeusserhbaodidentsal |y (Figure 3B), and
gener al | ward the approach directio f incident wayes,.in .accordance
ot varDB e otiahen 28 iRRERES et Se DB RansE ReR SPURS coct t on

Vi ew, arbueybntlyi soapledad ah lsciflatimgtwatgr codwran (@WS)gin egsidante withlhaddusnest ed WEC
units are repeated endw se along the generally seaward edge of a PSP to

forma I?rﬁ%o m%’?tf‘;ay of contiguous VWECs in a two-di mensional term nator
confi gur[@aodg9]n, asFigaré 2@sliBtrayganaiiteheitdrembodintent bf akreeaagdnaaan current

turbines, in accprdance with vario e Lments: [0013] Figure 4
11 ost r e ERERRBREE Budtandy KRte s R FERRTt OF Soe sl 4o ¢ of a Psp
used as empmfireedtsal energy storage and power regeneration device and
Systen BRiSeorCBRG b el po B IRt el P B Lot e
I nt er nal alteratsrgtomter ékevfh devies phelrdatingliypcoupdd ol @vedciidting water column,

in accordance with various embodiments; ‘

[0011] Figures 3A and 3B show two schematics illustrating a method of

achieving wave frequency resonance in a Rho-Cee WEC and comparing an example

of a conventional oscillating column with a vertically opening mouth (Figure 3A) with

an oscillating column that adds a horizontal portion having a mouth that opens

horizontally (Figure 3B), and generally toward the approach direction of incident

waves, in accordance with various embodiments;

[0012] Figure 3C illustrates, in plan section view, an embodiment of the

floating ocean energy system in which nested WEC units are repeated endwise

along the generally seaward edge of a PSP to form a linear array of contiguous

WECs in a two-dimensional terminator configuration, as well as arrays of both wind

turbines and ocean current turbines, in accordance with various embodiments;

[0013] Figure 4 illustrates a schematic diagram, in elevation view, of an

example of a PSP used as a potential energy storage and power regeneration

device and system, in accordance with various embodiments;

[0014] Figure 5 illustrates a schematic diagram of a PSP potential energy

storage device with closed internal interstitial volumes holding air at elevated

pressures, in accordance with various embodiments;



pressures, in accordance wi th various enbodi nents;[0015] Figure 6
Illustrates a schenmatic diagramof a PSP potential energy storage device

wi t h wat ewolkzalo/aste3r ever si bly residing i n deck-nount ed PEmRIS2010/0280¢€0or dance
wi th various enbodi ments; [0016] Figure 7 illustrates a schematic di agram
of a PSP potential energy storage device w th buoyancy cylinder water

bal |l ast reversibly elevated by vacuum in accordance with various

enbodi ments; [0017] Figure 8 illustrates a schenatic di agram of a PSP
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enbodi nents;y [0 1_8']B Figure 9 illustrates a schenmatic di agram of a power
expansi c#fcefdapes with variousrripbgaimentsed as air with pre-heating, in accordance

Wi th varfogys) embogighRdy iusirBied A schb@dfi€didGrdn bs bEptRtetiabemagpt i ¢ di agram
of power expansi on of potential ener?y stored as air with inter-stage
r eheat i njorBge devarwith bupyangy cylingen watdfibaliasy spvestirly @lfyatfdyntasuump020]

Figure 1 acbdriistdedtigsvationSRnoumeHyancy cylinder with a reserve buoyancy
saf ety bul khead, in accordance with various enbodi nents; ;0021] Figure 12
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pl at f or ngt6B§EHeREE with BYASYE Watet rbstSibly Wediing af Beasot@nhsraba iHersaid et y
bul khead, in accordance wi.th various enbodinments; and [0022] Figure 13

i |1 ust r a¥b4Nes, PEEcerqansg gyBresioes emReEMefisi h a reserve buoyancy safety

bul kheadgpfsjoper agigape 9iilusfa@820RAEMalE Hidgiamt bPApoRwELOMaREIBh of Detai | ed
Description of Enbodi nents [0023] In the follow ng detail ed description,

r ef er encROterdiahanfioy stofackasgie WHP R/ NRYINGr BACRESaRFE WA V8F9HSa part her eof ,
and i n Wihkdbimemsshown by way of illustration enbodi nents in which the

di scl osure may be _practiced. It is to be understood that other enbodi nents
may be ufP19zed afiguge 19 dlusirates grscheypiicfliagiRahefROWREFXBRNSRLY wi t hout

depar t i neptédtRMeAdIgy S©RREaPhir Wi iIMECKEHS rehesFAPEHECawatée Iredoriantée
follow ng detailed descriptionis not to be taken in a limting sense, and

the scop¥dh AMOERBBIRCAEINYS: in accordance with the present disciosure, are
defined fag20) “Figure 11 illustrates a PSP air-buoyancy cylinder with a reserve

buoyancy safety bulkhead, in accordance with various embodiments;

[0021] Figure 12 illustrates four views of an embodiment of a pneumatically-
stabilized platform (PSP) air-buoyancy cylinder with a reserve buoyancy safety
bulkhead, in accordance with various embodiments; and

[0022] Figure 13 illustrates a PSP air-buoyancy cylinder with a reserve

buoyancy safety bulkhead in operation, in accordance with various embodiments.

Detailed Description of Embodiments
[0023] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which are shown by way of
illustration embodiments in which the disclosure may be practiced. Itis to be
understood that other embodiments may be utilized and structural or logical changes
may' be made without departing from the scope of the present disclosure. Therefore,
the following detailed description is not to be taken in a limiting sense, and the
scopes of embodiments, in accordance with the present disclosure, are defined by
the appended claims and their equivalents.
[0024] Various operations may be described as multiple discrete operations in

turn, in a manner that may be helpful in understanding embodiments of the present



t he appended clains and their equival ents. [0024] Various operations may be
described as nmultiple discrete operations in turn, in a manner that may be
hel pf ul iwounterstéandi ng enbodi nents of the presentdi sclpogarseqiohegeever, the
order of description should not be construed to inply that these operations
are necessarily order dependent. [0025] The description may use
perspective-based descriptions such as up/down, back/front, and top/bottom
Such descriptions are nerely used to facilitate the di scussi on and are not

i nt endedligdpsues; however; the AN of dgsrrintionshewd hat berenstiyed tEnRly Baént

di scl osypgse &ﬂm&%sg@néﬁsgﬁnl SR8 Pendend “connected,” along with their
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physical (for instance, nmechanical, hydraulic, or pneumatic) or electrical

cont act thF HI§CESHGN BAARIE Not nkansied do '@Féﬂﬁt Ht?a?PFﬂ'ﬁ%ftO”t%"thOdMﬁ@s eftBgents are

in diregeddtyaisedbul el ectrical contact. However, "coupled” may al so nean
that two or nore elenents are not in direct cont act with each other, but
yet sti|[P0&Joper athe §Fms roepled: and (gonegeiRd.oleas W"["db?'?]’e’ly@ﬁ"’?%@adurposes of

the desqyd J&fehortsh@ula%atﬁweiréto&dt@\at fHeB2 tenB"ar@hof intehBed b &yRonpniiTef or B’
means (A), (B) A and B). For the ?urposes description, a phrase

A o ot Rater. ip Rartigpiapnempodigentse cwsﬁ@g(mﬁv be gped taindicals and B)

(A and %tt&vsoa%r&)eten@nts(éte quﬁ\éLq s.céﬁQforHseariaurrmem.&t HyBeaudlescri pti on,
a phrase in the form"(A) B' nea that is, Ais an opt i onal

el ement .OTPDBYBRtiICHE elgskicel santash Wr'ttﬁfaﬁgéﬂteﬁe ‘%ﬂHPé%deénayl meahthahWe®ment , " or

"in enbadbreRidriients i if HirdBYpHE_RAl csreeﬁ&ftnéamc@mactommv@r ofouphRy” sedye Or
di fferent enbodi nents. Furthernore, the e " "including,"

"havi ng, s maan et Woer meee ¢lemantyiare ”Pb’%’é@?t QOBtaéE%BHieﬁgh?@ebfb”t he present

di scl osy/eestilpdpdaiByiRtsct withQ@23h oEPte$C| osed herein i n vari ous enbodi nents
are offshore floati n%%s ystens for capturing and st r £14|§ (gy for instance
/

from ocdiaves BOdNS PUPABPLP]IES IEFDIORF PUABS N Nt sun. In
vari ous ek odahd@bt 8" méarﬁ)i]@l)n(ﬂ)lmh|éhd$)atﬁdr tt@ﬂ:rpbﬁsfcﬁlttﬁé d&¥ohptisrry serve as
both & SRRl e PO R L T Y A% 2 055 (8], (). (A and B), (A

and C), (B and C), or (A, B and C). For the purposes of the description, a phrase in

the form “(A)B” means (B) or (AB) that is, A is an optional element.

[0028] The description may use the phrases “in an embodiment,” or “in

embodiments,” which may each refer to one or more of the same or different

embodiments. Furthermore, the terms “comprising,” “including,” “having,” and the
like, as used with respect to embodiments of the present disclosure, are
synonymous.

[0029] Disclosed herein in various embodiments are offshore floating systems
for capturing and storing energy for instance from ocean waves and/or currents, tidal
currents, wind, and/or the sun. In various embodiments, a pneumatically stabilized
platform (PSP) may serve as both a support for a power generator and a potential
energy storage unit. In various embodiments, the PSP may be coupled to and/or
include one or more renewable power generators, for instance, a wave energy
converter (WEC), a wind turbine, or an ocean current turbine. In one embodiment,
the PSP may be coupled to a “Rho-Cee” WEC, such as those disclosed in
WO/2005/095790. In other embodiments, the PSP may include both a Rho-Cee

