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Studies of Power Fade Mechanisms in Lithium Ion Batteries

SUGITA Masaru and YAMABE Tokio

Summary
We studied power fade mechanisms using Current-Rest-Method in lithium-ion batteries. Surface

films as Li»COs3 are made on positive electrode during cell discharging and also lithium-ion are lost.

Surface Electrolyte Interfaces(SEI) as alkyl carbonate lithium salts are made on negative electrode

during cell charging and also lithium-ion are lost.

Charge transfer resistance was made between electrolyte and surface films and the same resistance

was made between electrolyte and SEI.

Surface films and SEI are main contributor to cell resistance rise and to lithium-ion loss in electrolyte.

Keywords : lithium ion batteries , power fade mechanisms , charge-transfer resistance, Current-Rest Method ,surface

films , surface electrolyte interface (SEI)
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Research on woody biomass gasification using downdraft method

NAKAMICHI Takahiro,HONDA Ryusei, HYODO Yosuke, and MURAKAMI Nobuaki

Summary
The shift to renewable energy has been driven by environmental concerns and the rising cost of fossil
fuels, and power generation systems such as solar and wind are becoming more widespread.
Gasification technology is a small-scale technology that is easy to operate and manage. Gasification
technology has the advantage of producing combustible gases such as CO, Hz, CHy, etc. from biomass
in a thermochemical process, which can be used as a variety of fuels. Therefore, research was
conducted on biomass gasification technology that can be used in Japan.
In this experiment, the following points were clarified. As for the thermal characteristics of the woody
material, the results of elemental analysis, calorimetric analysis, and differential thermogravimetric
analysis indicated that Japanese cedar and cypress are not significantly different from white pellets
used as fuel overseas, and can be used as fuel in the same way. In particular, Japanese cedar in the
Gifu region has a high K content, and clinker is likely to be formed during combustion. The small
gasifier was tested for operation and combustion, and the device was successfully tested. In the future,
we will analyze the air ratio conditions necessary for the woody biomass gasification experiment and
the composition of the product gas in terms of the physical properties of the raw material, and continue
the gasification experiment by improving the small experimental apparatus.

Keywords : ( Biomass, Gasification technology, Renewable energy, Resource circulation )
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A Fundamental Study on the Feasibility of Applying Domestic Wastewater
Treatment Systems in Closed-Cycle Land-Based Aquaculture Purification Systems

-Part 1 - Nitrification in Recirculating Water by Domestic Wastewater Treatment Systems-
SHIMOTAKA Toshiaki and HUKAE Kazuki

Summary

This study investigated the feasibility of using domestic wastewater treatment systems for purification in
closed-cycle land-based aquaculture. A domestic wastewater treatment tank (1.4 m?®) was connected to an
aquaculture tank (2 m? to circulate and control ammonia nitrogen levels in the water for a nitrification
experiment. The results showed that while the nitrification of NH4-N was sufficiently achieved, the
nitrification of NO2-N and the denitrification of NO3-N were inadequate, leading to water quality deterioration.
These findings suggest that using domestic wastewater treatment systems as they are for closed-cycle land-
based aquaculture purification systems is challenging. Improvements in nitrification and denitrification

capacities are necessary for effective application in aquaculture.

Keywords : ( Closed-Cycle Land-Based Aquaculture, Nitrification, Domestic Wastewater Treatment System)
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Fig.1 Schematic diagram of the installed closed-cycle

land-based aquaculture purification system.
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Fig.2 Transition of water quality data during the water purification test.
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recirculating water of this purification system.
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Fig.5 Results of NH4-N, NO2-N, and NO3-N in the

recirculating water during rockfish cultivation.
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Corporate Sustainability Strategy after IT revolution

HigAsHI Yoshinobu and HIGASHI Takanobu

Summary
With the advancement of the digital society, many companies are starting up new businesses and
focusing on businesses that cannot be imagined from the company name. What is important for the
corporate development and sustainability is for companies to implement the business in perfect
harmony among vision, self-improvement and communication to recognize and reflect on themselves.
Companies are continued to adapt or conform them to economic and social changes by creatively

implementing initiatives (structure improvement, restructuring, second start-up, M&A) and

constantly launching new businesses.

Keywords : digital society, open innovation, corporate development and sustainability
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Study on Structural Optimization for Minimizing Vibration Response

Energy by Displacement Excitation using FEM

KURODA Katsuhiko and OKADA Kouichi

Summary

This paper presents a structural optimization method that allows selection from two values (original

and damping material) as design variables. The target structure is a thin plate simulating a beam

structure that connects the left and right joints of an automobile suspension, and using the input

method of forced displacement excitation by base excitation using FEM, the vibration response energy

1s used as the objective function.

