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Factors in US Nat. Income Growth (%/yr)
1929 - 1982 (Denison, 1985, US Hist.Stat., 1997)

Employment males: + 0.50
Employment females: + 0.88
Average hours worked™: - 0.51
Education, etc.: + 0.87
LABOR: +1.34

CAPITAL: + 0.56
TECHNOLOGY: + 1.06

TOTAL: + 2.96

Population growth: +1.08

* Indirect impact of technology
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1800 2000

World population, 1 6
billion

Life expectancy, years* 35 75
Work hours per year* 3,000 1,500

Free time over life* 70,000 300,000
Mobility, km/day* 0.04 40

(excl. walk)

World income, trillion $ 0.5 36
Global energy use, Gtoe 0.3 10
Carbon, energy, GtC 0.3 6
Carbon, all sources, GtC 0.8 38
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A systems of means to particular ends
that employs both technical artifacts
and (social) information
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A—ANLES, B—WHEEL WHICH I3 TURNED BY TREADING, C—TooTHED WHEEL.
D—DRUM MADE OF RUNDLES, E—DRUM T4 WHICH ARE FIXED IRDN CLAMPE.
F—5tcosp wnerl, G—Bacis.
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China, globalization

US, Ford

Europe, Eiffel
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Auswirkungen
eines mit 60 km/h
fahrenden  Zuges
auf die Umgebung
(1862)

Lok-Fithrer  und
Heizer auf einem
mit 60 km/h fah-
renden Zug (1862)

Speed Kkills..... 19th
century sceptical
German cartoons
reflecting Science's
(Prussian Academy
of Sciences) verdict
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Few models (except IIASA) as non-convex (stochastic) optimization
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In(patents)

R= 1.26, R* =0.68
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Ford Model T

Prices y=.0.214x +3.8738 PR= 86%
R? = 0.9765 LR=14%

Costs

y =-0.1194x + 3.6024 PR= 920
R*=0.733 LR= 8%

-1 0.5 0 0.5
log (cum. production, million)







* Three-converter plants
+ Two-converter plants
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“Learning” from Multiple Sources:

Factors in US PV Cost Declines 1979-2001:
Economies of Scale (43%), R&D (35%), Learning by Doing (5%), Others (17%)
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Uncertainty

* More fun:
http://my.athenet.net/~jlindsay/SkepticQuotes.html
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¥’ Evolution of the Enerey System. Simulation ID: 100
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Saturation,
maturity,
senescence
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Embryonic,
chaotic
"snake pit"

Time
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Invention

Innovation

Technik & Umwelt

Basic R&D,
breakthrough

Applied research,
demonstration plants
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1769 Watt patents low-pressure steam engine --
Invention

e 1824 Stevenson builds first locomotive plant --
(iInnovation)




Opportunity window
for transition to new

Maturity, life cycle
oligopolies/monopolies

Incrementalism,
design over function

Stabilized

technology,

scale frontier / Spillovers beyond

reached core markets (globalization)

Standardization,

unit scaling / shake-out, few (large) firms

Many competing designs , many firms &

- nNewentrants
——
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World — Coal Fired Power Plants
(Data: Wilson, 2009 IIASA IR-09-29)
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5 Phases in Scaling-up Technology:

Example Coal Power Plants

3: build many (large) units
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1: build many (small) units

2. scale-up units:

2.2. average

number

cum GW installed
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4: scale-up industry

5: grow outside core markets
(globalize)






