OFFSHORE FLOATI NG OCEAN ENERGY SYSTEM Cr oss- Reference To Rel ated
Applications [0001] This application clains benefit of.the filing

dat es of Lwazoﬁn@s,i@l onal Appl ication No. 61/162, 151, fpdragzdbdosn7020,
2009, U. S. Provisional Application No. 61/228,888, filed July 27,
2009, and U. S. Application No. 111569, 869, which is the U S. National
Stage of International Application PCT/ US04/ 18687, filed June 9,

2004. The disclosures of all three of these a Ilcatlons are
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[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 pature. 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.



Brief Description of the Draw ngs [0005] Enbodi nents of the present
di sclosure wll be readily understood by the follow ng detail ed
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Enbodi ments of the disclosure are illustrated by way of exanple and
not by way of limtation in the figures of the acconpanying draw ngs.
[0006] Figure 1 illustrates a bottom perspective view of a

pneumatically stabilized platform (PSP) for use in the offshore
f1 oati ng bokediments ofipesisclosure ate diustraiedibhwapiexamplesansorat bnway wf t h

vari ous j ; ' ' ates a cross-sectional
vi ew of gm%ﬂg@?ﬁ%ﬁ\%%ﬂag?gﬁ/&n@gﬁﬁéIﬁ}eﬂ A C), in accordance with

various el nentRiguregbiiestratesia bottog persrpstiverriew oha pesum@icaliof a

hydraul i coipqiet diAGRR{PSEIAY! 6R iR HRYSTEhbNe fO4tRlgestean eier@peystémbi ng
wat er colum (OAC), 1 n accordance wth various enbodi nents;

[ 0009] Fi gigssribesi heraimitin aceesdange alith wprieusenthedisernt®nt of a |inear
gener at OrggB@ﬁer ta#ﬁ-geifefzm é@?ﬁ%%?&&é&ﬁoﬁ&%‘vﬁ& d RnBteMavd N

4
accordance Ww'th varfous enpo ) .
energy converter (WEC), in accordance with various embodiments;

[0008] Figure 2B illustrates an example of a hydraulic power takeoff device
buoyantly coupled to an oscillating water column (OWC), in accordance with various
embodiments;

[0009] Figure 2C illustrates an alternate embodiment of a linear generator
power takeoff device buoyantly coupled to an OWC, in accordance with various
embodiments;

[0010] Figure 2D shows an example of a unidirectional reaction air turbine-
alternator power takeoff device pneumatically coupled to an oscillating 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;
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turbi ne- alternator power takeoff device pneumatically coupled to an

osci | | at i ngowefoaos1®! umm, in accordance with various erfgadisagoibssoro
[ 0011] Fi gures 3A and 3B show two schematics illustrating a nethod of

achi evi ng wave frequency resonance in a Rho-Gee WEC and conparing an
exanpl e of a conventional oscillating colum with a vertically
opening nouth (Figure 3A) with an oscillating colum that adds a

hori zont al00HAr t i orF'&'a'\?-l% usiragasia sehematic gperam HerfSRpetanta) epgeyur e

36), and 46ags atlide WiRv@Ratd:r saesﬁepéreisﬁheﬁa.ﬁ%ﬁntdeennq;untéaqmentn waves,
I n accordance with varjous enhodi nents 121 Figure 3C il [ ustrates,

in plan s¥cEPidapcavillvyarions emBedineals: of the roatl ng ocean ener gy
system i njopfgich nesee N\E@tmmstésohémafeme@%ﬁ‘cbf%m ﬁaeﬂttawegerghe

general |y seaward edge of a | near , ar,r conti guous
SEe o Yetoaae B e afercrlindel wetek Bhfhsh (sh &2y il ey fetlumd Phs

y
of bot h whadcdrdariak mith varickisomrstzodiments;ent t ur bi nes, in accordance with

var i ous oAl TN ok IR BN ErdmatLHBUAR! 8 95 BB ey 207 am

in el evation‘view, an exanple 0 use as a po energy
storage astcragod.encer\elg‘ebaélaatwam rdesrbioly residing githe rpttdrn 0&@@@11%% with

various emﬂﬂ‘?és”ﬁ;ﬁtc%ordm%lﬂzvagtéweﬁbb& imdi’ ates a schematic di agram

of a PSP potent ene(r)qg%; t orage device with cl osed internal
i nt erstiti818lvol urfdgune Vﬁi@t%&tscé'?"'@t"‘e@'aﬂféﬂ’ o i2eRoyigF expansign &€ cor dance

With vari gintiarenerdyRera as aWQiBGHOAIRARE 6R BETH LSRR 1HORRGTD

[0015] Figure 6 illustrates a schematic diagramof a PSP potent I al
ener gy embodiments;

[0019] Figure 10 illustrates a schematic diagram of power expansion of
potential energy stored as air with inter-stage reheating by seawater, in accordance
with various embodiments;

[0020] 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 (PSF) 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



storage device with water ballast reversibly residing in deck-nounted
tanks, in accordance with various enbodi nents; [0016] Figure 7

I 11 ustrat ewoaefetegati ¢ diagram of a PSP potential energyr/s$2010a29870
device with buoyancy cylinder water ballast reversibly el evated by

vacuum in accordance with various enbodi nents; [0017] Figure 8
Il lustrates a schematic diagramof a PSP potential energy storage
device with ballast water reversibly residing at the bottom of the
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embodi Mend 3 B Rather, in particular embodiments, “connected” may be used to indicate
that two or more elements are in direct physical (for instance, mechanical, hydraulic,
or pneumatic) or electrical contact with each other. “Coupled” may mean that two or
more elements are in direct physical or electrical contact. However, "coupled” may
also mean that two or more elements are not in direct contact with each other, but
yet still cooperate or interact with each other. ‘ _
[6027] For the purposes of the description, a phrase in the form “A/B" or in the
form “A and/or B" means (A}, (B), or (A and B). For the purposes of the description,
a phrase in the form “at least one of A, B, and C” means {A), (B), (C), (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 fioating 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 ecean 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
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[0022] Figure 13 illustrates a PSP air-buoyancy cylinder with a
reserve buoyancy safety bul khead in operation, in accordance with
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[0032] In various embodiments, an elongated PSP may form the base for a
. 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
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el ongat edyHRR| BPMciinel FoktiBR 3838 MY beRd 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



. conprehensi ve renewabl e energy system as described herein. In
addition to the Rho- Gee WEC descri bed below, the PSP may al so or

al t er nat i webyoioneggpor at e ot her power generators, such EINGASVOESHIAD! €
wi nd turbines and/ or depl oyable or retractabl e ocean current turbines
In various enbodi nents, each of these power generators may contribute
energy for storage W|th| n the PSP, which can help overcone the
problemin PI’IOI’ systens of intermttent power generation. In sone
enbodi merfst oltahb@narﬁaa Jeqtesity by deeans of ar hvrgwhcfr@ﬁtorrquﬁaﬁeeeerator 118

nog ene{ ﬁdbuﬁl%g & Q%ﬂk?meﬁoad%?hfrﬂédt Qe rafterl rtrs%§bﬁ<§ RIS GRR ihe-?\hétellt"lBVel!iH eatly
reauce € 1 ndl vl aual _caplta eratli n asso e
thei r mutii&reLRr seldpB PR ‘?fg"’lgf? g‘?’rt?ﬂ*e %‘Pﬂt'??ﬂ%{ %ﬁ%ﬁya’ﬁ“?ﬁa 'B‘Ze g@f”&ﬁ’l ng

i n a hostrméyethes Baacamilatonmené achmrfulat&S‘[ane [ 0033] F| gure 1

| | ustrat bot t t P f
e R R e e R e
10 may i nnéwfﬂectmnpf iractlyl astan edéctricapavads takebfi dgdcr42. nipriie embt@mgnbaped i n

an a”aypf c{\%a thabhs Bg%%&g tmpmvé@mad% a&h.\éggﬁaglssae@gﬁ to a

top cap/ n varrous e ed into
an array,fi elthya@'mm%@mtmhfacfmﬂastmoandlm mmaﬁtprerml 19fhsyrshieagusly Wil de