As a result, it was shown from the comparison results of the vibration

response energy that a vibration mode that is not excited in one direction is excited by moment

excitation. Furthermore, by averaging the frequencies in a one third octave band, we were able to

propose a structural optimization method that makes it easy to select the objective function.

Keywords : (Base Excitation, FEM, Vibration of Continuous System, Forced Vibration)
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Fig.1 Apparatus of test beam structure.

Table 1 Natural frequency for original model.

Order | Original [Hz] | Mode type
1 274 bending L
2 536 bending W
3 766 bending L
4 1499 bending W
S 1531 bending L
6 1660 torsional
yi 2595 bending L
8 3003 bending W
9 3340 torsional

10 4002 bending L

1st 274 Hz

-~

: 3rd 766 Hz

fw
7th 2595 Hz

M

Fig.2 Mode shape of targeted natural frequency

T Ty T o

(a) one way

(b) multi point

Fig.3 Direction of vibrating the beam structure for the forced
displacement vibration analysis.
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Fig.4 Magnitudes of vibration energy results by the forced
displacement vibration analysis.
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(a) Results for the 250 Hz band in the case of single-objective
optimization, and results for the 250 Hz band in the case of
multiple-objective optimization with 2 bands, and 5 bands as
the objective function
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Vibration energy [J]
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5 bands opt
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(b) Results for the 800 Hz band in the case of single-objective
optimization, and results for the 250 Hz band in the case of
multiple-objective optimization with 2 bands, and 5 bands as
the objective function
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(c) Multiple-objective optimization results for each of the 5
bands

Fig.5 Comparison of the vibration energy results of iteration
history.
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Table 2 Optimum results. “O” are structure modified location.
The numbers are according to the figure 1.

1{2|3|4)|5]|6|7|8|9(|10(11|12|13]|14|15|16|17|18]|19|20
250 Hz_opt | O [ O OlO0|O|O [©)
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2 bands O OO O[O O O
5 bands oo O O O O O
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The boundary layer of supersonic flow in a small-sized tube

MATSUKAWA Yutaka, MINE Yasutaka

Summary

We studied the supersonic boundary layer flow in a small-sized tube. The designed Mach number of

the supersonic nozzle is 1.5. The cross-section of the test section is square and its area is 10 mm

square. The measurement of the total pressure distribution along the wall showed that the boundary

layer in this tube was laminar. Meanwhile, pasting a sandpaper on the wall made the boundary layer

turbulent.

Keywords : ( fluid dynamics, supersonic flow, visualization)
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Implementation of RCPSP method for shipbuilding process planning (IT)

--- Process planning and rescheduling methods based on actual results ---

Nagasaki Institute of Applied Science Hiroyuki Kajiwara
Usuki Shipyard Co. Ltd, dJiro Kadota, Hironori Ogata, Hiroyuki Taguchi,
Shunji Takakura, Takuya Arakane, Hisanori Kuwa

Summary

In this paper, as a sequel to the previous report?, we reported on the results of our study on the
following issues in order to alleviate the deviation from the process actually used. (1) Shipbuilding
process planning based on actual process results. (2) Rescheduling method and its application.
Regarding (1), we proposed a method using two stages of virtual activities, noting that in the
process performance, there was an appropriate change of location from the work area to the waiting
area. In the RCPSP method, the work period is determined from the number of work hours, and the
work location is assigned for that period, and the location is changed at that point. Next, regarding
(2) the key is to inherit the resources used by the activity in progress, and we developed this method

using the RCPSP solver OptSeq>?.

Keywords : shipbuilding process, scheduling problem, RCPSP, Rescheduling
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Current Status and Future Prospects of Ocean Energy Utilization

- A Review -

KAGEMOTO Hiroshi

Summary

Current status and future prospects of ocean energy utilization are reviewed. Since European

countries are current frontrunners in ocean energy utilization, current ongoing and future prospected

activities in European countries are mainly focused on.

Keywords : (review, ocean energy, renewable energy)
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METFLX—ZFH L TR —2E]Y T,
Fig.2.1 12" d & 9 IR O s KA A FIL LTl
D (tidal barrage)® NNZHEAK Z T8 L, TR ALE)
D OWNEE LSBT DK R S AR LT, R
B0 PISIE IA A TEUEK & KB DAR AN BT Y 0D 84 B
LT, ZOHRICHE LY —Er 2 RliE S CHRE
AT 0, (A Z—Fy "l THRL L. T
B ANRAAOV ol AN N AT/ NN ik 1 )3 E b RE IR i
FFE] T LT W2l 2832809 2 & 2Bk
T D7D, KL bEa—7Tik NYERE] LESD
LET D,
FRE DB 72 DT, A OWEPET KL F —FIHIC
AP~ — R TR,

