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Abstract: This paper presents an economic feasibility analysis for constructing a 100 MW floating solar power 
plant in Korea, aimed at utilizing idle water spaces to mitigate geographical limitations for large-scale 
renewable energy projects. Employing both Discounted Cash Flow (DCF) analysis and Real Options Analysis 
(ROA), the study evaluates the economic viability and strategic flexibility of the project under future market 
uncertainties. The DCF method reveals an NPV of 11,863 thousand USD and a B/C ratio of 1.1, indicating 
baseline feasibility. However, the ROA demonstrates the value of adaptive strategies, with real option values 
showing that plant expansion (to 200 MW) is economically advantageous under favorable conditions. This 
approach supports strategic decision-making aligned with Korea’s renewable energy targets. The study 
emphasizes the importance of incorporating market uncertainties into feasibility assessments and proposes 
detailed strategies for expanding renewable energy generation. 

Keywords: floating solar power plant; economic feasibility analysis; Real Option Analysis (ROA);  
renewable energy strategy; market volatility 

 

1. Introduction 
The global share of renewable energy in power generation is on a steady rise, with solar energy 

emerging as a cornerstone of sustainable energy development. In recent years, solar power generation 
has experienced significant global growth, with innovative installation methods such as floating solar 
panels on underutilized water bodies gaining notable attention. Traditional land based solar power 
plants require extensive land areas, leading to substantial costs associated with land acquisition and 
leasing. In contrast, floating solar installations provide a cost-effective alternative by mitigating these 
land related expenses. Furthermore, floating solar systems allow for more efficient energy generation 
than their land-based counterparts, as they encounter fewer obstructions such as buildings or 
infrastructure that impede sunlight exposure[1]. 

In Korea, mountainous terrain and limited land availability pose challenges for the development 
of large-scale, land-based solar facilities. Recently, efforts have intensified to implement floating solar 
power generation systems within the country. However, these floating solar projects face substantial 
uncertainties, particularly related to the volatility of future generation outputs and fluctuations in 
electricity sales prices, which complicate the achievement of stable, long-term operations[2]. In light 
of these uncertainties, conducting a rigorous economic feasibility analysis is essential prior to project 
initiation. 

Traditional valuation techniques, such as Discounted Cash Flow (DCF) analysis, assess a 
project’s potential by estimating future cash flows and discounting them using the weighted average 
cost of capital to determine present value. However, these approaches often fail to accommodate the 
level of flexibility necessary in today’s volatile energy markets. Within this context, the Real Options 
Valuation (ROV) method offers a more robust framework for evaluating renewable energy projects, 
such as floating solar power installations, by incorporating market uncertainty and decision-making 
flexibility, thus providing a more advanced mechanism for assessing economic feasibility[3]. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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To encourage the adoption of new and renewable energy sources, Korea has introduced the 
Renewable Energy Portfolio Standard (RPS), a mandatory policy framework aimed at increasing the 
share of renewable energy in power generation and incentivizing private investment by promoting 
long-term profitability for these projects[4]. Under the current RPS system, the profit structure for 
power generation companies is primarily influenced by the System Marginal Price (SMP) applied to 
generated electricity and revenue from Renewable Energy Certificate (REC) sales. In recent years, 
SMP and REC prices have displayed heightened volatility, influenced by external factors such as 
rising oil prices, with a stabilizing downward trend that has adversely affected the profitability of 
power generation companies. Given the current RPS framework, maintaining stable profit margins 
for power operators remains challenging due to various market dynamics, which in turn has slowed 
the proliferation of renewable energy projects due to significant uncertainty surrounding SMP and 
REC prices. 

This study proposes the construction of a solar power plant utilizing idle water surfaces to 
expand the deployment of floating solar power generation in Korea and investigates its economic 
feasibility. To assess the long-term profitability of floating solar power plants, this study reviews 
Korea’s current RPS system and conducts an economic feasibility analysis that incorporates project 
uncertainty. Specifically, the study applies the Real Options Valuation (ROV) approach to account for 
uncertainties in electricity sales prices that impact future profitability, thereby evaluating the value 
of decision-making flexibility. Through this methodology, this study seeks to provide a more precise 
assessment of the economic feasibility of floating solar power projects and aims to contribute to 
strategic decision-making processes for Korea’s renewable energy initiatives. 

This paper is structured as follows: Chapter 2 presents the theoretical background of DCF and 
Real Options Valuation (ROV) economic evaluation methods, alongside a review of prior studies that 
have analyzed the economic feasibility of renewable energy investment projects using ROV. Chapter 
3 investigates the expansion potential of floating solar power and conducts comparative case analysis 
to elucidate the valuation differences between DCF and ROV methodologies. Chapter 5 outlines the 
academic contributions of this study’s findings and delineates its limitations. 

