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TO THE READER

This report reflects research conducted as
part of the Global Energy Technology Strategy
Program (GTSP) at the Joint Global Change
Research Institute and in collaboration with
partner research institutions around the world.
The first phase of the GTSP began at a time
when the importance of a technology strategy in
addressing climate change was unappreciated.
GTSP Phase 1 made the case that a technol-
ogy strategy was an important part of a larger
strategy to address climate change and needed
to be included along with the other major com-
ponents: climate science research, adaptation
to climate change, and emissions mitigation.

The second phase of the GTSP recognized that
to craft a global energy technology strategy it
was important to develop a deeper under-
standing of potentially important technologies
and technology systems, and to embed that
knowledge in the context of the larger global
energy and economic systems. In Phase 2 we
identified six energy technologies and technol-
ogy systems with the potential to play a major
role in a climate-constrained world: CO, cap-
ture and storage, biotechnology, hydrogen sys-
tems, nuclear energy, other renewable energy,
and end-use technologies that might be
deployed in buildings, industry and transpor-
tation. Knowledge gained in each area has
been integrated into a larger global energy-
economy-climate frame. That combination of
depth of study and integrated assessment

produced a unique strategic perspective and
a bounty of fresh insights. In this document,
we have distilled and summarized some of the

most salient.

The past nine years have flown by and, look-
ing back from the present, it is amazing to see
how far we have come. The GTSP has accom-
plished much, but much work remains. As we
enter Phase 3, we will build on the knowledge
gained thus far. We will continue to deepen
our understanding of technology and we will
continue to integrate that understanding into
a larger energy and economic context. And, we
will add a new dimension to our work to pro-
vide a deeper understanding of the regional
and institutional contexts in which technology
is developed and deployed.

Our research has been supported by numerous
firms, nongovernmental organizations, and gov-
ernment agencies. Their support has enabled
us to continue to explore the implications of
designing and implementing a technology
strategy. Moreover, we have received the help of
many peer reviewers, who throughout the pro-
cess of developing this document provided their
expertise and advice. And for that support we
are grateful. Of course, the views and opinions
of the authors expressed herein do not neces-
sarily state or reflect those of the sponsoring,
participating institutions, or reviewers and any
errors that remain are our own.

Jae Edmonds
May 2007
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Nuclear Energy

The attractions of nuclear energy in addressing climate change are clear.
Nuclear power production has no direct CO, emissions and is already a significant component
of the global energy system. In 2006, 435 operational nuclear power stations around the world
generated approximately 16 percent of global electricity production. Improved economic competi-
tiveness and safety of nuclear power along with concern for energy security and climate change
are leading to a steady increase in worldwide nuclear power capacity. Waste disposal and prolif-
eration concerns associated with expanding nuclear energy use remain important and unresolved

issues. Key GTSP insights include the following:

© Nuclear power is cost-competitive with other this future deployment will occur outside of the
means of generating baseload electricity in present day Organization for Economic Coop-
many parts of the world. Nuclear power is eration and Development (OECD) nations.

steadily expanding; 24 new nuclear power _ )
plants were under construction around the ~ ° Th€ COst savings from using nuclear tech-
world in 2006. nology in a carbon-constrained world are

denominated in trillions of U.S. dollars.

© The world’s reliance on nuclear power is
expected to grow whether or not there are
constraints on greenhouse gas emissions. In
a carbon-constrained world, nuclear power
would expand even further. The majority of

© The supply of uranium, which is the principal
feedstock for nuclear power, is not likely to
be a limiting factor on the future deployment
of nuclear power. The potentially significant
expansion of nuclear power will require the




use of lower quality and more expensive
grades of uranium in the long term, but this
will have only a modest impact on the cost
of electricity from nuclear power.

Sufficient uranium is likely to be available
to support an expansion of nuclear energy
without reprocessing well into the second
half of the century. If uranium should prove
to be in short supply, then reactors capable
of breeding nuclear fuels, along with recy-
cling of used fuels, could continue to sup-
port the global expansion of nuclear energy;
otherwise, nuclear energy use would decline
in the second half of the century.

