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Abstract

Nuclear power is currently making an important
contribution to our energy requtrcaents. It provides 17% of the
world's electrtcfty today- almost 20% in the U.S.

Reducing the emtasians of carbon dioxide over the next 30 to
50 yean auBkleniiyto address tbe issue of global warming can
only be accomplished by a combination of much unproved energy
efficiency, fiibttap*^* growth in use of nuclear power, and
substantial growth In use of renewable energy.

This paper discusses new initiatives In the major nuclear
technologies (LWR. HTGR, LMR) which are emerging from a
fiinffai"**"1^ f̂f ̂ npifwaiimi of nuclear power in response to the
challenges and opportunities in the 21st century.

To fulfill its role, nuclear power must gain worldwide
acceptance as a viable energy option. Tbe use of modern
technology and 'passive" safety features in next-generation
nuclear power plants offers the potential to simplify their design
and operation, enhance their safety, and reduce tbe cost of
electricity. With such '«"i»»pMwwtwJ we believe nuclear power
can regain public confidence and make a significant contribution
to our energy future.

Except for a remarkably brief flurry of activity after the
Arab oil embargo, energy technology needs for the future have not
been a high-pnortty issue in the United States. Dertsionmakera
seem content with the status quo. including the current
availability of oil and gas at relatively low prices and the
knowledge that abundant coal resources are available. Yel.
looming m the background axe growing public concerns regarding
the damaging environmental effects of high rates of fossil-fuel
combustion. The current complacent attitude about energy
technology and the problems looming m the background are on a
collision course. The long lead time required to develop new
energy-producing technologies (or improve existing technologies)
virtually guarantees that recovery from the "collision" will be
traumatic unless appropriate preparation is made. Choices made
now win determine what options win be available in the future.

Planning energy policy Is exacerbated by two major
uncertainties regarding future energy technology needs: (I) future
energy demand; and (2) the urgency of the greenhouse effect and of
other environmental, health, and safety problems. To allow for
these uncertainties. It IS important to have an R&D strategy that
is halanred with respect to Its focus on improved energy sources
and tta focus on Improved ead-use efficiency.

Whatever the future holds, developing energy technologies
far impruved efficiency Is attractive in both the short term and

problems with the energy system, it seems imperative that there
be significant improvement in energy supply technologies as
well, especially in nan-fossil sources. Hence, a balanced,
resilient energy research and development (ROD) strategy Is
required with sufficient options to support world economic
growth, respond to evolving environmental constraints, and
recover quickly from disruptive and unanticipated events.

Key contributors to such an energy R&D strategy must
include:

• fossil energy (oO. gas. and coaQ
• nuclear power
• renewable energy (including hydroelectric)

Each of these major contributors has advantages, limitations,
uncertainties, and risks. 'Collectively, however, they offer the
balance and resilience necessary tp assure the energy
requirements for a healthy world economy, regardless of the rate
of future growth In energy use.

As a part of achieving balance and resilience, energy
planners need to take into account global warming. The
magnitude of the problem of reducing gÛ Ŷ  CO2 emissions can
be put into perspective by noting the following basic facts:

• About 90% of the world's energy needs are currently met by
burning carboa-baaed fossil fuels (DeMfcr and Hall. 1988).

• In order to prevent a continuing increase in the existing
concentration of CO2 in the atmosphere, mankind's CO2
emissions could not exceed the estimated ability of natural
sinks to absorb CO2. To reduce global CO2 emissions
sufficiently to accomplish this would require more than a
50% worldwide reduction in fossil fuel use (Detwiler and
Hall. 1988) and perhaps as much as an 85% worldwide
reduction (Emanuri. 1989).

• At the same time fossil fuel use would have to be drastically
reduced, the world's appetite for energy to T"r*»*< to grow to
accommodate a global population of over 6 billion by 2000
and 8 billion by 2025; and to »»'"«••••••"»«*»** a continuing
Improvement In the quality of life for the world, especially
the developing countries. The associated Increased in global
GNP per capita is estimated to grow at 1.4% to 2.9% per year
through 2025 (World Resources InSihste. 1987).

