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As the environmental impacts of fossil fuel energy sources increase, the South Korean government has tried to change non-envi-

ronmental-friendly enery sources to environmental-friendly energy sources in order to mitigate environmental effects, which lead
to global warming and air pollution. With both a limited budget and limited time, it is essential to accurately evaluate the economic
and environmental effects of renewable energy projects for the efficient and effective operation of renewable energy plants. Although

the traditional economic evaluation methods are not ideal for evaluating the economic impacts of renewable energy projects,

they can still be used for this purpose. Renewable energy projects involve many risks due to various uncertainties. For this
reason, this study utilizes a real option method, the Geske compound model, to evaluate the renewable energy projects on Jeju
Island in terms of economic and environmental values. This study has developed an economic evaluation model based on the

Geske compound model to investigate the influences of flexibility and uncertainty factors on the evaluation process. This study

further conducts a sensitivity analysis to examine how two uncertainty factors (namely, investment cost and wind energy production)

influence the economic and environmental value of renewable energy projects.
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in Jeju Island (MW) [2]

{Table 1> The Development Plan of Renewable Energy
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o} Zb oA o] A7 AakekS <Table 4>l A KLl

<Table 4> The Expected Production of Renewable
Energy in Jeju Island (GWh) [2]

HEE F434 ol EH Ef
2015 133.66 433.62 6.80
2016 191.32 1,011.78 12.52
2017 254.39 1,011.78 19.48
2018 317.46 1,879.02 25.12
2019 317.46 2,804.08 31.96
2020 317.46 2,804.08 59.25
2021 317.46 2,804.08 66.16
2022 317.46 3,382.24 71.70
2023 317.46 3,382.24 82.266
2024 317.46 3,960.04 104.84
2025 317.46 3,960.04 127.56
2026 317.46 4,538.56 150.32
2027 317.46 4,538.56 173.10
2028 317.46 5,116.72 195.91
2029 317.46 5,116.72 218.64
2030 317.46 5,694.88 230.01
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<Figure 1> Economic Values of Each Renewable Energy
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<Figure 3> The Sensitivity Analysis of Operating Costs

YA Fa2pakd el AAE spRle] e S vHE AS
HoFQh

FAm g3 Sdu| g9 WiEAdo] zF Aol FEa}
Atd el AAA ZHA 6l m e g ME EAAns

Fafol, FAulgo] £

Og 6]:2— u] | X]

Oﬂﬁt Zt 2l ZWOHLVH A%k
%/V\] 2.7].6L L;H,] V‘}E}E}/\ 7131—/\%1:% o) 7k
Mg Fote] Lottt e g o] 5% St
gk uj o|abatek A WA 07 5409 M kg CO2-e 7243}
oo, 10% Z7ke u) o] atslEl A= HA O R 61.07 M
kg CO2-e 7rasliom, 15% 71 ) o] ibalekris it
o2 68.88 M kg CO2-¢ 7HAdte Aoz yehytth

_ﬁ
of
o
A
=N
=2
2

Carbon Emission Reduction Amount

4B

2B

g CO2

0

2015 2017 2019 2021 2023 2025 2027 2029
Time (Year)
Carbon Emission Reductien Amount[Onshors Wind] : Production [3%]
Ganon Emision Regucion Amover{Ofhor Wine] : Proctticn [5%]
Carben E Reto ‘Productien [5%]

Carbon Emission Reduction Amount

4B

2B

kg CO2

0

2015 2017 2019 2021 2023 2025 2027 2029
Time (Year)
Carbon Emission Retuction Amevnt[Onshors Wind] : Production [1034]

Carbon Emission Reduction Amount

4B

2B

kg CO2

0

2015 2017 2019 2021 2023 2025 2027 2029
Time (Year)
Catoun Eanisicn Radustion Amoun(Oushors Wind] | Produsticn (1554