If nuclear power expands rapidly in the
United States and around the world, per-
manent waste repositories many times the
capacity of the U.S. Yucca Mountain reposi-
tory will be required. This concern has moti-
vated reactor designs that recycle nuclear

materials and minimize high-level wastes.
Limited availability of permanent waste dis-
posal capacities around the world could
induce an earlier transition to advanced
reactors that can recycle used fuels.

© The global expansion of nuclear energy

implies greater movement of nuclear mate-
rials and proliferation risks. However, new
concepts for nuclear fuels, fuel cycles, and
reactor designs, along with innovative inter-
national agreements, may reduce these pro-
liferation concerns.




THE EVOLUTION OF NUCLEAR
POWER PLANT TECHNOLOGIES

Commercial electricity generating nuclear power reac-
tors are fission reactors in which a sustained chain
reaction causes atoms (e.g., uranium) to split, causing
other atoms to split and so on, releasing energy at each
split. To control the rate of splitting, a moderating sub-
stance is needed. The most common medium for con-
trolling the reaction is normal or “light” water.

The Currently Installed Fleet
of Nuclear Power Plants

All of the 435 present-day nuclear reactors currently
licensed to operate in the world are nuclear fission
reactors and can be broadly categorized as second
generation reactors (Gen II); Figure 1 shows an oper-
ating reactor and a reactor core. The first generation
included early prototype reactors of the 1950s and
1960s. The majority of the currently installed reactors
are light-water reactors, either boiling water reactors
(BWRs) or pressurized water reactors (PWRs).

In 2006, existing commercial nuclear power stations
accounted for approximately 16 percent of global elec-
tric power generation, 20 percent of United States elec-
tric power generation, 45 percent in South Korea, and
more than 75 percent of power generation in France.

No new Gen II reactors are being built today. By the
middle of the century, all of these legacy reactors will
reach the end of their physical lifetimes and probably
be retired. These reactors are being replaced by the
next generation of reactors, so-called Gen III reactors.

Advanced Nuclear Power Plants

Decades of experience with existing reactors have
resulted in the next generation of advanced reactors
with cost and reliability improvements and passive
safety features. These reactors, including advanced
light-water reactors currently available for deploy-
ment, are referred to as third generation reactors (Gen
III). These advanced reactors, including BWR and
PWR designs, are being built around the world and are
technically superior in many ways.

Other third generation reactors not based on
light-water reactor designs are also available for
deployment, such as the pebble bed reactor, a high-
temperature gas-cooled reactor. The pebble bed reac-
tor replaces water with an inert gas as the coolant
and has the advantages of greater thermal efficiency
and modularity. Moreover, the pebble bed reactor is
designed to withstand high core temperatures and
shut down without an active system in the event of a
loss of coolant. Pebble bed reactors are smaller in size
and require lower capital investments and less time
for construction than larger units. Pebble bed reactors
are sometimes referred to as Gen III+ reactors.
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A Figure 1. Nuclear power today. Nuclear plants are an important component of the world’s energy system.
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The Next Generation
of Advanced Nuclear Power Plants

Future reactor technologies and fuel systems for the
fourth generation of reactors are currently being
explored with the explicit goal of improving the nuclear
energy system in the areas of fuel utilization, econom-
ics, safety, waste minimization, and proliferation resis-
tance. These reactor designs are referred to as Gen IV
and may have the potential for creating or breeding
nuclear fuels and for minimizing long-lived high-level
wastes. Successful realization of next-generation
nuclear systems can support the long-term future of
nuclear energy in the global energy system.

Several candidate reactor concepts have been identified
for development: gas-cooled fast reactor (GFR), lead-
cooled fast reactor (LFR), sodium-cooled fast reactor
(SFR), supercritical-water-cooled reactor (SCWR),
very high temperature reactor (VHTR), and molten
salt reactor (MSR).

These candidate reactors vary markedly in design:
nuclear fuel composition, coolant, moderator, and con-
tainment structure. Their similarities, however, are in
their ability to utilize converted or recycled fuels, effec-
tively achieving the goals of extending the life of natu-
ral uranium resources and minimizing the high-level
waste requiring permanent disposal. Other similari-
ties in these candidate reactors are their smaller size,
modularity, passive safety features, higher thermal
efficiencies, and continuous refueling or long refueling
intervals that contribute to their improved economics,
safety, and proliferation resistance.