Nuclear Power la Important

Some environmental groups have taken the philosophical
position that there- should be no role for nuclear energy tn
responding to global warming. In view of the magnitude of the
problem as outlined above, this position seems
incomprehensible. A retreat from nuclear energy would lead 10
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an increase in both price and demand for fossil fuels. Further, tt
would result in an immediate increase in atmospheric pollution.
A choice has to be made between political posturing and the
common good. We are a rich nation; many are poor. They need
more energy to survive. Industrial nations must drastically
reduce their demand for fossil fuel resources so that poor nations
can afford them and have a chance to grow and develop.
Industrial nations must accept the risk of nuclear power. It Is a
reasonable risk, a very modest risk. (A similar conclusion was
reached by Carl in 1988).

Nuclear power is currently making an important
contribution to our energy requirements. It provides 17% of the
world's electricity today - almost 20% in the U.S. This is
extremely significant to the issue of global warming. Had
nuclear1 s 17% share of the world's electricity been generated by
coal-fired units, for example, the result would have been the
release of an additional 1.6 billion tons/year of CO2. 1 million
tons of SO2 (assuming best available flue-gas cleaning), and 1
million tons of NO*. In addition, the coal-fired combustion
would have generated 150.000 tons of heavy metals including
arsenic, lead, vanadium, mercury, nickel, and chromium (Blix,
1988). Total global CO2 emissions to the atmosphere from fossil
fuel combustion have increased from 5.9 billion lons/yr in 1950
to about 19.4 billion tons/yr currently (EPRI. 1988). The
hypothetical conversion of all current nuclear plants to coal-
fired power plants would add over 8% to the annual global CO2
emissions from fossil fuel combustion. (Similarly, conversion
to gas rather than coal would add 5% to the annual global CO2
emissions.)

Thg Basics of Nuclear Power

Nuclear fission occurs when a nucleus of an appropriate
type (typically uranium-235) captures a neutron. The nucleus
then splits Into two lighter nuclei (fission products), and at the
same time energy is released and an additional two or three
neutrons are released. Some of these neutrons are absorbed in
other materials which do not fission. However, if at least one of
these neutrons is captured by another fissionable nucleus, a
fission chain reaction can be establishes which produces a
continuous source of heat energy.

The fuel (U-235) in a nuclear power plant is contained in a
metallic tube (cladding) or ceramic-coated particle. Because of
their physical properties, the fission products are contained in
the fuel cladding or coated particle. However, the neutrons have
high velocities and relatively large distances between nuclear
collisions. They travel out of the fuel and into the surrounding
coolant or moderator where they slow down, dissipating more
heat energy, and eventually are either absorbed in a nuclei or
escape from the eaotor. The heat from the fission process is
removed by the coolant and typically used to produce steam
which drives a turbine to make electricity. A nuclear power plant
integrates all of the systems and features necessary to initiate,
maintain, and control a fission chain reaction, transform the
heat energy into electricity, and safely handle and store the spent
nuclear fuel containing fission products.

Nuclear power plants have many built-in safety features
and systems to control the fission chain reaction and assure heat
removal capability. Some of these are active systems actuated
automatically or by the operator, and some are passive or
inherent, taking advantage of the baste laws of nature. Therefore,
even If one safety system fails, another is ready to accomplish the
safety function.

Nuclear Technologies

What about the future? A short-term excess electric
generating capacity occurred as a result of the decline in rate of
growth in electric power demand following the oil shocks of the
1970s. As a result of this and other causes, there have been no
new nuclear orders in the U.S. since 1973. Even so. previous
orders have resulted In 40% of all new electricity production in
the U.S. during the interim period having come from nuclear
plants.

With no new nuclear plants on order ,tnd few remaining
under construction, this important non-fossil enrrny source will
not contribute to cur energy growth requirement at least In the
near term (next decade). Acceptance of nuclear < ncrgy has been
diminished by the accidents at TMI and Chen, bvi and. In the
U.S.. by other problems including major delavs 1 r.d cost overruns

of several recent plants and relatively poor operating
performance compared with Western Europe and Japan. In the
U.S.. the investment risk for utilities has become Intolerable
because of the complex regulatory system and the potential for
political intervention without investor recourse. The dilemma
we face then is that, on the one hand, nuclear power appears to be
an important element in a balanced, resilient energy system
needed to address global wanning and support economic growth:
and on the other hand, nuclear power is opposed by many, even
Including some of those who are most outspoken about the threat
of global warming.

