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5 3P2dn] 4 (Levelized Cost of Energy, LCOE) 14 AHIE ZATSHY], 74 Adn]8-5 u}

LCOE?] T8 T a4 tist e g F4313 e, ux|ut o 2 LCOE A 7wstel o

glo] ekt 27U LCOE: Fadn]g8o] IMWOlA 1GW7IA] 5718 ] #520~800/kWhellA] W142~285/

kWhO = 7hash= A1 02 453 0n, LCOEY T2 T4 Q4 tiste] viE 4] Ay}, Adn] 1%—%, aelg 1
I:

2oL A B]g-o] MZFET) 2 A 0 7 Uepsitt, 259 LCOE A7 Welel] tisle] Rl g2 ’/Hl: S}
gl atRe] A a3bs ARSI, AAAQ ARG A2 9 A S A% HRl vl HJUP 27de HEst
glom, ob&e] A=z A del thate] =2ja3int.

Abstract — In this study, the case of tidal power generation levelized cost of energy (LCOE) analysis was investi-
gated to estimate the range of LCOE according to the accumulated facility capacity, sensitivity to major compo-
nents was analyzed and to consider ways to reduce it. Tidal power generation LCOE was estimated to decrease
from 520 to 800/kWh to 142 to 285/kWh when increasing from IMW to 1GW, and sensitivity analysis for major
components showed high sensitivity to availability, discount rate, and device cost. In order to reduce LCOE, such
as the direction of increasing turbine capacity and improving turbine and economies of scale. and also discussed
the importance of operation and maintenance plan and turbine layout of large-scale tidal power generation com-
plex and institutional support.

Keywords: Tidal current energy(Z=5F°IUA]), Levelized cost of energy(:f 5 37 H]-8), CAPEX(Z7]5 A%
OPEX(>-%-+41]8-), Sensitivity analysis(F17HE74)
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AAIAH 02 205038714 BT HXEE 2] Sl 71E9]
ME} IR 5 34 AEE o)83
I FFTE AR AA| 2] oA

el i A A | M R B Z%LOM alFelldA] 7t A3
skal QA iyt ] FEARS FEl 2 A
A7s7] 213k R&D FAPE AEE L e}, =] SIMEC Atlantis
Energy*= 500kWH ZFEIHS LB WWwhFld 18 ol 3
ool AAJste] 570 FRF 90MWh o)/de] Hee AAkeRgl o,

=S
AFE F-of 4 2] MeyGen ProjectE E31] 201635
B 259] 99717k E<k ok 450GWhe] 1715 ABArE Zlojglar

o] &3 tH(MeyGen[2020]). F=38F 1]=12] ORPC(Ocean Renewable
Power Company) L 2~7F 9] AF R x| &JALs] o 35kW &
RivGen FX]5 wljx|sle] 1715 AAIERe =24 OA A1H|1E 60~90%
£ = 28tk (Renewables now[2021]).

SR S ESRMETD)S HFEst] AS5ET, AREE,
WETE T FA9 A = A A Alolel wE f452] 271 3
d=lo] Qlo] ZFelldA] ApewFe] =il 2 HE AAAR] 2/
A AR 2 P7rE o Qe ejvete] A 7edow AR Ths
ts]— Zeulxﬁ Mu]%a&o ;{i zﬂ ;(HAgoﬂL-]x]J 7] 7(% A%B]%_ak
5,025GW2] 1.4%°l sl Es= 72GWE 71, 7)47 Azkd
2 SlRe- A Aol =]e] A7k i Skl 7,730TWhe 8.1%

of SFE= 633TWhE H71E 1 UTHKEA[2021]). ©]8} o] =+
Ul gkl F5-31 EAeHE 2/AUAIE AT2 22 7St
2050 B-A5s HagAdol 71ofehe slo] Basitt