<Figure 4> The Sensitivity Analysis of Carbon Emission



38 Jaehun Sim

FERAL A folle, SAFEEAF] 5% S o Energy Projects: A Real Option Approach, Energies,
o]Atslet A= Hr A O 2 148,50 M kg CO2-e 743t 2014, Vol. 7, No. 5, pp. 3218-3255.
o, 10% 571 u] o]Atstelats HTH o F 153.68 M kg [2] Bae, J. and Hong, S., A Study on the Ecomomic and
C02-e A3t o, 15% S7Fe wf o] itsletie= 4t Envriormental Effects of Renewable Energy Policy in
A0 =2 159.03 M kg CO2-¢ Fadte o2 YEhyth & Jeju Island, Bank of Korea, 2015.

sk AT E R o] 5% 571 ) o]AlslEr AT WLt [3] Barroso, M.M. and Iniestata J.B., A Valuation of Wind

Ao 2 1,736.53 M kg CO2-e A3t o™, 10% <7+ Power Projects in Germany Using Real Regulatory
u o] Ab3lEk A HF A O 188113 M kg CO2-e 743} Options, Energy, 2014, Vol. 77, pp. 422-433.
gom, 15% =7ist u o|XdEAiE HTAHOZ  [4] Boomsma, T.K., Meade, N., and Fleten, S., Renewable
2,035.38 M kg CO2-e 743l Aoz Uelytt 374 Energy Investments Under Different Support Schemes:
S A2 AA AR TP sl sl o] 7h A Real Options Approach, European Journal of Oper-
T AAA M E 7 EkgE o] 7P A 3H ational Research, 2012, Vol. 220, pp. 225-237.

A NS A= AR YEg [5] Bockman, T., Flenten, S.E., Juliussen, E., Langhammer

H.J., and Revdal, 1., Investment Timing and Optimal
Capacity Choice for Small Hydropower Projects,

5.d = European Journal of Operations Research, 2008, Vol.
190, No. 1, pp. 255-267.

spAg] o F e wAZE A AAHSE F7F (6] Deter, N. and Kotani, K., Real Options Approach to
atal A= AA A AR E AT A Al Ao Renewable Energy Investments in Mongolia, Eenrgy
gk R&D FAFe} Al A A A] i dA] A8 BE = Policy, 2013, Vol. 56, pp. 136-150.
TRl A Fagh Fo] Ha vk wie] A9 A8 [7] Jeon, C., Lee, I, and Shin, J., Optimal Subsidy Estimation
ZAIZEA A g AR Aol U A Mk A] Aol A A A Method Using System Dynamics and the Real Option
A 77 d oS U Fas vk vk 1Y Model: Photovoltaic Technology Case, Applied Energy,
ng, B AT E AFE Ak F423789 2] Ao 2015, Vol. 142, pp. 33-43.
Y] A2 Ao AAA 2 A A7 9l [8] Kim, B., Kim, K., and Kim, C., Determining the Optimal
o o]F5AQl Geske ol 7|wkgk Al 2=¥] thoupul s Installation Timing of Building Integrated Photovoltaic
28& st AMEE Frirds o] &35t 4 Systems, Journal of Cleaner Production, 2017, Vol. 140,
S, S4F A, G E el AgFate] 4 No. 3, pp. 1322-1329.
AA 7M1 E HrrsteE sl MR ERA S Fote] AF [9] Kim, EM. and Kim, M.S., Evaluating Economic
R PRI P R < B ot B o e o e o S P Bl sy 7| Feasibility of Solar Power Generation Under the RPS
HeE B9 84S FAME, £9HE, WEd, System Using the Real Option Pricing Method: Com-
Aol A Aakeko]l AAA 7HA 9 87 A 7HA] el parison between Regulated and non-regulated Power
B dolE Ut 2 AT A= FAH|Eo] 7 Providers, Journal of the Korean Institute of Electrical
AedA] T o] BAH 7 Ao 2

T A4S A= and Electronic Material Engineers, 2013, Vol. 26, No.
B om AAAA A ikl 7k AlAIAY ol 9, pp. 690-700.