WEC and a wind turbine, ocean current turbine, and/or solar panel array. In such



energy storage unit. In various enbodi nents, the PSP may be coupled to

and/ or include one or nore renewabl e power generators, for instance, a wave
ener gy cowmoenteerns(69EC), a wi nd turbine, or an ocean cur PEmUSL0OR8920 | n one
enbodi ment, the PSP may be coupled to a "Rho-Cee" WEC, such as those

di scl osed in WO 2005/ 095790. In other enbodi ments, the PSP may incl ude both
a Rho-Cee WEC and a wind turbine, ocean current turbine, and/or solar panel

array. In suchenbodi nents, the same PSP al so nay be used for_energy
st or age, erROIBERHF: thegaME R alse maydediseddel ROy Botge. Fheesssbeddd i n

various gehedidBnbsiowsy enable the operation of very large floating
platforns, with superior notion stability and | oad cageam ty .in challenging

sea- st at[803yi r onhRPSP usgd ihyiisumembedinients pap epablese gpesationel i scl osed
in U'S 2l Rfje Miathg pRiforns, Math skpeRG e, styml.tyfanumdw@@ew ated herein by

reference 1n i1ts en |rety [0031] In various enbodi nents, the PSP may
achi eve Ghellengingsea-siate; BlYirehmpnts| ﬂfye'ahep'@eﬂﬁcm%" MARE APEP#St i on by

decoupl i digtid<a8 in DU | PatéktppREARA N1 8/58D 8BS UivKigh ﬁshnh@él?ﬁra’fté‘tﬁhéféﬁ\ wf air
buoyancy, which nmay be both conpressible and nobi | e n enbodi ments, the

ai r may 'BETNSKLAIHEBIEN. an array of interconnected, open- bottomed,

cylindrifpgs1]jt anksin vE'ﬁSus”?léﬁ\bB&)helﬁﬁs oS PRbiyl Rhidv itéanseaotgRodi ment's, by
means of ductin n some enbodinents, the duct ng arrangenment nay be

sel ect ab?t%b"it)‘laP%éV”‘ftP’ﬁé'%’Ss H?é@at'g'ﬂlpi’ derruplipg the: Byl feam of Y€ and platform

deck | ogstesrdirél tmdughuﬁé 08e of 4Ir Padyahép WichaThpBé BBIN Compressible and pressure
adj ust nent s may made via Roots-type bl owers as need 0032] I n various

embodi neAekile. A’PleE]bBH@é?E‘éfd thespir gy beoMansd ip3a&rmy ot Pterg sive
r enevabl gheRlRAtBheY SfliABRicakfarlE S Thé aw%aﬁreemade hidbasldh bamdust 0 the Rho- Cee
VEC descri bed bel ow, t he PSP rrgé/ al so or c{ernatlvedé-?‘/f I nco rat e ot her
power geiBROATBRRIS, RY WRABT OISR IRsomepmbedmepisHhe H?%F"ﬁ’gﬂfzﬂ bl e or
ret ract aRhEbO sEIBEaBMIif Bt tlmgrtblbéﬁ%wﬂtﬁb ?’@d’ st@téserﬁﬁbﬁﬂ\bﬁﬁzmcs plagsreh of W}q heﬁe
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can hel pd%éqaéﬁ}ged'ftﬁﬁu"!ﬂ“oﬂp QﬂmcH'ab?mggd'EVEI Fﬂf @%r PWP@WﬁﬁdiuéﬁP Swer
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~ comprehensive renewable energy system, as described herein. In addition to the

Rho-Cee WEC described below, the PSP may also or alternatively incorporate other

power generators, such as one or more wind turbines and/or deployable or

retractable ocean current turbines. In various embodiments, each of these power

generators may contribute energy for storage within the PSP, which can help

overcome the problem in prior systems of intermittent power generation. In some

embodiments, these and other uses of the PSP, for instance non-energy-related

uses and marine real-estate uses, all may greatly reduce the individual capital and

operating costs associated with their mutually-supporting offshore platform, which

may be operating in a hostile ocean environment, for instance. _

[0033] Figure 1 illustrates a bottom perspective view of an example of a PSP

for use in accordance with various embodiments. In some embodiments, the PSP

10 may include a plurality of variable buoyancy members 12 grouped in an array.

The variable buoyancy members 12 also may be joined to a top cap/plate. In

various embodiments, top caps, when assembled into an array, may combine to

form a platform top 14, which may provide the working base for desired floating

platform operations. The variable buoyancy members 12 may include an opposite



operating costs associated with their nutually-supporting offshore
platform which nay be operating in a hostile ocean environnent, for

i nst ance.wpQOBBjstsgure 1 illustrates a bottom perspect PCE/US2E&W0RE07@N
exanple of a PSP for use in accordance with various enbodi ments. In sone
enbodi nents, the PSP 10 may include a plurality of variable buoyancy
menbers 12 grouped in an array. The vari abl e buoyancy nenbers 12 al so may
be joined to a top cap/plate. In various enbodi nents, ps, when
assenbl e%f‘dl?fpc@ab’ﬁabpﬁ&?e“ RBY abErBiaiew waterdp ﬁf‘@'ﬂ"lea‘?‘?"QWrﬁqﬁdﬂS‘ ‘1f4hewh| ch may

provi de Jda.abwubymyba&ﬁbé@mdw .heeﬁie flémﬁé Bisbyh&) fnriBefPe2 AfayOns. The:
vari abl e buoyancy nmenbers g I ncl ude an ogfom teend 20 that nay be open

and abl disRiaeR w@w \Raiderthe &arm% uQYRECY BIEMPR Hb% tintgFabwatenktogderib| e

buoyancygiaRebfa tH@extétrfal Bter Msvel @ht amyecohuewmyrom@tmwank% vighthedi spl ace
wat er |n5|de t he vari abl e buoyancy nenbers (internal water) to a depth

great er dhyHuPAE pés&serreriave%e}é&rﬁlw SPBB%VF thefRP Frﬁy control | ably provide

buoyancyjous4) t he @ivari¥Qs EABoGintnes She suay@néﬁmbmbam+yn@yrba<yttea%he PSP 10.
[0034] In various embodi nents, t he buoyancy menbers 12 be at | east

par ti al | RAtiallydeined togethes by ByPosoRgRIats By paY lé‘telr6°“r§ﬁtfdlt?¥t nected by

verti cal pditions18Qekposed eéﬁmﬁ%d@ehw@b%@qsmy MambaRl 12, Mepssncy nembers
12, thereby deflnln% interstitial volunes ) varj ous enbodi nents,

i nt er st i 987RINgVRIE V?Wn?ﬁe?yz%e'“ﬁ’xi‘&%“%%’ﬁ{’?qjmeaﬁl' W%‘f*@l‘ Yolymes 2Ry

ai r-ti ghte mhbelSomFaubi wwerﬁgmeeﬁﬂvof%.rhmhyamsvprbhaﬁwgwsg@emuby@\dyop platform
substantlal I y above t In the event td‘"ﬁt’i’b&‘ge or % of the

vari abl ehpyBpukesp tl’?ﬁﬁ%P@“?"@" F”bs[t%@ﬂy abovethe matrs eVeARtat f shor e

fl oati ndspreamalediehdyarfabid BBy afty iembefemgnt di scl osure nay include one or
nore devi ces coupled to or carried b'\_/I the PSP for generatin ower froma

vari ety BP3%at ur af deseritessaboye: the offshpreilealing eeanensiay s¥smeot ypes of

renevabl ge pAnght %@88&% Has: .neuadéraa{e BPhoR Uelid¥s RbLSIR td'6r SAHREPEY tHd
superstructure, but may al'so a reserve for potential energy generated by

t he renci@Bfe q@a@@tm@eﬁ\gehﬁW§ waiigty efatsaksoprassdivMitnths PSR codledr ovi de a
habi t abl @ JasR n{dvé typs ok r&fef/daﬁleeﬁﬂwéf?eﬂél%&ﬁé‘qgma{l QQt?tﬁlly F&M@Qh@A

illustrates a cross-sectional view o use with a PSP
in the o¥YPEABING SEPeTatvGiEreobBMarAlsP P %%?@ﬁﬁwd&mtiab%ﬂaéB%Nﬂateﬂs shown by

way of  exalBlrénevhbEpowdt dehefdtbm!#d, in&oRaRerdBodiMeEntdBl may Previde @
habitable base for their efficient maintenance.
[0036] Figure 2A illustrates a c_ross-sectional view of a “Rho-Cee” WEC, for
use with a PSP in the offshore floating ocean energy systems described herein.
As shown by way of example, a WEC 30 is coupled to PSP 10 and may include a
plurality of oscillating water columns 32. Each water column 32 may include a
vertical or inclined portion 34 that may bend to form a lower horizontal portion 36 or
“foot.” Each water column 32 may include a submerged mouth 38 disposed
generally at a first end of the lower horizontal portion 36. In use, the mouth 38 may
be oriented to open generally towards a principal approach direction of incident
waves 40, and the WEC may include at least one above-water power takeoff device
42 responsive to the movement of liquid in the respective oscillating water columns
32.
[0037] Figure 2B shows an example of an hydraulic power takeoff device 42
coupled to an oscillating water column 32 with a column-resident buoyant float or

raft, in accordance with various embodiments. The power takeoff device 42 may



plurality of oscillating water colums 32. Each water columm 32 may include
a vertical or inclined portion 34 that may bend to forma | ower hori zont al
portion 380anig/foews. " Each water colum 32 may incl ude &CIisaegesd7orout h 38
di sposed generally at a first end of the | ower horizontal portion 36. In
use, the nouth 38 nmay be oriented to open generally towards a principal
approach direction of incident waves 40, and the WEC may include at |east
one above-water power takeoff device 42 responsive to the novenent of
liquid igentrelablyeggnerate wlecticity by sqang ohap Bydreyliomatorgiven generptoriifire 2B

shows arboﬁiSl@H%Ssmtc@ﬁzdi‘)égir?élﬂlda@oPFAW4 fisdsepbfrafavittchevateapiad to an
oscillating water columm 32 w a colum-resident buoyant float or raft,

i n accortBawatergpiumns: |d61’1'§9@rﬂ%'8|9n%cﬁ'ﬂs longratrefsidrauicsytindege Fnewy a2

maycont r@éQ@,@hﬁe%B%%%@,hw héGiiuatByqageans of an hydraulic notor-driven
generator 118 cou to a swtch 120 as the float or raft 44 rises and

falls wilPP3&he wa 'SF"'Q &G showp apieatesmeAinait P2 lingar 9PRRI2RNABNIBN e- act i ng,

| ong- st rrﬂ&ﬁfuhmm}éca sybhw&nc Z;E;wr%keamaemeazb% aeCempbaieat ian the
accunul ator 122 %3 ure 2C shows an alternate enbodi nent of a |inear

gener at dield mageat 1 W‘?MPFE? ashedite a deptydrivended PG hich Maymavetikeof f devi ce
42. In tﬂélosmﬁgmwogg%mﬁlafﬂké& C%uﬁ%\glﬁcﬁﬁ%$ﬂﬂatméyc&ﬂeloﬁt§yﬂ6m%déw Wwith

float-driven rod field magnet 104 through a fixed,

1
sur r oundhyericahapetios of e atlﬁ?!?e@y'ﬂ%th“@nm?ﬁty inAYaing aealRIPRtingotagt i on of t he

attache%ﬁdléa@&e&uﬂeﬂt eleP@iE @0t 1A Sehatitedbll @082t i ng vol tage and subsequent
electric current the armature coil 108. [0039] Fiqgure 2D shows an

exanpl e BP3%ow a 5‘6\%‘? 2D shaws AngEIMele in‘°WE@/p?“&T{’éa'E deyio 4% may

uni di r eqhkofhalforn®8ca uﬁxa.réa.bhbﬂea&@ndwbwm &lW@Paﬁ&étortthé tirgihki ne bei ng
pneumati cal ly coupl ed t he oscillatin this

enbodi meRfiNg F?W?é’“??é’ﬁ%ﬁ Y&%leiddﬂ ths ogqiieting %ﬁﬁﬂ CPW"TW cfgéﬁ“ﬁleglmﬁtj“%t er colum

32 (Fi guhe upWard rhetin of 1R liglii M tﬁé%san&m@mva&e@cmhh BQmFi@furé b, AgHt) cont ai ned
above the |1 quid surface (not shown) th roug guctl n E’2§¥éfo the flow
i1 ag

di rect i JR3Y @ei)'?m%n\% 3i Restinafdhe s containgd gROYS the; 96%nd may

exhaust §I"féwhﬂﬂmréﬁgmﬂéhﬁg§ 412 @thbhl@w@hé@h&i—fé&lﬁﬁlr@ﬁuwﬁéi‘c%@11|4efl'i‘r6ughal r may be
drawn fromt

O e P a ool L ofeebhi B b Bl A g o Ovo"
expandi nzp \éxt)USE b ®eaird e frdmthe RBVbsiheld, thtd thestecliging tumiricheasedldm ( not
shown). thpough the turbine 116 in the same direction, and may exhaust to fill the expanding
volume above the down-moving liquid surface in the column (not shown). In
embodiments, the reaction turbine may be employed to take advantage of the broad
efficiency characteristics of the type with regard to continuous variation of the ratio of
air velocity to wheel speed. '

[0040] | In such embodiments, oscillating airflow between the oscillating water
columns 32 and the atmosphere may drive the reaction turbines. According to
various embodiments, this may produce a more efficient system than, for example, a
bi-directional “Wells turbine” which is more common on conventional WECs.

