Quick Facts

e Unlike conventional fossil fueled electricity generation, nuclear power can provide electricity without
direct greenhouse gas (GHG) emissions and with very low lifecycle emissions.

e In 2010, nuclear power provided one fifth of total U.S. electricity and constituted 65 percent of the
nation’s total non-GHG-emitting electricity generation.1 The United States is the largest generator of
nuclear power, accounting for about 30 percent of global nuclear generation.2 However, absent new
policies to reduce GHG emissions and promote non-emitting electricity generation, U.S. nuclear
power is not expected to grow substantially in coming decades.

o Globally, nuclear power provides roughly 14 percent of total electricity generation and more than 40
percent of global non-fossil fueled electric power generation.3 The United States, France, and Japan
account for nearly 60 percent of global nuclear power generation; although, China is rapidly
expanding its fleet of nuclear power plants.4

e Under new policies to reduce GHG emissions, nuclear power could be an important source of low-
carbon electricity, with some analyses suggesting that nuclear power could provide more than 40
percent of U.S. electricity and nearly a quarter of global electricity by mid-century.56

e The 2011 accident at the Fukushima Daiichi powerplant in Japan illustrated some of the risks of
nuclear power. Addressing the threat of climate change through expanded nuclear power will require
continued improvements in the safety of nuclear technology, thorough industry regulation and
oversight, and a commitment to safety and security on the part of the nuclear industry.

Background

Electric power generation is a major source of greenhouse gas (GHG) emissions, primarily carbon dioxide
(CO2) from fossil fuel combustion. In the United States, electricity generation is responsible for roughly one
third of total GHG emissions (80 percent of which come from coal use).” Globally, electricity generation
accounts for more than 27 percent of total CO2 emissions and more than one fifth of total GHG emissions.8
Given the magnitude of GHG emissions from the electricity sector, low-carbon electricity generation
technologies are crucial for achieving the significant GHG emission reductions necessary to avoid dangerous
climate change.

Nuclear power is one option in the portfolio of low-carbon electricity generation technologies, which also
includes renewables (e.g., wind, solar, and biomass) and fossil fuels coupled with carbon capture and
storage (CCS). Nuclear power emits no GHGs from electric power generation, and its overall lifecycle GHG
emissions profile is low and similar to that of solar power.? In addition, nuclear power is already a widely
deployed technology and can—like coal-fueled generation—provide reliable baseload electric power.

Currently, nuclear power is by far the largest source of low-carbon electricity in the United States. In 2010,
nuclear power provided one fifth of total U.S. electricity, which was nearly twice as much as generated from
all renewable sources (including conventional hydropower).1° The United States has 104 operating nuclear
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reactors at 65 plants in 31 states.11 Globally, nuclear power generates roughly 14 percent of total
electricity.12

In order for nuclear power to significantly expand domestically and globally, the United States and the rest of
the world must adopt policies to promote low-carbon technology deployment and adequately address
concerns about nuclear power safety, nuclear weapons proliferation, and the long-term handling of spent
nuclear fuel.

Description

Current nuclear power technology harnesses the energy released by nuclear fission. Atomic nuclei consist of
protons and neutrons held together by a strong energy bond. In nuclear fission, a neutron strikes the nucleus
of a very heavy atom and splits it apart into lighter atoms, releasing additional neutrons and energy as well.
These neutrons, in turn, can fission other atoms. Under precise, controlled conditions, this nuclear fission
process can occur as a continuous chain reaction that releases heat in useful amounts.

