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Abstract : Due to climate change, countries around the world are actively investing in renewable energy, reducing fossil
fuel use, 23.7% of world electricity is supplied by renewable energy. As the technology continues to develop, it is in a
level to compete in terms of power generation cost, and investment conditions are improving, However, investment in
renewable energy projects is not easy. This study analyzed trends of domestic and international researches on economics
assessment applying real options analysis to investment decisions of hydro, solar, and wind power projects, which
account for a large portion of renewable energy. This study provides (1) the difference between the traditional economic
method and the real options analysis, (2) the application process, and (3) the uncertainty elements and option type of
the renewable energy project presented by many studies, The real options analysis is suitable for the detailed investment
strategy by considering the uncertainties of the renewable energy project and applying the option to improve the profit
or to avoid the risk,
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Step 1. Investment scenario development

* Design the scenario forinvestment timings
* Determine option type
b

$
/_

Step 2. Cash flow development

* Identify Uncertainties
1) Tariff, 2) Energy production, 3) O&M cost, ......
* Predict the future cash flow

- i

@m 3. Real option valuation

+ Estimate the project volatility

+ Calculate the option value
A

L 2

/;tep 4. Decision-making

* Make a decision on the investment
A
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Fig. 1. Framework of real options analysis for renewable energy
projects (Kim et al., 2016a)
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Table 1. Literature of real options analysis for hydropower.

Authors Country Option Type Uncertainty

Batista et al., 2011 Brazil Defferal CER price
Zavodov, 2012 China Defferal CER price
Leeetal., 2013 Indonesia Chooser CER price

Kim et al., 2016a Korea Compound Energy production, Tariff, O&M cost

Kim et al., 2016b Korea Compound Energy Production, Tariff, CER Price, O&M cost
Kim et al., 2017 Korea Compound, Deferral Energy Production, Tariff, O&M cost
Kjzrland, 2007 Norway Deferral Tariff, Investment cost

B ¢ ckman et al., 2008 Norway Deferral Tariff

Gaudard, 2015 Swiss Abandonment Tariff, Energy production
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Table 2. Literature of real options analysis for solar power. (* Indicates the papers published in Korea.)

Authors Country Option Type Uncertainty
Zhang et al., 2016 China Deferral Non—renewable energy cost, Tariff, CER Price, Investment cost
Jeon et al., 2015 Korea Compound Tariff, Energy production, Interest rate, Risk free rate, Exchange rate
Kim et al., 2016¢ Korea Abandonment Energy production, Tariff
Detert & Kotani, 2013 Mongolia Deferral Non—renewable energy cost
Martinez—Cesena et al., 2013 UK Deferral Tariff
Kim & Kim=, 2016 Korea Deferral Tariff
Kim & Kim=, 2013 Korea Expansion Tariff
Lin & Wesseh, 2013 China Deferral Non-—renewable energy cost
Kim et al., 2017 Korea Deferral Tariff
Jeon & Kim=, 2010 Korea Deferral Tariff
Choi et al., 2015 Korea Expansion Non-renewable energy cost
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Table 3. Literature of real options analysis for wind power. (* Indicates the papers published in Korea.)

Authors Country Option Type Uncertainty
Kim & Chang*, 2014 Korea Abandonment Energy production, Tariff, Interest rate
Lee et al.,x 2012 Korea Expansion Tariff
Reuter et al., 2012 Germany Chooser Energy production, government policy
Kroniger & Madlener, 2014 Germany Deferral Energy production, Tariff, Capacity
Venetsanos et al., 2002 Greece Deferral Tariff
Lee & Shih, 2010 Taiwan Deferral Tariff, Costs
Lee, 2011 Taiwan Deferral Underlying price, Exercise price, Operation Time, Risk—free rate
Kumbaroglu et al., 2008 Turkey Deferral Tariff
Abadie & Chamorro, 2014 UK Deferral Tariff, Energy production, Subsidy
Martinez—Cesena & Mutale, 2012 USA Deferral Wind resource assessment
Kim et al., 2014 Korea Compound Energy production, Risk free rate,W\{rc])ldagliotal,e?ecreasing rate of the unit cost of
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