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1. Overview

Sharply rising energy prices in 2007 and the fi
over climate change, and geopolitical instability in majo
the world have focused increasing attention on energy se

by well-funded and well-staffed industry
was the only viable “carbon-free”
demand.!

Many countries, i [ : these arguments
, C, low carbon nuclear future

. This is unfortunate. While we do face very
Ilenges, transforming our economy will

The economics of nu¢
ic subsidies to new react

power is far from transparent, riddled with complex
at are both opaque and quite difficult to value.
ormation such as that public subsidies to the sector will

rational, technical*€valuations needed to maximize success rates. Instead, the recipients
of this support are at least as likely to be determined based on their political connections

! Goldman Sachs, which has financed many of the utilities involved in this sector, is illustrative. In
comments to the US DOE (Gilbertson and Hernandez, 2007: 5), they stated "It is well understood that
nuclear power presents one of the few, if not the only, economically viable and technically proven baseload
sources of power that are also greenhouse-gas free."
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and the sophistication of their lobbying as they are on the large scale market viability of
their approach.

A case study of the proposed new reactor at Calvert Cliffs in Lusby, MD provides
a useful window into the dynamics and implications of federal nuclear policy today. The
analysis demonstrates not only that the taxpayer ends up as the largest de facto investor in
this project, but also that while we bear most of the downside riskywe share little of the
upside should the plant ultimately be successful. The dat espite
nuclear's relatively low carbon footprint, the cost per uni ided is far
more expensive than many other alternatives.

The paper begins with some historical context o
to nuclear power in the United States. It then shifts to the
including the venture structure, projected costs, and ack
subsidies. The final sections of the paper evaluate the cost=effic
option to address energy security and global warming

Despite industry efforts to frame
reality is that nuclear power's ve i
government support. The indu
only for a short time to gai
"first of a kind" costs hav
reliant.

are transitional, needed
or designs. After these
e industry will be self-

s been making the transitional support
1954 advertisement from the General

s of plants which will be feasible, how they will operate,
their expenses will be. In five years — certainly within

Clearly, five G s were not enough. If fact, more than fifty years later almost
identical claims agg’still being made by the industry. Yet, in the intervening half-century
of "transitional™ support, the federal government has provided a growing array of

2 This Congressional testimony by Alex Flint, Senior Vice President of Government Affairs at the Nuclear
Energy Institute is typical, focusing only on short-term operating costs. He noted that "2007 marked the
ninth straight year that the industry's average electricity production costs has been below 2.0 cents per
kilowatt-hour, and the seventh straight year that nuclear plants have had the lowest production costs of any
major source of electricity, including coal- and natural-gas fired boilers.” (Flint, 2008).
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subsidies to bolster nearly every step in the nuclear fuel cycle. Some of these programs
have fed the industry for virtually its entire existence.

Of greatest importance to nuclear viability have been the subsidies that effectively
socialize the most intractable risks of nuclear energy: damages from accidents (capped
via the Price-Anderson Act first passed in 1957) and management of extremely long-
lived radioactive wastes (where the federal government has guar i
responsibility for management in return for a small variab
sold).

Uranium enrichment services are another exa
operations early in the industry's evolution would have
the US, these facilities were historically government-own
other countries US enrichment operations were privati

energy resources.
Subsidies to capital portant to nuclear
technologies to the cost

m to be efficient. Invested funds can be

costs as well. Finally, the need to pre-
: mitigating the market risk upon

to large financial obligations to meet these contracts

operations of the nuclear plant is delayed.

sell power via advance po
sompletion, also opens the f

er through direct subsidies (accelerated depreciation and
ing risks to rate payers (such as by including project and
interest co : d utility rate base during the period of construction). These
interventions a as being low- or no-cost to the government. The idea that
providing large ameunts of credits and guarantees is somehow costless to the provider is
pure fantasy, as the recent financial meltdown so clearly illustrates.

Other subsidies involved support to uranium mining and stockpiling; a half-
century of government-financed research and development into reactor technologies,
waste management and cleanup, and enrichment technologies; and special tax breaks for
plant decommissioning.
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Although there is no comprehensive record of historical subsidies to nuclear
power since inception, a review of a number of studies that have been done over the years
demonstrates government's central role in sector's market viability. Table 1 illustrates
that subsidies were generally equal to one-third or more of the value of the power
produced.® While such levels of support may not be surprising for very new industries
with little installed base, to see subsidy levels so high over the co of four decades is
quite striking.

[Table mods: change highlight column; note Etk esti

Table 1:
Subsidizing Plant Construction and Operation (2007$)

Avg Subsidy as %
Period of | Federal Subsidy, Subsidy, of Industrial
Analysis $Billions cents/kWh Price

Low High Low High

2008 - - 5.7 8.3
1947-99 178.0 - 15

1968-90 122.3 - 2.3
1950-90 142.4 - 2.6

P-A not estimated.

