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Chapter 5. FINANCING ISSUES
Summary
As a prelude to considering energy scenarios for the future, which will be the
capstone of the study in Chapters 9 and 10, this chapter develops the basic financial model
used to analyze nuclear energy economic viability. Features of the U.S. tax system are
introduced. Risk is considered in some depth. To provide a benchmark for the energy
scenarios for the future that will contemplate alternative nuclear energy policies, the model is
used to estimate the sensitivity of economic viability to uncertainties in the no-policy case.
Taxes
Recognition that nuclear energy plants will be owned and operated by utilities or
other private providers requires introducing tax treatment of debt and equity, deduction of
depreciation from taxable income with effects of different allowed depreciation schedules,
effects of special tax provisions, and effects of inflation on taxes.
Risk
The perceived risk of investments in new nuclear facilities is widely appreciated to
contribute to the risk premium on any new nuclear construction. Principal sources of risk are
the possibilities that new plants will exceed original cost estimates and that construction
delays will escalate costs. In this chapter guidelines from the corporate finance literature are
used to specify likely relationships between project risk and risk premiums for corporate
bonds and equity capital. Risk premiums have an important influence on the economic
competitiveness of nuclear energy. A 3 percent risk premium is used for the first few plants.
No-Policy Scenarios
In using the financial model to study sensitivity to uncertainties, an overnight cost
range for new nuclear plants of $1,200 to $1,800 per kW is used, based partly on the three
technologies discussed as being realistic in Chapter 3. Given the capital cost range, the
LCOE of new nuclear plants in the absence of policies is from $53 to $71 per MWh, with a
7-year construction time. The range is lower at $47 to $62 per MWh with a 5-year
construction time. Costs remain outside the range of competitiveness with coal and gas,
which have LCOEs of $33 to $41 per MWh and $35 to $45 per MWh, respectively.
The nuclear LCOE for the most favorable case, $47 per MWI, is close but still above
the highest coal cost of $41 per MWh and gas cost of $45 per MWh. Longer debt terms and
longer plant life span reduce nuclear LCOEs, but still do not bring them into the competitive
range. The impact of construction delays is large, particularly if a 2-year delay occurs after
all outlays have been made-capable of making the nuclear LCOE range from $61 to over
$76 per MWh. These no-policy results provide benchmarks indicating the extent to which
policies to be considered in Chapters 9 and 10 are needed to reduce nuclear LCOEs.
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5.1. Introduction

To ascertain the conditions under which nuclear power wvill be competitive in the
marketplace requires a financial model of private sector decisions. The required model is
more elaborate than the LCOE model of Chapter 1 used to compare LCOEs in previous
studies, because of tax considerations omitted there. Within the required financial model,
careful attention is paid to rates of return on debt and equity that investors will demand in
view of market perceptions of the riskiness of nuclear power investments. Introducing these
considerations permits estimation of the cost of electricity that will have to be covered by
revenues of operators of new nuclear facilities if these facilities are to be viewed by the
private sector as warranted investments. These costs in the no-policy case are the starting
point for considering policies that would make nuclear power competitive.
Section 5.2 develops the financial model that will be used for policy analysis in the
present study. Section 5.3 reviews the finance literature for guides to risk premia and capital
structure to be expected for new nuclear facilities. Section 5.4 lays out baseline assumptions
in the absence of policies aimed at the nuclear power industry and applies the financial model
to arrive at LCOEs in the no-policy case. Sensitivities to the baseline assumptions are
explored.
5.2. The Financial LCOE Model
5.2.1. Basic Equation
The levelized cost of electricity, or LCOE, is defined as the constant real price of
electricity over the life of the plant that compensates debt and equity investors at their
required rates of return. Interest on debt accrues during the construction period and debt
holders are repaid with equal annual payments over the debt term. Equity holders invest
during the construction period and receive profits after tax and debt payment over the plant
life. The LCOE is the electricity price that yields the internal rate of return required by
equity holders on the returns accruing to them.
Equity is considered, with debt as an expense, rather than treating them symmetrically
as in the pre-tax LCOE model, because of the different tax treatment of debt and equity
returns. LCOE is the electricity price that solves the following equation:
PRESENT VALUE OF EQUITY INVESTMENT DURING TIlE CONSTRUCTION PERIOD
= PRESENT VALUE OF NET REVENUE EARNED BY EQUITY OVER THE LIFE OF THE PLANT

where
NET REVENUE
-

= EARNINGS FROm LCOE REVENUE BEFORE INTEREST AND TAXES (EBIT)

INTEREST EXPENSE -

TAX EXPENSE + DEPRECIATION
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REPAYMENT OF DEBT

1;

Annual gross revenue equals the quantity of electricity generated multiplied by its
price. Revenue in each year t is calculated as annual electricity production multiplied by the
nominal electricity price in year t: R, = QL,. Electricity production is calculated as plant
capacity in megawatts (W) times the capacity factor (CF), times the number of hours in the
year: Q,=W * 8760 - CF,. The nominal electricity price (Lt) in year I is the levelized cost of
electricity (LCOE.) in 2003 prices compounded at the rate of inflation from the year of the
plant's opening, at time t = 0: L, = LCOE( + 7r', where LCOE is the real price of electricity
expressed in 2003 dollars, and 7r is the annual inflation rate.
The expenses consist of yearly fuel cycle costs described in Appendix A5, plus other
yearly variable and fixed operating and maintenance costs and insurance as described in
Section 1.4, plus decommissioning costs. The expenses are assumed to grow at the rate of
inflation.
The spreadsheet model uses the GoalSeek function of Excel to solve the equation
iteratively for LCOE.
5.2.2. Capital Investment
Overnight cost is the real dollar capital cost at the beginning of the construction
period and is allocated equally to each year of the construction period. To accommodate the
features of the tax system in this model, it is necessary to allow for inflation, so the real
capital cost must be converted into nominal dollars over the life of the plant. Accordingly,
the nominal outflcw in each year of the construction period, recorded as negative revenue
prior to the beginring of electricity sales, is:
I,

