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Abstract 

Current research on causes of rebound effects focus on changes in limiting factors on consumption or production, such 

as financial or time costs. For instance if the energy efficiency of a car increases, the costs per kilometer also become 

cheaper and thus consumers might drive longer distances. However, rebound effects due to behavioral changes of 

households can also be observed for efficiency increases where the costs do not decrease. For instance people driving 

further with more efficient cars, even though the costs are not lower if higher investment costs are considered. To 

explain such rebound effects we propose a concept of “mental rebound”. This concept postulates that households apply 

a mental accounting (bookkeeping) for the environmental impacts caused. The use of higher efficiency, according to our 

concept, allows households to compensate for this pro-environmental action with an increase in consumption. For 

instance a buyer of a hybrid car accounts this purchase as a strong reduction in personal environmental impact and 

hence feels “allowed” to drive more. This report includes a formal description of the mental rebound concept. Based on 

existing surveys, we evaluate whether a mental rebound can be observed for the purchase of organic food and the 

absence of a car, In addition, we present the results of a pretest on the rebound effect of more efficient buildings which 

also provide indications of mental rebound effects. To support the concept of mental rebound, further investigations are 

needed; with this report we establish a basis for such studies. Although the proposed concept needs further verification, 

the reflections conducted and the formal evaluations allow some robust policy recommendations. 
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1 Introduction 

1.1 Non-monetary causes for rebound effects 

Rebound effects1 induced by cost savings were the first to be investigated and originate in the field of economics, 

especially energy economics. In close analogy, time savings (Jalas, 2002; Spielmann, de Haan, & Scholz, 2008) and the 

reduction of socio-psychological costs of ownership (as first postulated in de Haan, Mueller, & Peters, 2006) might also be 

regarded as possible drivers for rebound effects. As an example of the latter, it may well be not the financial but the 

socio-psychological cost-of-ownership (due to neighborhood pressure, norms of a peer group, etc.) that prevents people 

from buying sport-utility vehicles (SUV) (de Haan, Peters, & Scholz, 2007). 

The macroeconomic definition of the rebound effect, as given in de Haan (2008), is based on the elasticity of final energy 

demand with respect to changes in energy-efficiency. This is a purely descriptive metric that does not allow for causal 

interpretations. Neither does the macroeconomic definition allow separating the total rebound effect into direct, 
indirect, and economy-wide macro rebound effects2. For this, one has to switch to the microeconomic level. In this 

section, we therefore differentiate three possible causal mechanisms that can give rise to rebound effects. Moving 

towards causality also means distinguishing between drivers of human behavior. Price signals are one of those drivers, 

but there are others.  

Economic (monetary) rebound is caused by price signals, i.e. by the sum of substitution effects and income rebound. This 

is the classic causal driver for rebound effects mostly dealt with in the literature and in empirical microeconomic field 

studies aimed at identifying and quantifying rebound effects. However, this causal mechanism requires that money is in 

fact saved and the increase in energy-efficiency does lead to saved energy costs, corrected for higher investment costs. 

Normally, more efficient technologies or services have lower operating costs, but higher investment costs (were that not 

the case, a classic win-win situation would be present). In rebound research it is important to account for the higher 

investment costs. It has to be kept in mind that in purchase decisions individual consumers often do not correctly 

compute total costs of ownership. Individuals use excessively high discount rates and weight the present (investment 

costs) too high in comparison with the future (running energy costs) . The other side of the coin, however, which may 

occur especially in the context of human decisions specifically aiming at reducing energy costs, is that any change in 

investment costs is simply ignored and considered irrelevant to the environmental decision the individual is about to 

make (“that is another matter”). This can in part be described by the psychological effect called mental accounting 

(Thaler, 1999), and by the characteristics of human decision making under uncertainty; the Prospect Theory of 

Kahneman and Tversky unifies these effects among others (Kahneman & Tversky). If an income rebound effect only 

occurs due to incorrect discount rates or due to mental accounting (i.e., the consumer thinks he is net saving, and 

therefore starts spending more, but in fact has ignored the higher investment and is not net saving at all), in our terms 

this is not an economic rebound, but a socio-psychological rebound effect instead. 

The rebound effect is defined as a function of (final) energy demand elasticity with regard to changes in energy 

efficiency. This is a purely descriptive measure that can in principle be determined empirically; this definition does not 

differentiate among different possible causes. Whereas it is generally implied that there should be a price signal 

                                                                          
1 Increasing demand for energy subsequent to increasing energy efficiency. 
2 Direct rebound: Increasing demand for the energy service with increased energy efficiency; indirect rebound: 

increasing demand for other energy services; economy-wide macro rebound: increasing energy demand on the 
macro level. 
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(induced by increased energy efficiency) in order for the demand response to come into existence, it might well be that 

innovative technologies have higher energy efficiency and hence lower energy bills, but need higher investments and 

have an identical cost of ownership, such that for the rational consumer there is no net price signal induced by the new 

technology. If the consumer were, however, to undervalue investment costs, i.e. have different preference weights for 

investment money than for energy bill money, he or she might perceive a price signal (towards the innovative 

technology) all the same. If, on the other hand, a consumer applies too high discount rates and values the present much 

more highly than the future, he or she might overvalue the additional investments and also perceive a price signal 

(towards conventional technology). It should be noted that the definition of the rebound effect in itself does not state 

that a price signal should be present, it merely builds upon changes in energy demand due to changes in energy 

efficiency. Price changes are the most often investigated, most widely accepted intermediate variable here, but other 

mechanisms could be present for so-called “bounded rational” decision makers and for so-called “imperfect markets”. 