2. Theoretical Background and Literature Review  
2.1. Theoretical Background 
2.1.1. Discounted Cash Flow (DCF) method 

The discounted cash flow (DCF) method is an economic evaluation technique that converts 
future cash flows to their present value using a discount rate, facilitating a comprehensive assessment 
of a project value. Classic cost benefit analysis approaches within the DCF framework include Net 
Present Value (NPV), Benefit Cost Ratio (B/C), and Internal Rate of Return (IRR). In this study, we 
aim to determine the economic feasibility of the business by employing the Net Present Value method 
and the Benefit Cost Ratio method[25].  
• Net Present Value (NPV) 

The Net Present Value (NPV) method evaluates the economic feasibility of a project by 
calculating the present value of net benefits, which is derived by subtracting the present value of costs 
from the present value of benefits, as formulated in Equation (1). Following this calculation, 
investment costs are deducted to determine the viability of the project. An NPV result that is positive 
suggests that the project is economically justifiable and therefore recommended for implementation. 
Conversely, a negative NPV indicates that the project is not economically viable, as projected costs 
surpass expected benefits, thus advising against project initiation. This NPV framework provides a 
quantitative basis for decision-making in project feasibility studies, grounded in financial 
projections[5]. 

NPV = ෍ 𝐵௧(1 + 𝑟)௧்
௧ୀଵ − ෍ 𝐶௧(1 + 𝑟)௧்

௧ୀଵ − 𝐼଴ (1)

In this model, 𝐵௧ denotes the benefit at time t, 𝐶௧ represents the cost at time t, 𝑟 is the applied 
discount rate, 𝑇 indicates the investment period, and 𝐼଴ refers to the initial investment cost. 

 The net present value (NPV) method offers the advantage of clearly and concisely conveying 
key insights due to its straightforward and transparent valuation approach. However, it is limited by 
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its reliance on fixed assumptions and the potential for subjective interpretation within the calculation 
process. Additionally, the NPV method does not adequately account for fluctuating market 
conditions and inherent risk factors associated with dynamic market environments.   
• B/C ratio 

The Benefit-Cost (B/C) ratio method is employed to assess the economic feasibility of projects by 
determining the ratio of the present value of anticipated benefits to the present value of projected 
costs. This method provides a quantitative basis for evaluating project viability, as expressed in 
Equation (2). Specifically, if the B/C ratio exceeds 1, the project is deemed economically viable, 
indicating that the expected benefits outweigh the costs, thus justifying the investment. Conversely, 
if the B/C ratio is less than 1, the project may be regarded as economically unfeasible, suggesting 
limited investment potential due to projected costs exceeding anticipated benefits[6]. 

𝐵/𝐶 𝑅𝑎𝑡𝑖𝑜 = ෍ 𝐵௧(1 + 𝑟)௧்
௧ୀ଴ / ෍ 𝐶௧(1 + 𝑟)௧்

௧ୀଵ  (2)

2.1.2. Real Option Valuation (ROV)  
• The concept of real options 

The concept of real options originates from financial derivatives, specifically financial options, 
which confer the right to buy or sell a financial asset. A real option, however, extends this principle 
to tangible, non-financial assets, such as infrastructure projects or real estate investments. While the 
mechanics remain similar—granting the holder the choice to proceed or withdraw—the focus shifts 
from financial products to real-world investments. In both cases, the flexibility to act (or not) is 
valuable, allowing the investor to capitalize on favorable circumstances or avoid adverse conditions. 

Financial options are broadly classified into call and put options. A call option grants the holder 
the right to purchase the underlying asset at a pre-determined price on or before a specified expiration 
date, provided an option premium is paid. Conversely, a put option provides the right to sell the 
asset at a pre-set price within the same timeframe. Additionally, options are categorized based on 
their exercise timing: American options allow exercise at any point before expiration, whereas 
European options restrict exercise to the expiration date. 

In contrast to traditional valuation methods, such as the discounted cash flow (DCF) approach, 
real options analysis incorporates the dimension of time and the value of flexibility in decision-
making. The DCF method evaluates project feasibility on a binary basis, often accepting or rejecting 
a project purely on its net present value (NPV). If NPV is positive, the project proceeds; if negative, it 
is dismissed. Real options, however, offer a more nuanced view. A project with a negative NPV is not 
immediately deemed unprofitable but instead is subject to further review, acknowledging potential 
future opportunities. Even a project with a positive NPV can be delayed, if strategic flexibility 
suggests waiting could yield more favorable conditions. 

Real options thus bring an adaptive, dynamic approach to valuation, enabling managers to 
adjust to changing conditions by postponing, expanding, scaling back, or even abandoning projects 
as needed. Unlike the rigid and static DCF method, which relies on assumptions made at a single 
point in time, real options analysis is prepared for unpredictability and uncertainty, preserving 
project liquidity and minimizing potential losses as conditions evolve. As illustrated in Figure 1, this 
approach secures the project’s flexibility to respond to uncertainty over time, mitigating potential 
risks and enhancing project resilience in the face of future uncertainties [7].  
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Figure 1. Value of real options. 

