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Lighting Technologies, Costs & Energy Demand: 
Global Developments to 2030
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State-of-Art Commercial Solid-State Lighting Lamp
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http://bobbymercerbooks.com
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Thin-Film Flip Chip 
(TFFC) schematic 

courtesy of Jon Wierer

16%
Overall efficiency
(luminous efficacy ηφ = 66 lm/W)

@
Color rendering index (CRI ) 85
Color temperature       (CCT)  3,100 K
Current density                              70 A/cm2

Metal

Thin-Film Flip-Chip Architecture
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200 Years of Lighting Technology Efficiency
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Solid-State 
Lighting

Electric bulb from Neloux, 
courtesy of KMJ. 

http://commons.wikimedia.org/w
iki/File:Gluehlampe_01_KMJ.jpg

Fluorescent Tube
http://en.wikipedia.org/wiki/File:Leuchtstofflampen-
chtaube050409.jpg

Candle burning.
http://en.wikipedia.org/wik
i/File:Candleburning.jpg

Bridgelux Helieon Solid-State Lamp.
http://www.bridgelux.com/products/hel

ieon.html
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A Progression of Productive Uses 
for Colored and White Solid-State Lighting

Center high-mount stop light (CHMSL).
http://www.honda-
tech.com/showthread.php?t=2413558

Sharp QuadPixel RGBY LED-backlit LCD Display.  
http://www.macworld.com/article/145541/2010/01/sh

arp_quadpixel.html

Surefire U2 flashlight. 
http://en.wikipedia.org/wiki/File:Sur
efireU2JPG.jpg 

NASDAQ’s Giant Video 
Display in Times Square, 

New York (Jeff Tsao)

Nokia camera phone with LED flash.
http://www.itechnews.net/wp-
content/uploads/2009/07/Nokia-3720-
Classic-the-most-rugged-mobile-phone.jpg

http://tan-moneyonline.com/wp-
content/uploads/2008/03/earthatnight

-asia1.jpg
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Estimates of Light Consumption, spanning:
• 3 centuries, 6 continents, 6 technologies, and 7 orders of magnitude in light consumption
• Commercial, residential, industrial, outdoor sectors
• Grid, fuel and vehicle lighting
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per capita Consumption of Light:
φ, in Mlmh/(person-yr)

Earth at Night (courtesy of NASA)

Mills
WRLD-NONGRID 1999: 0.043

IEA
WRLD-GRID 2005: 32.9

Fouquet & Pearson
UK
2000 Inc+Flu+HID: 46.4
1950 Inc:                   5.0
1900 Gas+Ker:          0.27
1850 Gas+Can:         0.013
1800 Can+Oil:           0.0027
1750 Can:                  0.0006
1700 Can:                  0.00058

IEA
AU+NZ 2005: 63.4

IEA
FSU 2000: 38.7IEA

OECD-EU 2005: 45.9

IEA
JP+KR 2005: 71.9

CN
Li      2006: 16.4
IEA   2005: 13.4
Mills 1993:   2.7Navigant

US 2001: 136
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Cost of Light:
CoL ($/Mlmh) ≃ CoEφ/ηφ

1       101 102 103 104 105

CoEφ ($/MWeh)

Lu
m

in
ou

s 
ef

fic
ac

y
η φ

(lm
/W

)

10-2

100%
Efficiency

10-1

1

101

102

103

1

101

102

103
104 105

CN 1993

WRLD-NONGRID
1999

WRLD-GRID 2005

UK 1800

UK 1850

UK 1750

UK 1700

UK 1900

UK 1950UK 2000
AU+NZ 2005

FSU 2000 OECD-EU 2005
JP+KR 2005

CN 2005
CN 2006

US 2001

10-3 10-2 10-1 1       101 102

N (Bper)

G
DP

 (B
$/

yr
)

101

102

103

CN 1993

WRLD-NONGRID
1999

WRLD-GRID 2005

UK 1800
UK 1850

UK 1750
UK 1700

UK 1900
UK 1950

UK 2000
AU+NZ 2005 FSU

2000

OECD-EU 2005

JP+KR 2005

CN 2006US 2001 CN 2005104

105

106

103

104105

After Angus Maddison and University of 
Groningen purchase-power-parity 

tabulations, in 2005 US$
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gross domestic product:
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φ = β·(gdp/CoL)
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Candles

Gas
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SSL?

After Tsao and Waide, “The World’s Appetite for Light:  
Empirical Data and Trends Spanning Three Centuries and Six 

Continents,” submitted to The Energy Journal

$/(per-yr)
$/Mlmh

Implication 1:
World has spent, and spends, 
~0.72% of GDP on artificial light

The world in 2005:
0.72% = US$440B / US$60T
6.5%   =      1 TWc / 16 TWc

Implication 2:
Price and income elasticity of 
consumption of light is ~unity

Are we treading water or not?
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Profit maximization in a two-factor economy
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Possible Worlds in 2030
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