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Afeasibility study of typhoon energy utilization using mega yacht system

Yutaka TERAO

Abstract

Typhoon, hurricane or tropical cyclone are characterized and driven by the release of large amounts of latent

heat of condensation. It is said that an average typhoon has a huge energy of 10*® J, which is enough for annual

Japanese electric power. But until now, there are no idea or technical discussions to utilize such strong wind energy

sources for human beings. Therefore, if we could develop a system that generates electricity directly from the

typhoon, we could obtain clean and abundant energy. In this research, we propose the concept of a floating power

plant designed as a mega sailing yacht with some underwater power generators. This power plant operates using

typhoon or strong wind energy with its sails and the underwater propeller generators that yield electric power, which

will be stored by batteries or H, conversion. Our feasibility study shows that using the 1000 mega yacht fleet, the

annual electric power in Japan can be easily obtained with no CO, emission. We also compare our concept with the

mega-float wind power concept proposed in Japan.

Keywords: natural energy, utilization of typhoon energy, mega sailing power plant ship
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(H19.10.10 : HAZATBAEAEZBESENIFERT © £ 1 V) > 7 Bee EJI5EE
[0 — SV ZRALRER ) A4 7 v LMK OEHEEMR ] AT

66

DI S = TR
GRIETR) &£9)

B YN WS e



R 2V F — 2R3 2 FEE O ERERTSE

Fig.2 Fixed type wind power plant
(Denmark Wind Farm)

Fig.3 Spar buoy type wind power plant
(TEPCO)

Fig.4 Floating type wind power plant
(Proposed by Tokyo Univ.)
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Table1 Principal dimension.

Length 2km
Breadth 70m
Steel weight 114,600ton
Displacement 199,000ton
Windmill ~ 1lunits X 5000k W
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Fig.5 Floating type power plant
(NMRI)
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Table 2 Estimated performance of the mobile mega float
@ Summer season

1 4.70E+06[kWh]

1 1.62E4+06[kWh]

1 78.7[%]

112.8[%]

Power output
Thruster power
Operating ratio
Power Plant Operating Ratio

@ Winter season

2 1.02E+07[kWh]
2 0.00E+03[kWh]
179.1[%]
126.4[%]

Power output
Thruster power
Operating ratio
Power Plant Operating Ratio
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Fig. 6 Perspective view of mobile mega wind platform
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Fig.7 Mobile mega float transfer trajectory of operating course to stay sea area.
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Fig.8 Polar diagram of mobile mega float
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Fig.9 Operating sea area of the mobile mega float
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Table 3 Energy generation methods
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Fig.10 Proposal of Tokai Univ. current energy plant
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Fig.12 A schematic view of Kite Ship
(http://www .kiteship.com/)
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Photo1 Kite Sail equipped with sailing yacht
(http://www kiteship.com/)
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Photo 2 Baden-Baden, famous magunus-roter ship.
Baden-Baden, made a successful voyage across the Atlantic, arriving in New York on May 9, 1926
(http://en.wikipedia.org/wiki/Flettner_ship)
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Fig.14 Lift & drag force acting on the rotating cylinder and Gaff mainsail.
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www.bluegreenpiclures.com

Photo3 Turbosail 1980s
(http://bluegreenpictures.com/perl/Cyan.pl?mode =view; inum=125790)

Alcyone launched in 1983
Photo4 Alcyone equipped with twin turbo sail system.
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Photo5 Tank test model to investigate electric power generation in the high wind condition.
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Fig.19 Resistance vs. hull advanced speed at wind speed 14m/sec and output 55MW.

78

B YN WS e



BT AV ¥ — 2R3 5 FETERD O EEREIIITTE

6.60E+04
6.40E+04
6.20E+04
6.00E+04 |

5.80E+04

Sail Area (m”"2)

5.60E+04

Sail Area vs. Hull Advanced Speed at Wind Speed
15m/sec.

5.40E+04

Advance Speed Vw

9 11 13

Fig.20 Hull advance speed vs. sail area at wind speed 14m/sec and output 55MW.

