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e Evaluates the impact of Tiirkiye’s transition from a USD-based to a TRY-based FiT (YEKDEM) on wind power investment timing
and value using NPV and real options approaches.

e  Shows that increased uncertainty under the TRY-based mechanism significantly shortens optimal deferral periods and accelerates
investment timing.

e  Demonstrates that the expansion option gains value under uncertainty, with optimal capacity expansion occurring in the early years
of operation.

e  Reveals that electricity price-based volatility is substantially higher than project-based volatility, indicating that the TRY-based
YEKDEM structure embeds higher policy and market uncertainty.

e  Provides evidence that real options valuation restores project feasibility under uncertainty and highlights the joint role of FiT design
and macroeconomic volatility in shaping investment flexibility and decision thresholds.
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ABSTRACT

This study examines the impact of the transition of the Renewable Energy Resources Support Mechanism (YEKDEM) from a
foreign currency-based to a Turkish lira (TRY)-based Feed-in Tariff (FiT) system on the decision-making processes of Wind
Power Plants (WPPs) using a real options approach. To assess investment timing and capacity flexibility under uncertainty,
Net Present Value (NPV) and option values are analyzed comparatively using Black—Scholes and Binomial models based on
financial and operational parameters for 2021 and 2025. The findings indicate that under low volatility conditions in 2021,
postponing investment is rational, whereas the higher uncertainty associated with the TRY-based FiT structure in 2025 shortens
optimal deferral periods and accelerates investment timing. In addition, expansion option analysis shows that a capacity
increase in the early years of operation maximizes option value, highlighting the importance of staged investment strategies.
A key contribution of the study is the comparison of alternative volatility measures. The results reveal that electricity price-
based volatility is significantly higher than project-based volatility, and that this difference critically affects both optimal timing
decisions and model outcomes. While lower volatility leads to convergence between Black—Scholes and Binomial results,
higher volatility increases divergence, emphasizing the importance of uncertainty specification in real option valuation.
Overall, the findings demonstrate that the TRY-based FiT system increases the value of flexibility in investment decisions
under uncertainty. The study contributes to the literature by showing that real options modeling serves not only as a risk analysis
tool but also as a decision-support framework for policy design and strategic investment planning. Furthermore, consistent
with the Paris Climate Agreement and the United Nations Sustainable Development Goals (SDGs 7, 9, and 13), the results
highlight the role of flexible investment strategies in supporting low-carbon energy transitions.

Keywords: Real options, Feed-in tariff (FiT), Investment timing under uncertainty, Renewable energy, Wind power
investment
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1. INTRODUCTION

Globally increasing environmental concerns, energy supply security issues, and sustainable
development goals have radically shifted the direction of energy policies from fossil fuels to
renewable energy sources [1, 2]. Within the framework of the low-carbon development vision,
renewable energy (RE) systems have become not only an environmental necessity but also a
strategic imperative for economic growth and energy security [3]. According to projections by the
International Renewable Energy Agency (IRENA), by 2050, more than 80% of global electricity
production will come from renewable sources, with wind and solar energy accounting for more
than half of this [4]. However, this transformation creates a complex investment environment for
investors due to high capital requirements, long payback periods, and market price volatility [5,

6].

Renewable energy investments often depend on publicly supported incentive systems to be
financially sustainable. These systems mitigate financial risks and lower the cost of capital by
providing investors with predictable cash flows [6, 7]. Support mechanisms generally fall into two
main approaches: price-based policies that provide direct income support (e.g., FiT) and market-
based quantity-driven systems (e.g., green certificates or quota-based systems). FiT policies
provide long-term income stability by guaranteeing investors a fixed price for a specified period;
this model originated with the 1978 National Energy Act of the United States and has been widely
implemented in countries such as Europe, China, and Korea [8-11]. In contrast, quota and
certificate systems expose investors to market price uncertainty but create a more competitive
market structure [12, 13]. China, with its benchmark FiT policy implemented since 2009, has
achieved record increases in wind and solar installations and gradually phased out subsidies by
reaching its grid parity target by 2021 [11, 14]. South Korea implemented a fixed FiT between
2002 and 2012, then transitioned to the Renewable Portfolio Standard (RPS) system and
introduced REC (Renewable Energy Certificate) trading; this system also offered strong incentives
for energy storage investments after 2020 [15]. While the United States does not have a federal
FiT system, the Investment Tax Credit (ITC) and Production Tax Credit (PTC) mechanisms, along
with state-level Renewable Portfolio Standards (RPS), have significantly reduced investment costs
[6, 10]. Japan, with its FiT Law enacted in 2012, achieved rapid growth in solar PV capacity and
transitioned its system to a FiP-based hybrid model by 2022 [9, 16]. Australia, on the other hand,
has developed a market-based certificate trading model through state-based FiT systems and the
Large-scale Renewable Energy Target (LRET) program [17, 18]. The same policy architecture is
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being implemented in Europe with different design details across countries. In Germany, classical
FiTs became widespread with the 2000 EEG, and from 2017 onwards, tender-based fixed
premium/CfD-like contracts were introduced for large projects [5, 19]. Italy provided high FiTs
for PV during the "Conto Energia" period, then shifted its capacity allocation to a hybrid scheme

based primarily on tenders and premiums [20].

In addition to these cases, several European countries have followed similar but distinct policy
paths. While Spain granted FiT with RD 661 in 2007, it made retroactive corrections after the 2013
reform; today, large power plants are supported through competitive tendering and contracts for
difference [13]. In the United Kingdom, the Renewables Obligation mechanism, similar to the
Green Certificate, was replaced by Contracts for Difference (CfD) for new investments after 2014;
price risk has been significantly reduced [21]. Denmark has achieved high penetration, especially
in wind, by using a combination of fixed premium FiT and tendering since the early stages [8]. In
the Netherlands, the SDE/SDE+ (now SDE++) system offers a cost-effective support framework
with a variable premium awarded above the market price [22]. France applies FiT for
small/medium-sized projects and a mix of tendering and premium for large projects; Long-term
purchase agreements increase financing availability [23]. Poland, on the other hand, has
historically evolved from a green certificate system to auction-based support, with most new wind
and PV capacity being allocated this way [24]. Among emerging markets, Tiirkiye provides a
particularly relevant case. In Tiirkiye, since 2011, YEKDEM has provided revenue stability
through a USD-based FiT (10 years) for wind; with the 2021 reform, the incentive structure was
made TRY-based and tied to indexation rules [25]. This transformation highlights the value of
flexibility (deferral/expansion) in the timing of investment decisions under exchange rate and
inflation uncertainty; therefore, the real options approach [26, 27] is preferred in our study.
YEKDEM, which entered into force in 2011 to encourage renewable energy investments, has been
one of the most important policy tools that accelerated private sector investments in Tiirkiye's
energy transformation process. By offering investors a fixed foreign currency-based purchase
guarantee, the mechanism ensured long-term income stability and created a strong investment
momentum, particularly in wind and solar energy investments [28, 29]. However, the transition
from a foreign currency-based to a TRY-based support system with the regulation enacted in 2021
directly affected investor behavior and financial feasibility [25, 30]. The elimination of foreign
currency-based income guarantees made investors' income streams more vulnerable to exchange

rate risk and high inflation conditions. In this context, the structural transformation of YEKDEM
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has reshaped the risk-return balance of renewable energy investments in Tiirkiye. Unlike the
previous fixed-price structure, the new mechanism introduces a dynamic pricing formula indexed
to macroeconomic variables such as CPI, PPI, and exchange rates, shifting a significant portion of
financial risk from the public sector to private investors [31-33]. This transition has shown that it
significantly alters the risk-return profile of renewable energy investments, particularly where
exchange rate volatility and inflation dynamics directly affect project feasibility and payback
periods [34, 35]. Studies also show that under the TRY-based YEKDEM, project profitability has
become highly sensitive to macroeconomic fluctuations, and significant differences in annual
returns have been observed [33]. Furthermore, the TRY-based support mechanism has been
associated with increased financing constraints due to increased uncertainty in revenue streams,
especially in an environment of high inflation and currency depreciation [36, 37]. Studies
highlight that dependence on imported capital goods and equipment in renewable energy projects
exacerbates the negative effects of Turkish Lira depreciation, thereby increasing investment costs

and weakening financial sustainability [38, 39].

Traditional investment valuation methods fail to internalize policy changes, price volatility, and
uncertainties in technology costs that frequently occur in energy markets. The Net Present Value
(NPV) method is limited in accurately reflecting investment timing and scale decisions,
particularly in renewable energy projects, because it does not account for irreversibility and policy
risk [26, 27]. Therefore, the Real Options Approach (ROA) is increasingly preferred in the analysis
of investment decisions under uncertainty and flexibility. Real options add a dynamic dimension
to static NPV analysis by measuring the financial value of strategic options such as postponing,
expanding, or abandoning the investment [40, 41]. Energy policy uncertainty has emerged as a
critical determinant of investment behavior in renewable energy systems, especially under
conditions of high irreversibility and long payback periods. Recent evidence shows that
fluctuations in energy-related uncertainty significantly affect investment dynamics, market
volatility, and strategic decision-making processes in the energy sector [42, 43]. In this context,
ROA offers a powerful analytical framework for evaluating investment decisions under
uncertainty by combining the value of managerial flexibility, irreversibility, and waiting options
[44]. Furthermore, systematic reviews confirm that ROA has become an increasingly adopted tool
in renewable energy investment analysis, particularly for hybrid systems, due to its ability to
capture multiple sources of uncertainty, including policy, market, and technological risks [45].

Energy transition policies and diversification strategies implemented in the European Union
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highlight the need for stable and predictable policy environments to reduce uncertainty and
accelerate the adoption of renewable energy [46-48]. Conversely, policy instability increases
financing constraints and weakens investor confidence, leading to delays or reductions in
investments. Furthermore, it demonstrates that renewable energy investments are inherently
characterized by market conditions, regulatory frameworks, and uncertainties regarding future
energy production, and are therefore particularly suitable for evaluation based on real options [49-

501.

In energy investment studies, the choice between Black-Scholes and Binomial models reflects a
trade-off between analytical simplicity and modeling flexibility within the framework of real
options. The Black-Scholes model is widely used due to its closed-form solution and
computational efficiency; however, its restrictive assumptions, such as constant volatility and
continuous price dynamics, limit its applicability in energy markets characterized by policy

changes and structural uncertainty [51-53].

