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Crystalline Silicon Solar Cells

Advantages

« raw material is abundant, durable,
environmentally benign

« 22% efficiency (incoming light to electricity)

Disadvantages

« producing high purity silicon is expensive

« low absorptivity (100 pm thick is heavy and
rigid)

« high demand for computer chips raises
price ($100/kg)

* $3-$5/watt
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Solar Cells
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Solar Cell Efficiency

007

Gag 5Ing.5P/GaAs/Ge Solar Cell
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CulnyGa(1-x)Se; Solar Cells
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20 nm metal selenide nanoparticles (left) are dispersed in solution and
coated onto a metal foil (center) using hlgh—!hroughpu\ mnnwpnmm
techniques that work with no cleanroom req
processing cells are cut (right), assem!
panels (below). One line of production
produces one solar panel every ten seconds. The solar-cell efficiency
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CulnyGa(1.x)Sez Solar Cells

Integrated Photovoltaics
« Combine solar cells and roofing material

« Integrated wiring I
« 1 micron of CIGS semiconductor material “weer §

« Uses 1/100 of the materia of Si solar cells 2, "™ {

« Consumes 1/3 of the energy to produce
« Delivers up o 20% conversion efficiency
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TiO2 Dye Solar Cell

NCS)s
Whoro L = 2.2-bipyridyi4 4-icarboxyic acd and L' = 2.2.2°-10rpyry-4 & 4" ricarboxyic acid
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CdSe Emission and Absorption
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Top: Long wave UV ilumination. Bottom: Ambient ilumination.
Solutions are in order of increasing particle size (longer growth time).
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Quantum Dot Solar Cells
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Multiple Exciton Generation Organic Solar Cells Organic Solar Cells Energy Harvesting
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Thermoelectric Module Thermoelectric Module Peltier/Seebeck Effect
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Charge carriers are
also thermal carriers.

High energy electrons
jump over n-type
barrier.

High energy holes dive
under p-type barrier.
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Thin Film Thermoelectrics

« For a gven AT, the output power dens? proport
the material thickness, but AT is dificut to maintain as the thickness
decreases.

- By

controling the

bulk material.

jonal to

transport of phonons and electrons in superattices
of BizTey. material 100 times thinner exceeds the power densiy of the
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Energy storage
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LiFePO,

« Longer

« Li has a higher potential when next to a phosphate than an oxide
« Phosphate is thermally stable
+ Cost is significantly less (Fe vs. Co)

Lower electrical conductivity: maintains charge when not used

cycle life
+ Faster recharge rate
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FoPO, (o) and IF6PO, (1gh ol sicire)
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LiFePO,
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Utracapacitors
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Utracapacitors
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The paradigm shift
in energy storage

Preparation of an Alkaline Fuel
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ZnO nanorods
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Energy efficiency
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Color Strip Kit

LED Co or 047

Strip Kit
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LED Performance

lumen per lamp .*
$ per lumen

0| gpe
O

190 1930

049

White LED Lighting
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LED lighting
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LED Lighting

LED Lighting

LED Street Lighting

« Power for lighting is 20-30% of total electricity consumption.

Sustainable Energy Contributions

« Overwhelming majority of light generated by humans is wasted. EDED
- -
« LED lamps are directional. E V//774
+ LED lamps tumn on & off quickly (turn off when no one present). e
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