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The U.S. Inflation Reduction Act (IRA) of 2022 provides a wide array of tax credits and other incentives for low-carbon energy. The technology-neutral clean generation production tax credit (PTC) (Section 45Y of the U.S. Internal Revenue Code) and the technology-neutral investment tax credit (ITC) (Section 48E) lower the net cost of new electricity generation projects with zero or negative greenhouse gas emission rates. We evaluate the impact of the IRA legislation—specifically the PTC and ITC—on the cost-competitiveness of small modular reactors (SMRs). We use the Argonne Low-carbon Energy Analysis Framework (A-LEAF) model to calculate the capacity factor of an SMR with a range of hypothetical variable operating and maintenance (O&M) costs in the Electric Reliability Council of Texas (ERCOT) electricity market. We selected ERCOT for market modeling because of its competitive structure, available data, and extensive use in prior literature. We use a discounted cash flow model to calculate the SMR’s net present value based on the market prices and capacity factors from A-LEAF, hypothetical ranges of capital and variable O&M costs, and other input parameters, with or without the IRA tax credits. We determine the SMR owner’s optimal choice of PTC or ITC for the hypothetical ranges of capital and variable O&M costs. We also evaluate potential shifts in the SMR owner’s optimal choice of PTC or ITC based on historical patterns of nuclear capital cost overruns in the United States. We also assess the sensitivity of our results to longer PTC period and electricity prices from the New England market, which tend to be higher than electricity prices in ERCOT. We find that even with the IRA tax credits, only SMRs with low capital and variable O&M costs would be economically feasible in the low-price ERCOT market scenario modeled. A longer PTC period and higher-price market such as New England, however, would significantly expand the economic feasibility of SMRs in the United States.
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1 INTRODUCTION
Nuclear plays an important role in the U.S. energy portfolio. It produces nearly 20% of electricity in the United States, but recent deployments have been sparse (EIA, 2023a). Although many nuclear plants were built in the United States in the late 20th century, the propensity for significant project delays coupled with cost overruns made the technology less financially viable relative to alternatives. This issue has led to limited nuclear deployment in the 21st century with only two major projects being completed in the last 20 years: Watts Bar Unit two and Vogtle Units three and 4. The most recent deployment of Vogtle Units three and 4, with their respective cost overruns (Southern Company, 2023), have re-confirmed the persistence of this issue in the United States.
However, as the negative impacts of climate change have been more of a focus for both U.S. and global leaders, nuclear has gained attention as a potential source of carbon-free, large-scale, firm energy. Multiple U.S. administrations have made carbon emission targets, with the Biden administration most recently committing to “achieving a carbon pollution-free power sector by 2035 and net zero emissions economy-wide by no later than 2050” (White House, 2023). Targets such as these have renewed national interest in nuclear power and other clean energy sources. A striking example of this was the passage of the Inflation Reduction Act (IRA) in 2022, which provides unprecedented federal investment in clean energy (U.S. Congress, 2022). The legislation provides an investment tax credit (ITC) in Section 48E and a production tax credit (PTC) in Section 45Y for new electricity generation facilities with zero or negative greenhouse gas emission rates.
Global interest in nuclear is also growing. At the United Nations Climate Change Conference of the Parties in December 2023, the United States and 21 other countries announced a goal to triple nuclear capacity by 2050 (DOE, 2023). The renewed U.S. and global commitment to nuclear has led some nuclear developers to shift focus from gigawatt-scale designs to smaller, more modular designs, commonly known as small modular reactors (SMRs). These reactors have capacities up to 300 MW electric (MWe) per unit and can be factory-assembled and installed on-site (IAEA, 2023). These characteristics make SMRs less susceptible to the cost overrun problems that have plagued large nuclear construction projects in the United States and Europe.
In addition to reducing the risk of cost overruns, standardized SMR designs and mass manufacturing could lower the expected capital costs of SMRs and attract private investment (Lloyd et al., 2021). Modularization of design could decrease labor and construction time costs significantly. For instance, 80% of an SMR plant could be modularized and transported by road, compared to only 20% of large reactors. Furthermore, 60% of in situ work could be moved off-site (Lloyd, 2020). These potential advantages have motivated developers to begin licensing designs and developing SMRs for applications spanning grid electricity and industrial energy demand.
In this context it is important to highlight that several SMR designs are being developed in the United States. Three of the most prominent SMR developers in the United States are shown in Table 1. As of the publication of this paper, only NuScale’s 50 MWe reactor design has received Nuclear Regulatory Commission (NRC) certification, but TerraPower and X-energy are both in the certification process.
TABLE 1 | Three of the most prominent SMR developers in the United States.
[image: Table 1]Despite this renewed interest in nuclear and the shift to SMR designs theoretically less susceptible to project cost and execution problems, questions remain whether SMRs will be economically viable. A particularly striking example of these concerns was seen with the cancellation of the Carbon Free Power Project demonstration of a first-of-a-kind (FOAK) SMR (NuScale Power, 2023). The project, which was slated to be built at Idaho National Laboratory (INL) and would provide power to the Utah Associated Municipal Power Systems, was a NuScale design. While the cancellation of this project was the result of myriad factors, economics was the most important. In congressional testimony, INL Director John Wagner stated, “The project did not end because of technical flaws. The NRC approved the NuScale design, which will likely be used to generate electricity in other countries, such as Romania. The Carbon Free Power Project was suspended because of economics. A lack of subscriptions was directly related to the cost issues surrounding deployment of first-of-its-kind technologies” (Wagner, 2023). It is common for FOAK projects to be costly, and often nascent technologies receive government subsidies to encourage first movers and advance market adoption. The Carbon Free Power Project was no exception. The project already anticipated receiving subsidies from the IRA when determining costs and failed to produce economically advantageous prices for its customers despite the subsidies (IEEFA, 2023). Given this, it becomes highly relevant to analyze the financial factors that affect the costs of SMRs.
This article provides a novel contribution to the literature on SMR economics by presenting a financial analysis of the IRA’s 45Y and 48E tax credits for eligible generation sources while also accounting for the impacts of market conditions. This is done by simulating a hypothetical SMR operator’s economic viability, including willingness to bid (and subsequently operate when prices permit) in a competitive market, for various possible levels of capital and operating costs. The market dynamics are simulated using Electric Reliability Council of Texas (ERCOT) data, which includes nuclear, solar, wind, gas, and coal generators in the bid stack. These revenue projections are fed into a discounted cash flow model that captures revenues, costs, construction time, construction spend curve, weighted average cost of capital (WACC), debt-to-equity investment splits, impacts of depreciation and interest expense, taxes, operational life, and debt and depreciation scheduling. These market simulations, in combination with detailed financial modeling, cost overrun risk, and sensitivity scenarios described below, make several novel contributions and provide additional insights beyond prior literature, such as Nuclear Innovation Alliance, (2023).