The Nuclear Fuel Cycle

The present (Gen II) fuel cycle begins with natural ura-
nium (see Figure 2). Natural uranium is enriched with
higher concentrations of fissile uranium-235, processed
into fuel pellets and fabricated into fuel assemblies that
are inserted into the core of a nuclear reactor.
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A Figure 2. The nuclear fuel cycle. This diagram shows a schematic of the nuclear fuel cycle with potential
alternative pathways for energy production from nuclear power.
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As nuclear chain reactions occur in the nuclear reactor, the
fissile uranium and some fertile uranium are consumed,
producing heat energy, and are transformed into a spec-
trum of nuclear waste, which includes products that retain
high levels of radioactivity for up to thousands of years.

Currently, the spent fuel assemblies, which retain
significant amounts of fertile and fissile material as
well as fission fragments and minor actinides, are
stored in intermediate storage facilities near the power
plant. The present Gen II fuel cycle is a once-through
system, i.e., it does not recycle the fertile and fissile
material in the spent fuel. Long-term storage would
be at a permanent, geologic waste repository. In the
United States, that permanent repository is planned
to be at Yucca Mountain in Nevada.

New Gen III reactors, as well as existing reactors, use
enriched uranium or can be modified to utilize alterna-
tive nuclear fuel options. These options include ura-
nium and plutonium mixed oxide (MOX) fuels, and
the use of thorium along with uranium. As with tradi-
tional nuclear fuels in any light-water reactor, the use
of these alternative fuels creates a spectrum of radio-
active waste products, which need to be stored.

The Global Energy Technology Strategy Program

Solutions for disposing of intermediate to high-level
radioactive nuclear waste in a safe manner for extremely
long periods of time need to be realized. If nuclear power
expands rapidly in the United States and around the
world, permanent waste repositories many times the
capacity of Yucca Mountain will be required. This con-
cern, in part, has motivated reactor designs that recycle
nuclear materials and minimize high-level wastes.

Gen IV technologies can potentially utilize reprocessed
fuels, in which case the spent fuel would be shipped to
a reprocessing plant where fertile and fissile material
in the spent fuel is separated or isolated and used to
produce new fuel. Reprocessing spent fuel in a manner
that minimizes long-lived high-level wastes can reduce
the fraction of original spent waste requiring perma-
nent geologic disposal.

Reactors designed for breeding nuclear fuels can pro-
duce more fuel than is consumed, actually extending
the amount of potential nuclear energy available from
existing uranium resources. The proliferation concern
with breeder reactors and reprocessing is that the
fissile material, which is also used in nuclear weapons,
is created in greater quantities and is potentially more
accessible. Thus, while breeder and “near breeder”
reactors reduce the problem of uranium resource
limitation, they inherently create a potentially larger
nuclear proliferation problem.

URANIUM: THE KEY
FUEL RESOURCE FOR
NUCLEAR POWER

Uranium is the principal natural resource used in the
production of nuclear energy, and therefore the availabil-
ity of uranium resources is an important consideration in
shaping the role that nuclear energy can play in meeting
future energy needs and in addressing climate change.

Other than the limited quantities of known conven-
tional uranium resources, there is no consensus on the
ultimate size of the global uranium resource base or on
the cost of mining and processing speculative conven-
tional and unconventional sources of uranium.



Various estimates exist of conventional uranium
resources. A joint report by the OECD’s Nuclear Energy
Agency and the International Atomic Energy Agency
(IAEA) contains the most authoritative estimates
of known and undiscovered conventional uranium
resources, otherwise known as the Redbook. Accord-
ing to the Redbook, the amount of uranium available
at a price less than $130/kg is approximately 11 mil-
lion tonnes of uranium (MTU). An additional 3 MTU is
reported available without a cost range assigned.

Beyond these conventional resources, the existence
of unconventional resources in which uranium exists
at very low grades is not well established. Unconven-
tional resources are, however, likely to be available,
although at increasingly lower uranium concentra-
tions and higher costs.

While the Redbook estimates are a good start to under-
standing the uranium resource base, the GTSP study
looks out over a hundred years or more and must
consider technological progress not only in new reac-
tor designs but also in new resource extraction tech-
nologies. Technologies for recovering natural resources
have improved significantly in the past and will likely

continue to improve in the future. Also, the market
price and our willingness to pay for natural resources
will change with time.