A new direction has emerged in the U.S. Civilian Reactor
Program and to a limited extent in Europe, which offers some
hope for dealing with this dilemma. We are referring to the
emerging consensus on increased use of modern technology and
on "passive" safety features which offer the potential to simplify
the design and operation of next-generation reactors, enhance
their safety, and perhaps reduce their cost. The passive safety
goal is to provide to the greatest practicable degree plants which
when challenged by maloperatlon or unforeseen events have
within themselves inherent tendencies to return to safe, stable,
undamaged conditions without operator Intervention or external
power sources. This general philosophy is being applied in all
advanced reactor designs as discussed below, but the degree to
which passive safety systems are implemented varies.

LWR. The overwhelming majority of existing reactors
around the world are light water reactors (LWRs) based on U.S.
technology. The LWR was originally developed for submarine
service where compact design and high power density were
required. Certain design features provided inherent or passive
safety protection. For example, the LWR is designed to provide an
inherent negative temperature coefficient of reactivity. Active,
electromechanical safety systems were added to protect against
other possible failure mechanisms such as loss-of-flow or loss-
of-coolant. Existing LWR designs incorporate a combination of
passive and active safety systems, providing defense in depth to
protect the public and the investment by virtue of system
diversity and redundancy. These designs are based on valid
engineering principles of proven worth.

In practice, however, the active safety systems have
increased the complexity and cost of commercial LWRs.
Furthermore, public reporting on incidents of even minor
failures In these systems and endless speculation on the
probability of various events, and their consequences, have
fueled public concern and raised doubts about public safety. Even
so. it is possible that system failures can occur with human error,
as occurred at the Three Mile Island Nuclear Plant.

There is a great incentive to pursue evolutionary LWR
designs which incorporate modern technology and some
additional passive safety features because of the very large
experience base with this technology that provides: (1) high
confidence that such reactors are well understood (no surprises);
(2) a strong, existing industrial base to support future reactors:
and (3) a minimization of costs for the development of new
technologies.

LWR improvements range from evolutionary changes to
revolutionary new concepts. Evolutionary reactor programs
exist for both pressurized water reactors (PWRs) and boiling water
reactors (BWRs). These programs, which are comparable, are
supported by U.S. vendors, the utilities through the Electric
Power Research Institute (EPRi). and the U.S. Department of
Energy (DOE).

The Advanced Boiling Water Reactor (ABWR) program
(Wilkins. 1986) has the involvement of General Electric in the
United States, and in Japan of Hitachi and Toshiba. There are
two Advanced Pressurized Water Reactor (AFWR) Programs. The
first program (George. 1986) has the involvement of Westln^house
lr. the United States and Mitsubishi In Japan. The second
program involves Combustion Engineering and the certification
of the C. E. System 80+ by the NRC. These near-term programs
have as their goals improved LWRs based on the best features of
current reactors and Incorporating advanced LWR technology.

The evolutionary ABWR and APWR are similar to todays
reactors but with refinements In all aspects of the plant,
including both operations and safety. Like current reactors, these
reactors use active safety systems to protect against major
accidents. For example. If a loss-of-coolant flow accident
threatens to melt the reactor core, dlesel generators start up and
provide electricity to pumps: the pumps provide water for the
reactor core: and the reactor Is cooled.



A second generation of more advanced LWRa incorporate
safety systems that are more passive in operation. The BWR
group (Duncan et al.. 1987) is working on the Advanced
Simplified Boiling Water Reactor (ASBWR) with the goal that it
would become commercially available by the mid 1990s.
Similarly, the FWR group (Vljuk et al.. 1988) is working on the
AP-600. These plants are generally smaller in unit size - 500 to
600 MWIel. With these designs, large volumes of water are stored
above the reactor core. If a loss-of-coolant accident occurs, valves
open, the reactor depressurlzes. and water flows by gravity from
the tanks to the reactor core. These designs eliminate the need for
dlesel generators, motors, and pumps in safety systems but retain
the need for batteries, valves, and control systems.