We therefore distinguish different possible causal mechanisms that are suited to inducing (direct) rebound effects: 

1. Income rebound (“economic rebound”, “rebound induced by rational price signal”): The increased demand for 
the energy service that has become more energy-efficient is due to economic reasoning only. This causal chain 
applies if the higher investment costs for the energy service with the better energy-efficiency do not fully 
compensate financial savings due to lower energy bills (and any tax cuts, incentives, etc.). 

2. Socio-psychological rebound. The increased demand is due to reduced socio-psychological costs of ownership 
or usage for the energy service with the better energy efficiency. This effect will be present in most cases 
where the above-mentioned income rebound occurs, as consumers hardly ever exhibit fully rational decision 
making and often do not have precise knowledge about energy prices, pay-back periods, etc. Consumer 
decision making with regard to energy-intensive services is in most cases characterized by rule-of-thumb, 
heuristic decision approaches, and only rough, if any, knowledge on total energy costs. 

Socio-psychological causes for rebound effect cannot be expected to be completely avoidable. But improved 

information, transparency, education, changes to the design of incentive schemes, etc., might help.  All of these 

measures might be used to change the decision making behavior of bounded rational individuals towards the „homo 

oeconomicus“ concept. Main points of departure are that consumers weight prices differently according to the 

periodicity and payment method (daily out-of-the-pocket expenses, like gasoline costs, are given more weight than the 

annual car tax bill), according to the level of perceived control (car repair costs due to accidents are perceived as out of 

control and mostly not part of any „mass transit vs. own car“ cost comparison), and according to the transaction partner 

(being eligible for tax rebates might induce greater behavioral changes than direct rebates on the product price). All of 

these “psychology of the perception of money” effects might induce rebound effects due to perceived price signals, even 

though a price signal is in fact not present when proper financial computations are performed, including all cost 

components and applying realistic discount rates for future payments. 

In addition to the above-mentioned effects that describe how people might deviate from “rational” decision making (in 

the homo oeconomicus sense), but personally perceive their decision as being rational, individual decision makers of 

course are not guided by monetary signals alone (“extrinsic motivation”, see Coad, de Haan, & Woersdorfer, 2009 (in 

press)); they also have goals, norms, and preferences (“intrinsic motivation”). Over the last decades many studies have 

been conducted to investigate the determinants of different environmental behaviors. For the following short overview 

we follow Peters et al. (2009 (submitted)). The theories most often applied are the theory of planned behavior (TPB, 

Ajzen, 1991) and the norm-activation model (NAM, Schwartz, 1997). According to the TPB, behavior is immediately 

influenced by a person’s intention to perform the behavior. Intention, in turn, is determined by (1) a person’s attitude 

towards the behavior, defined as an overall evaluation of its possible consequences, (2) subjective norms, referring to the 

perceived expectations of other important persons (social norms), and (3) the perceived behavioral control (PBC), defined 

as a person’s perceived power to perform the behavior due to non-motivational factors such as availability of 

opportunities and resources. Studies using the NAM explain environmental behavior as being influenced by (1) a 

personal ecological norm, denoting a strong intrinsic feeling of obligation to engage in the specific pro-environmental 

behavior. This personal norm is formed and activated by (2) the awareness of an environmental problem and by (3) the 
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awareness of environmental consequences of one’s own behavior, denoting the perception that one’s own behavior has 

harmful consequences for the environment and that, therefore, a change in behavior has an effect on the problem. 

For example, somebody might purchase a hybrid vehicle even if projected overall costs per vehicle kilometer are 

somewhat higher, because of a strong personal norm and at the same time the presence of strong social norms. This 

purchase decision could however weaken the personal attitude to also act pro-environmentally in other, upcoming 

decisions. For example, the personal feeling of obligation to reduce car driving as much as possible might become less 

strong once a hybrid vehicle is owned. Or the social norm not to use the car for very short trips might decrease once a 

hybrid vehicle is employed. 

 

We define mental rebound as the increase in energy consumption or GHG (greenhouse gas emissions) subsequent to 

increasing efficiency due to mental reasons. For instance, if someone buys organic food he might think that he has done 

something good for the environment and can therefore drive a bigger car and/or longer distances. Thus the concept of 

“mental rebound” assumes that people keep something like an ecological account. That such mental accounts matter 

for financial activities is argued by Thaler (1999). While Thaler focus on a monetary bookkeeping we propose a 

bookkeeping for environmental impacts. “Increasing efficiency” also includes changes in consumption patterns towards 

more ecological consumption (or consumption perceived as being more ecological). In the literature the term “mental 

rebound” is not used and there is no extensive research focus on this issue.  However, Hoffstetter et al.  (2006) postulate 

that efficiency improvement can lead to changing preferences for mental reasons, which could for instance be a 

compensation for lower happiness due to changes in consumption. 