£V, NORNERIZS 5P UIMEIE W & 2 5ICFFE
T52Ebbrd,

9. EBREAVIERIRNF—DFREICD
WT

9.1 BE&IZ

BE X, FERBERESREL, 20553 — 4{HEAE
kBT 2, ZoFmETFEs5 HESH, GROERE X
FOLEE 17.2m L O %E 5. BRIEEKZ T 2L F
—%Fb, FHWNEROFK O AL F —131.018] Lwb
N, RIGEFEFEBOUTFICHEY L, RIS R
TNT 22Kton I2FH¥4 4 5.

DLW T =8 T3 H 50, HAD 1 X[ xv¥—
# (20034F) 1% 545,16510Kcal TdH v, 2.219] & % 5.
ZHE 5 & Ton OAMICHY L, FESREO23ME 5 1 H
L3 2%, SR TIZA00EULO ANV F—2HEEL T
20 ThHErs, HEKEE(LOSUAREEbNS., F72H
AKD2004EDFERIF 1028T WhTH v, FAEEEDE
DIFNVF—D21.05% LS LW, DD, HE
THEOZ ANV F — 2RI LA TEILUTHARIZIZ»DOFE
AZANVF—Znonl tickb,

BRI Z D X 5 @K I 300 ¥ — LR 2RO
W, Rl wWZANVF—FHTHL LDV D, BER
5, GEOERIZFHLICS S —ETREEL, TFVF—
DE L BWBATHY, WReBEAREZERZLZST, £
TeBEE & EIS S R RS, FREE L SRR b
D, EEETHAAHSROB RN E SRS, S5

%6 &M 15 (2008)

WZEJE D RIS RINI 2 iU Eh B B D 10065 D = 4 v
F—EHDODEINTVDEY, RIZIDIHRNF—EJFEZF
AL XS LRz Sheflzms 20,

22T, BRERUCTHDH, BROHTDEI N 7F—
WOWTHRTAHSL, 2O 7 —HlfEcBE L TiX1960
FRICBEA TN LW ERPH 5. ZHIFEFFA
BEZILOTHY, NOAADEERH-T- L &h 5.,
Z ORI ER, BEZIVEH SN A A3y bo—
Wk, BUERTEEMIC X 2 FRIGESELL X D EFE(E
HOTETWwW5, (Hoffman, 2006) ZNETDONY 7 —
CHEIENE, KEROBMKREERDO = ANV F - VI A
L, ANTEENE2ESY, ZOBNEZSHENREONTE
THEY, BHEOFHE TIIRERE 0.5 E2ETI¥5 2
EWERIThEEIND,

9.2 HAEOERGIEIZOWT

7 AN A OMFROEERTH, NV r—rBEIHTE S
o, BEZOLOEHIMETE ZAREE b0 H B, N
r—rbBERLYA 70 IFPERRL L7200 T, F—
ODHABHRTH S, LrL, AKEEEREOREREZ &
DEIWATI DD, £1T7 AV DT & 5 % ALKER
FNZ & 2BEER LR O TH S 5 Hh, LI,
BRZHOLDOTHY, DX REERITo/ L X128
B 2EWERIZED XS ICRBDED I, Thoh
RADE LT, GEOHE WS DIFOELBS L
VT 4 B NERZTWMEHEEERL TO LD TIER WAL
WA RENESL, TSI DOWT IFGEEL, HEBICHLE
EHEDMER 2 AT 2880 DD EHF 25, TOHT,

79



~F

UTORES T VA ZHFEZ 5.