[0041] In particular embodiments, long-stroke hydraulic cylinders may be used
with accumulators, hydraulic motors, and controls, to maintain the desired constancy
of the input impedance apparent at the submerged mouth of the WEC.

[0042] In various embodiments, the WEC may be an impedance-matched
terminator that may be constructed from reinforced concrete, and in some
embodiments, concrete may be the sole material in contact with sea water. In

embodiments, several constraints may dictate that the impedance of the absorber



enbodi nents, the reaction turbine nmay be enpl oyed to take advantage of the
broad efficiency characteristics of the type with regard to conti nuous

vari at i orwof2otoesreati o of air velocity to wheel speed. [PO0AGROI0/289ACH
enbodi nents, oscillating airflow between the oscillating water colums 32
and the atnosphere may drive the reaction turbines. According to various
enbodi nents, this may produce a nore efficient systemthan, for exanple, a
bi -directional "Wells turbine" which is nore common on conventional WECs.

[ 0041] lelements ircthe AVEEC bieculitensmadl, Thusigr sanaiscemiattimeantsctheyoperedien ©f may be
used W . r c I ain the
desired coﬁ%ﬁlmé%g r%old?ﬁ/r% 'ﬁHy bﬁﬁgﬁ)%’%@i"eégﬁﬂ}tegﬁ‘gtg ﬁ%aog%%%nte{%ed nout h of
t he WEC. pa[r@mAQ]ermatlcedwsma@geam@mQMta@hlevm thapespagntiperieth andmpedance- mat ched
Lor m Naldhahdif 1reolFe 6PARIE BEIBLALIRM SeblaheshifhoaResd o, and Tn sore
enbodi nment s ncre e my e sole material in contact with sea water.

In enbodimeginents cFiguse 3achows ainrxempig/ofci earamen caafigwrationiatgedance of the

absor berc%h%ﬁ%?l dsEnll&h@ %pQZWWEEh%@}e{sonJA}%noB Bf ¥&KiliaAbS, 'I%W@Od' ments,

t he operation o ting water colums may be general I'y resonant.
Fi gure mﬁom@pr@Bththe sgugygirpolodf tlse;h@ghltqféfse intarogltwaten ¢Riumn.hiehd of

achi evi u # ve- bor ne

ener gy, % acco aﬁ@gﬁ\ﬁ?thgg}%gmgﬂﬁga@tﬂgn%@%g%%jg?%ﬂ%gﬁﬁm an exanpl e
of a comfﬁﬂhmﬁf%ﬂ@t"ﬁmﬂmﬁﬁacbéﬁKPé’IﬂeF'dWegfa‘d@c| | lating columm 32 in which
the resonant period of oscillati on s proport| onal to the square-root
of the height of the internal vvat whi ch height is representative

of the mass in an oscillatory ' sprl ng/ dynam cal system wherein the

"spring” P@ia[ 18Ct | 9 RBrqAF55hiEYe QFﬁé(ﬁJe)Sr |0L€%%L?Atrobe%d%atn§gafe9r &ve a

relativ ong resonant period I's t ocean waves, the height
of the meem wawes the taaghtmmmwmyc@em&%wh@brrmsebwemmn&urat&awh of the

devi ce, H@xra%f'iﬁé@éb eeghm dp%[rgﬁageég |§r§@ We Yifs @w@s?rﬁe%rneaqx Wﬂeﬁ capture is

t he objective exponenti a t he
energy @paturelsithe p@ﬁcw@pﬂwéwwd M@C&@ﬁ@xﬁ@néﬂﬁ@ﬂ\dwﬁb dBBthsi"Gnl ficantly

reduced. r@tg@%va‘l&ﬁe Y(ﬁrctag ?é{lv)ﬂt Qr%ﬂirggew&ﬁ% éﬁmﬁd&ﬁtl&%dﬂxﬂ@d 3Riswi | 1 be

found to be pointed endl cu rection most efficient
capt ur e tbg vgm@ﬁlymeemammh S8 of the. coyymn 34 milblg found t% h%ﬂﬁ'"i%" Figure 3B, a

porti on Qfnéhdk@idr k& e dAREHdPRIr AfbsPEffigieMBdaPlure of such wave-borne energy.
By contrast, as shown in Figure 3B, a portion of a vertical portion 34 of a water
column 32 is bent to the horizontal 36 at a smaller depth where the available wave-
borne energy is considerably greater. In embodiments, the effective mass of the
oscillating water column 32 may be controllably increased by reducing the cross-
sectional area of the horizontal “foot” 36 relative to that of the vertical column portion
34, or it may be controllably reduced by decreasing the horizontal length of the “foot”

36, while the “spring” and resulting resonant period, Tg remain unchanged:

7, =27 [ 142 X
g 4,Y -

[0044] Further, when pointed horizontally into the direction of the incident

waves 40, the mouth 38 of the horizontal leg is optimally oriented to capture the
available incident wave-borne energy. In some embodiments, several water
columns may be tuned to wave frequencies with bandwidths that may span the

energetic region of the yearly average incident wave energy spectrum. In



colum 32 is bent to the horizontal 36 at a smaller depth where the
avai |l abl e waveborne energy is considerably greater. In enbodinents, the
ef fecti veworss/oBisBhe oscill ating water columm 32 may becCtarstoiolobsabé y
i ncreased by reducing the crosssectional area of the horizontal "foot" 36
relative to that of the vertical colum portion 34, or it may be
controllably reduced by decreasing the horizontal length of the "foot" 36,
while the "spring"” and resulting resonant period, TO,remai n unchanged:
[ 0044] remhadémentottbe nponalized baodwidthstrady goviemn bothie rsistive ingHt of t he
i nci dent; optimally oriented
to capt urB@Hﬁgeﬁ\glt*@Eftggféé}/}lﬁgogn\}\%%_eggﬁ lr?éaggr%@b c'oﬁﬁlnﬂ §zsome enbodi nent s,
several [(@4%r col Theerineinle bEimpedance: matgaing. wh@qaerN@ﬂég WEE energiidwi dt hs t hat
may spa f e eT=1g" N e ener

y sp rbabruﬁeem cliGn WRFLPEPm mekhl ze dlﬁﬁ Bﬁgﬁpr’e% VRS gy

spectrum rrents t he nor S may govern both the

resi st i wehenfpised byteeidediedipressure %atm%%mmenb@nm@awaw agtheh

osci || atyypg f&@é ws%erQQ firlith S ofthé Wakd cB1uin ﬂnrgoﬁﬁar@&e m‘oﬂmrw when
applied to C ener ture 1 n conjunction wt may,

enbodi nEa1W§C way é%pﬁ@é%’b’cﬁ@éamdwﬂ ipgest agvantity o @I@&Prbvattmlégmaqe@ pressure
of a bl %%%f'tﬁ@éﬁé‘?re&ﬁé?ﬂ? Wltﬁéﬂke Y&HE a?ﬁplufu'ﬂ@ a¥¥at R @ uibdiéckgygbmer ged nout h

38 of the water colum in Cee absorber in a WEC may sinusoidally em't
and/ or iiPgident wavgueiitn wp%fte\ﬁbﬁoet#egrthWM This MeayRePessiif:dn ¥#riquse sane

f r equencymydidierdtt s t%@'WEérH%Ei'IIStBP'% cﬁ%rétm@tat %sohaﬁcéiwrw,%sém dent wave,

but in opposite (180 degree) phase. ThiS nmay be possible, in various
enbodi mesmall, resistive, mpwEmpedangs. antﬁmp%t ippedangenyhgp aV%@Sﬁ%ﬁ&a’ the her eby

present idigs gf HERde, n{a?sﬂeﬁéﬁdfﬁly B gual ﬁﬁﬁgéﬂ&%ctergﬁ: infpedbnddafance, when

averaged over the area of face, may beneficially be equal to the

char act emldﬂntavavaﬁbelaable Otﬁf/vhtdmes demtd@rﬁhm@ee (ptGﬁeth&anrgéuczﬁof thei ch is

denot ed " Rho- Cee" ) Woduct Iéef\‘ den5|t§ f sea water, p ,
Wi th t hdn@ss dansityo at"f@e'i 190 48 the 9%9’83’0 eI"r"lc' edAVReHt & that resistance

may be cORddrhémb! thafrBBikiafte %ytﬂéecdﬁﬂﬁﬁ‘é’blyl é‘ﬂ_!l'gﬂleefbfy e bW Er tﬁl?e -whereby the

oscillations are converted to useful work in certain enbodi nents,
the genelexiced2mhrsehinipeosaliationsiase genusried do usefuliork) Jbkedn Fe@ent wave and

render %Mﬁﬁlrﬁ&ﬂEQhQ'g@QerfaﬁﬁﬁNa\}e'Whﬁfé?ﬁ&/e th@dbb@. g tEERbeRsMBciddhier e may
then be no reflection of wave energy fromthe baffle; all of the incident

wave' s ehde@pdfaldese WESHFHRning f?‘f?é"’\XE('P'e tg the Bsidgahivaves There avous

enbodi MyAéSbe no reflection of wave energy from the baffle; all of the incident wave’s energy
may be absorbed by the WEC, in accordance with various embodiments.
[0046] In particular embodiments, for deep water, the wave-making transfer

function may be generally expressed as:

” 2
2w

a = Ve Ap exp(—kY)

and in other embodiments, in shallow water as:

o’ 4, ] / k()
—t COS. l'—
kg\A'“) 1( )

where: a is the amplitude of the generated wave (same as that incident), w is the

ax

radian frequency, g is the gravitational constant, y. is the amplitude of vertical motion
of the water surface in the column, A¢ is the cross-sectional area of the column (and
the water surface there), A, is the area of the submerged horizontally directed

mouth, Y is the mean depth of the area Ay, (X being the horizontal leg mean length),



[0046] In particul ar enbodi nents, for deep water, the wave-mnmaking transfer
function may be generally expressed as: 2 co 1 a vc Ac exp(- kYY) S and in
ot her entwoi2oentosie3i n shal | ow water as: where: a is thepramaiSzamesosd t he
generated wave (sanme as that incident), wis the radian frequency, g is the
gravitational constant, yc is the anplitude of vertical notion of the water
surface in the colum, Ac is the cross-sectional area of the colum (and
the water surface there) Aw is the area of the subnerged horizontally

di r ect eck isdhe Wavenumberecomesponting 1o the freaeensy @ad Abe depthiséwateriand Mor i zont al