1989 7.6 16.2

1985 26.8 P-A not estimated.

1981 105%

Tax expenditures only.

Tax and credit
subsidies not
estimated.

Bowring/Energy Information

NA Administration (1980)

usby, MD, already serves as host to two existing
ity of 1700 MW. These units came online in 1975 and

reactors have been built in the US for decades. Although the

industry likes to Bl@me regulatory bureaucracy for the problem, others point out that the

® In fact, the actual subsidies were probably even higher because many of the studies did not do a full tally
of all subsidies in effect at the time. In addition, the value of produced power in the earlier comparisons is
overstated due to data limitations at the industrial retail rate, rather than the wholesale rates which would
provide a more accurate metric of competitiveness.

* Constellation Energy Group, "Dividend History," http://ir.constellation.com/dividends.cfm, accessed 9
March 20009.
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majority of reactors were cancelled after license approval on economic grounds.
(Bradford, 2008: 2).° It is clear, however, that constructing a new reactor is a far more
complicated financial undertaking than is buying and operating an existing one.

The corporate structure set up to build new reactors at Calvert Cliffs provides
important insights into political and economic strategies Constellation is using to manage
risk and boost returns to shareholders. These are important com
obtaining very large government subsidies. Constellation
successive challenges. After fighting a vigorous politi w wave of
large subsidies that shift risk on new construction aw. i irms must
now manage the deployment of those subsidies to ens ifi
projects. With many of the most lucrative subsidies ti

instead of having them flow to rivals.

3.1. Corporate Structure

The new reactors (Constellation dis
clear their plans include a number of additi
developed and built by a new corporate jg

a joint venture approach to bui
logical structure, one that
underway. Second, the c
a series of ant modifi
are li i

d nuclear projects
g already been through

evolution in Constellation's deal structure.
nuclear power boosts domestic energy

on may give Constellation greater flexibility to modify
s change. A more important goal, however, is probably
g risks by isolating the parent firms from the liabilities

hareholders, it may be very bad from the perspective of the
taxpayer or s g community -- the groups who will suffer if the venture does not

go as planned.

The last wave of reactor construction in the United States resulted in massive
capital write-offs. Similarly, poor incentive structures within the mortgage and

*Bradford (2008), a former Nuclear Regulatory Commissioner, noted that during the 1960s and 1970s the
US issued “some 230 construction permits — more than the rest of the world combined during those years —
though only half of the plants were actually built. No application was ever rejected.”
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commercial debt were significant factors in the growing losses, and resultant taxpayer
bailouts, of financial firms. These examples should serve underscore how important
proper risk management and incentive alignment is in these new-build scenarios. Public
policy, unfortunately, seems to be moving in the opposite direction with more subsidy
programs with complex and opaque rules. Lost in the press to “move ahead” with new
reactors is the fact that proper review and challenge of these programs is most critical at
their inception, before taxpayers are contractually obligated to b ens of billions in
new reactor investments.

UniStar Nuclear Key partners

The first formulation of Constellation’s joint ve
launched in 2005. This entity was a partnership between
Constellation is the largest seller of wholesale and retail

government) and Framatome (owned by
German government is diminishing as ths .
January 2009 that it would dive intere : i erest to the Areva
parent company, Areva S.A. ( . .A. Is approximately

80% owned by the French g ,

France (EdF), and absorbed the earlier

€ as already involved with Calvert Cliffs 3
ough Areva S.A., EdF the French government (EDF, 9 March
009).” This investment al 9.5% of Constellation Energy, UNE's
garent.® In December of 200 JF significantly upped its ownership of Constellation's
investment of $4.5 billion. (FERC 2009).

s with it some interesting challenges. Calvert Cliffs will
with strong involvement of the French government.

forgings will also be non-US -- either French or Japanese.
vell, are increasingly being supplied by non-US firms -- though

USEC remai petitor.

® In Europe the Evolutionary Power Reactor goes by the same acronym, but is referred to as the "European
Pressurized Water" reactor.

" Under a December 2008 agreement (approved in February 2009 by the Federal Energy Regulatory
Commission), EDF upped its stake in UNE significantly: EDF Development, a unit of EDF International,
purchasing 49.99% in Constellation Nuclear (a subsidiary of Constellation Energy). EDF has rights to
purchase additional assets in the future. (FERC, 2009).