the wor King,Qass nictbn SRHE "aﬁgcﬁeh%ét' 119, mh%@%&mmg%wtwam \;Ehg e

varlable uoyancy nenbers may | nclude anh oppoSite end at may
be open & shbsesueet eAfrqtrmuwbm “?Q)aréﬁ't“é'ﬁ c@htO% ol | ow porti on of t he

variabl e fapsnjancy FigareeDbshbds aﬁlerxamgletdmow@r;soa}& &kbwué\mwma@er s 12

may. di spl ace wat er ide the varia ers nt er nal
had er) | do% BT eaRBrCtaRa P RR 0 & AP BT, TR by
cont r ol | ad#ing gieQmiatheallp doyaeCly thé asdiihénglwatevwlumsz,otremswmbot:lmnent

il he, PSP . Q
buoyancy MEHBERE Ficsoh SFnETaufh e SRR e SR RIRIIE 2P et )¢
bot t om plméedi¢faceard monecr patiorectttael aipgontained glzdvedbe liquid srtace gnot
di sposed fghnpmh BlaAaRA'11436 ke AROIGISUARIRRE Ne Lse HICHRRUGH

defining in | umes . In various’e I ments,

i nt er sti ttheturkiae dt@andmayayhayst ﬁ?ﬂ‘ﬁﬁeampﬁ'%ﬂ QpItye dewnssrokgHFIoNFR/ or

ai r-tightap tlé'ﬂ)Sanprﬁ%r’bélHﬁ%n&rdr@ﬁx%ra‘t’rﬁo@h@b@‘ﬁ%’thbh@&tlfyfﬁb’tuhﬁr@cdsbel1ﬁ0p
pl at f orm substanti a

line in event that .some or
R o [ Bropah Mahes B Inie Srdmstipeidn, prd ey SRt &S0 Ms HEANLRE Y.
t he of f shanend bmb.|tmgdmmawa@eqwsmbmwuutﬁmnmmanj idi scl osure

| 49 ey | PSP f
T e iRy, AR GRL R BRY B Ephfedls SR EGLBY of B2 ofsEE O
coupl ed tefficerey chanattedsticy péthedfperwitrowrgiiddo powprouserrsitierosfdhe fatio why

not only er\%\ﬂcqgt&\pﬁ es,;gp&(artl ng superstructure, but may al so be a
reserve for ener g generated by the renewabl e _power

gener at or@oﬁﬂd i inswueheemn patsrassillating 41@9“-’&9%%@%@?&&"?%‘3?‘@ base
for thei rcoﬂnﬁds%% tﬂ@hmcﬁpﬁéﬁ%ay{d}%@ﬂﬁeaw& tdbires| Meédrdh ©a

cross-sectional view of C, for use with a PS t he
of f shor e Yarigus PRECHRER tBﬁé‘FW@Wéh@%@éﬁﬁ"?”béYﬁ‘%F’@” for RXaFlgdh by
way of exgdirb&ional “Wells 80bihé’ uﬂﬂu'plbeﬁbréeoﬁﬁBnbﬁ cambntidryal WEtwide a

I it | at I 3
0l kA B S o RIS o TR e
| ower horwmoamcainutamrs ingdradiic mototd, aod ctntcds; o maintin thelderine 3@ natapcy

| ud t d of th
| over - hor P EFIEBedY: Sapblet A BRESBARNG Ak aBhe IS P00 0 Lo
open genej0as2ly tovlarvalsot& gophodingrds. E%WE&‘af@hy bie ﬁ@ﬂﬁ&ﬁﬁn@ﬁ-"\amp‘djent
waves 40, ioanfathbPRaticsy g@¥odsﬂ9£t€§%oﬁ‘itre’nﬁﬁ‘§éd &'ﬂ@re?bbgﬁ@mV@n?é power

t akeof f deV|ce 42 responsive to nmovenent iquidin the
respect i vemepsimentatcongelganay be éﬂ‘%?ﬁﬂ% maieriaf 'OGS”FPF% vjtirssaxgiehdhs an

exanmpl e ofmedHitiys elérel APYRAiIntMBittadanitas ifbeBantR! o thd sbsamer
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controllably generate electricity by nmeans of an hydraulic
notor-driven generator 118 coupled to a switch 120 as the float or
raft 44 rigeandsical | s with the water | evel in the watmr/ehiwmsse,
driving a doubl e-acting, |ong-stroke hydraulic cylinder. Energy nay

t hen be accunmul ated in the accunul ator 122. [0038] Figure 2C shows an
alternate enbodi rent of a |linear generator, which may function
directly as an electric power takeoff device 42. 1n this enbodinent,
a field nelgments Qe WEC be quite sradiediiue, ia valiaustenthodinesnts. dee amgatioptifch
may nove A ‘,,gﬁeg j | ture
coil 108 i‘gﬁ’% "}a?hgu's yet\?mh?hgﬁhag%cegrég ?rgg’_{ F%r%'?aimclinﬁg?l F?ﬁ‘g%g?? gggﬁgg fl oat
110, t herrdofisplpieating lusiraing armetbethef arbieviag dhedreeranbrepdand el ectric
current ighHaR@n@thdRbpuR Sitldvedthe dridPRP I @bivenalvieapuan exanpl e of
how a power takeoff _device 42 ma @%az‘ﬁ?gpe formof a unidiyectional

foacti on TTRAIENS6FigHTa A ghowsar 3 RN FRSGUBHPRG 2
pneumat i c@nvynteAsDsEillating cbienn032ih IWhidhi thg rasahat petddisiosdilationnT4 18i S

enbodi ment, the rd nmotion pf the |liquid in the oscillating water
col um aoPrepernLIRe SafeiiaRt oo helpl &he BinrhiisGlrasfhi PHERS: the
ai r cont aheighl isalepreserthtevelof thel rdassUin kaoecillatay "spniogimasthdymagticatiuct | ng
112 to th I preet.on-recti fying.t.urbi .case 114, through the

t ur bi ne 1%§Iegﬁg6h%lte§,n t@%h%g\@ ﬁ)éc{ %é’p%‘t'&neg’st&#g%e'&' On the down-stroke
(Figure 20, left), air may be drawn frofmthe atnosphere, into the
rectifying turbine case 114, throﬁg‘ﬁz‘fz . turbine 116 in the sane
direction, and may exhaust to fill the expanding vol une above the -
down- novi I9843)i qui d 13 erdeatpcachieve Beelgbraliang resenam ogigd thehis drisslirhrent s,
the react$QanWdiéd, i HEght BEhE WRAEEBRIMrC3Z, AR h Rrbyaid a@néHsufdie witk oad

effici enC)A characteristics of the type with regard to continuous
vari at i on8eratpl thegeavigegnay pe relalivglyilarge 6 MIFaviveRRRIens 8o MPPR such
errFodi me ?r:éza‘faturgi‘sﬁhé bkdtivg, rﬂia\j bé Q:Wnbgd neRea sﬁprmiii_allyaﬁi'tmmﬁﬁ

col ums and t aj nospher e rive t reacti.on .t urbines.

