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Background and Motivation

Solid state heat engine

UMechanical heat engines with
efficiencies ~40% produce 90%
of the required energy.

UWaste heat generated
annually is ~18TW .

L Converting even 1% of the
waste heat into electricity
($0.11/kWh) could create a
$20B annuity.




Background and Motivation

Solid state cooler

dAnnual energy cost of the
U.S. data centers was $4.5B.
(61BkWh) in 2006 (EPA 2007).
dCooling consumes ~40%.
(dHeat generation is spatially
and temporally non-uniform.
dHot spot can be >650W/cm?.
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Background and Motivation

Competitors

http://en.wikipedia.org/wiki/Stirling_engine

QStirling engine 7 ~40%
UTE module 7 ~10%

www.sunshinekelly.com

URefrigerator COP ~5.9
UTE cooler COP ~0.7
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Traditional Thermoelectrics

Limitations of bulk materials

S: Seebeck coefficient
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g: Density of states
7. Scattering time
E: Energy
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http://britneyspears.ac/physics/dos/dos.htm
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Traditional Thermoelectrics

Limitations of bulk materials

p-Type zT
PbTeSe
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Advanced Approaches

Our “Nano” approach 1: Metal-semiconductor nanocomposites




Advanced Approaches HOT POWERINC.

Our “Nano” approach 2: Nanowire network
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Semiconductor
nanowires

i Metal template
(bottom electrode)

Flexible TE device employing
silicon nanowires
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A large amount of energy from the sun

In a single hour the sun delivers the same amount of energy as consumed by all
of humanity in a year — about 5 x 102°J.

Sun light = Electricity  Transport Electricity = Light Electricity = Heat
i@a“
Sun light =» Light No transportation  Light =» Light Light =» Heat

http://www.keepbanderabeautiful.org
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Strategy

Concentrated sun light into an optical fiber

Sun light = Concentration Transportation

http://mww.familievink.nl

http://kjcoop.com Use as heat or
greenpowerscience.com
storage for later uses

http://en.wikipedia.org/wiki/Thermal_energy_storage




_Baskin
Engineering

Strategy

Concentrated sun light into an optical fiber

Himawari System Oak Ridge System
La Foret Eng (Tokyo, Japan) Sunlight Direct (Oak Ridge, TN)
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Systems, Ingc.

Goal

Concentrated sun light into an optical fiber

Optical collector/concentrator

Solar light
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LNA mismatch
LMode size mismatch
URefractive index mismatch
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Concentrated sun light into an optical fiber

Primary sin‘“6,cos*0,

concentrator

mirror - ginz HE

n<sin‘o,

EE'EE —
sin‘6,

Optical fiber
n=15

Secondary
concentrator

Need thin films with 1.4 < n < 2.8 for 400-1000nm and k as small as possible
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SLIT ON SiO27Si

without 0;}.'8 ioassi

N !
p224@2 20.0kV X10.0K 3.00»rm @224@3 20.0kV X18.0K 3.80»rm

Aluminosilicate (SEM, scale bar 3um)
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Devices

Courtesy: David Berkstresser and Allan Lewandowski




Concentrated Sun Light into an Optical Fiber ;,

Ultimate application
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Concentrated Sun Light into an Optical Fiber | ;

Really ultimate applications

Eliminate heat engine

C1m?2 concentrator for
solar daylighting
25m?2 concentrator for
solar thermal power
generation

’
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www.rainbowskill.com Demaray and Kobayashi at the NREL solar furnace
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