This article avoids making specific predictions about capital and operating costs for SMRs. Without actual data from real construction experience, particularly in the United States, making reliable predictions is inherently difficult. Instead, this article develops a panel analysis across a range of capital and operating cost estimates. Readers may wish to examine results which most closely match their own predictions about likely true cost figures, but the trends exhibited across this two-parameter matrix will likely be much more informative than evaluating individual point results in isolation. The results of this study not only produce a “feasibility region” within which SMR projects may be economically viable, but also describe how the boundaries of the feasibility region are blurred due to cost estimation uncertainty and construction risk.
Given the highly competitive nature of the ERCOT market and its low electricity prices, these results could be considered as lower bounds on economically feasible construction and O&M costs for SMRs. Markets with fewer low-cost suppliers and higher price tolerance will yield more profitable outcomes, as shown in the sensitivity results for the New England market, or for SMRs operating in remote locations or markets with less renewable energy.
2 METHODOLOGY
2.1 Inflation reduction Act
The U.S. IRA of 2022 has provided a vast set of support mechanisms for diverse energy technologies. Two of these mechanisms could directly impact the economic prospects of advanced nuclear technologies: the Section 45Y Technology Neutral Clean Electricity PTC and the Section 48E Technology Neutral Clean Electricity ITC. The IRA specifies that these tax credits are available to electricity generation facilities with zero or negative greenhouse gas (GHG) emission rate and placed in service after 31 December 2024. The IRA specifies the final year of eligibility as the later of 2032 or the year in which U.S. GHG emissions decline to 25% of their level in 2022.
The U.S. Department of the Treasury, which has jurisdiction over tax credits, has not yet specified the eligible categories of electricity generation facilities for the Section 45Y PTC and Section 48E ITC based on GHG emission rates. This analysis assumes that new nuclear plants will be eligible, as nuclear developers and other organizations have also assumed (e.g., Nuclear Innovation Alliance, 2023). These tax credits would support the economic competitiveness of new nuclear plants relative to renewable generators that have received tax credits for decades (Bolinger, 2009; Lantz et al., 2014; Steinberg et al., 2023).
Specifically, the PTC gives an inflation-adjusted base rate of $5.5/MWh of clean electricity produced without labor requirements described below, or $27.5/MWh if labor requirements are met. The base rate can be augmented by 10% if the domestic content requirements are met, and by an additional 10% if the facility is built in an energy community, also described below. With the two bonuses, the maximum PTC would be $33/MWh with a duration of 10 years, beginning with the first year of an eligible electricity generation facility’s operation.
On the other side, the ITC has a base value of 6% of the investment cost of a clean electricity project without labor requirements, or 30% of the investment cost if labor requirements are met. That base rate can be augmented by 10% points if the domestic content requirements are met, and an additional 10% points if the facility is built in an energy community. This means that a maximum of 50% of the project’s investment costs can be recouped via the ITC when the project enters service if all base and bonus requirements are met.
Note that both tax credits have the potential bonus of labor requirements. This means that if a taxpayer wants to claim the labor bonus, newly proposed projects must show that labor wages during construction meet or surpass prevailing rates and that a minimum portion of the work is undertaken by individuals enrolled in registered apprentice programs. Given this, this requirement could raise the capital costs of facilities, for instance in the case that a facility is paying wages below prevailing wage thresholds in the market of interest (Steinberg et al., 2023). The present analysis assumes that all new projects would adhere to the labor requirement without causing impacts on project costs.
Additionally, the Energy Community Tax Credit Bonus provides a bonus of up to 10% (for PTC) or 10 percentage points (for ITC) for projects, facilities, and technologies located in energy communities defined as in the IRA (IWG, 2023):
• “Brownfield Site":
Defined in specific subparagraphs of the Comprehensive Environmental Response, Compensation, and Liability Act of 1980.
• “Metropolitan Statistical Area” or “Non-Metropolitan Statistical Area” Criteria:
Must have (or had at any time after 2009): 0.17% or greater direct employment or 25% or greater local tax revenues related to the extraction, processing, transport, or storage of coal, oil, or natural gas.
Unemployment rate at or above the national average unemployment rate for the previous year.
• Census Tract Criteria:
A census tract (or directly adjoining census tract) in which:
A coal mine has closed after 1999; or.
A coal-fired electric generating unit has been retired after 2009.
A map of the potential energy communities that could receive this bonus is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Energy communities for IRA tax credit bonus (Interagency Working Group, 2023).
New generation sources eligible for these IRA tax credits must choose either the PTC or ITC. This creates a tradeoff, because facilities should consider the ITC and PTC depending on their capital costs, capacity factor, and generation, all of which may be difficult to forecast. The owner of a generation source with high capital cost but low-capacity factor would prefer the ITC, because its value is high when the capital cost is high. By contrast, the owner of a generation source with a low capital cost and a high-capacity factor would prefer the PTC, because its value is high when annual generation is high. While in some renewable energy technologies the selection of PTC or ITC is relatively straightforward, nuclear plants have both high capital costs and high-capacity factor. The analysis presented in this article addresses the key tradeoff between the IRA tax credits for new nuclear plants.
Finally, IRA authorizes “applicable entities,” including tax-exempt organizations, State and local governments, Indian tribal governments, Alaska Native Corporations, the Tennessee Valley Authority, and rural electric cooperatives, to opt for an election treating a determined applicable tax credit, including Sections 45Y and 48E, as a payment against the tax imposed by subtitle A of the Internal Revenue Code for the corresponding taxable year (IRS, 2023). Even if some entities do not owe federal income tax, the tax credits can still be received through elective payment. Elective payment is an option that allows certain entities, including tax-exempt and governmental organizations, to benefit from clean energy tax credits even if they do not owe federal income tax. When this option is chosen, the tax credit amount is treated as a payment of tax, leading to a potential refund for any overpayment (IRS, 2023). Applicable entities eligible for elective pay include tax-exempt organizations, states, local governments, tribal governments, Alaska Native Corporations, Tennessee Valley Authority, rural electric cooperatives, U.S. territories, and various governmental agencies.