RCor 0 nePer AR R R v FRerfte b Spiia B ol SR b B BE? s,
syst em t htha vertically@peamnpd evouth 38 ofdhe edtmo 32 will'batfolind tourebpainted whi ch i s
nore co : i i, cul € i S,
oG- <t oRP AR KR b ition Hr oot CRARM dabu PEEH s uiho ERRRALAERS)

hydr aul i cByreardnest, anshpwignFiasirs 3B; a pagiionoha Mertieal paeien B4@f addirancy of

t he i nput odifie IR RIRNPBRY KoHzoRlal $618t £EHARY 865th WhEidthe bviilagieWrive-
[0042] I n various enbodinents, the WEC ma¥ an |E;pedance- ched
in

. : [ _be ]
t er mi nat oROrP8RETBA cRRSIIARYY PIRAI&Id 1T PBRPFREMP e slrdi¥RA1REE 8T thang
some enmboghciatiigwatendtiungt 82 ARAY beeohtisliabl ircresbe by adducingtionérass- Wit h

sea vvater.e&}.n nbodi pent s ver al..const rai.nts jctate t . the
i mpedanc &S 10an areggég\%[}gpzoﬁgl %o?‘ 36 relative to thatt of trﬁ%)(/erqlcal c%‘umn Qo%on
34, or it may be controllably reduced by decreasing the horizontal length of the “foot”

36, while the “spring” and resulting resonant pericd, Ty, remain unchanged:

T, =2x (ﬁ 1+A=£,
8 A, 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. [n



- elenments in the WEC be quite small. Thus, in various enbodi nents,

t he operation of the oscillating water colums may be generally
resonant . WwoQuioAosiés and 3B are a pair of schenmatics il |pggtusasioiseo®
met hod of achieving the resonant period and enhanci ng the capture of
wave- borne energy, in accordance with various enbodi nents. Figure 3A
shows an exanple of a common configuration of a conventional
oscillating colum 32 in which the resonant period of oscillation,

To, is praspwdinantalthe rormaizeddandwidihsonaydoveteotiethgtiesigive inpt | nt er nal

wat er CO'!HH@dan\EIQ'aﬁ@ HaEd Gkt b\ﬁerr pod §F'd?te§EH U@c:l@flné E‘:ﬁunﬁﬁ‘?@ in an

oscill ator sp rl%rrass 0}/namca system wherein the "spring
ef fect | OMBvi dedhB\PrigFiplei ynpeﬂan%mgtcrlomanﬁpak%ﬁo W%szeﬁ"géve a

rel ativelgaplupe doﬁ;%ﬁ&%ﬂtwnﬂﬂeéf p@fd rhéyatn érﬁb&dﬁﬁérﬁ@'be@xp%@@a%"@ﬁs t he
hei ght of the water

e commensurate w t he
draft of W8 f&'@?ﬁt’ E’étheﬁ’&;‘z‘b'ﬁg PF‘-’éP‘é‘Pﬂ/@HPC?‘/%"r 'Gﬁde'l(ss"t”ﬁ%'da/a‘((ﬁ‘é{eﬁmﬁ
ener gy, vweseacfeameueruemeﬁgeﬁimambsaeettthuw,atemmum ifh @ Whd-Cee dmrmse

t i
Chorer or & WECBananeRlall enl anFPe it 3 Paniealivdl P ReTAbA car 1y
openi ng mavehf 8@ sametfreguemdyuwith 1B samée Iarriphtudeaas\tilat of tbeummcmeéd
di f4 h
have: bor ot wvd, B HlcpBiedfed dhardfThals. iz BB) bERLAIE Blamien
verti cal qmosdlrmntsm ﬂ@ﬁ V\&G/mcélﬁtowl qperating at @smettbenehbpmentmr@t al 36
at a smaldeh deRfivk Hﬂﬁﬁrﬁpéd&ﬁcévﬁﬁé RAPlt&m ﬁ@déﬁ.c@%ﬁlé% SRAIGEY ollé' the

consi der abl yg\ér eat er enbodi ment s fective nmass of

t he
osci | | at i3 P%FCEWWP@@C’W%@U@!)WF%Fnaé%qt?"ﬁt'ﬁH’f‘@é’é‘@%? %ﬁh‘? educi ng
the crossag&mh Wab&thidide Hiwiidifis HQH&tE@“ﬁh’fb‘-CeJ"?BC) REpfcali@lof ¥R to that

of the vertical columm portion 34, or it be Controllably reduced
by decr easassgienbity dicea water gb, withriigg telerity bfﬂae irfcmtant wa& Cwhim | e the

" [ d t ch

5Paan Y Sl e e SRR My e Ouaob sl TR e BRRERRES T 10 e o
t he di r ecievioa 4@fwheraby it ostdlationscare som@yted toeuaeﬁdumrlGSI' hyik, ip lgertain

hori zont aémt!o%ﬂ:t\)érﬁs %JF\% Fidd ?EJreelﬂ%gqarﬁntﬁl gﬁepawbﬁné Qﬁhéﬁl%b*émhﬁdent

i nci dent wave-borne e &g I ments sever al
col urms rvretaadirensiena Ve Greortaining deten dvisbig)ite thedagidrat weme WP&? ”H’dy

span the (ROEEDRS iFcbtRBi P Wadd ehdify HERIthe/ bANS @ﬂgethbw.@nwawaq@@,er gy
spectrum |n enmbodi ments, the nornplize bandwi d ha'ﬂ'teérﬁ govern both

the resi SPavke ahsothed |%'é%lm"h?ﬁf°f BCHWHRHYATOHE ial of each

osci | | at ifpgasgol unmn articular embodiments; for deep water, the wave-making transfer
function may be generally expressed as: '

o
” 2
': Yo A, exp(-kY)

ax

and in other embodiments, in shallow water as:

ro’l.A )
¥ — y: slkh—
a ]\’glﬂw C/COI( )

where: a is the amplitude of the generated wave (same as that incident), w is the
radian frequency, g is the gravitational constant, y. is the amplitude of vertical motion
of the water surface in the column, Ac 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 A, (X being the horizontal leg mean length),



[ 0045] The principle of inpedance matching, when applied to WEC ener gy
capture in conjunction with a PSP, may, in enbodi nents, be expressed

as fol |l owsywonaamet@sced by the doubl ed pressure of a blmekesoionssdent
si nusoi dal wave at the WEC face, the subnmerged nouth 38 of the water

colum in a Rho-Cee absorber in a WEC may sinusoidally emt and/or
I ngest a quantity of water that wll generate a wave of the sane

frequency with-the sanme anplitude as that of the unbl ocked i nci dent
wave, butkisthawpesiuneder tateRegrios fo iiRdsaventhiasd theydapth gfovaletoped hi n

various elmwgﬁe%épm' fn érnsro&ﬁﬁ&testﬁé b/ (ol ;c,@wa@tréﬂas@m sﬁgonance

thereby presenting a resistive m%r | nped .
i mpedanceSontipity. t&?éf"@@%’ée@t@ﬁ VPW@%[?@&WB‘PW!%E’W‘%E'@ °fHﬁy5'-l§’éT‘PéquC| ally
be equal teuthBemelhaeacteristic i rrpedance of the incident wave; the

val ue of which is denoted "Rho- rodyct .of th SS -
sty ol00&Hn verlByangys SRRITISES. fi .13, 6 mBhBe st derlbiogat Be

I'n enbodL lerm*asmr rrmrhucﬁaspﬁetrsnceemnmse:@flnhé @isbadiit yespopse ed bydt he
power ta e 0S tions are rted . to
oot ul | woRRoS3GE Y. Epay usttip s, AL GR Brin R e ey
renove t hte tnb)ndlmamyddfantiheltrbd:fdbMeebqnanﬂ responsevdbedt expressed dhegithar
V\EC—contaﬁ%?gCgoqg% anw sible" to the incident wave. There may then

be no ref wdve energy fromthe baffle; all of the incident
wave' s eni§f48l may Ibew@pdmwthon@tm@Uangwgd@émmcmWEG/mamus

enbodi ”anéseléc@%?]shﬁl plel &l o H1Rints BPOSHISTEO Ssuch Yoall &5 hstEHc8! may B@

wave- maki ng transfer function may be generally expressed as: a -A- -g
Yc Ac exithetthkuppesedge of the lsabmengpd diontnAg, be dgesprrriolgivto@Moid vendng | a
co- * kg a.gg ed wave (sane
as that 'E@‘edr(‘a'%%[ E?Ve% éxﬁ? {:fgg &n é#?@a(&g\g%nﬁ r%%ﬁ e gravitational
const ant , [0049]i s t He varigysi amipsiregnts; dne SUSEESSHE rbﬁ%f’vat%ém\!%mnérm%furface

in the Co%éjﬁgbmeﬁucall c&rﬁiﬁur%ﬁ‘?ﬁv?é)?ﬁﬁﬁlé Qﬁ@ied%&%ﬁom |ﬁﬁ§u@i)l{3'ﬂ1lr(1ﬁhi};@ t he