In contrast, Binomial models offer greater flexibility by incorporating discrete-time dynamics and
time-varying parameters, enabling explicit modeling of managerial decisions such as deferral,
expansion, and abandonment. This makes them particularly suitable for capital-intensive energy
investments exposed to regulatory and market uncertainty [54-55]. Finally, recent studies are
increasingly adopting a comparative approach using both models to assess the sensitivity of option
values and optimal investment timing to model assumptions [56-57]. Such comparisons provide
valuable information about the soundness of investment decisions and highlight the critical role of

model selection in actual option-based energy valuation [58, 59].

In renewable energy projects, ROA has emerged as a powerful tool for assessing the impact of
policy mechanisms, particularly FiT and FiP. Global studies show that the income stability
provided by FiT systems to investors increases real option value and accelerates investment
decisions. For example, Boomsma et al. [5] analyzed the effects of different support systems on
real option value in European energy markets and found that FiT systems encourage early
investment decisions, while green certificate mechanisms trigger larger-scale investments with a
delay. Similarly, Adkins and Paxson [60] examined the impact of policy uncertainty on investment
timing in the US wind market and showed that fixed support systems like FiTs lower the

investment waiting threshold. ROA has also become increasingly prevalent in the Asian literature.
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Zhang et al. [61] examined the evolution of FiT policies in China's wind and solar power plants
from "benchmark" prices to "grid parity," showing that during this period, investors optimized
their waiting and capacity expansion decisions to preserve option value. Wesseh and Lin [21], by
evaluating FiT and carbon pricing mechanisms together in China, showed that support design
significantly affects investment return and option value. Furthermore, studies such as Arefen et al.
[62] and Wang et al. [16] have indicated that exchange rate volatility and policy changes shape
investor behavior, especially in emerging Asian economies, and that ROA models provide high
accuracy in capturing these effects. In Europe, Kitzing et al. [8] analyzed the investment risk
profiles of different support mechanisms using the examples of Denmark and Germany,
emphasizing that while FiT systems provide income stability, FiP and auction-based systems
transfer risk to investors. Hodt and Hodt [23], using a real option model for offshore wind farms
in the Baltic Sea, showed that investment timing differs significantly as the type of support
mechanism changes. Tellez et al. [63] analyzed how FiT systems shape investor behavior in Spain
and Portugal, demonstrating that the tendency to postpone investment decisions based on option
value increases during periods of high volatility. Boomsma and Linnerud [22], by modeling the
impact of policy uncertainty on real option value, showed that discontinuities in support
mechanisms can lead to significant delays in investment timing. Consequently, global and
European literature demonstrates that the real option approach not only makes investment
valuation under uncertainty more realistic but also serves as a powerful tool for assessing the
effectiveness of policy design [27, 64, 65]. Drawing on these studies, the real option model also
provides a suitable methodological framework for analyzing the impact of the transformation of
the YEKDEM (Republic of Tiirkiye) from a foreign currency-based system to a TRY-based

system on investment decisions.

Wind energy investments are often systematically undervalued when analyzed with traditional
investment valuation methods due to their high capital requirements and the exposure of revenue
streams to long-term uncertainties [26, 66]. Therefore, the ROA offers a more realistic analysis
framework for wind energy investments by considering timing, scale, and policy risk under
uncertainty [64, 67]. Early studies in the United States have shown that periodic interruptions in
the Production Tax Credit (PTC) system significantly affect investor behavior, and that ROA is
successful in modeling these uncertainties [60, 68]. Boomsma et al. [S] compared wind
investments under different support mechanisms (fixed FiT and green certificate systems),

showing that investment decisions occur earlier under fixed FiT systems, while larger but delayed
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investments emerge under certificate systems. In Europe, the examples of Denmark, Germany,
and Spain clearly demonstrate the effectiveness of FiT systems in accelerating wind investment.
Haas et al. [69] and Butler and Neuhoff [70] show that the German FiT mechanism achieved
significantly higher capacity additions than the UK Renewables Obligation Certificate system.
Kitzing et al. [8] and Hodt and Hodt [23] emphasized that the transition from FiT to auction-based
or premium models in Europe increased the real options effect on investment timing, and investors
increasingly used deferral options. Additionally, Ritzenhofen and Spinler [71] showed that FiT
regime changes in Germany created "policy switching risk" in wind power plant investments,
leading investors to reassess their flexibility to defer and expand using ROA-based models. In
Asia, wind energy policies in Japan, China, and South Korea were examined through support
mechanisms that began with FiT implementations and later evolved into FiP or RPS systems.
Zhang et al. [61] analyzed FiT reforms in China, finding that the government-set benchmark tariff
level for wind projects increased option value and that investors tended to postpone investments
as they approached grid parity. Kim et al. [72] used a compound option model on wind power
R&D investments in South Korea, finding that FiT support accelerated the timing of investment,
but market price volatility in the post-FiT period revalued the option to postpone. Similarly,
Wesseh and Lin [21] show that the FiT levels implemented for solar and wind in China remain
suboptimal, considering fossil fuel price volatility and learning effects, and that investment options
remain unexercised. Kumbaroglu et al. [73] proposed a real options model that takes into account
the learning curve and price uncertainty for wind energy investments in Tiirkiye, demonstrating
that the continuity and predictability of the support mechanism are determinants of investment
value. Consequently, the literature emphasizes that FiT support for wind energy investments, both
globally and regionally, shapes investor behavior and that real options are a powerful tool in

determining the optimal investment timing under uncertainty [27, 64, 74].

The primary objective of this study is to demonstrate the effects of currency conversion in the
YEKDEM incentive system on investor behavior, project value, and investment flexibility using
a financial modeling approach under uncertainty. In other words, "Does NPV decrease when the
TRY is adopted?" In addition to the question, we seek to answer the question, "How does the real
economic value of an investment change if investors make different strategic decisions (wait,
expand) in this new system?" Numerous studies in the literature examine the impact of "FiT"
policies, but the impact of the incentive system's transition from a foreign currency-based to a

TRY-based system on investment flexibility has not been quantitatively analyzed before. This is a
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modeling study that measures the impact of the structural transformation of Tiirkiye's energy
incentive system on investor behavior using a real options approach for the first time, providing
both theoretical and practical contributions. The study's results fill a gap in the academic literature,
providing investors with the ability to make rational decisions under uncertainty, and

demonstrating to policymakers how incentives can be optimized in line with sustainability goals.

2. MATERIALS AND METHODS

2.1. Data Set and Model Inputs

This study used both the classical NPV method and the ROA, which incorporates decision
flexibility under uncertainty, to determine the economic value of a WPP in Tiirkiye. Traditional
NPV calculations were performed within the scope of the analysis, taking into account the project's
cash flows, investment costs, operating revenues, purchase prices applied under the YEKDEM
(Renewable Energy Market Regulatory Authority), and the investment's economic life. The basic

model parameters used in the NPV analysis are presented in Tables 1 and 2.

In this study, the economic lifetime of the wind power plant is assumed to be 15 years, in line with
Section 45 of General Communiqué No. 333 issued under the Turkish Tax Procedure Law and
commonly applied financial evaluation practices. However, it is important to distinguish between
accounting-based economic life and technical lifetime. While the technical operating life of wind
turbines is generally considered to be around 20-25 years, the present analysis focuses on a
financially relevant evaluation horizon to ensure consistency with cash flow projections and
investment appraisal conditions. The selected time frame, therefore, represents a conservative and
practice-oriented approach, and extending the analysis to a full technical lifetime could lead to
higher project valuations. For NPV analysis, a risk-adjusted discount rate was used instead of the
risk-free interest rate. This rate was determined using simplified Weighted Average Cost of Capital
(WACC) based logic, where the risk-free interest rate forms the base component and an additional
premium is included to reflect country risk, macroeconomic uncertainty, financing conditions, and
project-specific risks. The risk-free interest rate used in the real option valuation is represented by
the yields on long-term Turkish Lira-denominated government loans for the relevant analysis
period. Accordingly, the risk-free interest rate was taken as approximately 17.5% for June 2021
and 25% for March 2025. Therefore, the discount rate was determined as 26% for 2021 and 34%
for 2025. Practically, this corresponds to adding a risk premium of approximately 8.5 percentage

points in 2021 and approximately 9 percentage points in 2025 on top of the respective risk-free
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interest rates. The higher discount rate in 2025 reflects the deterioration in inflation, borrowing
conditions, and macroeconomic performance compared to 2021. While the NPV framework
reflects risk through the discount rate, real options reflect risk by including it in the volatility
parameter (c), which reflects uncertainty. Therefore, the use of a higher discount rate in the NPV
framework and a lower risk-free rate in the real options model does not represent a contradiction

but reflects two distinct valuation approaches.

An important methodological consideration concerns currency denomination. Although the 2021
FiT mechanism is denominated in USD, the analysis is conducted in nominal TRY terms to ensure
consistency across scenarios and to reflect local financing conditions, cost structures, and
investment decision-making processes. In practice, renewable energy investments in Tiirkiye are
largely financed and evaluated in local currency, and therefore, the use of a TRY-based discount

rate is considered appropriate for capturing the actual investment environment.

In addition to currency considerations, using a USD-based discount rate for 2021 would create
inconsistency in the comparative analysis, as the 2025 scenario is entirely TRY-based. The
inflation rate was incorporated into the model using the 12-month average CPI values for the
relevant year and month published by TurkStat. Since investment costs and operating expenses are
in USD, they were converted to TRY using the average exchange rates for the relevant periods. In
this context, an average exchange rate of 8.60 TRY/USD was used for June 2021, and 36.07
TRY/USD for March 2025. Operating expenses (OPEX) are assumed to be approximately 2% of
capital expenditures (CAPEX) annually, consistent with typical assumptions in the evaluation of
wind energy projects. Electricity generation is assumed to remain constant throughout the project
life, based on a constant capacity factor. The increase in capital expenditures in the 2025 scenario
reflects nominal TRY-based valuation effects resulting from inflation and exchange rate

movements, rather than an increase in underlying technology costs.

Finally, several technical assumptions are incorporated into the model. Furthermore, the initial
investment cost was determined based on reference project costs included in the WPP feasibility
and valuation reports for the relevant periods; a 35% wind capacity factor was assumed in
production estimates, consistent with industry practices. This value is based on regional wind
resource assessments reported in the Renewable Energy Potential Atlas (REPA) for Tiirkiye. The

capacity factor is a key parameter directly affecting electricity generation, revenue, and

1279



Int J Energy Studies 2026; 11(2): 1271-1309

consequently the project value. Higher capacity factors lead to increased cash flows and higher
NPV and option values, while lower values may significantly reduce project feasibility. Therefore,
the results of this study should be interpreted within the context of the assumed 35% capacity
factor. Variations in this parameter may lead to different investment timing and valuation
outcomes. The main reason for calculating values in TRY is the transition of the YEKDEM
incentive mechanism to a TRY-based structure as of 2025, and the purpose of examining the
impact of this change on investment feasibility. Unless otherwise stated, all monetary values
reported in this study are expressed in nominal TRY in order to ensure consistency and

comparability across the 2021 and 2025 scenarios.