) I ZEFERENT BN IIBEAF DK T &
T

2.2 FHIZHE->TAELIRNOEB = XA F—2FH T
558 (WIFRIEE)

TR LE S WAL (R IS Lo TH— B v EEE S
KBEITR D, WHBEBEOTZDOL —E L, BIET S
BREEIT AR B3, MBS — v L R R RS
T 5, KIFZERD 832 (GFOBELEFFHOOT, WFHEET
PN ZNIRNFEET SA AL EHART, LV ED=FRL
X—ZLHZ2HILNTED, o T, WRHEET A
AZIBNFHET NA AL/ D N TE, Ei,
EEOT AL ZAERET D7 7 — A THEET A A

EREEZKLS TEHDOT, 77 —20 AWM ES
HET 77— L X V/NSLTHZENTE D, WREESX
—E X Fig2.2 IR T LI ICHEICEET 52T
&5 L, Fig2.3 IR T X IRREIC L » TilERICEE L
B 5 ilkite) £ 2 ICKEE S ICENS DD HIRE ST
Wh, WFEFIALZREBEFNE LTIRRESRL TS

DTN Db dH o7, #ilm, WiiEEHNZ—evr e L

TlE, A BEEBORE L FERIZ 28D 5V L3 HOKE
Hih 2 — e NZPR L oo H 5, Fig.2.4 (ZRHENH Ok
FEEEOKMEY — L FRONRERT, FBETAN
—OOFRIPET D &0 H Z &k, EELChTTo
HERAT v 7 Thod, MbH, WRBEESY — L OEYE
M7RERF DR E > T B &, BOEMEAENEEL Y |
Z—ErOEMmE LTRRENEHTEDS Z LI2h,
BEN ol T ITATF == N TED, 2O LR,
T F X —FHO D a2 ~OEKREILZRET 5,

Fig.2.1 W EFR B2

HE: )T —

FH7E— [EARSSTE £328 3INS@NEE QAL BOFES3ISTRETSEL!.

https://www.power-academy.jpfelectronics /familiar/fam03200.html
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Fig.2.2 MK EMOMERE Y —
UNGETREDOT LAY Y =2 L0 51H)

1 MW |
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capacify (MW)

9 MW

B Horizontal axis turbine
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Fig.2.3 Tidal Kite (BBC News X ¥ 5| )

W Vertical axis turbine

Fig.2.4 BB oW R BEE DK HXOWR CLik@ L v 51H)

Fig2.5 IR L 912, BAZEBEIIME LT 5 BE*

(2020 FRem) ORI TRV — 2RI LI R B
BERBEOH T, W25 E(Tidal barrage) DE BN
BT TREL (BIED 98%) | 7%V O 2%DH THRELE
BEORENR D RKE VORI ETidal stream) Th 5,
—Ji. Fig.2.6 1%, WIWEFEELWIREEICONT, &
F % FEITHHE LTV 2 BERR (2020 Fiem) OENEE
(active capacity) & . A% E A ZBHMGT D 2 & AGHE S
nTns7>myx7 b (2020 EE) OFE 4R (active
projec) Z/R9 2, FHEFOT R Y=/ OB EITH
WAEREL D WIREEBEOTNEL . SRITMFRED S
PIEDMICREICHEZ 5 THAH L PHETEY, ff
SRR B ORAEIT 2.4GW, MW ERBORAE
1L 55GWICETETHTHA D & THIshTnD, HF
ATE TR E S — £ ORRIL 100kW RBE Th -

7edd, BUE (2020 ERes) Tk, 1.BMW 0¥ —Er
RN SN THRY . FERIICIZS HIC KD ¥ —
EUREEISNDTHAS I ETFHENTVD (L@ &
VWEIA) . Fig2.7 IZix, HEICEBIT D IMW Ll EOFE
A A R ORI T O R FELEE O R & & E A R T,
W ONOHIY R BITIIEEIC T4 L EE 2 F1 TR
V. ZORTLEA3SOMWAERETOFERT, 5
HORMWERBREOIFTEAL 100%% 59D, EA73
SO W EHEI & 1. Rance Tidal Power Station
(240MW, 7 7 v A, 1966) (Fig.2.8), Annapolis Tidal
(20MW, 715 %, 1984) & Sihwa Lake
Tidal Power Station (254MW, #&[E], 2011) (Fig2.9) T 5,
ZOfh, b o L/ANBIEOWNY AEFEEFBTIE, 7T
BBEISNTWEN, BERAZ —I/LOWWFEREEILZ
210 EMER SN TE ST, MOMET R LF -2

Power Station
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T, I ATREZR G PR B T D 72