It is also vital to note that IRA tax credits do not change the “gross” (i.e., full) costs of SMR construction and operation. Instead, the tax credits are financial supports that lower the net costs (calculated after deducting any discounts, credits, or other modifications that may be relevant to the purchase of any good or service) to SMR developers or owners. Input-output models to forecast the economic impacts of SMR construction and operation over the rest of the economy, such as jobs, local and regional gross domestic product contributions and indirect effects on other industries or supply chains, depend on gross costs and thus are unaffected by IRA tax credits. For instance, when a company building an SMR buys materials and equipment, it pays the full costs. Later, when the SMR is operating, the company recovers a portion of the money spent as tax credits.
2.2 Capital and O&M literature survey
As of the time of writing, no SMRs have yet been built in the United States. Without concrete data from real construction experience, any modeling or assessment of SMR economics must rely on estimates, which are inherently uncertain. Some SMR developers have released cost estimates for their designs, and various prior studies have compiled this type of data (Vegel and Quinn, 2017; EIRP, 2021; Stewart and Shirvan, 2022; Asuega et al., 2023; Steigerwald et al., 2023). Furthermore, various meta studies on the cost ranges of SMRs have developed results on expected SMR costs with uncertainty measures (Petti et al., 2018; SMR Start, 2021; EIA, 2022; Stein et al., 2022; Abou Jaoude et al., 2023).
After surveying the literature, a very wide range of claimed or computed values was found for expected SMR capital costs. Estimates ranged as low as $1,995/kWe and as high as $29,624/kWe; however, the bulk of the data was less than $10,000/kWe. This latter range is adopted for the purposes of this study.
Operating and maintenance (O&M) data exhibited a similarly broad distribution. This analysis models a range of hypothetical variable O&M costs to evaluate the SMR’s capacity factor under market conditions. As described in the next subsection, the SMR generates electricity for sale into the competitive market when its variable O&M costs are lower than market prices, subject to refueling, forced outages, and any other operational constraints. Fixed O&M cost is held constant in our analysis at $122/kW-year (EIA, 2023b).
The main source of variable O&M cost estimates, including fuel costs, is the meta-analysis by Steigerwald et al. (2023). Current U.S. nuclear plants had average O&M costs–including fixed, variable, and fuel–of $24.05/MWh in 2022 (NEI, 2023). Although SMRs could use digital twins, offsite control, and other strategies also under consideration for microreactors and fission batteries (Bryan et al., 2023), O&M costs per kW could still be higher for SMRs than current large nuclear plants because of diseconomies of scale.
Table 2 provides summary statistics of these different cost categories, along with the selected ranges for modeling.
TABLE 2 | Summary of data obtained from literature review on overnight capital costs and total O&M costs, and value ranges selected for modeling in this study.
[image: Table 2]Different “corners” of this two-way parameter range may be useful to represent different types of projects. High capital and variable O&M costs may be more representative of FOAK projects, which have not benefited from learning effects or mature supply chains. Low capital and variable O&M costs may be more representative of NOAK projects, in a hypothetical scenario where many identical units are built and learning effects significantly reduce both capital and operating costs. Individual points within this matrix may also correspond with estimates for specific designs produced by various sources.
2.3 Competitive market dynamics and A-LEAF modeling
2.3.1 Model market background and selection
To replicate an energy scenario for SMRs, it is important to introduce the market characterization in which the SMRs will be modelled. This study assumes that the prospective SMR unit under consideration will be built in a competitive wholesale electricity market region. A large proportion of electricity produced in the United States is traded in competitive wholesale markets. The economics of generation asset viability in rate-regulated markets, by contrast, are complex and involve many qualitative factors. In order to most clearly elucidate the effects of costs and cost uncertainty on economic viability for prospective investments in new nuclear, we chose to model two competitive wholesale markets: ERCOT and the Independent System Operator–New England market system (ISO-NE). The ISO-NE modeling was done in a more high-level analysis without A-LEAF, as explained in Section 3.2.
ERCOT accounts for some 85% of all electricity consumed within the state of Texas, and is notable for comprising its own interconnect, meaning that power imports and exports make up only a very small share of total electricity transacted in ERCOT. Furthermore, ERCOT takes a more pure-market approach to price formation and capacity assurance than any other competitive market in the United States. ERCOT remunerates generation and three ancillary services, but it has no forward capacity market for long-term security of supply, and no currently active state-wide energy incentives or policies.
2.3.2 Modeling SMR participation in ERCOT with A-LEAF
In a competitive market, generation units offer their capacity into the market at a chosen price for a particular hour. The role of the market operator is to optimally match supply and demand, by choosing from among all the generation offers to satisfy the market’s electricity demand for that hour at the lowest possible price. All generators whose offers are accepted receive the price of the most expensive accepted offer (the “marginal generation unit”). A simplified chart showing the market settlement process for the supply and demand curves in an illustrative hour is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Example electricity merit order curve.
The supply curve, marked in blue, shows the cumulative generator capacity offers, rank-ordered from lowest to highest marginal costs. The demand curve, marked in orange, shows the amount of electricity which the market demands for this hour. Bilateral contracts, transmission congestion, and demand/availability mispredictions are not considered in this simple example. The point at which the supply and demand curves meet is the market settlement price, in this case $13/MWh. This process would repeat for each hour of the year, so each hour may have a unique solution depending on demand levels and the availability of renewables units (solar units normally offering at $0/MWh cannot generate at 12:00 AM, for example).
However, valid market “solutions” are also limited by the operational constraints of the units involved. The market operator cannot demand that a powered-down conventional nuclear power plant start up and ramp to a 100% power level immediately, even if doing so would be cost-optimal for the system, because that behavior is impossible for the unit to execute. Furthermore, the real electricity grid has a fixed pattern of transmission lines with limited capacity, causing locational variations in price outcomes as well. This combination of variables can make it very complex to forecast the full hourly results of a market like ERCOT, but several modeling tools exist to solve this problem.
The Argonne Low-carbon Energy Analysis Framework (A-LEAF) is an electricity market simulation framework, designed to model capacity expansion and hourly market operations at the U.S. national or regional scales. It optimally solves the least-cost electricity dispatch problem for each hour of the year, incorporating detailed user-specified assumptions about generation unit operational capabilities, costs, transmission networking, energy policies, and other system details.
A-LEAF does not make any assumptions about generator activity. It directly simulates both halves of the market settlement process for each sequential hour of the year: all available generators submit their generation offers, and the simulated central market operator determines the least-cost mix of generation which satisfies both demand and operational constraints for all hours. It does not rely on price duration curves, levelized cost of electricity (LCOE), or any other approximation method; all market processes are simulated “live.”
