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Demographic Expansion
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The World Energy Demand Challenge




Energy demand and GDP per capita (1980-2002)

Primary energy per capita (GJ)
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Growing world energy needs

40% of the world’s
population is

In the fast developing
regions.



The Environmental Challenge
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The ENERGY REVOLUTION
(The Terawatt Challenge)
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Source: International Energy Agency 2



Energy Alternatives and Growing Needs
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General Observations of WIREC 2008

(Washington International Renewable Energy
Conference 2008)

e 9000 patrticipants from 113 countries
iIncluding 103 ministers. The largest
conference on renewable energy to date.

o Participants were optimistic about the future
of renewable energy.

 Delegates showed an appreciation of the
scale of the energy problem, of global climate
Issues, and of the increasing energy needs of ¢
growing world population.



WIREC pledges

New Zealand | 90% 2025 eIectriciFy
generation
Denmark 30% 2025 total energy
consumption
Brazil 80% 2015 Electrici.ty
generation
Cape Verde |°50% 2020 eIectriciFy
generation
Germany 18% 2020 total energy
consumption




WIREC pledges (continued)
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The Sun: Our Ultimate Energy Source
Energy in Sunlight and Heat
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Solar Energy Challenges
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Major scientific and technological challenges must be met to reach these goals.



Why Nanostructured materials are an
Important strategy for
energy-based applications

 New desirable properties are available at the
nanoscale but not found in conventional 3D
materials, e.g., materials parameters dependent
on size in the quantum limit

« Higher surface area to promote catalytic
Interactions

* |Independent control of nanomaterials
parameters which depend on each other for 3D
materials.



Catalysts offer promises of exponential impact
Catalysts allow common energy-related processes to occu
Catalysts have an gponential dependence exp(-E i, /KT)
Development of efficient inexpensive _catalystsill be key.
Modeling and simulation will play a significant role.

sInspired by quantum chemical calculations, Ni surfae-
alloyed with Au (black) is used to reduce carbon peoning of
catalyst, as verified experimentally.



Theory can introduce new concepts for
materials design

J. Zhang, et al, Angew. Chem. Int Ed. 44, 2132 (2005)
Makrikakis, group, U.of Wisconsin



High Throughput Combinatorial Screening

Combinatorial Materials Screening

Materials Series Processs. Parallel Process
Fab I’I Catl On (one at a time) (up to a thousand at a time)

Proof of concept

High throughput combinatorial screening methods
are widely applicable for optimizing alloying of

Science 268 1738 (1995). . - . .
nanostructures for enhancing specific materials prperties

*Wide applicability in energy research for both experiment and theory
Gremaud et al. Adv. Mater. 19, 2813 (2007)



Moore’s Law for semiconductor electronics
needs to be extended to energy
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The huge global energy requirements focus attention on

scale and time frame.
Semiconductor Research Corporation



Jeff Y. Tsao, “Solid-State Lighting: Lamps, Chips ad Materials for Tomorrow,” IEEE Circuits & Devices 20(3), 28-37 (2004).



Moore’s Law for Photovoltaic Cells

Cell production (MW)

This growth rate must be accelerated in magnitude a  nd time to reach 1.5 TW by 2050



Conclusions about Strategies

Make serious investment in renewable energy
research and development now (2008-2020) to
have implementation by 2050

Develop Near-term (2-5 years), Mid-term (5-10
years), Long term (more than 10 years) Energy
Strategies with periodic review

Establish collaborations between countries with
know-how and countries with potential for
development of a particular technology.

Give serious attention to develop some
transformational large impact technologies.
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Energy: a BIG Complex System
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Summary and Policy Issues

Sustainable world energy supply is likely to be a mix of
transformational renewable energy technologies

Emphasis must be given to the magnitude of global energy
needs and the urgent time factors. Resources are required.

Strong interplay between basic and applied sciences and
the promotion of interdisciplinary science are keys to
success.

We need to train the next generation of scientists and
engineers to solve energy-related problems, and give them
enough resources for success

Collaborations between academia, government and
industry are a key factor

The challenges and constraints are global and
complementary among different countries

International collaboration and networking must be
encouraged and supported
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