o Nuclear Fuel: Nuclear power plants predominantly use U-235, a fissile isotope of uranium, as their
fuel. Uranium is a naturally occurring heavy metal whose most common isotope is the non-fissile U-
238. To make reactor fuel, mined uranium must be enriched to a higher concentration of U-235.13
Some of the U-238 in nuclear fuel is transformed to fissile plutonium during the nuclear chain
reaction, and some of this Pu-239 is, in turned, fissioned to produce useful energy.14 At regular
intervals, nuclear reactors’ fuel must be replaced with fresh fuel when the fuel is spent—i.e., no
longer capable of supporting an adequate chain reaction. This spent nuclear fuel consists mostly of
uranium (up to 96 percent) mixed with certain highly radioactive elements—namely, fission products
(e.g., cesium and strontium) and transuranics (e.g., plutonium and americium). The decay heat and
radiotoxicity of spent nuclear fuel is dominated by the fission products for roughly the first hundred
years and then by the transuranics for subsequent millennia.1® Currently, in the United States, spent
nuclear fuel is stored first in pools of water at nuclear plants to cool the waste and provide protection
from its radiation for at least 10 years; subsequently, spent nuclear fuel can be housed onsite in dry
casks made of steel and/or concrete while it awaits permanent disposal or reprocessing (see
below).16

o Nuclear Reactors: All operating U.S. nuclear power plants are light water reactors (LWRs)—so called
because they use ordinary water to transfer heat generated by the reactor to a turbine-generator
which produces electricity—and LWRs are the only type of reactors under consideration for the
proposed new plants in the United States.17.18 There are two types of LWR, the boiling water reactor
(BWR) and the pressurized water reactor (PWR).1° Roughly seventy percent of U.S. nuclear reactors
are PWRs.20 Nuclear reactors are often classified in terms of their reactor generation, or stage of
reactor technology development:21

o Generation |: these reactors were the prototypes and first commercial plants developed in
the 1950s and ‘60s of which very few still operate.

o Generation lI: these are the commercial reactors built around the world in the 1970s and
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‘80s.

o Generation llI/llI+: Gen lll reactors were developed in the 1990s and feature advances in
safety and cost compared to Gen Il reactors. Gen IlI+ reactors are the most recently
developed reactor designs and have additional evolutionary design improvements. Only a few
Gen lll/1lI+ reactors have been built, but currently planned reactors in the United States are
of this type.

o Generation IV: refers to the advanced reactor designs anticipated for commercial deployment
by 2030 and expected to have “revolutionary” improvements in safety, cost, and proliferation
resistance as well as the ability to support a nuclear fuel cycle that produces less waste.22

Nuclear Fuel Cycles: The conventional, once-through fuel cycle involves nuclear reactors that use
enriched uranium as fuel and that discharge spent nuclear fuel for disposal. This is the current
approach in the United States. There are two alternative fuel cycles—the current, single-pass recycle
option and a fully closed fuel cycle that would use anticipated advanced technology. The single-pass
recycle option, which is the approach used in France, involves “reprocessing” spent nuclear fuel to
separate fissile uranium and plutonium from other nuclear waste. This uranium and plutonium can
then be recycled as fuel in existing nuclear reactors. This fuel cycle reduces the volume of nuclear
waste that requires disposal but not necessarily the decay heat and radiotoxicity of the waste.23 A
recent Massachusetts Institute of Technology (MIT) study concluded that the cost of this single-pass
recycle option is unfavorable compared to a once-through cycle and that the waste management
benefits from a closed fuel cycle do not outweigh the attendant safety, environmental, and security
considerations and economic costs.24 In a proposed fully closed fuel cycle, spent nuclear fuel could
be reprocessed with the separated uranium, plutonium, and other long-lived radioisotopes recycled
as fuel. This could reduce the long-term burden on the final nuclear waste repositories by reducing
long-term decay heat and radioactivity. However, it would not eliminate the need for long-term
disposal because there are long-lived fission products and wastes from processing operations that
will still require permanent geological disposal. A fully closed fuel cycle, however, requires advanced
“fast” burner reactors that are not yet commercially available. In theory, SNF from these “fast”
reactors could be repeatedly reprocessed until all the useable fuel was fissioned while also
converting nearly all the uranium in the fuel cycle to useful fuel.25

Environmental Benefit/Emission Reduction Potential

Many analyses that look at the lowest-cost options for decarbonizing the electric power sector (e.g., via a
GHG emissions pricing policy) project a substantial role for new nuclear power plants in meeting demand for
non-emitting electricity generation.

