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EXECUTIVE SUMMARY
The remarkable prosperity and standard of living enjoyed in the United States

is in large part linked to our use of energy. While high-energy use brings many
benefits, it also causes environmental degradation. In the last decade, the
potentially devastating effects of deegadation of greenhouse gases have received
worldwide attention. The tradeoff between sustaining a healthy environment and
sustaining a healthy economy is a major challenge of the 2 ls[ century. In this
paper, we explore some of the issues and focus particularly on the option of
enhancing nuclear energy as a way to help sustain economic prosperity while
decreasing pollution of the atmosphere.

INTRODUCTION
As the United States, and to some extent the rest of the world enjoy record

prosperity, we are struggling with how to protect the environment. This balance
of power for prosperity and the environmental impact is one that relies on
technology as well policy to address. To the fmt approximation, the use of power
or energy equals prosperity. The U.S. leads by a large margin in the use of ener=~
per capita (Figure 1). While we are large users of energy, we are fairly efficient
users as shown by enerb~ intensity per GDP (Fi=wre 2). As a major energy user,
the U.S. contributes si=tificantly to the greenhouse gas production in the world.

“ Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Mmin
Company, for the United States Department of Energy under Contract DE-AC0494.4L8XIO0.
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Power = Prosperity:
Energy use of US vs worid average
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Figure 1. The U.S. leads the world in energy use perception.

Power = Prosperity:
Energy intensity of US vs worid average
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Figure 2. The Us. uses energy with somewhat less efficiency than other
developed countries.

Worldwide global greenhouse gas emissions measured by Tons of Carbon,
could more than triple by 2050 if current use patterns continue (Figure 3). Most
of this growth occurs in developing nations and is linked to extensive coal use as
a source for generating electrical power.



Wortd carbon emissions could quadruple by 2050
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FiQ~re 3. Carbon emissions rise rapidly if current technologies are
extrapolated.

Resolving the conflict of affordable power and protecting the environment is a
grand technical and policy challenge for the 2 1‘[century. The payoff for energy-
intensive industries, such as ceramics, is especially large. Threats against these
industries consist of greatly escalating costs for fuel as cleaner fuels become more
expensive and in the use of carbon taxes or other restrictions that limit the use of
fuel. In addition, emission requirements, which are already viewed by many as an
onerous burden for these industries, will continue to increase.

While the ceramic industries are threatened by these circumstances, it is also
true that ceramic science and technology can make substantial contributions to
addressing environmental problems with improved materials for emission control,
for combustion, and for generating electrical power using nuclear energy.

THE KYOTO PROTOCOLS
As part of the international efforts to address the reduction of greenhouse

gases, a Conference of the Parties to the Framework Convention of Climate
Change met in Kyoto, Japan in 1997. The Conference generated what is known
as “the Kyoto Protocols,” an agreement among mostly developed nations to
reduce their individual national level ~qeenhouse emissions or below their level in
1990 by 2008-2012. Industrial countries on average agreed to a target of 5.2%
below 1990 levels. The target for Japan was 6% and the U.S. 7% below 1990,
respectively. The U.S. has not yet ratified these accords, and they have not yet
come into effect. The reduction in greenhouse gases for the United States
requires heroic efforts if the protocols were to be ratified (Fi-are 4). The U.S.
Department of Energy, Energy Information Administration analysis shows that by
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the year 2020, without changing our use patterns, we will exceed the Kyoto
protocols by at least 50%.

The Kyoto Protocols rwduce COZ
emissions to 1990 levels
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Figure 4. Kyoto protocol targets CO? emissions 7% below the levels of 1990,
would require heroic efforts.

One proposal being examined to stimulate compliance in the U.S. is to use
carbon taxes to reduce ener=~ use. Such taxes could increase the U.S. average
energy cost by the factor of 2 to 10 times by the year 2010. For example, today’s
cost of oil at S30 a barrel would more than double to $65. Coal, which is a

particularly high-polluting energy source, could increase in cost from $25 a short
ton to $255 a short ton, while natural gas, a clean source but still one that
produces carbon could increase by almost a factor of 4, from .S2.50 per thousand
cubic feet to $8. Natural gas currently is the preferred alternative because it can
be used with combined cycle generators to provide electricity at low cost and in
plants that are not capital-intensive to construct. In many cases, using rnicro-
turbines in energy using areas such as shopping centers is being viewed as
economically favorable at current energy prices.

Carbon taxes would have a particularly si=~ificant effect on the energy
intensive industries (Fi=~re 5). The top five users of energy include stone, clay,
glass, and glass products, or in other words, the ceramic industries.
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Energy intensive industries
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Figure 5. The Ceramics industry is among the most energy intensive
industries.

The federal government is collaborating with these industries to develop
technologies to reduce energy intensity. The Department of Energy’s Office of
Industrial Technology program “Industries of the Future” includes glass and many
of the other heavy users of energy in its programs. Even with these efforts it is
hig~y unl~ely, however, that conservation alone could meet the levels required

by the Kyoto protocols.

Sandia National Laboratones has constructed a number of models that allow
us to examine the change in energy mix and its impact on greenhouse gases.
These models operate on a PC and make simplifying assumptions, but they do
allow policy makers to quickly examine alternatives for generating energy. The
models clearly show that the U.S. Kyoto target cannot be met by 2008-12. And
over the longer term, si=qificantl y reducing U.S. greenhouse gas emissions will
require dramatic reductions in the use of coal and other fossil fuels, possibly
carbon sequestration, continued gains in energy efficiency, si=sgificant growth in
renewable and, in our belief, a substantial growth in nuclear power (Figure 6).
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Affordable energy to sustain economic
growth requires renewable/nuclear

levels greater than today to meet Kyoto
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Figure 6. Nuclear power must grow along with redirection in fossil fuel
generated electricity to meet the Kyoto Protocols.