® This value is based on SEC filings cited in Mariotte (2008) and press reports. FERC 2009 indicates
shareholdings of only 8.52%, suggesting a dilution or sale of ownership in the intervening period.
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One obvious challenge with this situation is its legality. Section 103(d) of the
Atomic Energy Act states that "No license may be issued to an alien or any corporation
or other entity if the Commission knows or has reason to believe it is owned, controlled,
or dominated by an alien, a foreign corporation, or a foreign corporation.” (Mariotte,
2008b). An earlier New York Times article noted that the purpose of this clause was
related to nuclear security, but that relative to US firms "EdF's e ise in power plant
construction is far more current.” (Wald, 21 July 2007). i RC 2009)
to accept the EdF purchase demonstrates their belief th not apply in

Precedent also matters here. Would the involve
or Russia be subjected to greater constraints and review u
given to French involvement? Will the rapid acceptanc

relationships with key suppliers outside o
(architect, engineer, and builder for the n
technology systems), and Alstom (nuclea

of public attitudes to nuclear p ; ent has swung in
favor of nuclear energy."” efS normally do not have a
financial stake in the outc

° Mariotte (2008b: 20) notes that there have been no rulings on what level of foreign interest would
constitute a violation of this section of the Atomic Energy Act, and further, what levels indicate
"ownership," "control," or "domination," which he notes "are three distinct standards."
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Figure 2:

-50.1% Constellation (8.5-
9.5%Edf International)
-49.9% Edf Development (EdF
SA ~85% French Government)

UniStar Nuclear Energy Structure
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| UME Infrastructure & Training Co
L
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X

Sources: Basic chart developed
Additional material from Mariaite (
FERC (2009).

e/Constellation (2008
dF (2009); Gil/Reuter:

iF International is a unit of EdF Development,
urn, is a unit of EdF S.A.

order to secure critical inputs. Constrained material inputs, such as
heavy forgings, are central to this effort, as delivery delays can ripple forward into
plant opening and be extremely costly.® However, the first mover advantage is
perhaps even more important with respect to securing access to key government

19 UniStar implemented contracts for long-lead time forgings with Areva in 2006, noting that "[ijncreased
activity in the nuclear sector may present challenges in the supply chain's ability to meet growing demand
for major components.” (UniStar, 3 August 2006).
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subsidies such as loan guarantees, construction delay insurance, and production
tax credits that are (at least for now) limited to the first handful of reactors. UNE
was the first firm to submit combined operating license (COL) paperwork and to
establish contracts on key heavy forgings. They also moved quickly with an early
standardization of their reactor design, based on a model already being deployed
in Europe.

This strategy seems to be working: Calvert Cliffs
of five projects to receive highly lucrative loan
projects will be funded under current budget a
2009).

's short-list

e Economies of scale. Reactor standardization is an
French nuclear power program, and is being repli

including provision of contrag
Areva reactor.™!

o Working with large partne
the market.

connected part izati SpeciTi stom, Bechtel, Accenture,
their broader supply

lace goals as well. These include achieving a
edule, streamlined and efficient operations

hough hard to tell if they
avorable regulatory enviro
iluoto, Finland and Flama

struction begins. Despite a highly

, two current projects for similar Areva reactors in

e, France are both way over budget. These delays are
ill likely face in the US even once they are through

benefits in the political arena. These are supplemented by a variety of direct political

1 In December of 2007, for example, UniStar signed an agreement with an affiliate of PPL Corporation to
prepare and submit a Combined License Application for a planned third reactor near Berwick, PA on behalf
of PPL. According to Constellation, "The agreement positions PPL to take advantage of the wide array of
licensing, construction and operating services UniStar offers to support the expansion of nuclear energy."
(Constellation, 19 December 2007).
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initiatives to reshape the political terrain for Calvert Cliffs 3 to one more favorable to the
firm.

o Powerful partners. Members of the UNE venture, as well as the core set of
subcontractors, are all large, politically savvy firms with long experience in
working with governments to achieve their market goals. Both Areva S.A. and
EdF are heavily government owned. The French govern also owned more
than 26% of Alstom through June of 2006, when i
SA, a firm with close connections with French
(Alstom 2008; Schneider 19 March 2009). Nu I S a strategic
industry of France, so aligning the French gov i
Calvert Cliffs is likely to have significant financ i or the
project sponsor.*? Bechtel is a major player in lar
well versed in the politics these projects often en
Areva-NP has used Japan Steel Works to produce
reactors it is building in France and Finland (ki

in the US.

e Suppressing political challenge.
was often heavily contested in col
large project can be exp
investments have alrea
boost the risk of migsi

cruing; or if the delays
can also increase the

old ones. Locating new reactors on the
actors reduces siting battles as well as allowing the new
e pre-existing ancillary infrastructure investment.