• Real option types 
Real options can be assessed by selecting the most suitable option among various alternatives 

based on the specific business context, such as deferring an investment, or expanding or contracting 
project scope. Table 1 presents the types of real options commonly utilized across industries, 
illustrating how different options can be applied to enhance strategic decision-making under varying 
conditions of uncertainty and market dynamics [8]. 

Table 1. Real option types. 

Option Type Meaning Application Field 
Deferral delay the development timing Construction, Real estate development, etc 

Expansion/Contraction expand or contract the scale Consumer goods, Fashion Industry, etc. 
Switching Option change outputs Petroleum Industry, Chemical Industry, etc. 
Growth Option required for additional 

investments 
Social Infrastructure Investment, etc. 

Abandonment Option recover operational scale and 
asset value 

Finance, Aviation, Transportation, etc. 

Staged Option decide on scale adjustments or 
withdrawal 

Venture Capital, R&D, etc. 

Compound Option multiple options coexist All industries, related projects 

• Binomial option model 

Among the methods for calculating real options, the binomial option model is a straightforward 
and practical approach in which value adjustments occur discretely within an uncertain future 
business environment. The fundamental principle of the binomial option model is that the price of 
real assets and the corresponding option values fluctuate based on two potential outcomes—an 
upward or downward movement—at each period. Table 2 presents the variables employed in the 
binomial option model [9–16]. 

Table 2. Parameters of Binomial Model. 

Parameter Description S Underlying Asset Value X Strike Price σ Volatility r Risk-Free Interest rate T Option Life ∆t Time Step u Up Factor 
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d Down Factor p Risk-Neutral Probability 

In this study, the variables u, d and p are derived from Equation (3), which serves as a 
foundational component for analyzing the relationships between these parameters. This equation is 
integral to the methodology applied, providing a systematic approach for deriving accurate values 
that support the overall research objectives. 𝑢 = 𝑒 √∆௧഑  ,          𝑑 = 𝑒ି √∆௧഑  ,          𝑝 = 𝑒௥∆௧ − 𝑑𝑢 − 𝑑                       (3)

The fundamental procedure of the binomial option pricing model relies on a binomial lattice 
framework with a designated maturity period and forward deferral. In this model, the underlying 
asset S either increases by an upward coefficient u or decreases by a downward coefficient d in each 
time period. This progression is calculated through a forward-rolling process, continuing until the 
maturity date is reached. When the option value is denoted as 𝑆௜௝ it can be represented in the form S𝑢௜ି௝𝑑௝. Building upon this foundation, the research progresses by first selecting an option model 
appropriate for the research objective, applying it, and subsequently implementing a reverse cycle 
process to determine the option’s final value. In this model, the valuation process for each option 
begins at its expiration and proceeds in a reverse sequence, ultimately converging to the final option 
value 

The expansion and contraction option represent a strategic choice to expand or reduce the scale 
of a project by increasing or decreasing the investment amount in response to unfavorable market 
conditions. At the expansion option’s expiration, its value is determined by selecting the greater of 
two scenarios: the value of continuing the project without expansion versus the value of expanding 
the project size, as indicated in Equation (4). Prior to maturity, the option’s value is similarly the 
maximum between holding the expansion option unexercised and the value upon exercising it, as 
described in Equation (5).  𝑉௡,௝ = 𝑚𝑎𝑥 [𝑆଴𝑢௡ି௝𝑑௝ − 𝐼௡ ,      (1 + 𝑒)𝑆଴𝑢௡ି௝𝑑௝ − 𝐼௡ − 𝑋௘] (4)

𝑉௜,௝ = 𝑚𝑎𝑥 [൫𝑝𝑉௜ାଵ + (1 − 𝑝)𝑉௜ାଵ,௝ାଵ൯𝑒ି௥∆௧ − 𝐼௜ ,     (1 + 𝑒)𝑆0𝑢𝑛−𝑗𝑑𝑗 − 𝐼𝑛 − 𝑋𝑒] (5)

In instances of business expansion, where the expansion cost is 𝑋௘  and the project value 
increases by 𝑒%, the value 𝑉௜,௝ at each node is calculated accordingly. At the contraction option’s 
expiration, its value is determined by selecting the greater of two scenarios: the value of continuing 
the project without downsizing versus the value of reducing the project size, as indicated in Equation 
(6). Prior to maturity, the option’s value is similarly the maximum between holding the downsize 
option unexercised and the value upon exercising it, as described in Equation (7). In instances of 
business downsizing, where the present value of the asset 𝑆଴ decreases by 𝐶ଵ% and the reduced 
investment amount decreases by 𝐶ଶ%, the value 𝑉௜,௝ at each node is calculated accordingly. 𝑉௡,௝ = max [𝑆଴𝑢௡ି௝𝑑௝ − 𝐼௡ ,      (1 − 𝐶ଵ)𝑆଴𝑢௡ି௝𝑑௝ − 𝐼௡(1 − 𝐶ଶ)] (6)

