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Executive Summary

The electric power industry in thénited States will face a number of great challenges in
the next two decades. The first is an increase in electricity demand of between 26% and 36% by
2030. The second is the aging of the current fleet of power plants, as nearly 40% of the current
fleetis at least 30 years old. The third challenge is impending climate legislation which will
likely put a price on carbon emissions, and could dramatically affect the options available to the
industry as it attempts to meet the demand for new capatiitg goal of this legislation, laid out
by President Obama during his campaigro decreasearbam emissions by 80% by 2050
Thes challenges present a major challenge to the industry, which must invest between $1.5
trillion and $2 trillion by 2030 to meet the demand over the next two decatieswill be
particularly difficult for the industry due to the relatively small size of the companies responsible

for making this large inv&ment.

Nuclear power produces 20% o t he nat i,0nadonsd eo veecrt r7if0c% tof t h

low-carbon electricity, though no new reastbave been ordered in over 30 years. The reasons

for this drought in construction are varied, but mainly comerdim ecmomics. Nucleawas

simply not the most economical choice for new capacity dwepast 30 years, but current

conditions may be changing that, as carbon pricing stands to increase the price of fossil fuels,

and more favorable financing has the potential to significantly lower the cost of nuclear power.

Many energy sources must cohtrie to the new generation capacity if the nation is to meet the

goals laid out by President Obapemndnuclear energy must be strongly considered as an option,

as it currently produces the majority of lmarbon electricit andhas potential to economically



produce much moreThe greatest challendacing the addition of new nuclear capagity

however s in financing new plantgndthe federal government can help alleviate this @bl

The federal government already playsimportant rolén financingnewnucleamplants
by means of production tax credits, standby support, and loan guaranbeesguaranteesre
the most important of these incentives, as thiyalitilities to finance projects at much more
reasmable ratessignificantly decreang the cost of a new nuclear planthichis a very capital
intensive project.These guarantees are not a direct subsigypnly given to projects that are
independentlynvestigated and approveahd are paid for in full by the applicants, so barring a
failure rate that exceedsrefullycalculatedexpectations, theyould not cost taxpayers
anything. In addition tocurrentfederalsupport, some states hagwaicies that are favorable to

nuclear powerand additional support may be provided in the energy bill currently in Congress.

The most important way in which the new energy billlddenefit nuclear power is by
increasing the amount of loan guarante®wided to the first wave of nuclear power plants from
$18.5 billion to $40 billion, to allow #hseven reactors that thegearantees will support to each
receive a sufficient sum. In addition to increasing tla@ Iguarantees for nuclear energy, a
permanent federal financing structure, which would provide loan guarantéeedn energy
technologies, mst be established, and ne&t energy should be included among those
technologiesleemedo be eligible for assistancd hese changes should be made as part of a
coherent, longerm energy policy, which will provide utilities withe correct tools to make the
necessary investments, and teetaintyin the future of energy policy in this country that will

allow them to undertakeecessarjnvestment projectsonfidently.
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Introduction

One of the most important issues facing the United States today is that of energy and
climate change. Itisoneof Presiit Obamads signature issues, al
enormous effects on the environment, the economy, national security, and many other areas.
Central to this issue is the debate over how the federal government should be involved in
reducing carbon ensfons. This encompasses the debate over whethee@i®sions should be
reduced by means of acarbontaxoraaagt r ade system, and what the
should be in supporting alternative energy technologies, ranging from carbon capture and

seqlestration, to renewable energy sources, to nuclear power.

As the debate continues in Congress, one thing that seems certain is that the United States
will eventually attempt to reduce carbon emissions by pricing them in some way. The goal laid
out by Resident Obama during his campaign called for an 80% decrease in greenhouse gas
emissions by 2050, and he proposed aaragtradesystem to accomplish this gd@arack
Obama and Joe Biden: New Energy For America, 2008 American Clean Energy and
Security Act (H.R. 2454) which passed in the House on June 26, 2009, also calls for a
comparable decrease in greenhouse gas emissions, also by mearanaftcage. In addition
to the desire to reduce climate change, the tiansaway from fossil fuels is driven by the
desire to reduce dependence on foreign oil , i

while returning the United States to a leadership role in clean energy technology.