=C

* (/n) * (I + rt,

where C is real overnight cost expressed in 2003 dollars, n is total construction time in years,
I, is the nominal irvestment in construction year t, where construction is from t= - n to t -1.
Investment is assumed to occur at the beginning of a calendar year.
5.2.3. Interest
Interest costs are deductible against the corporate income tax. They are affected by
risk considerations, which will be analyzed, and by loan guarantees, which is one of the
financial policies that will be considered.
5.2.4. Taxes
Corporate income tax payments as well as state and local taxes are subtracted from
revenues. As discussed more fully below, taxes give rise to depreciation allowances.
Moreover, the policies aimed at the nuclear power industry to be considered in this study
operate through affecting tax expense. These policies include investment tax credits,
production tax credits, and accelerated depreciation.
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5.2.5. Depreciation
Depreciation only becomes effective in an LCOE calculation when taxes are
considered, because it is an allowance in the tax code that permits subtraction of an amount
of capital expense from a year's taxable income. With no taxes, the only requirement is to
recover the capital cost over the life of the plant. The life of the plant matters, but the time
path at which the plant is assumed to depreciate is irrelevant.
A percent of the depreciable asset base can be deducted from gross income each year.
Depreciation begins as the plant starts to operate. Two schedules are employed in the model,
the Modified Accelerated Cost Recovery System (MACRS) and Straight Line, to examine
the impact of different depreciation methods on LCOE. The Modified Accelerated Cost
Recovery System (MACRS) schedule is a 1986 modification of the Accelerated Cost
Recovery System (ACRS), which was established by the Economic Recovery Tax Act of
198 1. Both ACRS and MACRS represent a departure from previous depreciation rules
which were closely allied to financial depreciation concepts that attempt to depreciate an
asset over its economic lifetime. The federal tax code assigns a 15-year depreciation period
to electric utility plants under MACRS (IRS 2002, p. 93). MACRS allows declining balance
or straight-line depreciation for classes of assets that include power plants. Declining
balance is used here.
The depreciable asset base is measured in nominal dollars at the time of
disbursement. Consequently a lengthier construction period, or a delay at the end of a
construction period, would reduce the depreciable asset base relative to overnight costs
because inflation has more time to raise other prices. This effect reduces the real value of the
allowable deduction from revenues and hence would reduce the value of the depreciation
allowance. While inflation has offsetting effects on revenues from electricity sales and prices
of fuels and O&M outlays, the effect on the depreciation is not neutral.
During the construction period, part of the financing comes from debt investors and
the other from equity holders. According to accounting rules, interest on debt outstanding is
capitalized and added to the depreciable'asset base, so the total asset base consists of nominal
debt investment, equity investment, and interest expenses during the construction period.
The depreciable asset base excludes equity appreciation.
5.3. Theory and Evidence of Risk Premiums and Capital Structure
This section is concerned with risk associated with new nuclear plants. The purpose
is to develop guidelines for returns on equity, returns on debt and debt-equity ratios, to be
used in the financial modeling of the present study. Section 5.3.1 characterizes the risks
facing investments in new nuclear plants. Section 5.3.2 reviews studies of effects of
uncertainty on decisions to build nuclear plants. Section 5.3.3 deals with required return on
equity, 5.3.4 with required returns on debt, and 5.3.5 with debt-equity ratios. Section 5.3.6
addresses the choice of debt maturity.
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5.3.1. The Nature of Financial Risks Facing New Nuclear Plants
New plants built in the United States in the next decade will have designs that have
never been built ir. the United States, which increases the construction risks perceived
especially on the first few units. Construction overseas of these designs, or closely related
ones, will reduce only a part of the construction risk perceived for U.S. construction.
New nuclear power plants are large because the additional size improves the
economics of a plant's thermal properties. The large size of the investment can add to the
risk premium, particularly when the effect of the additional capacity coming on line in a
particular market is considered. Some new coal plants are the same size or larger, which will
tend to raise their risk premiums, but even the larger coal plants are expected to take only an
average of 4 years to build. The length of the construction period (5 to 7 years) can further
add to perceived financial risk (Lesceour and Penz 1999, p. 13).
The regulatory process was a source of construction delays and cost overruns during
the 1970s and 198 )s. The recent combining of construction and operating licenses into a
single step gives hope that construction delays and uncertainties encountered in the last
generation of nucl ar plants can be avoided in new construction, but in the absence of actual
experience, there is a perception that nuclear plants are riskier than others, as discussed by
Scully Capital (20r)2a, 2002b).
5.3.2. Previous Studies of the Decision to Build Nuclear Plants
The influence of risks on an investor's willingness to undertake a nuclear power
investment depend.s on the source of the risk as well as the level. Pindyck (1993) uses a
model with two ty es of uncertainty to calculate critical values of expected capital cost in
nuclear power plants, that is, costs above which an investor will not undertake a project, or if
the project has begun, will cancel it. One type of uncertainty is technical uncertainty; the
other input is cost uncertainty. Technical uncertainty involves uncertainties in completing
the project. These uncertainties become resolved over the implementation period of the
project-they either show themselves to be innocuous, and the project is completed, or they
prove to be insuperable, and the project is abandoned. These risks are largely diversifiable.
The input cost uncertainties are largely or totally outside the control of the investor. Wage
rates and costs of materials are determined in larger markets, and in the case of nuclear
power projects, these uncertainties include the possibility of regulatory changes. Input cost
risk is partly nondiversifiable, because the input prices will be correlated with overall
economic activity. The greater is the degree of input cost risk, the lower is the critical value
of the expected capital cost that determines the go/no-go decision. The higher are perceived
technical risks, the higher is the expected capital cost that the investor will tolerate.
A simple investment rule, using a risk-free interest rate, gives a critical value of
capital cost per kW. Converting the 1982 prices from Pindyck's Table 3 (p. 70) to 2003
prices reveals a range on critical capital cost values from a high of $2,448 to a low of $1,649.
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Investment is assumed to go forward as long as expected capital costs do not exceed these
values.
Pindyck's study assumes a price of electricity and, using a risk-free interest rate,
determines the threshold price of capital above which an investor would not buy a nuclear
power plant. In contrast, the approach of the present study assumes a required price for
capital, and using a weighted average cost of capital that includes an interest premium,
determines the price of electricity.
Sommers (1980), using a logit regression analysis of 113 utilities, found that greater
uncertainties about nuclear capital costs and construction times lowered the probability that a
utility would invest in a nuclear plant rather than a coal plant. Capital cost uncertainty had a
stronger dampening effect on the likelihood of a utility's investing in a nuclear plant than did
the relative capital cost of nuclear and coal investments.
While the Sommers study corroborates the importance of risk factors this study has
identified, it focuses on the probability that an investor would undertake construction of a
nuclear plant. In contrast, the present study addresses the incentives that would be required
to induce investors to undertake construction.
5.3.3. Required Rates of Return on Equity
5.3.3.1. Traditional CAPM and Its Irrelevance to the Present Study

The most widely used model of equilibrium equity asset pricing remains the capital
asset pricing model (CAPM) of Sharpe (1964), Lintner (1965) and Black (1972) and Mossin
(1966). The central implication of the CAPM is that expected returns for each asset (let this
be ri for asset i) should bear a linear relationship with the expected returns of the market as a
whole. The CAPM equation is r1 = rf + Pis (rm - rf), where Pi is a measure of co-movement
of each firm with the market. Expected stock returns are higher for firms with high
correlations with the market return. Investors demand a premium for holding stocks which
are highly correlated with the market, that is, for holding non-diversifiable or systematic risk.
A model very similar to the CAPM is a consumption-based capital asset pricing model
(CCAPM). This model suggests that expected asset returns have a linear relationship with
overall marginal utility of consumption as determined by performance of the economy at
large. Though there have been other theories of equilibrium asset pricing, CAPM and
CCAPM are still most prevalently used. CAPM has become a central tool of financial
analysis in the finance industry (see for example Graham and Harvey (2001) who find that
firms rely heavily upon CAPM techniques).

Q..)