2llation spent $100,000 in the first half of 2007 “to lobby
nment on the issue [of loan guarantees], disclosure forms
s, 4 September 2007). Constellation’s total spending on
creased six-fold between 2006 and 2008, to nearly $3 million.
crets.org, 18 March 2009).

12 In testimony before the California Energy Commission in 2007, Joe Turnage of Constellation remarked
that "COFACE, the French Ex-Im Bank equivalent, and JBIC, the Japanese equivalent, absolutely [sic]
prepared to loan into these projects at attractive rates. They are not going to do it unless we fix the pari
passu problem." (Turnage, CEC, 2007: 295). The pari passu problem refers to original terms under the
DOE loan guarantee program in which US Treasury guaranteed debt would have first position in any
bankruptcy, rather than sharing payouts pro-rata across lenders. It was eliminated in the final rulemaking
for the loan guarantee program.
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0 Reduce public oversight of environmental impacts. James Curtiss, a
director of Constellation and head of the law firm Winston & Strawn's
energy practice, worked with the NRC to change the definition of
"construction™ such that, according to an NRC official Andrew Kugler, it
would exclude from NRC oversight "probably 90 percent of the true
environmental impacts of construction.” (Smith, 27 September 2007).

0 Reduce or eliminate public input to licensi
standing to have their opinions heard in
proximity to a reactor was sufficient si
in the case of an accident. UniStar has
replace this with a probabilistic assessm
the core damage frequency. (UniStar, 15
Intervenors argue that the new standard

¢ Balance promotion of reactor a
low risk'. UniStar faces ini o conflicting
pressures. To be eligib , the reactor
design must be new an Iy worry that very new
2 and cost over-runs. As

selling point to garné
exception. Constellat
jobs during peak cons
about 360. (Unig

nmunity support of their project. Calvert Cliffs 3 is no
otes that the project will provide approximately 4,000
ion, and boost permanent jobs within Calvert County

9 March 2009). While some new jobs will be created,
ays tough to benchmark. As of August 2006,

fourth largest employer in the Tri-county area of Southern

Constellation at the Calvert Cliffs Site (Calvert County 2007: 2) The cause of the
discrepancy could be measurement error, job shifts, or reduced need for labor --
the source does not say. However, it is useful to note that the difference between
the two values are almost exactly the number of new permanent jobs the firm says
will be created by Calvert Cliffs 3. (MD DBED, 2006-07).

3.3. Subsidies are Central to Viability of Calvert Cliffs 3
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Public subsidies have always been a central plank UniStar's new reactor
development program, something the firm has been quite up-front about. Questioning
before the California Energy Commission in June of 2007 is a good example:

Associate Member Geesman: "And just to revisit the cap[ital] question again.
Your business model is premised on receiving the federal guarantee for each
of your four projects. Is that correct?"”

Dr. Turnage: "That is correct.” (CEC Worksh

Around the same time, Constellation's Co-CEO noted
"Without loan guarantees we will not build nuclear rea

Nuclear power benefits from more then twenty s
applicable to the Calvert Cliffs 3 project. These programs
key cost elements in the nuclear fuel cycle, from re
construction and operations, through to closur
and value of some of these subsidies on pla
sections. Many of these subsidy values sh
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Table 2: A Compendium of Government Subsidies to Nuclear Power

Revelance to

Anticipated Subsidy

Calvert Cliffs 3 Magnitude
Subsidies to Capital Costs
Cost of Funds
Federal loan guarantees/Clean Energy Bank Eligible Very large
Advantaged credit, foreign banks Eligible Large
Ratebasing of work-in-process Merchant plant; not relevant. Very large for eligible facilities

Regulatory risk delay insurance

Eligible

Medium

Cost of Capital Goods

Accelerated depreciation

Research and development

Output based subsidies

Production tax credit

Market Price support

Renewable portfolio standard

elsewhere, but not

Subsidies to Operating Costs

Fuel and Enrichment

Cap on liability: fuel cycle, transport, contractors.

Excess of percentage over cost depletion for
uranium

HEU dilution programs

Enrichment D&D: LT funding shortfall

Virtually free patenting of federal hardrock mining
claims (including uranium)

Potentially lal

Moderate

No royalty payments on uranium extracted from
federal lands

Inadequate bonding for uranium mine sites

Insurance
Cap on liability: reactor accidents
Regulatory oversight

Low
Low

Large

Incomplete recovery of NRC ove|
Taxes

Low; most costs now covered.

.

cillary costs to prevent P

Relatively small

Automatic Relatively small
ant designed for higher than standard Unknown
Pro-rata beneficiary Unknown

ssions and waste manageme

Windfall CO2 credits from grand
energy output.

ds on CO2 control regime.