Even more advanced developmental LWR features are being
explored in a modest development LWR program in the U.S. to
further enhance the passive safety (Oak Ridge National
Laboratory. 1989). In Europe. Asea Brown Bovert is pursuing
development of the Process Inherent Ultimately Safe (PIUS)
reactor concept which also offers more extensive passive safety
features. (Asea Brown Boveri. 1988.) These mays be characterized
as more revolutionary LWR concepts.

HTGR. The early evolution of the High-Temperature Gas-
Cooled Reactor (HTGR) concept and the supporting base
technology originated in the late 1950s In the U.S. Efforts to
commercialize the HTGR in the late 1960s/early 1970s resulted in
the sale of about a half dozen plants which were subsequently
cancelled as a result of the decline In electric load growth. The
concept has always been regarded as attractive from the
standpoint of safety because of its low power density and high
thermal heat capacity.

Following a detailed assessment completed in September
1983. the Modular High-Temperature Gas-Cooled Reactor
(MHTGR) became the principal focus of the U.S. HTGR program. It
is also a major focus of the Federal Republic of Germany HTR
program. The approach to design of this concept is based on high-
level utility goals and requirements and has taken maximum
advantage of the unique safety features of the technology. For
example, one of the utility goals was to limit radiation release so
that, even in the event of a severe accident, no off-site evaluation
would be required.

The key features of the MHTGR design (Homan and Simon.
1988: Homan and Neylan. 1988) are helium coolant, the high-
temperature core design, the passive heat removal system, the
small unit size, and the below-grade siting.

• Helium is a single-phase coolant and is both chemically and
neutronlcally inert.

• The core consists of multi-layered ceramic and carbon-
coated fuel particles placed in graphite structural blocks. It
has a negative temperature coefficient, a very high heat
capacity, and can withstand very high temperature.

• Passive heat removal is achieved with natural circulation
of air around the pressure vessel. This system will
adequately cool the core after shutdown with no core
damage even if helium coolant is lost from the reactor.

• The unit size is limited to that which will allow adequate
heat removal by the passive heat removal system.

• Below-grade siting provides an ultimate heat sink to the
surrounding earth sufficient to cool the core after shutdown.

With this design approach, fission product retention in the
reactor system ia assured even in the event of human error or
major component or system failure.

While the present MHTGR concept is designed for steam-
cycle electricity generation, future evolution of the technology
will combine the concept with high efficiency gas turbines
(helium driven) for electricity generation which could yield much
higher thermal efficiencies — perhaps in the order of 50%. It has
long been recognized that the HTGR offers the unique potential
for high-temperature process heat for clean coal . onverslon and
many other industrial applications (Staudt .,.-;.] i.idsky. 1987:
Kasten, 1988).

LMR. The Liquid Metal Reactor ' in^ram has
undergone a similar evolution from a large ; -Mi;n based on
the Fast Flux Test Reactor and Clinch ['. ••-"ier Reactor
projects to focus currently on a small mod ,• :ur featuring
passive safety.

The focus of this effort Is the Power •• :;herently Safe
Module (PRISM) concept (Tippets et al.. . :<iSM features

modular construction based on small unit size, passive heat
removal based on a natural circulation air system, siting in an
underground silo, pool-type construction with all primary
system components in the reactor vessel, seismic isolation, and
metal fuel. The designers indicate oxide fuel may also be used in
PRISM without design changes.

Passive safety features of PRISM, based on behavior of the
metal fuel, assure a passively safe response to events such as loss-
of-coolant flow and power transients.

The metal fuel is part of an Integral Fast Reactor (IFR)
concept (Till and Chang. 1987) for reprocessing and fabricating
the LMR fuel. Recent investigations are exploring the potential
for separating and recycling the very long-lived actlnldes to the
reactor along with fuel. Actlnides can be burned In the LMR fuel,
providing the potential to minimize the disposal of extremely
long-Uved actinldes in the high-level nuclear waste repository.
By doing so. concerns about monitoring these hazardous wastes
for thousands of years could be minimized, but at the expense of
handling additional radioactive materials in the LMR fuel cycle.