A e e} Feibd g8 dAlel =EEglon 2020

1% A AA 29085 ZH2) 760GW, 745GWO|th(Renewables
now[2021]). A AA| F24d8] 85 X mellA] & 7 Qo] =uie]
oA B WHAGA 7} Y H 3 a1, 1ol whE s g
(Levelized Cost of Energy, LCOE) ¥ Al&50] @Wo] 11211 )
t}. o]} ] obx] g3} wlel XIYdsA] ek el 39
Il 9 59 2RI TRAE 1= ok (MW 55

ojd, et Q) 2FIH TRAE R oF 45MW S50 F Al
ARIZE A QUL oFd2 HARL Ve S
o)7] 93t At T2 =311 JTHIEA-OES[2022]). FE3F &
% T ZFTHAEA 7} g Al olojx] A Aol H st
2% =2 LCOE #4] A] ofg# A8lolt}. LCOE:= L%
o] A5 AAtel] Slall 2715 A8 2-Q1AH]E7HA
ArpehEo] Blgo] QA E Yehl= AEEA gl 9}
7]&8] el sk W v)8-& vlwshr] 23l YNk o R Ap
£33 9},

Z5707d LCOEe]| thgt Al taldlel ] 27342 LCOE:
2016'd 715 £237/MWh~£ 494/MWh =014 203039 £
171/MWh~£ 365/MWh=Z 7343 710 2 o= SItH Arup[2016]).
SHA, R o] AR 8o] 10MWS] 7-9- LCOE= £

Uitﬂ— /K:{E%C

2

-

17 LCOE #-4iAte] ZAF 2 A7) whol 1zt 195

300/MWhA| 5 F22dn]4af0] 200MW, IGW= F71 3¢ 22t
£150/MWh, £90/MWhZ 7F43 A0 7 o]Z5 9 © 1 (ORE
Catapult[2018]), 1718] dZ4EH 0] 1.LIMWS] ZFEHAAE 17],
5071, 100715 A X3k 39 LCOEE 27 $1990/MWh, $200/
MWh 28] $170/MWhE £4J% 8} QICHNREL[2015]). 30 %
T 27)FAR]go] ] 883 o] Zivk= 79 2H,
Bl 1, Ao 9 AIS, JE)a T8 s A4y g BE H)g
o] 71z f§-@ el FAIFe] 7+ BRl Ao tial] Fdsitta 7P gl
o 54 25me] IMWE 284 ZFEAS =4 35me] 2MWE
B2 274Hkd 2754 M]8-(Capital expenditure, CAPEX)> Z}
7} € 8.6million, € 3.75million® 2 FHF RO IS 15%Z
12& W LCOEZ} 212} €0.91/kWh, € 0.45kWheE 549 1} 9]

L EEsk 174 %%” i%%}@ LCOES]| EHtﬂ1 CAPEX, OPEX
o8&
E W EE CAPEX7} 10% Z}i/\] LCOE7}
5%, 50% Zzil\l 30% A% E o7 8l thAndres er
al.[2017)).

ZF LCOE A7t wetel| thato] 218w AsgATelx= &
o]t 5 ZFEAAARS] 2 9 2 e Az 9 A9
ol tiste] 2l Eekag ) 22 74 o) 2)o] Alg ARgell
3t A7el 39 ERlOA] Hojd A2 f-30l digt A7 e
ahe, Bk AR 2w TRt e s g o m e A V)
&, Buvld 9 A4 WF Ve, a8a A 98l 5o Ve &
{18}= slo] A9t Hf QITh(SI Ocean report[2013]). B3k ¥ 7]
(generator) -E-oll A& 7]E8] 3]AR e} 177} Ale] ] 37
T2 tAISE ¥ 7] (flooded or wet-gap)S A-8-5FC M w4 7]
o] £ AkSS AAska OPEXS Z4dh= A3} AA g vf
ATHWani et al.[2020]). 3HH &8k w7 19te] W 29
o] o3| ¢kom JlES e Uy YR ] uFE
So)7h= ANk Agho =4 Elef| tisk U Hlgo] s os
AHetal Ll UFel] AR E AX|sk= 79 LCOEE ¢k
29% AAAIA Ao R oA v Qlok(Wani[2021]).