Table 1. Project Parameters for NPV Analysis (June 2021)

Project Cost / Capital Expenditures (CAPEX) 75,250,000 TRY

Annual Revenue 9,492,336 TRY

Economic Lifetime 15 years

Installed Capacity 5 MW

Discount Rate 26%

Operational Expenditure (OPEX) 1,505,000 TRY
Depreciation Amount 5,016,666.67 TRY

Corporate Tax Rate 25%=0.25

Inflation Rate 17.53%=0.1753

Unit Electricity Price / FiT (TRY/kWh) 0.073USD*8.60 TRY/USD=0.6278 TRY

Table 2. Project Parameters for NPV Analysis (March 2025)

Project Cost / Capital Expenditures (CAPEX) 378,735,000 TRY
Annual Revenue 30,176,496 TRY
Economic Lifetime 15 years
Installed Capacity 5 MW
Discount Rate 34%
Operational Expenditure (OPEX) 7,214,000 TRY
Depreciation Amount 25,249,000 TRY
Corporate Tax Rate 25%=0.25
Inflation Rate 38.10%=0.3810
Unit Electricity Price / FiT (TRY/kWh) 1.9958 TRY
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2.2 FiT Scenarios: USD vs. TRY

In Tiirkiye, the feed-in tariff (FiT) mechanism is implemented through the YEKDEM framework.
YEKDEM is a national incentive system that aims to reduce investment risk, limit market
volatility, and increase renewable energy capacity by providing producers with a purchase
guarantee and fixed price support for a specified period. The FiT design significantly affects

volatility (o) through revenue uncertainty.

USD-based FiT (2011-2020): During this period, the purchase price is set fixed in foreign
currency, and investor returns are protected from exchange rate risk. Because exchange rate
fluctuations are borne by the public, the revenue stream remains largely predictable. This is
represented in the model by assuming lower volatility (o) and negligible opportunity cost (q=0)

in most scenarios.

TRY-based FiT (2021+): The purchase price is in TRY and is updated monthly using the PPI/CPI
+ foreign exchange indices. Effective ¢ increases as exchange rate and inflation shocks are retained
by the investor. If necessary, different ¢ and price level assumptions are defined for the free market
period (remaining life) after the FiT period. This design aims to partially offset inflationary
pressures while maintaining investment incentives. The transition from USD-based to TRY -based
FiT constitutes a structural shift in risk allocation, which is explicitly incorporated into the model

through changes in volatility and revenue dynamics.

2.3. Real Option Formulation

2.3.1. Deferral option

The right to wait t years instead of starting the investment immediately is valued as a European-
style call option [27, 40].

Black—Scholes:

Co = SoN(dy) — Ke™™/*N(d,) )
S0/ )+ (r+0"

AR S @

d2 - dl - O-\/T (3)
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Here, S, is the risk-neutral present value that would arise if it were started today; K is the
investment cost, i.e., CAPEX. The waiting period t\* that resets the NPV is approximately found
from the division |[NPV,| = C(t\*).

Within the scope of discrete-time evaluation, a Binomial tree structure representing potential
upward and downward movements in project value is constructed, and the option value (C; ) is
calculated at each node using the backward induction method for the investment value. This

concretizes the "wait/apply" choice at annual decision points.
ae=T/yu=er®d=1/, r=ertp=r=d/ @)

Here, p represents the risk-neutral probability; thanks to this structure, the project value can be

calculated backwards under possible price movements in each period.

2.3.2. Expansion option
The present value of the capacity increase, S,, is priced as a call with the additional investment

cost Kx;

Coxp(te) = Call(SpKn te,7,q,0) (5)

The expansion value (SA) represents the incremental project value generated by the capacity
increase [6]. This value is modeled as a function of both the scale of the expansion and the timing
of the decision. The formula SA = S0 x 30% x (15 — T)/T reflects two key economic effects. First,
the 30% term represents the proportional increase in capacity. Second, the (15 — T)/T ratio captures
the timing effect, showing that earlier expansion allows the investor to benefit from the additional
capacity over the remaining project life. As T increases, the remaining life decreases, leading to a
decrease in incremental value. Therefore, the formula captures the diminishing economic benefit
of delayed expansion. The expansion CAPEX (KA) is assumed to be approximately 30% of the
base investment cost, consistent with the proportional increase in installed capacity. This
assumption is based on a simplified linear scaling approach, which is commonly adopted in
preliminary investment analyses where detailed engineering cost breakdowns are not available.

The expansion year is calculated using the formula;
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SA= Sy X %30 x (15— T)/T (6)

In the Black-Scholes model, the opportunity cost q, which arises during the waiting period, is

included in the model, and the relevant equations are shown below [75].

Co = Soe 9TN(d,) — Ke "fTN(d,) (7)
So re—g40?

a, = e b ®)

d,=d; —oVT )

In the Binomial model, opportunity cost is included in the model by simply adding it to the risk-

free interest rate Ty in the risk-neutral valuation structure.

r=elr-aat (10)

2.4. Data and Parameter Calibration

The project's present value (So) represents the risk-neutral present value of the cash flows that
would be generated if the investment were initiated immediately. In this study, So was calculated
by carrying forward to the present the cash flow projections generated using the project's annual
operating revenues, operational expenses, depreciation, tax effects, and YEKDEM unit electricity
price using the risk-neutral discounting approach. In other words, it is the sum of the annual
discounted present values in the NPV calculation. Thus, So directly constitutes the project's

economic value, namely the underlying asset for the expansion or deferral option.

In real options literature, the asset's strike price, K, directly represents the investment cost required
at the project inception. In this study, the K value was obtained by converting the investment's
USD-based CAPEX items (e.g., turbine costs, site preparation, infrastructure, and connection
costs) into TRY using the average exchange rate for the relevant periods. The exchange rate used
was 8.60 TRY/USD for 2021 and 36.07 TRY/USD for 2025. The main reason for converting the
investment cost to TRY is that YEKDEM has transitioned to a fully TRY-based incentive
mechanism as of 2025, and the study aims to examine the impact of this transition on investment

feasibility.
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The risk-free interest rate (77), used as the discount rate in real option models, is derived from the

yields on long-term TRY-denominated government bonds corresponding to each analysis period.
Based on market data published by the Ministry of Treasury and Finance of the Republic of
Tiirkiye, the compound interest rate on a 10-year TRY-denominated government bond was
approximately 17.5% for June 2021, and the yield on a similar-term bond was approximately 25%
for March 2025. Therefore, r_f was included in the model as the period-specific average risk-free

return based on market data for each year. Thus, (75), used in real option valuation, was determined

both in line with the literature and consistent with market realities. The volatility (c) parameter
represents the level of investment uncertainty and is a key determinant in real options analysis. In
renewable energy investments, volatility is influenced by multiple sources, including electricity
prices, exchange rates, inflation, and regulatory conditions. In this study, volatility is primarily
derived from electricity price dynamics to capture the impact of the YEKDEM regime transition
between the 2021 (USD-based) and 2025 (TRY-based) systems. The electricity price series is
based on publicly available data from TEIAS and EPIAS, and volatility is calculated as the
standard deviation of annual proportional changes in unit electricity prices. The results show that
price-based volatility is significantly higher in 2025, reflecting increased uncertainty under the
TRY-based pricing structure. Specifically, volatility is estimated as 0.6897 for 2021 and 1.2414
for 2025. As a robustness check, an alternative volatility measure is calculated using the
logarithmic returns of annual net cash flows. This approach captures project-level financial
variability, incorporating not only revenues but also operating costs, taxes, and depreciation. The
resulting cash flow-based volatility values are substantially lower, at 0.0072 for 2021 and 0.0231
for 2025. The divergence between these two measures indicates that electricity price dynamics
constitute the primary source of uncertainty under the YEKDEM mechanism, while project-level
cash flows partially dampen these fluctuations. Therefore, electricity price-based volatility is
adopted as the main reference parameter, as it more effectively reflects the impact of policy and
market conditions on investment risk. The calculated volatility values for both 2021 and 2025,

based on price and cash flow approaches, are presented in Table 3.

Table 3. Project parameters (Real options - June 2021)

Volatility (o) 2021 2025
Price-based 0.6897 1.2414
Cash-flow 0.0072 0.0231
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The deferral option was available for both years, while the expansion option was only exercised
in 2025 after the deferral option. Under the expansion option, it was assumed that the existing
project could achieve a capacity increase of approximately 30% with an additional turbine
investment at the same site. This rate is consistent with the 20-40% range predicted for similar
renewable energy investments in the literature [26, 75, 76]. Therefore, a 30% increase in asset
value (So) represents this potential capacity expansion. The additional investment cost for the
capacity increase is assumed to be 3 million USD. This amount corresponds to approximately 29%
of the total project cost and is based on the assumption that the cost per unit of capacity will remain
constant due to economies of scale. The parameters were calibrated for two reference dates (Table

4, Table 5).

Table 4. Real Option Parameters (June 2021)

Annual Risk-Free Interest Rate r, 17.5%=0.1750
Present Value of the Asset So 50,496,176.52 TRY
Exercise Price (Investment Cost) K 75,250,000 TRY
Economic Life of the Option T 15 years
Annual Standard Deviation (Volatility) o 0.6897
Annual Time Fraction At 3.1/15

Table 5. Real Option Parameters (March 2025)

Annual Risk-Free Interest Rate r, 25%=0.25
Present Value of the Asset So 258,404,886.20 TRY
Exercise Price (Investment Cost) K 378,735,000 TRY
Economic Life of the Option T 15 years
Annual Standard Deviation (Volatility) o 1.2414
Annual Time Fraction At 1.2/15
Opportunity Cost Rate q 1/15

3. RESULTS

In this section, numerical findings from real option and NPV analyses are presented comparatively

for the 2021 (USD-based FiT) and 2025 (TRY-based FiT) periods. The analyses focus on the
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option values and optimal decision points obtained under investment deferral and expansion

scenarios.

