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Abstract

:

Geopolitical conflicts, involving a major player in the world market, affect the prices of oil and commodities, particularly in oil-importing countries. Consequently, the unprecedented changes in oil prices impact investments in energy transition projects. This study aims to analyze the dynamics of investment decisions in energy transition under uncertainties in geopolitical risks. This research applies the Black-Scholes-based real options valuation to value the flexibility in postponing energy transition investments considering the repercussions of the Russia-Ukraine war. Applying the proposed model to the case of the Philippines, the valuation result with a net present value of USD 231 million for a 1 GW capacity shows that energy transition is a viable project when the cost savings from using fossil fuels to renewables are considered. On the other hand, real options valuation finds a higher flexibility value of USD 990 million, which implies a better decision to postpone the project. The uncertainty in geopolitical conflicts further increases this value causing a longer waiting period to implement the energy transition project. Sensitivity analysis shows that the results are robust to changes in the explanatory variables. Results provide policy implications on making an oil-importing country energy self-sufficient and robust from economic and geopolitical shocks.
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1. Introduction


Decarbonizing the economy is one of the major challenges in most countries addressing climate change. Decarbonization can be achieved through an “energy transition”, which is the transition from the production and utilization of fossil fuels to cleaner and more sustainable sources of energy [1]. According to UNEP’s Emissions Gap Report 2021 [2], global GHG emissions dropped unprecedentedly by 5.4% in 2020 but are expected to bounce back in 2021 by 4.8% to pre-COVID levels at 59.1 Gt CO2e in 2019, primarily dominated by fossil CO2 emissions from energy and industry sectors. The report highlights the crucial role of decarbonizing the energy sector for a successful energy transition towards a low-carbon economy [2].



Despite the potentially significant reduction of GHG emissions, decarbonizing the energy sector is challenged with environmental sustainability, energy security, economic stability, and social aspects [3]. For instance, a global carbon tax might be a promising instrument to accelerate decarbonization. However, this instrument would be confronted by high capital requirements, the competition among energy sectors for decarbonization options, inconsistent environmental policies, as well as public acceptance of changes in energy usage [3]. For developing countries, the additional layer of obstacles to energy transition includes competitive prices of fossil fuels, lack of financial resources and policy support, and unreliability of renewable sources of energy [4].



Another set of challenges to energy transition is the occurrence of geopolitical and economic shocks. For instance, during the COVID-19 pandemic, various countries have reshaped their investment structure by increasing medical and health expenditures while withdrawing funds from renewable energy projects [5,6]. During the global financial crisis in 2008, stimulus plans for economic recovery resulted in large-scale funds flowing to fossil fuel industries, while reduction of public support for renewable energy in the form of subsidies and feed-in tariffs [5,7]. Meanwhile, Fischhendler et al. [8] argued that geopolitical conflicts have a dual impact: some aspects discourage energy transition to renewables, while others boost them. On one end, investments in renewables flourish under conditions of armed conflict and in volatile geopolitical contexts by taking the advantages of renewable energy while downplaying the disadvantages of conflict environments. On the other end, violent conflicts deter investors, discourage domestic and international trade, and suppress the development of renewable energy infrastructures [8]. Since countries use energy as a geopolitical weapon to protect their interests and ensure national security, geopolitical interests in the fossil fuels market change, making renewable energy sources appear more important in the international market [9].



The impacts of geopolitical conflicts on energy transition have been discussed in previous studies. For instance, the Russia-Ukraine conflict affects the world economy through higher prices for energy and weaker confidence and financial markets as a result of strong international sanctions against Russia [10]. While Ukraine is not a significant trading partner for any major economies, Russia has great exposure to the European Union, the United Kingdom, and other developing economies [10]. Studies show that unexpected changes in geopolitical risks increase the volatility of oil prices [11,12]. Consequently, this increase in oil price uncertainty has huge impacts on developing economies, particularly those countries that are too dependent on imported fossil products [4]. For instance, Cunado and Perez de Gracia [13] found that oil prices have a significant effect on both economic activity and price indices, although the impact is limited to the short run, and more significant when oil price shocks are defined in local currencies. In another study, Murshed and Tanha [14] found that movements in oil prices influence the renewable energy transition, which highlights the important policy implications in attaining energy security and environmental sustainability in the traditional imported crude oil-dependent countries. Yet, there has been no study that analyzes how extreme oil price uncertainties from geopolitical conflicts accelerate or slow down the energy transition towards a more sustainable economy.