CAPM and CCAPM do not include an effect of own variance of asset returns, a
property often considered to be counter-intuitive. The reason for lack of effect of own
variance is brought out in the Markowitz (1959) portfolio selection model (a building block
of CAPM). Investors can completely rid themselves of any assets' idiosyncratic risk by
diversifying, through the holding of a market basket containing essentially an infinite number
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of securities. Since total market risk cannot be diversified away, only the correlation of
securities returns with the market remain as a determinant of a security's value.
The evidence of the empirical validity of CAPM is mixed at best. Representative
studies are Black, Jensen, and Scholes (1972), Fama and MacBeth (1973) who found limited
success for CAPM over some years, and Fama and French (1992) who find no evidence at all
for the CAPM. Banz (1981), Chan and Chen (1991), Stattman (1980) and Rosenberg et al.
(1985) find that other factors besides CAPM beta help to explain equity returns, contrary to
the central tenant of CAPM. The industry has continued to use the CAPM as a central tool in
financial analysis, probably due to 1) its theoretical attractiveness, 2) its easy applicability
using easily access;ed data 3) lack of a better alternative and 4) its widespread base of
understanding among forty years of MBA graduates.
A fundamental point for the present study is that new nuclear plant risk is
idiosyncratic and not market risk. The risks involve events that are specific to a nuclear plant
and have no expected correlation with overall market events. Thus, according to strict
CAPM theory nuclear plant risk should have no effect on investors' valuation of the firm, and
thus no effect on the required rate of return on equity for a firm building a nuclear plant.
5.3.3.2. Idiosyncratic Risk
Notwithstanding CAPM theory, own variance (the variance of a stock's returns) and
idiosyncratic risk (the standard deviation of the error term from a regression of firm returns
on the market over time) are also sometimes tested used as determinants of expected stock
returns, such as in Douglas (1969). These measures fell out of favor in the face of the rapid
acceptance of the CAPM and in light of alternative explanations for why own-variance
effects may falsely appear to explain asset returns, such as is described by Miller and Scholes
(1972) and tested by Fama and MacBeth (1973) and Roll and Ross (1980). However,
idiosyncratic measures of risk have recently become a focus of renewed attention.
More recert papers, Tolley and Nielson (1992) and Nielson (1993), have reexamined
this effect and have found support for own variance, both theoretically and empirically.
Using techniques similar to Fama and French (1992), Nielson (1993) finds that own variance
indeed explains some of the cross-variation in expected stock returns. Nielson also supports
the size and the book to market (B/M) effects discussed above, but finds evidence that these
may be proxies for the own variance effect. For a further contribution and references to other
recent studies whe:-e own variance affects returns, see Tolley and Nielson (2003).
5.3.3.3. Previous Studies of Nuclear Power Equity Returns
Some pape:s have addressed the financing of nuclear plants specifically. However,
these studies are fcr facilities built in the 1970s and 1980s in an environment which may not
be similar to plants in the future. Most importantly these studies were done when the plants
were fully operational, after they had been completed. Therefore they have little if any
bearing on uncertainty about prospective construction costs for a plant with new technology
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not yet built or for regulatory uncertainty surrounding the decision to build a plant, which are
risks of concern the present study. Farber (1991) studied the effect of adopting nuclear
technology on equity costs of electric utilities prior to the Three Mile Island (TMI) accident.
Farber studied the effects on equity returns of thirty-six nuclear power adopters and twentyfive non-nuclear firms. He concluded that adoption of a nuclear plant increases a firm's
CAPM equity beta. In addition, he concluded that the leniency of regulators may moderate
the risk-increasing effect of nuclear power. Brooks and D'Souza (1982), Bowen et al.
(1983), and Fraser and Kolari (1983) found that the TMI accident appeared to increase the
expected beta risks of four utilities owning nuclear capacity, although Uselton et al. (1986)
subsequently found the effect to be transitory.
Hearth et al. (1990) examine the effect on stock prices of cancellations of nuclear
power plants. The authors found that decisions to cancel nuclear power plants under
construction appeared to result in significant negative excess stock returns. This loss was
found to be bigger with the ratio of the sunk costs relative to the utility's market value. Kalra
et al. (1993) measure the U.S. stock market reaction to the April 1986 nuclear Chernobyl
power plant accident. The authors found that after the Chernobyl event the betas for all
power utilities (conventional, mixed and nuclear) rose.
Fuller et al. (1990) studied the reaction of financing environment of three special
events: Three Mile Island accident, the Chernobyl catastrophe and the Washington Public
Power Supply System bond default. Based upon the authors' cross-sectional analysis it was
estimated that a 3 percent increase in the allowed rate of return for nuclear utilities would
have been required to offset the discount associated with nuclear power.
Hill and Schneeweis (1983) use stock price data to study the effect on the stock
returns of public utility firms of the TMI nuclear accident. The authors find that impact of
the Three Mile Island accident on non-nuclear electrical utility firms was less than that on
nuclear based utilities. Hewlett (1984) found that investors in nuclear firms required a I to 2
percent risk premium.
As noted, since these studies refer to utilities that already had nuclear plants, refer to a
past regulatory environment, and in some cases rely on estimates of beta no longer accepted
in the literature, they are at best suggestive and in any case give little if any help in choosing
a required rate of return applicable to a firm that will build a new nuclear plant in the future.
5.3.4. Required Rates of Returns on Corporate Bonds
The academic literature generally assumes (see Elton et al., 2001) corporate debt
carries the same rate of return as U.S. Treasury Bonds plus a premium. The premium is
comprised of three parts 1) a premium for expected default risk, 2) a state tax premium (as
income from corporate bonds is taxed and Treasuries are not), and 3) a premium for
attracting risk-averse investors.
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Theoretical reduced-form models explaining risky bond prices (and therefore
expected returns) include Duffie and Singleton (1997), Jarrow et al. (1997), Lando (1997),
Das and Tufano (1996) and Madan and Unal (1998). Option-based models stemming from
the Black-ScholeE (1973) option pricing formula are found in Merton (1997), Longstaff and
Schwartz (1995), Galai and Masulis (1976), and Jones and Rosenfeld (1984).
The academic studies attempting to empirically explain corporate bond rates are
sparser than for equities. Elton et al. (200C1) find that most of the third part (risk aversion
factor) is responsible for most of the bond premium, and that expected default premium is
responsible for the least. Barrett et al. (1986) find a decrease in utility bond prices as a
reaction to the 19'19 Three Mile Island nuclear power plant accident.
Bond rating firms, most notably Standard and Poor's and Moody, appear essentially
to evaluate default: probability. Recent corporate bond yields were (from Moody, November
2003, twenty-year maturities) 5.54 percent for the AAA rated bond, 5.88 percent for the AA
grade bonds, 6.03 for the A rated bonds and 6.59 percent for the Baa grade bonds. For
comparison, the y.elds on twenty-year U.S. Treasury bonds during the same period were
about 5.1 percent.
Altman and Kishore (1998) find the following percentages of par recovery rates one
month after firms declare bankruptcy by grades of debt : AAA have about 68 percent rates
of recovery, AA arid A have about sixty percent, BBB bonds have about 49 percent, BB
39 percent, B and CCC 38 percent, and default have zero percent recovery rates.
5.3.5. Debt-to-Ecluity Ratios
The financ-. literature on the determinants of the debt-equity ratio is mixed. A
starting point is the Modigliani and Miller (1958) study showing that under certain
assumptions the debt-equity ratio is irrelevant. Current opinion is split between two main
competing theories, neither of which is completely convincing in light of empirical tests.
First, the static trade-off model proposes that firms have a target debt-equity ratio. In this