Second, A-LEAF outputs detailed information cataloguing offers and market results for all units for every hour of the year, including market settlement prices and amounts of electricity (and ancillary services) provided by each unit type for each hour. This data can be used to determine exactly how much electricity and ancillary service capacity each generation unit dispatched in the market, as well as the prices received for all generation, and therefore the total market revenues earned by each unit.
2.3.3 Modeling ISO-NE
Detailed modeling of ISO-NE was not undertaken in this study. The additional complexities of this market, including significant power imports and exports and the forward capacity market, rendered a full ISO-NE model out of scope for the present work. Section 3.2 presents high-level analysis of SMR economics using average electricity market prices from ISO-NE. Detailed market operations modeling for ISO-NE would be an interesting avenue for future work.
2.4 Discounted cash flow methodology
The simulated annual revenue and cost values were input into a discounted cash flow (DCF) model to capture additional factors on project profitability. Using DCF modeling to understand project profitability adds value to the analysis by accounting for the time value of money associated with investments with long investment and operation. This method, which discounts future cash flows back to the same dollar year (hypothetically being year zero, when the project begins) allows one to stack project investments against revenues and compare them commensurably. This is necessary because $100 today is worth more than $100 next year because it can be invested and earn an interest rate on the investment. For example, $100 today could be invested, risk free, at a hypothetical rate of 5% and be worth $105 next year. Put differently, $100 a year from now is actually worth ∼$95 in today’s terms when accounting for the time value of money. This discounting of future cash flows is done using a discount factor, calculated as shown in Equation 1.
Equation 1. Discount factor calculation.
[image: image]
Where the discount factor, [image: image], in year [image: image] is a function of the assumed discount rate, [image: image] and [image: image]. Thus, the further out cash flows are accumulated (as [image: image] increases), the less they are worth in year zero terms and the more heavily they are discounted. This can be applied to a series of cash flows to calculate the present value, or sum of DCFs, to determine profitability. Equation 2 shows how this would function mathematically.
Equation 2. Net present value calculation.
[image: image]
Where.
• [image: image] represents the net present value of a given investment
• [image: image] represents a given year
• [image: image] represents the total length of the project (80 years in cases modeled herein)
• [image: image] represents a cash flow in a given year [image: image], which can either be a positive value, representing project returns, or a negative value, representing investments or project losses
• [image: image] represents the discount rate for a given project
The discount rate for a project is firm-specific and a function of project risk and project financing. Typically, the discount rate used for a project is the weighted average cost of capital (WACC), which is calculated using the respective required returns for both debt and equity capital weighted by the percent total of that capital type, and accounting for tax impacts (EIA, 2023b).
With the value and basic methodology of DCF modeling established, it is now useful to dive deeper into what exactly is encapsulated in a cash flow calculation for a given time period (shown as [image: image] in Equation 2). To calculate cash flows, one must first calculate net income, which is a function of the following:
• Revenue
• Variable and fixed O&M
• Depreciation
• Interest expense
• Tax expense and tax credits
To convert net income to cash flow, one must add back in non-cash expenses such as depreciation, and subtract cash expenses associated with financing, such as debt principal payments. This produces the actual change in cash for the firm which is used to produce the cash returns and represents the value for [image: image] in each period. Figure 3 shows how cash flow is calculated by subtracting and adding different accounts starting with top line revenue. It is important to note that some confuse net income for cash flow in DCF modeling, which is a critical mistake and leads to outcomes that are not representative of the real-world outcomes. In this sense, the robustness of a given DCF analysis is rooted in the assumptions behind how cash flows are calculated and if the modeler is accurately capturing real cash outcomes versus only net income outcomes.
[image: Figure 3]FIGURE 3 | Cash flow account breakout and calculation.
Dollar values in this article are in 2022 USD. In the DCF model, real cash flows were used instead of nominal, so all values were adjusted by an assumed constant future inflation rate of 3% each year.
2.5 Discounted cash flow parameters
This section describes the parameters and modeling methods used to derive each of the accounts shown in Figure 3.
2.5.1 Modeling cases
Four modeling cases were developed, as laid out in Table 3. Results for the two ISOs under consideration will be presented sequentially, in Sections 3.1 and 3.2, respectively.
TABLE 3 | Modeling cases.
[image: Table 3]ERCOT is an energy-only market, with no capacity market. In recent years, ERCOT has tended to exhibit relatively low average prices (between $25/MWh and $47/MWh between 2014 and 2020), punctuated by years of high prices due to winter storms (causing average prices of $168/MWh and $75/MWh in 2021 and 2022, respectively). In the absence of winter storm conditions, the low-price ERCOT wholesale market is a challenging environment for new nuclear, where profits are low and there are no support mechanisms for capacity. The ERCOT market prices used in this analysis have an annual average of approximately $30/MWh.
ISO-NE, on the other hand, tends to exhibit higher market prices, and also has a capacity market and various state mechanisms for supporting zero-carbon energy. The average day-ahead market price in ISO-NE between 2018 and 2022 was $52/MWh, not including capacity market or other policy revenue (ISO New England, 2023).
2.5.2 Variable O&M
Variable O&M cost inputs ranged from $7.50/MWh to $45.00/MWh in steps of $7.50/MWh according to the range described in section 2.1. In the DCF analysis, variable O&M and fuel costs are scaled by the unit’s total amount of electricity generated during the year. A-LEAF directly simulates the representative SMR’s generation activity across the entire year of operations, so the SMR’s total electricity generation in MWh is available as an output from A-LEAF.
2.5.3 Revenues
In the ERCOT cases, revenues for the SMR unit were estimated using A-LEAF modeling. A single year, representative of 2022, was modeled for the ERCOT market. Table 4 shows the ERCOT results when the SMR does not receive a PTC (either in the no-policy case, or when the unit elects the ITC instead).
TABLE 4 | SMR total generation and revenue results when the SMR does not receive the IRA PTC, from the six A-LEAF simulations in ERCOT at different variable costs.
[image: Table 4]As the SMR’s variable cost increases, the cost at which it bids into the market also increases. Because all dispatched units in a given hour receive the price set by the intersection of demand with the highest-marginal-cost generation offer, this increasing cost does not significantly affect how often the SMR is dispatched until its variable cost reaches $37.50/MWh. At this level, it is pushed out of the market during low-demand (i.e. low-price) hours. At a variable cost of $45/MWh, the SMR is forced into a peaking role: it generates only during high-demand, high-price, near-scarcity hours (mostly during the summer peak).