3.1. Discounted Cash Flow (NPV) Results

Evaluations using the DCF method indicate that the project's NPV is -24,753,823.48 TRY in 2021
and -120,330,113.80 TRY in 2025. The negative NPV values in both periods indicate that the
project would be deemed financially infeasible under conventional discounted cash flow criteria.
The discount rate (26%) and inflation (17.53%) are relatively low in 2021. Because the price is
held constant at 0.073 USD/kWh under the USD-based FiT regime, revenue streams are not
affected by exchange rate volatility. Furthermore, low operational expenses contribute to limiting
the negative value. In the 2025 period, the transition to the TRY-based FiT regime resulted in a
significant deterioration in financial parameters. The discount rate increased to 34%, inflation rose
to 38.10%, investment costs reached 378.73 million TRY, and OPEX increased approximately
fivefold. However, the indexed sales price remained insufficient in real terms to offset rising costs
and macroeconomic pressures. Therefore, in the TRY-based FiT environment, high inflation and
the discount effect significantly eroded the real value of cash flows, causing the NPV to be

significantly more negative compared to 2021.

3.2. Real Options: Analysis of Deferral and Expansion Values Based on the FiT Structure
Real options analysis clearly demonstrates the impact of the two FiT regimes on the strategic

flexibility of investment.

For the deferral option, the option value is limited in the 2021 period due to low volatility, and the
optimal deferral period is found to be 3.1 years in the Black—Scholes model and 3.2 years in the
Binomial model. The low-income volatility, thanks to the USD-based fixed price structure, creates
a limited but positive deferral value that encourages investors to wait longer. The transition to the
TRY-based FiT structure in 2025 significantly increased volatility. Although increased uncertainty
raises option value, the present value of cash flows declines more rapidly due to elevated discount
rates and inflation. Therefore, the optimal deferral period decreases to approximately 1.2 years in
both models, demonstrating that early investment decisions create greater value in a high volatility
and high discount environment. The following applications illustrate the numerical values of the

optimal deferral periods and post-delay investment expansion.
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* Deferral Option Valuation and Optimal Investment Timing (June 2021)
The optimum waiting period satisfying the condition C; = |[NPV,| was -calculated as

approximately 3.1 years.

50,496,176.52 (0.6897)2
In( /75'250’000)+(0.175+ /)31

d, = TN (11)
d, = 0.7254 N(d,) = 0.7659 (12)
d, = 0.7254 — 0.6897+/3.1 (13)
d, = —0.4889 N(d,) = 0.3114 (14)

In this case, the option value is as follows;

Co = (50,496,176.52 x 0.7659) — (75,250,000 x ¢(-0175%3.1) x 0,3125) (15)
Co = 25,005,548.66 TRY (16)
ENPV = —24,753,823.48 + 25,005,548.66 (17)
ENPV = 251,725.18 TRY (18)

The parameter values calculated for the Binomial model are as shown below.

u = 1.375110231

d = 0.7272144278

r = 1.038032921 (19)
p = 0.4797353085

1—p = 0.5202646915

The option value obtained after constructing the Binomial and option trees using the above values
is Co=24,724,389.40 TRY. When the deferral period is increased to 3.3 years, the option value is
25,275,874.50 TRY. Although this value completely overcomes the negative effect of NPV and
moves the project into positive territory, it deviates from both the equilibrium and the threshold
proximity sought for the optimum point. Therefore, the model results indicate that the optimal
deferral period is approximately 3.2 years. While the Black—Scholes model yields an optimal
deferral period of approximately 3.1 years under the continuous time assumption, the optimal
period is found to be 3.2 years due to the time decomposition used in the Binomial model. The

small difference between the two models is consistent with the known property (convergence) that
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the Binomial model will converge to the Black—Scholes value as the number of steps increases
(At—0). Therefore, the deviation is due to the discrete-time structure and does not indicate a

methodological inconsistency.

e Deferral Option Valuation and Optimal Investment Timing (March 2025)
The optimal deferral period satisfying the condition C; = |NPV,| was found to be approximately
1.2 years for both models. The option value calculated with the Black—Scholes model was found
to be 124,840,430.50 TRY, and the value obtained with the Binomial model was found to be
121,309,727.47 TRY. Both values exceed the absolute value of the negative NPV calculated for
the same year, which was -120,330,113.80 TRY.

e Valuation of the Expansion Option and Optimal Expansion Timing (March 2025)
In the expansion option, in the first five-year analysis conducted for 2025, the option value
increases until the third year in the Black-Scholes model, reaching a peak at which point it begins
to decrease. This dynamic demonstrates that while indexation-related price volatility creates an
attractive value for capacity expansion in the early years, expansion opportunities lose value as
uncertainty costs and discount effects become more dominant over time. In the Binomial model,
this period is analyzed as four years. The Binomial structure's discrete-time decision points allow
investors to dynamically evaluate the "apply-deferral-expand" decision by periodically monitoring
FiT updates, price movements, and volatility changes. This feature increases the practical
importance of decision flexibility, especially in the new FiT regime, which is TRY-based,
frequently updated, and subject to high uncertainty. Overall, the findings reveal that option values
remain limited in the USD-based low-risk period, while in a TRY-based high-volatility
environment, both deferral-and-expand options become more decisive in investment decisions.
The table 6 below shows the 5-year expansion option values for both models. These values
represent the optional return that can be added after the investment begins, not to cover the negative

NPV gap. In other words, the expansion option is added as an additional value to the investment.

Table 6. Expansion option values

Black-Scholes Binomial
Year (T) SA(T)(TRY) KA(TRY) ) )
1 72,353,368.14 108,210,000 27,526,788.32 28,063,663.38
2 67,185,270.41 108,210,000 35,210,743.75 39,204,779.46
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3 62,017,172.69 108,210,000 36,388,714.75 43,516,202.14
4 56,849,074.96 108,210,000 34,619,467.44 44,324,008.54
5 51,680,977.24 108,210,000 31,443,317.27 43,072,551.78

3.3. Sensitivity Analysis: Deferral Option under Alternative Volatility Measures

When volatility is recalculated based on project cash flows, the optimal deferral periods increase
significantly compared to the price-based results. For the 2021 scenario, the optimal waiting time
rises to approximately 6.1 years, while for the 2025 scenario it increases to around 4.0 years in
both the Black—Scholes and Binomial models. In addition, the results obtained from the two
models converge more closely under lower volatility levels. This finding is consistent with
theoretical expectations, as reduced uncertainty diminishes the value of flexibility and limits the
divergence between continuous-time and discrete-time valuation approaches. Overall, these results
indicate that lower volatility reduces the value of flexibility but leads to longer optimal waiting
periods, resulting in more stable and convergent investment timing across models. Table 7 shows
the deferral periods according to volatility values. Figure 1 shows the results obtained in the table

graphically.

Table 7. Sensitivity of Optimal Deferral Period to Alternative Volatility Measures

Scenario  Volatility Source c Black—Scholes (Years) Binomial (Years)
2021 Price-based 0.6897 3.1 3.2
2021 Cash-flow-based  0.0072 6.1 6.1
2025 Price-based 1.2414 1.2 1.2
2025 Cash-flow-based  0.0231 4.0 4.0
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Figure 1. Sensitivity of Optimal Deferral Period to Alternative Volatility Measures

3.4. Sensitivity Analysis of Expansion Option (2025 Scenario)

To further assess the robustness of the expansion option results, a sensitivity analysis is conducted
for different capacity increase ratios. Alongside the baseline 30% expansion scenario, alternative
cases of 20% and 40% are evaluated. The sensitivity analysis results of the expansion option for
different capacity increase scenarios under the Black—Scholes and Binomial models are presented

in Tables 8 and 9.

Table 8. Sensitivity Analysis of Expansion Option (Black—Scholes, 2025)

Year SA(T)-20% Co—20% SA(T) - 30% Co—30% SA(T) — 40% Co—40%
(T) (TRY) (TRY) (TRY) (TRY) (TRY) (TRY)
1 4823557876  13,672,659.07 72,353,368.14  27,532,98438  96,471,157.52  43,636,353.53
2 44790,180.27 2031827093  67,185270.41  35211,655.02  89,580,360.55  51,203,872.17
3 4134478179 22,223,775.72  62,017,172.69  36,391,796.72  82,689,563.59  51,169,367.78
4 37,899,383.31 21,773,087.68  56,849,074.96  34,617,16436  75,798,766.61  47,817,254.56
5 34453,984.83  20,127,888.75  51,680,977.24  31442,191.30  68,907,969.65  42,970,085.13
6  31,008,586.35 17,911273.43  46,512,879.52  27,663,510.84  62,017,172.69  37,545,832.98
7 27,563,187.86 1547232838  41,344,781.79  23,714,099.39  55,126,375.72  32,035,728.85
8 24,117,789.38  13,009,240.06  36,176,684.07  19,832,930.18  48,235,578.76  26,705,781.02
9 20,672,390.89  10,633,286.22  31,008,586.34  16,149,543.76  41,344,781.79  21,696,006.63
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Year SA(T) - 20% Co—20% SA(T) — 30% Co—30% SA(T) — 40% Co—40%
(T) (TRY) (TRY) (TRY) (TRY) (TRY) (TRY)
10 17,226,992.41  8,404414.39  25840488.62  12,729,875.85 34,453,984.83  17,073,762.65

Table 9. Sensitivity Analysis of Expansion Option (Binomial, 2025)

Year SA(T)-20% Co—20% SA(T) - 30% Co—30% SA(T) — 40% Co—40%

(T) (TRY) (TRY) (TRY) (TRY) (TRY) (TRY)
1 48235578.76  16,237,712.24  72,353,368.14  31,794,400.33  96,471,157.52  50,365,549.70
2 44790,180.27  25,771,016.50  67,185270.41  42,996,405.26  89,580,360.55  62,850,350.04
3 41,344,781.79  29,631,942.53  62,017,172.69  47,093,865.67  82,689,563.59  66,471,868.91
4 3789938331  30,570,453.55  56,849,074.96  47,507,788.92  75,798,766.61  65,723,710.54
5 34,453984.83  29,830,769.01  51,680,977.24  45,794360.79  68,907,969.65  62,551,883.76
6  31,008,586.35 28,081,128.49  46,512,879.52  42,794,746.81  62,017,172.69  57,961,963.19
7 27,563,187.86  25,708,053.40  41,344,781.79  38,998,388.10  55,126,375.72  52,516,228.97
8 24,117,789.38  22,944,19621  36,176,684.07 34,701,384.95  48,235578.76  46,543,314.26
9 20,672,390.89  19,932,998.91  31,008,586.34  30,087,054.58  41,344,781.79  40,241,110.25
10 17,226992.41  16,764,285.51  25,840,488.62  25,270,558.82  34,453,984.83  33,776,832.13

The sensitivity analysis reveals two important insights. First, expansion option values increase
proportionally with the scale of capacity expansion, indicating that larger expansion decisions
generate higher economic value. Second, and more importantly, the optimal timing of expansion
remains relatively stable across all scenarios. In the Black—Scholes framework, the third year
consistently emerges as the optimal expansion timing, regardless of whether the expansion ratio is
20%, 30%, or 40%. This finding suggests that the timing of expansion is primarily driven by the
trade-off between uncertainty resolution and the remaining project lifetime, rather than the scale
of expansion itself. From an investment perspective, this implies that while investors may adjust
the size of capacity expansion according to financial constraints or strategic preferences, the
optimal timing decision is more robust and should be prioritized around the early operational years
of the project. The Binomial model produces a similar pattern, with a slight shift in the peak value
due to its discrete-time structure, further confirming the robustness of the results. Figure 2 presents
the sensitivity of expansion option values to different capacity increase ratios (20%, 30%, and

40%) under the Black—Scholes and binomial models for the 2025 scenario.
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Figure 2. Sensitivity of expansion option values to alternative capacity increase ratios (20%,

30%, and 40%) under the Black—Scholes and Binomial models for the 2025 scenario.