model, debt has certain advantages: debt possibly lowers taxes, increases monitoring of
management and riotivates management. These advantages are weighed against debt's
drawbacks, as noted in Jensen and Meckling (1976) and Myers (1977): possibly higher
expected bankruptcy costs and higher costs due to agency problems.
The main competing theory is the Myers (1984) and Myers and Majluf (1984)
pecking order theory. Here, asymmetric information and transactions costs drive firms to
finance operations in the following order 1.) retained earnings, 2) safe debt, 3) somewhat
riskier debt and finally 4) riskier debt and equity. Once again, equity is more expensive due
to asymmetric information: management knows more about firm outcomes than outside
financiers who will, sometimes, be induced to buy over-priced equity. That is, equity will be
over-priced due to asymmetric information, management knows that current shares are overpriced, reducing debt.
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Much of the empirical work of an academic nature related to debt-equity ratios does
not focus on risk. Work which does speak to risk generally finds a small role for risk in
capital structure. See for example, Marsh (1982), Ghosh et al. (2000), Kale et al. (1991) and
Fama and French (2003).
There is an on-going debate on whether industry-specific effects on debt-equity ratios
exist. Schwartz and Aronson (1967), Scott (1972), Scott and Martin (1975), Bowen et al.
(1982), Martin and Henderson (1984) and Bradley et al. (1984), Hull (1999), and Sibley
(1999) find inter-industry differences in debt equity ratios. Remmers et al. (1974), Belkaoui
(1975), and Sekely and Collins (1988) all fail to find evidence of differences in debt-equity
across industries. Graham and Harvey (2001) surveyed 392 CFOs regarding their use of
financial tools and targets. The responses indicated that if firms do have leverage targets,
those targets are quite soft.
5.3.6. Debt Maturity
Multiple factors influence corporate borrowers' and lenders' choice of debt
maturities. Moreover, debt maturity, debt-equity ratio and risk premium are interrelated. A
number of models relate risk and capital structure to maturity choice, but no comprehensive
model of all three choices has been found. The first sub-section (5.3.6.1) places maturity
choice within the general context of the term structure of interest rates. The second subsection (5.3.6.2) addresses informational asymmetry problems that may pose important risks
in financing new nuclear power plants. The third sub-section (5.3.6.3) deals with the
influence of other risks on maturity choice, and the fourth (5.3.6.4) discusses the influences
of transaction costs and taxes. The fifth sub-section (5.3.6.5) addresses interactions between
choices of debt maturity and capital structure. The sixth sub-section (5.3.6.6) reviews
empirical evidence on risk and debt maturity. The final sub-section (5.3.6.7) summarizes.
5.3.6.1. Term Structure
The term structure of interest rates underlies debt maturity choices. An important
consideration is the slope of the term structure, i.e., rate of rise of interest rates that must be
paid as maturity length increases. Empirical evidence has shown that firms take into account
the relative cost of short- and long-maturity bonds when issuing debt (Barclay and Smith
1995, Guedes and Opler 1996, Stohs and Mauer 1996, Graham and Harvey 2001). Other
things being equal, firms gravitate to shorter maturity instruments when term structure slopes
are steep, and toward long term instruments when slopes are shallow or negative. However,
the slope of the term structure is clearly not the only determinant of maturity choice as the
following sub-sections bring out.
5.3.6.2. Influences of Asymmetric Information on Debt Maturity Choice
When a lender either cannot assess the accuracy of a borrower's information
regarding a project, or when a lender cannot easily monitor the actions that a borrower agrees
to undertake as part of a loan contract, asymmetric information problems exist. One problem
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is signaling. Another is the principal-agent, or agency, problem. Both problems are
amenable to sorting solutions. Lenders devise a menu of debt maturities and.interest rates
that would leave them equally well off and let borrowers reveal their private information by
selecting a particular combination that best serves their own interests.
In the signaling problem with private information, lenders cannot easily assess the
accuracy of information borrowers provide. This situation occurs for construction cost
estimates for new nuclear power plants. As the Scully report (2001 a) brought out, one
concern of investors is that vendors' cost estimates may not be borne out. Modeling of this
problem suggests that borrowers with prospects that are unobservable to lenders choose
short-term debt due to bond holders' fears that the firm may have poor prospects and
consequently would be willing to give low rates only for short term bonds (Flannery 1986;
Kale and Noe 1990; Rousseau 1999; Diamond 1991, 1993; Diamond and Rajan 2001; Berger
et al. 2003). Firms with good prospects that are observable only to management sell shortterm bonds because management knows that after its prospects are recognized as good by
lenders, the firm can then re-finance at lower rates. Barclay and Smith (1995) find evidence
that firms use debt maturity to signal information and firms with larger information
asymmetries issue shorter term debt, and ]3enmelech (2003) finds evidence that firms with
more salable, or redeployable, assets have longer debt maturities, implying a possible
signaling with maturity. Antoniou et al. (2002) find no association of debt maturity with firm
quality among French and German firms, which they suspect is due to those countries' legal
structures, and modest support for signaling with maturity among U.K. firms. Bali and
Skinner (2003) find evidence that higher project risk leads to shorter maturity.
In a well-known financial agency problem (Jensen and Meckling 1976; Myers 1977),
firms that are recognized as having opportunities to transfer wealth from bondholders to
equity holders by increasing the riskiness of their operations during the term of the contract,
can signal their willingness to forego such opportunities by selling debt at the shorter end of
the maturity spectium. In the case of a loan on a nuclear power plant, where agency costs
could exist is in ensuring construction quality. As part of the regulatory process, the utility
must specify the characteristics of the plant in considerable detail. The U.S. Nuclear
Regulatory Commission (NRC) reviews the plans, and under the revised 10 CFR 52, will
issue a combined construction and operating license. Permission to operate is subject to
confirmation that the actual construction conforms to plans. This supervisory function of
NRC serves at least partially to assure the lender that the borrowing utility is performing
according to contract. From the lender's perspective, if the construction is not performed in
accordance with the contract, which would be determined by NRC inspections, the borrower
would incur additional construction costs, possibly jeopardizing the repayment of the loan.
A utility could signal its belief that its construction quality will meet NRC's standards by
taking a shorter maturity loan.
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5.3.6.3. Effects of Non-Informational Risks on Debt Maturity Choice
Liquidity risks tend to push debt maturities to the long end of the spectrum. A
temporary problem could force issuers to refinance at unattractive rates. If bad news about a
borrower arrives near the refinancing date, investors would raise the default premium on new
debt. Firms with projects that could experience temporary problems will be motivated to
hold longer-term debt, so as to face the debt renewal less frequently (Johnson 1967, Flannery
1986, Diamond 1991).
Some firms will want to match maturities of their liabilities and their assets. This
motivation would be stronger when transactions costs and liquidity risks are higher (Mitchell
1991, Sarkar 1999). A bond would mature at the date an asset is to be sold or begin
generating positive cash flow, avoiding both the need to roll over shorter maturity bonds and
the higher cost of longer term bonds. Morris (1976) finds that financing long-lived assets
with short-maturity debt could decrease the uncertainty of net income if interest rates are
positively correlated with net operating income.
5.3.6.4. Transactions Costs and Taxes
Small debt issues have proportionally higher transactions costs than large issues.
Large firms, such as those likely to build new nuclear power plants, would tend to choose
shorter term debt to take advantage of lower market rates at the shorter end of the term
structure (Fisher et al. 1989). In general, long-term debt allows its holders greater flexibility