! eg rreaqs {h%PQtafé} dEpt‘hS |,t, Bﬁmb\b’é\ﬁ’f‘enww&ué?ﬂy(%ﬁgoﬂg'rﬂ& Fe%réé%ﬁt fpyequency and

t he depth of water, hat wat er diments, the quantity
(w yc Ad'Pn\*mytYr@Bra@ﬁ%'H-tde %W%Mvmﬁm?tﬁwfﬂ@w@taﬁﬁﬁ |°Ph@féh®§U|P'ﬁ@f9\¢6I une rate of
flow i ntrgouqﬁlgfﬁgtwgé the subnerged nmouth of the WEC. [0047] In various
enbodi nent s e ratio, ma be directly related to the |oss factor,
h, whi cHO®Tlpens lnyareus ﬁ@bP%m@f‘@e hefratina £)esBan e diresthoretaediathef i cati on

factor, \camael ¥, %Tcﬁrﬁa%geﬁé%o% th@ invePsidbrith® Rloh¥nt rBspBhsedl SO be equal to
the normalized bandw dth of that resonant response, be it expressed in

ei t her fangiifieatiop fagtopepmamenly rgfrited tp @s earb dtfdittanally. 11 may glserhetqqual
arrangengife fYrmaligedBHidWidn %E@amohsntﬁsép%fss%é i@ef@&b&sé%i in@ith&f constraints

or goals. One such goal, for instance, be that the upper edge of the
submer gdteIHBRANLT PRHCIbe deep enough to av0| d venting in the highest waves

expect eoodd)i | € PHAHMBIHHeMEVRE gemERRUPRANGEMehtdI4%8 RhB-O WEESmay
enbodi nents, the successively-tuned water_col ums may be geonetrically

conf i gurkecselgcind teysaial st OH%TSEG'"&%OFSQW% Pre sichgeal, jyr 'f‘%taﬁ??n”h?yz*ée space
and/ or Vkﬁéﬂﬁé ;?5 ;elagﬁ 0Pt QUbHRA Hﬁﬁt‘?\t% i%‘éééd‘&’idu@'ﬂ t%@ﬁ% \%l‘nt?ng and hence

reduce the cos e system Figure 3 ustrat an e I ment of the
fl oati ngn ﬂtedagh&snwaggs smﬁctau whilerhicclocing powesingedsanance. (open circles) are

repeat € Oof‘E{j\EW SeIH% %Jﬂgog g’gﬂts FheaSLP §g)ss?\%1 —Elﬂmed%é{élac Iurﬂﬁ@ﬁﬁagr ray of

conti gu RBNSI onal & ern Patar confi gura shown.
Ref er r i rp deoniétrpatie c@Qjgurétt(fopema@mple, nested as shown in Flgure 2) to minimize

space and/or weight of the reinforced concrete construction materials, and hence
reduce the cost of the system. Figure 3C illustrates an embodiment of the floating
ocean energy system in which the nested units (open circles) are repeated, endwise
along the edge of a PSP 10, to form a linear array of contiguous WECSs in a two-
dimensional terminator configuration, as shown. Referring to Figure 3C, the open
circles 128 depict open-bottom PSP buoyancy columns 32 beneath the Rho-Cee
WEC 30, the light grey circles 124 depict full-height open-bottom PSP buoyancy
columns 32, the dark grey circles 126 depict foundation cells for wind turbines, which
cells may be closed at the bottom and locally strengthened, and the cross-hatched
circles 130 depict foundations for pendant current turbines, which cells may be open
at both bottom and top. In certain embodiments, the terminator WEC configuration
may be aligned perpendicular to the usual propagation direction of the incident
waves 40.

[0050] In various embodiments, the wave energy absorption may take place
along the face length of the WEC. This is in marked contrast to “attenuators” that
are aligned parallel to wave propagation, and to the various fields or “farms” of
“point-absorbers”. Both inherently suffer from progressively decreasing wave energy
availability, front-to-rear. By contrast, a PSP incorporating a “Rho-Cee” WEC may

10



circles 128 depict open-bottom PSP buoyancy col ums 32 beneath the Rho-Cee
WEC 30, the light grey circles 124 depict full-height open-bottom PSP
buoyancy wol2armwsB®2, the dark grey circles 126 depict feomdseelonseed|s for
wi nd turbines, whi ch cells may be closed at the bottomand locally

strengt hened, and the cross-hatched circles 130 depict foundations for
pendant current turbines, which cells may be open at both bottom and top.
In certain enbodi nents, the terninator VEC confi guration may be aligned
per pendiRerrERario"upteont's aad syitesapBlerenentiin edlatively ﬁepﬁh‘e‘aﬁeﬁc%dent waves 40.

[0050] lariy@d érﬂHéduﬁn@'ﬁ@déM%§ ashl%%lo‘é@c‘!ﬁwa?rb%h@éf BBIOSIL oPicidBYt t ake place
aI ong the face |ength of VWEC. This isS in marked contrast to

" at t enudRovies whigtnis aa‘M@vam gwéqi efficiency eprioxingielk tyice thajaf Aenothghd to t he

vari ous \Weelsystefs. " Additinal@fin vaﬂétﬂierﬁm&\@ﬁfsseoupﬁﬁé f thelrgreaidws f‘éHf f er from
progre55|vel decreasi ng wave energy avail abi i front-to-rear.

cont r astthe YWEsHo; R?étS'PBGPﬁ@'F tical CFQH‘BQMS aVEG tl'?ﬁy"t?éerd?\f%ﬂhleflthaﬂp f ront

and sui ttﬁﬂeifv&%fterph\%ﬁfﬁﬁﬁﬂ%oﬂeﬁeé@ﬂyaédc&@éﬂle@&Qﬁﬁﬁtewaﬁ&r FurtheY,a¥gm@Us
enbodi nents, systens as di scl osed may deljver about 50% of |nC|dent power,

whi ch i scosPngeDay aliaw ffr the undervaleppeRionsphthe sreiemity bevinzde ¢that of any ot her

VEC SyStr@i'ﬁﬁ)rce%déBnUé?é‘aJlﬂlM\ mial) iMBiove tse ERARTS IBHYeSity SRHRHUEEtHeCcdshe PSP
allows for the WECs to position certain critical components above the water

| evel , roffthErINARANCENder wat er, making it nore readily accessible for

mai nt engpgeey) Fur t ASleschbbd 586, tdofiShbré flogthg %eéﬁ‘@némy@ﬁérﬂ% gror tions of
t he systemto be made of reinforced concrete, which may i nprove the

syst em $he pregent discloguee alsd may inelede aRe obMore deviggsioksiaingthe EOemY| As
descri bagaaRa¥Ren it Incc{ﬁcg{gn‘étJrél%Eh@gs%%rbc%BﬁWe§¥ﬁ&/€ﬁ&1r@nt§ he present

di scl osure al so may one or nore devices for stori ng{ t he energy that
has beertldéh%tf[ﬁﬂ@dwﬂmﬁﬂﬁ/@fﬁﬁaﬁune\}@ﬁﬁglcu@Udiéfso%c?@é??%%% Be&SET currents,

tidal C%é)ﬁﬂé ﬁf]ed"ﬁopgtorlﬁ'ﬁ'gﬁ%ytc téﬂ“‘ﬂy theteREWALIE BbREr géri%réi@rrs'lﬁ%?e

enmbodi nent e used for storing ener{g1€F created t he
r enewablfernpemterg@hemng#@emhoqlﬁ@nfs@m %@feﬂcﬂO@ﬂ“P nesgemgy be ﬁa%ﬂﬁ'odl ments,

the st Ortﬁfgmﬁmtgﬁgfs%f lo‘%\pﬁétgbél Qth/Itp?e baBRafV@W g, 10 ®indalow Qirren@w nat ur al

activity g. low wave activity, Iow wind, lowcurrent, or |ow sun) to
better resievhSymirtg batierdealsRyaTsTd dereandsead thelppd dtfiaskucivie, therieby avoi di ng

the pringloRfiry BRIpRRLIpRIBDdcBoRSRAIEABNSoIE RAEGY sSarESES.
[0052] In various embodiments, the PSP, such as those described above,
may be buoyantly supported afloat in large measure by pressurized air, and may
allow for considerable potential energy storage therein in the form of a pressure x
volume product of the internal interstitial volumes, as well as that of buoyancy air. In
various embodiments, one or more blowers used for air handling in a PSP also may
be used to generate power from the stored potential energy source when operated in
reverse. Thus, in various embodiments, additional capital equipment need not be
supplied to exploit the PSP’s energy storage capability.
[0053] In various embodiments, atmospheric air may be pumped into the
internal volumes of a PSP, as well as into the air buoyancy cylinders with open
bottoms described above, by one or more blowers or other air-forcing devices (e.g.
vane-type and Roots-type blowers). The blower or air-forcing device may be
powered by the output of the supported renewable energy conversion system(s), for
instance one or more WECs, as described above, where the power output is excess

to the immediate load requirements of the connected infrastructure. Generally, in
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[0052] In various enbodi nents, the PSP, such as those described above, may
be buoyantly supported afloat in | arge neasure by pressurized air, and may
al | ow f orwoansVwsreabl e potenti al energy storage therei nPCm/ush@ofoesom of a
pressure x volume product of the internal interstitial volunmes, as well as
t hat of buoyancy air. In various enbodi nrents, one or nore blowers used for
air handling in a PSP al so may be used to generate power fromthe stored
potential energy source when operated in reverse. Thus, in various

enmbodi meMefigus araéocﬂlrr@n&i thedimits:0f eagiayStarage indeupyaney @Jé”@M[@SIﬁeéW the expl oi t

the PSP rﬁamsﬁ@éﬁaﬁ{a@f@a?pf@m@ JvhuEH in Lgﬁéﬁerhﬁbdﬁ%heuﬁa%'@%ﬁbﬁ%t s,

atmospheric air nay unped the 1 nternal vol unes’ of PSP, as wel |
as into thﬁéeaiﬂlate'bm@y%ﬁrﬁ%tjﬁ R}'?ﬁ%@lé%%'e\ﬂf@fhd@ﬁbﬁfEB@tQR?ﬁé)Qﬁégb?'T'Bwaaﬁbve by

one or r@nﬁdebé BYRE PP mtem%odﬂ»hénté%gﬂﬂ?gsémeé/hra9sbe(rﬁa>gm.zéanﬁovbme and
Root s-type Dbl owers). | ower or air-forcing device may power ed by the

out put dTTYthﬁéd@'ﬁmefrb%lésk\%ﬁ@mg'létt@n’@?'@?'fbtbﬁ@éﬁf%ﬁ’%hW@Q"é@(’%’)t'mf%r i nst ance

one or 1R RSy ofdfie PEPGb ride sh %QPUI%e 1A EaddABIROUREy AtibRESurkS excess to
the imedi ate | oad requirenments o connected I nf rast ructure. GCenerally,

i nvar i ouhecaieiaipRehpallast water maytbs asyadsitiongymeany efgeversiblRi9iigcy air may be

set by t‘;bger{mp(é,{gf@ mithe PRl ferg) sysigssure, which, in various enbodi nents,
may be eaual to the seawat er hy drostatlc pressure at the draft depth of t he

open- bot[08%Mai r - Hﬂcﬁ?&?ﬁ:‘?}“@?ﬂ'mﬁﬂ@r the§tSR may pepaised se s dhaEerbeard hat
pressur Qe@a}fh@ﬁelg?t;éﬂgvé% wBRWRMR( is iR¥reb8& avtline! 8t ehudlR!dedrdasi@t er wei ght

to maintain the depth in contravention of the tendéncy of the PSP to

rise in fP@ﬁYﬁ)Ws%P&eocﬂan!F%d%@@l Al pheymal enasgesanied. whereindt @4t ’ebn of

bal | ast y@hiple, BBMsHEmad tPsklnéddtAg M eg@ﬁmnpén frRViRfasi BhoyahéyPplodideqot ent i al
energy in the PSP energy system 54] In sonme embodinents, the PSP may be

rai sed R itsHalerstifia) iolumedso HSYD, . S°WWH‘%‘?"§]‘HE‘S&M%’H@W@E BRY PBvel ) is

i ncr easeé&neiaérebhs beh@hfederidRling/gdtRpaIHAE Bnssphatit BRsbGred Pre- char gi ng,
initial state of nminimal energy content, wherein it may, for exanple, be

assumed [085%e f|oﬁlsvrrg4."w8§e|tﬁﬁ|a.sah¢mm'¢owasw Pfrﬁrh%’fa"b‘tl%%ﬁ5§'°wst9\9| ded by

its intefssd bétéﬁﬁal\éﬂél’ggﬁéurcé%r%t&&e $y3teTR BB, iR HRESHIBREY With T/é'ﬁbulguoyancy air
may be consi dered e vented, residing generally at @ ;ﬁ é‘erl C pressure.