For the most part. International LMR programs continue to
focus on the more traditional large-plant designs. However.
Japan appears to have an interest in collaborating with the
advanced LMR activities in the U.S.

Potential finlc for Nuclear Power

Uncertainties abound regarding the future of nuclear power
today. However, promising advanced concepts are emerging, and
in the U.S. licensing reform is being addressed by the Congress,
and the Bush Administration has taken an aggressive stance that
"nuclear power is an essential link in the overall strategy for
dealing with projected electricity shortages in the 1990s." With
appropriate humility, we would like to look beyond today's
uncertainty assuming global warming is an Important issue, and
explore the role of nuclear power.

Global energy consumption is about 310 quads/y? of which
approximately 280 quads/yr come from fossil fuels (Fulkerson et
al.. 1989). (The 310 quads/yr value does not include traditional
biomass energy use which is not measured but estimated to be in
the range of 30 to 50 quads/yr.) The degree to which fossil fuel use
must be curtailed in response to global warming is uncertain, but
current projections indicate a reduction in the range of 50 to 85%
will be necessary (Detwller and Hall. 1988: Emanuel. 1989). If we
accept a 50% reduction of fossil fuel consumption (from 280 to
140 quad/yr) as an intermediate goal by the year 2020 (30 years in
the future), what does that mean?

A typical range of projections for global energy
consumption by 2020 is from 335 quads/yr to 850 quads/yr
(Fulkerson et al.. 1989). The lowest estimate by World Resources
Institute (1987) assumes energy requirements for all
industrialized countries will decline by a factor of 2 by 2020.
While there are no current indications to support such an extreme
case, evidence over the last 15 years suggests that the economies
of industrialized nations can continue to. grow with little or no
additional CO2 releases (Fig. 1). Can such economic growth be
sustained indefinitely without any additional energy? Probably
not. but it may be sustainable for part or all of the period in
question. The energy growth rate in developing countries has
exceeded 4%/year during the same period and shows no sign of
declining.

Accepting the consensus view that energy requirements for
developing countries will at least double by 2020 and assuming
zero growth in energy requirements for industrial countries
results in a projection of approximately 420 quads/yr for global
energy by the year 2020. (Fig. 2). We believe this is the minimum
credible projection which would allow modest economic growth
during the period. While this Is more than the World Resources
Institute projection (335 quad/yr). it is substantially less than the
World Energy Conference projection (571 quad/yr low to 736
quads/yr high) or the International Institute for Applied Systems
Analyses projection (568 quads/yr low to 850 quads/yr high).
(Fulkerson et al.)

Subtracting the goal quantity of 140 quads/yr fossil fuel
consumption from our minimum projection of 420 quad/yr
results in a minimum need for 280 ouads/vr of non-fossil energy
bv 2020 comparer! to the present world supply nf apnroximatrlv
30 quads/vr of non-fossil pnergv. Worldwide, nuclear power
(43%) and hydro (56%) provide 99% of all non-fossil energy
(Science Concepts. Inc.. 1989). At this time, only about one
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percent of non-fossil energy comes from other renewable sources
such as wind, solar, and geothennal.

Assuming for the purposes of illustration that nuclear
energy were to supply the same percentage of non-fossil energy in
the future as present, this would call for

(280 quads/yr - 30 quad/yr) x 0.43 = 107 rj quads/yr

additional nuclear power capacity by the year 2020. Since each
1000 MW|e) reactor currently uses approximately 0.05 quads/yr
of primary heat energy, 107.5 quads/yr would represent 2.150.000
MW(e). or roughly 2,000 GW(e).

There are over 400 nuclear plants in operation around the
world today. Several others are under construction. Assuming
an average future plant size of 750 MWfe) would result in a
requirement for 2.700 additional nuclear power plants by 2020
based on these assumptions. This represents a 7% average
annual rate of growth in nuclear power for 30 years. While this
would be an enormous challenge, it is not totally infeasible.