o] ATFollME U] Z2FH LCOE AgAT2HE 4%

X#*éﬂl &ol| & LCOE W& #Askar =ujelx] 78 vt
3= LCOES AHESISILE T3k LCOE #& 4] .40 ujE 1l
= v‘i“d% F8ekal, LCOEE A7Het 4= Sl Hijlel] tiste] 1
Zalgitt. 2783 LCOE 8]0l digt U] A+ Ad3E &

g&fo] thaly]o ] 1GWHOE gtlE u) LCOE=
B WI09/kWhell X Hek W193/kWho 2 7Hadh Zlo g Bajx
R2-S <&F 4= QITHNREL[2012]; ST Ocean report[2013]; JRC[2019];
Ocean Energy Europe[2020], TIGER[2022])*. LCOE 4] 7]l
w2} CAPEX®] thgh 4 &5-E th=A B7] wjite] o] & ®rk
A dhetslr] 93] 3= 50 2 AEF319 3L CAPEXS]
FEAE Z 9 FEE U] 40 713e] 2723 LCOE A}

9] %

*$1=¥1100, €1=¥1300, £1=¥16002| &t

J——
2 N8



2319},
2. 02X Ui

LCOEx= Eq. (1)# 2ol Aol A7|1E Aakshes 5 &
BEE T 08-S 297k e & Ay Ao R e g
st Fol 715 AAAiel] Sl drtke] vl
ATHKoh and Park[2011]).

n Investment +OPEX +Fuel +Carbon+Decommissioning,
a+r)
n AEP,
A+

LCOE= = (1)

#rolth. OPEX 3ll'd WHTAIE 9 9 fAeh=d] ARy

H]-g-0 = gdolit 3litellA 2 2] vlgo|u 5 A, By, A

A & A B8 Fo] of7]el 2T Fuel> A8 H-80% A

U $2hs 54 vlgo] ZEHET}. Carbon B (carbon tax)
Z

£

7]

o]}

o

Z10]t}. Decommissioning W2 H]E-0 2 S=rgo] t}sh d =] &
skt A= v]golth. $ AEP(Annual Energy
Production)= A7t AR AFES SJm]sitt. 12 31E-(discount
rate). VA1 L] 7S AR 7= Wgkelr] flal AREEE gk
n WA #7710t
LCOE: Eq. (1)¥} Zo] AAire 5

e} Fit A o 7 rdsto] 483k 54
Hl-golu} Bha 18- 123 Fart ¢la A= v)-8-2 Al
L} OPEXell 2E3HA7]= 44 Eq. ()9} ] LCOEE ALTe
UTE T 9 e 3 28 sfjokeyA] o] dntE o

Eq. @)E Agsle] AXkela QTHIEA-OES[2015]).

o]iﬁ
3

OOy X2

e

capex+y OPE
S1(1+r)
LCOE = 2
n AEP,
S1(1+r)
3. LCOE &AM
3.1 M

Ml At &2

% 7kl AT Arks FAksle] 2783 LCOE
el el A8t Fig. 12 SUi$] o8 713ke] A+ d3E
Folo] 99 27U 288 (cumulated installed capacity)
o] IMWeIMY-E 1GW7HA] F7Feh= 7$-2] 2724 LCOE -
Al Azjolt}, FAAdu|Eo] Tl r|oA 1IGWH L gl o
LCOEx= ¥+ W709kWhellA 3t W193kWho = 7HAsk 2107
F-2 2] S THNREL[2012]; ST Ocean report[2013]; European Commission
[2016]; ORE Catapult[2018]; JRC[2019]; Ocean Energy Europe[2020];