9.3 EEFIA

HEOER T 2V F —FIHD 12D IS DOFKEMR TV —
FEBRAT S, TR5E, 207 7 AOMEE L,
1000EFEOHEL2E 2 2. ZhsBEEICiEVILE, F&
EEREL 2O FE, B R AKRICEHR L HA S UK
AEILT %, BEIERE 2, BROFBELEFICL ED
BIREBEDIRT WS kR LS, Zhe DR, B
OFRA T AN F 2D LT OERLEN S, #EOZSME
e L, HIBERBRBIAOKIER A bV A 25 2 e WipE 217
FZrrT B, FOEHZIDOERA»STHL T 3%
EORTANF—2RINT 2, ZhrEROFEECEDE
THE{TH) LT 5,

ZOREOME 2 &HFICiEL, Y1 7 ay, NY T
— VEOERAT AV F —E2RINUFE, WAEISHIC L
DARFEEFROAIL 2F 2 5., ZhretiucifaL, A
TN £ dH CO, Free DRE R = ANV F —&EJROE
Hei s,

HWEKIRBE LI LD, EREEED LEX TSN, /2
HEFAS N TWBELE, ZOWEmEE RS0 3o
F—RB3EROBAMEICHEEZN T L2 D RS EFZ o
TWwb, ZOAICKE 2 BRIV F —E5 %5551
LRI L T Z & T, HEREB(LOBT 2V F —D—
I T AISHIERER L2 Z 2 1 DD ke kD, i
BRGEDOKERLDLTHIE 2 5 2 L BHRADIFR I
TEIRERHFG LR,

ZDTATT T, BREIEVELZAEOFOM BTV
v, BOZANVF—EREFZEZ D ENTELH, TR
R OBRKTH 5 7- 012, Filc oSk & FAiBaF»
BEEIR D, FREROBEEFI AL F—RORRICEL T
b, LEERIRH B Z 2o RIS wL, 512K
INT& 2z 32V F—ICIZHRNEERD 2 Z L DEETDH
5, ZhoofEcL Tig, H¥cEY 2 BEanm I
T2 AR Y A T ARSI L, T4 Rl 21T D
ZEMRBEE RS, FREECBEL X, BEERTHIE
MOFERBEL, FICKRRTHEMOSEEANLE L I
5.

EHIC T AN F —IUEEE & L TERS N S ElINES
BY AT AABICIWEMERE & & b5 i EE = R
DY AT A, FKEERES], TANVF LM - IFEY X T
LADABNCT Y, WL T AV F AR ER SN,
MMAICBA L TR I00E M £ TR ER T2 2L Eh 5,
Fl2 NS DIADEEICIZ% S OB LREN 2 HERET 2
DERH 22 EMFHISN, ZOMMOBEHEICOWT
bl G It 7 7 —FnnEE ks L b,
Lipl, —EZOYATAPEELIZILD T, MmET L
¥ — i)>67j<$0)l2\11/3?—/\7\b>75}323“5 ZEeTCO,»
WD S R ANV F—JHE L TAEZEL R LY

80

“

—PHwens Z ik, FRicbiz KD CO, K
HEZINz 2o, PLFOTHHEROSIRELEICETS5T 3
CEBNHRBZERWEEZ B,

10. ¥ & &

FEMBEICDOWT, W EBUERIEIC L D 2 OAEE
BIRUTz, ER2EIPRRT NEFEN D 505, B—HOK
BT IHAE D HAROEMEAT L ANV CER T2 b0 L Bb
N, EHE»SKENOFREHARDOLEED X 5 LHitzix T
AT7E, a7 AORMDE>8bDOTHY, —ERS
NETZh L BRET 2D THA .

ADEFFEHICTI S, FICIZEHORIOTREME IR
BOomiswv, UL, ANEOWEBC L 2HRIE, bl
REDBRBEIZOEELRIFTIELIIKREL Z>TETW
b, 2O ERFZI LT, 5HBONEDOI D N EED
FIEFI2CF 2 BITRTIETWws EBbin s,

ZOWE LM A 7 — VBB b DO TH Y, »n
OEMARETH 2 LH 2 5. T OFEAII BB EIE AT
Lo ThIwl, MERBEEERIMN LTS DIk 5
EEZ2 5, 20060E7 AV A BB S IEEANY = [
Y —F 1, 200046 7T T 4 vy akBZ oA
oY [YRv] ORBREELFH2ZTH, WEOT A LF
— Wl E AFHOFIC 6T 2Lk, TDXDBHE
EELAENEHO LA L THA RS TEL L 2H
3.