W DI T DA & KGOK % L) 2 OFLE X EME T
PITE D72, W - TWOREZIKAL, & 5 WVI3w
ZPE D W DFEAERE] - FdIX EMEIC FRIFTRETH D |
IO ENOMEET R X — L BRI T R LT —
DREBFFTH D, ZOTMATRENE &I - WD A
B LR (R0 12 BERE) & W FILE D721,
ez, BATRTRLX—TEND 100%%H > 2
LTS T AT, INEEOBIITHT A A% HE

Tidal barrage
521.5 MW

Suum.':ﬁ'?f NA ocean energy database

THRT TP =R LT —2 =2 — FERFRD & L
THz2EEZLNTWD, Nova Innovation £t (R =y
7 R) FBRICERBEET VA e T =Ny T &
MELZZ Yy FP—EREZBBLTWVD, F72.,

Sabella #£i%, Ushant & (A ¥V ZMHICH D7 7 ATH
D) TlRFEOFRES —r LAy 7V —&fE
L., B EICL > TREINILENCL - T IKE
12 & B UEE S OREB O Z FEBLL T\ 5,

Others
13.2 MW

Fig.2.5 BRI 2 ARHEE = 1L — 2RI L 72 BER O FE BRI A B O PR
@ L v 51 )

Tidal barage
ACTIVE CAPACITY e
SYTYPE Tidal stream
20.6 MW
1.99%

Source: [ENA BEESA cnergy database

Tidal bamrage
ACTIVE PROJECT SRS
BYTYPE Tidal stream
7 MW
58.33%

Fig.2.6 AR IT 2 2558 & W17 R B OBLIR (active capacity) & 4 # (active project)

k@ & v 51 H)

H1) N—An— NER : R B3 e T, BE
Bl 2322 < ZE LR A HEIR, &b
HlIkEBZ LR EMCE-TENEZMET S, BHART
X BRBIIEAR R - KDy - iR Y, (==
BT FRLF—BLOG LV 3IH) )
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(BEOFHETEE N & D583, B7 7 7HOfER TIE S ENin NEEEOR &
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.com

ower-technolo

M50 T o 2N TR STUTEREND

Fig.2.8 7 v AW 5 EHT
Rance: learning from the world’s oldest tidal project - Power Technolo

_

La
75 ZABENEDPIC L - T, 1966 I T T A « T H—
& G LBIE L EN 28 LT TV A IR TR0 223 EfT, 24 DX — 2 TEMKHD

240MW - SEXJHL 159 68MW - 4E[ 5% & i 6 (& kWh.

Fig.2.9 AaHEWIEIS S8 BT
(H i - s AL A R RE (KIOST))
NI T & 2 RE LA FEIN R S 41 2011 420> O BB & Bilhs U 71 7258 0T, Z4E T 45 SRR RO R ER
254MW % H 3 DWW =R EHT & 8o T2,

S EQ /=N
BAE

BCHoT2T7 V AWMWAERETZ LOWTHRHEKOFR
WX, T RMWEREBHTOLAIE 1960 40 SRH) L T

LRI VARCHEICBIT AP ERE A MT
1kWh $7-9 0.02 ~ 0.04 =— v T, BEEKSIREF D WD T OMERF A TH D Z & BIENEIW R ET
DA LUEDIZER N, ZDXE-HEE OEEIL, BEFEOEEZFIH L T Z itk b,

FEIAA DN TS
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3. BRIRILX—DFIA

WEIZBIT WM ETERT 20D L LT, MIWITFED
R DM, HIERBULOWN Th 2R & 5, Wi
BHEG L D RN OEE /NS VRS, FEESITIC A
TRBER-D, ZOTFAX =TT R ALEF—L 0
XD T RE, FMRIE TS > TE O
180 ELHAT 2 OISR LT, MRIEH ICIZIE—E IS
WALD LN =X AVXF—FHETORA Y v b d D,
HER EOWEIR O R TV IRIVIE, A ¥ 3R (the
Gulf Stream), F§7 7 U A& FND T H 7 A (the
Agulhas Currents), 2 (the Kuroshio Current),
F—A FZ U 7Y (the East Australian Current) 72
EThb, ZbDORMBIRHMERND EDL bVnox R
LR —ZBY) HE DOV TOZEID RV, ok
ZIE7 v U 2RI A BIE, £ ORI EE) 513 20 GW D
TARNF—Z B HE L AREERH 5 & O R &
Do

W2 B = XL X —2 B Hd 72 oL, Wb
LT ARAF =R HIEMEFEOLORMH 2 5 L E
R HAILTND D BAPRIZ R THED /N S WHEFEIZE L
T NA RS D2 &R R F—FHDIZD
DD —> LI > TW5DH, ZDXH7H, Minestro t
(AT 2—FTvOAZ— T v 23¥) 1L Fig2.3 TR
L7 & 5 728 O tidal kite 23, FHE O/ S 722
WA TR AF =Y W2 LITHEX D TREEND
HEFRLTWD

