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Anatomy of State-of-Art Commercial SSL
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CCT = 3,100K

Phosphor/Package 54%
Internal quantum effic  90%
Stokes deficit 76%
Scattering/absorption  80%

Blue LED

Joule

IQE at low power
Droop at high power Thin-Film Flip Chip (TFFC)

Light extraction schematic courtesy of Jon Wierer
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200 Years of Lighting Technology Efficiency
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What about Cost of Light?

CoL.,, is already ~CoL,,,./6, 2012 may be the beginning
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CoL,,, = CoE/n, ($/Mimh)

so 1), is the key 5 of “the transition”
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A Progression of Productive Uses

for Colored and White Solid-State Lighting
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Rebound and the Undeveloped World
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Estimates of Light Consumption, spanning:

3 centuries, 6 continents, 6 technologies, and 7 orders of magnitude in light consumption

e Commercial, residential, industrial, outdoor sectors
o Grid, fuel and vehicle lighting
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per capita Consumption of Light:

@, in Mimh/(person-yr)

Earth at Night (courtesy of NASA)
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3 per capita

Cost of Light: . gross domestic product:
CoL ($/Mimh) = CoE /n 3 gdp ($/[per-yr]) = GDP/N
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é, = (4/3)-B-(gdp/CoE )
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Profit maximization in a two-factor economy

profit = production (gdp) - cost
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Possible Worlds in 2030

FLU-L SSL-L
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Main Points

« Past 300 years: B =0.0072
— Consumption of artificial light has increased with gdp/CoL
— Consumption of energy for artificial light has increased with gdp/CoE,,
— gdp has increased as consumption of artificial light and human productivity have increased

Coming 20 years scenario 1: = 0.0072 continues
— Likely in undeveloped world as usage patterns from developed world are borrowed

— Possible in developed world as new uses are developed (e.g., outdoor evening illumination,
integration of illumination with displays)

— Massive potential for continued increases in consumption of light and human productivity
— SSL won’t by itself contribute to decreasing C emissions

Coming 20 years scenario 2: 8= 0.0072 does not continue
— Maybe consumption of light will saturate
— Maybe demand for secondary “human factors” associated with light will saturate
— Maybe governments will mandate consumption of light to saturate
— SSL would contribute to decreasing C emissions

"ﬁ SSLS

s
j




