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Overview

Policies designed to reduce energy consumption in the residential sector through energy efficiency measures are typically based upon engineering calculations, which may differ significantly from outcomes observed in practice. A widely acknowledged explanation for the gap between expected and the realized savings is household behavior, as energy efficiency gains alter the perceived cost of comfort and thereby generates shifts in consumption patterns – a “rebound effect.” This paper adds to the ongoing discussion about the method of identification and the magnitude of the effect. We estimate the rebound effect in residential energy consumption by examining the elasticity of energy consumption with respect to a predicted measure of thermal efficiency, using a sample of 560,000 dwellings and their occupants. We document significant deviations between engineering predictions and the actual energy consumption of households: our results show a rebound effect of 27 percent among homeowners, and 41 percent among tenants. There is significant heterogeneity in the rebound effects across households, determined by household wealth and income, and the actual energy use intensity (EUI). The effects are largest among the lower income and wealth cohorts, and among households that tend to use more energy than the average household.

The rest of this paper is organized as follows. After the introduction the second section reviews the literature on rebound effect in residential energy use. Section 3 describes the data and the calculation method used to predict residential energy use. In section 4, we present our methodology and the results, while section 5 concludes the paper.
Methods

In this paper, we examine the rebound effect in residential energy consumption. Exploiting the widespread diffusion of energy performance certificates (EPC), which are mandatory in all Member states of the European Union, we investigate the elasticity of actual energy consumption relative to engineering predictions of energy consumption. Using instrumental variable and fixed-effects estimation methods, we analyze a detailed panel dataset that covers both the engineering estimations and actual energy consumption of 560,000 households in the Dutch housing market. We also explore the heterogeneity (income, wealth, tenure) that may help to explain the findings. Additionally, using a quantile regression approach, we examine whether the magnitude of the rebound effect depends upon the actual energy use intensity of households. Finally, as a robustness check, we estimate the rebound effect for a sample of dwellings which benefited from a efficiency improvement subsidy program implemented by Dutch government. By using Differences-in-Differences (DID) approach,we compare the efficiency and actual energy consumption levels of these dwellings before and after the energy efficiency improvement.
Results

Controlling for the composition of households and for dwelling characteristics, we document that, on average, the rebound effect is 41 percent for tenants and 27 percent for the homeowners. We find that the rebound effect is strongest among the lower income groups – these households are further from their satiation in consumption of energy services, including thermal comfort Milne & Boardman, 2000()
. We also document that the rebound effect is larger among consumers with relatively higher energy consumption. It is around 52 percent for the households at the 90th quantile actual gas use intensity level. Clearly, income and usage patterns are key aspects to account for in the design of energy efficiency policies. The findings of quasi-experimental analysis also confirms these results. For the households who improved the efficiency level of their dwellings, we observe a rebound effect around 57 percent. This estimate is larger compared to the average estimate that we obtained for our full sample of owner-occupied dwellings (27 percent). This might be related to the fact that the dwellings which benefited from this subsidy have higher actual gas use intensity level compared to the other dwellings. The median actual gas consumption for the treatment group corresponds to 80th quantile actual gas consumption in the full sample. 
Conclusions

In the current debate on reducing the externalities from global carbon emissions, economists and policy makers increasingly focus on energy efficiency improvements as a means to affect energy consumption. It has become clear that technological improvements change household behavior, as the corresponding energy efficiency gains decrease the perceived cost of energy services and thus increase demand 
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(Brookes, 1990; Gillingham et al., 2013; Khazzoom, 1980, 1987; Wirl, 1997)
. This phenomenon has been termed the “rebound effect.” The existence of the rebound effect is widely acknowledged, but the real debate lies in the identification and the size of the rebound. This is of importance, as energy conservation policies should be designed to achieve actual energy savings, and not just to increase the engineering energy efficiency of buildings.  

This study is the first study to analyze the rebound effect based on a large data set containing information on thermal efficiency of dwellings, their actual energy consumption, and characteristics of the occupants. The use of IV approach and the panel structure of the dataset enable the identification of a direct rebound effect in residential heating. We document that the average rebound effect is about 41 percent for tenants and 27 percent for homeowners. According to these results, if the efficiency of an average dwelling is doubled, this will lead to a 59 percent energy reduction in rental dwellings and 73 percent energy reduction in owner-occupied dwellings. The comparison of OLS and IV estimation results indicates the importance of controlling for the measurement error in engineering predictions. Thus, studies neglecting this error have the potential of overestimating the rebound effect. We also estimate our model separately for different wealth cohorts, and document that there is significant heterogeneity in the estimated rebound effects. The results show that as households becomes wealthier, the rebound effect decreases. The rebound effect for the lowest wealth quintile is about 40 percent, while it is just 19 percent for the highest wealth quintile. We separately analyze the heterogeneity of the rebound effect among tenants with different income levels. For the lowest income quintile, the rebound effect is nearly 49 percent, while it is in the range of 38-40 percent for the upper quintiles.

The results in this paper have some implications for policy makers. There is much excitement about the potential for energy savings, and thus reductions of carbon emissions, from the residential and commercial sector. Some estimates indicate that it is the built environment where such savings come at a financial return rather than just a capital investment Enkvist et al., 2007()
. But in the current debate on energy efficiency, energy efficiency programs (including subsidies and rebates) are often based on engineering calculations of energy savings. While the behavioral response of consumers through a rebound effect should be “no excuse for inaction” Gillingham et al., 2013()
, it needs to be incorporated in models of projected energy savings through energy efficiency measures that governments and public policy outfits often use. Using these adjusted, more realistic models may increase the effectiveness of policies regarding energy efficiency measures. This holds for governments in EU Member States when it comes, for example, to the deployment of mandatory disclosure schemes through Energy Performance Certificates, but also more generally for countries outside the European Union when designing (incentive) programs for energy efficiency.
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