in timing of capital gain and loss declarations, and this flexibility is an option having value.
Firms can sell long-term bonds for relatively more than short term bonds if this tax-timing
option is highly valued (Brick and Palmon 1992).
Interest rate volatility reduces the present value of debt tax shields from short-term
financing, making long-term debt attractive when interest rates are volatile (Guedes and
Opler 1996, Brick and Ravid 1985, 1991; Kim et al. 1995). If new nuclear plants reached
financing stages during a period of volatile interest rates, borrowers could be expected to
want longer debt maturities. Kane et al. (1985) model the tax advantage to debt, net of a
market premium for added bankruptcy risk, adjusting maturity and the debt-equity ratio to
maximize firm value including the tax shield, with the result that optimal maturity is
negatively associated with the tax advantage of debt. As the value of a tax shield falls, the
debt-equity ratio falls and maturity lengthens. Policies that reduced tax obligations on new
nuclear plants could increase the value of longer maturities.
5.3.6.5. Interactions between Choices of Debt Maturity and Capital Structure
To the extent that risks are affected by both debt-equity ratios and debt maturity, the
two choices will be made simultaneously. For example, in a world of agency problems,
should the debt-equity ratio be so low that bankruptcy is almost impossible, the incentive to
lower debt maturity as a signal would disappear and the firm would move to a longer
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maturity. In this way there is a trade-off between debt-equity ratio and debt maturity (Lee et
al. 1983, Diamond 1991, Leland and Toft 1996, Elyasiani et al. 2002, Ju and Ou-Yang 2003).
5.3.6.6. Empirical Evidence on Relationships between Risk and Debt Maturity
Stohs and Mauer (1996) find that larger and less risky firms with longer-term asset
maturities use longer-term debt, debt maturity varies inversely with earnings surprises and a
firm's effective tax rate, and firms with high and very low bond ratings use short-term debt.
Guedes and Opler (1996) find that large firms with high credit ratings tend to borrow at very
short and very long terms, while low rated firms borrow at the middle of the spectrum, which
they suggest is consistent with a trade-off between liquidity and agency effects.
5.3.6.7. Conclusions on Debt Maturity
Debt maturity is influenced by both project and firm characteristics. The choice of
maturity involves a trade-off with interest rates and the debt-equity ratio. Informational
uncertainties tend to encourage shorter-term debt. Firms financing assets that are either
riskier or perceived to be riskier typically find some advantage to borrowing at shorter
maturities, other influences being equal. Tax considerations and the correlation of a firm's
income with economy-wide indicators such as interest rates or a stock market index also can
influence maturity choice. The debt-equity ratio and maturity tend to move in opposite
directions in the valuation of tax shields. A judgmental conclusion is that the various
influences, on net, work against choice of highly lengthy maturities in the financing of new
nuclear power plants.
5.3.7. Conclusions on Financial Effects of New Nuclear Plant Risk
Most of the finance literature on equity returns, bond returns and debt-equity ratios
has dealt with a large number of considerations, with risk as such being considered if at all as
only one consideration. The bottom line is that no readily identifiable - much less
empirically verifiable - estimate of the effects of a new nuclear plant on a firm's finances is
available from the literature. A strand running through the work reviewed is that with
judicious relaxation of the stringent assumptions of traditional finance theory there could be
an effect of own risk. It should be noted that, apart from academic investigation, received
opinion of practitioners is that these effects exist both for equity and debt returns. The
literature does, however, suggest relatively shorter debt terms for investments with the
characteristics of new nuclear plants. The foregoing considerations inform the judgmental
choices of financial effects of new nuclear plants to be used in the financial modeling of the
present study.
5.4. No-Policy Scenario Analyses of LCOEs
Section 5.4.1 reviews the characteristics of nuclear and fossil plants that contribute to
their relative economic advantages. Section 5.4.2 reports the values of cost and performance
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and market variables used in the LCOE calculations in the benchmark no-policy case.
Sections 5.4.3 and 5.4.4 discuss the use of these variables in sensitivity and scenario analysis.
5.4.1. Nuclear versus Fossil Plants: Economic Advantages and Disadvantages
Nuclear power has several advantageous economic characteristics, but also suffers
from a number of disadvantageous characteristics as perceived by investors, as summarized
by LaBar (2002). Advantageous economic characteristics are as follows:
* Low and predictable fuel and operation and maintenance (O&M) production costs.
Nuclear production costs exhibit low volatility over both the short and long term
because the primary energy source, uranium ore, represents a very small fraction of
the total production cost. On the other hand, the cost of the primary energy source in
fossil-fired plants is a large fraction of the production cost.
* High capacity factors. The operating nuclear plants in the United States now
consistently achieve fleet-average capacity factors in the 90 percent range. The
projected lifetime averaged capacity factors for competing baseload gas-fired
combined cycle plants are in the range of 80 to 85 percent.
* Long Operating Lifetime. Operating lifetime licensing extensions have been obtained
for several U.S. nuclear plants and more are expected in the future. New nuclear
plants are being designed for a 60-year life. On the other hand, there is little
experience in the long-term operation of competing baseload gas-fired combined
cycle plants. Nominal gas-fired combined cycle plant lifetimes are not expected to
exceed 25 years.
Disadvantageous economic characteristics of nuclear power are:
* Large plant size. Most new nuclear power plants are designed in the size range of
1,000 to 1,350 MW to gain economy of scale benefits and reduce the capital costs
per kW. A drawback of this size range is high potential for exceeding demand
growth. Widely used baseload gas-fired combined cycle plants are in the range of
500 to 600 MW.
* Large capital outlay. Total overnight capital costs of new nuclear plants are estimated
to be in the $1,000 to $1,800 per kW cost range. For a 1,350 MW plant at $1,600 per
kW, an investment of $2.16 billion can be required, excluding interest costs. The
competing baseload gas-fired combined cycle plant capital cost is in the $450 to $650
per kW range. A 600 MW combined cycle plant at $650 per kW would require an
investment of less than $0.4 billion.
* Long construction time. The construction time for new nuclear plants, even if
optimized to achieve short construction times, is in the range of 3 to 4 years. The
construction period for competing gas-fired combined cycle plant is about 2 years.
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* Investment financing. The higher capital cost results in a higher total investment at
risk and the longer construction time results in higher interest costs during
construction as well as longer time-at-risk. These factors contribute to required
returns on equity and debt.
The investment-financing hurdle may become easier to overcome as nuclear plant
ownership has become increasingly concentrated. Twelve utilities, plus Tennessee Valley
Authority (TVA), now own and operate nearly two-thirds of plants. The larger owners, now
with 75 percent of U.S. capacity, are able to manage a portfolio of units. They can consider
financing new units based on a larger balance sheet of total asset value. In addition, stock
prices of nuclear utilities have recently outperformed non-nuclear utilities (Scully Capital
2002). Thirteen utilities account for 75 of the 103 nuclear plants and all of them are
operating more than 2,000 MW of electrical capacity.
5.4.2. Parameter Values Used for the Nlo-Policy Case
Table 5-1 identifies the parameter values used for the important parameters in
calculations of LCOEs under the assumption that no policies are employed.
The three capital costs correspond to four nuclear plant designs, each with its own
overnight cost, selected for analysis, as already discussed in Section 3.4. To review, one
design is a mature plant, the FOAKE costs on which have already been paid. The ABWR
and ACR-700 are such designs. Their overnight cost is assigned a value of $1,200 per kW.
Another design is a plant that has not yet been built, the FOAKE costs on which are yet to be