In order to succeed inreducingar bon emi ssions, and achieve

however, more has to be done than simply pricing the externalities associated with carbon
emissions. The strategy of creating an economic disincentive for building ngen@iting

fossil fuel plass can only be successful in reducing carbon emissions in the long run if there are
other economically viable alternatives available to the electric power utilities. This means that
rather than just make fossil fuel plants more expensive, it is impdnttrgteps are being made

to ensure the economic success of alternativecianvon or carboffree technologies. One

important question as Congress debates the new energy bill is how the government should be
involved in this process. The free market wal$pond to signals sent by pricing carbon

emissions, and various alternative technologies will become more competitive. However, the
reason why coal plants were popular, and natural gas plants have become so popular recently, is
that they have often bedime most economical choice, especially in times when fuel prices were
low. Simply pricing carbon emissions will not cause a decrease in emissions unless the added
cost pushes the price of these technologies higher than the competing alternatives.afi$is me
that unless sufficiently prices are put on carbon emissions, it will take additional policies
supporting clean energy alternatives before a real decrease in carbon emissions is realized.
There are various existing incentives for the developmenesethlternative technologies, and a
significant increase in these incentives will likely be an important part of any energy bill that
eventually passes in Congress. The subject of how to structure such an incentive package is a

key policy issue for theuture of energy in the United States.

A combination of many alternative energy technologies will likely be necessary to

sufficiently reduce carbon emissions and meet the goals of clchatege legislation. One
2



technology of particular importance that mbe considered is that of nuclear power. As shown
in Figure 1, below, nuclear power plants are responsible for generating over 70% of electricity in

the United States that does not ecairbon during productiofNuclear Energynstitute, 2009)

U.S. Electricity Sources Which Do Not

Emit Greenhouse Gases During Operation
2008

Nuclear
72.3%

__Hydro
21.7%

|  Solar
0.1%

Geothermal
1.3%

Figure 1: Breakdown of Low-Carbon Electricity Sources in the United States

Nucl ear plants al so pr totdelecwicitgDepartnentdfEsergamf t he
Office of Nuclear Energy, 2009)This is particularly impressive considering that no new nuclear
plants have been ordered in more than 30 years. With the increased focus on clean energy
technology, however, new nuclear plants have become a much more attrptitime 8eventeen

new applications for combined operating licenses, for a total of 26 new units, have been filed

with the Nuclear Regulatory Commission since September 2007, and more are expected

(Nuclear Regulatory Commissio2009)



Despite this renewed interest in constructing new plants, nuclear power still faces a
variety of hurdles before a nuclear renaissance can get underway. The financial crisis has made
it even more difficult to raise the necessary capital to begye construction projects. This has
hurt projects such as nuclear power plants, which are very capital intensive investments, as well
as other energy projects, such as the wind farm planned by T. Boone Pickens, a project which
has already been stallbg lack of available capitgLaMonica, 2008) In addition to the
struggling capital markets, the uncertainties caused by recent changes to the regulatory process,
and by the inevitable firstf-a-kind engineering costs assatgd with constructing the first wave
of new nuclear plants, make it even more difficult to predict the final cost of building new

nuclear plants.

There is still debate over whether or not nuclear power can compete economically on the
same footing as o#n alternative technologies, let alone on the same footing as coal and natural
gas. The costs of building a new plant are especially difficult for utility companies to absorb due
to the fact that the projects are so large relative to the size of themesy@nd in order to build
one they must be assured that they do not get stuck with a project that they cannot complete
profitably. Current policies help mitigate these costs for the utility companies by providing
incentives for the industry, includinggauction tax credits, and assistance with financing in the
form of loan guarantees. In addition to the current policies in place, the energy bill will have a
very important impact on the future of nuclear power in the United States, due in largelpart to
way in which carbon is priced, and the possibility of further incentives included in the bill for

nuclear power.



Background, Key Conflicts and Concerns

Brief History of Nuclear Power in the United States

There are currently 104 operating nuclear pgwants in the United States. These plants
have a total capacity of approximately 100 gigawatts, and make the United States nuclear power
industry the largest in the wor{@he Brookings Institution, 2004)They provide roudk 20%
of the country's electricity, but no new plants have been ordered in over 30 years. The reasons
for this drought in new nuclear construction are varied, but more than any other factor come
down to economics. Nuclear was a very popular optionentll 96 0' s and 197006s
demand for electricity was increasing at a very high rate. Utilities were able to justify the high
capital costs to build large new power plants because they were assured of a doubling in
electricity demand every 10 yedifhe Brookings Institution, 2004)Iin addition, the electricity
industry was still regulated, making it much easier to make large scale investments, a situation
that will be discussed further later in this paper. Coal and petngberces also increased
sharply in the 1970's due to the crisis brought on by the oil embargo, making nuclear an even
more attractive option at that time. Nuclear was the popular choice both because it was already
economically competitive with coal andtaeal gas, and because it looked like it would only
become more competitive as fuel prices were expected to continue to rise, while costs of nuclear

were expected to decrease.