 

1.2 Empirical evidence for mental rebound: Indications from current surveys 
and further evaluations 

While the concept of “mental rebound” is intuitive and different anecdotal stories like “I separate the waste, therefore I 

am allowed to drive around a little more with my car” indicated its potential relevance, to our knowledge no empirical 

study has yet proven its existence. With this report we will outline a formal description of the mental rebound and 

investigate whether existing surveys provide evidence for mental rebound. First, we use the Swiss traffic survey to 

analyze whether households with no car fly more often. This would indicate that “having no car”, which is broadly seen 

as climate friendly, leads to more flights, which are known for their high GHG emissions. Second, we consider the 

income and expenditure survey to analyze whether people who buy more organic food tend to compensate for this 

ecological behavior with other non-ecological activities. Third, we will lay out how the environmental survey 2007 

(Diekmann, Meyer, Mühlemann, & Diem, 2009) could be used to investigate the presence of mental rebound effects. 

Finally, we will outline the results of a pretest conducted to assess for mental rebound in the case of more efficient 

buildings. Thus the report lays the groundwork for further in-depth analyses of the mental rebound. Conceptual 

reflections and results from existing surveys allow us to draw some conclusions and make some hypotheses on the 

rebound effect, which however need further verification. Of course these indications do not prove any causality yet. 

However, a general finding from the conceptional analysis is that, independent of the outcome of further research on 

mental rebound, the magnitude of this effect can be reduced by (i) increasing awareness of the gap between current 

consumption and the earth’s carrying capacity and (ii) more transparency about the environmental impact of different 

activities and purchases.  
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2 Formal description  

In this section we start with a general formal description of household consumption. Subsequently, the formal 

description of mental rebound is derived. Since we use different methods to analyze potential mental rebound effects 

and environmental accounting, we will describe the methods applied together with the corresponding results in 

sections 3 and 4. 

 

2.1 Household consumption: An optimization problem 

We assume consumers face a choice of n commodities labeled 1,2, … , . The consumer is assumed to have a cardinal 

utility function  (cardinal in the sense that it assigns numerical values to utilities), depending on the amounts of the 

commodities , , …  consumed. The model further assumes that consumers purchase goods , , …  in such way 

as to maximize , , … , considering different constraints on consumption like the expenditure budget, ,  

household time, T, and other household resources, . Each commodity uses part of the household resources. The 

expenditure budget is linked to the market price , , … , ; household time, to the time use of the products, 

, , … , (which is equal to the inverse of the speed ), and other household resources needed to consume 

the commodities, , , … . The problem of rational behavior in this model then becomes an optimization problem 

that is: 
 , , …     0     1,2, … ,  subject to ∑ · ; ∑ · ; ∑ ·  

 
The impact of the household, , can be described as: 

·  

where ei , is the environmental impact per functional unit of consumption. Changes in consumption due to a new 
product or an induced consumption change lead to an increase in household resource :  

∆ , · , , · ,  

where the changing household resource, ∆ , can also be expenditure, , or time use,  . 
 

2.2 Rebound effect 

According to (Dimitropoulos & Sorrell, 2006) the rebound effect,  can be described as: 

 

where  is the percentage of savings predicted by engineering energy calculation, assuming ceteris paribus; , 
describes the actual saving in energy consumption, including behavioral changes or marked adjustments. The rebound 
can be applied also to other environmental resource use and hence environmental impact in general. The rebound effect 
can be reformulated as elasticity of energy use to efficiency increase, : 

  with  ~
/

/
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2.3 Mental rebound 

2.3.1 Mental environmental Budget 
Relying on findings from the literature (Thaler, 1999) we propose that people have mental environmental budgets. Thus 
we can treat the mental environmental budget similarly to a household resource like income and time (see formal 
description above). The following formulation describes the total (subjective) environmental impact budget, , of a 
household:   

 0,,   inxesEB hhiihhhh   
where ,  describes the subjective environmental impact per consumption in functional units, fu, for the different 

activities/consumption categories i.  
 
Difference between target and subjective environmental budget: Unlike for other household resources the subjective 
environmental budget is not necessarily in balance with the targeted budget, , of the household. The difference 

between the subjective environmental budget and the target budget,  –   , leads to cognitive dissonance (Festinger, 
1957).  
 
Difference between real and subjective environmental budget: The difference between the subjective and the real 

environmental impact of a household,  –   , can be described as a lack of information about the environmental 
impact of different consumption activities: 

   hhiiihhhhhh xeiesIEB ,,  
 

where , is the real environmental impact and ,  the subjective impact per functional unit of consumption. 
Consistent with the proposed difference between the subjective and real environmental impact, a Dutch survey showed 
that people rate the impact of an appliance according to its size, and that energy consumption which is not visible (like 
hot water for a shower) tends to be neglected or underestimated (Schuitema & Steg, 2005). 
Mental rebound   
The formal description of mental rebound can be summarized from the formal descriptions of household consumption 
and rebound effect (above). The change in energy saving, applying the ceteris paribus assumption, corresponds to the 
change in total environmental impact of the household ( ∆ ). The actual reduction of environmental impacts can 
be described as follows – neglecting other constraints than mental rebound: 

}1|01{
,





  ii

ihh

i
ii aa

x

es

x
EBaeiENGACT

  
 

where ∆  describes the change in functional unit through mental rebound. Mental rebound is determined by the 
amount of change in the subjective environmental budget, ∆ ; the share, a , describes how this difference is used to 
increase consumption in the different categories. The change in consumption (∆ ) is then accounted with the real 
environmental impact  and summed up over all consumption categories to obtain the actual reduction in 
environmental impact. It is important to emphasize that for this case we assume the subjective environmental rebound, 

, to be equal to the personal target for the environmental impact, . 
 