Potentially Large

Inadequacy of waste disposal fee -

Pro-rata beneficiary

Low-Moderate

Payments for late delivery of disposa

Not relevant since new reactor not covered
by old agreement.

Litigation likely to result in vey
high federal payments.

jies to Closure/Post-Closure

ommissioning trusts: preferential
transfers; underaccrual.

Only preferential tax rates would be relevant
for a new reactor.

Relatively small
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3.3.1 Federal Loan Guarantees

Capital markets provide funds to finance new investments. The most common
forms of capital are equity and debt. With equity, an investor owns a slice of the firm,
and the value of that ownership interest varies with the fortunes of the company. Debt is
a contract in which the lender provides cash to a borrower in return for a set of pre-
defined payments of the amount lent, plus interest. Because the réturn to investors
through equity (via dividends or a growing value for the s i
contractually guaranteed, investors normally require a hi
debt.*®* For both classes of instruments, the higher the
higher the rate of return investors will demand.

the risk level of the project. Firm-level information on t
a benchmark for the financing assumptions for a new nucléar p
projects may be used as proxies as well.** In both

the industry. Historical cost ov
topped $300 billion (in 2006 d
abandoned prior to completi
Alvarez, 2009: 11). Anot
uneconomi he time the

onstruction period create significant
isestimating what the market will look like when the
oduction. The financial penalties from being wrong
market conditions, the economics of reactors require
y utilization to be profitable.

e payments to debt holders will come before payments to equity holders in times of
distress or bankruptcy, resulting in relatively lower risk.

% A recent analysis by the Congressional Budget Office provides such an example. The report notes that
"In CBO’s base-case assumptions, the cost incurred to finance commercially viable projects did not depend
on which technology was used for a given project. That assumption would be justified if volatility in
natural gas prices and the prospect of constraints on carbon dioxide emissions created cost uncertainties for
conventional fossil-fuel technologies that were similar in magnitude to the uncertainties facing investments
in nuclear technology.” (CBO/Falk, 2008: 13).
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Absent federal intervention, the risk profile of new plants suggest that debt
providers would require a high share of equity in the plant. They would also require
returns on both debt and equity that would be too high for the energy produced to
compete in the marketplace. While the industry views this as a negative outcome, it is
actually a core function of capital markets, and quite a useful role for society.® By
requiring higher returns on higher risk ventures, capital markets provide strong incentives

market risks, yet still address the problem (e.g., creating
ways.

been authorized for the nuclear sector, all but $2.0 billio
industry is pushing for much higher levels, approaching $X00 bi
2009). Much of the debate has focused on the high,de

Often overlooked is the fact that
of the default. There are two main reaso
much higher share of debt (whi :
guarantees under present law j )% debt. Second, the
guarantees bring down the ) i estors care only about
the federal government's , : an the chance the nuclear
reactor will.gesbust."’

3.7 cents per kWh on a levelized cost basis,
ber 2008: 24, 25). As shown in Table 3,
n savings per reactor. The authorizing

y out for a maximum of 30 years -- which a rational

ds is so low. This translates to a public investment of
ear reactor, an astonishing amount of public support for

his translates to nearly $50
atute allows the guarantees

Department of Energy on the Title XVII loan guarantees, Goldman
e significant cost involved in the construction of nuclear power facilities,

the collateral to meetthe financing needs of the nuclear power sector. Project Sponsors would be forced to
cover this gap with sponsor-level debt or parent guarantees, which would defeat the purpose behind the
loan guarantee program of providing an economically viable way for energy companies to finance nuclear
construction.” (Gilbertson and Hernandez, 2007).

18 Fertel noted in response to a question from Senator Murkowski on the appropriate size of the loan
guarantee program that the $93 billion in guarantees requested by reactor developers thus far would be a
reasonable target. (Fertel, 18 March 2009).

17 Joe Turnage of Constellation noted in testimony before the California Energy Commission that “I get the
federal loan guarantee so | get debt at Treasury plus a smidgen..." (CEC, 2007: 289).
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These savings are not "free” money, as the industry likes to portray them. Quite
the contrary: the savings to a specific industrial facility arise because their business risk
is being moved from the investors who will profit from the new reactor to generally
taxpayers. It is clearly a good deal for the nuclear industry; far less clear is how the
taxpayer is benefitting.