In its 2011 outlook for “business as usual” (i.e., a scenario with no new policies), the U.S. Energy Information
Administration (EIA) projects only 10 gigawatts (GW) of new nuclear generating capacity from now through
2035—a 10 percent increase from current nuclear generating capacity over 25 years.26 Over the same
period, EIA projects that total electricity demand will grow by 25 percent.
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In contrast, EIA recently modeled an economy-wide carbon price and projected that such an emission
reduction policy would spur the deployment of 75 GW of new nuclear generating capacity by 2035.27
Analysis of the same policy by the U.S. Environmental Protection Agency (EPA) estimated that nuclear power
would increase to 44 percent of total U.S. electricity generation by 2050.28

As one indicator of the significant potential role for nuclear power in global GHG abatement, the
International Energy Agency (IEA) estimated that nuclear power could provide 6 percent of total energy-
related emission reductions compared to “business as usual” by 2050 (and 19 percent of emission
reductions from the power sector).29 |[EA projected that, in this scenario, nuclear power would increase from
about 14 percent of global electricity generation currently to nearly one fourth of total power generation by
mid-century.

Cost

Nuclear power requires very large upfront capital investments in constructing the power plant (e.g., a new 1
gigawatt nuclear power plant might cost $6 billion including the cost of financing). For nuclear power, the
capital cost of the plant constitutes roughly three fourths of the levelized cost of electricity, with fuel and
operations and maintenance (0O&M) costs making up the remainder of the cost in roughly equal
proportions.30.31 |n contrast, capital costs account for roughly 40 percent of the levelized cost of electricity
from a new coal power plant, and fuel costs account for about 80 percent of the levelized cost of electricity
from a natural gas power plant.32 In short, nuclear plants are relatively expensive to build but relatively
inexpensive to operate.

The cost of new U.S. nuclear power plants is uncertain due to a long hiatus in the construction of new
nuclear plants in the United States, and cost estimates have been trending upward. In 2010, EIA increased
its annually updated estimate of the capital cost of a generic new nuclear power plant by 37 percent, citing a
trend of rising costs for capital-intensive power sector projects, higher global commodity prices, and the
relative scarcity of engineering and construction firms capable of undertaking such complex projects.33

During the 1980s and early ‘90s, new nuclear power plants experienced long delays in construction
schedules and massive cost overruns, which makes potential lenders see new nuclear power plants as
riskier than other power plant investments and thus makes new nuclear plant construction more expensive
to finance. Given the capital-intensity of nuclear power, financing is challenging for new plants.

EIA’s latest estimates for the levelized cost of electricity from new power plants using various electricity
generation technologies put nuclear power at roughly the same cost as electricity from new coal plants but
roughly 80 percent more costly than electricity from new natural gas combined cycle plants.34 This cost
differential makes new nuclear power plants hard to justify without a policy that changes the relative costs of
different types of electricity generation based on GHG emissions.

The once-through nuclear fuel cycle is currently the least costly approach to nuclear power.35
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Current Status of Nuclear Power

More than 90 percent of U.S. nuclear capacity came online in the 1970s and ‘80s before cost overruns,
construction delays, and safety concerns ended this wave of nuclear plant construction. Whereas the build-
out of the existing U.S. nuclear fleet saw a large number of companies building a variety of idiosyncratic
nuclear plant designs with a regulatory licensing process that allowed for significant delays, the new wave of
potential new nuclear plants in the United States is foreseen to include a small number of firms with nuclear
power experience building a limited number of standardized plant designs under a new licensing framework
that front-loads much of the regulatory risk.

The Energy Policy Act of 1992 overhauled the nuclear licensing process, which used to require two licenses—
one to build the plant and another to operate it. Under the new process the U.S. Nuclear Regulatory
Commission (NRC) can: 1) pre-approve a prospective site for a new nuclear plant, 2) certify a new reactor
design, and 3) issue a single combined construction and operating license (COL).36

In 2005, Congress enacted new financial incentives (mainly federal loan guarantees) to help spur the first
wave of a new generation of nuclear power plants. Subsequently, U.S. electricity providers did begin to
pursue new nuclear plants. Currently, 12 license applications are under active review by the NRC for up to
20 new reactors, with all of the license applications filed since 2007.37