2.3.2 Mental accounting  
In the sections above we have introduced the notion of a mental environmental budget as an additional household 
resource, complementing the financial budget. This mental environmental budget might also be regarded as an 
“operationalization of conscience”. Of course, households do not perform exact bookkeeping with regard to their 
environmental budget (most households do not even have an exact notion of their financial budget). Instead, we 
postulate that households have a fuzzy conceptionalization of their mental environmental budget. 
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Households can also be expected to apply mental accounting. Mental accounting is usually applied to financial 
bookkeeping, but also describes the effect that consumers have different „accounts”. In the context of mental 
environmental budgets, mental accounting might emerge in two different ways: 

1. different accounts for different environmental compartments (e.g. local pollution vs. global GHG) 
2. different accounts for different types of activities. 

This mental accounting has an influence on how changes in the subjective environmental impact, ∆ , is “spent” on 
other activities,  .   
 
Beside the proposed mental account for the household (subjective) environmental budgets, classical mental accounting 
in financial budgets also matters for the rebound effect in the following ways: 

1. Use of saved money: The proven fact that consumers set budgets for categories of expenditure (Heath & Soll, 
1996; Thaler, 1999) implies for financial savings due to efficiency improvements that these savings will largely 
be re-spent on the same activity. For instance savings from a more efficient car are used toward a higher 
quality of car or more driving (however, the latter is probably limited by time use). Hence, the classical mental 
financial budgets favor direct rebound effects in the case of a cost reducing increase in environmental 
efficiency.  

2. Use of financial incentive: That mental budgets also matter for financial incentives is proposed by Abeler and 
Marklein (2008). They claim that incentives given for a certain purpose are often also used in this way and 
hence that money is – at least for this case - not fungible. They found in a field experiment that even in a 
simple, incentivized setup many subjects do not treat money as fungible. When a label is attached to a part of 
their budget, subjects change consumption according to the suggestion of the label. A controlled laboratory 
experiment confirms this result and further shows that subjects with lower mathematical abilities are more 
likely to violate fungibility. One implication of these results is that in-kind benefits distort consumption more 
than is usually assumed.  
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3 Indications from existing surveys 

3.1 Income and expenditure survey: Organic food and total GHG emissions 

3.1.1 Method 
Formal description of the case: The consumption of organic food is an interesting case because one can argue that the 

household assumes that buying organic food is favorable for the environment. However, LCA studies show that for 

instance GHG emissions for organic food per functional unit (kg) are similar to those for conventional food. Hence, the 
subjective environmental impact is considerably smaller than the real environmental impact ,  

,  . According to the mental rebound assumption, if all households had the same target for their 

environmental footprint, households buying organic food would compensate for this environmentally friendly action by 

driving more, booking more flights or other environmentally unfriendly actions.  Hence, the share of organic products 

would have a negative influence on the total GHG emissions of households.  

 

Data and calculation: We use the income and expenditure survey from the years 2000 to 2003 (BFS, 2003). We derive the 

total impact of all these households (Girod, 2008). Subsequently we analyze whether the households with a high share 

of organic food purchases have a higher environmental impact by (i) a regression analysis and (ii) comparing average 

share of organic purchases for different GHG emitter groups. Since environmental impact increases with expenditure 

(Kok, Benders, & Moll, 2006) we (i) use expenditure as the control variable in the regression analysis and (ii) keep the 

expenditure level constant within the different household groups.  

 

Limitation: If the intended environmental budget of households buying more organic food is lower because of greater 

environmental awareness, total GHG emissions will be lower than average despite mental rebound. Hence, 

environmental awareness should be used as the control variable. However, this variable was not covered in the survey.  

 

3.1.2 Results 
Table 1 shows the regression of the share of organic food and the total GHG emissions considering total expenditure as 

the control variable. We consider different cases: First, using only the control variable “total expenditure” shows that 

expenditure explains a considerable part of the variance in total GHG emissions. Second, the “share of organic food 

purchase” correlates significantly negatively with the “total GHG emissions”. This means that people buying more 

organic food have lower GHG emissions. The fact that in the third case, where only the “share of expenditure for organic 

food” and “total GHG emissions” are used, the coefficient of the organic share is not significant, can be explained by the 

correlation of expenditure and GHG emissions as well as the increasing share of organic food with income, which leads 

to an overlapping of two contradictory influences on GHG emissions. Controlling for “total expenditure”, the “share of 

expenditure for organic food” also correlates significantly negatively with the “total GHG emissions”.  
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Table 1. Regression of household GHG emissions with share of purchases of organic food and expenditure 

 1. case 2. case 3. case 4. case 5. case 

Independent variable:      

Share of organic purchases1 (0-1) 1  -767.4***  -1150***  

Share of organic expenditure1 (0-1) 1   -16.07  -347.3*** 

Independent variable:      

Spending (CHF/month) 0.173***   0.174*** 0.174*** 

Constant 1187*** 2210*** 2179*** 1230*** 1211*** 

Observations 14584 14581 14581 14581 14581 

R-squared 0.108 0.001 0.000 0.110 0.109 

Note:  *** p<0.01, ** p<0.05, * p<0.1. 1 Purchases and expenditure for food and beverages only. N=14’000 households 
 

Table 2 shows different household groups with similar expenditure level and household structure, but decreasing total 

GHG emissions. It reveals that the share of organic purchases and expenditure decreases with increasing total GHG 

emissions. The differences in share of organic purchases are significant (p<0.01) between the 1st and 2nd as well as between 

the 2nd and 3rd quintile.  

