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ABSTRACT Renewable energy sources play a key role in achieving carbon neutrality and zero net emissions in the power generation
sector. Various efforts have been made to support the deployment of renewable energy, particularly solar photovoltaic and wind
power, including policies to internalize the external cost of carbon emissions. In this study, we conducted a financial analysis of a 800
MW floating photovoltaic system and compared it with ground solar power generation. Additionally, we conducted a cost-benefit
analysis that included the social cost of carbon. The findings showed that the floating photovoltaic project can meet the profitability
target through an appropriately designed internalization of the social cost of carbon.

Key words Floating photovoltaic(5=4} el 9F341H4), Economic analysis(7 #| A £-41), Financial analysis(Z]5-4] &A1), Social cost
of carbon(gk4: 9] A}3] A H]|-8), Internalization( ] 53}

Nomenclature SMP  : system marginal price

BOS  : balance of system WACC : weighted average cost of capital

CAPM : capital asset pricing model

IRR :internal rate of return

Pl : profitability index 1LME

REC :renewable energy certificate . .
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SCC :social cost of carbon
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Table 1. CAPEX estimates (Million KRW/MW)

Item Floating Land
Panel 425.0 403.0
Inverter 66.0 55.0
BOS 207.4 107.0
Substruction 294 4 187.1
Engineering - 41,8
Overhead 460 382.8
Contingency (10%) 116 98.6
Total 1,568.8 1,273.3
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Table 2. OPEX estimates (Million KRW/MW)

Item Floating Land
Management 8.17 5.79
Maintenance 0.05 0.05

Insurance 3.34 2.53
Cleaning 5.20 5.20
Replacement 3.04 3.04
Contingency (10%) 1.98 1.66
Total 21.75 18.26
Interest (sum) 14,004 13,679
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Table 4. Estimated SMP and REC (KRW/kWh, KRW/REC)

Year Estimated SMP Estimated REC
2023 110,57 66,443
2024 105,76 52,630
2025 106.49 50,565
2026 106,87 52,242
2027 107,37 55,757
2028 107.89 55,757
2029 108,49 53,344
2030 108,98 53,487
2031 109,71 54,071
2032 110,11 54,437
2033 110.71 54,174
2034 111,46 54,174
2035 111,98 54,014
2036 112,55 54,120
2037 113.02 54,130
2038 113,49 54,068
2039 113.95 54,047
2040 114,43 54,706
2041 114,82 54,088
2042 115,15 54,082
2043 115,57 54,072
2044 115,88 54,073

Type Classification Weight
Below 100 kW 1.6
Floating Over 100 kW 1.4
Over 3,000 kW 1.2
Below 100 kW 1.2
Land Over 100 kW 1.0
Over 3,000 kW 0.8
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Table 5. Financial analysis results

Floating Land
NPV (100M KRW) 5,944 4,619
IRR 14,06% 12.65%
PI 1,17 111

3. SCCE 12t Znly 24

3.1 Etio
A0 AAANEIIE 98l LAVIA ZhEo 2
34 FAN, S 45

. =4
of2 Ak TliE ke we= 713l

| AF2lX HIE

Nz

Jo
rE 19

32 A Aol x|

st Agshe A 7F~°ﬂ 7P77} D2 ghaof AR
8ol S 7HE A8ste] Fshe 1A
WS AR Hole ARt
Thao) ARSlA W82 ZF AAITA| &2 =71 o4kt
ek STl His) & siET B AR FEdlior she
Hl8-= SJulRith, &, 7]seke WAske walel Aty
. b8 o] o] efRavE <l
WAsk= elss WAEke ook s WA ©
a0 AFS|A B85 DA Rhgsto] WASRT RPSA|I=
£ Yol Sl mEbA v Follde 247k 5T
olu} 9JRu]g-S A3t 3 RPSAIES Bludh), F71=
ol A 9] ghas Aol thit 7hx| 2} ol A o] ZHAE vl
ws}7] 9fs) EU-ETS 714S a12isto] £4 9 Hlust3l
th &, AAIAA AMgL 2 QI8 A5Ele 2A7IAE
He] REC, EU-ETS WO & BAg}

=

3.2 MEIX HISS TRE ZRIY 2

s oA AT SR AAS 1A
Bie, EQuLGI olghe Hmshe ARy Haj el
AR BN B S B A7k Az o
£ WS Zksto] B4R 712 A7k B A
Aol A Bfele FEY BES 70 LG

RECS} HiZ A7 24 0] Wolg ulmatet,

s ol LAk Aol Tk ko] ALl Blg
2 TR WS T, A B4 PEES] bl g
OJEAS o] g3fe] - ubdlol T3] wAlstc) HlgHel
w2 g3t Hole A7) A1) Sl AR FAtsto] vl
- BB WU O 4] (4)9 o] ek}, QiAo
M- HOIRA S HOLS U102 Lhie ghol 1 ol o 7
Aol Glekar sekeich, Ay HAolA] et vl gt
o), 2AVEA HGOR QI WolE AH3 UARE 1t
tro] BB, WANY A BN J1E Talg
© 5595101} 2017 7| B F R eulEkF Y 2AL Al
2 A|SFAA 1.0% SKFSto] 4.5% 2Fahick