paid, such as the A.P1000. On the assumption that the entire FOAKE cost is assigned to the
first plant, this pla at's cost is $1,500 per kW. The third capital cost is chosen to represent the
Framatome reactor under consideration fo:r construction in Finland. Its overnight cost is
$1,800 per kW.
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Table 5-1: Parameter Values for No-Policy Nuclear LCOE Calculations
Item
Parameter Value
Overnight Capital Cost
$$1,200 per kW $1,500 per kW $1,800 per kW
Plant Life
40 years
Construction Time
7 years
Plant Size
1,000 MW
Capacity Factor
85 percent
Hours per Year
8,760 hours
Cost of Debt
10 percent
Cost of Equity
15 percent
Debt Term
15 years
Depreciation Term
15 years
Depreciation Schedule
MACRSa
Debt Finance
50 percent
Equity Finance
50 percent
Tax Rate
38 percent
Nuclear Fuel Cost
$4.35 per MWh
Nuclear Fixed O&M Cost
$60 per kW
Nuclear Variable O&M Cost
$2.10 per MWh
Nuclear Incremental Capital Expense
$210 per kW per year
Nuclear Decommissioning Cost
$350 million
Nuclear Waste Fee
$1 per MWh
aModified Accelerated Cost Recovery System
5.4.2.1. Nuclear Construction Time
Nuclear construction projects are divided into several phases (DOE 2001a, pp. 13-16;
DOE 2001b, pp.4-I ito 4-12). The start-up phase consists of early site permitting, design
certification, plant licensing, site preparation, and procurement of long lead-time components
such as pressure vessels and steam generators. Procurement continues during the
construction phase. The final phase is start-up and testing. The stated DOE position of a
5-year construction schedule is based on the new streamlined regulatory policy. The base
case in the present study is 7 years for anticipated construction time. This is the time period
of major financial outlays prior to revenue generation from power sales. The business
significance of this period is that it is a time of negative cash flow, during which interest
costs accrue on expenditures. This duration is based on the assumption that the business
community will form expectations taking account not only of the newer announced
regulatory procedures but also of earlier experiences with construction times. The Scully
interviews with financial and utility executives (Scully 2002a, p. 1-76), as well as anecdotal
reports, reinforce the importance to the business community of expectations regarding
construction time. Deutsche Bank's LCOE calculations for new nuclear power in the United
States rely on a 7-year construction period (Smith and Hove 2003, Figure 66, p. 77).
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Later policy scenarios in this study allow for revision of expectations from 7-year to
5-year construction times for later plants, based on more favorable than expected business
outcomes with the first few plants. For simplicity, expenditures are assumed to occur equally
in each year of construction. Experiments with more refined patterns of expenditures were
found to be of little consequence.
It is important to recognize that the construction times used in the .LCOE calculations
are expected cons:ruction times, from which actual construction times may deviate. The
profitability calculations that inform investment decisions are based on expected values of
the variables in the LCOE formulation: sale prices of electricity, overnight cost, nuclear fuel
costs, and O&M costs, as well as construction times. The influence of the expectation of the
construction time on calculated LCOE is particularly important and has been of particular
concern to the investment community. As noted above, the expectation of construction time
for first plants will be heavily influenced by previous U.S. experience. However, new
experience will give investors new data with which to update their expectations, and if
construction times turn out to be the 5 years that DOE and vendors emphasize, investors will
adjust their expectations accordingly.
5.4.2.2. Base Cost of Capital
The base cost of debt and equity to utilities was assessed from current Bloomberg's
data (Bloomberg, Inc., 2004), adjusting for maturity and the currently abnormally low
interest rates. The constituent firms of the' Standard and Poor's 500 Utilities Index were used
as the benchmark :for the cost-of-debt and -equity calculations here because those data are
widely used in gauging utility company performances. Individual data on weighted average
costs (WAC) of debt and equity were taken for 37 of the largest utilities in the United States.
Since Bloomberg reports the weighted average cost of debt post-tax, those numbers were
converted to pre-trx with the formula WAC of Debt Before Tax = WAC of Debt After Tax /
(1 - Effective Tax Rate). The effective tax rate for each utility is available from Bloomberg.
The average WAC of debt for these utilities, adjusted to pre-tax basis, is 5.34 percent, and
that for equity is 8 63 percent.
In its calculations of the costs of debt and equity for individual utilities, Bloomberg
uses the 10-year U.S. Treasury bond as the risk-free rate, and adds its own debt and equity
risk factors above that base rate. The 10-year generic government bond traded at 3.747
percent on the morning of March 15, 2004. The 30-year government bond traded at a spread
of 1 percent above the 10-year rate, and the 15-year bond traded at 51 basis points above the
10-year bond. Thus, adjusting the Bloomberg capital cost estimates for a more appropriate
maturity would add between .5 and I percentage point to the WACs of debt and equity
reported in the previous paragraph.
The current bond yield is at a decadal low, as the Federal Reserve still holds'the
Federal Funds rate at 1 percent. These low rates are not expected to last long. It would be
more appropriate to use an average of historical rates to smooth out the current aberration.
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Using a 300-day moving average to smooth out the fluctuations in the yield on the generic
30-year government gives a return about 50 basis points above the current yield.
Thus the total adjustment to the base rates reported in Bloomberg, to account for
term-structure and the currently low rates, is between 1 and 1.5 percentage points. These
adjustments give a cost of equity between 9.64 and 10.13 percent and a cost of debt between
6.35 and 6.84 percent. For purposes of the present study, these capital cost estimates are
rounded to 10 percent for equity and 7 percent for debt.
5.4.2.3. Risk Premium
While the finance literature has much to say about risk and bond and equity rates, it
does not provide clear, quantitative guidance on the relationship between risk and interest
rates, as the above review brings out. Many factors influence the relationship, and the
subject is actively researched. Financial terms in recent nuclear construction overseas are not
a satisfactory guide to a risk premium in the United States because of differences among
countries in business practices, differences in business climate, varying degrees of
involvement of governments in nuclear projects, and differences in regulatory regimes.
Themes in the above review are that nuclear plant risk is idiosyncratic (plant specific)
rather than beta (market related) and that agreement is lacking on the effect of idiosyncratic
risk on required returns. These considerations hinder estimation of the effect idiosyncratic
risk as a variance concept. However, another and quite direct effect of nuclear plant risk is
its effect on expected return. While risk leading to dispersion in possible future returns adds
to variance, it also affects the expected returns if it is asymmetrical, as it is in the case of new
nuclear plants. For the outcome where all goes according to plan, a normal projection of
returns can be made. But the upside risk of favorable surprises is less than the downside risk
from unforeseen delays and the like.
The investor maximizing expected returns will be indifferent between a security with
normal market risk yielding a return of r and an investment with noticeable asymmetric
downside risk yielding some higher return rR, is needed to induce investors to hold the riskier
security. The expected gross return for a security with normal market risk is l+r, which
provides for paying back the original dollar invested. Through security pricing, investors
will make I+r equal to the expected return on a security with asymmetric downside risk. The
expected gross return on the security with asymmetric downside risk is the gross return on a
dollar invested l+rR times the probability that the investment will be successful, plus the
probability that it will be unsuccessful times the fraction of the dollar that will be recovered if
unsuccessful, or [Ps + (I - ps)fL](l + rR) where Ps is the probability of a normal or successful
outcome andfL is the fraction of the dollar that will be recovered in the event of an
unsuccessful outcome. Setting l+r equal to [PS + (1 - ps)fL](l + rR) and re-arranging gives