Table 3:

Value of Energy Subsidies to a UniStar E

1) Constellation Energy Core Inputs (embedded in le
Reactor size (MW)
Overnight cost (2007$/kW)
Reactor delivery date
Capacity Factor (avg).
ROE
D/E with guarantees
D/E no guarantees
Duration of debt

2) UniStar estimated savi

Base case break-e (D)
Break-even, no lgal 2)
13,357,248 3

494

30
PV of saving 14,827 4)

Sources and Notes
(1) Joe Turnage, "Ne
Carbon Energy F
Energy Summit,
(2) Note that this sti des other subsidies
Hours per yes

lear Development: Part of the Strategy for a Lower
" US International Trade Administration Nuclear

discounting, as doing so would simply be reinflating the
3y in their cost model over the operating life, then discounting
to 20073 with the same discount rate.

3.3.2 Production Tax Credits

The Energy Policy Act of 2005 introduced a 1.8 cent/kWh production tax credit
for new nuclear power plants. The nuclear PTC is limited in two ways. First, no single
plant can claim more than $125 million per year in credits; or claim the credit for more
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than eight years. Second, a maximum of 6,000 MW of capacity will be able to claim the
credit.

Although the Department of Energy has discretion in how the eligible capacity to
receive the PTC is allocated across projects, it is reasonable to assume that each plant will
get a smaller share of the total available subsidy the larger the number of new reactors

PTC; newer cost estimates assume they will get half of w or.

hus, itis
plausible that if many plants are queued up to be built increase
the allowable number of credits. EIA projections ass

ultimately tap into the credit (Holt, 2008: 5), indicative

Accelerated depreciat
be deducted from taxable i

capital investments to
stment. When
al deductions in the

within the firm, and can be used for other
t-free loan. While the allowed deductions

and the more rapid the write-off relative to actual

will be. Nuclear reactors, which can last 40-60 years,
rely in only 15 years. This generates a reduction in

0.3 to 0.6 cents per kWh. Price escalation in plant costs

nuclear energy different is the potential for much larger scale damage through the release
and dispersal of high-level, long-lived, radioactivity. Thankfully, the probability of a
major accident at a US reactor is very low. However, the potential damages should one
occur would be extremely high.
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The Price Anderson Act, first passed in 1957 and renewed multiple times since
then, caps the liability of a reactor owner for damages they cause to people and property
outside their plant walls in the case of an accident. Under Price Anderson in its current
form, a primary tier of insurance (presently $300 million per reactor) must be purchased
by the firms. A secondary level of insurance has been created through retrospective
pooling of payments from all reactors should an accident at any single reactor exceed the
available primary coverage. This second tier coverage provides, gregate, more than
$10 billion nationwide.

As shown in Table 4, while the size of the tota
Payment of retrospective premiums is capped at $15
resulting in more a delay of more than six years from th
Converting the P-A pool to a present value is appropriate
and the fact that most of the damage is caused immediat
present value basis, the pool coverage is about 30 percent wer
This level of damages is exceeded on a routine basi

population density surrounding the plants
potentially affected areas, or court recog

er the off-site accident
affected.

workable. Surprisingly, however, there seem to be
e utilities want to protect themselves from risk rather

and interruption of service.'®

18 Based on Constellation Energy Group's Form 10-K filing, 31 December 2006 with the US Securities and
Exchange Commission.
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Table 4
Insurance Coverage if Accident At Calvert Cliffs 3

Nominal Present Value Notes

Total payments from Calvert Ill to offsite parties
Primary insurance, $mils $ 300.0
Retrospective premiums, $mils $ 100.6

Total liability for Calvert 3 $ 400.6

1)

Additional resources from other reactors
Retrospective premiums, $mils $ 10,462.4

Total available to offsite parties $ 10,863.0

Adequacy of Coverage
Balt/WDC MSA 2000 Population, millions
Total insurance available, $/person
Calvert 3 coverage, $/person

7.6 (
,007 (5)

Notes and sources:

(1) Price Anderson coverage requi

(2) Retrospective premiums are ill need more than
six years of payments to full i assume 105 reactors,

.6m/reactor.
s'reflects UniStar financing

0% equity at 18%, less 3% assumed inflation rate.
990 and 2000," U.S. Bureau of the Census,

®)

pient industry. Quantitatively, this subsidy is equal to
ired to purchase full coverage, less the premiums

d as indicative rather than precise, as even he believes additional
develop more values (Heyes, 2005).

They should be
work is needed to

More recent estimates contained within a CBO report estimate the subsidy value
at less than $600,000 per reactor year are not considered realistic, and not included.



Discussion Draft, 4/6/09: Do Not Cite or Quote

(CBO/Falk, 2008: 29).° As there is not much resolution on the origin of this value, it is
difficult to pinpoint the drivers behind such a low number. However, politically it would
be highly unlikely for industry to fight so fiercely for more than half a century to retain
this subsidy if the value to them really were so insignificant.