This “pricing-out” effect decreases the SMR’s total earned revenue, but not as significantly as might be expected at first glance. The first hours during which the unit will be curtailed are low-demand hours, when wind and solar generally meet a large portion of demand. The loss of these hours, when market prices are generally $30/MWh or less, is not too economically impactful. Compare this to the summer peak hours, when prices exceed $1,000/MWh for certain durations. Due to high demand in these hours, the SMR is still dispatched. This is the exact business model of many peaker units today: operate only when prices are at their highest, to capture the highest-value market opportunities.
Table 5 shows the ERCOT results when the SMR receives a PTC. With this production subsidy, the SMR bids into the competitive market at its variable costs minus the pre-tax value of the PTC, which is calculated by dividing the PTC value ($27.50/MWh before bonuses and inflation) by one minus the tax rate (Ho et al., 2021). By bidding into the competitive market at lower levels, the SMR is competitive even with $37.50/MWh or $45.00/MWh in variable O&M costs. It continues to supply electricity and make an operating profit even when market prices are below its variable O&M costs. The “pricing-out” effect occurs much less in the PTC modeling results than in the ITC results.
TABLE 5 | SMR total generation and revenue results when the SMR receives the IRA PTC, from the six A-LEAF simulations in ERCOT at different variable costs.
[image: Table 5]2.5.4 Nuclear unit non-cost characteristics and operation
For this study, parameters for a representative generic SMR were developed to represent general characteristics of current SMR design concepts without directly representing any particular technology or design. Data was taken from the National Renewable Energy Laboratory (NREL) Annual Technology Baseline (ATB), as well as the literature review conducted in section 2.1.
The representative SMR has a nameplate capacity of 300 MWe, and an assumed 80-year lifetime. The useful life assumption was chosen to represent current movement within the U.S. commercial reactor fleet to further extend licenses to 80 years. It is not guaranteed that new SMRs would be able to operate for this full time span, which depends on success in safe operations and regulatory factors. However, the discounting of cash flows means that the contribution of years beyond 60 to the economic assessment is quite small, so an alternate assumption of 60 years would have limited effect on the results.
For the ERCOT cases, the SMR’s capacity factor was not an assumption made by the modeling team. It can be computed arithmetically after-the-fact based on the A-LEAF modeling results, as shown in the preceding tables, but it is worth emphasizing that the SMR’s capacity factor is a completely endogenous, “live-modeled” result from the ERCOT A-LEAF market model.
For the ISO-NE case, a nuclear capacity factor of 93% was chosen, to reflect the average operational experience in the U.S. commercial nuclear fleet from 2018 to 2022.
2.5.5 Depreciation
The capital expenditures were depreciated using a modified accelerated cost recovery system (MACRS) 150% declining balance schedule as stipulated by the 2022 IRS asset depreciation guidelines (IRS, 2022). In this instance, the IRS recommends a MACRS schedule with a 15-year 150% declining balance method and a half year convention. This MACRS schedule fully depreciates the asset over 16 years in a nonlinear fashion, where the bulk of the depreciation is concentrated in the early years of the depreciation schedule after the start of operations. Technically, a firm could elect to use an alternative depreciation system method, where the plant is depreciated over 20 years according to a more linear scheme. However, the MACRS method yields larger tax deductions earlier on in the project when the values are discounted less, resulting in higher effective cash flows for the firm. A firm aiming to maximize cash flows would be expected to elect the more aggressive depreciation method, so the MACRS method was selected for this model.
2.5.6 Capital financing
In the interest of simplicity, a capitalization structure of 50% debt and 50% equity was assumed for this study. Different capitalization structures can be more optimal for different firms, as debt is less costly and can provide significant tax benefits, but imposes inflexible payment schedules on the firm. For example, a UK study published in 2008 found that four new nuclear plants were financed using 70% debt 30% equity splits (WNA, 2008).
The cost of accessing external financing is a critical factor for assessing major capital projects. This study used a WACC of 6.4%. This value was selected by considering the Annual Energy Outlook (AEO) modeling assumptions used by Energy Information Administration (EIA) in their 2023 AEO publication (EIA, 2023b). AEO uses a WACC of 6.4%. It is worth noting that the modeling performed by EIA assumes new construction financing is the same irrespective of generation type (renewable, fossil fuel, and nuclear power plants all have the same assumed WACC). It is also common for firms to use a hurdle rate, where an additional return is required above WACC to account for project-specific risk. Hurdle rates to incorporate this risk premium vary depending on the firm and project. Hurdle rates above the WACC value of 6.4% used in this analysis would lower the NPV results.
The project was assumed to be completed over a 6-year period with the total overnight capital cost distributed according to a triangular distribution across that time. The debt portion of this capital expenditure was assumed to accumulate interest at a 5% rate over those 6 years of project construction. It is possible that SMRs will be built in shorter timeframes so this assumption can be considered as conservative.
2.5.7 Taxes and tax credits
The assumed total federal and state tax rate was 25%. As both of the policies under consideration are tax credits, this study assumes that the SMR project is being considered by a relatively large firm with excess tax liability from its other operations. Therefore, receipt of tax credits in excess of the SMR project’s annual tax liability or instances of negative taxable income are assumed to be feasible—excess tax credits or negative taxable income are assumed to apply at full face value to the firm’s other tax liabilities because of the IRA elective pay provisions described above.
A summary of the modeling parameters and sources is shown in Table 61.
TABLE 6 | Modeling parameters and sources.
[image: Table 6]2.5.8 Nuclear construction cost escalation
The construction of any large, technologically complex project is liable to cost overruns and schedule delays. In particular, nuclear construction projects in the United States have a long history of cost overruns, from the 1950s through to the present day. Accounting for this overrun risk is crucial when characterizing the economic viability of these projects, as construction risk can be equally or more impactful than the base cost estimate in real deployment decisions. Much has changed in the U.S. nuclear industry since the boom years of the 1960s and 1970s, but construction experiences at V. C. Summer in South Carolina and Vogtle in Georgia, as well as the cancelled NuScale Carbon Free Power Project, show that cost escalation is still a major consideration today.
2.5.8.1 Data selection and the influence of Three Mile Island
An Energy Information Administration report detailing initially forecasted versus actual construction cost results for U.S. commercial nuclear reactors completed before 1986 provides the total construction cost overrun data shown in Figure 4, denominated in units of real 1982 U.S. dollars (i.e., removing the effects of inflation).2 The values represent overruns on overnight capital costs, or total capital costs to build a reactor without accounting for interest expense. Additionally, these overrun estimates were produced by calculating the delta between the initial cost estimate for the reactor before construction began, and the realized cost at the end of the project construction.