) @)



2
-
i
mE
L
e
e
>
o
2
o
4z

H|-g FAEILE o]§
Az A7k Hele F45HIeE ™ Table 6&
Azof w2 AFRA 2FHE-S UERH}ITE EPSISO] 2t
2E BT A} 2097 AEAE SMPEAS 3
LNGH|-& 86.35%, FgHH]& 9.68%, FATH]E 3.97%
B2 Uehch 9] vlE&S v g g WHAI e R ¢l
3 AT ol I ARE o83t WHge] EolEH, o]

2 fashe 2A7IL HiERE 345t viEoR ghits)

(o3

EU-ETSE RECE} B|ws}7| fIsiA] thaal 22 H
& A}2319ITE RECE 1,000 kWhe] Aol 2| A
AFhe 749 AikE 4 9low, EU-ETSE 19 ©a
S rashd he] siEEE vhett $) e ek

Ak WEASE o] §te] RECSH EU-ETSZH] ¥

0.4434 tCOzeq/MWho|H  o]= gjfgibd o2 1 MWh

)

EtA0] Af|H HIS0| ME o B AlRle| ZAlY 3t

)
ftjo
ox,
2

SIH 0,4434 1C0. 9] oJAlgEtAT) Sol=
n)gith weba] 1IEU-ETSE oF 2.25702] REC
7HE Adtt. REC2F EU-ETSH] HAIE &
°l3] EU-ETS7HES 2,252 LHeal, o]E Hojo
Fato] BAshgc,
By AAE R SAde R AR elA A
o] Ax}¢] B/CE Table 7ol A2|5}3ict SMPo} A
gt AFgollA= AR SATElRE AL
741,31, 1.34% #A%|%len, SMP, EU-ETS
2 491,29, 1,322 3= It} SMP9} RECE
F Ao A= 1,44, 1,298 EAE[QITE B AtoA|
B/C7} HFA Q1 AL of] H]sf A 7853
ARrEA ol 7| AR-A1E S8l AHstA A
B9, AsAdoel dagh vlgo] nE

S )
| o w7 setEc

A

do ok

off M
o
lo

i

— [

124

0

O

> 21 Lo

2
2

ox
N
T2

1L
filo
K

=
>
N
N

o 22
kl

B

=]

-

o

)

4o 8¢
2
=
5

of
i)
~

—_

i
&

o
e ¢

C

O

52 it

o

2
J

34| Auts it m WA O] A Aol vk
Table 6. Social costs by power sources (KRW/kWh) o njFL Q4SS Bl UzkE BAS sttt
LNG Anthracite Bituminous /\}%401] 03_63;‘% D]i]% 9'_11“_7]‘ nrona %72‘] B_ﬁ\_oﬂ ‘:H'SH
= . -2 L ofel ke ulA A Qbopiy] Sl HAE HAS 2
NOx 4,63 31,43 16,59 = = -
PM 2.5 0.32 0.91 0.8 gt HANES 7HE dl59] EHAAdo] s, o=
CO, 15.72 35.68 35.68 AR =S A 8] wdslr] oA gt
Total 20,98 89.6 68,81 wl2}x] CAPEX, SMP, H2], ¢ltjEo] thsf wiz=8Al
_ < A3Yskelal, o] A1kE Table 8¢ A2stelct, 4 2
Tevte 7. BC comparison 3, ezl dig o) 7P AA) vy, kel
L = Hlf RARIE AulE e 919 w2 jRE
SMP+Social cost 1.31 1.34 X] HE}X]U]— w 04?—°ﬂ/ﬂ£ o w /\Hn]-:!- A]-Oh:]-;qg]
SMP+EU ETS 1.29 1.32 U = ooTrTE R A e B ET
SMP+REC 144 1929 BAE olgsto] ddim o] A W3t A vepsiet
Table 8. B/C sensitivity analysis results
Floating Land
—30% | —20% | —<10% | O | +10% | +20% | +30% | —30% | —20% | —10% | O | +10% | +20% | +30%
CAPEX | 177 | 159 | 144 | 131 | 121 | 112 | 104 | 1.76 | 159 | 146 | 134 | 1.24 | 116 | 1.09
SMP 107 | 117 | 1.26 | 140 | 145 | 150 | 159 | 1.06 | 116 | 1.25 | 1.34 | 143 | 153 | 1.62
Revenue | 119 | 123 | 1.27 | 131 | 136 | 140 | 144 | 122 | 1.26 | 1.30 | 1.34 | 138 | 143 | 147
Rent 132 | 182 | 131 | 131 | 181 | 181 | 181 | 133 | 137 | 135 | 1.34 | 133 | 1.32 | 1.31
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This paper is based on the first author (J.Lim)’s
master’'s degree thesis entitled “Economic Analysis
of Floating Photovoltaic considering the Social Cost

of Carbon”,
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