Today’s policies, however, will reduce nuclear power from 19% of U.S. power
generation today to 9% by 2020.

NUCLEAR POWER
Nuclear power for electrical generation is part of our history and we believe

part of our future as well. The historical evolution of the nuclear era starts with
the development of the nuclea weapons that ended World War II. In the early
1950s, President Eisenhower recoemized the potential for nuclear power to be put
to beneficial use as well as the need for international collaborations to control the
proliferation of nuclear weapons. His “Atoms for Peace” program leads to the
development of about 400 reactors that are used worldwide to generate world
power. Approximately 100 of them are in the United States.

Some incidents, such as Three Mile Island, which caused no deaths or serious
injuries, did generate lots of headlines. A se=ment of the public considers nuclear
power as unacceptably dangerous. Some thoughtful people are now questioning
that view when put in the context of man-induced global climate change and the
dangers that it imposes on all of the world.

In addition to the concerns around nuclear power and global climate change
are concerns over the proliferation of nuclear weapons. On one hand, large-scale
use of nuclear power can provide materials that could be diverted and reprocessed
into weapons. On the other hand, properly engineered fuel cycles operating under
international accords could bum the plutonium and highly enriched uranium that
cause the threat of proliferation.
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In the ‘70s, the U.S. was a dominant player in nuclear power as well as
weapons’ technology. However, due to a number of factors, including cost and
fear of radiation, nuclear power in the U.S. became an anathema. Outside the
United States, however, global partnerships were forming in Eastern Europe and
the Soviet Union and Western Europe and elsewhere. Today, the U.S. remains
the dominant nuclear weapons power but has faded away to be a minor player in
the development of reactors and processing of nuclear fuel.

The U.S. is responsible for its own security, and to some extent, ensuring
security of the rest of the world against nuclear exchange. It is our view that the
threats of national security and environmental deterioration offer a significant
leadership opportunity to the United States. In theory, a renewed nuclear future
would address security, economic, and environmental threats posed by the world’s
energy requirements. In practice, of course, there are significant technical
challenges to be addressed.

The cost of nuclear power in the U.S. per kilowatt-hour is generally less than
that of renewable, except for wind and biomass, and si=mificantly more than
combined cycle gas. Much of this is driven by the high capital cost required to
build new large reactors using current technology and plant siting and licensing
requirements. We foresee a future, however, of using efficient reactors, typically
high temperature gm reactorsof far greater efficiency and significantly less

complexity than current boiling water reactors and eliminate materials that are
potentially available for nuclear proliferation.

The U.S. must lead in policy and technology investments in order to make a
world that is not only safe from the national security prospective, but secure from
environmental degradation. These research investments include new generation
of reactors which are efllcient, safe, and can bum materials that could be
converted into weapons as well as providing transparency and monitoring that is
acceptable to the world. This is a very complex policy issue because the
stakeholders include industry, environmentalists, other governments, utilities, and
many others. It is clearly an international issue. We believe, however, that
establishing the United States as a leading technology and policy provider in this
area is clearly in the best interest of the country.

LEADERSHIP CHALLENGES
In order to carry out the technological developments, policy changes are

required in the United States. The Center for Strategic and International Studies,
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in a study lead by Senator Sam Num, has recent] y completed a thorough review
and recommends renewing our commitment to nuclear power to meet future
enera~ needs while protecting the environment and increasing the finding for the
development of nuclear research. Recently, some of those recommendations have
come to fruition through the Nuclear Energy Research Initiative (NERI) and the
Nuclear Energy Plant Optimization (NEPO) programs which are initiating
research projects in universities, national labs, and industry in order to explore
new technologies that will make nuclear power competitive and acceptable to the
public.

The President’s Committee of Advisors on Science and Technology (PCAST)
in a recent report recommended preserving and enhancing the possibility that
nuclear power could play an expanding role in addressing climate change and
other energy-related technologies along with developing more efficient
production means for energy intensive industrial processes such as those
characterized by the ceramic industry.

THE ROLE OF CERAMICS
Ceramics are important elements of the current nuclear fuel cycle, including

the fuel and the disposition of wastes. In the future, we believe that ceramics will
be critically important as high temperature fuels for gas reactor such as the type
being investigated in South Africa. It has already been demonstrated in the U.S.
and around the world that ceramics and glass are the preferred forms for isolating
radioactive waste for subsequent deposition. The American Ceramic Society has,
for decades, been one of the principal places to exchange technical information
about fuels and waste forms that involve glass and ceramics. We foresee that role
growing as nuclear energy re-emerges as a credible energy source.

CONCLUSION
Renewed leadership by the U.S. in nuclear power policy and technology will

provide cleaner power for peace and prosperity by expanding cost competitive
power generation options. Sustainable economic development using nuclear
power generation will help meet the spirit of the Kyoto protocols, and help control
nuclear materials and limit the proliferation of nuclear weapons. Ceramic
technology will be a key element of generating the power and disposing of
wastes.

,. .,.~y.. >-.,- . . .. -.~. --~ “ ;.-..,;----- ..”, ,- ,t . . . .