water surface there), A is the area of the submerged horizontally
di rect ed $R%GE ANA/g0 wglrtr%fh?er&wf%%ﬂ fonglets ¢ansiguclign Kgtenals, e Agthe
hor i zont ajedl@Ah8ead of HeGSem. 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 WECs 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 Boﬂom 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
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k is the wave nunber corresponding to the frequency and the depth of
water, and h is that water depth. In enbodi nents, the quantity (co yc
m may reprweenio/iefys continuity, the anplitude of the vdomes:e@boesoaf
flow into and out of the subnmerged nouth of the WEC. [0047]1n various
enbodi nents, the ratio, a/ yc, may be directly related to the |oss
factor, q, which happens to be the inverse of the resonant response
arrpllflcatlon factor, commonly referred to as "q". Additionally, g

may al so hFePriEiy “vpd °Ph»ea"ﬁ’cﬁuﬁ%ﬂ foz Bl@cernaRhiR H’M“’%‘V deeRar waekolnt

response, vah@ug ém@ae%a%e;;stbms@std‘s@roséa ?Aaemérasomo%qﬂmc[cﬁaﬁS] I'n
enbodi nent s, geonetric arrangenent o

e ot o oweg T HerS auvasro: BRE faHiNeY agproNETRl MsaneL R Y BLET f or
i nst ance, WEB)Syhemtshaﬁdcﬁthﬁallypmerarle@enbddlmblﬁs Sasbplirigge thenRER Aljowd, fobe

deep eno voi d..vent n_th ghe ve xpect ile

pr oduci néﬂ‘fﬁ)%sator?o? g%rb%eihbrgcr't'fﬁ(‘fﬂ%]o Gaglit’oc‘)'\tlj\gh eﬁ%%d%rréh%g"erp%
successi \A&idymtatmelﬂakvag @ moreteadiysacraysibe fgemimenancal FyrtlwP$gured (for
exanpl e, pd/ or wei ght
of the rei n? Ece %@E’gre %Ggégénrgl?{eggﬁlgﬁgﬁ%‘{&%ﬁtéﬁﬁgﬁence reduce

t he cost reihforess @ysmwhmhgnmvems@veltmmwm%@naw'férﬁﬂémd#éﬁthecﬁost he
floating &qg%,rﬁﬂﬁrngé{ systemin which the nested units (open circles)
are repeated, w se along the edge of a PSP 10, to forma |inear

array of [08%M]i guohs descrbedrmbave. e affshaie flopting eeaan enargy systems of
confi gur ahk B%Sef'f\%ls%mm als¥h8y inkiide bRe bf Gbfeticdfees fo'?@toﬂﬁ%h eQa'nédeeS 128

depi ct open-bottom PSP buoyancy colums 32 beneath

30, the |thethespees cantured femrmalirglsyepts. ﬂﬂhlasr?é?@h‘tva‘(fﬁeﬁﬁ‘d%?‘ﬂfb?ﬂt%P
buoyancy el mﬁts3@mdt ﬁtﬂil&&ﬁéﬁsw{ &y paHicalag s aazﬁudembsa.mbmumdemm
cells for wind tur osed at the boitom and

ocal |y SPPLIGIR BT TR tered By R rir i e Bonraien
f oundat i ofasn bmotmatla'mtgydn leneotintantsh theesoretpbiehtial ehérgy may bedapnedn at

both bott urll?nanﬂ%rvggof b raftlch aa'cﬁ\ntggpgdloa%ﬁ’acﬁﬁﬁ Ib\ﬁrvmc"'%v%ur%g

confi guratl &) e ali gne per i cul'ar e usual' propagation
di rect i onorddw stre t¢ betted eratchaendng dgmanfdses die lpad/iafradustusgriterieivent s, t he

wave ener%aﬂﬁ%ﬂﬁgﬁaeme Haxctro%?o Rhaksnigrdigy bhgcdsace |ength of the

WEC. This is I'n contrast to "attenuators" that are all gned

paral | el 08%ave pp sparpsEmhedimgits. the PRR spsh e these desqiioedab c*"1‘:"a31r 5"

' poi nt - abggy Q@B&yantﬁoédﬂ:pbmf%af |hyar§élf'rfe%6urferb9fﬁré§s(3@l’e@$a$ﬂ, ¥ed yay
decr easi ng wave en r a]bl lity @t { %ﬁ contrast, a
PSP | ncor%'BWé?rlci‘?Qs' er &'@a W@Vﬁ&?ag% SN 'Hé'?'? BPF%SSWF* and
sui t ed f ofolypheapregediiof ihe mterlnatmte&dtlyald/eapms avavell as that o;famyamsy air. In
enbodi nents. syste i scl i ent
cover wntatRus ERbEITRe R, Ghe e RiolBls (iRl i Shr NG RE AQR shdfef T
of any ot breusevECgeysste poweriteth theostaret potential waeigy souierwbED Q’E’ﬁﬁtﬁd in
coupl i ng err%QeTﬁ’éPmaJa'nemase 96d|rlt:19ﬁs\/¥§ﬁﬁelohél Bl Eg@ﬂmgﬁ’(rﬁe@ﬂ RoCtid ti cal

conponent's above eve r than underwater, making it
nmor e r eadsurplieste eselpbthe RST's prgrax slneagesardiity-her, PSP coupl i ng may

al | ow forpbbg undervadiss e‘?rﬂfoﬁlnﬁ&?ﬁs QtmédpResy st @AY be phRpER M Bk
rei nf or ced concrete, which % ‘rﬁ:“ér ove thﬁ&g}ést em s | ongew ty and

reduce t hiategbyolumes pfa RaP ntortagaig AeseANEE WIRGRY! t he
of f shor e fdtRaisidegcribeabowy) Oy @ke syMbeIBlowdrs 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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the present disclosure also may include one or nore devices for
storing the energy that has been captured from natural events, such
as ocean Wy¢esiaskic®r currents, tidal currents, w nd, aReG3201{oRes038IN.
In particular, in various enbodlnents the PSP nay be used for
storing energy created by the renemable power generators in the form
of potential energy In enbodi nments, the stored potential energy may
be tapped during intervals of |ow natural activity (e.g. |ow wave
activi ty, vériovs einbetimenia the fimés of engrayl statagain)buoyansy tairanaig g6t by theyi ng
demands of; ki)' a‘?l%&\ghl{%faﬁgﬁéés‘d@ Whith, i msﬁ It chdyoddduapbp! e

objections to rene ner sour ces. I'n vari OUS e Odl nment s,
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may denoté a denote an air-notor 54
t ur bi ne, bmbvcémentgrthahyunﬂadgotumrs of Hie intgestitial gpares SO tft@d’%}% ﬁ@ﬂé’?e
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[0056] Figure 5 illustrates a schematic diagram of a PSP potenti al
energy storage system50 with interstitial volumes holding air at

el evat ed QW@Q&MHQ§63IH accordance with various enbodi magirays2iiefogdotd Ng
to Figure 5, in some enbodi ments, the bounded vol unes of the
interstitial spaces 56 of the PSP may be isolated fromthe vol unes of
t he vari abl e buoyancy nenbers 12 so that they may contain air at a
pressure different fromthat of the open bottom variabl e buoyancy
menber s I1gontaiinair efra pressyre Hifakentr@p thed pf the cpem beltarevariadlet kuenangyr

suction f:ﬁ&%érgﬂzvﬁnb%ﬁ?%r@bﬁgwéﬁ% .ﬂsm.ee&né&eé ® taldd B Shdtn oM t he
at nosphere) and supply it at hi pressure to the interstitial

spaces 5ehe y#fjable liq?éa'l!ﬁ!d?%{ﬁws ég I(‘?’rﬂHéF“fo F%%g‘&reémﬁweﬁé apd SHRRY et by

punpi g igAes phebire tétHe, intéftifd) spRdLssaswhile the baomeﬁcﬁaﬁatﬁr@ssur&r ease
in stored ener In various e

d
L ol § ors e R B AT a e Py st iy CapsidtdiEg "

for exanph@eadtsin stopsdibrierdy) lamanmremmlnhemtqogéwau;eéquenmwemnmout

35% [00 ordance with various L ent rizes
the appr CERIET IR AR B SRR &, 3o Bet Tl ea | n e
parti cul aesSRan|rereasaiin pgteatiadl energnokaboubds% function of the

pressuri 2ghiAn aphh bedhchABlinbor Bl RBRSH Sl RRIROL | &

energy potential energy buoyancy tanks interstit
approximate quantity of potential energy which may be stored in a particular PSP,

per unit platform area, as a function of the pressurization applied:

