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Received Abstract

17 January 2025 This paper presents an economic feasibility analysis of an offshore wind power project in South Korea,

Final version Received focusing on the perspectives of project participants, that is, wind power companies (firms), equity

17 February 2025 holders, and debt holders. The economic evaluation, based on the net present value, internal rate of
return, and debt service coverage ratio, indicates that this project is economically feasible for all

Accepted participants. However, this result is limited to the presence of government subsidies and policies, e.g.,

26 February 2025 renewable energy certificates (RECs), REC multipliers, and long-term fixed price contracts. Notably,

the levelized cost of electricity for this project is higher than that of other typical energy resources. The
transition to renewable energy in Korea should be carried out gradually to maintain an energy mix that
appropriately utilizes traditional and renewable energy, while reducing the burden on society and the
economy as a whole.
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a2 A E 9] AAA H7Heconomic evaluation) F+= 73
A4 el Al I 7K economic feasibility evaluation) A]4F
4] (market analysis; IEA, 2019; McCoy et al., 2024), 7|
<4 B4 (technical analysis; Yildirim, 2023; Kim and Jang,
2023), 223l &8 -4 (financial analysis; Judge ef al.,
2019)0 & L5 4= Stk A% 242 Aot A} sk
St Au] 2ol i = 87F JleAE T8 B4 e
2 5w, 7]& B4 o) A= AASFILAL Sk A2t A H| A
E 716802 YA 7S TR E BAGI npA 9o g2, 7
& 2ol A= AR} Sl ASR AJH|A7E Al
Tl =l G wf Tk g=o)o) ' = QSR & HUFETE HE
201 A d BTl A e A7HA] thekst W EE 59
ESAAE 1 F8Ao] A= AL Utk (Lee et al.,
2012; Min et al., 2014; Kim, 2017; Sim, 2023).

o] A-tol| M= BT e TR A E S 2X16kaL%} 6}
= IS & TRl Frolsle 2, 1 an A
dA W o7 FHsto] ZRAE O] B2} AAYE H7t
stk o] Ao AA B7h= FF A0 2 F L
I FTEH 7|9k =& 7HNPV, Net Present Value)
W1} Y5422 E(IRR, Internal Rate of Return)®y - &
S5kt 18] L, WA E 2AS Bl &l 9 vl
= 39 H49l A7 HARFHAEP, Annual Electricity
Production)®} Aol XA 215 4(REC, Renewable
Energy Certificate) 72| 2] W37} sl T2 RAE A
Kol u] 2= AR B} Bl o] TRa|Ee] FE
PP HLCOE, Levelized Cost of Electricity; Yoon ef
al., 2023)& AFEstal g W v A d59 53
te} vl ans] 5o 24 s AtE i o] A B
B7ysksir.

St
o] o] A B7 e ZRAE X3 FAQ1 S|AKfirm),

ol L o] EX5H AR, equity holder), 712]
3 TjE AR BT 57T, debt holder)

T 2ol A AT k) SlAlz ZRAE =3 A], 7Y
I & F7HA 7 2A] of ol Talo] glom 3= A4l
o] BExjgt 2R A E S Fof| 10 @ 0l E(TA,
AHEB-E) BT} =2 =08 AE 4= QleAlol Tl o] 9,
AR AHAY Q2 E(E, ARG E
o =2 S A 4 A=A #Alo] & Aot} ok
ok, A {AR] 7S thas B o|ol A BA-E AT 9
o] B2k A o =)ol thet dela 4= 74 o+
of W2 IS 7HA AL BAG AL gt ol gk e
Ago] AL TR o A BAYE EAete ErEe= A
FolA 2 @7 WReoE 12l RAdeelE
(DSCR, Debt Service Coverage Ratio) 52| (|25 F

2 ARG
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Feurd sia

B|Abe] PO A ANEH 23/ E TRAE 27t
(Project NPV), U282 iz 2 A E Y| F=2]-8(Project
IRR)Z TA gt} ZRZAE S87F= 3|AE ool A5
5 E(FCFF, Free Cash Flow to the Firm)2 7|5t A} 2
H]-8-(WACC, Weighted Average Cost of Capital) 0.2 &F
Q13 ¥, % T Fhe) WrlE A7elo] A ey FCFF
= e Wl AT E 5 290 AEAE
S Apetal J-2 “ol - g E oAl AERReE Fel
Al 22t A Gz o)A R-&-2 wlig-& A g5t Aol F|A
o A& == dAaEEolth4 (1)).