[image: Figure 4]FIGURE 4 | Construction cost overrun distributions for U.S. nuclear reactor units which finished construction pre-Three Mile Island (blue) and post-Three Mile Island (red). Underlying cost data are denominated in real 1982 dollars. Data taken from (EIA, 1986).
The Three Mile Island (TMI) incident looms large in the history of U.S. commercial nuclear reactor. TMI is often cited in nuclear discourse as the cause for nuclear energy’s costly reputation. However, this data shows a very different story: high cost overruns were already endemic to the industry prior to the TMI incident, a fact affirmed by sources from pre-1979 (Bupp and Derian, 1978) and immediately post-TMI (Komanoff, 1981). However, it is certainly clear even from visual inspection that TMI increased the severity of the cost escalation distribution. Some summary statistics for the above data are shown in Table 7. The median and average figures confirm what Figure 4 shows: the post-TMI distribution skews further to the right, and has a much longer right tail, compared to the pre-TMI data.
TABLE 7 | Summary statistics for U.S. nuclear cost overruns pre- and post-TMI.
[image: Table 7]When considering future nuclear construction, it cannot be predicted in advance whether we live in a “pre-TMI-like” world or a “post-TMI-like” world in terms of cost overruns. Under ideal conditions with highly constructable designs and perfectly managed projects, neither of these worlds would be applicable. However, capital-intensive projects must be evaluated not for the ideal case, but for a range of plausible cases including median and worst-case scenarios.
In this study, economic results will be shown without any cost escalation, as well as for the separate pre-TMI and post-TMI cost overrun distributions. These three cases will demonstrate how the economic case for our generic SMR changes when different population distributions of cost overruns are presumed: zero cost overrun, pre-TMI-like cost overrun, and post-TMI-like cost overrun. The individual cases will develop insight into SMR economic viability at those particular distribution parameter assumptions, and collectively they will demonstrate how a reader could expect the results to change under their preferred assumptions about cost escalation risk.
2.5.8.2 Distribution parameterization
To appropriately model the likelihood of overrun outcomes under these two sampled groups, it was necessary to choose and parameterize appropriate probability distributions for both the pre-TMI and post-TMI samples.
First, the general type of probability distribution was determined. Based on the EIA data, no commercial reactor in the U.S. was ever completed at or less than its initially estimated budget. Extant literature on complex megaprojects (Flyvbjerg, 2014) also confirms that large, technologically complex projects involving multiple major stakeholders are unlikely to ever meet their initial budgets for a variety of reasons. The EIA data also appears strongly single-tailed based on visual and statistical inspection. Therefore, a one-tailed distribution was determined to be most appropriate.
To choose and parameterize a specific one-tailed distribution, the @RISK software add-on for Excel was used. A suite of one-tailed distributions was automatically fit to the samples for the complete dataset as well as the pre-TMI and post-TMI data. @RISK provided full distribution parameterization as well as goodness-of-fit information for all distributions. Based on the Akaike Information Criterion, as well as domain knowledge, the lognormal distribution was chosen to represent all three data subsets.
Figure 5 shows the cumulative distribution function for the fitted lognormal distribution of each data subset. The x-axis shows the cost overrun multiplier (i.e. a multiplier of one means the project’s actual cost is the same as its initial estimated cost).
[image: Figure 5]FIGURE 5 | Cumulative distribution functions for historical cost overrun groupings. The x-axis shows the cost overrun multiplier, i.e. a multiplier of one indicates a final cost exactly equal to the initial estimated cost, and a multiplier of two indicates a final cost of double the initial estimated cost.
The longer upward skew of the post-TMI data compared to the pre-TMI data is clearly visible. As previously mentioned, the median pre-TMI overrun multiplier is 2.29, compared to the post-TMI median of 3.14, and the all-data median of 2.81.
3 RESULTS: OPTIMAL TAX CREDIT SELECTION
As noted above, the owner of a new carbon-free generation source must choose either the PTC or ITC. Subsequently, the question becomes: which of the two will yield a higher return for the company? And how is this decision affected by uncertainties in construction cost?
To answer this, these three scenarios were modeled to compare the expected returns with the election of no tax credit, ITC, and PTC. The analysis was divided between a nominal case where the realized construction cost exactly matches the estimated construction cost, and an uncertainty case where construction cost overruns are modeled in more detail.
3.1 ERCOT results
3.1.1 Nominal case: no construction cost uncertainty
Without cost uncertainty in play, the results shown here demonstrate two distinct parametric regions:
1. The “feasible region,” marked in green, where expected NPV is greater than zero; and
2. The “infeasible region,” marked in red, where expected NPV is less than zero.
Generally, projects with characteristics similar to our example reactor, operating in markets similar to our modeled market, might expect to be economically viable if their capital and variable O&M costs place them in the blue feasibility region.
A side-by-side comparison of the three baseline policy scenarios, without construction cost uncertainty, is shown in Figure 6.
[image: Figure 6]FIGURE 6 | Comparison of SMR economic viability (NPV) in ERCOT under different policy scenarios: no policy, the IRA PTC, and the IRA ITC.
The low prevailing electricity prices in ERCOT make this market an extremely challenging environment for new nuclear power. With no policies in place, a new SMR appears economically viable if and only if its capital cost is around $1,000/kWe and its operating cost is around $7.50/MWh, the absolute lowest-cost pair of values considered in this study. Our finding that SMRs would need to have low capital and operating costs to achieve market competitiveness is consistent with prior literature, such as National Academies (2023). A NOAK SMR may potentially achieve such efficient construction and operation figures in the very long run, but this extremely low-cost regime is likely unachievable for most design concepts.
Electing the PTC expands the feasible region somewhat, allowing capital costs up to $3,000/kWe or operating costs up to $22.50/MWh (though not both at the same time). Electing the ITC allows capital costs up to $3,000/MWh, but operating costs must remain at a very low level, around $7.50/MWh to be viable.
In this extremely low-revenue market, the PTC’s mechanism to offset low revenues appears to be the more effective lever for increasing the viability of new nuclear generation. Although the IRA does not make ERCOT a hospitable place for FOAK nuclear deployments, election of the PTC may make it possible to site later, more cost-efficient plants in this region. As the IRA’s eligibility period sunsets in 2032, achieving NOAK in such a short time frame may be very challenging. However, similar to the federal renewable energy tax credits, it is possible that the IRA eligibility period may be extended past its original end date. In such an extended-IRA scenario, it is possible that the IRA may be sufficient to bring NOAK-like SMRs onto the grid in ERCOT.