Nonetheless, the high capital costs of new nuclear plants, the relatively lower cost of new natural gas
generation following the domestic “shale gas revolution,” and continuing lack of federal policy to reduce
GHG emissions and incentivize low-carbon energy technology all limit enthusiasm for new nuclear projects in
the United States. As of April 2011, only two new nuclear plants have advanced as far as pre-construction
activities on the ground (Vogtle in Georgia [Southern Company] and V.C. Summer in South Carolina [Scanal).
The U.S. Department of Energy (DOE) has conditionally awarded a federal loan guarantee to one new nuclear
plant (Vogtle) and is negotiating with three other projects.38 Along with a third project in Texas (sponsored by
NRG Energy and Toshiba), the Georgia and South Carolina reactors are considered the most likely to actually
proceed in the near term if granted licenses by the NRC.3° The process of licensing and building the first few
new nuclear plants is expected to take approximately 9-10 years, with the nuclear industry expecting 4-8
new plants to start commercial operation by 2020.40

Industry experts consider successful on-time, on-budget completion of this handful of new reactors crucial
for creating confidence that new reactor construction can avoid the pitfalls of the past and enabling
subsequent nuclear project developers to obtain financing from the private sector without government
backing.

Nuclear power also faces potential political and public acceptance hurdles. After decades, the United States
still has yet to resolve the issue of long-term handling of spent nuclear fuel. The Obama Administration
withdrew the license application for the long-awaited Yucca Mountain geologic repository and has appointed
a blue-ribbon commission to reassess the options for long-term spent fuel management. The commission
will deliver its final report in early 2012. Presently, the United States is pursuing a once-through nuclear fuel
cycle. A fully closed fuel cycle would require not just advanced reprocessing and recycling technology but
also the capability to manufacture a new type of reactor fuel from the reprocessing outputs.41 According to
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the nuclear industry, the new generation of reactors necessary for a fully closed fuel cycle is decades away
from commercial development.42

In March 2011, a catastrophic earthquake and resultant tsunami struck Japan and led to the failure of
reactor and spent fuel storage cooling systems at the Fukushima Daiichi nuclear power station and
subsequent damage to the reactors and fuel rods and releases of radioactivity. As of May 2011, it is too
early to tell what implications the nuclear accident in Japan will have for nuclear power in the United States—
whether it will dampen power generators’ interest in new reactors, delay regulatory approvals, lead to any
retirements of existing reactors, or not affect the industry at all. President Obama and other political leaders
have expressed continued support for new nuclear power following the crisis in Japan, and the NRC has
undertaken efforts to learn from the Japanese crisis and identify implications for the safety of existing and
planned U.S. reactors.

Worldwide, 64 new reactors are currently under construction in 15 countries. 25 of these reactors are in
China, which has only 7 reactors operating now.43 China has ambitious plans for building new reactors-44 The
other countries currently building multiple new reactors are Russia, India, and South Korea.

The Japanese nuclear accident will have repercussions for the global outlook for nuclear power. The
Japanese government has abandoned a plan that called for 14 new reactors by 2030.45 The Japanese
nuclear accident has spurred renewed debate over the future of nuclear power in parts of Europe.46 China
will reportedly strengthen oversight over its reactors and their approvals but will not change its overall
strategy toward nuclear power.47

Obstacles to Further Development or Deployment of Nuclear Power
o Lack of Policies to Reduce GHG Emissions from Electricity Generation

In the absence of regulation of GHG emissions, new nuclear power is typically more expensive than
existing or new conventional fossil fueled electricity generation.

e Challenges to Financing Initial Nuclear Builds

The up-front capital investments required for nuclear power plants make financing difficult for U.S.
electric power generators given their relatively small market capitalizations, especially in
restructured electricity markets. Many of the existing nuclear plants proved to be far more expensive
to build than expected and faced long delays in construction schedules.4® Commercial lenders are
thus reluctant to finance new nuclear plants on a project finance basis at a cost of capital
comparable to other power generation technologies until “first-mover” firms demonstrate that new
nuclear plants can be built on time and within budget.

e Long-Term Nuclear Waste Policy

Experts have concluded that geological repositories can safely isolate nuclear waste over the long
term; however, so far no country has successfully implemented such an approach for spent nuclear
fuel and high-level nuclear waste.49.50 Other countries (Sweden and Finland) have sited final
geological waste disposal facilities with public acceptance, but these repositories are not yet fully
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licensed, constructed, and operational.51 The United States currently has over 60,000 tons of
nuclear waste at more than 100 temporary sites (primarily nuclear power plants) around the country,
and existing nuclear power plants generate approximately 2,000 tons each year.52 Moreover, even
the proposed fully closed fuel cycle that may be a future option will still necessitate long-term
geological waste disposal.