FCFF= EBIT(1—tax) + D&A— ANWC— CAPEX (1)

2] (1)l 4| EBIT(Earnings Before Interest and Taxes)+=
ol e} AT 2471A 4e0]o]o]o] EBIT( ~ tar)= NOPAT
(Net Operating Profit After Tax) 2 A& =% o] ejolth
7] A, taz= MlEo]th. D&A(Depreciation and Amorti-
zation)= 72|, ANWC= NWC(Net Working Cap-
ital; @211 2] WB}Z), CAPEX= E21o) 752 5}
o, B4 A7) S} Bel oot @I, FCFF:= A% 4
Q3lololol A F7hAzhIE HE ¥, A Re] 5T
ARRA &S W gholoh ®3, 71 B ARE 8-S 3|AE
A 29 Qo A} 2R 2T AEHE
& Z7}9) v|Fo| whet vk sho] 4AE3ith(A] (2)).

WACC = rc><£+rd><(1—tax) X

= @

N[N

2 (2)oflAl, r= A7IAEE]E, r = FEAE]E(cost of
debt), E= 27| AE9] A|A7}x] (market value of equity),
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= H2 2] A|&7}FX](market value of debt), 4= & A2
9} 7}R]| & E+Dolt}.

ZRAE SHAT7FEHY A B, Fies 22AE
YL F3H 7199 7R E &Y 4= ks Yujo|BE =
RAE = FALE A= AL & ddgich v, S(-)9
S A ZRAE = AAAgo] gl A SR HrKEit
ZZAE YRR EL RAE SV 008 E=
A1 golth. ZRAE YnsolES A5 5HE
Ae) g} v st} mRAE RS0l gol MBIt
Bu| gk 29 4ol o] Qi A 0.% k)i 1 i
o] A9 AAAol gl Ao EAFTHDamodaran,
2012; Yoon and Kim, 2022).

33
T

T2 BHANA AAG MR FE Y +=E
7HEquity NPV)&} 529] 1 F<4=2lE(Equity IRR)S At
B3t 39 7= 2S5 JAFFEE(FCEE,
Free Cash Flow to the Equity)& 52| X}H]-8(COE,
Cost of Equity) & & 313t & o] 2HLE] FAf| 2] 3¢
=< AHrete] @7 ARty FCFE= FCFF5 Ad
oA A FEl= o] AHH]-§-& A58t ¥ =AFYF(VB, net
borrowing)& tjsto] AAFSITHA] (3)).

FCFE= FCFF—I(1—tax)+ NB 3)

2] 3)ol| A Ii= o)A}, I(1 —tax )= A o] AF8]-E(interest
expense)©|tl. COEE o|22 o7 RERIAL 71 A A H
& (CAPM, Capital Asset Pricing Model) 25 €] AAFstch
(A (4).

C’OE=rf+ﬂ><(rm—rf) 4)
Al (A)OA 1 = TR H 5 E(risk free rate of return),
7= A|A2)E(market rate of return), S A&
W] g ) ZRAE Solg wiEe) ulolt). 2ok
¥, COBY 757} 71910l FASHE $132 mApa] 913}
Slajol] £7sHe Zltjel 2 2 4 o).
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Table 1. Economic indicators by interested parties
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OB L 770 $A/IE 002 WEL
F70] 540} Fo] COERTH =i 4o
o A9 meAE] HAo] gl A0 Bkt
chak, SAskAbE 4 (3)0 2 o)A A% ol
AFsgo| Prlnfct 230 A AFEET-
oI/ HHAIE 4= Ik, HUSHE, A Yol AR RS
ARdo] QR W7 wigo] R E AL TR A
A S glom, B3k 23| uighAlgol theb A4

Seefohs 750 AFBEI= Rl 4:917] whizolct.