One common issue with these lower estimates is that they estimate subsidy costs
for a handful of scenarios, rather than for a much bigger universef@faccident scenarios.
For example, the probability of an accident with damages j ion may be
low, but if one sums the probability of an accident for t
through tens of billions, the numbers turn out larger.
limitation applied to the CBO work or not.

Management of long-lived nuclear waste. High
isolated and managed for thousands of years. At any poi
theft can happen, bringing with it potential liabilities to the"was
manager, should they still be in operation. A suita

exposure is not one that investors or own
have made civilian nuclear power uninve

: the former through reduced sector risk, bringing down
he federal collections underestimate the funds that will

On-site storage, the result of breach of contract litigation. These
payments are € 0 escalate sharply over time, with a present value of tax liabilities
according to the @§"Department of Energy of at least $7 billion (CBO, 2007) and ranging
as high as $80 billion (Berlin, 2004). For a new reactor, economist Geoffrey Rothwell
estimates per kwWh surcharges would need to be at least 0.2 ¢c/kWh higher to cover waste
disposal costs taken on by the government. (Rothwell, 1 November 2005).

19 Earlier estimates by Dubin and Rothwell (1988) were much higher than Heyes, and have also been
excluded due to acknowledged quantitative problems with how the damage functions had been specified.
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Calvert County property tax abatement. In an effort to increase the chances of
getting a new reactor at Calvert Cliffs, the Calvert County Board of Commissioners
approved a 50% reduction in property taxes over the first 15 years of plant operations.
This is expected to save the company $20 million per year. The company currently pays
$15.5 million in annual property taxes. (Hopkins and Adams, 9 ust 2006). While too
small to even register on a per KWh basis, this is a very si

roughly 7% of the County's 2009 budget of $296 milli
annual debt service. (Calvert County, 2009).

presentations provide a valuable resource j
reactors based on an industry view of the
see how core assumptlons have changed

onstellation's own cost models (the models
why the firm has focused so heavily on

energy from a new reactor
30st of capltal and equipme

internal assumptions regarding financing,
0 operating parameters. Levelized costs represent the

2 the risk that when the plant finally comes on line, its cost
structure will be igh to enable UniStar to recoup its investment and earn a profit.
Interestingly, without the government subsidies, UniStar's own models illustrate
there is no way they would be competitive. Without loan guarantees for all of the project
debt (assumed at 80% of the project cost), the levelized cost from Calvert Cliffs 3 would
spike from $57/MWH up to $94/MWH. This scenario appears still to assume that the
plant would receive lucrative production tax credits worth roughly $5/MWH; the price of
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power without either of these two programs would be almost $100/MWH. (Turnage,
October 2008: 25).

As a frame of reference, US average wholesale power prices in 2007 -- a time of
surging energy prices -- were roughly $57/MWH. (EIA Form 861, 19 March 2009).
UniStar's new reactor would just about have broken even, assuming everything on
construction and operation went according to plan. The average lesale electricity
price for the US during the 2001-2007 period was only $4

Table 5 provides a more detailed summary of
associated with the Calvert Cliffs 3 reactor. Some ke

o Full levelized cost of power is not competitive b
The largest cost elements (net of subsidies leveli
production tax credits, and loan guarantees) take
These factors alone, which put the levelized

of "value added"

cost of its inputs.

d€ars to be a value subtracting
actually worth more than the power one gets out
to nearly 190% of the wholesale value of

to prevent single-year price fluctuations
ting businesses do not normally survive
bleed cash. With nuclear power, public
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Table 5: Public subsidies to Calvert Cliffs 3 approach private capital at risk
and exceed value of power produced

Low [ High
Cents per kWh

|. Private investment in Calvert Cliffs Il
Base case of Calvert Cliffs 5.7 5.7

Il._Public investment in Calvert Cliffs llI
A. Selected EPACT subsidies
Production tax credits 0.5 . 2llati i ning 50% access to PTCs
Loan Guarantees, 100% of debt 3.7

Industry total estimated cost 9.9

B. Additional subsidies ignored in Constellation models
Accelerated depreciation 0.3 0.6
Price-Anderson cap on reactors 0.5 25
Waste fund short-fall - 0.2 [E

Calvert Co. property tax abatement 0.0 0.0

Cost of capital value of delay
insurance, first two reactors
Add-in missing subsidies

0.7

15

Ill. Total cost of nuclear power
Public subsidy

Public/private share
Subsidy/avg. wholesale rates,
2002-06

Full cost of power

urnage assumes an overnight capital cost
. The overnight value estimates the cost if
day; "all-in" costs reflect the need to finance the plant,
ate it with the grid.

the plant could be built i
as well as incur costs to i

008). This shift alone would bring the levelized cost well
even with loan guarantees and the PTC.?°

