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Overview

Governments worldwide spend increasing amounts of money on policy schemes to reduce energy con- sumption and related carbon emissions. We investigate the actual treatment effect of energy efficiency measures and therein compare actual demand responses to technological potentials. Based on a demand system analysis of household data and by approximating unobserved energy awareness, we find economic and behavioural responses that counteract expected savings from energy efficiency. Results show strong rebound and even backfiring effects but also suggest heterogeneity of the effectiveness driven by behavioural concepts, such as sunk cost fallacy or habit formation. Understanding these can contribute to target-oriented policy designs and increased effectiveness and efficiency of policies. 
Methods

For an adequate evaluation of energy efficiency measures, engineering, economic, and behavioral drivers as well as their interactions need to be addressed. Furhter, endogeneity issues are luring into biased estimates. We evaluate the effectiveness of energy efficiency measures in a multiproduct-framework that is consistent with microeconomic theory. Application of a combination of Hick‘sian and Marshallian demands in an implicit Marshallian demand system allows us to address direct and indirect responses to energy efficiency measures. We address endogeneity by an approximation approach known from productivity analysis. This allows us to identify how unobserved heterogeneity impacts on energy consumption. By comparing the effects of the implementation of several energy efficiency measures, we can separate economic from behavioral responses and show that the latter largely influences the effectiveness. For our research performed, we used German household survey data for the period 2006-2008. 
Results

Our results suggest, that economic and in particular behavioral responses to energy efficiency measures counteract energy savings from energy efficiency measures. In this respect we find that the Energy Efficiency Gap as well as the Rebound Effect fundamentally impact the efficiency and effectiveness of policies that enforce implementation of energy efficiency measures. In particular, we find that only two out of five energy efficiency measures give estimation results which signs are in line with expectations from engineering calculations. Thus, two conclusions follow: first, rebound effects are likely to counteract demand reductions from energy efficiency measures. These effects might completely counteract efficiency gains and even result in backfiring. Second, results suggest a large heterogeneity within the rebound effect for the different efficiency measures. Further, we identify a cross-product rebound effect for outer wall insulation, such that for each additional 1 EUR spent on natural gas due to the direct rebound effect, another 0.38 EUR are spent on electricity. 
Conclusions

Better understanding the household responses to energy efficiency policies and energy efficiency im- plementation can contribute to target-oriented policy designs and increased effectiveness and efficiency of policies for energy efficiency. Thus, our research could promote the effectiveness of policy schemes and the achievement of the overarching goal to reduce carbon emissions and mitigate climate change. 
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