Lighting, Energy Consumption, Human Productivity
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200 Years of Lighting Technology
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per capita Consumption of Light:
@, in Mimh/(person-yr)
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Cost of Light:

per capita
gross domestic product:
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¢ = fp-(9dp/Col)
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Implication 1:

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

The world in 2005:
0.72% = USS440B / USS60T
6.5% = 1TW./16TW,

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

Rebound is likely driven by human
productivity:

If light is cheaper, we consume more
so that we will be more productive
(we’re not just treading water)
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Possible Future Research

* New tools and applications of tools

— Measures for consumption of light, in anticipation of “smart lighting”
technology

— “Census from the heavens” population measurements: satellite
measurements of artificial light from the earth, corrected for gdp and CoL

— Apply methodology to other energy services: transportation,
heating/cooling, computation/communication

 Understand

— Validity of combining historical (longitudinal) and contemporary (cross-
sectional) data sets

— Transition between short (months) and long (decades) term rebound

— How to fold results into growth economics framework (growth of human
productivity vs growth of energy consumption)
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Back-up slides
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Profit maximization in a two-factor economy
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A Progression of Productive Uses
for Colored and White Solid-State Lighting
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State-of-Art Commercial Solid-State Lighting Lamp

ttR//bobbymercerbooks.com

78%

Spectral efficiency
(match to human eye)

Thin-Film Flip-Chip Architecture

— 16%
Overall efficiency
(luminous efficacy n, = 66 Im/W)

54% @
Phosphor Color rendering index (CRI) 85
(and package) Color temperature  (CCT) 3,100 K
efficiency Current density 70 A/cm?

38%
Blue LED
efficiency
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Thin-Film Flip Chip

(TFFC) schematic
courtesy of Jon Wierer
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Estimates of Light Consumption, spanning:

e 3 centuries, 6 continents, 6 technologies, and 7 orders of magnitude in light consumption
e Commercial, residential, industrial, outdoor sectors
e Grid, fuel and vehicle lighting

1 Do Real-Output and Real-Wage
Measures Capture Reality?
The History of Lighting
Suggests Not

‘William D. Nordhaus

Seven O
! Usee of Light

Energy Services: The Price and
e United Kingdom ( 1.300-2000)
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Policies for Energy-efficient Lighting
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Energy Savings Estimates of Light Emitting Diodes
in Niche Lighting Applications
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ENERGY-EFFICIENT LIGHTING IN CHINA:
PROBLEMS AND PROSPECTS*

U.S. Lighting Market Characterization

Volume I: National Lighting Inventory and
Energy Consumption Estimate

Final Report
Prepared by
Navigant Consulting, Inc.

for
U.S. Department of Energy

Office of Energy Efficiency and Renewable Energy
Building Technologies Program

September 2002
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Possible Worlds in 2030

FLU-L

n, 87Im/W,

CoE,, 119 $/MW.h
Baseline EIA projection
for world in 2030
(fluorescent lighting

dominant)

FLU-H
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CoE,, 3695/MW,h
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(Fluorescent lighting dominant with
high increase in energy cost for
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& ssLs
?{ﬁ EERG

SSL-L
/ n, 268 Im/W,
CoE, 119 $/MW,h

- n, 268Im/W,

CoE, 133 S$/MW, h

(SSL dominant but
moderate increase in
energy cost for lighting)
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