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To mitigate the environmental impacts of the energy sector, the government of South Korea has made a continuous effort

to facilitate the development and commercialization of renewable energy. As a result, the efficiency of renewable energy plants

is not a consideration in the potential site selection process. To contribute to the overall sustainability of this increasingly important

sector, this study utilizes the Black-Scholes model to evaluate the economic value of potential sites for off-site wind farms,

while analyzing the environmental mitigation of these potential sites in terms of carbon emission reduction. In order to incorporate

the importance of flexibility and uncertainty factors in the evaluation process, this study has developed a site evaluation model

focused on system dynamics and real option approaches that compares the expected revenue and expected cost during the life

cycle of off-site wind farm sites. Using sensitivity analysis, this study further investigates two uncertainty factors (namely, investment

cost and wind energy production) on the economic value and carbon emission reduction of potential wind farm locations.
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<Table 1>9A H<lth

<Table 1> The Characteristics of Potential Sites [20]

Area 1 | Area 2 | Area 3 | Area 4

Longitude (°E) 12629 | 12623 | 12617 | 126.17
Latitude (°N) 35.43 35.46 35.50 35.56
Depth of water (m) 10.99 1291 15.46 19.57

Wind speed (m/s) 6.66 6.71 6.74 6.74

Desity of wind energy

2 362.19 370.18 377.62 380.16
(w/m?)
Capacitity factor of
turbines (%) 27.00 27.44 27.75 27.76
Annual energy
production (MWh) 7,0949 | 72117 | 72914 | 7,295.7
Minimum distance from 1144 13.69 12.97 1142
land (km)
Minimum (Iilstance from 11.96 18.22 2455 30,19
substation (km)
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<Figure 1> Causal-loop Diagram of an Evaluation Model
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<Figure 2> Economic Values of Potential Sites



The Economic Value Analysis of the Potential Wind Farm Site Using the Black—Scholes Model 27

off THWAEA7} A o
1

=319 = Area 12 320.1 M kg CO2-e, Area 2 325.4
M kg CO2-¢, Area 3-2 329.0 M kg CO2-¢, Area 4+ 329.2

M kg CO2-¢¢] o|itsteta: a7t S HolF8l
o A A FELAGA] Yo = Area 47} 7Y 2 3
BA AENE 7HA Area 10] 7HE 22 BAH A7
BHE HoF Qut Area 1S 7|Fo2 B A oAM=
Area 2 1.66%, Area 32 2.78%, Area 4+ 2.84%2] U
e 344 AREadE 7 SS RoErh 34
ZHo| = Area 47} 7P £ FAlFH wbd A o]
Area 1°] 714 U A4 2d Q)X Q1S HolEtt

B ATMNE Wan BA2 Faol sgEduay
A AR HRAANA FoF B 220l BRI, &
Qulg, il AP IA Gaepol FAH WA A
o AAA AR vAE Gt AN YAko]
olbsheka Fadel VAL G AL T
AaA o] el E AAH HHsk B39 79 ol
Bh gadgel 3% AHo|nE BHY Q450 ofF
Azl A e G ARG, B ATAE ditel
B34 Qo) o NLE BHS APT 0, iy
A 7S B3y 29e WEA) g adlew A4S
Stk R, B4 B84 R259 Ui SR WshEol
HAA A5k o) kshka 7h2wke] Mol oW JFS
A= AE Ses] fste] N 24 ddstylc
72 2844 2aFo] M) Y Besx ma Q)
AR FUBA 12 G st
S

<Table 3> The Sensitivity Analysis of Investment Costs
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<Appendix>
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<Figure A1> The Stock-and-flow Diagram of the Developed Economic Evaluation
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<Figure A2> The Stock-and-flow Diagram of the Total Cost