Table 1
pressure in pressurein potential energy potential energy
buoyancy tanks interstitials per hectare per acre
bar, gauge _ bar, gauge MW-hr MW-hr
1 1 6.7 2.7
1 2 9.2 37
1 3 1.7 47

Example PSP: 20m height, 50% open, 80% 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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per hectare per acre bar, gauge bar, gauge MMhr MMhr 1 1 6.7 2.7 1
2 9:2
WO 2010/108163 PCT/US2010/028070

[00E0] Figure 6 illustrates a schematic diagram of a PSP potential energy
storage system 50 with deck-mounted water ballast tanks 58, in accordance with
various embodiments. Referring to Figure 6, weight may be added to the platform
14 of the PSP using seawater ballast that is pumped up into tanks 58 located on or
above the deck of the PSP. As illustrated, "P” denotes pump 60, generally lifting
ballast water and “T" denotes turbine 62, generally the self-same pump operating in
reverse.

[0061] Further, the elevation of that weight of ballast water may provide a
further iné:rease in the stored potential energy — which may require both a portion of
the immediate excess renewable power generation to pump it into the tanks 88, and
which may later be controllably recovered by draining the water back to the sea
through water turbines 62 driving generators. Again, these water turbine 62 driving
generators may be same pumps and motors that initially lifted the ballast water, and
further operated using excess power created by the renewable power generators.
[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
bucyancy 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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3.7 1 3 11.7 4.7 Exanple PSP. 20m hei ght, 50% open, 90% vol une
[0058] As illustrated in Figure 5, "++" denotes nom nally doubl ed

char ge ai rywprgfgdg®gs produced by bl owers 52 connect ed i rpcSaid28%/08660SS
a vari abl e buoyancy nmenber 12 or interstitial space 56. Hi gher stages

of charging, for exanple in one atnosphere increnents, may be used.
[0059] I n various enbodi nents, the freeboard and draft of the PSP may
be general |y maintained by manipulating the PSP to conpensate for the

change i rF’qVﬁleéﬁ?\ﬁ[FChﬁf@ggmeé?”aqtm%errﬁé)ﬁ’aﬁ'éwéﬁ%G%WP%@&”F'HQ $aBsFety

of ways, $feth RB5tsRYigRaIktRE oV LéffokAo amtdSheFRdbosrdRYid AP AfiAgi Ny a
vacuumto one or nore of the cylinders. This may help increase the

di spl acen¥SINAANGRERqual to that of the increase in variable
buoyancy pgé4Jnder Iaianottier emibodiraastef BERtbaked potentfal eﬁaw stoRdeathe

y Do st an VRisoh GRe bR R PEBER by B pR BB BB a0 e w11

t he deepecontiirattion nkthatdackdudtyd atecageitanksaind dae ballastofatéhiatrdedBRtion {0

2010/ 108]1ﬁ§ %grétwfé?&)]agég %‘?QJ'RNJS proportions, with regenerative power transfer
between them to help reduce the net energy loss consequent to their placement.
[0065] In various embodiments, in compressing the air when charging the
PES system the temperature of air may be reduced over time by natural means.
The internal energy is thereby assumed lost, leaving only the pressure x volume
product as recoverable potential energy. (However, thermal insulation of the dry
storage spaces may beneficially preserve some of that internal energy.) It will be
understood that a power generating expansion of initially pressurized air having an
initial temperature typical of the ambient, via a turbine or air-motor, will result in a
discharge of atmospheric pressure air with substantially lowered temperature. This
is undesirable, however, because if dampness is present in the supplied air, ice can .
form as a result of the temperature drop from the expansion process which can
adversely obstruct the machine, causing it to halt'and/cr 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
varicus embodiments. In various embodiments, the asscciated 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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[0060] Figure 6 illustrates a schematic diagram of a PSP potenti al
energy storage system 50 with deck-nmounted water ballast tanks 58, in
accor dancewyw by ¥es ous enbodi ments. Referring to Fi gurgetfys:y@iosdbo
may be added to the platform 14 of the PSP using seawater ball ast
that is punped up into tanks 58 | ocated on or above the deck of the
PSP. As illustrated, "P' denotes punp 60, generally lifting ballast
wat er and "T" denotes turbine 62, generally the self-sanme punp
oper at i ngerhbvdiramis dlee h§0 @8 i dcldeti hethe prémsutzashait Tbefoe thapresweizett  of
bal I ast d@th%ugwtl%eaﬁnf)iiék%b% Wi iR dlof 4 SLOT ed pot ent i al
2Tt on

energy - uire bo e 1 mmedi at e excess
r enewabl e[UBQMer gdn@amusmbtodmpﬁmqo rmdt- stageheatiag mayibs witzedaadth@hi ch

may | ater E%u?@@tﬁ@gtloﬁetal dt‘eé’sﬁﬁi%ﬁeéuefb Ry B6 MdisddAcrkMentd) 18 vdiRGk to the

sea throug wat er turbi nes driving generators. Again, these water
tur bi ne 62eNGFaterE AS. fﬁéﬁ@"ﬁ’ﬂ%%mﬁa%l"ﬁép BT IR & '%Wafeﬁ%? spssitia ig

initiall yadtdl Helaf 2 bérsreth%h:h éﬁ,&an%heﬁrougmal séristdRheQpEs R oedir-Htdrg 58xCess
pOV\BI’ Crea

t 0 7
o s heh gt wbich e I BT STa by 2 PP TIata riount dagvey el or age
syst e(rjn 50il|th'bféS@Y§ch§ld§ﬁC di@grem drétlel ster ekpanaloacf pytentiat aoergy stored as
accor dance . one
orbod moet Her R iRe B B sEERAE, TS [dehBuf var i bfbanteis 0T
vacuum 64[0068]5 one Réfetring tc.vlagumﬁ & ubwpaﬂ embn@metssthgmecessewéwt
raising trlﬂﬁ %&fed' Vabwhidr 76 haY R4t Gpnlaé‘arQH%Y tSoubh LBEG

% ownward on

enabling t nospheric Eressure to t he "PSP' s deck
Wit h | esstpicalprerexchpnassy gffWﬂe@'eenbfAﬁﬁ@erfd'G@%%‘CB@nqefﬁj@r may pe

pressure. us-EBQo PRVidd ¥ind ﬁ’éc%@sdf?)ﬁe%getﬁmevﬁﬂ &l?hgteﬂ éﬁéﬁin @ﬁlletzhﬁ) wat er
raised, and its potenti al enelrtrgn 9\% be neasured ‘ﬁé gt}\ﬁg
one- hal f MiREMiziAg dedacesaghin the tEnpes Eﬁ"g&%?e@ WP es&e" er'mB t\#en

t he C_yLl nﬁt&bguwtﬁebrmérmeayandsémt@yl i nder tank top also may

contri but t he potenti al. ener tor as t t

at rmspherﬁ’_@g ir. 3i9°|ng fiewreg @ ?%/f% g? gnlygntggﬁ%{\n@]?r{}c %tgger grr'ﬁ gf a
PSP pot ensreabt lemadgq/tmpreage asygtterpebety tanrabaemars;ttor veleis ofdoe PRE