AAHEE71)
tEs Sl AR A2 FAE 2As= w871

S °

U= =& tEo] EFe YeFEa o
B} o9 Sa3t oAA 7| ook 87| To] 2|
EE Brlele o] AMSHE 8 A B2 e AASE
H]-&(simple DSCR; 2] (5))7} =252 2HH]E(cumu-
lative DSCR; 4] (6))°] Qlth. WA TR A eu|-&2 5
F A=) FFS B3l D= LA F 5 E(OCF, Oper-
ating Cash Flow) 98-S 3|5 A& Y22 4TS 218) A
S = FH(Payment) & & LHo] SEEITHA] (5)).
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Key economic indicators Terms
Firm’s perspective Project NPV, Project IRR FCFF, WACC
Equity holder’s perspective Equity NPV, Equity IRR FCFE, COE

Debt holder’s perspective

simple DSCR, cumulative DSCR

Eq. (5), Eq. (6)
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MW < 127])9] i e o]n] kel el e 4]
14714 (long-term-fixed price T+ LT-fixed price) A 2F
of what KPX (K A &) ol Al ol =)= A o2 7HA gt
ZZAE 28] A= EAEA S|AHSPC, Special Purpose
Company, ©]5} 3|Aletal A gl o]w AZA|(Sponsor)
7} FFEEA S22, &2 58718 (Lender, AHA})
2 %3] o] 2ol AITHFig. ).

LERS:
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ol - B

Wi E S3 ES EE2 AR S4FE Hls] HH
(E=oUAF)7F AU A & E-g-sto] BAE HE
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t}, o] Aol A= 919 27121 & B Lefsto] &S
FA2ITH(Fig. 2).

& 742 Ak A=Epol Aol A FA44HE g 7t
A, 29 AE3HA712(SMP, System Marginal Price)2
ool Ag ol vf A& AESkaL, of 7] o Tl Eo] Z|AY
YA & Fafl AHE A== 1 MWhg 0] %= RECO]|
Ao A @/E REC7HEE Fsto] RECHjE NS A=
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Fig. 1. Diagram of project financing. KPX is the exchange of electricity. The abbreviations are as follows: SPC (Special Purpose
Company), EPC (Engineering, Procurement and Construction), LT-fixed (long-term-fixed), and O&M (Operation & Maintenance).
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L
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O A 2FAL v 11 R g2 24 AS]A| A vlg-

electricity
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Korea Power Exchange

Long Term - Fixed Price Contract

To meet LT
Fixed Price
Korea Western
Power Inc.
Q
Sales Revenue _ | Electricity X
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Ex) LT-Fixed Price = 321,300 KRW/MWh

Fig. 2. Conceptual diagram of sales structure for the wind-power generation. Q stands for quantity and P means price. All company

names are fictitious.

Table 2. Summary of construction costs

(Unit: million won)

Item Amount

Production cost of turbine and substructure 160,000
Transportation and installation cost 112,000
Construction cost of electricity system connection 50,000
Authorization and design cost 15,000
Accessorial cost 27,000

Financial cost 20,750

Acquisition cost of business right 5,500
Total project cost 390,250

DSRA (Debt Service Reserve Account) 10,000
Total amount 400,250

Ae2d A=



6 o154 - U
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Lo} 34 %het. Table 3-& &9 1|80 A2 713 A
O & HlEH]§-2 AT oF 569 o, 1u]-8-2 A7k ok 74

