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It is not possible to agree with the proposed premise without some qualification, that we are looking for economic and
long lasting solutions to /arge-scale energy generation. The energy problems that we seek to solve involve deploying
economic energy systems while reducing the environmental impact of energy generation, particularly the potential for
global climate change. But there are two main domains of energy involved, electricity and transportation, and the
need for innovation for each is different. We do have existing technologies to reduce emissions from electricity
generation, but we do not have all the technologies to enable significant reduction in the transportation domain.

Today, nuclear energy is the largest source of CO,-free electricity. The nuclear share of consumed electricity is about

16%, provided by nearly 440 plants in 31 countries. The electrical energy produced from nuclear plants is much larger

than that provided by all renewables, including hydro. Developed over nearly 50 years, the nuclear fuel cycle of today
uses mined uranium at a rate of 0.07m tons per year, and the proven reserves of uranium at today’s price level is
about 5.5m tons. Some geologists think the total economically-extractable resources could be ten times this amount,
closer to 50m tons. Today's fuel cycle depends on fissioning U-235, an isotope present at a level less than 1% of
natural uranium. Mined uranium resources are found in geographically spread countries like Australia, Canada,
Kazakhstan, and Nigeria, and will support the doubling of world nuclear electricity generation in a few decades, but
can last for centuries if fuel breeding in advanced reactors or uranium recovery from seawater is introduced as part of
the nuclear fuel cycle. Furthermore, when uranium runs out, there is the three times more abundant thorium. The
reliability of nuclear plants has grown with experience so that an American nuclear plant today operates on average
90% of the time as opposed to only 70% in 1990.

Providing affordable and clean energy for the transportation sector based on today’s technologies is less assured, and
innovations are needed to shift this sector away from its addiction to oil. Three avenues to reducing demand for oil
and CO, emissions in this sector should be pursued: (1) obtaining higher mileage per gallon of gasoline and relying
more on hybrid and electrical cars, (2) relying more on public transportation using clean electricity production, (3)
and using cleaner heat and electricity in production of gasoline itself. About 15-20 % of the energy consumed in
transportation is consumed at the refineries, depending on the quality of oil. If some of the energy and hydrogen
needed are provided by nuclear or renewable energy, instead of natural gas or heavy oils, CO, emissions will be
significantly reduced. Since more of future oil supplies will be heavy and sour, it is important to apply innovations to
reduce the CO, footprint of refineries. Similarly, using cleaner sources of heat in extracting oil from tar sands or shale
will be needed in the next few decades. In the longer run, relying on rechargeable batteries or synthetic gasoline will
be needed. These technologies are present today, but not at economically competitive levels.
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