Under the provisions of the 1982 Nuclear Waste Policy Act, the federal government has
responsibility for managing spent nuclear fuel produced by commercial reactors. The federal
government has been collecting fees from nuclear power generators as part of contracts that
originally required DOE to begin taking spent nuclear fuel for long-term disposal in 1998.53 In 1987,
Congress designated Yucca Mountain in Nevada as the sole candidate for a federal long-term
geological repository for nuclear waste. However, the site engendered intense political opposition
from Nevadans, and the Obama Administration has terminated the Yucca Mountain nuclear waste
repository program.54 Given current law, indefinite storage at reactor sites and other existing
temporary facilities is the only alternative to Yucca Mountain absent additional congressional
action.s5 Given the challenges encountered in opening a long-term geological repository, DOE has not
yet begun taking spent nuclear fuel from nuclear plants and is not expected to do so for several
years.

Several states—including California and Wisconsin—have laws that effectively ban the construction of
new nuclear plants until a federal long-term waste disposal repository is operating.5¢ Elsewhere, the
lack of a solution for long-term spent nuclear fuel management creates uncertainty for new nuclear
power plant sponsors. However, the NRC has determined that spent nuclear fuel can be safely
stored at reactor sites for 30 years after a reactor shuts down, and NRC has proposed at least 60
years of storage after reactor shut-down as a safe period.5?

e Supply Chain and Workforce Constraints

The industrial resources and supply chains needed to build and operate nuclear plants may present
challenges to a significant expansion.58.59.60.61 Moreover, the current nuclear workforce is aging and
retirements may exceed new entries resulting in a loss of experienced operator and maintenance
personnel.62

e Safety and Security

The global nuclear power industry has experienced four serious nuclear reactor accidents—at
Windscale (1952) in the United Kingdom, Three Mile Island (1979) in the United States, Chernobyl
(1986) in the former Soviet Union, and Fukushima Daiichi (2011) in Japan—and several fuel cycle
facility incidents.83 Nuclear reactor damage is a threat to public health as it can lead to release of
radioactivity to the air and groundwater. To date, the United States has had no immediate
radiological injuries or deaths among the public attributable to accidents involving commercial
nuclear power reactors.64 Following the Three Mile Island accident, improvements were made to
plant safety equipment, procedures, and training in U.S. reactor operations which significantly
increased the safety of the U.S. nuclear fleet.6> Moreover, new reactor designs have projected risks—
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particularly vulnerability to loss-of-coolant accidents—that are one to two orders of magnitude less
than those of operating LWRs.66 Nonetheless, the recent Japanese nuclear accident has once again
focused attention on the safety of existing and planned nuclear reactors.

In addition to accidents, intentional attacks on nuclear power plants by terrorists could theoretically
lead to nuclear reactor damage. Following the September 11t terrorist attacks, security at nuclear
power plants came under increased scrutiny, and new regulations from the NRC increased the level
of protection against terrorist attacks.