S 22 w4 v]golr, o= BhA wliEe] tisle] HlE-S Foldk  TIGER[2022]). 3 oM = A B4 270 9 WSS Ag
. , S — R R
800 - B, == o KIOST r=10%,Cp=30% x KIOST r=4.5%,Cp=40% ——NREL n
T, e KIOST r=10%,Cp=33% —+—ORE CATAPULT -—-8I OCEAN
700 - o KIOST r=10%,Cp=40% --*-European commission --=-TIGER
& KIOST r=4.5%,Cp=30% -—-JRC
600 - *  KIOST r=4.5%,Cp=33% -2 Ocean Energy Europe H
= L i
= 500
=
£ 400 - .
o)
O 300 .
_l 1
200 - e n
N 2 2 =
100 - £ '8 S T N
S 2 S i
or z EE 2 -
L . F I N H LY N | P B B
10 100 200 500 700 1000

Cumulative installed capacity (MW)

Fig. 1. Estimated LCOE (W/kWh) according to the cumulative installed capacity (Applied exchange rate : $1=W1100, €1=W1300, £1=W1600).
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Table 1. Basic assumptions and applied variables for economic analysis
in KIOST

Economic analysis period: 2020~2045
Analysis period -2020~2025: Design, fabrication-construction period
-2026~2045: Operation period

-Case 1: 26,280MWh(C.F=30%)

AEP -Case 2: 28,908MWh(C.F=33%)
-Case 3: 35,040MWh(C.F=40%)
CAPEX #92,800,000,000

OPEX peryear W3,155,000,000(CAPEX*3.4%)

Discountrate  4.5%

slo] JOMWH 1244 ZF2Atkx] 9] LCOES #4138 v} Qlot
(KIOST[2018])(Table 1 FX). Eq. ()5 AMHE&lo] =3 10MW
T 1744 27 LCOEE 2= o8] 7|#ellA] A g5t dl&
ol 10%S 128 39 A W463/kWhO.E thE 7|959] A%
o} FAFSE Zhe Bol o, ulelA] ouleld ] Akl AEE =
SR1E2 4.5%% IS W H W340kWhE RA| F4 =]
< go1E = QITHKIOST[2018]). 42 Z=F4a} de] B
FHAL] AL WA EIT 42MW, 7T0MW, 168MWE Z7}
3} 749 LCOEE Z+7; W215~477/kWhe 2 B2 ¥ uf gt}
(KIOST[2020]).

R
L

-

oo
(o3

BN

3.2 LCOE Iz &AM
Eq. )8} 7o) AAeld=]e] LCOE= ZAl CAPEX, OPEX, ~1

Table 2. Components of CAPEX for tidal current energy projects

231 AEPE /3%, 0] 9
AFSHCH(Table 4 %), o] A
CAPEX, OPEX, o|4-&, 2%97]
gl 247k WSE vEsisl

N
ol
©
o
=
u)
ol
2
£
j?‘l
%
k1

3.2.1 CAPEX®] &5 -+

CAPEX®] 7Z-9- i8] =8 7130 - AlellE ZAtete] 74 a5
S Table 28} o] ¥W/dn] (device) B, A|A]7-Z= (substructure)
H]4-, A X] (installation) H]-&, 12| A %5-(cable and grid connection)
H]g 7231 7]ek v]g-2] s7HA] oz mesielt. 7 7]
CAPEX /3 &50] 7] nlgol|x] 2pA|sh= vl&-S W H1fs
A 98] v1g, 4] v]E, e AlE B89 CAPEX 74 Hl&S
Z}Z} 4t 43.2%, 18.3%, 16% F=ro|m, WaAdn] v)go] 71 =
9.5 ok 2= QILHKIOST[2018]; SNL[2014]; MeyGen[2020]; IEA-
OES[2015])(Table 2 =), =) sH-7-2 H]-8-2 B4 oiv] 10%
G2 wbE | ) W8-S 10% 352 210 % UERGTE SRR 1]
£ T, AATE2E Pl whet IS s e, =
ATrollA] st SRR ZAYE FE AR TR, 5
7o) 20 m WIS]E ¥}, sPfrEE Hlgo] A e Zlow A}
Sk ek SRS Al 9 A s rEks 1A o5y}
tE=A| e A9 2REA7E AXshE #gelA PSV(Platform
Service Vessel) T]o] H]& Go| S8 0% g 4= glo] AXA|H]
2 AuAo® =A HrkeE Ao Alm