Some other characteristics of these parameter spaces are also of interest. First, the “worst case” outcome in the PTC scenario is more severe than the “worst case” outcome in the ITC scenario: in the lower left corner of each panel, the negative NPV accruing to the ITC-electing unit is much less negative than that accruing to the no-policy or PTC units. This indicates that the ITC more effectively limits the financial downside risk of building a new SMR, as it directly offsets the up-front capital costs which are incurred up-front and are therefore most heavily weighted in the NPV calculation.
Second, the ITC feasible region is very “long” in the capital-cost axis and “short” in the operating-cost axis, whereas the PTC feasible region is comparatively longer in the operating-cost axis and shorter in the capital-cost axis. This is a straightforward result of the implementation mechanism of each tax credit: the PTC offsets operating cost, whereas the ITC offsets capital cost. This effect will be much more significant in the ISO-NE discussion, when higher market prices make numerous policy impacts more apparent.
Table 8 shows the regions over which each policy is most NPV-favorable.
TABLE 8 | Optimal IRA tax credit choice in ERCOT, across the capital and operating cost ranges, without capital cost escalation.
[image: Table 8]This result reinforces the previous point: the PTC is generally most optimal to offset higher variable O&M costs, whereas the ITC is generally most optimal to offset higher capital costs. The PTC is also broadly most optimal in the high-cost-efficiency upper-left corner of the parameter space.
In summary, for a market with low average prices like ERCOT, the PTC appears to be the more favorable policy mechanism for inducing new SMR capacity additions. However, low prevailing margins (in the absence of modeled severe weather events) indicate that deployable SMRs in ERCOT must still fall within a very small range of capital and operating costs.
3.1.2 Uncertainty case: modeling project value with construction cost overruns
The previous results assumed that the capital cost of the reactor came in exactly on budget, with financing costs included but without any cost escalation. As noted previously, significant capital cost escalation during construction was a universal phenomenon during the build-out of the U.S. commercial nuclear fleet, and continues to occur today on projects like the Vogtle expansion and the NuScale Carbon Free Power Project.
This section expands the discussion of the ERCOT SMR economic viability results by quantifying the impacts of capital cost escalation. The metric used for this purpose is the probability of a reversal in economic viability mid-project, as measured by a positive NPV being reduced to or below zero by cost escalation.
For example, in the ERCOT no-policy case, the only cost parameter pair which results in a positive NPV is the $1,000/kWe, $7.50/MWh capital-operating cost cell, as shown in Figure 6. The NPV of this singular viable project is estimated to be just $39M when capital cost escalation is considered. Therefore, using the pre-TMI and post-TMI construction cost escalation distributions, it is possible to estimate the probability of this project’s NPV being reduced below zero by cost escalation. This probability figure will be referred to as the “likelihood of economic reversal”. These results are shown in Table 9.
TABLE 9 | Comparison of the likelihood of economic reversal under pre-TMI and post-TMI cost escalation, when no policy support is available for the SMR project.
[image: Table 9]In both cases, the likelihood of economic reversal is extremely high due to the very slim margins of the project: a positive NPV of only $39M, compared to a total overnight capital cost of $300M. This project would have to achieve construction efficiencies in the best 5% of all historical experience in order to still be providing positive value to the owner by the end of the project.
The no-policy case is the most highly constrained of all cases, with only one parameter pair which results in an economically viable project. The cost escalation question becomes more interesting when the IRA policies are made available to the unit, increasing the overall size of the feasible space (when cost escalation is not considered).
Figure 7, 8 show the likelihood of economic reversal for the SMR when the IRA PTC is elected, under the pre-TMI and post-TMI cost escalation distributions, respectively.
[image: Figure 7]FIGURE 7 | Likelihood of economic reversal in ERCOT under the PTC, with the pre-TMI (less severe) cost escalation distribution, for all cost parameter pairs which show positive NPV without cost escalation.
[image: Figure 8]FIGURE 8 | Likelihood of economic reversal in ERCOT under the PTC, with the post-TMI (more severe) cost escalation distribution for all cost parameter pairs which show positive NPV without cost escalation.
The neatly-defined feasibility frontier shown in Figure 6 becomes blurred when capital cost escalation is introduced. The lowest likelihood of economic reversal resides in the lowest-cost region of the parameter space, in the upper left hand corner of both figures.
By comparing the result in the $1,000/kWe, $7.50/MWh cell with the no-policy case, the risk-reduction properties of support policies can be plainly observed. Without any policy support, this SMR project has a 95% likelihood of reversing economic value for its owner by the end of construction. With the PTC in place, this likelihood of economic reversal is reduced to only 15% (pre-TMI distribution) or 60% (post-TMI distribution). A 60% chance that a project will provide net negative value to a firm is still not a favorable business case, but the intervention of the PTC has definitively reduced the risks involved in the project. If the owner believes that their experience with project development and their EPC partners’ expertise places them in the pre-TMI world, the project’s prospects look much more viable.
Under the PTC, the likelihood of economic reversal is more sensitive to increases in capital cost than increases in operating cost. This can be seen by comparing the minimum-cost upper-left cell to its immediate neighbors. Like the overall shapes of the feasibility regions themselves when capital cost escalation is not considered, this lopsided sensitivity is due to the PTC’s action pathway of directly subsidizing higher operating costs.
Overall, when capital cost escalation similar to the U.S. historical experience is considered, the PTC makes a helpful but not definitive contribution to project viability.
The results are similar for the ITC. Figure 9, 10 show the likelihood of economic reversal in ERCOT when the ITC is elected, for the pre-TMI and post-TMI distributions respectively.
[image: Figure 9]FIGURE 9 | Likelihood of economic reversal in ERCOT under the ITC, with the pre-TMI (less severe) cost escalation distribution for all cost parameter pairs which show positive NPV without cost escalation.
[image: Figure 10]FIGURE 10 | Likelihood of economic reversal in ERCOT under the ITC, with the post-TMI (more severe) cost escalation distribution for all cost parameter pairs which show positive NPV without cost escalation.
The overall feasibility region for the ITC is smaller than for the PTC, but similar patterns are observed. Project risk is materially reduced when compared to the no-policy case (15% and 60% likelihood of economic reversal, rather than 95%, for the lowest-possible-cost SMR). The relatively strong sensitivity to capital cost increases for the ITC case is due to the overall lower NPV values obtained under the ITC in ERCOT compared to the PTC. The solid-edged feasibility region estimated from the no-cost-escalation case becomes a strong gradient when cost escalation is applied, as the economic risk is shown to be very sensitive to increases in capital or operating cost.