Flz, TOVATAEREIL TV EEIL, 41 VF—3%
v b TCHEAD ANV F —HHCET AT R T, 20D

&, DAL D Q&A IcfF s 11, BAT Appendix 12
ZDYAT LDOEDRT DI DWW TOFSICHE T 2
oy, SO RITLEEDTBLIELET S,

Appendage
BRIRNVF—FRBICEET 2EAH N & HE

1. FELRDFEEBICBT 2L, ELRAKEEY AT
AT, ZANF-IZERETL, 100FEOBH %% 2
AREMA D ERE N T WA, EPR I3 X T A%
m,%¥if®ﬁxl$w# CEINT 3V E—DLH
RCThsrh, ELEANKBEY AT LATORBI LN
X, BAZANVF I DEINZ AL F =K EL &
5. KY AT L ERSIFEEY A7 A XD 5@l T
DEZEMREOE S, REEHROEMEROE S, iz
MR~ EO /N 513 % 222 EPR 3 E b 2 & 3Hf
T2,

2. OB ANF —OFER, B E-> T 0
T, KRFEEV AT L3 LEE2BEL GBS 2 2 L1
£V, B AL F LR CmE T ROV F — DIk
INDSTRETH 2. B 7% A B AT FRBENEH, &bk

B YN WS e



BT AV ¥ — 2R3 5 FETERD O EEREIIITTE

L, HRZEA»S 6, bo5r U FHlS /- #RET
BEERIHbREZ, GEE Ebicdbbl, TAVF %
2T, HATZAVEF—DOBAHIL 2179 £
a— xﬁmné’tm&a

ZehEEIC L B FRETIE, GRO &S RiEHTIX
Aﬁﬁﬂfﬁbmﬁi%%ﬁmz&w.Iiwf—m
IR DE (T A F) BAFICANE Z LT, ¥ —
EVEZEMNNERY, FlEREOSEMEE AW
BEWRIC LY, ROME FORMER R TE 5,

. ZOYATADOFBHREOKRFELE, 1FEL2BLT,
IR EE AR TE D L0 %K wiro, BHA
DR Z2H 2 S, [T 2 2 i3bo o hh, =
I, EMTRIZIEEYLL-NRE RS, B
THz L, FAEMBUIFERMEFE, 2055 14
PHARIC EET 2 EEbNTw3, FEyHdmE 5 HEE
EThsd, bLIRTOEROFEERHEEL S L0
LU TIS0H OBfE & 72 203, FEY AT L ORI
ZD12~2/3BETH? 5. ZI2TNEIDYRT
2 DFEMOBE HI1Z75~100H & 72 2 23, 2 A A
DEEFEL L THEZTHEFTDH 5.

F 7oA 3T 5 BT T HEEL, 5 I
BEKE L vwbh s BEEADBERSR b FET 5.
HATHRC  AF 0 35aE T A L ¥ —ERIZEE 1 F
ET2EEz6N, KYATLAORERKEZHEPT 2
EWHRETH 5.

ZNLAMC b ARERL I I REHIE S TEAE T . 5
EBRIZECAHELCY AT ARERT 20ICLD
EZE5DT, ERABRICT 2 5H%0OFEM S RET 0k
BEThs, BEOKRTFHROBETYH, V¥ —L—
T4 I XD REFEOREM AL, KL ET
FNVF—RRINHR L .

. BRSO DT ANVF —ERICOVWTEHE LD, BASIT %

WE—DoBHECEROE, O EEITERM &
WRTTRE T HNITEH T A DH L S IFZ B —F L W
725 NEBEBEOREORA L VBETIEZ DAL
TIEHLW, 2T —EARANVF —IEHL,
ERL TR T 2 HkE L 5, 2D OICKRBEM
MO FICHESE L 72, ik —KRELHS 27 ADDE L
A5, FlokFRR, BEEP»S CO, 2FEHIAA, X
FUWERT BT, KETHET L LD, fk
AR 2 2 L HATRETH 5.