KIOST 10MW SNL 11MW MeyGen 6MW IEA-OES 5.5MW  Average
Device structural components
12.8%
Main machine PCC Turbine Device
Device production 24.3% 39% 45% 43.2%
48% Subsystem integration
& Profit margin
3.7%
Manufacture. and Infrastructure Substructure Foundations
Substructure transportation 12.2%
o 21% 11% 13%
5%
lnSt?l;;zlon Device installation .
Installation Incidental construction and 3% Offshore works Installation 18.3%
Foundation system 13% 19%
other cost 10%
12%
Subsea cables Cabling
Cable and grid Grid connection 4% 9% Grid connection 16%
connection 18% Cable shore landing onshore balance of plant 13%
1% 19%
Site assessment
0.4%
Design Insurance
Other marine works o 2.6% . . 2%. e Project
etc 1% Permitting & Environmental Project initiation development 9.5%
compliance & Management 8%
8% 7%
Contingency

9.1%
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3.2.2 OPEX @& ¥
CAPEXS$} 37 v f 07 1#%= OPEXS 39 <3t nfe}
o] 2R el st A5 rt FEato] oiF-Ee] ATt
A 17+ OPEXE CAPEX-J OE! é HEE welstar Quh B A
oA RIZtE A8 Qs 9] ¢17F OPEXE K4,
CAPEXS] 2.7%~4.5%7}4] ﬂfﬂ%}ﬂ IS L ‘iﬂﬂr(Table 3%
Z). o] AFA UHE S 2

CAPEXY] 3.7%Z 1331t}

3.23 AEP ¥ W
AEPE WA 5 9 AH|o]8-F(capacity factor, C.F)< ©]

8381 ol Eq. (3)7 2l

AEP =8760 x C.F. x P, 3)

o714 P2 wkAvA| ] 1R, = A8]-E3K(installed capacity)©| ™,
87602 1'd-S AIZH 9= w3t glolch. &, AEPE o|§-Eofl H]
glsh, o] Aol WIZEE 4 A] AEP til o] 85 WFE
TGl g W B Q% o] 889 V) BeE T2
7122 o] 85 HAwRl 31%E =8l

3.2.4 7|EpHS

=

LCOEE T/d3l< Eq. )8 29 CAPEX, OPEX, AEP 9101

FF7IRL ok EQUE o] ZFFO] 9lom, 2 A o5

R 4 Al R et RS A4S Sisked A i

FY7IRNE FAE] 7N S L 71l ued el
TR 747 213} 7% skl

3.2.5 LCOE W= ¥4 dx}

Table 32 =1ul] 470 7]24e] WA/ nlg-, 2] v, 2]
AHAE HE 5 CAPEXS} A%k OPEX, o8-8, 24713, &<l
Frol| tigh 247+ Apx.9) Frgtolw, 4 8.IMW 1128 CAPEX:

W85 /MW= F7d E 2 tH(Table 3 33). 3+ A3+ OPEXS} ©]
253 slolg Te]a £97I%ke] e 247 CAPEXS] 3.7%%}
31%, 7% Z18]3 2102 AREE QT TIZE 24 A o]t 3
wiks 7 om AHESIRlT

Fig. 2= WIS ¥4 A¥YE W] v, A3 v)4, d97
5 W4, OPEX, ©|4-%&, 2973t 12]al 1&g ti$t LCOE

o

N (W/RWhY %)= ZH2) 1.6657, 0.7082, 0.6173, 1.1583, -3.9942,

1z

upAlg: - o]718}
520
O Device, y=1.6657x+385.78
500 - A Installation, y=0.7082x+385.78
V  Cable and Grid connection, y=0.6173x+385.78
480 + x +  OPEX, y=1.1583x+385.78
X Capacity factor, y=-3.9942x+393.77
460 + ® Life of the system, y=-1.2073x+388.44
= O Discount rate, y=1.341x+385.98
= 440
X
£ 4201
& 400
O
—1 380 -
360
340
320

-10% 0% 10% 20%

Variation of input parameter

-20%

Fig. 2. Multivariate sensitivity according to components of LCOE.