A natural uranium supply curve that extends beyond
the amounts reported in the Redbook was developed for
modeling purposes. Using a geological estimate of the
relationship between uranium abundance and ore con-
centration, a relationship between uranium cost and
abundance was fitted to the Redbook cost estimates
to continuously extend the supply curve beyond the
Redbook totals (see Figure 3). A wide range of uranium
supply curves are found in the literature, both more
and less optimistic than the uranium supply curve as
represented in Figure 3.

While significantly more uranium is likely to exist
around the world in lower concentrations than the
Redbook amount, the assumption of uranium avail-
ability limited to the Redbook’s estimate of conven-
tional resources implies that either nuclear energy
production will decline in the second half of the 21
century or nuclear technologies that breed fissionable
fuels will be needed.
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A Figure 3. Natural uranium supply curve. In the future, demand for uranium will likely require the use of what
is currently seen as unconventional grades, although the use of these unconventional grades will have only
a modest impact on the cost competitiveness of nuclear power.
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SCENARIOS OF NUCLEAR
ENERGY DEPLOYMENT

GTSP has examined the market penetration of nuclear
technology on the basis of cost and performance in a
world in which other technologies compete for market
share and in which all technologies improve over time.
This analysis presumes that the issues of safety, waste
disposal, and weapons proliferation are adequately
addressed.

The paired figures in Figure 4 show the deployment
of Gen III nuclear power for electricity generation in
a reference case without climate policy and in a sce-
nario where global CO, emissions are constrained so
that stabilization of CO, concentration at 550 ppmv
is achieved. As can be seen in the reference case, the
deployment of nuclear power multiplies seven-fold
while in the 550 case nuclear power deployment grows
thirteen-fold by the end of the century.

While most of the world’s current reactors are presently
located in highly industrialized regions and nations
such as Europe, North America, Japan, South Korea,
and nations of the former Soviet Union, rapidly grow-
ing demands for electric power in developing countries
such as China, India, and South Africa imply growing
potential for deployment of nuclear technology. Figure
5 shows that in the reference case depicted above, by
the middle of the century the majority of deployment
in nuclear power occurs in the developing nations (so-
called non-Annex 1).

The cost of stabilizing the concentration of CO, at 550
ppm without a nuclear option was about $4 trillion (pres-
ent discounted costs at five percent per year over the
period 2005 to 2095). That cost is idealized and assumes
that all nations participate in limiting CO, emissions in
the most cost-effective way possible. Adding an option
to deploy Gen III nuclear reactors to the portfolio for
electric power reduces the cost of CO, concentration sta-
bilization by half or nearly $2 trillion. Figure 6 shows
the cost reduction resulting from adding a nuclear tech-
nology option for alternative CO, stabilization concen-
trations. The reduction in cost associated with adding
the nuclear power option to the portfolio of technologies
for stabilization varies with the target concentration of
CO,,. The lower the target concentration level, the more
valuable it is to add nuclear power as an option. The
higher the stabilization concentration, the lower the
overall cost and therefore the smaller the incremental
value of adding a technology to the portfolio.

In order for this deployment to take place, the world
must be able to access and utilize significantly more
uranium ore than the 11 MTU that is estimated in the
Redbook as being available for less that $130/kg.

The cost of uranium ore, however, plays a relatively
minor role in the overall cost of generating power. The
power production cost is dominated by capital, operat-
ing, fuel enrichment, and fabrication costs. The origi-
nal uranium resource accounts for only a few percent
of the final cost of electricity from a new power plant
today. In the scenarios above, the cost of uranium ore
exceeds $200/kg, which corresponds to an increase in the

Global Nuclear Electricity Production
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A Figure 4. The future of nuclear. Nuclear power production expands in the future, but the expansion is considerably
more extensive in a greenhouse-gas-constrained world (top curves). Consequently, the expansion of nuclear power in
response to climate change implies demands for uranium resources well beyond the Redbook estimates(right graph).
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cost of nuclear power of approximately 0.4 cents/kWh.
For this reason, GT'SP analysis suggests that nuclear
power could be competitive in the future at higher ura-
nium prices, and unconventional resources drawn from
more dilute and expensive deposits could be utilized.

