OTEC S ENA N Fiy
VoL.23(2017), 37~46 R L AEFE T S A T L OVERERHA A O

BEREERE X T LOMREFEF EDRE
ok HEY, R OBET, b R
Performance Evaluation Method of Ocean Thermal Energy Conversion System

Takeshi YASUNAGA™, Takafumi MORISAKI™! and Yasuyuki IKEGAMI"!

“!nstitute of Ocean Energy, Saga University
1-honjo, Saga-shi, Saga, 840-8502, Country

Abstract

Ocean thermal energy conversion (OTEC) utilizes a temperature gradient in the ocean between surface and depth to generate
electricity. The condition for maximized work output from the heat engine in the OTEC system is determined by the balance of the donated
heat duty from the heat source and the thermal efficiency of the heat engine. Since the thermal efficiency mainly depends on the available
temperature difference of the heat engine, the thermal efficiency itself does not show the performance of the energy conversion system.
Therefore, an alternative definition of thermal efficiency for the performance evaluation of systems is inevitably required. Firstly, this research
clarifies the potential energy of the heat sources using the dead state as the thermal equilibrium state of the finite heat sources instead of the
infinite quantity of the environmental temperature. Secondly, the normalized thermal efficiency of energy conversion, which is defined as the
ratio of the work over the potential energy, is proposed. The normalized thermal efficiency coincides with a change in the work from the heat
engine. Finally, the exergy and exergy efficiency are proposed based on the dead state as the thermal equilibrium state applying the ideal
reversible heat engine. The normalization method of the efficiency is verified that the same manner with the maximum power and entropy

generation minimization.

Key words : OTEC, Normalizaed thermal efficiency, Exergy, Finite-time thermodynamics, Entropy generation

1. #&

FERCATRE AT DREEED T2, FAEFRRTRNAFX —2 T & LIERE I AT LOZKIERD N TN D, 1
TNV X —IARFHOFAFRET XL X —D—2Th v, AARITHRE 6 M OPEMARE KIREZFHED Z L,
FOIERPIFRF SN TS, HHEZRLFX—D—DTh D, MHFIREFAIE (Ocean Thermal Energy Conversion,
OTEC) [HfFET= XL X —DH THEFENEE TH Y, BEMIIHETE D &b, FEICHH Lk oik
DRA T LB L — MR K A &R & L CHARIFT S 2 }:T WK ZBUK « PEK T2 5% 4 fth 353 &
ETE, WKBUKEIEORE 2 A MERIZBR D AIRetEnNH 5. 22T, BEZROWKDRAE T R
—I%, AU EOBREL = R L R 7k%¥@1&%&ﬂﬁﬁ ELTEHEND. BRE L COMERE
K, EOTERNE, BB D EITKEE~OM T T4 TV 5 (Takahashi, 2000). = DK D% B HIF] I
TR R KA 2 Pl & L ORGT » SN TR Y, MERE A%E & 2 OWERB/KIC B 2 F ¥
ERAEDET [JCKEET V) & LTRESN TV D (PBIRICKERT, 2011).

MR EAEREIL, 30CREORBIEKE S~10°CRE DU EERBKDOATRNEE Q0 CREE) DB T X L ¥
— AR ERT D RE L AT L TH Y (LI, 1982, Avery and Wu, 1994), ZAA (L3228 a9~ 2 BUERIFI 35
BNRREENIEF NS N & D, BEEACET RV X — 2L O T RE /e BERR A 7R BV SR DV Bk % & B
FIZIRY. ZD728, BAHRFEIC I D AN AR A S5 — DD FIEE LT, =R/ F—ZEHRFO R+
WO Z B, FEPRRABUACER, 1998)°% B AR (Morisaki and Tkegami, 2014a, 2015b) 3 1 73
BEINTWAS.

JERasEfE 201748 8 A 4 H
KRR R LR B v 4 — (T840-8502 A AR AR AT — e )

E-mail of corresponding author: yasunaga@jioes.saga-u.ac.jp

il




38

LK i, ARlE R, Ak B2

Bejan (1998)1%, ATRREE, AIRIEEOBIRZF T 5IE S AT AW rTRE/ A FIT OV T, BARAEWE
BATH 2D ) —BEREZ AW W O KIE W, 38 Z O ORF OBy, cq SRETHEERINIO RSN D Z
& %7~ LTV 5 (Curzon and Ahlborn, 1975),