WPALIZ LT, HIERBUOWR A2 FIH L TRET D
TZOIZiE, ED XD BRTANA A FfiSE L TO D2
DNTIE, BUED L ZAEE > TR,

BIRILXF—DFMA

A7 vx v (BEFATRER) 1X&bn< L LT,
WAWARWHEZ R VX —DHR T, REOFIHN G - &
HHEA TV D OIIMIW =R X — (M ZRE L WiR
B LETARNLF—THY, FOHT, MW ZEREINE
EZET T HRA LTS, WIFEED., A V¥
—E LD REFRITWKL22H D, WDKK
SEHENEERE Y — B R RBERE Y 7 — L0 8
o2& %,

=07, WX =R, e — RIS

RpHE FERBAENL ST, MRETVEHNE
FBRD D EWIRIC BT HTEV A R L—v a3 VORI
b5, BETHORT R LE—FFA L REEE (5%
WRELEE LES) T IMW LW RERFELZHOD
. BUE (2020 4F) D& Z A, 2020 ERIDICAT A
HICREINTZHDIEITTH D,

Fig4.l 12, MWW 2T RN F—-LISAO FERfpET R LF
—DRT T NVERTH, KTy x v E LTTET
TR — TR EET RV F—ICRSKE S EHT D,
K F—2FHLIFEEL LTE, EDLOHEE
HAPED Lo oNTOa e AERER S
NTHELT, ZhrbbRFEORETRN B OH LV
TATTNTTL 2R S & %, IRENA: Innovation
Outlook Ocean Energy 2020 O#E5E (SCk®@) <Tik
BEAF D o= R L X — 2R Ak & Yk D X 9 7o 8 FESEIZ /Y E
L. Figd2 27T L2I2, ZREND THIFRAE L~
JV] % TRL (Technology readiness level) &\ EIECZ
YT LTV D,

(1) Oscillating water column (TRL 8)

AT DN RN OKEZ LA S, PHLAD bz
ZER M EME ST EFICHIT 72 B AR TIT B R <
ML TH—EraEbd,

(2) Overtopping device (TRL 5)

NS LTI & o TR BT/KHLIZ IR $DIA F 41,

U7 MERBLTHI SIS, B SiifKic
LoTy v 7 FoPIEAAENTND X —E
DEEE LB I LD,

(3) Attenuator (TRL 8)

Attenuator XV DD E ST AL MEBERELZH D,

& D WITH—ORWAEBIEHE R 57220 . Jols
WZh-> TER L T b =¥ —2 ) He,

(4) Point absorber (TRL 7)

KEWZFEWTND, HDWITAKFIZKRELTHND T A D
BHMN O AR T DHIZ LV 5 - Sh 5 EENC L
THEET D,

(5) Oscillating wave surge converter (TRL 7)

W2 &2 surge BEVZFIH LT, IREIT27 — A1
THRNAF—E LB R D,

(6) Submerged pressure differential (TRL 6)

WA X 2K L FEENC LV RN E AR
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AEUSH, EARC7E2EEH LEET D,

(7) Bulge wave (TRL 5)

Z DT AT PATICE L, Z ORI RN ES)
DI RF—EEY T,

WERKIT R BEED T A 2 & ili> Tith, ¥ —E %
o TT A AT 5,

(8) Rotating mass (TRL 7)
BoOPTETRENL - EAfREhET 22L&~ T
TNRAZORDT =4 FBEEET D,

Z DRERAS SR 2 BREN T D,

723, TRL (Technology Readiness Level) &%, #rigifi
DEAFED L~V Z 5T 572912, 1974 4£12 NASA (7
AU AT EHR) XD RB S, 1989 FITER S
TR, XU ODOERIT T ODHM LV E RS Tz
B, BETIEI SO LYLITHER S, THURBHIEL L
R LTND,

NASA |2 £ % TRL ®57(1989)

Level 1 - H:AEFRGR O A5 AR B

Level 2 - A 2F OIS - i H#PH O AL

Level 3 - HIFFFEOTEL A M L— 3 .
Z DEPEN & FFEABRE AT R W IREE & 45 T
<.

Level 4 - FERE L~ )L TOIFE

Level 5- I =2 b — 3 KOVEZLE/MCTOSEGE

Level 6 - #i ETO VAT AL L TOHEMRRSIMEORHERR

Level 7- FHZEf TO Y AT L & LT OHMMRSIED

e

HAETIZ 2T Level 8, Level 9 WNBIIEN TV 5.