Construction began on the existing plants between 1964 and 1977, and they enter

commercial opet#on between 1969 and 199Bnergy Information Administration, 2009Fach

b



plant was initially licensed for a 40 year period, and most are expected to apply for and receive a

20 year extension on their openg life, with some having already been granted this extension.

After 1974, however, the growth rate of electricity demand fell to only 3% per year, and demand

for new nuclear plants dropped off significantly as utilities reconsidered large, expensive

cgpacity additions. Figure 2, below, shows the steady historical decline in yearly electricity
demand growth, including the pr(Emegynfonmatios dr op

Administration, 2009)

Figure 54. U.S. electricity demand growth,
1950-2030 (percent, 3-year moving average)

= History FProjections
8 3-year moving average
Trend line
4 —
0
1950 1970 1990 2007 2020 2030

Figure 2: Historical Trend and Future of U.S. Electricity Demand Growth

Because of this decrease in demand, many orders for plants were canceled due to
economic concerns, and the increasing risks associated with such large construction projects. In
1979 the Three Nt Island accident occurred. Many people blame this accident for the sudden

drop-off in new nuclear plant construction, though in reality the new plant orders had stopped

6



even before it took place. No negative health effects were caused by the abcitertt

investors already unwilling to support the building of new nuclear power plants due to economic
concerns, the accident certainly did not bolster their confidence. The accident also prompted the
Nuclear Regulatory Commission to impose even manegent regulations than those already in
place, leading to worries that plant construction could become even more(Nostyar

Regulatory Commission, 20Q9)

Because of the trends away from expensive-hzest power plarst, natural gas power
plants have been the most popular way to increase capacity in recent years. Figure 3, below,
illustrates the degree to which natural gas has been utilized in recenfNeaesar Energy

Institute, 2009)

Capacity Brought Online by Fuel Type

1950-2008 (Nameplate Capacity, MW)

= Water

= Renew Recent years have seen an
Petro explosion in new gas fired

m Other generation, but little building in
Waclear other fuels.
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4
NEI Source: Ventyx Veloclty Sulte
» Updated: 4/08

Figure 3: New Capacity Additions in United States by Fuel Type
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The figure also shows how both coatamuclear plant construction dropped off significantly

over the same time frame. The reason why natural gas plants are preferred is that they have
significantly lower construction and capital costs than nuclear and coal plants. In building a new
nuclear plant, two thirds or more of the total lifetime costs of the plant are incurred before the
plant comes oitine, due to the high construction and capitadt relative to operating and fuel
costs(The Brookings Institution, 2004)The initial costs of natural gas plants, on the other hand,
are closer to one fourth of their total cost. This makes the construction of natyskirgas
significantly less risky for utilities, despite the fact that production costs, which include fuel and
operating costs, are much higher and unpredictable for natural gas, as shown in Figure 4, below

(Nuclear Energy Institte, 2009)

U.S. Electricity Production Costs

1995-2008, In 2008 cents per kiflowatt-hour

2008
Coal - 2.75
——Gas - 8.09
Nuclear - 1.87
—Petroleum - 17.26

8.0
6.0
4.0
2.0

0.0
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Figure 4: Comparison of Electricity Production Costs by Source (Nuclear Energy Institute)

Despite the sudden drop off in construction of new nuclear plants, and the recent trend

towards construction of natural gas plants, current conditiane resulted ia needo consider
8



all options, and this has resulted in the reconsideration of nudkeajections by the Energy
Information Administration (EIA) show an increase in demand for electricity in the United States
of 26% to 36% by 203(Energy Information Administration, 2009)These estimates take into
account gains in energy efficiency, which will serve to help decrease the demand. They
understate the need for new power plants, however, because in afbdjtisnincreasing

capacity by 26% to 36%, additional capacity must be constructed to replace plants that are retired
during this time. Plants will be retired both because they haveagaice end of their lifetime
andbecause their high carbon emissaould become a burden on utilities after carbon

legislation is passed.