Estimates of capital and operating costs (non-fuel
costs) are given in Table 1, which is representative of
the range of estimates for Gen III and Gen IV technolo-
gies. There is a wide range of construction costs, from
$1,100 per kW to $2,300 per kW, for nuclear reactors
that are classified as Gen III. Firmer estimates of cost
will become available as reactors currently under con-
struction are completed. The Gen III non-fuel costs used
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A Figure 5. Nuclear electricity generation
reference scenario. Over the 21t century,
the majority of nuclear power generation shifts
to developing nations.

in the GTSP analysis are representative of the cost of
advanced light-water reactors. The typical capital cost
difference between a light-water reactor and a fast reac-
tor is in the range of $0-$400/kWe or 0 to 27% based on
light water reactor cost of $1,500 per kW. Gen IV reac-
tor designs can be anticipated to have additional capital
and operating costs, but potentially reduced waste dis-
posal costs in the long term.

Nuclear fuel costs include the cost of uranium ore; and
the conversion, enrichment, and fabrication of the ore
into fuel assemblies. In the scenarios above, uranium
ore costs were determined by the model from the inter-
play of the supply curve and the demand for uranium
over time. Fixed charges for interim storage and per-
manent disposal of spent fuel waste were also included
in the nuclear power costs. Gen IV reactors capable of
breeding and using recycled nuclear fuels are expected
to have lower interim storage and permanent waste
disposal costs, but have higher fuel fabrication costs
and include the additional cost of reprocessing.

Table 1. Nuclear power generation technology
non-fuel costs for new plants (2003 USD/MWhr)
Year Gen Il Gen 11l Gen IV
2005 60 50 n/a
2035 n/a 48 57
2050 n/a 47 56
2095 n/a 45 54

<4 Figure 6. Value of nuclear in the
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GTSP portfolio. The cost of stabilizing
greenhouse gases in the atmosphere is
significantly reduced when nuclear power
technologies are a part of society’s broad
portfolio of responses to climate change.
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The four graphs in Figure 7 examine two critical ele- The bottom set of graphs assumes that the availability
ments that are often discussed in analyses of nuclear of uranium is limited to 11 MTU. Under these circum-
energy: (1) the global supply of uranium and (2) the stances, it is clear that reactors with fuel breeding capa-
need for breeder reactors. All four of these graphs bility are needed in the second half of the century in
assume that global emissions of CO, are constrained order for nuclear power to maintain its role as an impor-
to reach stabilization in concentration of 550 ppm and tant contributor to the world’s source of electricity and
that a broad array of other technologies is available and response to climate change. If uranium resources are
capable of generating competitively priced electricity. limited and Gen IV reactors are not available, nuclear
power’s ability to contribute to electricity generation
The top set of graphs assumes that the availability will peak around mid-century and then decline.
of uranium is not limited and that more uranium is
available at higher costs and lower concentrations
than the Redbook estimates. In this case, as shown OTH ER CONSIDER ATION S
earlier, Gen III reactors based on a once-through fuel
cycle continue to expand throughout the century. The
addition of advanced Gen IV reactors does not expand
the nuclear share of the power market; rather, Gen IV
technologies compete with Gen III technologies.

While cost and performance are critical to any com-
mercial future of nuclear power, nuclear energy tech-
nology must address other issues as well: nuclear
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waste disposal, safety, and proliferation. Each issue is The potentia l i mprovemen ts

complex, and all three are ultimately interconnected
with cost and performance. to nuclear technology for

The availability of uranium resources and geologic o d f ¢ t
waste repositories, and the choice of nuclear reac- tncreasea saje y’ waste
tors and fuel systems affect all three of these issues.

The potential improvements to nuclear technology for minitmizat ton, and incr eased

increased safety, waste minimization, and increased . . .
proliferation resistance have not been exhausted, and 21" Ollfer ation resistance have

new nuclear technologies and systems that can allevi-

ate these issues are under investigation. not been exhausted, an,d new

Waste Disposal nuclear technologies and

In the scenarios above, we have assumed that interim systems that can alleviate these

storage of spent fuel and permanent waste disposal costs
are fixed and that the disposal of nuclear waste does iS.S'ueS are under investigation.
not present an obstacle to nuclear energy use. Expan-
sion of global nuclear energy use and reliance on the
once-through fuel cycle, however, results in significant
spent fuel waste accumulation. Up to 2.5 million metric
tons of spent fuel could be generated by the end of the
century (see Figure 8). The accumulated global waste of
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this scenario would require storage capacity equivalent
to 36 times the legislated capacity of the United States’
Yucca Mountain repository site.