15% (down from 18% in earlier iterations). As noted above, however,
investment hurdle rates are driven by the riskiness of the project, not the firm.
A new-build nuclear reactor is viewed as quite high risk, and would therefore

? Tyrnage (October 2008: 25) includes a stress case capital cost of $4,750 that generates a break-even
levlized cost of $72/MWH. The CRS cost estimate (Kaplan 2008) is more than 20% higher; while one
can't scale up the levelized cost linearly, it is clearly higher than $72/MWH.
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require a higher-than normal return on equity in order for investments to
proceed. It is useful to note that the return on equity for Exelon Corporation,
a large US utility with many nuclear reactors for which it did not bear the
construction risks, has averaged more than 20 percent over the trailing five
years. (Thompson Reuters, 20 March 2009). It is hard to imagine investors
accepting a lower return for a higher risk project in the case of UniStar. Thus,
without federal guarantees on the debt, the cost of eq should be expected
to rise well above Turnage's 15% target. Thered i
commensurate with early stage venture capi es of 30
percent or higher.

e "Stress' Cases also understate likely reactor cos
venture would succeed if certain conditions were wors
estimated levelized costs assuming no federal guara
lifetime capacity factor dropped from 95.3% to 85%.

0 Under a merchant model, Turnage 3
facilities for the five years pri

Higher risk new projects wou
requirements than th ing

; t collapse of credit markets
ratios might be needed.

Keystone report, also views lifetime
ying new technologies at 75-85%.

capacity facto
(Harding, 2007:

replace our reliance on oil imports from unstable regions. This line of reasoning has a
number of weaknesses. First, it will be many years before electricity and oil are
substitutes, and electrical power on the grid from nuclear stations would be able to fuel
our transport fleet. At present, these two markets are almost unrelated. Even hybrid
vehicles, which do rely on some electrical motive energy, get that energy from onboard
combustion of fossil fuels, not from the grid. Second, nuclear power in an increasingly
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international venture, with key components produced abroad. Key plant components
such as heavy forgings are a good example, and are not made in the United States.
Enrichment services and uranium are also international markets with some US presence,
but also heavy reliance on foreign firms and mines.

Finally, there is the link between reactors and terror risks. This can arise through
attacks on plants, or through the linkage between the civilian po
proliferation. With respect to the former, the NRC ruled i
that nuclear plants don't need to protect themselves agai
(Mufson, 30 January 2007). However, Constellation
and could withstand a direct hit from a civilian craft.
Turnage testimony]. With regards to proliferation, it i
at Calvert Cliffs will have a material impact on proliferati
construction on the order projected to mitigate any sizea
emissions clearly would.?!

The climate change picture is even motg

quite low emissions of GHGs per unit of
addition, the costs for the reactors is quite
investments are taken into account. As a

other options with shorter imp i i ) market and financial
risks.

, Systems management, and land use
r exceed the costs of many these other

alternatives and greatly ex@
Aany scientists believe we f

a limited window to address climate change concerns,
vestments into GHG reduction are done efficiently,
sk options first.

structure and publie’support to this initiative indicates that much of the financial and
operating risks are being shifted from investors to the taxpayer and the surrounding
population. Smaller scale, emerging power sources are also like to be hurt since the

%! The Carnegie Endowment noted that a "major expansion in nuclear power reactors does not necessarily
mean the spread of other fuel cycle capabilities such as uranium enrichment and spent-fuel processing. At
this juncture, however, it appears likely that such capabilities will spread.” (Squassoni, 2009: 40).
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nuclear reactors have quite low operating costs, even if the capital investments are lost
entirely due to bankruptcy or other restructuring.

Once subsidies are added to private investment costs at the reactors, Calvert Cliffs
3 would not be commercially competitive. Public subsidies alone are likely to exceed the
value of the power that the facility produces. Public investment is equal to, or exceeds,

"upside” should the plant be financially successful.

Even from a greenhouse gas perspective, nucl
Once reductions are normalized to the cost per metric
evident that there are a variety of other technologies an
expensive, as well as having lower financial risks, smaller
deployment schedules. The availability of these other o
lower the market value of carbon offsets is relative to the
nuclear fuel cycle.

While the United States faces real e
this does not mean that earmarking tens o
the nuclear sector is a worthwhile or effe
deployed to reach these pollcy end- oals itive ered, forcing

The federal govern i : idizatron of energy credit,
both through Ioan guaran : gy "banks" is particularly
has the technlcal skills to

lignment of incentives to increase the change
se deals are approved, there will be little

subsidization of large, baseload nuclear
ale alternatives.

gapacity will create for sma
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Figure 6:

Subsidizing Nuclear Energy is an Expensive Way to Address Climate C
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