-1.2073, 1.341% 24 5]o] o]§-E3 CAPEX &= 5
&, 183 E1E9 ¢ g1t
o= dAl gl 3

T TR EkR]of| ek 73

3} AR Kglste] MWE.L_OE

$ PH]*"—# ﬁ]ioﬂﬂlﬂl

5,

5}0) 7};@ A

+

ol =z
AT

AYAT- 5 CAPEX, OPEX, o8& 18|31 &Rl o
1 LCOE®] VIR 4] A9 nlwate] o] 152 w1
o] ot A4S HESISITE. Vazquez and Iglesias[2016]

LX)
= CAPEXE AR ® ek kil A4 CAPEXS} OPEX,
WAEE 243 v} ¢lth(Vazquez and

7l
o]

A&7 o] &E Uit A EE
Iglesias[2016])(Table 5 =), wWahA] o] Hollx= AsidT-ele] H]
WE 9lske] 3.2.18 004 A e CAPEX Al 74 &% oAl
CAPEX A& W42 19 8}04 Wz FI7H o= 3
SFAt}. Fig. 39} Fig. 4= 7 F7H o R 73St
Ao}l Mol tigh w17 LE Foju, o] Azellr] 2l
3l &= 9)E0] T A3 BE o] et A E=9ky thS

TN
O CAPEXS} 1§90 M7} sth= AoA A& AX|skg]

ks

Table 3. Conditions of LCOE for tidal power generation of four organizations

SNL KIOST MeyGen IEA-OES Average
Installed capacity (MW) 11 10 6 5.5 8.1
CAPEX [W100 milllion/MW] 112.9 92.8 82 52.7 85
OPEX per year [CAPEX*n%] 4.5 3.4 2.7 4 3.7
Capacity factor [%] 30 30 34 30 31
Discount rate [%] 7 4.5 - 10 7
Life of the system [year] 20 20 25 20 21
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Table 4. Results of LCOE sensitivity analysis of tidal power generation

-z 199

LCOE [W/kWh]

Components Variation 220% -10% 0% 10% 20%
Device 352.47 369.13 385.78 402.44 419.10
Installation 371.62 378.70 385.78 392.86 399.95
Cable and grid connection 373.44 379.61 385.78 391.96 398.13
OPEX 362.62 374.20 385.78 397.37 408.95
Capacity factor 482.23 428.65 385.78 350.71 321.49
Life of the system 415.44 398.84 385.78 375.33 366.83
Discount rate 359.36 372.46 385.78 399.30 412.99

Table 5. Sensitivity parameters in reference (Vazquez and Iglesias [2016])

Baseline Range of variation
CAPEX [£/MW] 4.3million +20%
OPEX per year [£/MW] 0.063million +20%
Capacity factor [%] 35 35-50
Discount rate [%] 10 6-12
130 & CAPEX, y=x
+ OPEX, y=0.3x
% CF y=-1.04x42.2
O r,y=0.35x+0.2

Variation of LCOE (%)

Variation of input parameter (%)

Fig. 3. Multivariate sensitivity according variation of input parameter.

S 1} OPEXQ] W=7} A Aol Al w9 v Zjo] & BTt
ol AadtollA o] 85 35%, CAPEX 68.89¢, 182 10%

2 343 on ¢I7F OPEXE CAPEXS] 1.4%% vil$- SHA| 117
st} LCOEE F43I87] wiEel Z o= ola|gh 4= girt.