L GRS 48 Ol T SRR sty

enmbodi nen odi mrent of a PSP-based
pot enti al V\@mbwasmma@@n@r%@@ﬁwtectwéﬂ batteets apen ¢hthersga A nt ai n

draft and{n@rstﬁu&%ms%r&rﬁéfpla@d Mk 'c@&&ijb&tbnisnbéma@hﬁt@r!m% a&h awat er
66 into the bottons of interstitial aces Suyc

e
fTow f r onPHREeTS é&hﬁlrda'f'?fés Fi\eaPierplated Biis i ScRPEPLNP sgPsWha

t Er ough, ppyratd ai &J‘nguet cohaé&ions Hfalplbe‘ﬁgﬂerwr}:%tm@ eﬁr&yhrﬁc?ﬂ afryintedstitialg It o}
t he excess r.bein x zed to drive bl owet: r. ile
Goner at 1 i BB B RoMthAL gk f BV e AR B e B oo

pot enti al themeaagyemy ¥¢ale n the illudizated echbodimgntscthareft side ofithe Hablaast

I

original e’or 1n an to main oar and draft
during enplegsurigechair and the. r-gpm@qewtaﬂ@t%@pr‘a@%9ﬁnqv@ﬁtf'adlre fufseqant d

potenti al yeaak ofstﬁéiraﬁ'g@acktl@ﬁeaa@q%h\éﬁé gh‘érné@ dimihgéraés Haq bk vaBdl
freeboard é e achi eved usi ngpa combi_nati on of the deck nounted

storage t %% and Tweirg4e ?%‘Eer\ﬂ%!? fealrre Rl ther3vaie™ 8 $9P i nterstitial
Spaces, i BmbsdileMs, tRE Psprmamada\memo rEPSiABUBFANY B ipo'sasntbf ansf er

bet ween t ypothe?caw(?otgl loss o'f%ﬁ pFeggurge}or msFangg Jug§§ gr%gg %o |on éarﬁé)get heir

pl acement :
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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[ 0065] I n various enbodi nents, in conpressing the air when charging
the PES systemthe tenperature of air may be reduced over tine by

nat ural nmewoso10hibsiss nternal energy is thereby assuned |re3atuszéesysong
only the pressure x vol ume product as recoverable potential energy.
(However, thernal insulation of the dry storage spaces nay
beneficially preserve some of that internal energy.) It will be

under stood that a power generati n? expansion of initially pressurized
ai r havi npraal yppit knait oft%a?wéeml geeliationBe whepexpased dmihp &Fean YAV a

turbine Oénv%ﬁmémtaﬁﬂlor %dpl:rté&%ﬂable‘ d%c@lo@ﬂ§cm3§ogfe é?ﬁbo?sﬁ:ﬂ&%@hﬁ‘é' c
pressure alr wth substanti al l ?/ | ower ed nperature, This

undesi r abiaety Rytkaad 80 machgeds @“El‘h(rfﬂﬁ‘é%’sa"ldg”ﬁl"%%@ma'w h°rfzﬁ8ta§ UBpl i ed
air, ice @atbdireéris,abe RateERVEIB20H tHehiribBIe PesRINDY Eneﬁl'fb@mi fagbehe

R L e R e T

t enper at Lwrawdlﬁgiaﬁt rropreséhenlae mayllnalosbudyeney aiedlittctheoise iand fdllef &heai | abl e
energy. Al -Lhe
anbi ent t"éar'w% %I%?thgafe heIléhla ﬁégh‘l g% trépg%a%ﬁf gf%éé?@%l C a}ctsg, and
gener at e dudti92 thehmby povdict al{@(}@eﬁitﬁr-gﬂnéergiupﬂmmﬁm 8% abpvedhreiont i c

g't g?regmagéecktiﬁ tﬁ"%}lglln%h&?f%a B&%rde%%gﬁ'alﬁgggst% guotenti al energy

eatin I n accor ce wth varlous

enbodi nent08711| n vdmem!PS'dlé‘r@B@d ressiple belovseulhead iy easlawsd be

al l evi at eg cam%mww.ww HémE#&QﬁBI@e&oW-bhiﬂﬁeMF Vohirh& By afddhs bodh of
heat to the pressurized air before and/or durin thegﬁower exgﬂﬂm on.

Ref er ri ng@t¥a3pe o JPagicpienampgdianispbe ”ﬁ’t'F?]zQI“ ptap ghort
pressuri zigg da¢w1476y a SFHLeORE legé mmtnahlaeeutminelmatteﬂa thepiisive added to

| at h 4 1 t dingly.. | t,
heat 72 ripTEe She derioe £ o HebrdReRE LR B BB S BERIE as
or el ect rainist witlytheatcak ¢4l foljidstegen for sbuctarabreasdns, ax bauratlent argeeafat ur e.
| .
0t ol B e Al RIS B s s L0
addi t i onapragiigakle. gemmmb@ﬂimms femﬁen%m@evwéplﬁwveman 3"Miifded to

the pressyi %&de ?dori sﬂ&vr@"n‘é@r& fitld8 1P $isidd of @k wrical Sudt@rti@Blotdtheugh
the air notor @ower 0gener ator 42. In Vﬁl‘l ou

enbodi rren@"sgaﬂﬁﬁ ‘ﬁ’he'b ﬁdé"’ﬂé‘a‘?‘i gnthdilred gy (719 {”i‘@ﬂt al may 5°ﬁ?'@as“§‘8|"b of

the storege Dél‘ﬂ&élldllt:tmd IAk6md @miaYinteats, leSalleintuy arbatitidd by thy matioh ous
generators, 42, one at nosphere, or less. It is

| e by
t her ef or e*TSRBET WI'E’"PB' %g@%ﬂ%at 72 before each expansion through a
seri es- cofene2lt ed skKigucf 1Zillustnatesdogr vislys of ao lemibbdivdent bf alvagigblet he ai r
pressure i t | schemati c
di agram o?l}/oly %yp@%ﬁé@% p@rl?sa?%%él@% bug)la%l{ %tgeblrll’lgbg@& g‘?rgrg%éédas air with
i nt er st agBefewhgdn Figyrd§2 Foawres dRA anﬁ 136@69‘&@%@%%@'\?&\"?‘(!&519“"9
embodi menj g ahﬁ%%lﬁﬁafy%w (Figird 12 1Eagw£sa¥&y bhlﬂhé’ﬁf-é eQNaRMgENt S,

t he necessar eat nm seawater 76 th is at or near
anbi ent twemcatwrebeerﬂau@nomaéoa?ra%fvwfpﬂr@a|prer§éarﬂzee>@¢fr%?ﬁ5§ﬁew

ar r angenegter Ibvel 82it& 5ol thie at th@%@ﬁ%ﬂ@ﬁe%ﬂﬂnef&y dh#)ldntﬁ'\@dvdt@' q@@ovu de
for the necessar ééheat i

e air rin

mi ni i zi nYEBPEY Pgéfs%bt%ﬁe‘{ WVFB%&'ELFJDWE&O"I’C)&BHQFQQH’ Bﬁpc?%s ﬁﬁessen
t he i rrpad&upq)artubg obrxgions bil deekdozdntheateriad! gy Vg tiweagias eertic4l08G@] The
f or goi ng e, schemat i y are
not i nt enBi g oy B BRI 6o I srRe . Yod Boll 8k n 2REY) 2
of the PShutof thefﬁ%wublblanrdluou@wctwnb@néwwh%ymme\dm"&b@bﬁl&mﬁte
with varigus.eabadi ments. Wiile buoyancy air cylinders are depicted

with bottoms open to the sea and interstitial volunes are depi cted
with closed bottons, generally interleaved with air cylinders, other
variants are conterrpl ated within the scope of the disclosure. Were
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enbodi ments, the PSP may be adapted to remain buoyant in the event of
a hypothetical total |oss of air pressure, for instance, due to gross
col I'i si on wamgawstehysi cal attack, or negligence. Fi gurrcils2010/028070
illustrates a variabl e buoyancy nmenber 12 with a reserve buoyancy
safety bul khead 80, in accordance with various enbodi nents. Referring
to Figure 11, in various enbodi nents, a saf ety bul khead 80 may cl ose
off a varlable buoyancy nenber 12 at hei ght sonewhat above the

nor mal upk9873) i it 'SFreﬁétz@raﬂdeW showe PY way Porprparisgrewitekignes 134 t he
ocean Wavgnhe g, QiR ectihdl Qéw SRR 125 aHé%'o@Mv@yd@WﬁFﬁQlﬁdSZD} Bf some

enbodi nents, the saf ety bul kh ad 80 mm substantj a circul ar
and/ or suwrah?q"a?wf ﬁaﬁieffo‘?ﬂ"ﬁweaﬁeﬁwaﬁ%%agﬁaﬁ%%e?'h w&%&wa@a 82
|][1 tEe vaf2 a&ﬂe]?cmmmaaasurmghea Iol?goﬂﬁypl’f@esdeﬁbﬂﬁﬁaﬁber elatblilvss dfairt hat
(0] the sea surfa I'es (0] anc air.
%o brcsor DeSthe Ykt e vae ol FRE POt aPBRAAEY et o4 fbv St
t he wat erridectu@bo@he kel osmb@ayobmdlrr@]uatdrssendmwnﬁmdwmmomEny a
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nter - oyl file BEER o fiiimatfe My (e FAIEL | fark GRhea a0
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92 may st oRughes breSérvé BR alifuattcRdebbdrd¥.ga thdREight RO Hedkeibdve Wateei ght
than about ane- qt#arter of the inside dianeter of the vertical duct