𝑉௜,௝ = 𝑚𝑎𝑥 [൫𝑝𝑉௜ାଵ + (1 − 𝑝)𝑉௜ାଵ,௝ାଵ൯𝑒ି௥∆௧ − 𝐼௜ ,     𝑆଴𝑢௡ି௝𝑑௝(1 − 𝐶ଵ) − 𝐼௜(1 − 𝐶ଶ)] (7)

In project management financial analysis, the abandonment option provides a strategic means 
to sell a project to recover its residual value if market conditions deteriorate. At the expiration of the 
option, its value equals the greater of the project’s value at expiration or its residual value upon 
abandonment, as represented in Equation (8). Prior to expiration, as outlined in Equation (9), the 
option’s value is determined by the higher of two potential values: the value of holding the 
abandonment option without exercising it or the value upon its exercise. This abandonment option 
operates as an American put option, allowing early exercise if it proves beneficial. If the project’s 
residual value is represented by A and the annual investment amount by 𝐼௜, the value 𝑉௜,௝ at each 
node is calculated accordingly. In this context, the ʺabort optionʺ is used interchangeably with the 
abandonment option, indicating the choice to terminate the project under unfavorable market 
conditions. 
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𝑉௡,௝ = max [𝑆଴𝑢௡ି௝𝑑௝ − 𝐼௡ ,      𝐴] (8)𝑉௜,௝ = 𝑚𝑎𝑥 [൫𝑝𝑉௜ାଵ + (1 − 𝑝)𝑉௜ାଵ,௝ାଵ൯𝑒ି௥∆௧ − 𝐼௜ ,      𝐴] (9)

2.2. Literature Reviews 
In order to perform a real option economic evaluation, uncertainty factors that affect project 

profitability must be derived and volatility estimated. Volatility is a quantitative measure of the 
degree of uncertainty of a project, and it represents the potential range of future value, so it is very 
important to estimate reasonable volatility. In this study, we review previous studies that evaluated 
economic feasibility by applying real options to renewable energy power generation projects and 
examine major uncertainty factors. Zhang et al. (2017) evaluated Chinaʹs solar power generation 
project using the real options method, considering four uncertainty factors, including carbon 
emissions price, investment cost of new and renewable energy project, and government subsidy. 
Additionally, it was shown that when uncertainty exists, the real options method is more effective 
than the NPV method [17]. Kim et al. (2014) analyzed the economic value and optimal exercise timing 
of investment in wind power generation projects in Korea based on a real options approach 
considering the uncertainty of fossil fuel power generation costs. As a result of the analysis, it was 
confirmed that investment in the Korean wind power generation project is economically feasible from 
the perspective of real options [18]. Walsh et al. (2014) considered carbon emissions price uncertainty 
to analyze the optimal investment timing for CCS technology application in the UK. As a result of the 
analysis, it was confirmed that the application of CCS technology is not appropriate at the current 
price level [19]. Biondi et al. (2015) evaluated the economic feasibility of Italian solar power complexes 
by considering the volatility of electricity sales price and solar power generation installation costs 
and derived the optimal investment time. As a result of the analysis, it was confirmed that if 
uncertainty is taken into account, the investment period for the Italian solar power generation project 
can be delayed [20]. Siddiqui et al. (2006) derived the optimal investment time by considering the 
uncertainty of electricity prices and liquefied natural gas prices involved in power generation projects 
through real options [21]. Ho Park and Nam. (2018) analyzed the investment economic feasibility of 
a fuel electric power generation facility project using real options. The optimal investment threshold 
was derived by considering both cases where the SMP price follows geometric Brownian motion and 
mean reversion process [22]. Maeda et al. (2019) evaluated the economic feasibility of wind power 
plants installed in Texas, USA, considering electricity sales price and generation costs. It was 
suggested that the economic feasibility of wind power projects considering uncertainty and decision-
making flexibility was 45.9% greater than NPV [23]. Qu et al. (2021) found that the high volatility of 
SMP and REC sales prices weakens the incentive to invest in new and renewable energy, and the 
intention to invest in Energy Storage System (ESS), which can reduce uncertainty in the new and 
renewable energy power generation business. It was judged to have an influence on the decision [24].  