4. LCOE X Z ot

o

LCOE= H]-golu} A7hahxer, )3 2l
FES wH=t)h B el A LCOE A7k Wetel] tiste] Efw1e]
A 9 g5 Soigl €W 2 E¥ol= s Pl wE LCOE
A7k R, Re] A 9h A o] AAIAR FAIRFL] F2d
of tisl WA msta 2] B BA3HE 918 AleA A
el chal] Lotrgiet.

Sl BgHoz

o&{' r& o

j=s)
olr

A CAPEX, y=0.8967x

+  OPEX, y=0.105x-0.02
x
®]

C.F, y=-1.0753x+4.3889
r, y=0.7464x+0.6429

Variation of LCOE (%)

Variation of input parameter (%)

Fig. 4. Multivariate sensitivity analysis result in the reference (Vazquez
and Iglesias [2016]).

Sk LCOES] 9&s vx& 29l 7] gl °—8— A 2El
AR o] o8 Y A Qi Ao
HgAQ) AHFAR vk dRIES A8 &= °1% 7¥sdeol
E}(Arup[zolé]) QPIAR] 7t &) APt FAlsk= AFY L

3%ﬂH &l ET% 24%%% T AL ¥IZE TRl Al JF=A
% © 3% 10%2) s
A8 % T %D} Al %z%:l*éo E2 AR A olRh 2
] = DR1ES A48 5= QITHNEA[2015]). @A $-2luete]
5718 H —?’—011’\1 %E‘J d]ﬂ]E}D‘*é A8 FEAR A 50
D]-(Mmlstry of
o]x2] 7]

sk 5=
A2 %] BF_}‘?‘E‘L]' %ﬂ H7kelM = 71 A w7 7%%
T AREH]-E-(Weighted Average Cost of Capital, WACC)S AHE-3}
I 3tk #H TIGER ZZA Eo|A LCOE #4 A WACCE 1L
gk v} vk, 2R AgsE dste] A o] I A

A3 23} FAps|ALeA €] 7]z gk FA; f1le] 1hAe A
WACCE YAl a1eled <+ SlEdl, WACCE dA 8%ellA 6.4%=
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oF 20% Adh= 207 18P,
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LCOEZ} 9.6% 74

4.1 E{Y1 S Shof| e 59t

BRIl ZA419) g3k thsle] 1.5MW EjRlZF 2MW BRI ARS-S
H WS wf 2MW EHLS ARSISS 9 2789 o i
o] 29% A5 o AFEQITE. o= ARn]E- F7 of el
whe} 17%e1 4] 23%2] LCOE A ool o2 F=H Utk
(Goss et al.[2021]). B3 ZE|2] Z170] 26mR] 3MWH EIHIS A}
L3198 35 ZEIQ o7k 20me] 2MWH EJWS ARSI S
BT} LCOEZ} oF 38% AR Ao E RIS o= ER]
A FFAe] 2T AT S AT 4A §30) SEbhas &

& oin] BNl 7o) AR A S5 2E 9] #Ao] A 3

A o] GolAwA £ o @ oA E EEsto] o] A
e 59 o= LCOEZ} 4= 4= SIEH(TIGER[2022)).
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AEEENo] AA A Eo] &9 FolH, FelA %= 8SMW,
10MWs ERlo] 7ake] 31 Q) o, e]=ollXii= 12MWH EJRIZHA]
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Bl tgstel ntel Bjul vl gL Sk, BN 57 A
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sh= Zlof gAIZE AARE, 1S ZE 9 1Y BEdr] T2 0
WEpHA] Blgo] o] A% TTsltleke LCOES AR <+ Al
Hetel] tigt A7 o d 0% Aln st

4.2 Egl 3 EEHOI': ds ol e 5t

2R BN A AA ZdA (upstream) BRI 12

(down-stream) EIRI, 72|11 AF72], 72 BF e o Qe
oFHk-3k BB (bi-directional turbine)©] 7H4H% 11 9 THHeo et al.
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