L=, o] =79 AAGH 7o A= oA X AAuE
(decommisioning cost)& EZ33}A] ¢ttt o] ZRAE
O A, 7L A o8 I 4] o2 A, vlwd St
7R o] 2 Al oA FAE A= A, @A A
A eF AL HeH e, fFol 22 AE-§)ol =9 HaL
U= T, ol 71 H[-8FA o B4l ufjl ol BIHA|
Hol A= REGsEA] ghdTt. 3k, =) sl %
9] A © Aol gk gt HA ool A
HEAY X2 A 2ke] L2 8ol tigh A1 Q] &

al

o] Haflvtd vl g e

THAZEFY, XH2H[E, tiEFAE=A

T FAHIE(F 4 )2 Az FAHEE 20%
O] A7 | A (F2 2] TA1) T} 80%2] EFIAH (5] T2
)2 ATk A7 AL H] 82 8.5% =, BFQIA| L H]
B2 5.0%E 75T Aexg HAduE A&
(22%) 5-& E3}o] 7} = FAHRE] 8- 4.8% 2 AFE351
th. Table 40]| 4| €} Zro] o] L2 AEZ 93} th&w-2 of
3,2009] Hojot. tf&/dex2 a2 A 5%, 1'd 4], 16
| el gt WAt s 210 A-5-sh=
Hel T/ etol2- 29,5458k o] cH( A PMTR 2-8).
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145t TRRE & 717HS 63,5679k 90

lo A 19

N

A
=
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Table 3. Summary of operating expenditure (mil/yr = million won per year)

Item Content Assumption
SMP trading fee #103.4/MWh KPX (as of 2023)
(500~ 6(\)’0C millyr) REC trading fee ¥50/REC No inflation rate
Insurance fee Fee = (sales-FC)x1.2
O&M cost 3,500 mil/yr
Insurance fee 2,500 mil/yr
FC Public sea surface using fee 550 mil/yr Annual inflation rate of 2%
(about 7,400 mil/yr) Operating expense 350 mil/yr
Reserve 100 mil/yr
Labor cost 400 mil/yr Annual inflation rate of 5%

Table 4. Structure of financing and cost of capital. COE(Cost of Equity) = 8.5%, Cost of Debt = 5.0%, Tax rate =22%, and WACC

=4.8%
Amount (million won) Wt%
Total project cost 390,250 97.5%
DSRA 10,000 2.5%
Investment 400,250 100%
Equity 80,250 20%
Debt 320,200 80%
Financing 400,250 100%
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Table 6.2 F5-7H9] A4 H71E 918 F:5-0) -
710} 0] U0l 8-S At Fapu] B4 7171
3 o5 A 717k SR 0] AR Bokeh B U
1A st edTt. 0] @Kk 20,135u)5 Lo okl
Zhol 7HAom), F30] U340l %0] 4% 11.3%= COE
8.5% R0} S gleh. whebd), 25 7 o) A Wbl A =
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Table 5. Project NPV and Project IRR

PAE::

FEEWY FAVdE7 AR A 7

A B S &(=1.38)E 7Y sttt AEAF I of| A
dea4dEn &S Frig Aah, A7 AA(16
Aholl 24 25 7124k ol/doln, SR A dev &2
L.6ull, =2 HA e 3.9ulo I3t XAl
YA o] ZRAE = S FAE X3 s}7]of 2-gh
AAS T dea e HAd S 2= Ao R HrhEk 4
Q1 tH(Table 7).

ZHE"ot 20F

o] AG9] BAFF T2 FAL, =5, AEAF T oA
%= AAGo) Y= AL E H7METK(Table 8). F|ARER
M= ZEAE @717 HHY gholwA] ZEAE
FHpolE0] 6.7%E 7 FAHEH]E 7] E4k<] 4.8% ©]
Aoltt. I M = 529 A 7= HH Y 7ol
o 20 ES5=01E2 [1.3%E 7|39 COE =8.5%
£ Agstatt. AdA B E SR deheat

(Unit: million won)