This study distinguishes itself from previous research on project valuation using the real options 
method in three significant ways. First, regarding the subject matter, this study introduces a novel 
application of the real options technique to the economic evaluation of a floating solar power plant 
construction project—an area unaddressed in prior studies. Second, unlike previous studies, which 
did not consider Korea’s 2024 Renewable Portfolio Standard (RPS) system, this analysis incorporates 
both the regulatory framework and electricity sales pricing under the current RPS system. This 
approach provides a meaningful contribution by establishing an evaluative framework tailored to 
the latest regulations and market conditions for new and renewable energy projects in Korea. Third, 
this research further examines the value of both expansion and abandonment options specific to 
floating solar power generation. Through a virtual case analysis, it explores the development 
potential of floating solar power plant construction, offering a comprehensive analysis of the project’s 
feasibility and strategic flexibility under varying market conditions. 
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3. Case Study  
3.1. Project Overview  

This study aims to conduct an economic evaluation of a large-scale floating solar power plant 
construction project utilizing idle sea space in Korea. The proposed power plant is located in Gunsan-
si, Jeollabuk-do, and is envisioned as a floating solar power facility. Gunsan City currently operates 
the ‘Saemangeum New Renewable Energy Power Plant,’ which has a total capacity of 2.6 GW. The 
type of power plant proposed in this study is anticipated to reduce project costs and enhance 
operational efficiency by integrating with the existing power system of the region. 

The cost data for the power generation facility utilized in this study were adjusted based on real 
world cases, with appropriate levels verified through expert consultations. The specifications for the 
floating solar power plant equipment and operational standards are as follows: the plant has a power 
generation capacity of 100 MW, with floating solar panels installed. The panelsʹ power generation 
efficiency is assumed to be 85%, with an annual degradation rate of 1%. The estimated average daily 
power generation time in Gunsan City is 3.6 hours, and the plant is expected to operate year-round 
(365 days). The project assumes that construction will be completed, and operations will commence 
in 2024, with a total construction period of two years. 

3.2. Project Valuation Using Discounted Cash Flow (DCF) 
In this section, the DCF method is employed to evaluate the projectʹs economics based on its cash 

flow. The DCF approach discounts future cash flows to determine the projectʹs net present value 
(NPV) and benefit-cost (B/C) ratio, providing a foundation for assessing value without accounting 
for the uncertainties of future market conditions or the value of flexible decision making. 

The data required for valuation using the discounted cash flow (DCF) method can be categorized 
into cost data and benefit data, with the detailed components outlined as follows. Cost data comprises 
CAPEX (Capital Expenditure), OPEX (Operational Expenditure), and financial costs. CAPEX pertains 
to the funds allocated for the acquisition of physical assets, such as equipment. In contrast, OPEX 
represents ongoing expenditures required for operations that do not contribute to asset creation. In 
this study, CAPEX costs include expenses related to design, permitting, and construction. OPEX costs 
encompass operation and maintenance (O&M), safety management expenses, internet costs, and 
insurance premiums as Table 3. 

Financial costs were assessed by considering the grace period, repayment period, and interest 
rate associated with debt financing (80%), along with the inflation rate and the risk-free interest rate. 

3.2.1. Cost Data Collection  

Table 3. Details of the case study. 

Items Value Method Sources & 
Reference 

Facility 
Stangard 

Generation 
capacity 

100MW 
Floating solar power generation 

using idle space at sea 
Assumed based on 

actual case data 
Generation hours 

(hour) 
3.6 10-year average solar radiation  [25] 

Energy efficiengy 85% Assumed to be 85% [26] 
Reduction rate 1% Assumed to be 1% [26] 

Cost Data Construction cost 
(thousand USD) 

118,116 
Assumed based on actual case 

data, verified by experts 
- 

 
O&M cost 

(million USD) 
1% 

Assumed to be 1% of  
annual sales 

[27] 

Benefit 
Data 

SMP (USD/kWh) 
0.1 

Average price of summation of 
SMP and REC data for last 20 years 

[27] 
REC (USD/kWh) 

REC weight 1.2 
Installation on water (over 

3000kW) 
[27] 

Financial 
Cost 

Inflation 3.5% 
Last 30 years average inflation data 

in South Korea 
[27] 

Discount rate 5% Recommended by IEA [28] 
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Risk-free interest rate 5% 
Average value of the three-year 

treasury bonds of the South  
Korea from 2003 to 2023 

[29] 

3.2.2. Benefit Data Collection  
The benefit data consists of electricity sales prices, REC weights, and government subsidies. The 

electricity sales price is composed of the SMP (System Marginal Price) and REC (Renewable Energy 
Certificate). In calculating electricity sales revenue, the REC is adjusted using a weight that reflects 
the governmentʹs renewable energy policy. The REC weights, which differ depending on the energy 
source, are structured to promote investment in prioritized renewable technologies. The adjusted 
value is calculated by multiplying the base REC price by the REC weight, which subsequently impacts 
the overall profitability of the project. This system aligns with policy objectives, incentivizing the 
adoption of specific renewable energy sources. In this study, as shown in Table 4, a REC weight of 1.2 
was used.   

Table 4. REC weight of a solar power in South Korea (2024). 