 

Table 2. Consumption of organic  food by different GHG emission household groups 

Household GHG 

emitter groups 

Share of organic 

purchases1 

Share of organic 

expenditure1 

GHG emissions 

[kgCO2e /month] 

GHG emissions for 

nourishment  

[kgCO2e /month] 

Total 

expenditur

e 

[CHF 

/month] 

1st quintile 6.0% 10.2% 1243 224 5666 

2nd quintile 4.6% 8.7% 1679 246 5752 

3rd quintile  3.9% 7.6% 2008 258 5617 

4th quintile 3.5% 7.2% 2383 269 5757 

5th quintile  3.3% 6.7% 3585 278 5811 

Total 4.2% 8.1% 2178 255 5720 

Note: 1 Purchases and expenditure for food and beverages only. The differences in the share of organic purchases are significant 

(p<0.01) between the 1st and 2nd as well as the 2nd and 3rd quintile. 

 

3.1.3 Discussion and Conclusion 
First, it is important to emphasize that these results only deliver indications and that further investigations are needed. 

For instance, there are, beside the better environmental performance, other reasons like health or quality that can lead 

to the purchase of organic food. However, the results indicate that the purchase of organic food does not lead to higher 

GHG emissions because the purchase of organic food is seen as very ecological and therefore can be compensated 

elsewhere. However, this does not contradict the proposed concept of mental rebound, because what we observe could 

also be explained by different environmental targets among the households. The household purchasing organic food 

might be more environmentally aware and therefore set themselves a stricter target for their environmental impact. 

This effect could simply overlay the mental rebound of organic food purchase. To exclude this effect one would also 

have to consider environmental awareness as a control variable and proxy for the household target.  
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3.2 Traffic survey: Car availability and flights 

3.2.1 Method 
Formal description: Since car use is well known for its environmental impact, it can be assumed that people with no car 

have a considerably lower subjective environmental impact. Assuming an average target for personal environmental 

budget, households will compensate for the low car use with a higher frequency of other activities with high 

environmental impact. We will therefore assess whether households without a car take airplane flights more often than 

those who own one .  

 

Data and calculation: The basis for this analysis is the Swiss traffic survey (BFS & ARE, 2007), which surveyed the mobility 

(including journeys) behavior of 9706 households. For these households we know how many flights they undertook for 

their last three journeys and whether they have a car. In addition, we will again control for income. 

 

Limitation: If the subjective environmental budget of households with no car is lower because of higher environmental 

awareness, the total GHG emissions will be lower than average despite mental rebound. Therefore the number of flights 

could also be lower. Hence, environmental awareness should be used as a control variable. However, this variable was 

not indicated.  

 

3.2.2 Results 
Table 3 shows the output of a regression analysis for the number of flights. Considering only cars (Case 1) reveals a 

significantly positive relation. However, this is a cross correlation since both the number of cars and the number of 

flights depend on income (for flights and income see Case 2). Controlling for income reveals that the number of cars is 

indeed significantly negatively correlated with the number of flights.  

 

Table 3. Regression of number of flights for journeys, number of cars and income 

  Case 1 Case 2 Case 3 

Independent variable    

Number of cars 0.0316***  -0.0141** 

Income  0.0451*** 0.0481*** 

Constant 0.102*** -0.0302*** -0.0250** 

Observations 9706 7793 7793 

R-squared 0.004 0.035 0.036 

Note:  *** p<0.01, ** p<0.05, * p<0.1. Number of observations: 7793 

 

Table 4 shows the underlying distribution of flights relative to household income class and car availability. Comparing 

the number of flights per household within the different income categories reveals that for the income category higher 

than 4000 CHF per month the households without a car take more flights, which is consistent with the results from the 

regression analysis.   
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Table 4. Number of flights for journeys of different income group of households, with and without a car 

 Number of flights per household Number of households (households with flights in brackets) 

Income group No car One or more cars No car One or more cars 

Lower CHF 2000 0.06 0.12 165 (9) 105 (9) 

Up to 4000 CHF 0.04 0.06 590 (24) 825 (44) 

Up to 6000 CHF 0.12 0.10 341 (36) 1751 (167) 

Up to 8000 CHF 0.21 0.13 136 (24) 1579 (179) 

Up to 10000 CHF 0.24 0.21 76 (13) 997 (178) 

Over 10000 CHF 0.40 0.28 48 (12) 1180 (251) 

Total 0.10 0.15 1356 (118) 6437 (828) 

 
3.2.3 Discussion and Conclusion 
The higher number of flights for journeys for households without a car compared to households of the same income 

group with at least one available car could be explained by a mental rebound effect. However, the sample size of 

households without car for the different income groups is quite small. In addition, the higher number of flights for 

households without a car could also be explained by (i) income rebound, since lower expenses for car use allow higher 

spending on holidays or (ii) logistic reasons, since households without a car can less easily choose car travel for a holiday, 

hence leaving plane or train as the travel mode. In addition we analyzed  

 