[0055] FeTBRadimants| Refarring losFigues 4 an@iamnig sigrags ypteams of a PSP used
as a pot\grdré e ‘B RIHYifiSr8 WehBteThadHitdsagRd Iy Sharge Wb endtgpepdgédieteni t h

various using excess power generated by the renewable power generators, and the “‘M”
identifiers denote the same (or different/separate) machines generating power during
pressurized air discharge of the storage system 50. In various embodiments, “B”
may denote a blower 52, “M” may denote an air-motor 54 (e.g., a turbine, blower, or
anything that can run a generator to generate electricity, for instance, the same
blower operating in reverse), and “+" may denote an increased pressure constituting
potential energy. Internal arrows indicate the motion of the air-water interface. In
the output power-generation stage of operation, the pressurized air filling the internal
volume of the PSP may be allowed to discharge to the atmosphere via the same
blowers, which may then be operating as air-motors driving electric motors, thus
operating as power generators.
[0056] Figure 5 illustrates a schematic diagram of a PSP potential energy
storage system 50 with interstitial volumes holding air at elevated pressures, in
accordance with various embodiments. Referring to Figure 5, in some
embodiments, the bounded volumes of the interstitial spaces 56 of the PSP may be

isolated from the volumes of the variable buoyancy members 12 so that they may
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enbodi ments. Referring to Figure 4, an exanple storage system 50 is shown,
where the "B" identifiers denote nachines used to charge the energy storage
syst em uswoQIEXO8®3 power generated by the renewabl e powrer/usenenagoe s, and
the "M identifiers denote the sane (or different/separate) machi nes
generating power during pressurized air discharge of the storage system 50.
I n various enbodi nents, "B" may denote a blower 52, "M nmay denote an
air-notor 54 (e.g., a turbine, blower, or anything that can run a generator
t 0 genere@ntaicpicata pceiswre d'fifﬁfeﬂﬁsqfﬁH!?éOfﬁﬁ@%a@éﬂgﬂnd&ﬁéﬁb'@ﬁé%@ﬁ%g in

rever se)medbehs 12’ d%yorqﬁaﬁttﬁoﬁé}s'ﬂ%%ggorme%%ﬁ%?al&eoiiﬁédcrtlHﬁ kiggh potenti al

energy. Internal arrows indicate t notion of the air-water interface. In

t he out phe vpriiakle bupaeenmesibess &@éor@re@tbefr%m thsatmasehererardipyRRbitat r filling
the i nt gpnal pVégsUfgatoQIfue fnk@rsﬁ%'? sﬁ%ést?:% @rHlé)Wéq)unQaﬁEyS&h@Jéﬂ%réé&uFJ‘e

atrmsphere via the same OWEI‘S he geratln as air-notors
dri vi ng redeke raintaiped by pummmg %S@éﬁ%ﬁqnﬁ@"a‘yhﬁbmy rgewking eansiderais 6] Fi gure

5 il ust; ge system
S0 i TAPERR AAHEERL G, R Ao O, R ) BB £

accor dardasbliag 9f the PleRaCE RrRssiRn (s Infasstiiel srages 86 HogRYAMBle. PV some
embodi m%'@&tﬁt lnta'ﬁ%é?gé'é’éjlﬁcbo\/éﬂtlﬁf‘@rfer&; of dbdut B6%r Stitial spaces 56 of the PSP

may be isolated fromthe volunes Of the variabl e buoyancy nenbers 12 so
t hat t hd0%@ycont lgigscaidaneg with yadeus grabegdimests cFable Asvmmafizesthe he open

bot t om eﬁfp‘r%@te%ﬁﬁi?@p%mr&eﬂg@ wikBerRl bBRES e iP¥BESicadr PBP, be

connect to take air suction fromthe variable buoyancy nembers 12 (or

di r ect | yP&F uBirPtatferaarass pharfayctign®f theppegsyrizatign #RYREr pressure to the
interstitial spaces 56, while the buoyancy cylinder pressure may be

mai nt ai ned by punpi ng atnospheric air, which may result in a considerable
increase in stored energy. In vari Eagfeehbodl ments, general I y equal vol unes

and a doubl i an of the buoyanC}/ ressure in th |nterst|t| al., spaces 56, for
exanpl e, BSUPI" i n an” i EFEYSE" i n pott8TTAIr " ERer gyP ot S’be GtY35% [ 0057]

I n accor dan@eommman}(aru ous dntseditisient s, Tab?’é'e%afgurmarl z®8r R appr oxi mat e

quantity of peiepliel energypahdaahe My be stiwgd in a parfwail ar PSP, per
unit platformarea, as a function of the pressuri zation apgl ied: Table 1

pressure in pres%ure in potentihl energy potéth al energy
1 2 9.2 3.7

1 3 11.7 4.7

Example PSP: 20m height, 50% open, 90% volume

[0058] As illustrated in Figure 5, “++” denotes nominally doubled charge air
pressure produced by blowers 52 connected in series across a variable buoyancy
member 12 or interstitial space 56. Higher stages of charging, for example in one
atmosphere increments, may be used.

[0059] In various embodiments, the freeboard and draft of the PSP may be
generally maintained by manipulating the PSP to compensate for the change in
internal pressures. This may be accomplished in a variety of ways, such as by
adding weight to the PSP and/or by introducing a vacuum to one or more of the
cylinders. This may help increase the displacement volume equal to that of the
increase in variable buoyancy cylinder air volume consequent to the pressurized air
charge. This may thus increase the amount of potential energy that may be stored
because of the increased air pressure achievable with the deeper draft maintained

by avoiding elevation of the PSP.
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buoyancy tanks interstitials per hectare per acre bar, gauge bar, gauge
M¥Mhr MMhr 1 1 6.7 2.7 12 9.23.713 11.7 4.7 Exanple PSP: 20m hei ght,
50% open,woQ%iwioBsae [ 0058] As illustrated in Figure 5, PCFAS2ale/028026

nom nal | y doubl ed charge air pressure produced by blowers 52 connected in
series across a variabl e buoyancy nenber 12 or interstitial space 56.

H gher stages of charging, for exanple in one atnobsphere increnents, nay be
used. [0059] In various enbodinments, the freeboard and draft of the PSP may
be generl@068] mai nfigureefl ilbptratgsiapghematigdiegranPsia PSP potgntiakenasgy or t he
change i, A r | ety of
vays - sU o8 SEEn 8 REPAER o IET WY B KR e ol A 21 el to
one or rigrieuembediments; irfersing Th Figure$, weight may beadded teethgipiiioamenent

vol ume equglind prhﬁan‘%}ea%?er'b@ﬁés‘? id fl 6’:{] an?o {%ﬁ?y 88 fokafed dler air

vol une consequent to ressurl arr c may thus I ncrease the
amount Abopet qc&l“&hﬁe’?@@ P\ﬁdtusffatﬁdb@ si?O@téﬁl Pbé@aﬁpséemfaﬂmle‘“nmcreased air

pressur eoaﬂs%ga\é%]belrgl i E&&t@?}uﬁﬁﬁ@%ﬁ o Féugfiﬁé %u%é}ﬁgpmﬁp%@ ﬂ.hg%Pglpevat i on

of the PSP gure 6 il Tustrates chemati1 ¢ di agra
potenti dFVEPRrgy storage system 50 with deck-mounted water ballast tanks

58, in gp Adancepweiﬂ tM?%leQHﬁor%f%&'vV@@ﬁst%fBgﬁsg%lé?gnéypprghgié%e 6, weight

may be added to the orm 14 of seawat’er last that is
punped Jurthestnereaseds ﬂ%StPE%’dI%‘t@he'@ﬁfghbm’t ay fragie dpth ; portigp of As

i [T ustrahefnmedia e@@@&sel%ngwgple%weg Srati dtholdufrﬁd |@91t$’t?h|e taoks #@lay and " T

8
denot es turbi ne 62, genera t he Sg f-sane eratl INn reverse.
[0061] Fuf¥em@ay lattwebeecpcwraﬂabihres:pvwatbywéa@ns o water back twtgeéea may provide a

further thig ﬁ’%?er't&bin'&@ 62l RY d%%?a!?&rhahggnﬂe{h%e watdhitGiinE®2 drffhy re both a

pOFtIOﬂ of he 1 mmedi at e exceSs renewab power. generatlon to punp it into
the tankieNSEtoraMaVRE samerayMPa ARd ”l%‘)fééﬂﬁt indfaliyliftgd theckalastavrtey agd ai ni ng t he

wat er  bgGndr@pbRfeddng Qk&éég DoWek Efeatdd By tRE Perfotvabld pdwi JeRBRAGEON S. Agai n,

t hese water turbine 62 driving
[0062] Figure 7 illustrates a schematic diagram of a PSP potential energy
storage system 50 with cylinder water ballast elevated by vacuum, in accordance
with various embodiments. Referring to Figure 7, in some embodiments, the draft
and freeboard may be maintained by pulling a vacuum 64 on some of the variable
buoyancy members 12, thereby raising the water level in the variable buoyancy
members 12 and enabling the atmospheric pressure to push downward on the PSP’s
deck with lesser upward opposing force of the reduced cylinder air pressure. The
net down-force may be equivalent to that of the water raised, and its potential energy
may be measured by that weight x one-half the raised height. The low pressure
volume of air between the cylinder water surface and the cylinder tank top also may
contribute to the potential energy stored, as a terminal state for atmospheric air.
[0063] Figure 8 illustrates a schematic diagram of a PSP potential energy
storage system 50 with ballast water at the bottom of the interstitial volumes, in
accordance with various embodiments. Referring to Figure 8, in this embodiment of
a PSP-based potential energy storage system 50, the added weight to maintain draft
and/or freeboard may be achieved by introducing ballast water 66 into the bottoms of
the interstitial spaces 56. Such water may flow from the sea to the lower level of the
interstitial spaces through, for example, water turbine-generators 62, thereby adding
to the excess power being utilized to drive blowers 52 (or pumps) while generating

potential energy to be stored. Some of that stored potential enérgy may again be
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generators may be same punps and notors that initially lifted the ball ast
wat er, and further operated using excess power created by the renewabl e
power gernE0abwy®s816B0062] Figure 7 illustrates a schemat PCTdiSagoansoad a PSP
potential energy storage system50 with cylinder water ballast el evated by
vacuum in accordance with various enbodi nents. Referring to Figure 7 , in
some enbodi ments, the draft and freeboard may be naintained by pulling a
vacuum 64 on sone of the varijable buoyancgq menbers 12, thereby raising the

vat er | glpyptediio dissharaingdbe Baliashyatar Perhank ta the ssa yyhendpwping ey P

at mos phedykenPloasdtigfhal Staflisiin Ga\VEMOR 6 mihtil ehd fREetoaf® Sid Waittidriagser upwar d
opposing force of the reduced cylinder air pressure. The net down-force may

be equi BICEH98N6T4RAt of the water raised, and its potential energy may be

nmeasur edobea)t hat meindtHer énmaenﬁa{t fof PBP-baBkE gdtehﬁélqalhbrgyﬂt&ab@vvher essure
vol une of  air between the C%bql nder water surface and the cylinder tank top

al so mayPdd98H weight temapntain drafiand ireehoaphmpy he achipyed b)égs'ag f’er m nal state for

at s phegonfbirdition of fHatdlck Mdlinted StordgkUsiksainghé baNdseWatdr intfidastictoof a PSP
potentlal ener%?/austora ge system 50 with ballast water at the bottom of the

i nt er st i P¢ iterstial aracesiin VaERYT BIOREEIORF (! Sg?wgt"@nﬁ.ﬂ%ﬁ’ﬁ@’?ﬁ?' Referring to