REC weight Installation type Capacity(kW) 
1.2 

Installation on the ground 
Below 100 

1.0 100 ~ 3,000 
0.8 Over 3,000 
1.5 Installation on the roof of buildings and 

facilities 
Below 3,000 

1.0 Over 3,000 
1.6 
1.4 
1.2      

Installation on water 
Below 100 
100 ~ 3000 
Over 3000 

1.0 For self-consumption 

3.2.3. Project Valuation 
This section assesses the economic feasibility of solar power plants based on specified project 

data. The Net Present Value (NPV), Benefit-Cost (B/C) ratio, and breakeven point were analyzed 
using the Discounted Cash Flow (DCF) method, with the results summarized as follows. The NPV 
calculated through Equation (1) is 11,863 thousand USD, while the B/C ratio derived from Equation 
(2) is 1.1. Since the NPV (11,863 thousand USD) is greater than zero, it indicates that the project is 
economically viable and can proceed. The B/C ratio result of 1.1, being greater than 1, also supports 
the conclusion of economic feasibility. However, a B/C ratio of 1.1 suggests economic feasibility but 
implies limited profitability. It was observed that the breakeven point is reached approximately in 
the 7th year as Figure 2 and Table 5. 

This project demands a substantial initial construction cost of 118,116 thousand USD. Given the 
significant capital required and the difficulty in reversing decisions once construction is underway, 
hesitation exists regarding the implementation of a project with a B/C ratio of only 1.1. Nevertheless, 
these findings are limited in that they only account for current fixed cost values and do not consider 
future market uncertainties. To address this, an economic evaluation that incorporates market 
environment uncertainties and accounts for strategic decision-making flexibility in response to 
market changes is necessary. In this study, the economic feasibility was reevaluated using Real 
Options Analysis (ROA) in Section 3.3. 
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Figure 2. DCF Evaluation. 

Table 5. DCF Results. 

NPV 11,863 thousand USD 
B/C 1.1 % 

Breakeven Period 7 year 
Decision Go (Low returns) 

3.3. Project Valuation Using Real Option Analysis (ROA) 
This section conducts an economic evaluation that incorporates market environment volatility 

and the value of strategic decision-making using Real Options Analysis (ROA). First, the parameters 
necessary for ROA analysis are estimated, and the Real Option Value (ROV) is calculated using a 
binomial lattice model. The ROV is determined under different scenarios by applying types of 
expansion and abandonment options. By comparing the ROV with the Net Present Value (NPV), the 
analysis identifies the value of market environment uncertainties and decision-making. 

3.3.1. Volatility Estimation  
Estimating volatility is crucial for assessing real options analysis (ROA). Volatility is defined as 

the measure of uncertainty or variability in the value of an underlying asset or project over time. It 
reflects the degree of fluctuation in potential outcomes, impacting the value of options to invest, defer, 
or abandon a project. High volatility enhances the value of real options by offering greater 
opportunities for strategic decision-making, as it indicates potential significant changes in project 
profitability or associated risks. Previous studies have identified that the key uncertainty factors 
significantly influencing the profitability of renewable energy plant construction projects are power 
generation output and electricity selling prices. Recently, the electricity selling price in Korea has 
shown a marked downward trend, accompanied by a highly uncertain market environment. 
Therefore, this study aims to quantify the volatility of electricity selling prices in Korea and 
incorporate it into the estimation. 

While there are various methods to calculate volatility, this study employed the logarithmic cash 
flow return method. This approach calculates volatility based on the variability of cash flow 
estimates, which are also used in determining the underlying asset value. The logarithmic cash flow 
return method has been utilized in numerous studies[30–36]. Using the electricity selling price data 
shown in Table 6, volatility was estimated at 35%. 

Table 6. REC weight of a solar power in South Korea. 

Year SMP (USD/kWh)  REC (USD/kWh) 
2024 0.08  0.04 
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2023 0.09  0.04 
2022 0.08  0.05 
2021 0.08  0.06 
2020 0.07  0.06 
2019 0.08  0.05 
2018 0.08  0.08 
2016 0.07  0.11 
2015 0.09  0.08 
2014 0.12  0.09 
2013 0.13  0.15 
2012 0.14  0.15 

Average 0.09  0.08 

3.3.2. Expansion Option  
This section aims to assess the project value by considering the potential scale-up of the floating 

solar power plant. The DCF analysis revealed that the NPV amounted to 11,863 thousand USD, with 
a benefit-cost (B/C) ratio of 1.1, indicating modest project profitability. However, if future market 
conditions become more favorable due to higher electricity selling prices or policy shifts, there may 
be opportunities to exercise expansion options to achieve additional profits. This study seeks to 
evaluate the value of expansion options, taking into account the uncertainty of future electricity 
selling prices. The results can provide valuable insights into the feasibility of developing and 
implementing the proposed floating solar power plant. If the expansion option value assessed 
through Real Options Analysis (ROA) surpasses the expansion value calculated through DCF 
analysis, pursuing the expansion option may be justified.  