2
JTw—T
Wy, = (). (1)
T
Nenca = 1= ﬁ 2)

I, T, CIXENENIREK]E L OEEFEWK| (B L ER&REOR)Z /R L, IRATDw, ¢, mlIZh
FNREMK, WK, RREERT.
ﬁ@%@%kﬁuﬁﬁﬁﬁ%ﬁwtw»/~ﬁ@$?%éﬁ,ﬁm,wﬂ%,ﬁ%%@ﬁ%ﬁ%k&ﬁé%ﬁ
IBVHRD IR E T2 DRIF LT D, 2O, HEROBGhETIE, AIEE, HEOBRZ AW HEY
T LAOHY e VERER A TE T, B o LT L S REH I Om EICER LW ERHLNTHS.
Johnson(1983) 1% OTEC DEFE DT 7 /L F—3 L O OBz >\ T O 7 B L X —FM ATV, B
FREOMERERTAE 24T > TV A, ERENTWVDH T VX —OWEIERI T2 B NI 22 > THZRN
ImymmﬁmeU%&i H v ) —EEERE A FV 2 OTEC ([22oWTC, MERKEUKOR 78 1% ZE LT
B OBGNE A PRI R LTV D, 2K H(2008)1%, FEILUMEGIAZ HV 72 30kW 0> OTEC F2HREE(E 2 Hu
T HEU AT AOMREHI 21TV, TORMEEZ LMNCT 2L & bie, MRERHIEIE L LT, E%ﬁﬁ%ﬁm
7238 A B L C\ 5. Ohman (2012a,2013b)iX, {EIREZEREICOWT, Hv ) —BURBI OB =R & FLUEIC
7oA E Y AT AOVEREIMIFEIR #4222 L T\ 5. 2L h ORI, %*/XTAmimﬁﬁiﬁ&bfﬁ%®ﬁ
ZhEDIHVHAL TS, Morisaki and Tkegami (2014a, 2015b)i%, A1V —EWEES A2 H W -l kg &, BWEEID 5
BONAIHEDOHE BRI AFERE LTERL, ZBROINL ) —F X A 7 T PRSI 21T > T
4. Lvl, ZOBMEBEORKEEL 7 v X —0ERIT LN STV
OTEC OFHiliig, RIZHERDEGE % BHET 2455732 < (Sinama et al, 2015, Yoon et al, 2017), fERDOEGHZRIZ
ﬁb@ BT L X — AT D EIA IR LS R LB ROESENPLETHDH. TDD, KHFET
1%, HERNBIRS HNBILTW DB R A BEZ, BUDROIEEZIRET D & & BT, BURDRA T DIRTFEE
TRLF =05 BB 2 W TSI B LS 2 A= RNV —Ch D=/ EAX =W ITERL, £
DTy N —% [N/ EAFX—REREET HZ LT, OTEC OFREI AT KU RFHMIFEERET
2.

2. HMEDFREL

2-1 BEIF’RETHIRISRILF—

BUhR 2 IE LK RIT D201, MHEPRA T 2B X —2WIHERE T 20 E R H DS, M 1TV AT
LNICH IR KRG, WEREKEZIRY, S NROBEERC TR AT 2R EZ <3, 22
T, BRI BRI ATREZRHEFE DM R D BAT L —Ops 13, RIFHK L TRIEHR OIREEZEDN 72 < 72 0 BB L
7R TR URRE, BIBEE & 72 IR T) £ CHGTH L7 B OBJROBETH D,

Qus = Cw (Tw—T,) + Cc(To—T¢) 3)
Tl X DEFTND, KEMK EIBEREKOVHIRETH 57290, 5

Qus = 2r(1 = r)Cys(Ty — T¢) 4)
To=71Ty + (1 —1)T, 5)



MR 2T 2 A T L O PEREREAG 5 DS 39

Z T, BYRTh HEER X OVERE O KOMREREIE S Cus(=Cpt+Cc) & L, WHWEREREIINT 5 FEHEK
B n(=Cp/Cus) £ 5.
l 2@ TR SN HDWHERT RN X — D T-EMRKERT. FHMNE T & r 2L S THIO - CTh 5.
Ty DIRSE TEBUF KIS L OEBHE KO XV & 720, OO RV X —1X 1220us ThHDH.
ELC r=01, 05, 0.8 DELAED T-E BXEHHRCTRT. K@D, Qusld =12 TeKkE7/5.

2-2 BHFEOFEL

FEVAT DORFEZI ST 2720, K3 IRT L =B OV TRETT 5. AL —EWEEIC
I, BB EITO LIEL, BT AEEMILL T\, Jih, BMEROEERE L BYRCTh HEE -
B OWEK OB NRER 92 LIRET D720

il
Oy

Reversible T
heat engine | W

—
Teo QC{} L*TL

— ’ CoTc -
Surface Adiabatic system Deep
seawater T seawater

Fig. 1 Concept of reversible heat engine driven by high and low temperature streams.
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Fig. 2 Dead state temperature as function of ocean thermal energy in various ratio of the

heat capacity of warm seawater.
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Fig.5 The trend of conventional thermal efficiency, normalized thermal efficiency and work output
from the heat engine. In case 73=30 °C, Tc=5 °C, Cus=1 kW/K, r=0.5.
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Fig.6 Schematic model of power generation system and schematic 7-F diagram shown the hypothetical energy loss
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Fig.7 Relationship between the normalized thermal efficiency and the temperature change in case 7 =353.15 K,
T;=300.15 K, Cuys=1 kW/K and = 0.5.
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