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The Global Nuclear Vision Project at the Los Alamos National Laboratory is

investigating a range of long-term nuclear energy futures as well as exploring and assessing

optimal nuclear fuel-cycle and material strategies. The established ERB (Edmonds, Reilly,

Barns) global E (energy/economics/environmental) model [1] has been adopted and

expanded to include 13 global regions and modified with a simplified, but comprehensive

and multi-regional, nuclear energy model. The model has been used to construct scenarios

where long-term (~2100) demographic, economic, policy, and technological drivers create

a competition between nuclear power and other energy sources, resulting in trajectories

over time for nuclear energy. Long-term futures are examined at two levels in a hierarchy

of scenario attributes that are either external or internal to nuclear energy. The impact of

top-level scenario attributes (the external drivers illustrated below) on nuclear market shares

was first examined. Lower-level scenario attributes (internal drivers built around differing

fuel cycle strategies) were then examined. These strategies, which are aimed at areas such

as back-end nuclear material management, the long-term sustainability of nuclear energy,

and proliferation risk, also impact global or regional nuclear energy market shares.

Investigations of top-level scenario attributes include population, workforce

productivity (impact on GNP), energy-service technology improvements, taxes to limit

greenhouse gas (GHG) emissions, and nuclear energy capital costs. Changes in these

highly varied external drivers produced a nearly identical spectrum of high, medium, and

low nuclear energy demand variants that generally agree with recent (but shorter time

period) analyses [2]. A trend in all these scenarios is a regional constancy of nuclear

energy usage (traditional users such as OECD) in the first quarter to half of the 21st

century, followed by a shift to developing countries (primarily China) in the second half.

Figure 1 summarizes the impact on nuclear energy demand caused by: a) changes

in carbon tax; b) changes in end-use energy efficiency; and c) changes in nuclear energy

capital costs. Carbon taxes create a favorable environment for nuclear energy growth, but
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FIG. 1. Impact of carbon taxes, unit total costs [UTC($AVe)], and end-use efficiency (ek)
on nuclear energy demand; comparison with Ref.[2].

the (capital) cost-driven increase or decrease in nuclear energy demand alone has little

impact on GHG emissions. Decreased end-use energy efficiency (increased energy

intensity) also increases demand for nuclear energy and raises both fossil fuel demand and

related atmospheric carbon emissions.

One aspect of this fuel-cycle study focused on the economics of breeder reactor

systems required for significant penetration of such systems into the nuclear sector under

different assumptions of world uranium resources. Breeders are found to appear in the

marketplace only under conditions of: a) conservative uranium resource assumptions; b)

relatively low capital costs (comparable [within 10 percent] to LWRs); and c) significant

increases in costs of fossil fuel, as may arise from the carbon tax scenario examples

illustrated in Fig. 1.
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The second aspect of the fuel cycle study tracked the regional and global buildup of

plutonium inventories, and the impact of different management strategies on these

inventories. The basis scenario of a once-through LWR fuel-cycle indicated the expected

continuing buildup of plutonium inventories, with the source of the accumulation shifting

over time from OECD to developing nations. Departures from this basis scenario for

nuclear materials management examined the impact of a global reprocessing and MOX use

strategy (average MOX core-fraction asymptote of 0.3) as well as implementation of fast

spectrum burner (FSB) systems (either reactor or accelerator based) on plutonium and

spent fuel inventories.

Implementation of a worldwide MOX strategy, starting around 2005 and resulting

in an average MOX core-fraction asymptote of 0.3 for all LWRs in the world by 2030-

2035, produced a flattening of the plutonium growth curve caused by the initial deployment

of MOX fueled systems. However, as inventories of plutonium that can no longer be

recycled in LWRs (after 3 recycles for the present study) increase over time, the plutonium

inventory rises again. Additionally, in some regions of the world (developing countries

with large nuclear growth but no significant spent fuel backlog), available plutonium

inventories may not be adequate to fuel new LWRs at the exogenously driven

implementation of MOX core fractions assumed, unless external spent fuel is supplied to

make up the shortfall.

The examination of FSB reactor (LMR/IFR) or accelerator-based (ATW) systems

identified a number of issues. Specifically, development of such technologies must be

aware of and concentrate on minimizing the overall cost of the FSB system by:

a) maximizing the support ratio (number of LWRs supported by one FSB) by decreasing

the conversion ratio in reactor systems; b) increasing the efficiency of accelerator-based

operation (operation at high neutron multiplications to minimize recirculating power);

and/or c) minimizing the capital and operating costs of the FSB system. Otherwise, these

studies indicated a potentially unacceptable negative impact on the market share for nuclear

energy scenarios that employ such FSBs in synergy with LWRs.
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