It is unknown at this time whether multiple geologic
waste repositories or other disposal options located
throughout the world will be acceptable, available, and
economical. The inevitable byproduct of nuclear energy
use is the generation of nuclear waste. In this regard,
nuclear technologies that minimize waste production
and consequently, reduce the demands for geologic
waste repositories are likely to be increasingly valued
but only to the degree that they do not jeopardize the
economic competitiveness of nuclear power.

Safety

The issue of safety has always been a concern with
nuclear energy. However, two accidents, at Three Mile
Island in 1979 and at Chernobyl in 1986, dramatically
increased safety and health concerns. These incidents,
along with decades of accumulated experience with

The Global Energy Technology Strategy Program

nuclear reactor operation, have resulted in new reactor
designs with reduced potential for catastrophic events.
These designs are evident in the additional passive
safety features of advanced light-water and other reactor
designs such as the pebble bed reactor. Safety of nuclear
reactors, fuel systems, and waste handling remains an
important issue for nuclear energy, however.

Weapons Proliferation

Nuclear weapons remain a feature of the modern
world, and the same nuclear materials that provide
energy for peaceful use are also used in nuclear weap-
ons. Expansion of nuclear energy use globally implies
greater movement of nuclear materials, both fuel and
waste, and potential for their easier access. New con-
cepts for nuclear fuels, fuel cycles, reactor designs,
and trade in nuclear technology are being pursued
that may reduce these proliferation concerns. How-
ever, we must recognize that proliferation issues are
not purely technical in nature, and that international
agreements, institutions, and monitoring must remain
central in addressing proliferation concerns.



THE VALUE OF CONTINUED
RESEARCH AND DEVELOPMENT

Nuclear power is already a significant part of the global
energy system. However, the extent to which it can main-
tain its current market share or significantly expand it
in a greenhouse-gas-constrained world depends in part
upon continued R&D. Also, with the bulk of new nuclear
power plant deployment occurring outside the present-
day OECD nations, new improved reactor designs and
features may be developed outside of the traditional
Western nuclear powers. Selected R&D, demonstration,
and commercial deployment challenges and opportuni-
ties for nuclear power include:

Establish the economic viability of next-generation
nuclear energy systems.

Demonstrate the capability of safe high-level waste
disposal.

Develop recycling and fuel processing technologies
for breeder reactors to enable a transition from a
once-through to a closed nuclear fuel cycle. The com-
mercial deployment of these advanced reactor and
fuel system technologies could reduce the quantities
and toxicity of spent nuclear fuels and reduce the
need for geologic waste disposal.

Develop the nuclear capacity to generate hydrogen
for use in transportation and other end-use sectors.
Advances in thermo-chemical and high-temperature
electrolysis based on nuclear technology will deter-
mine the economic viability of nuclear-based hydro-
gen production.

Create innovative international policies for trade
in nuclear technology and fuel that allow for global
expansion of nuclear energy for electric power gen-
eration while addressing proliferation concerns.

Nuclear Energy
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APPENDIX Notes and References

Most of the CO, emissions in this study are stated in
units of million or billions of tons of carbon (MtC or
GtC, respectively). This differs from the conventions of
the CCS technical community, which expresses values
in millions or billions of tons of CO2 (MtCO2 or GtCOZ,
respectively). Cost data can be converted to dollars per
ton of ($/tCOZ) by dividing by 3.667, and mass data
can be converted to CO,-based units of the climate
change technical community by multiplying the mass
expressed in carbon-based units by 3.667.

This report makes frequent use of a very large mea-
sure of mass known as a “gigaton.” A gigaton of CO,
(GtCOZ) is a standard measure for scientists and
policy makers familiar with carbon management, yet
for most other audiences the magnitude of this unit is
sometimes hard to comprehend. A gigaton is approxi-
mately equal to 77 Empire State Buildings if they were
made completely of lead, 10,718 aircraft carriers the
size of the USS Enterprise, or all of the iron ore annu-
ally mined in the world. For more examples of how
massive a gigaton is please consult C.L. Davidson and
J.J. Dooley, “A Gigaton Is...” PNWD-3299, Joint Global
Change Research Institute, Battelle Pacific Northwest
Division (July 2003).