 

3.3 Environmental survey: Flights, car, efficient building and environmental 
awareness 

The environmental survey (Diekmann, et al., 2009) allows us (i) to assess the environmental footprint of participating 

households, (ii) to determine their environmental awareness and (iii) includes questions on different environmentally 

friendly (perceived) behaviors. Thus this survey would allow evaluation of the following three hypotheses, which are of 

interest  in proving our concept of mental rebound and help to explain the results obtained above: 

1. Households with higher environmental awareness have lower total environmental impact (controlling for 

same income and household structure). This would verify that higher environmental awareness leads to 

stricter mental environmental budgets and therefore that the mental rebound can hardly be measured on the 

aggregated (population) level, since people showing environmental behavior also choose stricter targets for 

mental environmental budgets. This would also explain why households buying organic food on average also 

have a considerably lower environmental impact. 

2. Mental rebound I: Households which consider efficient appliances for purchase attach less value to the energy 

use of these appliances (compared to other households with similar environmental awareness). This would 

prove a mental rebound effect as defined in section 2.2, with the compensation occurring within the same 

mental account (activity).  

3. Mental rebound II: Households which follow the classical – but overrated – energy/environment saving hints 

do not show a lower household footprint compared to households with similar environmental awareness and 

income. This would prove a mental rebound effect as defined in section 2.2, with the compensation occurring 

across different activities.  

Such an analysis would be very valuable for the analysis of the mental rebound concept. However, the data are not yet 

available for external analysis because first the main evaluation of the data needs to be completed. 
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4 Rebound due to efficient buildings? 

In the case of more efficient buildings, the rebound was analyzed in-depth by our own calculations and a pretest survey 

was conducted (Tobler & Reinhard, 2007). In the following we summarize the main contributions of this study.  

 

4.1 No monetary basis for Rebound effects 

Since it was assumed that the basis for a rebound effect are the monetary savings from the more efficient building, first 

the cost difference and CO2 reduction of more efficient buildings (MINERGIE label) were calculated. Comparing 

MINERGIE-buildings to normal buildings, Reinhard and Tobler (2007) found that there are nearly no financial savings if 

the higher investment costs are considered. The carbon emissions are, however, reduced by more than 90 percent due 

to efficiency improvement and decarbonization.   

 

4.2 Indications for (mental) rebound 

Even if no basis was found for income rebound, the survey gives various indications of mental rebound: First, larger 

living space (in m2) was observed for the surveyed sample (N=45) compared to the Swiss average. Second, more flights 

were observed for the people living in the efficient buildings, however this cannot be causally related to energy 

efficiency.  In both cases income was considered as the control variable. Finally, asking directly what people would use 

the money saved from the more efficient building for indicates that mental rebound towards more consumption of 

GHG-intensive activities is possible, however for many households also an increase in quality of consumption is 

indicated. The quality orientation of marginal consumption and the therewith enabled decoupling of expenditure and 

material use is consistent with analysis of the Swiss income and expenditure households (Girod & de Haan, 2009, 

accepted for publication) 

 

4.2.1 Parameters of the survey 
For the evaluation a sample of 100 addresses was randomly selected from the address list of the MINERGIE (label for 

efficient buildings) residents in the canton of Zurich (only buildings for private use were considered). The questionnaire 

was mailed on July 2nd,2007; a reminder followed on August 13th. The evaluation of the questionnaires started on  

November 8th, 2007. The rate of return amounted to 45 percent (45/100) and the first return rate – before the reminder – 

already attained 30 percent (30/100). 

 

4.2.2 Larger Flat  
Table 5 shows that MINERGIE households from our sample use twice as larger living space compared to average Swiss 

population derived from the Swiss income and expenditure survey (BFS, 2003). However, MINERGIE household have also 

more persons per households and higher household income. If we use a regression model for living space, household 

persons and household income (see Table 6) the value for the Swiss population with same income and number of 
persons per household like in our sample raises to 133 m2, which is still nearly half of the living space used by the 

households of MINERGIE buildings according to our sample. 

Beside income and household members also other factors like living areas (rural versus urban) or age of building could 

be considered. However, these variables might not be as independent like income and household member because they 
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could be influenced by the more efficient building itself, since such buildings could promote to live in rural areas or new 

buildings. 

 

Table 5. Comparison of livings space use for MINERGIE inhabitants and Swiss population 

MINERGIE survey 
Swiss income and Expenditure 

survey 2000 -2003 
Difference 

between 
samples N Average value N Average value 

Persons per household [n] 44 3.4 14583 2.5 135% 

Living space per household [m2] 45 250 14583 115 217% 

Living space per person [m2] 44 74 14583 46 161% 

Household income [CHF/month] 40 13275 14583 7995 166% 

Income per person [CHF/month] 40 3947 14583 3198 123% 

 

Table 6. Regression model for livings space use, household income and persons per household from the Swiss income 

and expenditure survey 2000 - 20003 

Independent variables Coefficient Std. Error t-value Significance level 

Household income [CHF/month] 0.0016 0.0001         25.56  0.000 

Persons per household [n] 12.57 0.2939         42.76  0.000 

Constant factor 70.62 0.8544         82.65  0.000 

Dependent Variable: Living space per household [m2]; R-squared = 0.1841 ; Number of observations = 14583 

