EDITORIAL: Rick Stevens

Advancing Green Energy Technology

Our nation urgently needs to
accelerate the research and
development of new energy
technologies and to dramati-
cally lower the environmental
impact of the products and
services that support our
standard of living. By making
a focused effort now to
develop new green energy
technologies and establish
U.S.-based manufacturing of
these technologies, we can
simultaneously reinvigorate
the U.S. economy and address
the challenges of reducing
U.S. CO, emissions.
Advanced computing is key
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We have an amazingly com-
plex energy supply, transmis-
sion, and consumption
network that has developed
and evolved for over a hun-
dred years, in response to
market forces and injection of
new technologies. During the
next twenty years we will
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need to accelerate the deploy-

to the development of any
new energy technology. In
particular, advanced model-
ing and simulation can opti-
mize performance, reduce
costs, improve time-to-mar-
ket, and explore designs
beyond the reach of traditional approaches.

The opportunities are significant: novel processes for man-
ufacturing lower-cost, higher-performance photovoltaics; new
mechanisms for directly converting sunlight to chemical fuels;
new materials for higher-energy density and lower-cost bat-
teries; and the re-architecting of the power grid to integrate
distributed generation and large-scale storage that make solar
and wind feasible at large scale.

Advanced materials science underlies nearly all energy
technologies. For computational materials science to play a
major role in energy research, it must evolve from a tool used
for characterization and explanation to a tool useful for
design optimization. Progress toward computationally
driven materials design will accelerate the development of
novel materials for solar power, selective catalysis, and energy
storage.

Environmentally friendly manufacturing is also a major
challenge. Computational modeling has been used to reduce
waste and improve time to market. But if the manufacture
of that technology is not equally green, the environmental
advantages of green energy technology can be reduced. It is
critical that modeling and simulation be employed to make
green energy technology production as green as possible.

Building complex integrated devices (such as next-genera-
tion intelligent batteries and smart grid controllers) is diffi-
cult. Predicting the performance of these devices in real-world
operation is even harder. Both are necessary to reduce the
time-to-market for practical systems, and both can be tack-
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much faster pace than in the
past. Modeling and simulation
of the global energy system
can be a critical tool to avoid
destabilization while guiding
the accelerated deployment of
new technologies.

As increasingly diverse energy sources are integrated into
the global energy system and as consumers become more cost
aware and energy conscious, it will be critical to have more
flexibility in control systems for the grid that can balance pro-
duction and demand. Modeling and simulation can be used to
better understand the operating characteristics of grids and to
help formulate the degree of intelligence that must be embed-
ded to keep them stable and responsive.

Recent studies have shown promise in using weather pre-
diction to optimize wind farm productivity (for example, by
timing availability of base load) and the efficiency of heating
and cooling systems in buildings (for example, by anticipating
changes in load). Advanced simulation programs integrating
these predictive methods can enable designers to capitalize on
opportunities for savings.

It is generally believed that we will need multiple break-
throughs in many different energy technologies to enable us
to sufficiently reduce our dependence on fossil fuels and meet
our goals for reducing greenhouse gas emissions. A common
thread through the various development paths is the oppor-
tunity to apply advanced computing.

Simulation and modeling can make a crucial difference in how
we get there, how fast we get there, and perhaps whether we get
there at all. .
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