This study addresses this gap by analyzing the decision dynamics in energy transition investments under uncertainties brought by geopolitical conflicts. Specifically, this research aims to calculate the value of an energy transition investment based on the cost savings from using fossil-based to renewable energy sources, estimate the value of flexibility to postpone the investment decision under uncertainty in geopolitical risks, analyze how various levers affect this flexibility value, and evaluate whether geopolitical conflicts accelerate or slow-down the energy transition. Using the case of the Philippines, an oil-importing country, this research applies both the traditional valuation method as well as the real options valuation to calculate the value and the flexibility to postpone the investment in the energy transition from fossil-based to renewable energy sources. This evaluates the optimal timing of investment under uncertainty in extreme oil prices as influenced by international conflicts such as the Russia-Ukraine war. Then, this study analyzes how changes in the explanatory variables affect investment decisions through sensitivity analysis. Finally, this study aims to provide recommendations on how an oil-importing country becomes energy self-sufficient and robust from economic and geopolitical shocks.




2. Materials and Methods


2.1. Real Options Background


Investment decisions for energy transition have characteristics that are not captured by traditional valuation methods such as net present value (NPV), internal rate of return, returns on investments, and so on. These characteristics include the irreversibility in making costly investments, highly risky and uncertain investment environments, and flexibility in decision-making (timing, operations, production, etc.) [4]. For instance, the NPV, which relies on all-or-nothing, now-or-never decisions, does not recognize the value of learning before making an investment decision.



The real options approach (ROA), on the other hand, captures these characteristics as it combines uncertainty and flexibility, which characterize irreversible investments in energy transition projects. A “real option” is the right approach, but not the obligation to undertake a project initiative such as postponing, expanding/contracting, or shutting down/restarting capital investment based on market, technological, and/or economic conditions [15,16]. The ROA is a more useful project valuation method when investment conditions are highly volatile and uncertain. Otherwise, the traditional valuation methods are more appropriate if investment and market environments are stable or less flexible [16].



Real options valuation models are mostly based on financial options. Among these models, the closed-form Black-Scholes model, developed by Black and Scholes [17] and Merton [18], is the most popular solution as it allows simple computation and is easy to conduct sensitivity analysis using a partial derivative. The value of the real option (RO), according to this model, can be calculated using Equation (1):
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where V is the value of free operating cash flows,  δ  is the opportunity cost, T − t is the time to expiration of the option, I is the investment cost, r is the risk-free interest rate, and N(d) is a cumulative normal probability density function. These six variables for real options are analogous to financial options as shown in Table 1.



Among these levers, the NPV only recognized two: the present value of expected cash flows and the present value of fixed costs as shown in Figure 1. On the other hand, this inadequacy can be explained in more precise terms of the real options valuation with the given six levers. Hence, real option valuation offers greater comprehensiveness as it captures the NPV and the value of flexibility—the expected value of the changes in NPV over the lifetime of the option [4]. Further, it recognizes the value of learning which is crucial in strategic decisions that are rarely one-time events, particularly in capital-intensive energy transition projects.



The dynamic nature of ROA resulted in applications in various investment projects. The ROA has already been applied in a variety of business and finance contexts such as Ewald and Taub [19], Huang et al. [20], Ioulianou et al. [21], and Yeo and Lee [22]. This model has also been applied to investment decisions in different sectors including energy [23,24,25], agriculture and forestry [26,27,28], transport [29,30], and other climate mitigation and adaptation technologies [16,31,32,33]. In this paper, the ROA is applied to the decision to postpone or invest immediately in energy transition technologies considering the uncertainty in oil prices brought by the international conflicts.




2.2. Real Options Valuation of Energy Transition


This study takes the perspective of a policymaker or project planner that is planning to invest in an energy transition project, particularly renewable energy, against the threat of oil price instability due to an international conflict. The project is subjected to budget constraints and therefore the planner has the option to invest now or postpone the project to a later period.



For the first option, the net present value NPV of the project depends on the overnight cost and the present value of the future cash flows,    V  E T , t    , minus the investment cost,  I , as shown in Equation (4).


   N P V =  V  E T , t   − I    



(4)







Assuming that, currently, electricity is generated from fossil fuels, then I is the cost of investment in renewable energy infrastructure. The present value of future cash flows is the summation of the savings from shifting energy generation from fossils to renewables as shown in Equation (5).


   V t  =   ∑  0 T   ρ t   [   P E   Q E  −  (  O  M  R E , t   − O  M  F , t    )   ]   



(5)




where   ρ =  1   (  1 + r  )      is the discount factor, t is the project valuation period, T is the lifetime of the project,    P E    is the price of electricity,    Q E    amount of electricity generated, while   O  M  R E     and   O  M F    operations and maintenance cost of generating electricity from renewable energy,   R E  , and fossil fuels,  F . Since   O  M  R E     is fuel-free, then it has no variable cost, but only the fixed cost of generating RE. On the other hand, the   O  M  F , t     is based on fixed costs   F  C F   , and the variable cost equal to the amount of fossil fuel    Q F   , needed to produce    Q E    and the price of fossil fuel    P  F , t     as described in Equation (6).