The observed differences between the Black—Scholes and Binomial results are due to the
continuous-time nature of the Black—Scholes model and the discrete-time structure of the Binomial
model. While the Binomial approach evaluates decision points at discrete intervals, the Black—
Scholes model assumes a continuous evolution of uncertainty. This leads to slight differences in
the timing of peak option values. However, both models provide consistent economic insights

regarding the pattern of expansion value over time.

4. DISCUSSION

This study contributes to the literature by providing an integrated evaluation of policy transition
and investment flexibility under macroeconomic instability. The findings demonstrate that while
high inflation and volatility, in particular, reduce the present value of an investment, decision
flexibility creates critical value for investors. These results are broadly consistent with trends in

the international energy economics and real options literature.

4.1. Comparison of Findings with Literature
Existing literature identifies volatility, price uncertainty, carbon markets, investment costs, and
FiT structures as key determinants of investment timing in renewable energy projects. Recent

studies further demonstrate that support mechanisms directly shape investor behavior [77—79]. The
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findings of this study are consistent with this literature, showing that the deferral option becomes
more valuable in 2025, while the optimal deferral period shortens due to heightened volatility in
electricity prices and macroeconomic variables. This aligns with prior evidence that higher

volatility increases option value, whereas higher discount rates accelerate option exercise [80, 81].

Moreover, studies focusing on Tiirkiye indicate that TRY-based incentive structures expose
investors to increased risks on both the revenue and cost sides, particularly under inflationary
conditions [55, 33]. The results of this study support these findings, as reflected in the significant
decline in NPV for 2025 (—120 million TRY), suggesting that the current mechanism is insufficient

to compensate for rising macroeconomic risks.

In the real options literature, particularly in wind and solar investments, increasing uncertainty has
been shown to enhance the value of flexibility and make deferral strategies more critical [83—85].
Consistent with this, the results indicate that uncertainty under the TRY-based FiT regime
increases real option value and strengthens investors’ ability to adapt their decisions. In addition,
the higher value generated by the expansion option—especially in 2025—aligns with empirical
findings that staged or expansion-based investment strategies create value under uncertain

conditions [86—88].

A key contribution of this study lies in the comparison of alternative volatility measures. The
results show that volatility derived from electricity prices is significantly higher than that
calculated from project cash flows, leading to important differences in investment outcomes.
Sensitivity analysis reveals that when lower, cash flow-based volatility is used, optimal deferral
periods become longer and the results of the Black—Scholes and Binomial models converge. In
contrast, higher price-based volatility leads to shorter deferral periods and greater divergence

between model outcomes.

This finding is consistent with recent studies emphasizing that different sources of uncertainty—
such as market prices, policy changes, and macroeconomic factors—affect real option values
through distinct transmission channels [44, 77, 81, 85]. Recent evidence also shows that high
volatility tends to increase option value while accelerating investment timing, whereas lower
uncertainty reduces flexibility value and leads to more stable and convergent model results [52,

54,79, 88].
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Overall, this study contributes to the literature by demonstrating that not only the level of
uncertainty but also its measurement significantly influences real option valuation outcomes. In
doing so, it provides new evidence on the interaction between policy uncertainty, macroeconomic
instability, and investment flexibility in renewable energy projects, particularly in emerging

market contexts such as Tiirkiye.

In addition to these findings, recent literature has highlighted the increasing importance of hybrid
energy systems and resource complementarity. Renewable energy research is increasingly
focusing on hybrid energy systems as a way to improve reliability and economic performance
under conditions of uncertainty. In particular, hybrid configurations such as wind-solar and solar-
hydro systems have been shown to reduce interruptions and increase overall system efficiency by
stabilizing production profiles over time [89, 90]. In the context of Turkey, recent case studies
highlight that hybrid renewable systems can significantly improve energy supply stability and
mitigate investment risk by reducing reliance on a single energy source [91-94]. Furthermore,
simulation-based analyses show that the integration of multiple renewable sources leads to better
capacity utilization and more stable output patterns, which are crucial for long-term financial

feasibility [95, 96].

Another important dimension in renewable energy investments is the concept of complementary
generation profiles, which refers to the temporal balancing of different renewable resources.
Studies show that wind and solar energy often exhibit inverse or weakly correlated production
patterns, allowing one resource to compensate for the variability of another [97, 98]. This
complementarity reduces output volatility and enhances predictability, which in turn improves
revenue stability and investment attractiveness. In emerging markets such as Tiirkiye, where
macroeconomic uncertainty and price volatility are significant, the use of complementary
renewable profiles can play a critical role in reducing financial risk and strengthening the

robustness of investment decisions [99, 100].

4.2. Economic and Political Impacts of the YEKDEM Mechanism
Tirkiye's transition from a USD-based fixed FiT regime to a TRY -based indexed structure in 2021
is a critical turning point for the financial sustainability of energy investments. Our findings reveal

three key policy impacts:
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4.2.1. Increased uncertainty and investment

Although the TRY-based system partially offsets exchange rate and inflation effects through
monthly indexation, it fails to fully protect real revenues during periods of high inflation, leading
to an increase in investor risk premiums. This finding is consistent with international studies
highlighting the strong relationship between incentive mechanism design and investment

uncertainty [5, 8, 71].

The transition to the TRY-based YEKDEM structure has not only altered the nominal pricing
framework but also fundamentally reshaped the nature of investment risk by linking project
revenues more directly to domestic macroeconomic conditions. Recent studies on Tiirkiye and
other emerging economies show that exchange rate pass-through, persistent inflation, and policy
design jointly influence renewable energy investment behavior, particularly in contexts where
imported equipment and foreign currency-linked cost structures remain dominant [1, 16, 33, 82].
In this regard, the findings of this study confirm that the TRY-based incentive regime increases
exposure to revenue-side uncertainty while weakening the protection previously provided by the

USD-based structure.

Furthermore, the volatility analysis indicates that uncertainty is significantly higher when
measured using electricity price dynamics compared to project-based cash flows. This suggests
that the primary source of risk under the TRY-based YEKDEM regime stems not only from
project-level financial variability but also from the instability embedded in the pricing mechanism
itself. This result aligns with recent literature emphasizing that market-driven and policy-induced
uncertainties can substantially influence investor expectations and lead to more cautious or delayed

investment decisions in renewable energy projects [77, 81, 85].

4.2.2. The importance of decision flexibility

Under the TRY-based YEKDEM structure, increased exposure to macroeconomic uncertainty
significantly alters investor behavior by making decision flexibility more critical. In particular, the
deferral option allows investors to postpone irreversible investment decisions in response to
uncertainty in inflation, exchange rates, and electricity prices. The findings suggest that, in such
an environment, waiting becomes a rational strategy, as investors seek to reduce downside risks
before committing capital. In addition, the expansion option enables a more gradual and adaptive

investment approach. Rather than committing to full capacity at the outset, investors may prefer
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staged investment strategies that allow them to adjust capacity in line with evolving market
conditions. This reflects a shift from static investment planning toward more flexible and

sequential decision-making under uncertainty.

Overall, the results indicate that under the TRY-based support mechanism, flexibility is no longer
merely an optional feature but a necessary component of investment strategy. This finding is
consistent with recent studies highlighting that real options-based flexibility plays a key role in

managing policy and market uncertainty in renewable energy investments [79, 85].

4.2.3. Long-Term energy transition and policy coordination

Global literature on energy transition emphasizes that sustainable energy investments are highly
sensitive to financial incentive design, and that FiT mechanisms, in particular, are critical to
achieving carbon neutrality targets [36, 80, 101, 102]. In this context, Tiirkiye’s transition to a
TRY-based FiT design highlights important aspects that need to be reassessed in terms of its

capacity to attract and sustain long-term investments.

The findings of this study indicate that, while the TRY-based structure introduces a degree of
adaptability through indexation, it simultaneously increases exposure to macroeconomic risks,
particularly under conditions of high inflation and exchange rate volatility. This weakens revenue
predictability and may reduce overall investment attractiveness. Accordingly, effective policy
design should aim to balance adaptability with stability in order to sustain long-term renewable

energy investments.

From a policy perspective, the results suggest that the current TRY-based YEKDEM structure
could be enhanced through more targeted design adjustments. One potential approach is the
adoption of hybrid pricing mechanisms that combine foreign currency anchoring with domestic
indexation, thereby limiting excessive exposure to exchange rate fluctuations while preserving
flexibility. In addition, revising indexation formulas to include smoothing mechanisms or caps on
inflation and exchange rate adjustments may help stabilize revenue streams. The introduction of
partial hedging instruments or floor price guarantees could further mitigate downside risks for
investors. Such refinements would improve investment predictability without eliminating the

adaptive features of the current system.
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Furthermore, this relationship between incentive design and investment behavior is also reflected
in the evolution of installed wind capacity in Tiirkiye. Periods characterized by more predictable
support mechanisms are associated with more stable and accelerated capacity growth, whereas
increased uncertainty under the TRY-based structure corresponds to more cautious and fluctuating
investment dynamics. This observation provides empirical support for the argument that feed-in
tariff design influences not only financial valuation outcomes but also the pace and stability of

renewable energy deployment.