Unless otherwise indicated, all scenarios and analyses
result from the GTSP research, using several well-
established modeling tools.

References of interest for further exploration of this
topic include the following:

M. Bunn, S. Fetter, J.P. Holdren, and B. van der Swaan,
“The Economics of Reprocessing vs. Direct Disposal of
Spent Nuclear Fuel,” Harvard University, Cambridge,
MA (2003).

K.S. Deffeyes, and 1.D. MacGregor, “World Uranium
Resources,” Scientific American, Vol. 242, No 1 (1980).

J. Deutch, and E. Moniz (co-chairs), The Future of
Nuclear Power: An Interdisciplinary MIT Study, Mas-
sachusetts Institute of Technology, Cambridge, MA
(2003). http://web.mit.edu/nuclearpower’/.

Electric Power Research Institute, Nuclear Energy in
a Carbon-Constrained World, Electric Power Research
Institute, Palo Alto, CA (2005).

Electric Power Research Institute, Program on Tech-
nology Innovation: Room at the Mountain-Analysis of
the Maximum Disposal Capacity for Commercial Spent
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THE GLOBAL ENERGY

TECHNOLOGY STRATEGY PROGRAM

The Global Energy Technology Strategy Program
(GTSP) began in 1998 with the goal of better under-
standing the role that energy technologies might play
in addressing the problem of global climate change. The
GTSP is unique, a global, public and private sector spon-
sored research program, whose sponsors and research
collaborators are drawn from around the world.

The completion of the first phase of the GTSP in 2001
was marked by the release of a seminal report during
a special session of the Sixth Conference of the Parties
to the United Nations Framework Convention on Cli-
mate Change. This report, A Global Energy Technology
Strategy Project Addressing Climate Change: Initial
Findings from an International Public-Private Col-
laboration, demonstrated the importance of technology
development and deployment as key cornerstones of a
broader set of activities designed to address climate
change. A central conclusion was that a robust technol-
ogy strategy required the development of a technology
portfolio. It found no evidence for a single technology
whose development promised to “solve” the climate
problem. That is, a priori, there is no technological “sil-
ver bullet.” Rather, the GTSP concluded that various
technologies and technology systems show promise for

making a substantially expanded contribution to the
global energy system in a climate-constrained world.
These included biotechnology, hydrogen energy and
other advanced transportation technology systems,
nuclear power, renewable energy technologies, end-use
energy technologies, and carbon dioxide capture and
storage. The first phase of the GTSP produced ground-
breaking research, including many results that have
made their way into the frequently cited literature.
This phase of the GTSP successfully added to the dia-
logue about responses to climate change a new, previ-
ously missing, element—technology. But building pro-
ductive, long-term, real-world technology strategies
to address climate change requires a deeper under-
standing of technologies and their potential. Thus, the
GTSP launched its second phase in 2002. GTSP Phase
2 pushed the frontiers of our knowledge to gain a much
deeper understanding of how these key carbon man-
agement and advanced energy technologies will deploy
in practice, and the means for launching and sustain-
ing a meaningful global energy technology strategy.

GTSP Phase 3 will delve into the regional diversity
and institutional dimensions of developing and deploy-
ing technologies to address climate change.

GTSP PHASE 2 SPONSORS In alphabetical order

The Battelle Memorial Institute
California Energy Commission

Electric Power Research Institute,
Global Climate Research Area

Electric Power Research Institute, Nuclear Sector
Gas Research Institute

General Motors Corporation

The Global Energy Technology Strategy Program

Kansai Electric Power
National Energy Technology Laboratory

National Institute for Environmental Studies
(Japan)

Pacific Northwest National Laboratory
Rio Tinto

The U.S. Department of Energy Office of Science
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loint Global Change Research Institute

Joint Global Change Research Institute
8400 Baltimore Avenue, Suite 201

College Park, MD 20740 USA

www.battelle.org/gtsp

Pacific Northwest

National Laboratory

Operated by Battelle for the
U.S. Department of Energy
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