  O  M  F , t   =  P  F , t    Q F  + F  C F   



(6)







Applying previous studies [4,34], this research assumes that the price of fuel is stochastic following a Geometric Brownian motion (GBM) as shown in Equation (7).


  d  P  F , t   =  μ F   P  F , t   d t +  σ F   P  F , t   d  W t   



(7)




where    μ F    and    σ F    are the percentage drift and volatility of fossil fuel prices and    W t    is a Wiener process equal to   ε   d t     such that   ε ~ N  (  0 , 1  )   . A GBM is a continuous-time stochastic process, in which the logarithm of the randomly varying quantity follows the Wiener process or Brownian motion with a drift [34]. Using Ito’s formula, this can be solved to estimate the future prices of fossil fuels as shown in Equation (8).


   P  F , t + 1   =  P  F , t   e x p  [   (   μ F  −  1 2   σ F 2   )  Δ t +  σ F    Δ t    ε t   ]   
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We now consider extreme events that affect fluctuations in fossil fuel prices. These fluctuations can be represented by a jump process, a type of stochastic process that has discrete movements, called jumps, with random arrival times, rather than continuous movement, typically modeled as a simple or compound Poisson process [35]. A Poisson Process is a model for a series of discrete events where the average time between events is known, but the exact timing of events is random and independent of the event [36].



Extending the Equation (7), fuel prices can be modeled as a Poisson Jump process [37] given by Equation (9).


  d  P  F , t   =  {          d  P  F , t   =  μ F   P  F , t   d t +  σ F   P  F , t   d  W t        d  P  F , t   =  μ F   P  F , t   d t +  σ F   P  F , t   d  W t  +  (   y t  − 1  )  d  N t              w i t h o u t   P o i s s o n   e v e n t         w i t h   P o i s s o n   e v e n t            
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where the jump size    y t    is a nonnegative random variable that has a log-normal distribution and has an expected value of  k ,    N t    is a compound Poisson process with jump frequency  λ  equal to the mean number of jumps per unit of time. Here, it is assumed that the Wiener process    W t   , the Poisson process    N t   , and the jump size    y t    are independent. The future prices of fossil fuels with the Poisson jump [38,39] can be calculated using Equation (10).


   P  F , t + 1   =  P  F , t   e x p  [   (   μ F  −  1 2   σ F 2  − λ k  )  Δ t +  σ F    Δ t    ε t  +   ∑  1   N t    l n  y i   ]   
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The stochastic prices of fuel with jumps are incorporated in the calculation of the NPV of the energy transition project. After calculation, the investment decision using the NPV rule can be represented in Figure 2. The direct pay-off from immediate investment is given by (V − I). When this pay-off is positive, the NPV rule tells us that the energy transition project is worthwhile to invest in. Otherwise, do not invest in the project.



Another option for the policymaker or project planner is to postpone the decision to a later period. This strategy has the advantage to gain more information concerning the uncertain environment and avoiding being stuck in a loss-making, irreversible energy transition project. Assuming the impacts of extreme events [40,41] on prices, we expect that the current Russia-Ukraine conflict makes the oil prices more volatile causing an increased uncertainty in the value of V. The value of this flexibility (RO) is calculated using Equation (1).



Using the ROA rule, the project planner may either postpone the energy transition project or implement the investment immediately as illustrated in Figure 2. Postponement of the project is decided when the value of waiting, as captured by the real option value RO, exceeds the value of investing immediately NPV (or V − I). Otherwise, it is better to invest immediately when there is no added value in waiting or has lesser value (  R O < V − I  ) as shown in Equation (11).


   {          R O > V − I     p o s t p o n e   i n v e s t m e n t               R O < V − I     i n v e s t   i m m e d i a t e l y            



(11)







Rearranging this provides further insight into identifying the optimal timing of investment  τ , in an energy transition project equal to the minimum period when   V > I + R O  . Equation (12) shows that the project should not only have a positive NPV but also with this value exceed the value of waiting.


  τ = min  {  t | V > I + R O  }   



(12)







Using the same criterion, the value of the project must exceed the investment cost by at least the value of the option to decide to invest now. This threshold value is the minimum-acceptable value denoted as V* in Figure 2, to make a worthwhile decision to invest immediately.




2.3. Case Study


The Philippines is an archipelagic country in Southeast Asia composed of 7641 islands. It is a developing country with a gross domestic product (GDP) of USD 360 billion with a 5-year average GDP growth rate of 5.6% before the pandemic. Its economy is driven by the service sector with a 61% share followed by the industry sector with a 29% share of GDP [42]. The continuous economic development and industrialization have resulted in a consistently increasing demand for energy for various purposes including utilities, industry, and transportation [4].



The country, albeit with an ample amount of natural reserves of fossil fuels, is very dependent on imported coal (85%) and petroleum (49%) resulting in unstable energy security and sustainability [4,43]. For instance, the oil crises in the 1970s, followed by global economic recession and rising interest rates, affected the energy security of the country resulting in an abrupt rising in commodity prices and economic downturns [44]. Recently, the Russia-Ukraine war caused a global supply shock, leading to a rise in oil prices in the world market [45]. Studies show that oil price shocks affect the Philippines’ energy security as well as the depreciation of the currency, consumer price index, and inflation, and results in slower economic growth [46,47,48]. This crisis, along with the rapidly growing power demand, government support, available foreign funding, and a combination of private and government investment and technical expertise stimulated the development of geothermal resources, making the country the third-largest producer of geothermal energy after the United States and Mexico [43,49].