Level 8 - ¥ AT ADEHAT A I, RFERER

Level 9 - mcf&Beft, EiEM

HARENICEO T JAXA (FH 22022 BE Je 1)
DB OBLARND TRL 28H (NASA L F—FE#) L
TWb, 5T, BEAN 2014 EEICRITEZHBLE
. R TZIEN Y TEERITE,

(D4 x_XT 407 LVEIH)

Tidal stream
1 200 TWh

OTEC
44 000 TWh

Based on Nihous, 2007: Mark et al, 2010, Skrameste et al,, 2009;

OES, 2017
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Tidal stream: 7 Wave: 1 /15E

OTEC (Ocean Thermal Energy Conversion): IR 7258

Salinity gradient: ¥/ E 725 E
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Fig4.3 12i%, ETH R L ORHE T ORI = 1% —F
Hruy=r NamxRd,
BHxxnx—0RMGEE LTiE, KRBT %
B 7 —LTHBELEBNZELOSY v FITEY AL

™

: after 2020 or mot spemﬁ%
after 2020 or not specified w

S

O LN, N N FET SA A THLNTZES
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NELTHAT B Lo fERELEREZHEDSOH D,

'

® 2020
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Boundaries and names shown on this map do not Imply any endorsement or acceptance by IRENA

Source; [RENA ocean energy dalabase

Fig4.3 1

—J5C. Aquamarine £t (R = 7 F) X Pelamis
tt (Ray FTUR) OBFEICRY ., EARETZNT
KEDTa b Z AT a2 DENITERDRY FTHH
LT, bo b BRICH-HBEAWBEELEDORLRD b
DERFEL TN T Fr—FIZEbY) 2o5Hb, ZOT
T'u—F OMBE R0 JFITRD 6 DD T = — X% B
ZEEATHEMT 2 Z & bAkD,

1. Design, modelling, and control

2. IKIECBT D/INAT— VDT NA A R Y7
AT L7p E OEBIKIE AR O K,

3. XV RELRAMIZET H/NA 7 — /L DKERBRD 5

i

HATH B L OGHEF O = x V¥ —FIHTr Y =7 b (SCERE) £ 0 5l

4. WG EE MR T%E
IR Bk 0 FE i,

5. WREM L2 WA T2 2 T O R — L D Ef
BB D F it

6. WREMR EEMMAIRNARDINGE TD T VAT
— /L D FEHREAER D F i,

DX IICHERICEREESATHED TN LD TE2BM

THIET, BERDLIAVKR—F U MR EEEAEET

U o IR A RRIICHEEL . BT S 2 L FATREIC

T 5, —HMFESNIUT, AT v I THEATLZ ENK

DAT y FIBIEMPNT, ZDOZEIZL->TY ZI7R

IR FEEB TS ENTE S, (ETIP Ocean

Powering 0 HP (SCi#k@©) L v 51H)

WE CD/INA G — v D EHE
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5. BEREEIRILX—OHHA

WE FF IR 72 % %8 (OTEC: Ocean Thermal Energy
Conversion) [FHFLEZE OB K &R O & 72 K
DREZEZFIHLTCRETL2HOTHY, BENAHE
BT, BEEEEBOBREZEL L TOR ELE
KT ERVETHD, ZO&MGEHZTEDICIT, &
JE DK DOIRFEFEIC 4 FEFLE CHBMZE L TWDH O
T, REOWKDIBER DR L HEBR 25 ELETHD
VER D5,

ZO&M R TR, Figsl (ORT X OIC, £E
DIREAFER A8 U Tm < o KRR T2 W iRE K
NSO DM 30 E 5 bk 30 EFLE F CoIkIC
RONTWD, ZOXIIC, WFEREEIEEICE L2
WMIIBonhTWwWan, TOKRT ¥ v VIidFEH
44,000TWh T, &FEFETRLX —FIHFBEDO R T
HLREWD, TOREXRFRT v LOEBADO—DF, #
J& L VRIE iR E AR Al U CIEIE—E T, Table 5.1
WRT L9, BERIHET? AT 100% TH D Z LI
KD, ZORIC LY | MR ZEREITIORAIC 24
] 365 AMFMIMICAE LIV R—R T 1 VBN EMHET

XD FREMED D D,
S HIT, WHHREARE IO HHF CREBRE S
WK% B B 20T B BT T RIEARFI A 02250

(SWAC)=C, KA b DAKIIE(SWRO), & DV THE
HE S R K & MR B 2 2 &I ko TR
ZREIRAL L CHGTE M E KD 7e EOBEAFIHNR TE 5,
INHIE, WHEREERELFH L LOWE Y X ZE
TMCHEZHLS O TH Y | FRICHEERE A5 EICH
TR AFAE T 2 /) R L BR 3654 B [E](SIDS) 72 & o Byl
DRI E > THBEEZOL DO TH D,

