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Factor four (von Weizsacker, Lovins L. Hunter Lovins
and Lovins, 1995)

A éa factor four in energy, material and
transport productivity is possible and

allows to reduce environmental pressure Doppelter Wohlstand -
.. halbierter Naturverbrauch

(e.g. carbon emissions) by a factor four R S

compared to the business as usual path CLUB OF ROME

N\

eo (p. 17)

Evidence:

A 20 Examples of increased energy efficiency
A 20 Examples of increase material efficiency
A 10 Examples of increased transport efficiency
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Rebound Effect
Consumption-as-usual conc
Potential rebound of factor //
Conclusions
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The Rebound Effect

A Rebound Effects: ratio of real world behavior and wishful
thinking
A Formal descriptiont: ~ RE=1+7"

A Range?: negative (RE < 0) to backfire (RE >1)

A Classification3 :
Direct rebound: More of the same product/service
Indirect rebound: More of other services
Economy wide rebound: E.g. increased productivity

1: Saunders, 2000; 2: Sorrell, 2007; 3: Greening et al. 2000



Economic production and consumption function

A Production function?: 1
P= g(pK, pu; pEj

Price = g(capital costs, labor costs, efficiency ! - price of energy)

A Consumption function?: L-w=3"%-p

Labor time - wage = sum (amount - price) of productsii

1: cf. Saunders, 2000; 2: Becker, 1976
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Assumptions of consumption-as-usual

First Assumption:

Use of household resources (time, income, volume) for
consumption does not change subsequent to product
modification / efficiency improvements.

Second assumption:

Preference and hence, the share of household budgets
(time, income, volume) used for a certain purpose does
not change subsequent to product modification / efficiency
Improvements.
Different solutions possible (several products for same purpose).
Consideration of saturation

Assessment of consequence of deviation from assumption
(increasing/decreasing preference and hence share)
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Constant time budget (travel budgets worldwide)
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African Villages in:

City Surveys:

National Travel Surveys:

Schafer & Victor 2000

GDP/cap, US$(1985)

| Tanzania, 1986 1 Tianjin {China), 1993 19 Paris (France), 1983 A Belgium, 1965/66
-+ |l Ghana, 1988 2 Kazanlik (Bulgaria), 1965/66 20 Paris (France), 1991 B Austria, 1983
3 Lima-Callao (Peru), 1965/66 21 Sendai (Japan), 1972 C Great Britain, 1985/86
4 Pskov (Former USSR), 1965/66 22 Sapporo (Japan), 1972 D Germany, 1976
5 Maribor (Former Yugoslavia), 1965/66 23 Kanazawa (Japan), 1974 E Netherlands, 1979
T 6 Kragujevac (F. Yugoslavia), 1965/66 24 Kagoshima (Japan), 1974 F Great Britain, 1989/91
7 Torun (Poland), 1965/66 25 Kumamoto (Japan), 1973 G Finland, 1986
8 Gyoer (Hungary), 1965/66 26 Hamamatsu (Japan), 1975 H Netherlands, 1987
-1 9 Olomouc (Former CSFR), 1965/66 27 Fukui (Japan), 1977 | France, 1984
10 Hoyerswerde (Former GDR), 1965/66 28 Niigata (Japan), 1978 J Germany, 1982
11 Sao Paulo (Brazil), 1987 29 Hiroshima (Japan), 1978 K Netherlands, 1989
1 12 Sao Paulo (Brazil), 1977 30 Osaka (Japan), 1980 L USA, 1990
13 Warsaw (Poland), 1993 31 Tokyo (Japan), 1980 M Germany, 1989
14 6 Cities (France), 1965/66 32 Osaka (Japan), 1985 N Switzerland, 1984
15 Osnabruck (Germany), 1965/66 33 Tokyo (Japan), 1985 O Switzerland, 1989
-T- 16 44 Cities (USA), 1965/66 34 Cities No. 21-29 in 1987 P Australia, 1986
17 Jackson (USA), 1965/66 35 Tokyo (Japan), 1990 Q Singapore, 1991
18 Paris (France), 1976 36 Osaka (Japan), 1990 R Norway, 1985
4 S Norway, 1992
T Japan, 1987
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Constant volume budgets

/ Pockets

/ Desk
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Data storage

medival today
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Constant money budgets (UK lightning)
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Fouquet & Pearson, 2006

=@- Consumption of light per capita [million lumen
hr]

== ighting efficiency [lumen hr/kwh]

Real GDP per capita

=& Price of lighting fuel [pence per kwWh]

== Price of lighting senices [£ (2000)/ per million

lumen hr]

==t=share of light budget




Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich

Constant functional unit vs. consumption-as-usual

Efficiency 620 440 250 60 154
[gCO2/km]t
Speed km/h? ~10 35-40 ~60 ~150 ~600

1: Grubler 1998, 2: Ausubel & Marchetti 2001 (own estimate for horse car)
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