. T AR KRBT 2 2 L THREY AT LAEEOD
WER S, BEGREE TORENTREL %5, B
122005 b ARD 5 > A — i35 B R 2 Sk
W 2 HEFEE T 2. 2hid, 23RS
NTLEFI@AD, RiTFw AT B W LI
L35, ISCHAKFICHET 2 Z0S OO ZEE
E¥DBIET, EETRERIANF—IRINEZE» 5
CENAREE 2D, THIZERICEBOENTEN D K

%6 &M 15 (2008)

10.

11.

12,

13.

14,

. ERR IS

BLTWRA A=V ERDD,
FTRRVWHLWIEEY A7 AZEAT
%, TR ORE Y AT A LR BRI &2 6

BRO RN 2, MO REEPE Z W REE 32
LD LT 5, bRACEHENMIL, BSOS TR L
DYWL EITTHZ EWARETH 5.

. BIROMEER, SO0 DOFNLVEIICEL, HMI I

BZIEY % »RY = v b ORIZEEREE 900Km 12 i
Z, Vv ROEKRLEEL2ETTLZ 5, H2HEA
DR IFBEOMETHEL ThY +oREEL2E T
%, UL, MoiEmEc, EEicfs 265y
WiZekk & LLGEP IR WO T, LU CHE D FE VW EHY
RT3 2 ENARETH 5.
120RBDETANF —RIEZ DY AT LATHKR
ETETCHLY, 1HOGELSH%T DT AT —
ZHIVE BRRICHI L, #h 2 FeA oK.
2 X D HIERERE A O bId RN 2 B,

%7, WEREORBEIZLY, KELLEED T
FNF =M 2D HT &S BT 2 F =N
BB LT H, FNTH IHEOEED T A LF
—DPINTENTREICAT 252 BV KERART
FNVF—BEE2NEIEE L LTk b,

REEAL U 7e HiBR 2 E S HI 3 2 Beftid & 72 S T
W, 772, HIERIEBE LI X D EREEE O LA
&, TNCERTIEEREGRZAVF—2H LT
LIRNT 1, BEKEBEOWPEEDH IO D
Tk, MBEMCERB LAV —DFHER S,
WEHT 727 AV F — B RS LW O RFE 2T O
FA TR, BERFE VWS, GROADEHS %
DL THITBHET 2R, ZEOX A Y IHRFT
x5,
BED T AV F RN AT 2FEKRZ, EHIBRIT
DY AT LRI D, TS OBETAL—RIZ
FENBEDPBARHTH B0, P75l Ly SEBEkCb

COLBE LR EFHINIERK ) —2igt 2V
F—DAIBIC OB D ERD S, IEFNY TF—
¥, Y47 urFEERENCFECHTHY, ZOYA
TARENSICOBNIETE %,

ZDOYAT LTRSS, KFErEARE LIz ANVY
— SADHEL TN, D7 &b CO, Free DE K%
IHANVF—EJF LD, TOFA2ZEENICEDNIE
HIBRDEH LA 33 20,

JIESFEHF A LR 255 T & Tw B, AR
HoRWIBIZEKRT, »OHREZBEZ 2MITKEL
TWwW3, KRYATAIF, S TREET D8EMALY A
T ADHE b TR WRIC & EHRHARER Y X5 A
ThHb., DI LR EIERTITVRTWRWIETTH
%,

NV E, S TOBETHEZ, Hil-engetsr

81



15.