Fig.5.2 &, IR R BOIZ DI BT T-m7=<
SRS S RIRE K DOWEKHIKAL - 2537 - BRI E~D
BWAEFRIZE T B ennKERmd, WKNDOHEKEE
T, EEAKTRIKRBARELE S THARRTH D03, b
TIRTNVEBEREREKEME S Z & T, SlipOIEFIC
DI BN T R T IVEE AR SRt e & A

2) F%{mFI = (Capacity Factor) : 4R ExMHN [H
MM AT ER ) THE LktT 726 OFEI ] 1T
K5 [EECHE LB R OFIE

WD ENTE D,

Table 5.2 (Zi%, BV 7O B E(SIDS)IZ 3\ C B
BRI AT RE 2R MR IR 22 = kL — LY LR ) = oL
F—ll LD RERLEEIC EREE LR LT
A, ZTOXREIY . FIHATRERMEET RV — BTN
BUEICB T HBAFREREIID N
NEROZ ERDbND,

B2 R T Y

SWAC (7K FIIF 227 : Sea Water Air Conditioning)
SWRO (3 i2 325 B 12 & % i K B K AL -

Desalination with Reverse Osmosis Membrane)
SIDS (/)N MLBR ik - []

States)

Sea Water

Small Island Developing

MHERE K 2 R L 72 227 (SWAC)

(1) EHHFIH
&#Lﬁt%tmﬁ#%@*%ﬁofﬁﬁﬁmf%m&
EARHZAT, T2 < 72 o o oK % 223k T TZEX
EHAIL, BEISNEKEER L THEEITR I,
WHEY AT HNE L THEESE — bRV 77 & O
DT, BRI AN L CH B A O® K & HEERIE K
NO/ELETROT, BIHEREITIEKRKR S 77T THE
— IR ETRRI R TR ERE R =R %
/B EWTE D,
(2) mM#EFIA
W B T BHERIE K OBENH E DKL e nigase (F
ZATHER 10 BEREOLRE) | EHEFIH T +5 72
@%@%ﬁ%%ﬂ&wGT\ﬁ@@ﬁ%ﬁbfﬁﬁ%%
KEe— b RyTOBHAKE LTHAT S, E—FRY
TOBPFAKE L THEI ZEICL o TRBREICHEZ D, W
FEREARZRRKE LTRHHT A2 CE— hRU 7D
BEEN A BT 5720, EREFERNOe —FR 7L
2 & 20~30%FEEDE T RN F—RER/RDH Z &N
TE %,
(BREP=T - WBVPEIRIE K &2 2532 FIH 3 %, Deep Ocean
Water Research, 18(3),2017 7> 55| H)




66 T AV F— AN OJR & R

16 18 20 22 24 B

Source: Lewis et al, 2001

Fig.5.1 /K F 20m & /K F 1000m O#EKIREDE CLEk@ & v 51H)

Table 5.1 A g~ /L X — 2 M L 72 EOBMHFIAR CCR@ T O£ 2 FEI/ER)

Resource Type Capacity Factor
Wave 30%
Tidal 30%
Ocean-Current 70%
Ocean thermal ener
Conversion (OTEC?y 100%
River 30%
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Figure 38; Ways of coupling OTEC, desalination, cooling and aguaculture

Drinking water (BT FAK)
Irrigation water (&£
Aquaculture (Z5E)

Desalinated water

w

Warm seawater Desalinated water

L4

Electricity (FE)
Cold water Aquaculture (E5H)

Cold seawater
Ed

e

Cold waier

Wanh waler I + Airconditioning (2T}

Fig.5.2 WIRKDHRYAIY - 220 - #hl7e ¥ ~ORARIFIBI 5720
(@ & v 31 )

Table 5.2 7V 7V BLE (SIDS)IZ 36V TERERAI IR AT e 2 VB PR E 2 = R L ¥ — L
ELERNT AN LA RERELFAECBITIENEEEORE CCEHO L v BIH)

Maximum technlcally exploltable resource (MW)

Country Flxed Floating Floating
offshore offshore wind offshore wind
wind - conventlonal -deep sea

Antlgua & Barbuda 4935 1477 n7ie 100 18.230 38
The Bahamas 10 955 6 321 16 723 220 34219 220
Barbados 0 n2 7063 140 7315 104
Grenada 2618 476 7196 ne 10400 25
Jamalca 1211 1848 9709 180 12948 498
Salnt Kitts & Nevls 3299 196 9155 40 ST 24
Salnt Lucla 105 224 4025 90 4444 46
ralakb b e oy 385 3017 70 6699 17
Trinldad & Tobago 16 597 12 460 4 963 50 34070 1064
Total 40047 23499 73549 1000 138095 2036