This increase in demand will require new investment in-haess power sources.
Typically coal and nuclear power are the main sources oflbadgpower, meaning that they are
in continuous operation at high capacity factors. The natural gas plants that have dominated
recent capacity construction are mainly used for pea#t operation, though they could
potentially be used for basead electricity albeit at higher production tothan nuclear and
coal. Renewable energy sources such as solar and wind require new energy storage technology
before they can be relied on for bdsad operation, as they currently only provide electricity
when it is sunny or windy, respectively. Tineed for base load generation cannot be ignored
much longer, as the increase in demand over the next two decades will be substantial. Utilities
are already scrambling to come up with the solutions to the looming problem. In fact, the
Nuclear Regulatory @nmission (NRC) has received applications for 26 new nuclear reactors
since 2007 as utilities begin to reconsider the economic viability of nuclear power in light of the

projected demand. These plants would likely be operational by 2016 at the earliest.
9



The Economics of Nuclear Power

As the energy debate continues, the most important factor in the discussion will be
economics. Coal has maintained close to a 50% share of the electricity generation market and
natural gas has built a share of more than Bé&ause both of these sources have historically
been cheaper than the alternatives. As illustrated above, natural gas in particular, with its low
capital costs, has been a very popular option in recent years. As the United States expands its
generating apacity to meet the projected increase in demand, the sources that are used will
continue to be those that are the most economical. In their Annual Energy Outlook 2009, the
EI'A said, ATechnology choices for newhilegener at
meeting | ocal and F e @Emergylhforneation Adsninistration, 2000h st r ai n
What remains to be seen is which sources will prove to be the most economical, as the federal
government is poised to chaniggemissions constraints by putting a price on carbon emissions,
thereby raising the cost of fossil fuel sources, while simultaneously lowering the cost of various
other technologies by means of subsidies and other financial incentives. If Congresssutc
sending the correct price signals, they will create a market in which fossil fuels are no longer the
most affordable option, and utilities will reduce their carbon emissions simply by choosing to
build capacity in the least expensive way in whiokytcan meet the new regulatory

requirements.

Because economics is at the crux of the issue in determining the future capacity additions
that will be made in the United States, many economic analyses have been performed for the
various competing technolagg. Many such analyses have been performed to determine whether

nuclear power is an economically viable alternative, with mixed results. Before discussing these
10



results it is important to look at how such an analysis is performed. The goal of mest studi

to compute the Levelized Cost of Electricity, or LCOE, for each power source. The LCOE

allows fair comparison between different power sources which is otherwise quite difficult, due to
large discrepancies in the different types of costs and intetestassociated with each type.

One study defines the real LCOE of a project
of electricity that would be necessary over the life of the plant to cover all operating expenses,
interest and principakpayment obligations on project debt, taxes and provide an acceptable
return to equity invest or s(Massachussets m&ituteafon o mi c

Technology, 2003)

In a 2004 study, the University of Chicagealuated a number of these LCOE analyses.
They use a relatively simple and straightforward approach to calculating the LCOE, which they
explain in detail as a background to how most such economic analyses are done. A brief
description of this study igiven here, to explain how LCOE analyses are done. There are five
main cost components that an LCOE study considers. These include annuitized capital cost,
insurance, fixed operation and maintenance costs, variable operation and maintenance costs, and
fuel costs. The basic aim of the study is to calculate the net present value of all of these costs,
and determine the price of electricity that must be paid over the life of the plant to cover the total

cost of the plant.

A few other important variableseaneeded to perform the net present value calculation.
The number of years required for construction is an important variable, as financing becomes

more expensive over longer periods of time, and inflation results in higher relative costs each

11



year of castruction. The discount rate is another crucial variable in the calculation, as it is the
rate at which construction projects are financed. Higher rates mean more expensive projects, and
higher LCOE, and particularly capital intensive projects are ta@ffieeven more strongly by this

rate. Taxes and decommissioning and decontamination (D&D) costs are also important costs
included in an LCOE analysis, though they are sometimes removed for simplification purposes.
The University of Chicago study, for exale, determined that D&D costs are negligible in the
calculation of LCOE because not only are they relatively small compared to the other relevant
costs, but they occur 40 or 60 years after the plant becomes operational, so their cost discounted
into pregentday dollars becomes very sm@lniversity of Chicago, 2004)The details of the
calculation are not included in this report, but the final result is a relatively straightforward
estimation of the LCOE for new power plaainstruction. Using LCOE allows very different

project types to be compared despite the unique discount rates, operating costs, capital costs,

construction times, or other differences associated with each project.

The study then compares a variety of LE@nalyses that were conducted by various
groups using methods similar to the one described above. The studies they include show the
variability that inevitably occurs when conducting such analyses, as the assumptions that each
study makes for the diffené variables described above can radically change the final LCOE that
is calculated. A summary of these studies can be seen in Table 1(UDeiversity of Chicago,

2004)
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Table 1: Summary Worksheet for Busbar Cost Compariens, $ per MWh, with Capital

Costs in $ per kW, 2003 Prices.
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