At present, the country’s energy generation is based on 50% coal; 11% oil, 17% natural gas, and 22% renewable energy dominated by geothermal (11%) and hydropower (8%), wind (1%), solar (1%), and biomass (1%). The country’s geographic location in the Pacific provides vast potential for renewable energy capacity from the ocean (170 GW), wind (77 GW), hydropower (10 GW), geothermal (4 GW), solar (1.5 GW), and biomass (0.5 GW) [4]. The Philippines’ National Renewable Energy Program aims to develop and optimize the use of these renewable energy resources as an essential part of the country’s low emissions development strategy to address the challenges of climate change, energy security, and access to energy [4,50].




2.4. Data and Parameter Estimation


This study applies the proposed RO model for energy transition projects using the case of the Philippines. Among the reasons for this are the following: (a) the Philippines is too dependent on imported fossil fuel products for energy generation, (b) the country’s economy is consumer-driven, hence, changes in world prices of fuels affect the prices of basic commodities in the Philippines, (c) the country has vast potential for renewable energy generation, and (d) the country’s climate targets aim to reduce its emissions by half by 2050 and be energy self-reliant by using localized renewable energy sources.



We gather the data from various sources including the Philippine Department of Energy and US National Renewable Energy Laboratory report for energy investment parameters (investment cost, operations and maintenance costs, dependable generating capacity, and average electricity generation); National Economic Development Authority for project valuation parameters (social discount rate, valuation period, risk-free interest rate), and World Bank Development Indicators (world prices of fuel) [51,52,53,54]. The summary of data used in this study is presented in Table 2.



To make a basic comparison, this research assumes that the energy transition project consists of investment in a 1 GW solar photovoltaic (PV) farm. The total investment cost for the project amounts to USD 1.2 billion. This includes solar PV system technologies, battery systems, land acquisition, construction, and installation. The construction of the farm is assumed to be finished in a year (year = 0) and the generation of electricity will start at year = 1 and will run until the effective lifetime of solar PV for 25 years. The solar farm is expected to generate an average of 1.44 TWh of electricity per year with an average operations and maintenance (OM) cost of USD 18 million per year. According to the Department of Energy, the average electricity tariff for the industry in the Philippines is 0.112 USD/kWh.



If the energy transition is not implemented, electricity generation from diesel will continue with a fixed OM cost of USD 20 million per year. The variable cost includes the stochastic fuel prices described in Equation (10), and the quantity of diesel equal to 3623 barrels per year, needed to produce 1.44 TWh of electricity per year.



For the calculation of the stochastic prices of fuel, this research uses a 10-year historical weekly time series data to estimate the future prices of diesel as shown in Figure 3. Using the Augmented Dickey-Fuller unit root test, this study confirms that diesel prices follow GBM with annualized average return μ = 1.33% and annualized volatility σ = 0.94%. These parameters are substituted in Equation (10). The impact of the Russia-Ukraine conflict on future oil prices is estimated using the Poisson Jump Process with the jump size k = 1.7%, and jump frequency λ = 1.37.



The policymaker or project planner has the option to invest immediately in the energy transition project or postpone the project for up to 10 years. The annual cash flows are discounted according to the social discount rate set by the government at 10% for public infrastructure projects. For the initial real options valuation, we first set the opportunity cost δ = 0. Then, the real options values are calculated with δ = 5%, 10%, 15%, and 20% representing the opportunity value lost by waiting to exercise the energy transition project. Finally, a sensitivity analysis is done to evaluate the changes in investment decisions with respect to the changes in all explanatory variables.





3. Results


3.1. Options Valuation Based on Oil Price Historical Data


The result of the initial project valuation for energy transition is presented in Table 3. Using the traditional valuation method, the calculated NPV for the 1 GW solar farm project is USD 231 million. Applying the NPV rule, the result implies a decision to invest in the project as the present value of expected future cash flows would cover the initial investment cost (V > I). The future cash flows consist of the annual USD 146 million electricity generation and the cost savings from energy transition with a lower fixed operational cost of USD 2 million per year and energy savings from using diesel with an average growth rate of 1.33% per year. At a 10% social discount rate, the electricity generation would recuperate the capital cost after 15 years, and the remaining years would sum up the profits of the project.



To further appreciate the opportunity the energy transition project presents under the unpredictability of future prices brought by international conflicts, it is useful to consider the investment not only based on the NPV, but also as a “real option”. The value of a real option is the value of the opportunity to delay or postpone the implementation of the project within a certain period (T − t = 10 years) to benefit from an uncertain investment environment, such as the Russia-Ukraine conflict that may result in rising oil prices.



