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Overview

It is often discussed how households desire energy not for its own sake, but because of the services that it produces, such as heating, lighting, etc.  Yet, especially in empirical work, this distinction is often apparently overlooked, as researchers model demand for aggregate energy, or for particular energy sources such as natural gas, electricity, and oil products.  To a large extent the approach that is used is likely to be data driven, since while information is available on aggregate or even individual consumption of particular energy sources, it is rarely available at either of these two levels on consumption of particular energy services such as heating or lighting.  Another determining factor may be that interest predominately centres on price and income responsiveness of total energy demand, or of demand for particular energy sources, to changes in their prices.  For example, since neither the price nor the quantity consumed of heating services is generally observed, there would naturally be less interest in the own-price elasticity of demand for heating than in the own-price elasticity of natural gas demand.  

A particular reason for paying more attention to the distinction between the demand for energy sources and the demands for the services that these energy sources provide has arisen recently with increased interest in what in the energy literature is referred to as the rebound effect.  This refers to the fact that with increased energy efficiency for various products used to produce energy services (such as appliances that produce space heating or lighting), the savings in energy consumption that products embodying this higher level of energy efficiency are expected to elicit is typically, or at least frequently, not observed.  The amount of these expected savings is usually based on engineering calculations that assume that with increased efficiency, the demand for the service that is being produced – such as space heating – will not change.  On this basis, if a certain lower amount of energy is now needed to produce this same amount of heat, then there should be a corresponding decrease in consumption of that energy source.  However, if furnaces or boilers used to produce space heating become more efficient, for example, thereby lowering the relative price of heating, demand for heating will likely increase and this will possibly increase demand for the energy source(s) used to provide this heating.  As a result, consumption of the energy source may not decrease as much as the engineering calculations originally suggested (thereby producing a rebound effect), or in an extreme case, consumption of the energy source may actually increase, an effect referred to as “backfire”.  

As summarized in Greening et al (2000), and Sorrell and Dimitropoulos (2008), there have been a number of attempts to provide empirical estimates of rebound effects, particularly for transportation.  According to Sorrell and Dimitropoulos (2008), the generally accepted measure of the direct rebound effect is given by the elasticity of the demand for energy services with respect to energy efficiency.  However, probably because in most cases neither energy efficiency nor energy services are directly observed or measurable, there is no standard approach for obtaining estimates of this measure.  Indeed, Sorrell and Dimitropoulos (2008) provide eight different definitions of direct rebound effects, most of which have been used to provide empirical estimates, and discuss the limitations and assumptions that each embodies.  For our purposes, the one that is of most interest, in part because of its widespread and increasing use, is the negative of the own-price elasticity of energy demand.  With this approach (Definition 4 of Sorrell and Dimitropoulos (2008)), virtually any energy demand equation that is estimated provides empirical estimates of these price elasticities, and hence of direct rebound effects.  For a number of reasons, Sorrell and Dimitropoulos conclude (2008, p.646) that “studies that use the own-price elasticity of demand as a proxy for the direct rebound effect appear to be particularly flawed”.  In particular, they argue that these studies are likely to overestimate the magnitude of rebound effects due to such reasons as asymmetric responses to price changes, possible positive correlation between energy efficiency and capital costs, price-induced efficiency improvements, energy efficiency being endogenous, and perhaps a negative correlation between energy efficiency and time efficiency.  

In this paper, we argue that while previous use of the own-price elasticity of energy demand as a measure of the rebound effect may be misguided, the fundamental problem is that models on which such measures are usually based are inappropriate for this purpose.  Specifically, in much of the literature on the rebound effect, appropriate attention is not paid to the consumer decision model from which rebound effects are likely to arise, and even the alternative definitions of direct rebound effects provided by Sorrell and Dimitropoulos (2008) are based mainly on definitional relationships between energy services, energy efficiency and energy inputs, and between the cost per unit of energy services and the price of energy, and various derivatives of these relationships.  In our paper, we show that what is required to examine rebound effects without using various contrivances that are of dubious value is a model that takes account of consumer demand being for energy services rather than for energy sources.  Within such a model, the usefulness of using own-price elasticities of various energy demands to measure direct rebound effects, and even of using various cross-price elasticities to measure (some) indirect rebound effects, becomes apparent, suggesting that to use such price elasticities as measures of rebound effects, it is necessary to estimate them using a different model specification.  

Methods

Using a consistent theoretical framework, we develop models that overcome most of the caveats pertaining to the use of the negative of the own-price elasticity as a measure of the direct rebound effect, and indicate how some indirect rebound effects can also be analogously obtained.  Specifically, estimates of rebound effects obtained from the model specifications we propose overcome many of the arguments, described above, concerning why estimates of rebound effects that are simply based on own-price elasticity estimates are likely to overstate the magnitudes of the rebound effects.  We show that a better understanding of the extent of any rebound effects is provided by returning to the idea that energy is demanded for the services it provides, rather than for any intrinsic reasons.  The model of consumer behaviour that we develop, where utility is derived from these services, is shown to have important implications concerning the appropriateness of estimates of rebound effects obtained as the negative of own-price demand elasticities in models that treat energy itself as the good that is demanded.  The particular advantage of the framework we develop is that there is a direct role for energy efficiency in determining energy demands, even if energy efficiency may be predetermined at the time that current-period energy demand decisions are made.  Hence, this appears to be a much more conducive environment for determining rebound effects.  Of course a drawback of this approach is that information is required on energy efficiency, and this is typically not directly observed.  We consider several approaches that might be used to deal with this problem and show that some of these approaches help explain various results that have been obtained in the literature using ad hoc modifications to the estimating equation(s) that have been used.  
Results

Preliminary estimation of models derived from the consistent theoretical framework that is developed, using time-series data on energy expenditures and prices for the residential sector in Canada and in the UK, yields estimates of rebound effects that are compared to, and found to differ from, those obtained using previous approaches.  Although our data series do not contain information on energy services that were consumed by households, we are able to provide empirical estimates of direct ebound effects that are still based on own-price elasticities for particular energy sources, and as such are relatively easily obtained.  
Conclusions

In contrast to previous analysis, based on models of the demands for energy services that we develop, and which we estimate using data on expenditures on and prices of various energy sources (that are generally readily available), we are able to obtain empirical estimates of rebound effects based on own-price elasticities for particular energy sources obtained from these models without the use of any ad hoc supposition that such rebound effects are somehow related to own-price elasticities in particular circumstances.  Our method would appear to have widespread applicability.  
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