4.3. Assessment in the Context of the UN Sustainable Development Goals

These findings demonstrate that Tiirkiye’s energy transition goals are not only economic but also
linked to global climate policies. The effects of the YEKDEM incentive structure on investment
behavior are directly aligned with the carbon reduction commitments of the Paris Climate
Agreement and the United Nations Sustainable Development Goals (specifically SDG 7 —
Affordable and Clean Energy, SDG 9 — Industry, Innovation, and Infrastructure, and SDG 13 —
Climate Action). The real option approach's more realistic modeling of decisions under uncertainty
demonstrates its utility as a strategic tool in long-term planning for sustainable energy investments.
In this context, the results not only provide an assessment of the national incentive mechanism but
also provide an analytical framework that will contribute to policy design in Tiirkiye's low-carbon

economic transformation process.

4.4. Methodological Comparison of Real Option Models

The findings of this study suggest that the relationship between Black—Scholes and Binomial
model outcomes is strongly influenced by both the structure of the option and the specification of
volatility. In line with existing literature, the results show that for deferral options—characterized
by a single optimal exercise decision—the two models tend to converge, particularly under
relatively stable conditions [65, 78, 81, 103, 104]. This convergence becomes more evident when
volatility is derived from project cash flows, where lower uncertainty leads to nearly identical
optimal deferral periods. However, the results also indicate that this consistency weakens when
volatility is measured based on electricity prices. Under higher and more volatile conditions, the
difference between model outputs becomes more pronounced, suggesting that model sensitivity
increases with the level and source of uncertainty. This observation aligns with recent studies
emphasizing that real option valuation outcomes are highly dependent on how uncertainty is

modeled, particularly in energy investments exposed to market and policy risks [44, 77, 81].
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A clearer distinction emerges in the case of the expansion option, where multiple decision points
and time-varying payoffs introduce additional complexity. In this study, the variation in SA(T)
across years, combined with a constant expansion cost, creates a dynamic structure that resembles
American-style decision-making. In such settings, the Binomial model appears to capture the
flexibility embedded in sequential investment decisions more effectively. This is consistent with
recent literature highlighting the advantages of discrete-time models in representing staged
investments and policy-driven uncertainty in renewable energy projects [79, 85, 88].Within this
context, the difference observed between the two models—where the Black—Scholes model
suggests Year 3, and the Binomial model suggests Year 4 as the optimal expansion timing—can
be interpreted as a reflection of their underlying structural assumptions. Rather than indicating a
contradiction, this difference highlights how discrete-time modeling captures additional layers of

flexibility that may slightly shift optimal decisions.

Overall, these findings suggest that model selection becomes increasingly important in
environments characterized by higher uncertainty and multi-stage decision structures. While
Black—Scholes provides a useful benchmark under simplified conditions, Binomial approaches
offer a more flexible framework for capturing the dynamic nature of investment decisions in

renewable energy projects.

4.5. Limitations and Generalizability

This study is based on a stylized single-project framework, which may limit the generalizability
of the results. Similar to many real options applications in the energy literature, the analysis relies
on a representative project structure to capture investment dynamics under uncertainty [63, 88].
First, the findings are sensitive to key input parameters such as capacity factor, volatility, discount
rate, and investment costs. Variations in these parameters may lead to different optimal investment
timings and option values. Second, the model assumes a representative wind power project with a
fixed capacity and financing structure; therefore, the results may not directly apply to projects with
different scales, resource conditions, or capital structures. This limitation is consistent with
previous Tiirkiye-focused real options studies, which also emphasize the project-specific nature of
investment valuation [104, 105]. Third, while the findings provide important insights into the
effects of the TRY-based YEKDEM mechanism, they should not be interpreted as fully
representative of the entire Turkish renewable energy sector, but rather as indicative results for

similar project configurations. Finally, future research could extend this framework by
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incorporating multiple project types, stochastic policy scenarios, and alternative financing

structures.

5. CONCLUSIONS AND RECOMMENDATIONS

This study examines the economic feasibility of renewable energy investments in Tiirkiye within
the context of changing market conditions following the transition from a fixed foreign exchange-
based price structure to a TRY-based indexation system under the YEKDEM incentive
mechanism. Analyses based on both the Net Present Value (NPV) method and the real options
approach (ROA) demonstrate that, in environments characterized by macroeconomic volatility,
traditional valuation methods provide a limited perspective, whereas real options models offer a
more comprehensive framework by incorporating risk, flexibility, and investment timing.

The findings reveal that the transformation of the incentive mechanism has a decisive impact on
investment feasibility. The predictable cash flows provided under the foreign exchange-based
system are replaced by a more volatile income structure that is highly sensitive to inflation,
exchange rate fluctuations, and policy-driven risk. As a result, NPV declines to negative values—
particularly in the 2025 scenario—suggesting that investments appear unfeasible under
conventional methods. However, increased volatility under the TRY-based structure enhances the
value of managerial flexibility, particularly through deferral and expansion options. When
evaluated using real options, the total investment value returns to positive levels. This finding
confirms that ROA is not only complementary but also an essential analytical tool in environments

characterized by high volatility and policy-driven risk.

A key contribution of this study lies in the comparison of alternative volatility specifications. The
results show that volatility derived from electricity prices is significantly higher than volatility
calculated based on project cash flows, indicating that risk is primarily driven by market and policy
dynamics rather than project-level variability. Sensitivity analysis further reveals that lower, cash
flow-based volatility leads to longer optimal deferral periods and convergence between Black—
Scholes and Binomial model outcomes, whereas higher price-based volatility shortens investment
timing and increases divergence between model results. This highlights the critical importance of

volatility specification in real options valuation.

The study also highlights the importance of decision flexibility in shaping investor behavior under

the TRY-based YEKDEM regime. Investors increasingly rely on deferral and staged expansion
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strategies to manage macroeconomic volatility, reflecting a shift from static investment decisions
toward more adaptive and sequential approaches. This is reflected in the shorter optimal deferral
periods and higher expansion option values observed under the 2025 scenario. Furthermore,
electricity price volatility and the discount rate emerge as the most influential determinants of
investment value, while financing conditions and broader macroeconomic risks further reinforce

investment uncertainty.

From a policy perspective, the results suggest that the effectiveness of incentive mechanisms
depends not only on their structural design but also on their ability to provide revenue stability
under macroeconomic volatility. While the TRY-based structure introduces adaptability through
indexation, it may weaken investment attractiveness by increasing exposure to inflation and
exchange rate risks. Therefore, a balanced policy framework that combines adaptability with
predictability is essential for sustaining long-term renewable energy investments in Tirkiye. This
suggests that policy design plays a central role not only in investment feasibility but also in shaping

the pace of energy transition.

Based on these findings, the widespread adoption of real option-based valuation approaches at the
institutional level in the Turkish energy market emerges as a critical need. Integrating ROA into
investment planning, incentive design, and policy evaluation processes will enable more realistic
and resilient decision-making in uncertain environments. The development of real option-based
guidelines by public institutions and regulatory authorities would further strengthen both investor

strategies and policy effectiveness.

The high option values identified in this study demonstrate that renewable energy investments
remain a rational and sustainable choice even under conditions of significant uncertainty. By
enabling more flexible and informed decision-making, the real options approach supports the
continuation of investments rather than their postponement, thereby contributing to the expansion
of renewable energy capacity in Tiirkiye and the reduction of greenhouse gas emissions. In this
context, the study highlights that ROA not only enhances financial feasibility but also supports
policy objectives aligned with the Paris Climate Agreement and the United Nations Sustainable
Development Goals (SDG 7: Affordable and Clean Energy, SDG 9: Industry, Innovation, and
Infrastructure, and SDG 13: Climate Action).
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Taken together, these findings provide both methodological and policy-relevant insights for
renewable energy investment under uncertainty. Overall, the study demonstrates that in markets
characterized by high volatility, investment decisions should not rely solely on deterministic cash
flow-based methods. Instead, dynamic valuation approaches that incorporate flexibility, timing,
and strategic options are essential for improving the quality and sustainability of long-term

renewable energy investments.

USE of AI TOOLS

The authors used Al-based language tools solely for grammar checking, language editing, and
improving readability. No Al tools were used for data analysis, model development, or generation
of scientific content. All results, interpretations, and conclusions are the sole responsibility of the

authors.

DECLARATION OF ETHICAL STANDARDS
The author of the study submitted declares that nothing which is necessary for achieving the study

requires ethical committee and/or legal-special permissions

CONTRIBUTION OF THE AUTHORS
Duygu Biyikli: Writing — review & editing, Writing — original draft, Visualization, Validation,

Software, Methodology, Investigation, Formal analysis, Data curation, Conceptualization.

CONFLICT OF INTEREST

There is no conflict of interest in this study.

REFERENCES

[1] D'Arcangelo FM, Kruse T, Pisu M, Tomasi M. The effect of climate policies on firm financing
and investment through the banking channel. Journal of Environmental Management 2025; 387:
125866.

[2] International Energy Agency (IEA). World Energy Outlook 2023. 2023. [Online] Available
from: https://www.iea.org/reports/world-energy-outlook-2023 (Accessed: 10/01/2026).

[3] Yu L, Li D, Huang G, Zhou S, Feng H, Wang Y. A real options-based investment-income
valuation model for old community renewal projects in China. Engineering Construction and

Architectural Management 2024; 31: 4516-4537.

1301


https://www.iea.org/reports/world-energy-outlook-2023

Int J Energy Studies 2026; 11(2): 1271-1309

[4] International Renewable Energy Agency (IRENA). World energy transitions outlook: 1.5°C
pathway. 2021. [Online] Available from: https://www.irena.org (Accessed: 10/01/2026).

[5] Boomsma TK, Meade N, Fleten SE. Renewable energy investments under different support
schemes: A real options approach. European Journal of Operational Research 2012; 220: 225-237.
[6] Li R, Lee H. The role of energy prices and economic growth in renewable energy capacity
expansion: Evidence from OECD Europe. Renewable Energy 2022; 189: 435-443.

[7] Benavides-Franco J, Gémez JM, Pérez-Uribe MA. Determinants of project finance success for
renewable energy. Renewable Energy 2023; 211: 188-201.

[8] Kitzing L, Jensen MK, Telsnig T, Lantz E. Multifaceted political and social drivers inform
wind energy repowering decisions and potential. Nature Energy 2020; 5(12): 950-951.

[9] National Development and Reform Commission (NDRC), National Energy Administration
(NEA). Improving feed-in tariff policies for wind and solar power. 2019. [Online] Available from:
https://www.ndrc.gov.cn (Accessed: 05/01/2026).