What about hydro power and other renewables? Using the
same assumption would require an additional 140 quads/yr of
renewable energy compared with about 17 quads/yr today. Again
almost an eight-fold increase: Obviously, a greater increase in
renewable energy would reduce the nuclear energy requirements
(and vice versa) to meet the intermediate goal level of fossil
energy combustion. To have any chance to reduce fossil energy
combustion to the goal level of 140 quads/yr (50% reduction) by
2020 will require very aggressive development and deployment of
both nuclear power and renewable energy options.

It may be that the rate of reduction in fossil fuel use and
growth in non-fossil fuel use projected for 2020 cannot be
achieved. A more moderate alternative goal would be to achieve
the same 50% reduction in fossil fuel by 2040 (in 50 years). While
this moderates the rate of change, it does not change the
conclusion. In either case, a very substantial expansion is
required in the use of both nuclear power and renewable energy
alternatives. Finally, it should be noted that even a 50%
reduction in fossil fuel use will not stop the growth in
atmospheric CO2. According to current models, a reduction of
about 85% would be required to stabilize atmospheric levels of
OO2.

The previous analysis is only a very crude indication of how
future global energy requirements might be met in view of global
warming. It does not address the economic or the sociological
framework needed for shifting from fossil fuels. Most of the
energy growth will occur In the lesser developed countries (LDCs).
Can we really expect the LDCs to bear the burden of constructing
the bulk of the non-fossil fuel energy supply of the future and
forestall the use of their low-cost domestic coal or other fossil
energy reserves (for example. China has a massive reserve of
coal)? Alternatively, can we expect that the developed world will
voluntarily replace a large portion of Its energy-consuming
infrastructure to free up fossil resources and allocation for the
LDCs? Who decides? Who pays? While we do not presume to have
answers to these ponderous questions, we believe it is critical to
acknowledge that these kinds of questions exist and must be
addressed as a part of any effort to deal with global warming. The
LDCs must grow to be able to feed and clothe and house their
people. For many, it is a matter of survival. They will be very
wary of any attempt by the "haves" to use global warming as an
excuse to restrict the growth of the "have nots."

We must find ways to address global warming while
supporting their growth. The key to this Is to develop non-fossil
technology options which are economically competitive and
attractive to the LDCs. This is as important as our own domestic
energy requirements when considering R&D plans for nuclear
power and renewable energy alternatives.

Application nf Nuclear Technologies

How does this need translate to the alternative advanced
nuclear power technologies previously discussed?

Improved LWRs with enhanced "passive" safety features in
the 500 to 800 MW(e) size range will likely re-emerge as the
workhorse technology in the U.S. and throughout most of the
industrialized nations. The facts that LWR technology is
established and that improved designs featuring enhanced
"passive" safety features are now available support this
conclusion.

For smaller increments of power or for special
circumstances in industrial countries, and especially for
developing countries, the advanced MHTGR seems ideally suited
This technology will likely be commercialized In the early 2000s
by the U.S.. FRG. and Japan because it offers:

- the highest degree of passive safety
- modular design: modest unit size
- proliferation resistance - no technology

development is planned or underway
to close the fuel cycle for HTGR fuels.



the LMR concept relates principally to the long-term need
for the breeder, although the option to recycle actlaides In LMRs
to reduce long-lived actinldes m the high-level nuclear waste
repository may stimulate earlier interest. In any event the
H i for nt̂ tmnM âHTfltinn of this technology will likely be

h l h l
g gy y

somewhat further In the future than alternative technologies.
Depending on the rate of growth In use of nuclear power
worldwide, •his might occur In the 2020 to 2050 time period. Of
course. RAD and a prototype or demonstration plant must precede
commercial implementation.-

Long-Twin Rfsou Base

Perhaps It is appropriate at this point to address the long-
term viability of nuclear power as a world energy source and the
issue of whether the use of nuclear power can be sustained at the
rates projected. Recent projections by OECD and IAEA of
uranium supply show that the world's economically recoverable
uranium resource (at $130 per kg) appears to be far greater than
previously thought They indicate an assured supply of 6 million
metric tons and an additional 14 to 18 million metric tons in
speculative resources at this recovery cost (Albright and
Ferveson. 1988). Projections of world nuclear power growth rates
without consideration of global warming are about 2% per year.
(DOE. 1986.) If that were to continue Indefinitely, the present
assured and projected uranium resource would last well over 100
years. However, if a high growth rate is necessary to respond to
global warming, a idttlonal uranium resources will be necessary
withm the next 40 to 50 years.