82

EX
~F

ENTHELEMIZITANLS E LKW, Lpl, #i
BROKNIERBREZ(IE, ANEDEFS 28 h T I
FTRABIZZ L TwIHEEbNS, bO—F,
Fx ORFFREAGORIREM: 25 U C 2 OF 7z 2R Bk
L, M bH»bEWED AFHOFRIZEAZ WL Eidw»
2720,

Ky AT AOBME)L, FEEEFFEOBRRE Cld+4 2 mlEe
Wbz eEbns, Lrl, BERICHT CEHL
1%, BEREOFHITIE, BEOREEEM OV -~V TIiX
HEDWHRD TERVEI BB OEENHL LD
FHRENS, B YU A 72 2 hiaim
FNVEF—IZ LB CO, HEH DA 7 vy, RIFHRZ kG
TELAREM D D 2 LIET 5.

SEER

~ ) 7o — MEEBERE (2006) 1 [SER1THEEE SRR KR
RS 27 AORFE Gid) .
MSTATBGE N ESLERBEMSERT (2007)
TIFEEMFRR RS S TR,
Boss N. Hoffman (2006): Controlling the Global Weather,
vol 83,

DAY 7RI

in Bulletin of American Meteorological Society,
No.2, pp241-248.

C.A. Marchai (1988): Aero-hydrodynamics of sailing (2™
edition), 743pp. Adllars Coles, William Collins & Co.Ltd,

=

HIERERIE O LI NSRBI O ETH 2 t vwb iz Uik,
VE—DOFABHEES N TS, ZORTHEREBANERBEEORIZANVF —EFETHL LV XS,
WHADKIFERDO 5 BFICET 5, KRB TRECZD
HEE 1 EMC30EFAET 2. o HEROERIE, KEOWEERIRE O LA 2,

HOBEObDOTH10M8] TH Y,
100f5DOKRE E 2RO, 612

120 DL FINF—

8 Grafton Street, London WIX 3LA.

AT, &R @& FB W, HFhE-, \|d & A
KA, |UHEE, S, fEIASET, WILBoL, L
KRE, VST, MNFHK D BREARFO/NS wHEET 1L
F— & L TOWERMFELFE (2005) @ HAMMENE T
FROCEEEE 14, 43-54,

ML B (2005) D AR TEE D L [EHIFED 2
HERALEEZTCHES ], HFERE—Y 73y Mg
SEBUHARL

mAR B, ORT f#, FR @, HhE—
SEORHER, LB, mfEt, fEeAsa, PILEoL, L
TR, TS, RAFH R (2006) @ ERE EESTFRE
MiE%, ISHFERES, HARFMSE.

o, HEFE—, IUH#EE, 5EEE, KT @, &K
i, PR M, EHOERE, MRNFR, THEE, WILE
gh, HEEASEE - AE SR BUERE ) S v A T A DRRET
(2006) : 727 /A — v >2006/F19EHFEE T Y VK Y
7V

Mo, FEE—, IHER, 5585, KT #, 5K
&, FE % PR RE, RN TR, LR E, WILB
50, FESA SR WL B B R ) 6 #ﬁikﬁﬁﬁ‘éﬁﬁ
(2006): EIZM‘GEE!}‘E@I SR 8RR AR S

Y.Terao, K.Watanabe, M.Wakita (2007): A Feasibility
Study Of An Ocean Power Plant Using A Mega Yacht
System, Second international conference on marine

, Hf s, /R

research and transportation, Napoli, 55-63.

B 3EFEERIIFEET +—F 2 (2006).

Z D1z CO, PeHBPY DE /2175 L L bz, HRT A

ZORE 33

BARBREOFELEZFLST 2 L EbNL, TFEEFN M) —FPY PV VLI REELE S TRERE D LFELTE
w3, bL, %0)%)“)12\11/3? ERINL, FrENEDPLTHHED L I LN TENEFEBLRHEEEZD LIEREVIED S

ZEIZRAHI.
é.%@if74/tUT%X77%%ﬁ“

ZTixZ ODEHUJ%O)E#(HIZ\JWE é/ﬁ%%ﬁ%?éﬁ(ﬁt LCEKRI Y VUIDRES AT LAZRET
lﬁ’%nﬁuﬁﬂ

F—T—F I BRTAVF—, BRI AVF—FIF, REFEEPG

B YN WS e