 

4.2.3 More flights 
The comparability for the number of flight is limited since we collected flights per household and the Swiss traffic 

survey collects flights per target person (BFS & ARE, 2007). In addition we had some outliers in our pretest, one 

household indicating 120 flights, another 72 flights in the year 2005.  We corrected for the outliers by considering 3 

flights per household and year in maximum for comparison. The targeted persons of the Swiss traffic survey show 

considerably lower number of flights compared to inhabitants of MINERGIE buildings (see table 7). Even if flights of the 

targeted persons are multiplied by the number of persons per households of the MINGERIGE buildings (3.4 persons) the 

average number of flights is nearly 50 percent higher compared to Swiss average. Beside the average number also the 

share of frequent flier is considerably higher in the sample of the MINERGIE households. Further research is needed to 

verify this indication. 

 

Table 7. Number of flights during one year  

N 

Average number 
of flights per 

year1 No flight 1 flight 2 flights 3+ flight 

Households MINERGIE               45             1.33  42% 9% 22% 27% 

Target persons (Traffic survey, 2005)         4'566                          0.27  76.0% 20.4% 2.7% 0.6% 

1 Only up to three flights are considered.  

 

4.2.4 Spending of financial saving and wage increase 
Figure 1 compares the allocation preferences indicated in the questionnaires of financial savings from the more efficient 

MINERGIE building with those for the same amount from a wage increase. For both wage increase and efficiency-related 

savings, the largest part would be allocated to personal savings: for a wage increase, 53 percent; for building efficieny 

savings, 42 percent. The second largest part is used for apartment expansion (18 percent for building efficieny savings 
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and 12 percent for wage increase). Never mentioned were the following preferences: more car use (person kilometers), 

more travel by train, secondary residential locations and working less. 

 

 
Figure 1. Preferences indicated for spending (i) savings from energy efficient buildings and (ii) wage increase.  

 

4.3 Lessons learned for future surveys 

This study lays a basis for further investigations on rebound effects of efficient buildings. This section summarizes 

lessons learned from the survey pretest (for the complete questionnaire, see Annex 1 (in German)). 

 

4.3.1 Quantitative aspects 
The survey feedback question (question 23) allowed participants to rate the questionnaire for the fulfillment of various 

criteria on a scale from 1 (do not agree at all) to 5 (agree complete). All criteria (hard to understand, too long, interesting, 

boring, easy to answer, thought-provoking) got scores between 2.3 and 3 (see Table 7). Nevertheless, 43 percent of the 

participants did not want to be contacted a second time for a subsequent questionnaire. 

 

Table 8. Feedback on questionnaire  

 

hard to 

understand 

was too 

long 

was 

interesting 

was 

boring 

was easy 

to answer 

was 

thought-

provoking 

N 43 40 40 41 40 40 

Mean 2.3 2.58 2.58 2.9 3.03 2.4 

Std. Deviation 1.225 1.196 0.984 1.338 1.187 1.236 

Variance 1.502 1.43 0.969 1.79 1.41 1.528 

 

4.3.2 Qualitative aspects 
 Several respondents noted that the effort of looking for the data on the building, bills and other documents 

was too high  

 Wrongly understood questions: Probably the estimates on the number of flights are even too low. In the 

corresponding question (10), we noted that the respondent should indicate the outward and return flight 

separately. Some persons noted in the feedback that they had indicated the outward and return flight as one 

0%
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flight. In addition, for long distance flights, which do not indicate a return flight, it is not plausible that a 

different travel mode was chosen for the way back.   

 Not or badly answered questions: Questions on the second home were virtually left unanswered; question 12 ( 

energy use of the building) was often answered inadequately; for question 15 (use of money saved thought 

more efficient building)  only rarely was expenditure in Swiss Francs indicated (however the percentages were 

correctly indicated – adding up to 100 percent).  

 Comparability of answers: To compare the behavior of the inhabitants of MINERGIE buildings with Swiss 

average it is important that the questions are designed exactly the same like in the large surveys. The 

challenge is that to compare the living space you use as reference a household survey and to compare flights a 

person survey.  

 For question 15 (use of money saved) many respondents did not have the impression of saving much money 

because of higher mortgages (which is consistent with the calculations on financial savings) 

 

4.3.3 Questionnaire for future survey on rebound from MINERGIE Buildings 
Beside general improvements derived from the feedback and results described above, the following improvements 

would be suitable to assess possible (mental) rebound effects of MINERGIE Buildings: 

 Environmental awareness: The condition for mental rebound is a certain environmental awareness, hence 

relevant questions should be included in the survey.  

 Subjective environmental impact: If mental accounting exists, not the real environmental impact but the 

subjective environmental impact is accounted. Hence respondents’ subjective reduction of environmental 

impact should be asked for. Beside a question on the absolute reduction (By what percent does the MINERGIE 

building reduce your GHG emissions?), questions comparing the environmental contribution with other 

actions should also be asked. For instance: What how high is the environmental impact of the following 

compared to the impact reduction by a MINERGIE building? i) one flight to New York per year, ii) recycling of 

waste, iii) having no car, iv) using a smaller car, v) using a hybrid car, vi) halving your living space, etc. 