Using the real options valuation method, this “opportunity” is valued at USD 990 million as shown in Table 3. This means that the flexibility to postpone the implementation of the project at a later stage can be valued at this amount. Since this value is an “option”, an investor or a project planner must be willing to give up this real option value (USD 990 million) in order to implement the project immediately and get an NPV of 231 million USD.



While the NPV rule implies that the project is already profitable, the ROV rule implies that delaying the energy transition would reap higher profits. Under oil prices, the early energy transition is not optimal, as a project planner will wait because fuel prices are uncertain and expected to increase over time. This highlights the advantage of using real options valuation over traditional methods, as it gives additional value to the flexibility in the implementation of a project.




3.2. Oil Price with Poisson Jump Scenario


This research considers the impacts of extreme prices (jumps) on the value of a project. In this scenario, the fuel price uncertainty is modeled as a mixture of GBM and a Poisson process also called the jump-diffusion process. The impacts of two parameters on NPV and ROV are measured. These include the jump frequency λ and the jump size k. The first one specifies how many times extreme prices or jumps happen in a given time period, and the second one determines how large the extreme price is if it occurs. The results for both NPV and ROV calculations are shown in Table 4 and Table 5.



It should be noted that at jump size (k) or jump frequency (λ) equal to zero, fuel price projections will be the same as the projections using the GBM model. Hence, the NPV and ROV at k = 0 and λ = 0, are the same values presented in Table 3. Table 4 shows the valuation result incorporating the historical λ at various k sizes in the jump-diffusion model. It can be observed that both NPV and ROV increase with jump sizes. This is because higher jumps in diesel prices incur higher savings from energy transition, hence, higher V, NPV, and ROV. Applying the NPV rule, higher jump sizes imply a better opportunity to invest in the energy transition project. However, this also results in higher flexibility value making the investment decision to wait longer than valuation without jumps.



Table 5 shows the valuation result incorporating the historical k at various λ in the jump-diffusion model. Compared to the effect of k, both NPV and ROV increase with jump frequency but with higher values. This means that with a more frequent occurrence of extreme prices, the energy transition project benefits more with higher cost savings and therefore, higher V, NPV, and ROV. A similar decision for the effect of k, as higher jump frequency implies a better opportunity to invest in the energy transition but a longer delay in the implementation of the project.




3.3. Valuation with Opportunity Cost Scenario


In the previous scenarios, we observe that a higher value of future cash flows V implies a longer postponement of the project. In this scenario, we show instances when the delay in investment would decrease the ROV and imply a better decision to invest now than wait. This value is described, using the opportunity cost of waiting to invest δ, as the percentage loss of delaying the energy transition. The results of the valuation are presented in Table 6.



First, the δ = 0 is the baseline scenario with similar results in Table 3 using the historical prices. This value is then increased to 5%, 10%, 15%, and 20% respectively. Second, it can be observed that the NPV for all values of δ is the same. This means that NPV is not affected by δ as the NPV, as a project valuation method, has no flexibility to postpone or delay the investment decision. While ROV values this flexibility, hence, it is affected by the changes in δ. Third, the value of the real option decreases with δ which means that the longer the delay in energy transition, the higher the opportunity lost in producing a cleaner source of energy.



Fourth, it can be noticed that in some values of δ, the ROV is less than the NPV, which indicates an optimal decision to invest immediately using the ROV rule. Higher NPV than ROV implies that the value of waiting is not commensurate to the value of the immediate implementation of the energy transition project. Lastly, we can identify the threshold value of δ such that ROV = NPV. At δ = 7.65%, the optimal decision is to invest immediately as delaying the energy transition incurs opportunity losses.




3.4. Sensitivity Analysis


A sensitivity analysis is done to analyze the influence of various explanatory variables on both NPV and ROV. As presented in Table 7, these variables include the prices of electricity and fuel, quantity of electricity generation, fixed and OM costs, price parameters, investment parameters, and other real option parameters.



In general, it can be observed in Table 7 that the NPV is more sensitive to several explanatory variables. For instance, a 1% increase in electricity prices increases the NPV by 6.08% while only 1.42% to ROV. A percent change in diesel prices increases the NPV by 6.11% while 1.43% to ROV. These results imply that ROV is a more robust valuation method compared to NPV.



In some cases, NPV is equal to zero. This means that the NPV is not affected by the changes in volatility in fuel prices, risk-free interest rate, option valuation period, and opportunity cost. These variables are the parameters in the real options valuation in the Black-Scholes model in Equation (1) which account for the flexibility in postponing the implementation of the energy transition. Since NPV is a rigid valuation method, any changes in these variables would not affect the value and investment decision using NPV.



Finally, we can see that the variables have different effects on NPV and ROV with respect to sign. Sensitivity with positive values implies the percentage increase with respect to a percent change in the explanatory variables. On the other hand, negative values imply the percentage decrease in NPV and ROV with respect to a percent change in the explanatory variables. For instance, lower investment cost for energy transition results in higher NPV and ROV. Another, when the fixed OM cost of solar increases, cost-saving from energy transition decreases, as well as future cash flows and consequently, NPV and ROV.