Finally, the optimal selection matrix for an SMR in ERCOT under capital cost uncertainty is shown in Table 10 (pre-TMI) and Table 11 (post-TMI). In this scenario, the ITC or PTC is selected based on which policy results in the least risky project (i.e. the lowest likelihood of economic reversal).
TABLE 10 | Optimal policy selection matrix for ERCOT under capital cost uncertainty (pre-TMI). Empty cells have no viable projects at that cost point.
[image: Table 10]TABLE 11 | Optimal policy selection matrix for ERCOT under capital cost uncertainty (post-TMI). Empty cells have no viable projects at that cost point.
[image: Table 11]In ERCOT, the PTC is broadly the best choice when cost escalation is considered. ERCOT’s generally low prices (aside from extreme weather events) mean that revenue remediation appears to be the more effective policy intervention under the assumptions and modeling methods employed in this study. However, the ITC is likely to be more effective in other scenarios, and its usefulness should not be discounted based on these results.
Introducing the risk of cost escalation into the model significantly alters the picture of SMR economic viability in ERCOT. Cost escalation creates a probability that a project will have been a net drain of economic value to the owner company. This probability, termed in this study the “likelihood of economic reversal”, has been computed for the ERCOT policy scenarios based on concrete historical experience of nuclear construction cost overruns in the U.S. The feasibility region observed in the nominal-cost case is no longer so clearly defined, with the gradient across this region demonstrating that projects nearer to its edges have significant chances of economic reversal during construction. The PTC is overall the more powerful buffer under the specific scenario shown here, although the ITC’s usefulness is likely to be more apparent in different scenarios.
Finally, one last sensitivity was assessed to determine how extending the PTC might impact NPV results. It should be noted that while current legislation limits the PTC to only 10 years, it is possible that the credit is extended even further, potentially to reflect the much longer lifetime of nuclear reactors than renewable facilities. Figure 11 highlights the results by showing both the 10-year PTC case alongside an unconstrained PTC period. As one might expect, receiving the PTC for a longer duration results even more favorable NPV outcomes. In this case the profitable cases are extended to even higher capital and O&M cost levels.
[image: Figure 11]FIGURE 11 | ERCOT NPV sensitivity between 10-year PTC and 80-year PTC duration.
3.2 ISO-NE results
In order to showcase the sensitivity of these NPV results on market conditions such as power price, additional high-level modeling was done using ISO-NE data. This modeling did not leverage A-LEAF to produce capacity and revenue values. Instead, a flat capacity factor on 93% and a historical average for power price was used. ISO-NE has had higher prevailing energy prices in recent years than ERCOT (between 2018 and 2022 the average was $52/MWh). The influence of higher revenues on the economic viability of a potential SMR unit can clearly be seen in Figure 12 where these higher prices are accounted for.
[image: Figure 12]FIGURE 12 | Comparison of SMR economic viability (NPV) in ISO-NE under different policy scenarios: no policy, the IRA PTC, and the IRA ITC.
When compared to the corresponding ERCOT results shown in Figure 6, it is clear that the economic case for a potential SMR in this higher-priced region appears much more favorable. Significantly higher capital and operating costs can be tolerated, due to these increased revenues.
The choice between the ITC and PTC also becomes substantially more interesting in this scenario. As noted previously, the shape of the ITC feasible region is very different to that of the PTC feasible region, due to the differing mechanics of the two policies. The ITC directly offsets higher construction costs, whereas the PTC directly offsets higher operating costs. Both policies have a beneficial impact on projects with higher costs in the “opposite” axis as well, but the most substantial difference is in the cost type they directly subsidize. The ITC allows the feasibility of SMR projects with very high capital costs, so long as operating costs remain low. Likewise, the PTC enables higher-O&M-cost SMR projects to go ahead, so long as capital costs are modest.
Table 12 shows the optimal tax credit election for the entire parameter space, using the modeling parameters for ISO-NE.
TABLE 12 | Optimal tax credit election for ISO-NE.
[image: Table 12]These results have important practical implications. If project owners believe that the capital costs of SMRs will be high, then the ITC will be the optimal tax credit to elect, because it directly offsets said costs. If project owners choose a design concept with higher operating costs and lower capital costs (and good confidence in those lower capital costs), then the PTC is the more effective mechanism to choose. As in ERCOT, very cost-efficient SMRs inhabiting the upper left-hand corner of the cost space are better off choosing the PTC, whereas more FOAK-like, higher-capital-cost SMRs are better off choosing the ITC.
Again, a sensitivity on PTC duration was run on the ISO-NE case which resulted in similar outcomes as were observed in the ERCOT case. Figure 13 shows that unconstrained PTC period results in more NPV positive outcomes with higher capital and O&M cost levels.
[image: Figure 13]FIGURE 13 | ISO-NE NPV sensitivity between 10-year PTC and 80-year PTC duration.
4 SUMMARY
This analysis demonstrates the significant impacts of the U.S. IRA’s tax credits on SMR economics. It also demonstrates the tradeoffs between the PTC and ITC, which become more complex after accounting for cost uncertainties in nuclear projects. The analysis finds that in ERCOT, the PTC is preferred for SMR capital costs up to $3,000/kW and variable O&M costs up to $22.50/MWh. For capital costs above $3,000/kW, or variable O&M costs above $37.50/MWh at lower capital cost levels, the ITC is preferred. In ISO-NE, which was modeled without A-LEAF, the PTC is preferred for SMR capital costs up to $4,000/kW, and the ITC is preferred for higher capital costs.
Developers may anticipate using one of the tax credits based on cost and capacity factor forecasts, but developers may need to switch to the other tax credit as costs are incurred. In particular, a switch from anticipating using the PTC to actually using the ITC is likely if SMR projects experience cost overruns. The results suggest that SMR projects in the United States are most likely to use the ITC, which becomes more valuable–and more attractive relative to the PTC–with increasing capital costs.
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FOOTNOTES
1As noted in Section 2.5, the WACC has a large impact on NPV results (higher WACC result in lower NPV). WACC varies firm to firm and depends on upon current macro-economic conditions. If the WACC we adjusted to be higher in this case the NPV results would become less positive.
2National Academies (2023) provides construction costs for more recent nuclear projects in the United States and the world. Figure 4 includes only nuclear projects in the United States before 1986 for geographic and methodological consistency.
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