 Justification of mental rebound:  Another way to evaluate the existence of mental budgets triggered by social 

norms is to ask how respondents judge the compensation of ecological behavior through some less ecological 

behavior. This, for efficient buildings these three statements should be judged by respondents:  

o Inhabitants of MINERGIE buildings are legitimated to book more flights compared to inhabitants of 

ordinary buildings. 

o MINERGIE inhabitants should book fewer flights compared to Swiss average to be consistent and 

credible in their behavior. 

o Living in a MINERGIE building has no influence on the  legitimation for booking flights  

 Implicit or explicit? To evaluate the mental rebound concept by a survey with direct questions on possible 

mental accounts and compensations of ecological behavior it is also important to distinguish whether this 

mental process is done explicitly or implicitly, which has consequence on the measurability per  
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5 General findings for future research and 
recommendation for policy 

5.1 Indications for mental rebound concept from existing surveys 

While the proposed concept of mental rebound cannot be verified by the analysis of existing surveys, the concept is able 

to help explain the results obtained: 

1. More organic food purchases for households with lower total GHG emissions (controlling for income): 

Assuming mental rebound and that all households had the same target for their environmental impact, 

consumers of organic food would have higher GHG emissions since they compensate the environmentally 

perceived organic purchase by activities with a higher impact on climate. However, our results show that 

households with low GHG emissions purchase more organic food. This indicates that households can develop 

stricter targets for environmental impact together with more environmentally friendly actions, allowing them 

to mitigate mental rebound effects.  

2. More flights for households without car availability (controlling for income): The higher number of flights for 

households without a car compared to households of the same income group with at least one available car 

could be explained by a mental rebound effect. However, the sample size of households without a car for the 

different income groups is quite small (see above). In addition, the higher number of flights for households 

without a car could also be explained by (i) income rebound, since lower expenses for car use allow higher 

spending on holidays or (ii) logistic reasons, since households without a car can less easily choose car travel for 

their holiday, hence leaving airplane or train as the main travel mode. 

For an extended assessment of the concept of mental rebound with current surveys, evaluation of the data from the 

Swiss environmental survey (Diekmann, et al., 2009) would be suitable (see section 2.5). 

 

5.2 Indication for mental rebound from case study (efficient buildings) 

Although the case study conducted cannot verify the proposed concept of mental rebound, the concept is consistent 

with the results obtained and establishes a basis for further investigations in this direction: 

1. Larger flat: Our pretest showed that inhabitants of MINERGIE buildings use 75 m2 living space compared to 50 

m2 for the Swiss average of the same income level. The indications that MINERGIE building inhabitants use 

more living space compared to inhabitants of regular buildings (even if income is controlled for) should be 

further investigated, since, if confirmed, this would be a strong argument for a direct rebound effect, leading to 

a decrease in the overall efficiency gain of MINERGIE buildings.  

2. More flights: The higher number of flights taken by households in efficient buildings is, despite its small 

empirical basis, quite impressive. Like the higher number of flights for households without a car, it indicates 

that people compensating for ecological behavior with more flights could be reality. 

3. Spending of money saved on a larger flat: Consistent with the concept of mental financial accounts for different 

activities or consumption categories, 12 percent of the surveyed households indicated that they would spend 

additional income on a larger apartment, while 18 percent of the households would spend savings from more 
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efficient buildings on a larger apartment. This effect indicates a certain danger for direct rebound: with time 

(eventually) more efficient buildings may lead to larger flats even if households do not save any money. 

 

These are interesting indications, which have – if verified – a certain importance for climate policy (energy saving policy). 

Hence, the pretest provides a background for a larger and more representative survey on this issue. Such a survey should 

assess the following hypotheses: 

 

1. Larger flat: Our pretest showed that inhabitants of MINERGIE buildings use 75 m2 living space compared to 50 

m2 for the Swiss average of the same income level. The indications that MINERGIE building inhabitants use 

more living space compared to inhabitants of regular buildings (even if income is controlled for) should be 

further investigated, since, if confirmed, this would be a strong argument for a direct rebound effect, leading to 

a decrease in the overall efficiency gain of MINERGIE buildings.  

2. More flights: In the pretest, Inhabitants of MINERGIE buildings clearly showed a higher number of flights (see 

section 4.2, table 6). If this finding holds true, an indirect rebound could reduce the efficiency gain of MINERGIE 

buildings on a macro level.  

3. Mental rebound: If the larger flat and higher number of flights for inhabitants of MINERGIE buildings is verified, 

the causality for these differences needs further investigation. Considering the explanation via the mental 

rebound concept the questions proposed in 4.3 for a future questionnaire should be considered in a broader 

survey. 

 

5.3 Robust recommendation for policy 

Even though the empirical basis for the mental rebound needs further research the following recommendation for 

policy to mitigate mental rebound effects can be derived from the proposed concept: 

 

1. Increase environmental awareness: Greater environmental awareness reduces the personal environmental 

target for the environmental impact. Hence this leads to a dissonance between the attained goal and the 

actual environmental impact caused. As a consequence environmentally friendly actions are used to reduce 

this dissonance and they are less compensated through other – non-environmentally friendly – actions.  

2. Improve information about environmental impact of various actions: If information about real environmental 

impact is increased, the difference between subjective and real environmental impact is reduced. Thus false 

compensation of environmentally friendly actions is avoided, e.g., that a household books an additional flight 

because it recycles its plastic bottles. 
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