[10] Pisu M, D’Arcangelo FM, Elgouacem A, Kruse T, Hemmerlé¢ Y. Options for assessing and
comparing climate change mitigation policies across countries. OECD, 2023.

[11]Song D, Liu Y, Qin T, Gu H, Cao Y, Shi H. Overview of the policy instruments for renewable
energy development in China. Energies 2022; 15: 6513.

[12] Lilliestam J, Patt A, Bersalli G. The effect of carbon pricing on technological change for full
energy decarbonization: A review of empirical ex-post evidence. Wiley Interdisciplinary Reviews
Climate Change 2021; 12: e681.

[13] Pattakou A, Vlahakis A. Effectiveness of renewable energy subsidies in a CO2 intensive
electricity system. CER-ETH Working Paper 2018; 18: 295.

[14] National Development and Reform Commission (NDRC), National Energy Administration
(NEA). Notice on matters related to feed-in tariffs for new wind and photovoltaic power projects.

2021. [Online] Available from: https://www.ndrc.gov.cn (Accessed: 05/01/2026).

[15] Kim K, Choi J, Lee J, Lee J, Kim J. Public preferences and increasing acceptance of time-
varying electricity pricing for demand side management in South Korea. Energy Economics 2023;
119: 106558.

[16] Wang X, Li J, Ren X. Asymmetric causality of economic policy uncertainty and oil volatility
index on time-varying nexus of the clean energy, carbon and green bond. International Review of
Financial Analysis 2022; 83: 102306.

[17] van den Bergh JC, Savin 1. Political leadership, climate policy, and renewable energy.

Proceedings of the National Academy of Sciences 2023; 120(14): €2301291120.

1302


https://www.irena.org/
https://www.ndrc.gov.cn/
https://www.ndrc.gov.cn/

Int J Energy Studies 2026; 11(2): 1271-1309

[18] Zander KK. Adoption behaviour and the optimal feed-in tariff for residential solar energy
production in Darwin Australia. Journal of Cleaner Production 2021; 299: 126879.

[19] Kitzing L, Rudolph D, Nyborg S, Solman H, Cronin T, Hiibner G, Kirkegaard JK. Grand
challenges in social aspects of wind energy development. Wind Energy Science Discussions 2024;
1: 1-13.

[20] Nicolini M, Tavoni M. Are renewable energy subsidies effective? Evidence from Europe.
Renewable and Sustainable Energy Reviews 2017; 74: 412-423.

[21] Wesseh PK, Lin B. A real options valuation of Chinese wind energy technologies for power
generation: Do benefits from the feed-in tariffs outweigh costs?. Journal of Cleaner Production
2016; 112: 1591-1599.

[22] Boomsma TK, Linnerud K. Market and policy risk under different renewable electricity
support schemes. Energy 2015; 89: 435-448.

[23] Hodt AB, Hodt JB. Real options approach to analyse the attractiveness of different grid
solutions for offshore wind projects: A case study from Norway. Master’s Thesis, NTNU, 2022.
[24] Kryszk H, Kurowska K, Marks-Bielska R, Bielski S, Ezlakowski B. Barriers and prospects
for the development of renewable energy sources in Poland during the energy crisis. Energies
2023; 16(4): 1724.

[25] Enerji Piyasasi1 Diizenleme Kurumu (EPDK). YEKDEM bagvuru ve ddeme esaslarina iligskin
kurul kararlar1. 2021. [Online] Available from: https://www.epdk.gov.tr (Accessed: 05/01/2026).

[26] Dixit AK, Pindyck RS. Investment under uncertainty. Princeton University Press, 1994.

[27] Trigeorgis L, Tsekrekos AE. Real options in operations research: A review. European Journal
of Operational Research 2018; 270: 1-24.

[28] Acar S, Yeldan AE. Environmental impacts of coal subsidies in Tiirkiye: A general
equilibrium analysis. Energy Policy 2016; 90: 1-15.

[29] Enerji Piyasasi Diizenleme Kurumu (EPDK). Elektrik piyasasi gelisim raporu 2020. 2020.
[Online] Available from: https://www.epdk.gov.tr (Accessed: 04/01/2026).

[30] Sahin C. The development of renewable energy in Turkish electricity markets. Avrupa Bilim
ve Teknoloji Dergisi 2021; 25: 238-246.

[31] Official Gazette of the Republic of Tiirkiye. Amendment to the Renewable Energy Resources
Support Mechanism (YEKDEM). 2021. [Online] Available from: https://www.resmigazete.gov.tr
(Accessed: 04/01/2026).

1303


https://www.epdk.gov.tr/
https://www.epdk.gov.tr/
https://www.resmigazete.gov.tr/

Int J Energy Studies 2026; 11(2): 1271-1309

[32] Official Gazette of the Republic of Tiirkiye. Regulation on Renewable Energy Resources
Support Mechanism (YEKDEM). 2023. [Online] Available from: https://www.resmigazete.gov.tr
(Accessed: 05/01/2026).

[33] Erdem M, Giirtiirk M. Economic analysis of the impact of Tiirkiye's renewable support
mechanism on solar energy investment. Utilities Policy 2025; 92: 101862.

[34] Giirtiirk M, Erdem M, Ugar F. Solar energy technical feasibility comparison: an alternative
proposal for the industry. Energy Efficiency 2024; 17(5): 41.

[35] Yildirim A, Bilgili M, Tumse S, Sahin B. Current and future trends of offshore wind energy:
A comparative analysis of world and Tirkiye. Marine Georesources & Geotechnology 2025; 1-
25.

[36] Acaroglu H, Baykul MC, Kara O. A life-cycle cost analysis on photovoltaic (PV) modules
for Tirkiye: The case of Eskisehir’s solar market transactions. Sustainability 2025; 17(24): 11023.
[37] Yildiz SK, Saltuk MF, Ates HK, Altug M. The impact of new feed-in tariff on geothermal
risk sharing mechanism (RSM) program: A comparative case study in Tiirkiye. Kenya Geothermal
Congress, Nairobi, Kenya, 2024.

[38] Kilig U, Kekezoglu B. A review of solar photovoltaic incentives and policy: Selected
countries and Tiirkiye. Ain Shams Engineering Journal 2022; 13(5): 101669.

[39] Terkes M, Toprak KM, Demirci A, Gokalp E, Cali U. Hybrid renewable energy systems in
Tiirkiye: a multi-scenario assessment of demand, metering, and carbon tax policies. IEEE Access
2025.

[40] Guthrie GA. Real options in theory and practice. Oxford University Press, 2009.

[41] Myers SC. Determinants of corporate borrowing. Journal of Financial Economics 1977; 5:
147-175.

[42] Isik C, Kuziboev B, Ongan S, Saidmamatov O, Mirkhoshimova M, Rajabov A. The volatility
of global energy uncertainty: Renewable alternatives. Energy 2024; 297: 131250.

[43] Olasehinde-Williams G, Ozkan O, Akadiri SS. Effects of climate policy uncertainty on
sustainable investment: A dynamic analysis for the US. Environmental Science and Pollution
Research 2023; 30(19): 55326-55339.

[44] Sun Y, Xie X, Feng T, Pan J, Han L. Research on investment decision of power transformation
digital demonstration project based on BS option pricing model. International Conference on
Clean Energy and Electrical Systems, Singapore, 2023; 197-207.

[45] Carozzani A, D’Alpaos C. The real option approach to investment decisions in hybrid

renewable energy systems: A systematic literature review. Energies 2025; 18(20): 5535.

1304


https://www.resmigazete.gov.tr/

Int J Energy Studies 2026; 11(2): 1271-1309

[46] Streimikiene D, Siksnelyte-Butkiene I, Lekavicius V. Energy diversification and security in
the EU: Comparative assessment in different EU regions. Economies 2023; 11(3): 83.

[47] Gitelman LD, Kozhevnikov MV. New approaches to the concept of energy transition in the
times of energy crisis. Sustainability 2023; 15(6): 5167.

[48] European Commission. Report on renewable energy development and policy in the European

Union. 2023. [Online] Available from: https://commission.europa.eu (Accessed: 04/01/2026).

[49] Ledén Gomez JC, De Leon Aldaco SE, Aguayo Alquicira J. A review of hybrid renewable
energy systems: Architectures, battery systems, and optimization techniques. Eng 2023; 4(2):
1446-1467.

[50] De Rosa M, Gainsford K, Pallonetto F, Finn DP. Diversification, concentration and
renewability of the energy supply in the European Union. Energy 2022; 253: 124097.

[51] Alonso AM, Matute G, Yusta JM, Coosemans T. Multi-state optimal power dispatch model
for power-to-power systems in off-grid hybrid energy systems: A case study in Spain. International
Journal of Hydrogen Energy 2024; 52: 1045-1061.

[52] Giannelos S, Pudjianto D, Bellizio F, Qiu D, Strbac G. A comprehensive review of option
value in energy economics. IET Renewable Power Generation 2025; 19(1): €70122.

[53] Koc B, Yildirak K, Yokus A. A new perspective for financial option pricing with new
dynamic solutions of the Black-Scholes equation. Computational Economics 2025; 1-27.

[54] de Andrés-Sanchez J. Assessing the convergence of three up-and-down moves in binomial
option pricing modelling to Black-Scholes-Merton in a fuzzy setting. Journal of Intelligent &
Fuzzy Systems 2025; 49(5): 1234-1250.

[55] Nur S, Farlian T, Mulkal M, Modi Z, Dirhamsyah M, Hakam DF, Dibba B. Resource and
economic assessments of Eastern Indonesia’s offshore wind energy investment. Discover
Sustainability 2026; 7(1): 287.

[56] Balassem ZA, Sharma K, Prabhakar PE, Gudapalli K, Sujani B, NS KR. Long short-term
memory (LSTM) networks for real options analysis in strategic investment decisions. IEEE
International Conference on [oT, Communication and Automation Technology (ICICAT), 2024;
1415-1420.

[57] Becker M, de Lima MVA, Weber JB. Real options analysis for investment decisions in
geothermal energy. International Journal of Economics and Finance 2023; 15(12).

[58] Tefo H, Tshekedi P, Modikwa K, Moamogwe A. A comparative analysis of Black-Scholes
model and binomial option pricing model in real option valuation. SSRN 2024; 5149407.

1305


https://commission.europa.eu/

Int J Energy Studies 2026; 11(2): 1271-1309

[59] Giriarso JP, Hakam DF. Real options valuation for geothermal investments considering
technology selection and carbon credit: A feasibility study in Indonesia. Sustainable Energy
Technologies and Assessments 2025; 83: 104557.