4. Discussion


The results in the analysis of the impacts of international conflicts on energy transition provide various points of discussion. The first part describes renewables as an energy transition strategy. The next point discusses the valuation result for NPV and ROV calculations. Then, the levers influencing NPV and ROV are presented. The last part highlights the impacts of an international conflict such as the Russia-Ukraine war on investment decisions in energy transition projects.



First, this study focused on investment in renewables as an energy transition strategy. The energy transition is the transition towards environmentally and economically sustainable energy technologies which help the world mitigate climate change [55]. These technologies include renewables, energy storage, electrified transportation, energy-efficient built environment, hydrogen, nuclear, sustainable materials, and carbon capture and storage [16]. From a developing country’s perspective, one of the major decarbonization strategies is the transition from fossil-based to a more sustainable energy generation using renewable sources. However, compared with industrialized countries, developing countries are challenged by competitive prices of fossil fuels, lack of financing mechanisms and policy framework, economic development, and skepticism on the reliability of renewables [4,56,57]. It is therefore important to analyze how various factors affect decisions and accelerate investments in energy transition projects.



Second, from the traditional valuation method, the NPV results in all scenarios analyzed are positive. This means that the energy transition project on renewables is feasible in the selected case country. This confirms the findings from previous studies [58,59,60,61] that investment in solar PV is a viable option for the energy transition. On the contrary, some cases [62,63] found negative NPV for utility-scale and lower generation capacity solar PV. For instance, Assereto and Byrne [62] found that without policy support, investing in utility-scale solar PV might only be profitable under the best-case scenario, when technology costs are low. Sheha et al. [63] found that two out of ten studied were promising cases, one with a solar photovoltaic plant size of 200 MW and the other with 300 MW, while lower solar penetration had negative NPVs. Meanwhile, this research considers a large-scale deployment of solar PV at a 1 GW generating capacity. The positive NPV result can be explained by the advantage of economies of scale, in which the huge investment and other costs are distributed with a large-scale deployment of solar panels installed, and at the same time increases the cost-saving value from energy transition [60].



Applying the real options approach, this study finds higher real option values than NPV which imply a better decision to postpone the energy transition to more favorable investment conditions. This result supports previous findings [62,64,65], which found values in delaying investments in utility-scale and residential solar PV. Investment in the energy transition is largely impacted by the uncertainties in costs and revenues, hence, the timing is relevant to consider when making investment decisions in huge projects, which require high initial capital [64]. To maximize this flexibility value, an investor or project planner must respond to the six levers influencing the value of real options as shown in Figure 4.



The real options framework in this study identifies six drivers: the levers that influence NPV such as the investment cost (I) and the present value of expected cash flows (V); and the non-NPV levers such as the validity period of the option (T − t), risk-free interest rate (r), uncertainty in future cash flows (σ), and the opportunity cost of delaying investment (δ).



As shown in Figure 4 and Sensitivity Analysis in Table 7, the V and I affect both NPV and ROV in the opposite directions. For example, a reduction in the investment cost increases both the NPV as well as ROV, therefore, this lever does not lead to an earlier investment. Currently, the cost of solar PV is continuously declining due to technological innovations, competitive prices of solar PV and battery storage, and the learning effect [66,67]. With this trend, a firm has to wait longer to invest to the point when technology costs are low enough to make the investment more profitable [62].



Another NPV lever is the V which consists of costs and revenues from energy generation. According to the model in Equation (5), direct revenue is coming from the energy sales (electricity tariff and quantity of electricity generation) while the indirect revenue is the cost savings from the transition to renewable energy. Increasing the electricity generation from solar is less likely as this will incur higher investment costs. Moreover, increasing the tariff for solar PV, obviously, increases the value of both NPV and ROV. Since the NPV is more than four times more sensitive than ROV (see Table 7), there would be a threshold of electricity price when investing immediately is a better option than waiting (ROV < NPV). This is confirmed in previous studies where increasing electricity tariffs results in earlier investment in energy transition projects [60,62].



The four non-NPV levers have different effects on ROV. Note that these levers have no impact on NPV with its inflexible (now or never) decision rule. The period of holding the option, risk-free interest rate, and uncertainty have positive impacts on ROV. For instance, greater uncertainty in fuel prices raises the value of an option by increasing the value of flexibility. With the current Russia-Ukraine conflict, the uncertainty in oil prices may increase with Russia being one of the major players in the global oil market. As a consequence, a project planner tends to increase the uncertainty of expected returns in energy transition and then implement the project or back out, depending on changes in investment conditions. On the contrary, higher uncertainty increases the value of the real option, hence, prolonging the decision to implement the investment [68,69,70].