I +rR = O+r)l [PS + O -PSfLI -
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Letting the risk premium be p, so that rR = r + p and solving for p gives
p = (I + r){-1 + l/[ps+ (1 - PS)fL])

which in the special case where nothing is recovered (fL= 0), gives p = (l+r)[(l-ps)lps].
Table 5-2 below shows risk premiums for different combinations of probabilities of
experiencing an unsuccessful outcome and extent of loss in the event of such an outcome.
Each scenario use,, a normal rate of return of 1o percent.
Table 5-2: Risk Premiums for Alternative Investment Losses and
Loss Probabilities, lps
Probability of
Unsucccssful
Outcome (lps)
L.00c/o
2.00%
2.50%
3.00%
3.50%

Percent of Investment Value Recovered (fL):
50
0.6%
1.1%
1.4%
1.7%
2.0%

25
0.8%
1.7%
_2.1%
2.5%
3.0%

0
1.1%
2.2%
2.8%
3.4%
4.0%

-25
1.4%
2.8%
3.5%
4.3%
5.0%

-50
1.7%
3.4%
4.3%
5.2%
6.1%

4.00%
5.000 o2.8%

2.2%

3.4%

4.6%

5.8%

7.0%

6.00%/o

3.4%

4.3%
5.2%

5.8%
7.0%

7.3%
8.9%

8.9%
10.9%

Loss of 50 percent of the value of the investment, in the first column of Table 5-2,
would represent a case in which the investor considers it plausible that construction delays or
higher-than-expected component costs could cause the new plant's LCOE to be considerably
higher than the best case. Overruns of this magnitude can occur if cost overruns involve
capital costs, which are the most importanti component of nuclear power costs, or if delays
occur that increase the carrying or interest cost before plants begin operation, which again is
an important cost component. A loss in asset value would be incurred. The cost overruns
could cause the borrower to default on the loan, leaving the lender to sell the plant for a price
consistent with an LCOE of competing coal or baseload gas plants which could be half that
of the nuclear plan :. A similar scenario could account for column 2, in which 25 cents on the
dollar are obtained. The 100 percent loss in column 3 (0 cents on the dollar) would be
associated with the prospect of not being allowed to open the plant after it is built, despite the
structure of the new regulatory system. In columns 4 and 5, the lender also considers the
prospect of getting its bond rating downgraded, in addition to its losses on the project. The
project losses in these cases would decrease the asset value of the firm more extensively than
through loss of the direct investment. Each of the alternatives is a set of possible outcomes
expected to occur with probability less than one, a set of possible losses with associated
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probabilities used by investors in assessing risks of equity and debt holding. These are
possible losses, not actual losses.
Assuming that investors form consortia to spread their risks, the LCOE calculations
in the present study use a risk premium of 3 percent. Such a risk premium is consistent with
a 5.3 percent probability of the 50 percent loss (column 1 of Table 5-2), a 3.5 percent
probability of the 75 percent loss (column 2), a 2.5 percent probability of the complete loss
(column 3), and 2.1 and 1.8 percent probabilities of the losses to affiliated assets (columns 4
and 5). Informal conversations with a number of Wall Street analysts corroborated the
reasonable magnitude of the 3 percent premium as a lower bound estimate.
5.4.2.4. Debt-to-Equity Ratio
Allowing for differences between market capitalization and book value, debt-equity
ratios for the larger utilities in the United States currently average in the neighborhood of 5050 (Bloomberg, Inc. 2004).
5.4.2.5. Utility Regulatory Status and Financial Risk
Regulation of electric utilities in the United States, which has included both rate-ofreturn and retail price regulation, has tended to shield utilities from market price risks, thus
reducing their costs of capital (Joskow 1997; Hogan 2002). The Energy Policy Act of 1992,
implemented with FERC Orders 888 and 889 in 1996, deregulated electricity wholesale
markets. Presently 18 states and the District of Columbia are actively preparing to deregulate
retail markets, and 10 other states have passed legislation to do so or are studying how to do
so (PNNL 2004).
Evidence from both the United States and the U.K. suggests that the deregulation of
the 1990s placed more of this risk on the firms, removing it from direct payment by
consumers (Nwaeze 2000; Buckland and Fraser 2001). Whether the direct placement of risk
on consumers or producers has a net negative or positive effect on retail prices appears to
remain an open question. In the continued movement to further restructuring and retail
deregulation, political and regulatory risks exist that tend to raise the hurdle rates for new
generation investments in currently regulated states (Ishii and Yan 2004).
Under regulation, utilities occasionally faced the risk of having some portion of
construction costs disallowed from their rate base. While rate-of-return regulation might
prevent capital markets from charging risk premiums appropriate to such risks in new
generation projects, both lenders and equity holders might decline to supply funds for
projects with such risks without such compensation. It is not clear that the financial strength
of a firm would have more influence than the characteristics of a project in the financial
market's assessment of risk. While issuance of project bonds for a project perceived as risky
by financial markets would incur a risk premium that senior debt for firm financing might
avoid, the latter strategy could result in a general downgrading of the firm's debt, which
could be more costly than the isolated project financing.
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The full effects of deregulation and restructuring on capital costs for new generation
capacity do not appear to be thoroughly understood.
5.4.2.6 Coal and Gas Construction Times and Overnight Costs
For its LCOE calculations, Deutsche Bank used an overnight cost of $1,119 per kW
for pulverized coal baseload plants, with 4-year construction time, and $590 per kW
overnight cost for gas turbine combined cycle (GTCC) baseload plants, with 3-year
construction times. (Smith and Hove 2003, Figure 65-66, pp. 76-77). MIT (2003, Table A5.A.4, p. 135) used $1,300 per kW for pulverized coal plants and $500 per kW for GTCC
generation, with 4- and 2-year construction periods respectively. Drennan et al. (2002)
average EIA and Platt's data, deriving overnight costs of$ 1,182 per kW for coal generation
and $588 for GTCC generation, with 3- and 2-year construction times respectively.
Investigation of recently planned pulverized coal plants and GTCC plants yielded
ranges of overnight costs from $933 to $1,700 per kW for coal, with an average of $1,460,
and $450 to $708 for GTCC, with an average of $567. Anticipated construction times for
coal ranged from 2 to 5 years and for GTCC from 12 to 24 months (Alliant Energy 2004;
Armistead and Barnes 2002; Bristol Herald Courier2004; Calpine 2001; Dominion Energy
2001, 2004; Energy Info Source 2003; GenerationMarkets Week 2002; Houston Business
Journal2001; Lignite Energy Council 2004; Mazur 2003; Merchant PowerMonthly 2004a,
2004b; Midwest Generation 2004; Minnesota Environmental Partnership 2004; Nebraska
Public Power District 2003, 2004; NRG Energy 2004; Peabody Energy 2004; Reuters 2001,
2004; Sargent & Lundy 2004); The Shaw Group 2001; Tyler Morning Telegram 2004;
Wisconsin Public Service Corporation 2002;'Xcel Energy 2004).
5.4.3. Competitiveness of Nuclear Power in the No-Policy Case
Table 5-3 ieports the first-plant LCOEs for the three reactor types, distinguished by
their overnight costs, for 5- and 7-year construction periods. In each case, the plant life is
40 years, and the c.ebt term is 15 years. The interest rate on debt is 10 percent and the return
on equity is 15 percent. LCOEs in this and subsequent tables were derived using an iterative
process that provides the appropriate return to equity based on free cash flow available to the
utility.
The LCOEs reported in Table 5-3 are for first plants. Even though the ABWR and
ACR-700 are of mature design, their construction experience has been outside the United
States, so a first pl int of one of these designs built in the United States should be considered
a first-of-a-kind in this country, since only a portion of the overseas learning would be
immediately transferable to the U.S. construction. The LCOE for the mature-design reactors
($1,200 per kW), with an optimistic 5-year construction period is $47 per MWh. The other
two reactor design, have higher LCOEs, and a 7-year construction period would raise those
costs. These LCO'Es are calculated with a 15-year MACRS (Modified Accelerated Cost
Recovery System) depreciation schedule. Using a 15-year straight-line depreciation schedule
raises these LCOEs by about 4 percent.
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Table 5-3: First-Plant LCOEs for Three Reactor Costs, 5- and 7-Year Construction
Periods, $ per MWh, 2003 Prices
Construction
Period
S years

7 years

Mature Design,
Foake Costs Paid,
$1,200 per kW
Overnight Cost
47
53

New Design,
Foake Costs Not Yet
Paid, $1,500 per kW
.Overnight Cost
54
62

Advanced New Design,
Foake Costs Not Yet
Paid, $1,800 per kW
Overnight Cost
62
71

A question for the LCOEs of Table 5-3 is how close they are to the LCOEs of
competing fossil generation. Tables 5-4 and 5-5 report the LCOEs for coal and gas
generation, for alternative capital costs, fuel prices, and construction periods.
In Table 5-4, the coal plant's overnight cost ranges from $1,182 per kW to $1,430 per
kW. The low overnight cost is an average of costs used in Drennan at al. (2002), originating
from EIA and 2002 Platt's data. The mid-range of $1,300 per kW was used by Reis and
Crozat (2002), and the high cost is an average of recently announced pulverized coal
generation projects. See Section 6.2.4 .for further discussion regarding new coal plants.
Projected construction times for recently announced pulverized coal plants in the 1000 MW
size range have varied from 2 to 4 years. The coal price of$ 1.02 per MMBtu is an average
of prices used in Drennan at al. (2002), also originating from EIA and 2002 Platt's data; the
price of $1.23 per MMBtu corresponds to 2003 delivered coal prices; and the price of $1.15
per MMBtu is EIA's 2004 forecast for 2015, with subsequently declining real prices. Coal
plants are assumed to be financed at interest rates of 7 percent on debt and 12 percent on
equity. Considering different capital costs, coal prices and construction times, the range from
the scenarios is $33 to $41 per MWh.
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Table 5-4: LCOE]s for Pulverized Coal Plants, 85 Percent Capacity Factors, Alternative
Overnight Costs, Coal Prices and Construction Periods, $ per MWh, 2003 Prices
Overnight Cost

__

$1,182 per kW

$1,350 per kWN

$1,460 per kW

Coal price $ per MMBtu

1.15 &
1.02

1.23

1.15&

Varying
over

1.02

Forecast' |
.

2-yr construction _ 33
3-yr construction
34

35

36

35

Varying
over

Forecast'
Cost per MWh

l36l
_9

1.23

3
37

1&.15&
.02

1.23

Varying
over
| Forecast'

_

38

37

| 37

39

38

35
3

38

38

40

39

4-yr construction
35 37
366 _ 37
39
39
39 41
40
aFrom a price of $1.15 per MMBtu in 2015, the forecast varies between $1.13 and $1.14
through 2020; rises to $1.15 through 2022; and reaches $1.16 in 2023, at which level it
remains for the remainder of the plant life.
In Table 5-5, the gas plant's overnight cost ranges from $500 per kW to $700 per kW.
The low and high overnight costs represent the range reported in recent GTCC plants, while
the mid-range cost is an average of costs used in Drennan et al. (2002). Recent construction
times have ranged from 12 to 24 months. The gas price of $3.39 per MMBtu is an average of
prices used in Drennan at al. (2002), originating from EIA and 2002 Platt's data. It
corresponds to an average of 2001 and 2002 gas price forecasts for the period 2010 to 2015.
The price of $4.30 per MMBtu corresponds to the 2003 gas price forecast for the same
period; the price o::$4.25 is EIA's 2004 fcrecast for 2015, and that forecast has gas prices
rise to $4.51 by 2020, which accounts for the slightly higher LCOEs under that price forecast
than under the con 3tant price of $4.30 per MMBtu. As with coal, the interest rates are
7 percent for debt and 12 percent for equity. The lowest LCOE is $35 per MWh, and the
highest is $45 per ]vIWh.
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Table 5-5: LCOEs for Gas Turbine Combined Cycle Plants, 85 Percent Capacity
Factors, Alternative Overnight Costs, Gas Prices and Construction Periods,
$ per MWh, 2003 Prices
Overnight Cost
$588 perkW

