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The energy consumption we need to live in modern societies pollutes the
environment and draws unsustainably on the earth's resources. While people of
conscience yearn for an energy source, such as fusion, that would alow us to live
without burdening the earth, the redlity is that there is no such source at the moment.
Our main hope in the near termis to use the energy we have conservatively through new
technol ogies developed expressly for thispurpose. This agendais especially important
in Japan, where a large number of industrial firms have committed themselves to such
devel opment.

The central research issue in creating energy-efficient technology is nearly
always the discovery or invention of a new material. This is so true that scientists
often speak of the two interchangeably.

A simple example would be engines for cars or airplanes. Engines burn fuel
more efficiently when they run hotter. Engine operating temperatures are, however,
limited by the point of materials failure. Since this temperature is higher for ceramics
than it is for metals, there has been serious thought given to replacing certain metallic
parts in engines, such as piston rings and turbine blades, with new kinds high-strength
ceramic. Were the right kind of ceramic discovered, it could substantially lower the
amount of fuel burned in engines all over the world.

Another example along these lines would be fuel cells, something of special
interest at the moment because they generate energy without polluting the environment.
The difficulty is that key parts of fuel cells, notably the solid electrolyte and electrodes,
are either unacceptably expensive or have inconvenient operating temperatures. For
this reason there is an active search underway at the moment to find new fuel cell
materials. Were the right ones discovered, fuel cells would become much more
practical than they are now.

Another example would be thermoel ectric power generators for cars and trucks.
In principle, the heat thrown off by engines can be harnessed to make power by passing
it through special materials that turn heat flow into electricity. However, we do not
have such generators at the moment because the thermoelectric materials we know
about do not have quite the efficiency required to justify the expense. Were a suitably
efficient material discovered, we could replace alternators in engines with generators
that use otherwise wasted heat, thus increasing fuel efficiency.

Stories of this kind are repeated again and again. The main cost limitation of
photovoltaic cells is materials processing expense. The main cost limitation of
hydrogen-powered vehicles is the material for storing the hydrogen. The main limitation
of electric-powered vehicles is the material of the battery. The main limitation in
design of refrigerators (the biggest electricity user in the home) is thermal insulation
material in the walls. The main limitation of thermal efficiency of a home itself is the
material in the windows.

Thus any society committed to energy and the environment must necessarily be
committed to investments in fundamental research in materials. As a practical matter,
energy and materials are one in the same.
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