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Energy — World Scale Dimensions

World Energy Consumption = 400 Quads/yr
US Energy Consumption = 100 Quads/yr

(Quad = Quadrillion BTU)

US daily consumption: 20 million barrels of oil
60 billion cubic feet of natural gas
3 million tons of coal



More Energy, but Less CO:

World in 2100 will need.:
3X current energy production
<1/3 current CO2 emissions

= 10X less CO2 emitted per unit of energy
used



US Energy Mix

Electricity Generation (~40% of total):
50% Coal, 20% Nuclear, 18% Natural gas,
3% Petroleum

Transportation Fuels (~30 % of total):
96% Petroleum

Very little overlap between energy sources for
these two dominant sectors!



“We are not going to have energy
independence as long as the US relies
on the internal combustion engine.”

James R. Schlesinger
former Secretary of Energy



Elements of a Comprehensive Energy Policy

- Efficiency

 Development of carbon-free energy sources
- nuclear
- solar Electricity
- hydro Hydrogen

* Fungibility of carbon-containing energy sources
- Coal
- Petroleum
- Gas
- Biomass products

Utilize carbon-free energy resources to make carbon-based fuels more
easily interchangeable (utilize more of existing downstream
infrastructure)

* Distributed energy generation and conversion



From First Principles Design to Realization of
Bimetallic Catalysts for Enhanced Selectivity

A program funded under the DOE Catalysis Science Initiative (2003)
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CRITICAL COMPONENTS OF CATALYST DESIGN

CATALYST AND REACTOR
DYNAMICS AND OPTIMIZATION
Lauterbach
Vlachos

Lobo
Dumesic

MATERIALS DESIGN,
SYNTHESIS, CHARACTERIZATION

SURFACE SCIENCE

Chen
Barteau AND SCALE-UP
Crooks
Dumesic
COMPUTATION AND MODELING Barteau
Mavrikakis Buttrey
Chen Chen
Barteau Lauterbach
Vlachos Lobo

Vlachos



New Bimetallic Catalysts from UD-UW-UT Catalysis Science Initiative Program

*Cu/Pt catalysts for water-gas-shift

«Zeolite-supported Pt-Ag bimetallic catalysts with high selectivities for
acetylene hydrogenation in the presence of ethylene

*Ni-Pt and Co-Pt catalysts that exhibit improved activities for
oxygenate reforming (and predictions of even better combinations)

‘Pd-Au catalysts with tunable composition, prepared by dendrimer-
based synthesis, for low temperature CO oxidation

‘Dendrimer-confined Pt-Pd catalysts surfaces for the oxygen reduction
reaction (ORR) in fuel cells

‘Monolayer Pt and Pt-Re on planar Pd for ORR for fuel cell applications

*Cu-Ag bimetallics for ethylene epoxidation that maintain their
selectivity advantage over Ag when promoted with conventional
promoters such as Cs, Cl, and Re

*Pt-Co/Ba catalysts with enhanced capacity for NOx storage

*Pt-Rh nanoparticle catalysts for NO reduction and low temperature CO
oxidation

‘Bimetallic and bifunctional catalysts for aqueous carbohydrate
reforming



B.E., on Close-Packed Metal Surfaces
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