There are several options available at that time for
"•""ting the uranium resource base. First, experience in ore
recovery has demonstrated that the Introduction of advanced
technology generally results in economic recovery from much
lower grade ore. For example, in the copper industry, ores of an
order of magnitude lower grade than was previously considered
practical are now being processed economically. Second, if the
allowable price of uranium la raised from $130 per kg to $300 per
kg. which would only add about 5 muls/KW Hr to the cost of
electricity from nuclear power (Albright and Ferveson. 1988). this
would expand the uranium resource base by a significant margin
— perhaps by a factor of 5 to 10. Third. Improvements to uranium
utilization efficiency in the once-through fuel cycle would further
slow the depletion of high-grade uranium. Fourth, introduction
of the breeder reactor would extend the uranium resource by over
a factor of 50 from whatever base resource is available by
breeding fissionable fuel from U 2 3 8 or Th2 3 2 .

With all of the available options for economically nrtyMifog
the uranium resources, it seems reasonable to assume an
adequate resource base to support the most aggressive deployment
of nuclear power projected in view of global warming for a
Tfiintn̂ ffn of IOOO years or more.

A number of analysts have looked to the 2020 to 2040 time
period and tried to project a fuel mix w'lich will address the
global warming issue. Several of these projections are compared
in a recent ORNL paper (Fulkerson and Jones. 1989) from which
Table 1 is extracted. ORNL assumed a significant reduction in
fossil fuels (50 to 70%) (as required to address global warming),
protected the most aggressive growth in renewable energy
technologies we could ttmgttw and then assumed the difference
would be made up by nuclear power. For both the base case and
the high-efficiency case, a dramatic growth in nuclear power Is
required to meet these assumptions.

In contrast, both Goldenberg et al. (1988) and EPA project
only very modest growth for nuclear power, but neither fully
addresses the issue of global warming. In both cases, the level of
fossil fuel use they project would lead to significant continued
increases in CO2.

We conclude that reducing the emissions of CO2 over the
next 30 to 50 years will be very difficult to achieve, and can only
be accomplished by a combination of Use following:

• much Unproved energy efficiency
• substantial growth in use of nuclear power
• substantial growth in use of renewable rntrgy

We do not find any credible combination of .ii-nyr alternatives
which exclude nuclear power, and that can red; ue CO2 emissions
sufficiently to address the Issue of global

To fulfill Its role, nuclear power must gain worldwide
acceptance as a viable energy option. The use of modem
technology and "passive" safety features hi next generation
nuclear power plants offers the potential to simplify their design
and operation, enhance their safety, and reduce the cost of
electricity. With such improvements, we believe nuclear power
can regain public confidence and make a significant contribution
to our energy future.

Table 1
Comparison of Various World Fuel Mix Projections

Yielding Low Foaall Fuel Use. Le., Low CO, Emissions
(TWYrTYr)*

NonfoanU Sotircea

Total
Fosoll

Sourrea Hvdm

12.1 9.6 0.7

2020
Goldenberg etai (1987/88)
11.3 a7 0.4

2030
Hafele(1989)
16.0 7.0 GL8

Nuclear

0.7

3.7

2O4O
ORNL - High Efficiency Case (1989)
15 3-5*1 1-2 7-2=

Blomaaa

-1.3

1.4

1.3

3-4

Solar
and Other

Rcnewablea

0.2

1.2

1-2

ORNL - Base Case (1989)
25 3-5>» 1-2 17-12"1 3-4 1-2

EPA-SCWP (1989)
14 8 2 I 2 i

EPA-RCWP (1989)
20.5 9 2 2 &5 2

(a) One Terawatt year/year a 29.89 quads/year.
(b) Estimated fossil fuel ration
(c) Obtained by difference
(d) This enormous quantity of nuclear power seems Implausibly high.
Indicating that If demand la a s high a s 2 5 TWYr/Yr. fossil fue! could not
be constrained to 3-5 TWYr/Yr.
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