Fi gure &etwéer them t6MeRhedBE thefned ehSidy ksednpsjuRit loaheif PRIEGYeAL OF age system
50, theﬁ&gﬁd vvel ht to ma nt ain draft and/or freeboar be achi eved by

i ntrodu bal | & t"avfﬁ‘t'%?m BAMRNES . {MePHRIEPTING theralt when 3é9'\é9 8 al spaces

56. Sucrpwwsterﬁmye fémrétumﬂdwana;eaewumb@obme bg¥aturddimddne. i nterstitial
spaces t | ne-generators 62 ereby adding to

for exanp 3 t

the excode i SRR (EISbY ASRUTE RS- IR Beetshe SRBEE whi | e
gener at Iﬂ@duﬂwbeﬁdoabra@w%cﬂyntta@eb@rgﬁ.t qnmlsveSQﬁ@m@‘i urfsbatuo.sbmhedirpot enti al
ener gy $/ agai n bedevot g di schar gi ng trpe bal | S)ﬁ ﬁ% back to the
sea whers'9"@9% PRAIES '??Veb cia SPERPHE OIS e of thay; nﬁgrna ?‘?ﬁrgy tWHDBSh effort to
mai nt ai mddb&téddetabp@pduargbrﬁrafn@ eipamsi@n emtngwy gressuriabd an ha[/ﬁg%] I n
anot her enbadi rren of PSP- E@sed tenti 3 ener st or e}'ﬂ A Be added wei ght
to mai nt'3f tﬁ’?“&?rta We dyricale J yaa B'I'?f"\?\fg EPOIQE;| E FUeIMBi nati on of
t he deckdisopraryjecst atrhospresic ppgdsareadifwith suthadntiany |dmrr@d teimperstductTH® to t he
|nterst|t|al ce I n_various.proportions re erative .power
{r anst er' EteRIaRS, Rns Es Hrepies BaRBnri S itseEhods SHORBHAIER B8t < 0
t hei r plfageaeatresyittiitizd tehipevatufeodrs p dmvboithie aparssion procesywhkissicag t he ai T when
chargi ng dtversely obstruct the machine, causing it to halt and/or causing damage. Further,

due to the exhaust temperature reduction, there may also be a reduction in the

available energy. A “heat engine” may theoretically be operated between the

ambient temperature and the reduced temperature of the discharge, and generate

additional power.

[0066] . Figure 9 illustrates a schematic diagram of the single stage power

expansion of potential energy stored as air with pre-heating, in accordance with

various embodiments. In various embodiments, the associated problems may be

alleviated and power output enhanced by the controlled addition of heat to the

pressurized air before and/or during the power expansion. Referring to Figure 9,

depending on the initial pressure of the pressurized air 70, appropriate quantities of

heat 72 may be added to regulate the exhaust 74 temperature accordingly. In one

embodiment, heat 72 may be added by the combustion of a fuel, such as natural gas

or electrolysis-generated Hydrogen, to raise the exhaust temperature. In various

embodiments, the exhaust temperature may be increased to at or near ambient

levels, and thereby benefit from the associated additional power generation. In
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PES systemthe tenperature of air may be reduced over tine by natural

nmeans. The internal energy is thereby assuned |ost, |eaving only the
pressur e wovoloumegiepr oduct as recoverabl e potential ener @¢T/USRioe897(

thermal insulation of the dry storage spaces may beneficially preserve sone
of that internal energy.) It will be understood that a power generating
expansion of initially pressurized air having an initial tenperature
typical of the anmbient, via a turbine or air-nmotor, will result in a

di schar gnksdiments<hadrAlT 2is @dded & temressuAzed pis ¥ hefos Ihp Aresirized

terrperaté,:,r,ngouwa thro SR BRI ALY 64 td VRN e glIRGaMER2] T danpness is present
in the sug&d air, ice can formas a result of the tenperature drop from
n pr

t he expdf o'@é’@§°%?'@ﬁ°@m¢"§dmt's%999 Beatinoupay beutilizad A€ causing it

to halt Gadnd oﬁtﬁé‘%td?&d sémezed%wméy bé uﬁséd)mt:mneem@wvahswer ature
reductlon there may also be a reduction in the avail abl é ener%?/ A "heat

engi ne” 9paGraters drefor exampley %ﬁ@@pwe@%ﬁm tiie tharpfornpossi¥®Er at ure and

the redugRthdafPBER}dIESH ExpaRSIoRTEHGH & 8eridebridiRBRUREEAHIbIPNSA, POVer .
[0066] - Figure 9 illustrates a schematic di agram of the single stage power

expansi cﬁ?CBPfWBtCBrW%ﬁ the gl Pggssepbean srementaiamout e Figsse 1Bg, i n accor dance

Wi th var.ll&%te%@%bﬁﬁﬂearagmn bRihe Qo eP BRILHSTBA BT potdrhigl $tafeRchspr Obl ens
may be all eviated and power output enhanced by the control'led addition of

heat to AHITNEsstags RNealng by BRHYaeTH PGHIIRICE NENCRHOWLRRPOUTAIS] on.

Ref erringoés) Fi JureErefingds Feg\sher® matnlaas embbumerwg YRS HERsSdrythat pressuri zed
.~ air 70, appropriate quantitles of heat may be added to regul ate the

exhaust ™May beagdqadhy seawate’JBEhRlE @t of 'P\e%ﬁé‘bé?fﬁé?mﬁ%fﬁf“’e Heyeh ¥8e Ab9 be added

by the wﬁw%hpékcatan@erfmeérsan@@ﬁienaSA Bafidl 6tlheBBSxcPlan§ére 78R4 Jyses gener ated
Hydrogen, to raise the exhaust tenperature. In various enbodi nents, the

exhaust %S@H'[S‘éPES’tVlﬂeémnt&? NEESSSAEK Reatiag of thealr dringexPansiph ¥tle|3sPel s,  and

t her eby hpieking the GsBrédR in el uRdstithd SRl alRe WElesRNBE F¥hp&dl on ‘
| nembodi nents, the heat, 72 is added to the pressurized air 70 before the

pr essur i Pelpgigiife fPEms earfiediby HieotR@Yalele air notor 54 to power the generator
42. [0066bedn Var TRaiforgdimPidured bife sdifehiatic ShigGmdRaainplRgy m&senh}e mheyl zed, as
the pressure of the stored pressurized air nentally
by var | RIS PEAETPS IS epEsen bRl P a B Y. AP eSalaisgt eS|y
t hereforg oﬁ@ﬁ@réblb@tlﬁg)o@éd ei‘rheagy SKRtheinaRorRnbe wxp&ammmﬂsrrdmgmsa
series- C\R/Rlneet():&o%gngy? :Ealr cylln%ers are deplcte5d4W|th bottoms open to the sea and

interstitial volumes are depicted with closed bottoms, generally interleaved with air

cylinders, other variants are contemplated within the scope of the disclosure. Where

operable, air duct connections may be depicted between air cylinders and interstitials

just below the nominal “deck,” but may be placed along the length of either, or above

them, as desired. While in the illustrated embodiments, the left side of the diagram

generally is used to depict the process of charging the system with atmospheric

pressurized air and the right side depicts the generation of power via the subsequent

discharge of that air, back to the atmosphere, alternate arrangements may be used.

[0070] Turning to another related feature of the system, in some

embodiments, the PSP may be adapted to remain buoyant in the event of a

hypothetical total loss of air pressure, for instance, due to gross collision damage,

physical attack, or negligence. Figure 11 illustrates a variable buoyancy member 12

with a reserve buoyancy safety bulkhead 80, in accordance with various

embodiments. Referring to Figure 11, in various embodiments, a safety bulkhead

80 may close off a variable buoyancy member 12 at a height somewhat above the
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each of which drops the air pressure by an increnental anount. Figure 10
illustrates a schematic diagram of the power expansion of potential energy
.Stored asweai2n10mo81e3i nt er st age reheati ng by seawat er, i nPaTAB2AUL028976 t h
vari ous enbodi ments. [0068] Referring to Figure 10, in various enbodi nents,
t he necessary heat may be added by seawater 76 that is at or near anbient
tenperature though use of a typical heat exchanger 78 arrangement. A series
of heat exchangers 78 ma?/ be used to provide for the necessary heating of

t he ai r umaheppex imit of watergvel escillation g6 miheh sxpegsedie thizeeqanswaven t he

t enper at vﬁo%eﬁt%dﬁﬁ%uﬂ@%r@d Ji tfﬁ?%?ﬂ IdalaE. 'Irp%a‘ﬁé eRibolinrigitke | 1 fe forms

carried by the seawater orgoin ures are schematic only and
exenpl arsafety bHikhemd=80 maw pepubs Ot'alinWéWG"e%ﬂ /ey teagali haizentehtle geonetry,

ar r angengodithets! ik watéHiedd 82k ﬁe@arn@ﬁl&%ﬂ@*&c&'nﬁ’&hbé}% 2f8RBecner gy system

in accordance w th various enbodi nents uo anci/ air cylinders are
depi ct eclapressed seletbiesto dtof the saresusiase By tha eiessureichthaRaYaBd-are depi ct ed

with clog e\qd.hgfaw%  preSares He Mobift %f bERM4REY mmhfﬂhé n§é’£r’1d"f$ﬂro$the0t her

variants are Contenplated wthin the scope of di scl osure. Vere

oper abl evatai leve $2 "‘@cﬁ?ﬁétﬂ'%h@aqﬁ‘}/ Mgy beé@néecéad bé?vﬁé‘éﬁtaat'?'|3’d§¢ﬂmbler s and
i nt er stidjcaos tHat flayRBhaWétiahtto %ﬂ%t@ﬁ&ylm%ctm%\ﬁistéﬁ)%bébo%Qﬁ@@ pal ong the

| ength of elther, or above them as ‘desired le inthe illustrated
embodi medfick 14t prcaliegnatively e appelowsiegk dystincsyeleBr 9.1y is used to depict the

process 1@6713hargl mgerﬁmuﬁxﬁtgeﬂﬁb%marégmmwwmes&%wrmgyeaa Ridweand the
ri ght side depicts the generation of power via the subsequent discharge of

t hat ai rto cpe@Kinicate with éherﬁwm{eﬁ%bleaamé?ﬁatkéeaq* Al NgRMERKMAARS Blaused.