Similarly, extending the opportunity’s duration (T − t) raises the real option’s value because it increases the total uncertainty of the project. Moreover, any expected increase in the interest rate raises the value of the real option because it reduces the present value of the exercise price [4]. Among the four non-NPV levers, the opportunity cost δ seems to stand out with higher sensitivity. The δ can be described as the cost incurred to preserve the option or the opportunity lost from waiting to implement a project. When this value is increased, the present value of expected cash flows will decrease, and eventually the real option value. Hence, an investor in the energy transition will consider this opportunity cost and make a decision to invest earlier as postponement will incur losses [60].



Lastly, this study found the impacts of international conflicts on increasing both the NPV and ROV. The result for NPV is quite obvious as conflicts, such as the Russia-Ukraine war, may result in extreme oil prices. Along with the rise in crude oil consumption, the occurrence of geopolitical and economic events including war in oil-producing countries, terrorist attacks, etc., drives the risk of high crude oil prices [71,72], which are described as jumps in this study. Additionally, the Poisson jumps in energy transition may result from the possible discovery of new material, a significant improvement in the production process, a change in PV technology, or the installation of a nearby PV panel manufacturing facility [73]. With extreme oil prices or jumps, energy transition technologies become more competitive, hence, accelerating the investment in the transition. On the contrary, higher oil prices also increase the present value of future savings from the transition, resulting in higher real option values. Therefore, international conflicts further delay the investment in energy transition, using the real options rule, as the value of flexibility to postpone the project also increases. This confirms a previous study that geopolitical shocks have negative effects on energy transition, particularly in energy production from renewable energy sources [9]. Additionally, considering both regular random fluctuations and occurrences of major shocks in real options valuation suggests a postponement of the decision in the energy transition project but not abandonment [74]. Given the market uncertainty brought by international conflict, a decision-maker could gain a significant advantage from waiting to decide on energy transition later with better (though never complete) information.




5. Conclusions


This research examined how various factors accelerate the energy transition towards achieving the global climate targets. While this topic has been extensively discussed in previous studies, this paper contributes to the literature by (a) analyzing the impacts of an international conflict, such as the Russia-Ukraine war, on the timing of energy transition, (b) describing the occurrence of extreme prices by combining geometric Brownian motion model with Poisson jumps, and (c) exploring the effects of various real option levers on the timing and value of energy transition from the perspective of a developing country. Using the real options approach with the Black-Scholes-Merton model, this study analyzed the value of flexibility and the optimal timing to invest in the energy transition.



Applying the proposed model using the case of the Philippines, the results found that energy transition is a viable investment with positive NPV, considering the cost savings of the transition from fossil-based to renewable energy sources. The value of the flexibility (ROV) to postpone the investment is higher than the value of investing immediately (NPV), hence, the implementation of energy transition could be delayed. In terms of the NPV and ROV levers, lower investment cost and greater values of future cash flows, risk-free interest rate, period of holding the option, and the volatility of cash flows increase the value of the project, however, prolonging the timing of investment. Considering the opportunity cost of waiting, lowers the option value, hence accelerating the implementation of the energy transition. Meanwhile, the Russia-Ukraine war, which may result in extreme oil prices, increases both the NPV and ROV, hence further delaying the energy transition.



To accelerate the energy transition, particularly in developing countries, the findings in this study provide several policy implications based on the presented real option levers. First is the policy aimed at reducing the impacts of various market, geopolitical, and economic shocks. Second, the value of free operating cash flows from energy transition may be increased by increasing electricity tariffs and subsidizing the deployment of renewable energy technologies while decreasing the tariffs and de-subsidizing energy generation from fossil fuels. Finally, the government must also provide a better investment environment and financing schemes for energy transition projects. The government must encourage the development of more sustainable sources of energy and allow free-market competition to further decrease the investment cost in the energy transition by technology learning.



The main limitations of this study include the simplification of the project valuation using the Black-Scholes model, the availability of actual data on the effect of the Russia-Ukraine war on oil prices as described using geometric Brownian motion with Poisson jumps, and limiting the scope to an oil-importing developing country. Future studies may consider more complicated real options models such as Monte Carlo simulations, lattices, and dynamic programming to capture the complications of the extreme oil prices with other uncertainties. It would also be interesting to apply the model to oil-rich countries that are in the energy transition towards more environment-friendly and sustainable economies.
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Figure 1. Comparison of Levers in Net Present Value and Real Options Value. 
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Figure 2. Comparison of Investment Decisions between Real Options Value and Net Present Value. (Note: RO—real option, V—present value of cash flows, I—present value of fixed costs, NPV—net present value, ROV—real options value). 
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Figure 3. Historical Diesel Prices (2012–2022) and Projected Prices (2022–2032) based on Geometric Brownian Motion. (Note: curves from 2022 onwards are sample calculations). 
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Figure 4. Levers of Influencing the Value of Real Option. 
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Table 1. The Analogy between Financial and Real Options.
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	Financial Option
	Symbol
	Real Option