¢ Nuclear Weapons Proliferation

The nuclear proliferation risk stems principally from the potential for countries to covertly use
uranium enrichment or spent nuclear fuel reprocessing plants to generate materials for use in
nuclear weapons, and theft of poorly secured nuclear materials could result in transfer to a
dangerous state or terrorist group.6? In particular, current commercial reprocessing technology
generates separated plutonium that is directly usable in nuclear weapons.¢8

Policy Options to Help Promote Nuclear Power
e (Carbon Price

A policy, such as cap and trade (see Climate Change 101: Cap and Trade), that puts a price on GHG
emissions would discourage investments in traditional fossil-fuel use and spur investments in a
range of low-carbon energy technologies, including nuclear power.

o C(Clean Energy Standard

A policy that required electric utilities to supply increasing percentages of low-carbon electricity (e.g.,
a clean energy standard) would likely substantially increase investments in new nuclear power.

e GHG Performance Standards

Policymakers could rely on performance standards to drive nuclear deployment by enacting new
regulations that establish maximum allowable CO2 emission rates for power plants (California,
Washington, and Oregon have such standards).®® If stringent enough, such standards could lead
power generators to turn to nuclear power and other non-emitting technologies.

o Loan Guarantees and other Financial Incentives for Initial New Nuclear Projects

The Energy Policy Act of 2005 included provisions for loan guarantees, production tax credits, and
standby insurance for “first-mover” new nuclear power plants.”¢ Commercial lenders have indicated
that the first wave of new nuclear plants built in the United States without assured cost recovery
from electricity ratepayers would be difficult or impossible to finance without federal loan guarantees
owing to the perceived high risk of such projects in light of the poor track record of constructing the
existing U.S. nuclear fleet.71 With the current level of federal loan guarantees available for new
nuclear power plants, two or three “first-mover” nuclear plants could obtain financing backed by
federal loan guarantees and—if they demonstrate success in on-time, within-budget construction and
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operation—lower the perceived risk of investing in new nuclear power plants and make subsequent
plants’ financing easier and less costly. An expanded loan guarantee program could support more
“first-mover” nuclear projects.”2

Defining a Long-Term Policy for Nuclear Waste

In January 2010, President Obama established the Blue Ribbon Commission on America’s Nuclear
Future, a step also supported by congressional leaders and the nuclear industry. The commission
was tasked with evaluating alternatives and recommending a new plan for managing the back end of
the nuclear fuel cycle (i.e., the storage, processing, and disposal of spent nuclear fuel). The
commission’s final report is due in early 2012. Implementation of the commission’s
recommendations will likely require congressional action as the only option for long-term waste
management under current federal law is Yucca Mountain.

Research and Development

MIT’s 2003 report on nuclear power recommended several avenues for research, including:
advanced LWRs and high temperature gas reactors; lab-scale research on reprocessing technologies
with the potential for lower cost and greater proliferation resistance; establishment of a large nuclear
system analysis, modeling, and simulation project; and a global uranium resource evaluation.?3
Several other expert reports have also suggested that efforts related to reprocessing focus on R&D
rather than deployment, including reports by the Government Accountability Office, the National
Academy of Sciences, and the directors of the Department of Energy’s national laboratories.”475

Safety and Security

The NRC and nuclear plant owners can continue to advance nuclear plant safety via adequate
regulation and oversight, continuous improvement based on operating experience, and an emphasis
on safety culture. In particular, regulators and the nuclear industry will have to learn from and take
steps necessary to minimize the risks exposed by the Japanese nuclear accident.

Non-Proliferation Policies

R&D investments in and international collaboration on technical safeguards—i.e., the technologies
used to monitor and protect nuclear materials from proliferation threats domestically and under
international agreements—and the inclusion of increased proliferation resistance in next-generation
nuclear reactor designs can limit the risk of nuclear proliferation.”® The MIT nuclear report and the
directors of the national laboratories recommend that nuclear supplier states (e.g., the G-8) offer fuel
cycle services to nations developing new nuclear capabilities on attractive terms in order to slow the
process of additional nations, especially new users with only a few reactors, building enrichment and
reprocessing facilities.”7.78 In December 2010, the International Atomic Energy Agency (IAEA)
approved the creation of such an international fuel bank, which will be funded in part by the United
States.”

Supply Chain / Workforce

The federal government can foster a robust nuclear workforce via increased educational funding for
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relevant graduate and undergraduate university education and certification programs at community
colleges.80 Grants for job retraining could also help displaced workers transition into nuclear and
other growing energy industries.

Alstom

American Electric Power (AEP)

DTE Energy
Duke Energy
Entergy
Exelon

GE

Ontario Power Generation

PG&E

PNM Resources

Rio Tinto
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