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Our View: Energy Sectors

Production, Distribution, Use
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KWh

Per Capita Electricity in the U.S. and California
(1960-2001)
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U.S. Refrigerator Energy Use vs. Time

New US Refrigerator Use vs. Time & Retail Prices
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Global Fuel Reserves

Coal Reserves Oil Reserves
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Energy storage capacity

Technology licensed to Seeo, Inc., a
start-up.
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Batteries for Advanced Transportation Applications (BATT)

Block Co-Polymer
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Game Changers in Transportation

e Electricity Storage Systems
- Energy Density - 300 Wh/kg
- Power Density - 600 W/kg
- Fast Charge/Discharge
- Multiple deep discharge
- Safe
- Low cost

e Composite Materials
- Light weight
- Low cost
- High strength
- High toughness

e System Integration
- Intra-Vehicle
- Inter-Vehicle
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Buildings Matter

Buildings construction/renovation contributed 9.5% to US GDP and employs
approximately 8 million people. Buildings’ utility bills totaled $370 Billion in 2005.

Buildings use 72% of nation’s electricity and 55% of its natural gas. I

[ Computers 1%
I Cooking 5%
W Electronics 7%
I Wet Clean 5%
22% Residential -| W Refrigeration 8%
I Cooling 12%
I Lights 11%
Buildings I Water Heat 12%
00 Y Heating 31%
e | Other 4%

I Cooking 2%
I Computers 3%
I Refrigeration 4%
18% Commercial -{ W Office Equipment 6%
I Ventilation 6%
I Water Heat 7%
I Cooling 13%
I Heating 14%
I Lights 26%
I Other 13%

Source: Buildings Energy Data Book 2007



Goals

By 2030

- Reduce energy consumption
«80% in new buildings (Zero Net Energy Buildings)

«>50% in existing buildings

- Enhance health, comfort, safety/security China
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Game Changing Innovations in Buildings Industry

e Science and Engineering
- Continuous Visualization, Monitoring, Reporting and
Diagnostics (Self Tuning Buildings)
- Building Design and Operating Platform
e Design: Virtual Building (e.g. Boeing 787)
e Operation: How can we get sub-systems to cooperate to

minimize energy consumption
- Communication, control, computation

- Components: Solid-State Heating/Cooling; Thermal
Storage in Building Walls; Electrical Storage; Coatings

cool standard

Reflectance
B 2 8 B %
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solar reflectance = 0.08 Wavelength (nanometers)

e Innovations in Policy simdmts s
- Building standards based on measured performance,
NOT designed performance

- Financial incentives and disincentives (carrots and
sticks) for energy savings with respect to standards that
can be shared by designer, builder and user (split
incentive problem)

e Demonstrations and Technology Test Beds

- Reconfigurable building
- Energy consumption of federal, state and university
buildings on Google maps
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Thermoelectricity & Energy Conversion
T, T,
Seebeck Coefficient, S = V/AT I ’ I
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\Y Bismuth Telluride
(low efficiency, expensive)



Abundance of Elements in Earth Crust
Mg 2.1%)

K 6%
Na (2.8%>—l l l l—Othres (1.5%)

Ca 36%)—

Fe —
(5.0%)

Al

(8.1%) (46.6%)

Bi,Te,
Current state-of-the-art
Bi ~ S5/Ib, Te ~ $100/Ib (First Solar demand explosion!)

Not enough tellurium in the earth’s crust to recover a significant portion of waste heat
worldwide or wide scale refrigeration

Limited efficiency above 100 ° C



Electroless Etched Si Nanowires

Wafer-Scale Wet Etching Process C
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Renkun Chen, Kedar Hipalgaonkar (Majumdar Lab)

Allon Hochbaum, Sean Andrews (Yang Lab)




Few Other Game Changers

Understanding photosynthesis and replicating in artificial
systems (Helios - SERC)

Cellulosic hydrocarbon biofuels (Helios - EBI/JBEI)
Solar energy storage (Helios)
Carbon-free cement production

Energy-efficient and cost-effective CO, capture from

concentrated sources - Clean coal

High-temperature materials for gas turbines