[0070] Tyy. ﬁuvnga,s 96 aﬂpbé]ﬁéuléreérﬁﬁé‘d?rnéﬁt%tﬁé@eﬁfcaiél%t ¥ P Btop Sér08Rhe
enbodi nment s be adapted to remain buoyant 'in the event of a

hypot hetPe §pck BY alsﬁéﬁe B?t '%Sr'”r.”)\e&%maé abputonengyaster of th@esid® gross

col I'i si omarqaﬂéaeﬁme%ufch&ﬁlct 9b! ﬁP&nb&hm@ﬁ@' if HRNVeRticartigetreR id placki ust rates a
vari abl e buo nc menb 12 with a reserve buoyancy safety bul khead 80, in

accor daneadtag wih ‘i“iﬁ!fs“efﬁﬁdibﬁtm for straqtwal faa§ORS apisyiv@leri area ¢f vari ous

enbodi rretmo%ghﬂvaﬂai‘uef VerRithtidh@anayBbk prRVided, Q‘éﬁmgfafwcél Makd gllbesbreyRNCY nmenber
12 at a hei ght sonewhat above thenormal upper linit of water |e eI

osci | | atRrafticgBleniid some saedinpents.fer ipstanse. 9@\'@%9@%\'&{ I suppor t ed
vari abl es|idegkivk @astshowh) HafBe ¢itbO & t'ﬁ@f'ﬂﬁde bffiRe safticantuetdk keadsdhenay be

subst ant elurb}};alpy Sé: {thgrle lthaervazlivr}adlls%ruo?gnt%ﬁ/tllggé By nqug r\}v%rtelrztt(mjgttnzﬂiy bé osciliating in
the vertical duct 92. In some embodiments, the valve may not be lifted by the motion
of the air in normal operation. '
[0072] Figure 12 illustrates four views of an embodiment of a variable
buoyancy member 12 with a reserve buoyancy safety bulkhead 80 installed.
Referring to Figure 12, Figures 12A and 12C show a cross-sectional view (Figure
12A) and a cutaway view (Figure 12B) of a safety bulkhead-equipped variable
buoyancy member 12 in normal operation wherein pressurized air depresses the
water level 82 to below that of the sea surface 84, thereby displacing water of a
weight equal to the obtained buoyancy. Under wave action or during the process of
supporting variations of deck-load, the water level may vary through a vertical range
indicated by the double-pointed arrow 86. In embodiments, the motion of air in and
out of the PSP variable air-buoyancy member 12 via the connected air duct 88 may

be unimpeded.
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enbodi ments, the water |level 82 in the variable buoyancy nenber 12 nmay be
depressed relative to that of the sea surface 84 by the pressure of the
buoyancypwowodyrogiédi r. To preserve the nobility of buoyaagyusaiw/osdorh t he
rise and fall of the water |evel 82, the safety bul khead 80 nay be
transected by a substantially vertical duct 92 that may conduct air to an
inter-cylinder ducting system 88 above the top deck 14, or alternatively,
to a bel owdeck ducting stem 94. [0071] In enbodi nents, the conpressible
bel ow bUORFHad ai Figess b%g and ddPshoy. byywayiaf eemearigon leFegemﬁp?%su bl e,
above-b V. Mnﬁag [ i cul ar
enbodi mtejénritars1fa| @ agdrés(asr%cglgﬁalmé éreo‘fzsg%na asc%érv?ﬂyb\?é\{?r(lgﬁf (r)épli]%:llg%?(ft 14 by a
space nAn eprggq,dlmﬁnt]ﬁ@gqa{ety ﬁaﬂfha%eﬂwemd ﬁgar\’?é?b|©ﬁ'ftbh'@yfr‘ﬁf»‘yl rgemBefanet er of
the Vert‘l?@r‘de@h‘&ﬁdl%s ré%lﬁ@ﬂ@ 188 bair br@séd?@ f8Einsiange, éjl‘éfél 643 df &irPl aced in

contact wwth the d 4, ffor 1 nst ance, for St ructur a reasons, an
equi val evfessear%avftﬂrem m%\ugﬁr {axel indoe PSBaveriabla @irdieyarsy mempeiold mey, f or

| NSt anC&isedb abB thé %%ﬁo?rtthé]@w&undmgaﬁétbrsagh@.n dib&AMBnRMPRIiInERA S, for

instance, to prevent splash-over, an annular slide valve (not shovvn) may be
fitted tdyuctB® Imeirigus smbpgigants. undan thaspeongitions, the satety biekkgad 8hp 96 when

the val vgg Mﬁﬁmdyyoduhﬁta%lthﬁe bt &H@ﬁfﬁ‘@r‘&ﬁre&i@é alfBprobRingsci [ ating in

the vertical duct 92. In sonme enbodi nen he valve may not be |lifted by
the ot i eyaIcYTRESeAaual ta thatiatthe Waightafiwater S[f'dj@m’]acr!ﬂgﬁhe resulting yst r at es

four Vi eggkd 9& %n.ne@féélmpéerpﬁ.g@ra@imlah@1bgoaﬁa9@¥n&an¢6é siaW th a reserve
buoyancy sa bul khead 80 installed. Referr to Figure 12, Figures 12A

and 12C %’WHW‘&P preseye seadeanaie f‘iﬁ‘*éﬁ?’@#?@urt%e ;hLQ'A t%fﬁﬁc'éa%‘fea%’?’ vi ew (Fi gure
12B) of @Vg)af‘oegéfegul khead- equi pped vari abl e buoyancy nenber 12 in normal

operation wherein _pressurized air depresses the water |evel 82 to bel ow
that of PRWlsea sﬁ'lgf“a%é:’S'A!S”@tﬁélaéWt'%%ﬁﬂ‘@é'@ﬁ@ alkuoyansy membegh? equal to

the obt ajfesl rdydpiemifyan %\%lkﬂeé‘&:m)%ﬂd@rsléﬂwélgsgnbh%péﬁﬁgﬁﬁe of
suppor ti n vari ations of deck-1 oad, the water |evel % vary through a

verti cal 134G ciaser (Eigure H3B) PRSIt ECpEsteReR YA VALY b‘?drﬁ EfSodi nent s,

the not i R&eRingdb Figute ABUinFoeDEMbOBMBIIR, ¥ 8leledd b8 ni rbebp&}tmea wienber 12 via
t he connect ed ai r_duct 88 nmy be uni eded 0073] | ﬁy s 12 and 12D show,

by way ohe¥Braie AEbHOYANCH nﬁf@taﬁre? angd déHEF Tt @ovg CEWENA Vi ew
(Fi gure v2iBlis amBodinfentsd WRdrdet RVpreterd visdg WHRr fifm passing through the

upper passages 88, the sleeve 98 may slide in an upward direction to cover the
upper passages 100. ‘

[0075] in embodiments, movement of the sleeve 98 may be controlled in a
variety of ways. In one embodiment, an annular float 102 may be disposed within
the variable buoyancy member 12 and adapted to engage the sleeve 98 and move
vertically within the variable buoyancy member 12. According to embodiments, as
the watervlevel 70 rises, it may cause the float 102 to rise. In various embodiments,
the float 102 may engage the bottom of the sleeve 98 and may urge the sleeve 98 to
slide upward, thus covering the upper passages 100 and maintaining the reserve
buoyancy. In other embodiments, different closure mechanisms may be used, such

as rotating sleeves, shuttered apertures, and the like.
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an enbodi ment of a safety bul khead-equi pped PSP vari abl e air-buoyancy
menber 12 under conditions resulting in a |loss of air pressure, for

i nst ance,wea 20w@BiBoss of air pressure, wherein the wat @CTIUSe@/02807a he PSP .
vari abl e air-buoyancy nenber 12 may rise to about the |level of the
surroundi ng waters, and in enbodinments, into the air duct 88. In various
enbodi ments, under these conditions, the safety bul khead 80 and air duct 88
may bound a vol unme of atnospheric-pressure air, providi ngea buoyancy force

equal td99%lt of AthougbicgRaingmbegiresntshaye bepnsiludiated anchdesceBed ti ng si nkage
90, 'nd'r@%.ﬁdt WADASRIPrddidlbd S§tﬂo%§o@lefh ri'a%Psk.rfﬁVthe%mrmaﬂéwndé%ﬁegldf enough to

preserve an adequate freeboard LRR? i ght deck above 'water |evel)
for saf eqltyrnaf@@ry(ﬂ?r FuiiAent egbopiments et '@P'Qi“%?*ﬂqfk§ri?a&ﬁmaée¢@rq°&tﬁVé

ai r'bUOMﬁé‘Qé(mg%U%%eé%a‘_()/'btef“su%sﬁt@f%%rfbfﬁthé‘é%b%@ﬁﬂerﬁ@&l%vyn ahd kbeage80 and a
sl eeve 98 in an open (Figure 13A) and cl osed ure 13B) position, in

accor dartitou @wwﬂm frRis thengsone pb remﬁérﬁcmgrq ol 'osg write Sﬂ"J in the arbne

embodi MeR feadfly §b&%¥|§teqﬁa{@¥b&ﬂmgﬁt§'lﬁ bedRgaretiintng PResent didBbsurdi 1 - buoyancy
menber 12 and adapted to nove vertically therewthin. In various

embodi neRAsbe implgpgried ina yermde vaiialy RhWak: ethis rerlicatiy |5r\@fef"1’ﬁ%ﬁ99h t he

upper pPaR{ssy adptdtidRs 8t @‘eﬁ}éﬂoﬁsgom eflbodfndrits 8i8cisReahdrgdh rection to cover
t he upper passa es 100. [0075] In enbodinments, nmovenent of the sleeve 98

may be cwiefele Bip manifesiiyinten ddham@d'mﬂ“téﬂba“é%?ﬂﬁﬂcﬁé’mh thaRreskALl ar f1 oat
102 may dpidtupdes fditdd by By tcidifid 7Y the RUOV/aRAY thevgber 12 and adapted to
engage the sleeve 98 and nove vertically within the variabl e buoyancy
menber 12. According to enbodi ments, as the water level 70 rises, it my
cause the float 102 to rise. In various enbodi nents, the float 102 may
engage the bottom of the sleeve 98 and may urge the sleeve 98 to slide
upward, thus covering the upper passages 100 and nai ntai ning the reserve
buoyancy. In other enbodi nents, different closure nmechani sns may be used,
such as rotating sleeves, shuttered apertures, and the |ike.[0076] Although
certain enbodi ments have been illustrated and described herein, it will be
appreci ated by those of ordinary . skill in the art that a wde variety of
-alternate and/ or equival ent enbodi ments or inplenentations calculated to
achi eve the same purposes may be substituted for the enbodi ments shown and
descri bed
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wi t hout departing fromthe scope of the present disclosure. Those with
skill inthe art will readily appreciate that enbodi nents in accordance

wi th the woessvtoswdscl osure nmay be inplenented in a ver pCRiuseowarsozs y of
ways. This application is intended to cover any adaptations or variations
of the enbodi nents discussed herein. Therefore, it is manifestly intended
that enbodi nents in accordance with the present disclosure be |limted only
by the clainms and the equivalents tigaped. G ains We claimthe followi ng: 1.
An offshore floating energy systemconprising: a pneumatically stabilized
pl at f or\We(aBP) therfollewingg a plurality of vertical buoyancy nembers open at a
bottom portion and a plurality of interstitial volunes; a renewabl e power
generator coupled to the PSP and adapted to generate power based on natural

con_di tipns; mdﬁmeﬂdaﬂng@ewsmémmrign@otenti al energy storage
device that stores unused or unneeded Botentl al energy rel eased by the

enewabl e pohBReBATalYGabiized Blatiorm (PO MENNGM Prtbuef vedcal 1. 2 . The

of f shor i r S i I - ower
ener at SioVeREy IS entacd B drolTadd & KR of e hERE WBIneS
fl oati ng ener ghewatie powkr genematd, covMpbaceionthieRSMEGd sdapt&iito gieeraC. 4 .