In ens¥dl e if the vertical duct 92 is placed in contact with
the deck [13074]f or IFigtnm’rtaallus‘tmtesﬁpa:ttdmusfaivaneblscanswomcgmdnmmat area
of through erf r.ovi o
t he great‘gél? ﬁe| B’ﬁt ?aa'lwh e’é’g;ég%ﬁdg 50 QSQ"} 5Qégg§|sﬁngance

to pr evenﬁ3ﬁamna$bse¢ﬁ19umm3a)pg$lmn # a@erdaata/\eltf( vasious Broajiments. be
fitted t Osgﬂfgﬁ'm'g'?é‘: @3 tuf]goq{g%ﬁn'bgaihweqfécé sRévd 88 MaPBE pBQﬁoﬁ-‘Hdrwﬂﬂp 96

when t he veTi s Buoyant rising water that may
oscil | ati ﬂvgvaﬂah!%@rb@nanaamem@eﬂ%)en @%Pﬁﬁ?ﬁﬁ ”&Yﬁdﬂﬁ‘ﬁﬂmtgem’fvﬁ@“vm ve

may not Dbgardobib bRBoMMehBEN rﬁﬂiér%‘ pl%f.reﬁth%m@lvfatérﬂroﬁ%dﬁing Qﬂﬁﬁgﬁ then.
[0072] Figure 12 illustrates

g‘o Y
buioy acy HeARbERssE8es PR s perecii/mot Hisp dney SBuT Pl an edter By
i nstall edupﬁebsssragagwm Figure 12, Figures 12A and 12C show a
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o oarety WO RRead BamesElr el w%“ﬂﬁ?@%%%%%%%’e“%m”éfm? ) ©
oper at i onvatety diweypr bsserentedingnt, alegnales BeattiA2 mextberdispesed wighint o
bel ow t ha{he%r.éd?§ pESANSHREAGE, Ffland diEhRiMo dhidedhis BBeWPdPEndhod

wei ght equal t'ai ned buoyancy der wave action or during

t he proc e!;%ﬁ@ﬂ[y withip e vamlgbleéaumn% r’i%e"i‘ffe' d@c Ressding ta erabeghientsy asy el

may vary mru@awﬁe@ V@Méscmnag%ag& ﬂh@@lbm% b¥e. t NG afsusd b damhéritsd
arrow 86. In enbodi nents, the nmotion of air_in and out of thegﬁjgl
be

vari abl e %ﬁ*%‘rﬂ}aﬂww&%&nﬁ Womﬁt'?%ﬂe?y&ﬂ?@@fj&?ydf’?e Hsesys

UEI rrpededsnde\bﬂwaﬂﬂ,ﬂ{uw&leﬁﬁﬁ’@ﬁd &ﬁ%@b@és&@&@?ﬁb érﬂﬂi&hﬁiwms rds2Breand 12D
show, arison.wt 12A a .
Cross- secpﬂ%ﬁ'a'fy 3?8 SLEN ?ﬁ'@eath(}'h%ﬁat i“c‘:’[ﬁ%?ﬁ%;?“\?’" SNk %Fb%ﬂsreg Tﬂ}) of
an enbodi aentating s&eseaa‘ ehuttelrd &jeetacbscgnd bpdie. PSP vari abl e ai r - buoyancy
menber 12 under conditions resulting in a |loss of air pressure, for
instance, a total |oss of air pressure, whéerein the water |level in
the PSP vari abl e air-buoyancy nenber 12 may rise to about the |evel
of the surrounding waters, and in enbodinents, into the air duct 88.

I n various enbodi nents, under these conditions, the safety bul khead
80 and air duct 88 may bound a vol une of atnospheric-pressure air,
provi di ng a buoyancy force equal to that of the weight of water still

ari abl e
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[ 0075] I n enbodi ments, novenent of the sleeve 98 may be controlled in
a variety of ways. In one enbodi nent, an annular float 102 may be

di sposed wybhitoibdigs vari abl e buoyancy nenber 12 and adawtrag:é10/080gag9e
the sl eeve 98 and nove vertically within the variabl e buoyancy menber
12. According to enbodi nents, as the water level 70 rises, it may
cause the float 102 to rise. In various enbodi nents, the float 102
may engaaﬁ the bottom of the sleeve 98 and nay urge the sleeve 98 to

slide upv@9%] t huPlbeyd serginarabagipents b@r@s%ﬁges"%weaﬁad AesaiPed ni ng

the reserieid W@B@lépprb@ia@ﬁ g thRRRA iR §«n dlithd &% @Rt a Wtd@ﬂ&lé‘ty of
nechanlsns naéeqe used, such as rotating sleeves, shutt

aper t ur eitesg neereapivalent gRbngiperip ariaRisFEniaiops 67! ‘E}%B‘gﬁ’ achieve
50076] QI gh@sbfﬂ% p@bbﬁasrm@,:mwumnteﬂ f&&ﬁ@ebﬁ@ﬂin‘iﬁhislwb?ﬁfaﬁg daswibed .
escri ne appr.eci at ose, o1, a I

> Che. antitpieRannh gl e Bor BB habohite, Snoke i e e
enbodi menilsreatilyi am:lr@:rrmetm embsdic@hisuh atediznoe aith treviresdnt diselnsure

pur poses b i bed
Nt hout - BT TRt S ol BlaeVafery BRSNS Yhlankial MiheREg s
with ski |dovq:rranvl@éaatatlonmdrwamaéads pithepmbedingnts disgeassagserlinment s in
accor danc ﬁueYMfé it E%H@ﬁﬁgﬁtgﬂa@h&%hﬁ%dﬁé/m?% dcOBERRWiBhE BredeNter Y

wi de varletY Ication 1s I ntended to cover any
adapt at i WO@PFWH"&W@HQ Qth ﬁ'@'”@rﬁf@dh%‘ﬁﬂ'&a'@?t%@é@éd her ei n.
Therefore, it is manifestly intended that enbodi nents in accordance
with the present disclosure be limted only by the clainms and the
equi valents thereof. Cainms W claimthe following: 1. An offshore
floating energy system conpri sing: ~a pneumatically stabilized
platform (PSP) including a plurality of vertical buoyancy nenbers
open at a bottomportion and a plurality of interstitial vol unes;

a renewabl e power generator coupled to the PSP and adapted to
generate power based on natural conditions; and
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where in the PSP serves as a potential energy storage device that
stores unused or unneeded potential energy rel eased by the renewabl e
power geneywaiefo@enerally in the formof pressurized aigerugerohb®o
of fshore floating energy systemof claim1l1l, wherein the renewabl e
power generator conprises a wave energy converter (WEC). 3. The

of fshore floating energy systemof claim2, wherein the WEC is a
RhoCee WEC. 4. The offshore floatig,phergy systemof claim 2,
wherein the WEC is structurally integrated with, and controllably
or i ent edWesyclaietheIBllowisg: The of f shore fl oating energy system of claim
2, wherein the WEC is conprises a plurality of oscillating water

col ums, wherein each oscillating colum conprises a nouth, and

wher ei n {he nawblistiire €agtingesdryl aystag aehprising:s ori ent ed
substantially toward a direction, rrom whi

approaches. ~&PnéiBatially fbdize Riationy (Eﬁﬁggﬁ?@ééléiﬂ?@ght&@ﬁ@wem

wher ei n 5eTRARE At rs bBen 28 B HERBHEL RN End BTENIrAIIY of e sBifial Rl @ héd;al
energy storage device are dry-serviceable fromabdove a water surface.