Source: /ohnston, 2019
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WEPEIRE B TR A B 2B K OB AR I
TEEICHEEILEINTWD, TFaTiX 1963 £ ORiN
LifkKe — MRV ITRMEDLNTEY, SHTITESF 2R
EIZRIT B =RV —HED 20%%HKE — LR 70
> T3, Google (X 2011 FEND 7 4 T v REICE
WCT =X X —D—2FWAKICE>THELTND,
Fio, WH LI TEBAKOFATIZRWR, EEOHT
WHEK ORI & LT, 2018 4FI21E Microsoft DT — 4 &
% —73 Orkney Islands OYFEIZFRE S 72, W72\ iEK
DI X W BB ER TR T —Z K 95% F CTHI
WIszencErsnTND

TR DOMFERE 2R BEIEE TlX, W WIREKE R
HEF BRI, —HFOWMNERKICEES, b5 —F
DGR 7 V—DWDIERFFHRIROEE A — bR S
RWIUKEZ B T2 0ERH Y | HROBEIC -
THUKE LR L OBGEICRE 2T IS a3 mb v <
T E WD REE RN S D720, T T, TEE
REAERE TR E~OBRBIZC 7 FLTE TV (Figs3
S, B EOEBENSBUKEEZ A VICHEY LT, #
JB DREDNNHEK & VRIE D W T2 O HEK 2 TR Y A Te, e~
DREICL ST, EEE LV KIS 5 Z ERFREL 72

D\&m%)27%ﬁﬁfééo

Fig.5.3 BEERERDHBAKRGICETIBFREERE
D34 Ay TS5 (WORLD NAOE FORUM 2013 [2&1F
Sitt EEER (EREXRFBFIRILT AR LI DRRR
ZAR&Y5IA)

6. BHREEIRILF—DOFHA
WEAKITFIKRD 200 56 DS ZEAH L TWD, K
EFNABREGDID &, ZORRE LTEL DT
J£:71(Chemical pressure) 7S HkAGET) 72 P AL FTRE /R U — % A2 2
Y. CORERRT U x V&b o BARILE 29I
B TH BN, BRICERIC N —&2 B0 H4 2 L iTkTh
LizBily &%, IR 0 I FARREL K Z 5 78 &
DREXEFEEFEVAT ALEESATVD
ﬂ%ﬁﬁ%ﬂ%bfixw%w%ﬁmeﬁﬁmﬁ
T U X TRICIERIAT bl TE Y,
Dialysis’ & V9 3 LWIRSA T > 20 Afshuitdijk (2351
6N4E7F7§Vhfﬁ%ilﬁﬂéhko
SIREEAEFIR L CRE LB O TKESRE
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Note: While their capacity is too small to appear on this chart, additional projects are planned for the other ocean energy technologies beyond
2020, For example a2 MW ccean thermal energy conversion plant and a 1 MW salinity gradient energy plant are planned in the Netherlands
(Johnson, 2019).

Source: IRENA ocean energy database

Fig.7.2 #iii = L F—FH & i /) = L % —F H O BLR (Current) & f5$k (Pipeline)
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e BIC b EBRCTE b, £, BHIREBEOTZO O
BEFHONEE > AT LABENRK 10%% 5D 50, FH
EDNAT Yy MEIZ Ko TRV AT 2B TEN
X, ZOBEAEZENICE TR TE 2 REERH D,

T, WHREBLUIMI G, T2 & 2 ITUEHEIRE SREIC
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Sowurce: Ridden, 2019; Eco Wave Power, 2020

Fig.7.4 5 3@ & KRB SRV EDAL T Y v AT A0f CLEk@) L Y BIH)

Key features:

5 - 8 MW floating wind turbine
2- 3.6 MW wave power

Figure 37: Floatfng Power Plant’s
P80 platform combining floating
wind turbines and a wave energy
converter

Image source: Floating Power Flant (nal)

Fig.7.5 W 13¢@EEmE L RN EERE O TV v FV AT 206 CCEk@) &Y 51H)

Table 7.1 WET R VX —FIHD A 7V » MEOFREME CCERE) XL 0 51 )

Deliver energy to different sectors in the tourism industry

Power electrolysers to produce green hydrogen

Deliver power for marine algae production to, for
example, make biofuels more carbon neutral

Provide energy to run data centres (see Box 11)
Power observation sensors, subsea inspection vehicles,

navigation markers, etc.

Charge underwater docking stations and recharge
vehicles

Pump seawater, power machinery for mineral extraction
and power monitoring equipment

Provide quick and scalable power in emergencies
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(1) ETIP Ocean (2019), ‘Powering Homes Today,
Powering Nations Tomorrow’

(2) IRENA (2020), ‘Innovation Outlook, Ocean Energy
Technologies’

(3) NREL (2021), ‘Marine Energy in the United States :
An Overview of Opportunities’

(4) Ocean Energy Europe (2023),

https//www.oceanenergy-europe.eu
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