[60] Adkins R, Paxson D. Subsidies for renewable energy facilities under uncertainty. The
Manchester School 2016; 84: 222-250.

[61] Zhang L, Chen C, Wang Q, Zhou D. The impact of feed-in tariff reduction and renewable
portfolio standard on the development of distributed photovoltaic generation in China. Energy
2021; 232: 120933.

[62] Arefeen S, Ho TT, Shimada K. A comparative review of solar photovoltaic energy promotion
policy in selected Southeast Asian countries: Sharing feed-in tariffs experience. Chemical
Engineering Transactions 2021; 89: 37-42.

[63] T¢éllez BM, Henao-Pérez AA, Acufia LG. Real options and their application in renewable
energy projects: State-of-the-art review. Reg Cient 2023; 2: 202349.

[64] Fernandes B, Cunha J, Ferreira P. The use of real options approach in energy sector
investments. Renewable and Sustainable Energy Reviews 2011; 15: 4491-4497.

[65] Liu Y, Zheng R, Chen S, Yuan J. The economy of wind-integrated-energy-storage projects in
China's upcoming power market: A real options approach. Resources Policy 2019; 63: 101434.
[66] Fleten SE, Maribu KM, Wangensteen 1. Optimal investment strategies in decentralized
renewable power generation under uncertainty. Energy 2007; 32: 803-815.

[67] Martinez-Cesefla EA, Mutale J. Application of an advanced real options approach for
renewable energy generation projects planning. Renewable and Sustainable Energy Reviews 2011;
15: 2087-2094.

[68] Arent DJ, Wise A, Gelman R. The status and prospects of renewable energy for combating
global warming. Energy Economics 2011; 33: 584-593.

[69] Haas R, Eichhammer W, Huber C, Langniss O, Lorenzoni A, Madlener R, Verbruggen A.
How to promote renewable energy systems successfully and effectively. Energy Policy 2004; 32:
833-8309.

[70] Butler L, Neuhoff K. Comparison of feed-in tariff, quota and auction mechanisms to support
wind power development. Renewable Energy 2008; 33: 1854-1867.

[71] Ritzenhofen I, Spinler S. Optimal design of feed-in tariffs to stimulate renewable energy
investments under regulatory uncertainty: A real options analysis. Energy Economics 2016; 53:

76-89.

1306



Int J Energy Studies 2026; 11(2): 1271-1309

[72] Kim K, Kim B, Kim H. A decision-making model for the analysis of offshore wind farm
projects under climate uncertainties: A case study of South Korea. Renewable and Sustainable
Energy Reviews 2018; 94: 853-860.

[73] Kumbaroglu G, Madlener R, Demirel M. A real options evaluation model for the diffusion
prospects of new renewable power generation technologies. Energy Economics 2008; 30: 1882-
1908.

[74] Cesefia EM, Mutale J, Rivas-Davalos F. Real options theory applied to electricity generation
projects: A review. Renewable and Sustainable Energy Reviews 2013; 19: 573-581.

[75] Trigeorgis L. Real options: Managerial flexibility and strategy in resource allocation. MIT
Press, 1996.

[76] Brandao LE, Dyer JS, Hahn WJ. Using binomial decision trees to solve real-option valuation
problems. Decision Analysis 2005; 2: 69-88.

[77] De Giovanni D, Iakimova E. Renewable energy investments, support schemes and the dirty
option. Applied Stochastic Models in Business and Industry 2024; 40: 1472-1483.

[78] Ersen HY, Tas O, Ugurlu U. Solar energy investment valuation with intuitionistic fuzzy
trinomial lattice real option model. IEEE Transactions on Engineering Management 2022; 70:
2584-2593.

[79] Feng Y, Chen J. A real options approach for cost benefits assessment of power generation
from underground coal gasification with CCS. Alexandria Engineering Journal 2025; 131: 263-
277.

[80] Liu X, Ronn EI. Using the binomial model for the valuation of real options in computing
optimal subsidies for Chinese renewable energy investments. Energy Economics 2020; 87:
104692.

[81] Zhang Z, Chen Y, Chen X, Liao H. A real options-based framework for multi-generation
liquid air energy storage investment decision under multiple uncertainties and policy incentives.
Energy 2024; 309: 133025.

[82] An I, Kaya M. Assessing the impact of Tiirkiye’s unorthodox monetary policy on the
profitability of unlicensed solar power plant projects. Journal of Economics Business and
International Relations 2024; 3: 69-95.

[83] Bangjun W, Feng Z, Feng J, Yu P, Cui L. Decision making on investments in photovoltaic
power generation projects based on renewable portfolio standard: Perspective of real option.

Renewable Energy 2022; 189: 1033-1045.

1307



Int J Energy Studies 2026; 11(2): 1271-1309

[84] Zhang AH, Sirin SM, Fan C, Bu M. An analysis of the factors driving utility-scale solar PV
investments in China: How effective was the feed-in tariff policy?. Energy Policy 2022; 167:
113044.

[85] Yang J, Fuss S, Johansson DJ, Azar C. Investment dynamics in the energy sector under carbon
price uncertainty and risk aversion. Energy and Climate Change 2023; 4: 100110.

[86] Gahrooei MR, Zhang Y, Ashuri B, Augenbroe G. Timing residential photovoltaic investments
in the presence of demand uncertainties. Sustainable Cities and Society 2016; 20: 109-123.

[87] Gupta SD. Using real options to value capacity additions and investment expenditures in
renewable energies in India. Energy Policy 2021; 148: 111916.

[88] Nadarajah S, Secomandi N. A review of the operations literature on real options in energy.
European Journal of Operational Research 2023; 309: 469-487.

[89] Chen C, Liu H, Xiao Y, Zhu F, Ding L, Yang F. Power generation scheduling for a hydro-
wind-solar hybrid system: A systematic survey and prospect. Energies 2022; 15(22): 8747.

[90] Li F, Chen S, Ju C, Zhang X, Ma G, Huang W. Research on short-term joint optimization
scheduling strategy for hydro-wind-solar hybrid systems considering uncertainty in renewable
energy generation. Energy Strategy Reviews 2023; 50: 101242.

[91] Citakoglu H, Aktiirk G, Demir V. Hybrid machine learning for drought prediction at multiple
time scales: A case study of Agri station, Tiirkiye. Acta Geophysica 2025; 73(2): 1643-1677.
[92] Gokeek M, Paltrinieri N, Liu Y, Badia E, Dokuz AS, Erdogmus A. Optimum sizing of hybrid
renewable power systems for on-site hydrogen refuelling stations: Case studies from Tiirkiye and
Spain. International Journal of Hydrogen Energy 2024; 59: 715-729.

[93] Piirlii M, Beyarslan S, Tiirkay B. On-grid and off-grid hybrid renewable energy system
designs with HOMER: A case study of rural electrification in Tiirkiye. Turkish Journal of
Electrical Power and Energy Systems 2022; 2(1).

[94] Saltuk MF. Prefeasibility analysis of the pumped hydro storage (PHS) system in Tiirkiye: A
case study on a hybrid system. Energy Storage and Conversion 2023; 1(1): 215-215.

[95] Saltuk MF. Design and simulation of integrated solar-hydroelectric systems: Complementary
renewable profiles and MATLAB/Simulink-based analysis. International Journal of Energy
Studies 2026; 11(1): 207-254.

[96] Tozzi P Jr, Jo JH. A comparative analysis of renewable energy simulation tools: Performance
simulation model vs. system optimization. Renewable and Sustainable Energy Reviews 2017; 80:

390-398.

1308



Int J Energy Studies 2026; 11(2): 1271-1309

[97] Murphy C, Harrison-Atlas D, Grue N, Mosier T, Gallego-Calderon J, Elliott S.
Complementarity of renewable energy-based hybrid systems. National Renewable Energy
Laboratory (NREL), 2023. [Online] Available from: https://www.nrel.gov (Accessed:
10/01/2026).

[98] SunY, LiY, Wang R, Ma R. Assessing the national synergy potential of onshore and offshore

renewable energy from the perspective of resources dynamic and complementarity. Energy 2023;
279: 128106.

[99] Aktekin M, Geng MS, Azgin ST, Geng G. Assessment of techno-economic analyses of grid-
connected nuclear and PV/wind/battery/hydrogen renewable hybrid system for sustainable and
clean energy production in Mersin, Tiirkiye. Process Safety and Environmental Protection 2024;
190: 340-353.

[100] Olmez ME, Ar I, Tuzkaya G. A simulation-based analysis of energy storage's impact on
power markets for renewable energy integration. Energy 2025; 326: 136202.

[101] Burger M, Graeber B, Schindlmayr G. Managing energy risk: A practical guide for risk
management in power, gas and other energy markets. Wiley, 2014.

[102] Y1ldiz HG, Ayvaz B, Kusakc1 AO, Deveci M, Garg H. Sustainability assessment of biomass-
based energy supply chain using multi-objective optimization model. Environment, Development
and Sustainability 2024; 26(6): 15451-15493.

[103] Zheng X, Wu J, Bao X, Pan W. Analysis of premium determinants and pricing models for
chooser options using binomial tree, parity decomposition, and Monte Carlo methods. Advances
in Economics, Management and Political Sciences 2025; 228: 22-39.

[104] Chen Z, Zhang L, Weng C. Does climate policy uncertainty affect Chinese stock market
volatility?. International Review of Economics and Finance 2023; 84: 369-381.

[105] Bryikli D, Sesli FA, Kasap P. Riizgar enerji santrali yatiriminin reel opsiyon yontemleri ve
esneklik tiirleri ile degerlemesi. Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri

Dergisi 2023; 23: 921-932.

1309


https://www.nrel.gov/

	4.1. Comparison of Findings with Literature
	Furthermore, the volatility analysis indicates that uncertainty is significantly higher when measured using electricity price dynamics compared to project-based cash flows. This suggests that the primary source of risk under the TRY-based YEKDEM regim...
	4.2.2. The ımportance of decision flexibility
	Under the TRY-based YEKDEM structure, increased exposure to macroeconomic uncertainty significantly alters investor behavior by making decision flexibility more critical. In particular, the deferral option allows investors to postpone irreversible inv...
	Furthermore, this relationship between incentive design and investment behavior is also reflected in the evolution of installed wind capacity in Türkiye. Periods characterized by more predictable support mechanisms are associated with more stable and ...

	4.3. Assessment in the Context of the UN Sustainable Development Goals