T o] s A ko] & 93-S vx& AS B [10] Kim, K., Review of Real Options analysis for Renewable
Energy Projects, Korean Journal of Construction

QT b o
AN 2 e 2 orlr 2L

22
=

Engineering and Management, 2017, Vol. 18, No. 2,

Acknowledgement pp. 091-098.
[11] Kim, K., Lee, D., and Park, S., Evaluation of R&D
This research was supported by Changwon National Investments in Wind Power in Korea using Real Option,
University in 2021~2022. Renewable and Sustainable Energy Reviews, 2014, Vol.
40, pp. 335-347.
References [12] Kim, Y. and Change, B., Real Option Valuation of a

Wind Power Project based on the Volatilities of Electricity
[1] Abadie L.M. and Chamorro, J.M., Valuation of Wind Generation, New & Renewable Enegy, 2014, Vol. 10,



[13]

[14]

[15]

[16]

[17]

(18]

[19]

The Economic Evaluation of the Renewable Energy Projects using the Geske Model

No. 1, pp. 41-49.

Kjeland, F., A Real Option Analysis of Investments
in Hydropower: The Case of Norway, Energy Policy,
2007, Vol. 35, pp. 5901-5908.

Kwak, E. and Moon, C., Analysis of Power System
Stability by Deployment of Renewable Energy Re-
sources, Journal of the Korea Institute of Electronic
Communication Science, 2021, Vol. 16, No. 4, pp.
633-642.

Lee, S., Using Real Option Analysis for Highly Uncertain
Technology Investments: The Case of Wind Energy
Technology, Renewable and Sustainable Energy Reviews,
2011, Vol. 15, pp. 4443-4450.

Lee, S. and Shih, L., Rnewable Energy Policy Evaluation
Using Real Option Model: The Case of Taiwan, Energy
Economics, 2010, Vol. 32, pp. 567-578.

Loncar, D. Milovanovic, 1., Raki, B., and Radjenovic,
T., Compound Real Options Valuation of Renewable
Energy Projects: The Case of a Wind Farm in Serbia,
Renewable and Sustainable, Energy Reviews, 2017, Vol.
75, pp. 354-367.

Martinez-Cesena, E.A., Azzopardi, B., and Mutale, J.,
Assessment of Domestic Photovoltaic Systems Based
on Real Options Theory, Progress in Photovoltaics:
Research and Applications, 2013, Vol. 21, pp. 250-262.
Martinez-Cesena, E.A. and Mutale, J., Wind Power
Projects Planning Considering Real Options for the Wind

[20]

39

Reseource Assessment, IEEE Transactions on Sus-
tainable Energy, 2012, Vol. 3, No. 1, pp. 158-166.
Reuter, W.H., Szolgayova, J., Fuss, S., and Obersteiner,
M., Renewable Energy Investment: Policy and Market
Impacts, Applied Energy, 2012, Vol. 97, pp. 249-254.

[21] Schneider, M., Tejeda, M., Dondi, G., Herzog, F., Keel,

S., and Geering, H., Making Real Options Work for
Practitioners: A Generic Model for Valuing R&D
Projects, R&D Management, 2008, Vol. 38, No. 1, pp.
85-106.

[22] Sim, J., The Default Risk of the Research Funding with

[23]

[24]

Uncertain Variable in South Korea, Along with the
Greeks, Journal of Society of Korea Industrial and
Systems Engineering, 2021, Vol. 44, No. 1, pp. 1-8.
Ventsanos, K., Angelopoulou, P., and Tsoutsos, T.,
Renewable Energy Sources Project Appraisal Under
Uncertainty: The Case of Wind Energy Explotion within
a Changing Energy Market Environment, Energy Policy,
2002, Vol. 30, No. 4, pp. 293-307.

Zhang, M.M., Zhou, P., and Zhou, D.Q., A Real Options
Model with
Application to Solar Photovoltaic Power Generation in
China, Energy Economics, 2016, Vol. 59, pp. 213-226.

for Renewable Energy Investment

ORCID

Jaehun Sim

| http://orcid.org/0000-0003-3519-8136



40 Jaehun Sim

<Appendix 1>
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<Figure A1> The Sensitivity Analysis of Investment Costs (Onshore Wind)
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<Figure A2> The Sensitivity Analysis of Investment Costs (Offshore Wind)
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<Figure A3> The Sensitivity Analysis of Investment Costs (Solar)
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<Appendix 2>
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<Figure A4> The Stock-and-flow Diagram of the Developed Economic Evaluation Model