In this section, the option parameters for the Real Options Analysis (ROA) were calculated as 
presented in Table 7, considering an American Call expansion option type. Here, X denotes the strike 
price at which the expansion option is exercised. The analysis assumed the construction and 
operation of a 100 MW power generation facility, with the cost of constructing the newly expanded 
facility reduced through integration with adjacent power generation sites. The variable E represents 
the expansion factor, indicating the extent of project expansion. In this study, the power plant was 
assumed to be scaled up by a factor of two, resulting in a total capacity of 200 MW. The Saemangeum 
Solar Power Plant operates 300 MW of land-based solar power along with various other power 
generation facilities, which supports the assumption of constructing a 200 MW floating solar power 
plant as reasonable. The term T represents the option exercise periods, with 10 years used to capture 
market uncertainties over the next decade. As large-scale floating solar power plants using idle sea 
spaces have not yet been built in Korea, long-term monitoring of project stability is essential for such 
ventures. 

Table 7. Expansion option parameters for ROA. 

Parameter Value S 129,979 thousand USD X 70,870 thousand USD 
E 
T 

2 
10 years σ 35% r 5% ∆t 1 

• Result 
In this section, a ROA based on the binomial lattice model was conducted using option 

parameters and Equation(4),(5). The real option valuation using the binomial lattice model followed 
these steps: First, a basic binomial lattice model was constructed. As explained in the theoretical 
framework, the real option value based on the binomial model is represented by a binomial tree that 
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reflects the value fluctuations of the underlying asset through the iterative forward process, using the 
upward (u) and downward (d) factors applied to the underlying asset (S). The constructed tree is 
displayed, with values presented above each node in the Figure 3. Second, the present value at each 
preceding stage was sequentially calculated by applying the risk-neutral probability (p), upward 
factor (u), and downward factor (d) to the value of the underlying asset at t=10, obtained through the 
forward induction process. The option values related to project expansion were recorded below each 
node in the Figure 3. Third, the final value of the expansion option was determined. The value of the 
final option at T=1 was calculated as 223,154 thousand USD, encompassing the value of the currently 
operating power plantʹs underlying asset. This study aimed to isolate the value of the expansion 
option itself. The final expansion option value, referred to as the Real Option Value, was confirmed 
to be 93,175 thousand USD as Table 8. Fourth, the differences between Discounted Cash Flow (DCF) 
and Real Options Analysis (ROA) for the expansion options were examined. The following 
interpretation can be made when applying DCF analysis to the expansion options: the present value 
of the project’s cash flows amounted to 129,979 thousand USD. If the expansion project were executed 
at the present time, the additional profit generated would be 129,979 thousand USD, while the 
construction costs for the expansion would total 70,870 thousand USD. The NPV using the DCF 
approach can be computed as (129,979 - 70,870 thousand USD), resulting in a final NPV of 59,109 
thousand USD. 

Table 8. Expansion Option Results 

NPV 11,863 thousand USD 
ROV(Expansion) 93,175 thousand USD 

 

Figure 3. Expansion Option Flow. 

For the purpose of simplifying these calculations, Python code was employed, as illustrated in 
Appendix A. 
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3.3.3. Abandonment Option  
This section aims to evaluate the project value by considering the abandonment option for the 

operation of the floating solar power plant. According to the results of the DCF analysis, the project 
yields a NPV of 11,863 thousand USD and a B/C ratio of 1.1, indicating that while the project is 
profitable, the margin of profit is limited. In the event of a further decline in electricity sale prices, 
additional financial gains could be realized by ceasing operations and recovering the residual value 
of the invested assets. These findings underscore the potential for a strategic operational plan for the 
floating solar power plant as proposed in this study. 

In this section, the option parameters for ROA were calculated considering the American put 
option type for abandonment, as presented in Table 9. The strike price, X, represents the threshold at 
which the abandonment option is exercised. By ceasing the operation of the existing 100 MW power 
generation facilities, additional profits can be obtained through the recovery of the residual value. In 
this study, the residual value was assumed to be 40% of the initial construction cost. The parameter T represents the option exercise period, which was set to 10 to incorporate market uncertainties over 
the next 10 years. Notably, in Korea, there has not yet been a case where a large-scale floating solar 
power plant was developed using unused sea space, highlighting the necessity of long-term project 
stability monitoring. 

Table 9. Abandonment option parameters for ROA 

Parameter Value S 129,979 thousand USD X 47,246 thousand USD T 10 years σ 35% r 5% ∆t 1 

• Result 
In this section, a ROA was conducted using a binomial lattice model with the parameters and 

Equation(8),(9). The final option value at T = 1 was determined to be 132,925 thousand USD, which 
includes the value of the underlying asset represented by the currently operating power plant. This 
study specifically aims to isolate the value of the abandonment option. The calculated value of the 
abandonment option, termed the Real Option Value, was confirmed to be 2,946 thousand USD.  

For the purpose of simplifying these calculations, Python code was employed, as illustrated in 
Appendix B. 
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Figure 4. Abandonment Option Flow. 

Table 10. Abandonment Option Results. 