2024 2025 2026 2027 2028 2029 2045 2046 2047
Cash Out @5,250) (111,000) (172,000) (72,000) 0 0 0 0 0
Total Investment Amount (45,250) (111,000) (172,000) (72,000)
Cash In (OCF) 23,444 39,721 39,583 36,865 36,718 18,159
Sales 27442 54,884 54,884 54,884 54,884 27,442
Operating Cost (3,998) (8,154) (8,316) (11,514)  (11,687) (6,079)
Tax (7,010)  (6,985) (6,506)  (6,480)  (3,205)
Net Cash Flow (FCFF) (45,250) (111,000) (172,000) (48556) 39,721 39,583 36,865 36,718 18,159
Project IRR 6.7%
NPV 63,567
WACC 4.8%
Table 6. Equity NPV and Equity IRR (Unit: million won)
2024 2025 2026 2027 2028 2029 2045 2046 2047
Cash Out (45,250)  (34,800)
Equity Capital (45,250) (34,800)
Cash In 0 15,439 16,943 10,038 36,865 36,718 18,159
OCF 0 23,444 39,721 39,583 36,865 36,718 18,159
Interest Payment 0 (8,005) (16,010) (15,672) 0 0 0
Principal Payment 0 0 6,767) (13,873) 0 0 0
Net Cash Flow (FCFE) (45,250) (34,800) 0 15,439 16,943 10,038 36,865 36,718 18,159
Equity IRR 11.3%
NPV 20,135
Cost of Equity 8.5%

Ae2d A=



Table 7. Summary of evaluating DSCR
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(Unit: million won)

2024 2025 2026

Cash at Beginning of Year

Dividend Payment
45,250 34,800

76,200

Equity Injection
Loan Injection

Total Project Cost
Withdrawal of DSRA
Sales Revenue
Operating Cost

Tax

172,000
45,250) (111,000) (172,000)

Cash Flow Before Payment

Interest Payment
Principal Payment
DSRA

Cash at End of Year

DSRA Ending Balance

Simple DSCR (criteria 2 1.1) AVG 1.6

Cumulative DSCR (criteria = 1.3) AVG 3.9

Table 8. Summary of economic evaluation

2007 20280 2029 T 2043 2044
17434 35670 T 51318 48814
(12,000) (12,000)
72,000
(62,000)
27,442 54884 54,884 54884 54,884
3.998) (8154 (8316) (11,042)  (11,275)
@334 (2373 4802) (5078)
33444 61831 79,866 78359 75345
©005) (16010) (15672) @077)  (703)
0 (6767) (13.873) (27.468) (14421)
(8005) (3384) (3384) 0
17434 35670 46,937 48814 60,221
8005 11389 14772 14772 14,772
29 1.9 15 13 o
39 52 22 36 6.8

Decision-making criterion

Fi NPV (million won) 63,567 Positive (+)
irm
IRR 6.7% WACC: 4.8%
) NPV (million won) 20,135 Positive (+)
Equity holder
IRR 11.3% COE: 8.5%
simple DSCR 1.6 1.1
Debt holder
cumulative DSCR 3.9 1.3
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Table 9. Sensitivity analysis as changing annual electricity production

Annual electricity production (AEP)

Min Base Max
160,000 MWh 170,820 MWh 180,000 MWh
Project NPV (million won) 32,026 63,567 90,327
Project IRR 5.8% 6.7% 7.4%
Equity IRR 8.4% 11.3% 13.5%

Table 10. Results of sensitivity analysis as changing REC multiplier

REC multiplier

Base - 10% Base Base + 10%
2.52 2.80 3.08
Project NPV (million won) 23,316 63,567 99,818
Project IRR 5.6% 6.7% 7.7%
Equity IRR 7.9% 11.3% 14.3%

Table 11. Levelized cost of electricity (LCOE) for different types of energy sources (IEA and NEA, 2020) (Unit: USD/MWh)

Energy sources Rorea USA

Range Median Range Median

Commercial 71.4~121.1 98.1 66.0~117.4 91.7

Solar Utility 70.2~119.3 96.6 31.6~54.6 43.1

. Onshore 104.0~171.5 140.2 29.6~47.0 38.3

Wind Oftshore 123.8~193.2 161.0 51.4~77.8 64.6

Nuclear 39.4~67.2 53.3 43.9~98.6 71.3

Coal 69.8~81.0 75.6 75.9~100.2 88.1

Gas 83.0~90.2 86.7 40.7~48.9 44.8
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