The offshore floatin y.system of claim2, wherein the WEC is
rib g!tloﬁ

ener
st ruct RAYS qsﬁjélﬁ'égté’fé]\ﬁ Ad@@ntrol I ably oriented by the PSP. 5 . The
off shore 1! GérRUn MEPBP SUTLEWY pétRlidN cherdSidthlle WRTICKI StofPr | ses a
plurality of oscillating water colums, eréln each oscillating colum
conpr i sevisedrarunineedad patantial enetyy neteaskddly thechnewablel pawerggerdraton i s
oriented su t.agbi ?I |n¥ }rovvard .a direction fromwhich an incident wave

syst emEP5T AR 1M OTRESSHIEHOAE: f1 0ati ng energy systemof claimi,
wherei n conponents of the renewabl e power generator and/or potential energy
storage device are dryserviceable from above a water surface. 7 . The

of f shorz f| okhe elisharerigpting snergyo3ysteraiahciaimiherieerein the reapwalls ROWewer
gener at o, CIPEhEris8E S WhvdBhErgY cAvEHEF (WRE! ne. sol ar panel array or

ocean

3. The offshore floating energy system of claim 2, wherein the WEC is a Rho-
Cee WEC.
4. The offshore floating energy system of claim 2, wherein the WEC is

structurally integrated with, and controllably oriented by the PSP.

5. The offshore floating energy system of claim 2, wherein the WEC is
comprises a plurality of oscillating water columns, wherein each oscillating column
comprises a mouth, and wherein the mouth of each oscillating column is oriented

substantially toward a direction from which an incident wave system approaches.

6. The offshore floating energy system of claim 1, wherein components of the
renewable power generator and/or potential energy storage device are dry-

serviceable from above a water surface.

7. The offshore floating energy system of claim 1, wherein the renewable power
generator comprises one or more of a wind turbine, solar panel array or ocean

current turbine.
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current turbine.8 . The offshore floating energy systemof claim1, wherein
the potential energy storage device conprises a plurality of blowers

conf i gur edOt2010698BY pressuri zed air to one or nore of POE/USREWI0L8NN70
buoyancy nenbers and/or interstitial volumes of the PSP, and mherein the

bl i d f th at

o ferorts’s [otne AsharB ABling Bl By SR at iy Db e e Bete ia) &5ty mor e
air m)té%r% @Q%Qﬁ@cérﬂpﬂééé’@ @Ur&ﬂt}%f blb%‘rs GSrE‘ﬁi% (REQo ‘éﬁﬁﬂ tdﬁ@sé@fr%alﬂ zed
air is reléased fromthe one or nore vertic uoyancy nbers and

inter sttotqr@lormomfsthewrtlcafbelowm@hmembelra@nplmg l@tﬁéetglyal ¥glymes affthel ai m 8,

oner attar i ALEts G blcE 4 Bl Bl poWRrdtor fa BeHata POnBr St oy “syst em

of cl aigsankrateherein potential energy is stored by the potential energy
storage devi ce when the renewabl e power generator generates power in excess
of a system output requirenent, and wherein power is produced fromthe

potent igl e”ﬁ{&é!ﬁérlid?é?@%tu \éh%%e@%éfﬁm%ﬂhﬁe%&@bn%a% LG

generates | ess power t reéqui renen he of f shore

f | oat i ngoenair g)otersssacmpted te deverai elavhﬂcalgmeedzteawheg thotpeedsumizee mérigy from
t he potepti al, ener st or age dev ri ses heating.the ssurized air
bef ore FPP eg5gd Jen E*P%%IBU%F?F r§|Vrer HOV CY MEREES? £8 drr‘t@riftlo'@g‘(? Hg'€Sner gy
system of claim 12, wherein heat is supplied by one or nore of the

foll owi ng heat generators: conbustion of a stored hydrocarbon fuel,
conbusti®n o'Ifheaoﬁsfmredlolaydg @gemm@t@eldfqmim&o&hierbm thledalowel furictipns

interface with allo 0& sea- wa tr‘gaz e[ctrhcal rematance heati ng using a
por t i orfSofN ARENQIO5H Y, rB’cH?%ﬂ'E‘u Clig rgﬁ{/‘eralﬁrw CPEPETUEA R FEVEPST ed ener gy
regeneration systemconprising a system wherein air is pressurized into an
internal volume of the PSP by an air forcing device, and wherein the air

f or ci ngl devi e pEshareieating epergt systemaf daimehasnerefopeienyelrieigyis 15 . The

pot ent 1P Ol ReFlT R PR Ee B B kb ot AbB e Y81 eet com by
al | owl ngeridhgteBpemtiin 2R0esH 6f & SystafsolthUDHRuIreMentf aftPivbereiapdwanes ei n t he
air notor drives an electrical generator.

produced from the potential energy storage device when the renewable power

generator generates less power than the system output requirement.

12.  The offshore floating energy system of claim 1, wherein releasing potential
energy from the potential energy storage device comprises heating the pressurized
air before it passes through an air motor.

13.  The offshore floating energy system of claim 12, wherein heat is supplied by
one or more of the following heat generators: combustion of a stored hydrocarbon
fuel, combustion of a stored hydrogen gas self-produced by electrolysis, interface
with ambient sea-water, and electrical resistance heating using a portion of the

stored potential energy.

14. A PSP-resident stored energy regeneration system comprising a system
wherein air is pressurized into an internal volume of the PSP by an air forcing device,
and wherein the air forcing device is driven by power from a renewable power

generator.
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16 . The PSP-resident stored energy regeneration system of claim 14,
wherein potential energy is stored when the power generator generates power
i n excesswoROB/®WgBBem out put requirenent, and wherei n peCEAISREI/028020 gy | S
rel eased when the power generator generates | ess power than the system

t put [ 17 . T PSP- i dent st d . ti t
of 01 ai 14, THAERE-feS(aDt HFef BPeTdiy BBpPE o el B SR AR o For

drivi n%t@ﬂéd%&éhtﬁél“eﬂer@ﬁ&%ﬁié%"ed%ﬁ_tr‘?é’@fo@‘é@@nbfq% r‘ép@hé%tioﬂa%ystemfby
PSP-resi dent stored energy regeneration systemof claim 17, wherein the PSP

conpr i sdlowdng Hier priespuiizay dieio paseithroegh By ammelerc and svhaseigrthe@r motor
pressurjzi aj n erein the electric notor functions as an electric
gener at Pve\%%ghél%téﬁgf%%@ rﬁquEVerse. 19 . The PSP-resident stored energy
regeneration systemof claim14, wherein releasing potential energy from

the stored energé regeneration systemconprises heati n? pressurized air
bef ore 1& padweESPhiesifgnt siprad enggyoiegeperatipResystgm of sladant4, syhared ener gy

regenerat o lai i i | i i on of
7ot or GBI SRHETTe Yoo Wbt he BAEECHEIBRlr dehoPB er i oREERV 614

sel f - praydtare dukputeeguiternbyis iand iheraihdpdtentialanengy v retsassat\eien the by

el ectrical resistance heati using . a portion of the stored power. 2 1. The
PSP- r e IRt INEH71OH IERBTAIGS Pegéé)r?@(egtth%'ﬁt@%/%Y%ﬁﬁnoc?UtQWarieﬁpfﬁfneﬂtrer ein a

hei ght of a freeboard is maintained at a predeterm ned | evel.22. The
PSP-resi dent stored energy regeneration systemof claim2 1, wherein the
hei ght of. t hEhef P8Ebresidnt stared enargyertgeneeationesistem wif ckdiml & evhdrginatidi ng

ballast .tp an interstitjal space, by raising a water level in a variable
puoyandy-RERDEIda e eSS 5 28 - POHH PheaS A ECHRR NS L EEN, by
addi ng gpRirafeld ihfedersep deck in the formof water, or by a conbination
thereof. 23. A nethod of generating and storing potential energy in a PSP,
conpri sing: generating power using a renewabl e power generator coupled to

t he PSE;4 St oy 0, i al r ' - ] Nt er devi ce
by pr es158Uri %Hnégﬁglﬁr' rtelggategﬁgtogggﬁﬁ%@)ﬁree%eﬁggatl? I%%ée:r&g)? C&E@ %ﬁ%ﬁﬁg@ﬁe

et hod REP Gomipghses anvdief@tingidedssa dtivamigy anrelédirie ORI or@syuriefng &ie, PSP
conprises using an air forcing device driven by an electric notor to

pr essurdngewherein the electric motor functions as an electric generator when operated in

reverse.

19. The PSP-resident stored energy regeneration system of claim 14, wherein
releasing potential energy from the stored energy regeneration system comprises

heating pressurized air before it passes through an air motor.

20. The PSP-resident stored energy regeneration system of claim 19, wherein
heat is supplied by combustion of a stored hydrocarbon fuel, by combustion of a
stored hydrogen gas self-produced by electrolysis, by addition of warm sea-water, or

by electrical resistance heating using a portion of the stored power.

21.  The PSP-resident stored energy regeneration system of claim 14, wherein a

height of a freeboard is maintained at a predetermined level.
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the air into the conpartnent; and driving the air forcing device by power
generated by the renewabl e power generator. 25. The nmethod of claim 23,
further owOpRoiEiody3rel easi ng the pressurized air from t RETRSEYI0MOLESG0 at ed
energy storage device through an air-notor to drive an electric generator.

the a2 or oyl SEVTEUOPR oW, BY iERE BN SHEPET B GR TS PG DREIG, actri o
gener attRe HeRIARIOF BRS reBBs A I8 ondiRRIRESL 8 bFedBREPRINEA 16Vl BY |IRIgBAIRIst
to an interstitial space, by raising a water level in a variable buoyancy member by
evacuating air from the variable buoyancy member, by adding weight to a top deck in
the form of water, or by a combination thereof.

23. A method of generating and storing potential energy in a PSP, comprising:
generating power using a renewable power generator coupled to the PSP;
storing potential energy in a PSP-integrated energy storage device by

pressurizing air in one or more defined volumes of the PSP.

24.  The method of claim 23, wherein pressurizing air in a compartment of the
PSP comprises using an air forcing device driven by an electric motor to pressurize
the air into the compartment; and driving the air forcing device by power generated
by the renewable power generator.

25. The method of claim 23, further comprising releasing the pressurized air from
the PSP-integrated energy storage device through an air-motor to drive an electric

generator.
26. The method of claim 24, wherein using the air-motor comprises operating the

air-forcing device in a reverse mode, and wherein driving the electric generator

comprises operating the electric motor in a reverse mode.
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