NPV 11,863 thousand USD 
ROV(Abandonment) 2,946 thousand USD 

4. Discussion 
In this section, we examine the optimal operational strategy for the floating solar power plant 

project based on the economic evaluation results derived from this study. The NPV, Expansion 
Option Value, and Abandonment Option Value were calculated as 11,863, 93,175, and 2,946 thousand 
USD, respectively, as detailed in Table 11. The NPV represents the value of operating the power plant 
under current conditions, while the Expansion Option Value incorporates the market outlook over 
the next 10 years, reflecting the value of expansion decisions. The Abandonment Option Value also 
considers the market conditions over the next decade, representing the value associated with the 
decision to cease operations. 

The analysis results indicate that maintaining the current operations of the floating solar power 
plant is a more rational strategy compared to exercising the abandonment option. Additionally, the 
potential for higher profits through future expansion underscores the value of continued operation. 
This finding suggests that developing a large-scale floating solar power plant utilizing Koreaʹs coastal 
idle areas is economically viable and represents a promising project with substantial potential for 
future expansion.  

Table 11. Optimal Operation Plan. 

 DCF Expansion Abandonment 
Value 

(thousand USD) 
11,863 93,175  2,946 

5. Conclusions 
The increasing global share of solar energy is notable. Recently, the construction of floating solar 

power plants utilizing idle water spaces has been on the rise. Floating solar power plants offer several 
advantages: First, unlike land-based solar power generation, they incur no land purchase or rental 
costs, which can substantially reduce initial construction expenses and significantly enhance project 
profitability. Second, given the appropriate construction conditions, there is the added advantage of 
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unrestricted land use, allowing for large-scale power plant expansion. Renewable energy facilities 
require considerable land for installation; however, Korea’s geographical constraints, including 
limited land area and numerous mountainous regions, pose challenges to the development of large-
scale renewable energy projects. To meet the government’s renewable energy development and 
deployment goals, strategies that overcome these geographical limitations are essential. This paper 
proposes the construction of large-scale renewable energy facilities by leveraging idle spaces within 
the country. Specifically, it suggests the development of a 100 MW floating solar power plant utilizing 
available sea surface areas. 

The proposed type of power plant involves significant initial construction costs and presents 
challenges in reversing decisions once construction begins. Therefore, conducting an economic 
feasibility analysis that incorporates future market uncertainties is crucial before project 
implementation. In this study, both Discounted Cash Flow (DCF) analysis and Real Options Analysis 
(ROA) were employed for economic evaluation. While the DCF method is straightforward to 
compute, it has the limitation of treating future market conditions as fixed values, failing to capture 
market uncertainties effectively. In contrast, ROA has the advantage of accounting for uncertainties 
in future market environments and reflecting the value of strategic decision-making in response to 
market changes. 

This study assumes the operation of a 100 MW floating solar power plant as of 2024. The DCF 
analysis yielded a NPV of 11,863 thousand USD and a B/C ratio of 1.1, indicating economic feasibility. 
This result suggests that constructing such a power plant in Korea under similar project conditions 
in 2024 is viable. However, the B/C ratio of 1.1 implies limited assurance of stable profitability. To 
incorporate future market uncertainties into the economic evaluation, ROA was applied. The analysis 
monitored market changes over a 10-year period and calculated the option value for doubling the 
plant’s capacity (to 200 MW) under favorable market conditions, yielding a Real Option Value of 
93,175 thousand USD. Additionally, the option value for abandoning plant operation under 
unfavorable market conditions was estimated, resulting in a Real Option Value of 2,946 thousand 
USD. Optimal operational strategies were derived based on these option values. The strategies 
include: (1) maintaining the current scale (100 MW) for 10 years, (2) expanding to 200 MW, or (3) 
ceasing plant operations, with corresponding values of 11,863, 93,175, and 2,946 thousand USD, 
respectively. 

These findings indicate that while the current B/C ratio for the project is 1.1 in the existing 
renewable energy market, scaling up the operation is reasonable when considering future market 
uncertainties. This insight supports the Korean government’s strategic efforts to increase the share of 
renewable energy in the national energy supply. 

The main contributions of this study are as follows: First, it provides specific types and 
operational strategies for power plants aimed at expanding renewable energy generation in Korea. 
Second, it performs and compares economic evaluations using both DCF and ROA, confirming the 
importance of incorporating market condition uncertainties into economic analyses and reflecting 
strategic decision-making values. Third, it conducts an economic feasibility assessment of power 
plant construction as of 2024, factoring in Korea’s current Renewable Portfolio Standards (RPS) and 
potential future changes in the renewable energy market. The proposed project case was based on 
real world examples; however, detailed technical reviews to calculate precise cost data are necessary 
for practical implementation. Fourth, the automated calculation algorithm presented in this study 
improves the accuracy and speed of complex Real Options calculations. Future research will focus on 
estimating specific data through technical, policy, and environmental reviews and performing ROV 
with consideration for reduction and compound options.  
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Appendix A 

 

1. 

 
Appendix A. python code(expansion) 
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Appendix B 

 

Appendix B. python code(abandonment) 
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