7. The of f shoa Eerewesia pevergangyater seumiedio e dlSh and wdaptediogeeerate
r enewabl Soﬁmseg%ﬁ%a%r%rl Cgm&dss?ﬁ?one or nore of a wi nd turbine,
y or

sol ar pahel "arra oCean curren urbine. WO
2010/ 108163PGIM¢sS20 iy PRBGebvesdas d potentifisdn@rgy Stooaga deyienivaggtossst em

f claiml [ h tenti al t devi '

ol ur ai 1 £ YPOT Seret SO RR Ry cere ey tibe SR Boer BoiiERer
nmore of géerdy hith@forbionmessuriredzar s and/ or interstitial volunmes of
the PSP, and wherein the blower is driven by power fromthe renewabl e

power generator. 9. The offshore floating energy systemof claim S8,
further sonprigd HEHIRE fI9AINTPERrg) SysTBQIr AR WabréiA tHE ratewidble power
e

el ectrical generator when tthe pressurized air is released from

one or n@eRergler coTRriseria Ve \eneegbeonyedat(MBECer stitial vol umes.  10.
The of fshore floating energy systemof claim8, wherein the bl ower
functions as an air-notor for driving an el ectrical generator when
oper at ed3i n rEweofshore fdatinbhensr§y shsiem dflotamni 2) gvheneindlye SVESE dsva ého-
claiml, .wh &n potential energy is stored by the potential energy
st orage G@@i%gg when the renewabl e power generator generates power in
excess of a system output requirenent, and wherein power is produced

fromthe potenti al energg/_ storage devi ce when the r_enew%& ,gower
gener at of- genEefiishore 8Qatng,gnerdy §rste MO AN $i0 e ¥l iement .
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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12. The offshore floating energy systemof claim1l, wherein releasing
potential energy fromthe potential energy storage device conprises
heat i ng t h@opoeassss zed air before it passes through arrcayus200igsn7o
13. The offshore floating energy systemof claim 12, wherein heat is
supplied by aqne or nore of the follow eat erators ustion
of T st cen My Ssiho fost gl hechn BSHTON ClA HGTER 1 o 6GLH &R0y
sel f - progyeRe davice! @ripriRe¥s piurkipy 8f lfalé%ré"béﬂ”ﬂgﬁf’éli t%rﬁupﬁ%ré@étﬁfzed%ﬂd
el ectrical fesistance heati ng1 usihg a portion of the stored potenti al
ener gy. toone ox rp@E-gfdlag werical L@y@acxem@r@a@w ap¢reindarsiiial yolmas of the
conpri si r ! al
ol Or?@?haﬁ%@hsgﬁ"fh%r @Weﬁg dé'ilvgn Bl power ffrBﬁF'th W&Re\%'olb?)hﬁfe?

f orci ng generster.i s dr| ven by power from a renewabl e power generator.
WO 2010/ 108163PCT/ US2010/ 028070 15. The PSP-resi dent stored energy
regeneration systemof claim114, wherein stored potential energy is

rel easedg f r onTHSGifshiors ﬁ@bt@i@%r@aygsf epRaaroliciaim 8 Yistinchinpaking\Wnedort he
pressurized air to pass through an air-notor, and wherein the air

ot or der%a'éﬁlOé?récﬁdﬁp@&Jl togﬂéw&aat%ectnc@@enwéomﬁw@. RIesRurged el ds
ener gy reaenendohPiheSdd & bfe \%rﬁéénbﬁé¥am%@m5e&0§rmhte'ftém%ﬂwgmebs

stored when the power generator generates power In excess of a system
out put requirenent, and wherein potential energy is rel eased when the

pover Se1f = ARIELEATLCTR PR AR, BRSO i,

of cl ai nasldn aivkmester for idhieingian-dlectrical geterdtoewhemoperatesl iageegrsai r - not or
for driving an electrical generator when operated in reverse. 18.
The PSP-resident stored energy regeneration systemof claim17,

wherein the B3R ﬁﬁﬁﬁbfé ﬂ@éitlr@rbr@rgy é@%@mr@ﬂ c@r\ﬁﬂcwr@?&lﬁﬁaté?&aﬁéhe?bﬁﬁ ric
not or for pressur|2|n% air, and wherein the electric notor functions

as an el ¥efadiky tjemstentsl engran skpasadevics whes ke snewabie pawer generator
PSP-
PP s o S G HEI S P SR0BER H0BLEXRLAE BN Shaldfckdn e 8 1

energy regeneration system
conpr i segrotecad figmphe petenitialeehengy smgﬂ @e\nu;e phen & enevagle poweri r

ol ai m 160 R e Bl e o SIS A FRERER TS e
hytj][ ocar bon fugl Iby comlaustl onbof adstpr ed hydr ogen gas

ol ect [1 ot r eLTRAROE iGaHonsona R M A8 ST eria raeas b PRISGR
21. The &R yﬁérrplﬂetpo‘sérﬁraeén@@%mrag@a@ﬁ@é @bmgﬂséyﬁéﬁgﬂgqﬁe@k@ysmééd

wherein a he| ght of a freeboard is maintained at a predeterm ned
| evel . 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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WO 2010/ 108163PCT/ US2010/ 028070 22. The PSP--resident stored energy
regeneration systemof claim21l, wherein the height of the freeboard

I S mai nt ai wododliogspr edet erm ned | evel by addi ng bal | asgcri@s2@4d/028070
interstitial space, by raising a water level in a variable buoyancy

menber by evacuating air fromthe variabl e buoyancy nenber, by adding
wei ght t&-a t Bjf debrepifenhoresy enasey 1Racaeration sy§iem ebeipinhit. wierein
thereol sgrbd ghibidl 8leRly 970185 Mo IR SRIQS bASHDPbEEdrEo PORIEN phn 2
PSP, conprising: generdating power using a renewdbl € power generat or
coupl ed alwwihg thegRressurized ait torpasg tiroughehair-rmntar ggnd wherein the air motor

PSP-i nt egrate ner.gy, star device by pressurizing air in one or
nor e def&rﬁ%& E&‘o&ﬁﬁt\ggé’loqen%ﬁ§8§89 24. The nethod of claim 23, wherein
pressurizing air in a conpartnent of the PSP conprises using an air
forcing ggvic driven by an electric notor .to pressurize the air.into

the conplit motte PRRACBEFO Hgradk ey recsPeralign s¥s e LYl Mo wherein
gener at egdotliitid| RPeff/ 18 WL E WhRNRRe peRer §é¥rator denerties PELEOH eXbedd & an

23, further cong£g5|ng rel easing the pressurized air fromthe

PSP- i nt egjsiRrne @uEns reguircmigriigandiehercin peieolia)iengroyvasrelgasest whendhe ve an
el ectric | , rgl 1Lg the

ai - ot P etStor g8 TeraleTelERARE: o Bidh e o R eI RTD, Lo
node, and wherein driving the electric generator conprises operating

the el ecﬁ 7le ﬂPet B5pLBsRehf é’tSFe%eean‘?Sf regeneration system of claim 14, wherein the
air-forcing device functions as an air-motor for driving an electrical generator when

operated in reverse.

18. The PSP-resident stored energy regeneration system of claim 17, wherein the
PSP comprises an air-forcing device driven by an electric motor for pressurizing air,
and wherein the electric motor functions as an electric generator when operated in

reverse.

18. The PSP-resident stored energy regeneration system of claim 14, wherein
releasing potential energy irom 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.

22



WO 2010/108163 PCT/US2010/028070

22.  The PSP--resident stored energy regeneration system of claim 21, wherein
the height of the freeboard is maintained at a predetermined level by adding ballast
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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