	Exercise (strike) price
	I
	Investment cost or money received upon launching (exercising) the action (option)



	Value of underlying asset (stock) price
	V
	Present value of expected future cash flows



	Risk-free interest rate
	r
	Risk-free interest rate



	Time until the option expires
	T − t
	Time until the decision must be made



	Volatility of the value of an underlying asset
	σ
	Uncertainty of the future cash flows



	Amount of dividends payment
	δ
	Value lost by waiting to exercise
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Table 2. List of Variables and Estimated Parameters for Real Options Valuation.
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	Parameter
	Symbol
	Value
	Unit





	Price of Electricity
	PE
	0.112 million
	USD/GWh



	Quantity of Electricity Generated
	QE
	1.44
	TWh/year



	Investment Cost (Solar Farm)
	I
	1.2 billion
	USD



	Operations and Maintenance (OM) Cost (Solar)
	OMRE
	18 million
	USD/year



	Lifetime of Solar Farm
	T
	25
	Years



	Fixed OM Cost (Diesel)
	FCF
	20 million
	USD/year



	Quantity of Diesel to generate QE
	QF
	0.576 million
	L/year



	Current Price of Diesel *
	PF,t
	1.117
	USD/L



	Annualized Return of Diesel Prices
	µ
	1.33
	%



	Annualized Volatility of Diesel Prices
	σ2
	0.94
	%



	Diesel Price Jump Size
	k
	1.37
	%



	Diesel Price Jump Frequency
	λ
	3.9
	



	Social Discount Rate
	r
	10
	%



	Option Valuation Period
	T − t
	10
	years



	Opportunity Cost
	δ
	0, 5, 10, 15, 20
	%







Note: * Price of Diesel is stochastic and the future prices are calculated using Equation (10).
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Table 3. Net Present Value (NPV) and Real Options Value (ROV) Using Historical Prices.
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Value

	
Unit






	
Net Present Value

	
231

	
million USD




	
Real Option Value

	
990

	
million USD




	
NPV Investment Decision

	
invest




	
ROV Investment Decision

	
Postpone investment








Note: The NPV rule is to invest (NPV > 0) or not in a project, while the ROV rule is to invest now (ROV < NPV) or postpone the investment (ROV > NPV).













[image: Table] 





Table 4. Net Present Values and Real Options Values at Different Price Jump Sizes.
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	Price Jump Size, k
	NPV (million USD)
	ROV (million USD)
	Investment Decision





	0
	231
	990
	Postpone



	1.7%
	247
	1006
	Postpone



	5%
	269
	1028
	Postpone



	10%
	373
	1132
	Postpone







Note: Net present values (NPV) and real option values (ROV) are calculated at the historical price jump frequency λ = 1.37.
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Table 5. Net Present Values and Real Options Values at Different Price Jump Intensities.
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	Price Jump Frequency, λ
	NPV (million USD)
	ROV (million USD)
	Investment Decision





	0
	231
	990
	Postpone



	1.37
	247
	1006
	Postpone



	5
	283
	1042
	Postpone



	10
	509
	1268
	Postpone







Note: Net present values (NPV) and real option values (ROV) are calculated at the historical price jump size k = 1.7%.
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Table 6. Net Present Value and Real Options Values at Various Opportunity Costs.
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	Opportunity Cost of Waiting to Invest, δ
	NPV (million USD)
	ROV (million USD)
	Investment Decision





	0
	231
	990
	Postpone



	5%
	231
	428
	Postpone



	7.65% *
	231
	231
	Invest now



	10%
	231
	111
	Invest now



	15%
	231
	8.51
	Invest now



	20%
	231
	0.097
	Invest now







Note: * threshold value of δ, when net present value (NPV) = real option value (ROV).
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Table 7. Sensitivity of Net Present Value and Real Options Value with Respect to the Changes in Explanatory Variables.
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	Parameter
	Symbol
	NPV
	ROV





	Price of Electricity
	PE
	6.08%
	1.42%



	Quantity of Electricity Generated
	QE
	6.08%
	1.42%



	Current Price of Diesel
	PF,t
	6.11%
	1.43%



	Investment Cost (Solar Farm)
	I
	−5.19%
	−0.45%



	Operations and Maintenance (OM) Cost (Solar)
	OMRE
	−6.84%
	−1.60%



	Fixed OM Cost (Diesel)
	FCF
	6.84%
	1.60%



	Lifetime of Solar Farm
	T
	1.44%
	0.34%



	Annualized Return of Diesel Prices
	µ
	0.32%
	0.07%



	Annualized Volatility of Diesel Prices
	σ2
	0
	0.03%



	Diesel Price Jump Size
	k
	7.11%
	1.66%



	Diesel Price Jump Frequency
	λ
	7.11%
	1.66%



	Risk-free Interest Rate
	r
	0
	0.42%



	Option Valuation Period
	T − t
	0
	0.42%



	Opportunity Cos−
	δ
	0
	−8.88%
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