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Factor four (von Weizsacker, Lovins

and Lovins, 1995)

Ăéa factor four in energy, material and 

transport productivity is possible and 

allows to reduce environmental pressure 

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

compared to the business as usual path 

éò (p. 17)

Evidence:

Å20 Examples of increased energy efficiency

Å20 Examples of increase material efficiency

Å10 Examples of increased transport efficiency
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COULD THE REBOUND EFFECT (OF THE

FACTOR FOUR EXAMPLES) BE ANTICIPATED?

Rebound Effect

Consumption-as-usual concept

Potential rebound of factor four examples

Conclusions
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The Rebound Effect

ÁRebound Effects: ratio of real world behavior and wishful 

thinking 

Á Formal description1: 

ÁRange2: negative (RE < 0)  to backfire (RE >1) 

ÁClassification3 :
ÁDirect rebound: More of the same product/service

ÁIndirect rebound: More of other services

ÁEconomy wide rebound: E.g. increased productivity

1: Saunders, 2000; 2: Sorrell, 2007; 3: Greening et al. 2000
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Economic production and consumption function

ÁProduction function 1 : 

Price = g(capital costs, labor costs, efficiency -1 · price of energy)

ÁConsumption function 2 : 

Labor time · wage = sum (amount · price) of products i

1: cf. Saunders, 2000; 2: Becker, 1976
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CONSUMPTION-AS-USUAL CONCEPT

Consumption-as-usual describes the consumption 

behavior observed in the past.
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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.
Ą Different solutions possible (several products for same purpose). 

Ą Consideration of saturation 

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

Schafer & Victor 2000
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Constant volume budgets

medival today

Pockets

Desk

Data storage
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Constant money budgets (UK lightning)
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Speed km/h2 ~10 35-40 ~60 ~150 ~600

Constant functional unit vs. consumption-as-usual
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Horse car 

(1900)

Car (1920) Car (1990) Fast train 

(2000)

Air plane 

(2000)

Efficiency 

[gCO2/km]1
620 440 250 60 154 

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