$500 per kW
Gas

3.39

4.25 &
Varying
over

4.30

3.39

4.30

Forecasts
____ __

1-yr construction
2-yr construction

35 141
35
41

__
_

___

42
42

$700 per kW

rce_ $ per MMBtu

4.25 &
Varying
over

3.39

4.30

Forecast'_
C ost per M XVI

___

36
36

[421
43

43
43

_

4.25 &
Varying
over
Forecasta

_

37
38

_

_

__h_

44

_

_

_

45

aFrom a price forecast of $4.25 per MMBtu in 2015, a peak of $4.51 is reached in 2021, from
which the forecast falls to $4.48 by 2025, at which level it remains for the remainder of the
plant life.
Comparison of the $47 per MWh LCOE of the $1,200 per kW built in 5 years, in
Table 5-3, with either of the fossil LCOEs in Tables 5-4 and 5-5, shows no surprise. No
observers have expected the first new nuclear plants to be competitive with mature fossil
power generation without some sort of temporary assistance during the new technology's
shake-down period of the first several plants. However, the comparison of the LCOEs in
these three tables shows the magnitude of the competitive gap that any policies would have
to bridge.
5.4.4. Sensitivity Analysis for First Nuclear Plants
Before proceeding to the analysis of such policies in Chapter 9, sensitivities of the nopolicy case to several parameters are considered. Table 5-6 reports the effects of a longer
plant life than the 40 years used in the LCOEs reported in Table 5-3, as well as alternative
capacity factors and construction periods. As Table 5-6 shows for the $1,200 per kW ABWR
or ACR-700 reactor, a 60-year plant life has a minimal impact on the LCOE, because of the
discounting of the additional 20 years of life span beginning 40 years from the present,
regardless of capacity factor or length of construction period.
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Table 5-6: Effects of Capacity Factor, Construction Period, and Plant Life on FirstPlant Nu clear LCOE for Three Reactor Costs, $ per MWh, 2003 Prices
Capacity |
Factor,
Percent _

Overnight Cost

L

,1,20er
k

Lj

__

85

Plant Life
.40 years
60 years
47
47

$1,500 per kW

5-year construction period
Plant Life
40 years
60 years
54
53

$1,800 per kWV
Plant Life
40 years
60 years
62
61

90

44

43

51

50

58

58

95

42

41

49

48

56

55

85

Plant Life
40 yars
60 years
53
53

7-year construction period
Plant Life
.40years
60 years
62
61

Plant Life
40 years
60 years
71
70

90

50)

49

58

58

67

66

95

47

47

56

55

64

63

With an 85 percent capacity factor, the additional 20 years of plant life reduces the
LCOE of the $1,200 per kW plant by $0.72 per MWh if it can be built in 5 years, or by $0.79
per MWh if construction takes 7 years. The $1,500 and $1,800 per kW plants experience

similar impacts.
Capacity factor adds directly to the ability to produce revenue. The base capacity
factor of 85 percent may appear low relative to recently achieved availability levels in U.S.
nuclear plants, in Ihe range of 90 to 92 percent. Some questions have been raised whether
those high levels Ere sustainable, and it is worth considering that capacity factor in a newly
opened plant may be something below its long-term operating level, which would have a

large effect on discounted revenues and correspondingly raise LCOE. Table 5-6 also reports
the sensitivity of t ae LCOEs of Table 5-3 to variations in capacity factor, from 85 percent
through 95 percent, for 5- and 7-year construction periods. The $1,200 per kW plant could
achieve an LCOE as low as $42 per MWh with a 95 percent. capacity factor, if the plant
could be built in 5 years.
Lengthening the debt term reduces the LCOE. The upper line in Figure 5-1 shows the
LCOE of a first $1,500 per kW plant, built in 7 years, with debt terms ranging from 10 years
to 40 years. Varying the debt term by 30 years from a short term of 10 years to a long term
of 40 can reduce the LCOE by a little more than 10 percent. While addressing such
financing structure can help keep the LCOE down, by itself it is not a panacea.
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The lower line of Figure 5-1 supposes that each cost and performance parameter is at
its most optimistic value and examines the effect of changing the debt term. This calculation
is for a plant built in 5 years, at $1,200 per kW overnight cost, with 60 percent debt and
40 percent equity, and expecting a 60-year operating life. Debt and equity interest rates
remain at 10 and 15 percent. The LCOE with a 25-year debt term is $40 per MWh, and
extending the debt term to 40 years by only another $1.50 per MWh, to $39 per MWh. This
is close to the range of gas-fired power, but the combination of cost and performance
assumptions is probably too optimistic for a first plant. Nonetheless, the ability of shifting
the basic cost and performance parameters within a range of values that may be realistic for a
later plant offers promise for the commercial viability of some nth plant in the future.
Figure 5-1: The Effect of Debt Term: First-Plant LCOEs for a $1,500 per kW,
AP1000, and $1,200 per kW Plant with Reduced Construction Time and Higher Debt
Ratio, $ per MWh, 2003 Prices
$65

$60

____

$55 $50 $45 5

_)

$40
$35

10

15

20

25

30

35

40

Debt Term, years
-_-Base
--- Optimistic

The impact of construction delays is addressed in Table 5-7. The $1,500 per kW
reactor design is chosen for illustration. Two cases are considered in a 7-year construction
period. The first row of the table reports the LCOE with no construction delays. The second
row reports the impact of a 2-year hiatus in construction coming in the middle of the
construction period, and the bottom row places the delay after 7 years, when all construction
outlays have been expended but power sales from the plant have not been allowed to begin.
A 2-year delay in the middle of the construction would increase the interest
component of total capital costs enough to raise the LCOE 12 percent above what it would be
in the absence of delays-from $62 to $69 per MWh. A comparable period of delay after all
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expenditures have been put out at interest would raise the LCOE by 24 percent. The
seriousness of construction delays for economic viability cannot be underestimated.
Table 5-7: The Impact of Construction Delays on the First-Plant LCOE of a $1,500 per
kW Plant, $ per MWh, 2003 Prices
No delay
Delay in middle of construction period
Delay afteIr end of construction period

62
69
76

An inflation rate of 3 percent is used in all LCOE calculations. Experimentation
indicates some sensitivity of the real LCOE to the inflation rate. To keep the real interest rate
constant, when varying the inflation rate, a corresponding adjustment is made in the interest
rates. For exampl, to experiment with a :2 percent inflation rate from a base rate of 3
percent, 1 percentage point is subtracted from the debt and equity interest rates. Reducing
the inflation rate from 3 percent to 2 percent in this manner reduces LCOE by a little less
than 4.5 percent.
5.5. Conclusion
The analysis here indicates that reasonable variations in the cost and performance
parameters of new reactor designs do not appear able to bring these new plants fully into the
competitive range of generation costs, although the variations do help materially. Reducing
the construction period of a plant with $1,500 per kW overnight cost from 7 years to 5,
extending plant life, and rearranging the doubt term of the financing all reduce the nuclear
LCOE, the lowest-cost nuclear cases remain just above the highest-cost coal and gas cases.
Increasing capacity factor, for any given capital cost and construction time, from 85 to 95
percent would decrease LCOE by a little less than 10 percent. The results here are for first
new plants coming on line in 2015. The effects of learning by doing and favorable
construction and o 3erating outcomes on LCOEs of subsequent plants will be considered in
Chapter 9.
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