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Overview

Providing households with information on their electricity consumption has mostly been found to be effective (e.g. Matsukawa, 2004; Faruqui et al., 2010, 2010; Gans et al., 2013; Gleerup et al., 2010; McKerracher and Torriti, 2013; Schleich et al., 2013; Houde et al., 2013). Yet providing smart metering devices alone may not be sufficient to persistently lower electricity consumption (e.g.  Delmas et al., 2013; Tedenvall and Mundaca, 2016).  Instead smart metering devices may need to be associated with other mechanisms including functions that increase user engagement (Buchanan, 2015), or awareness measures (Tedenvall and Mundaca, 2016) or informaton on  energy-efficiency measures (Abrahamnse et al., 2005). 

So far, due to data availability limitations, few studies have explored whether feedback on energy use resulted in persistent electricity savings or in changes in the usage profile. Relying on data from a field experiment with employees from Google in California, Houde et al. (2013) conclude that real-time feedback delivered via information and information and communication technologies had only transitory effects; initial electricity savings disappeared after four weeks. In comparison, Tiefenbeck et al. (2016) find that providing real-time feedback on energy and water consumption via a smart shower meter persistently lowered energy and water use in a two-month randomized field experiment with households in Switzerland that had voluntarily participated in a smart meter trial.
Our paper adds to the sparse empirical evidence on the long term effects of feed-back on household electricity use and on a user’s consumption profile. We employ large-sample high temporal resolution data from a smart metering field trial to analyze whether the effects of providing feedback feedback are transitory or persistent, and whether the effects differ between periods of high and low household occupancy, i.e. between morning and evening periods, and between weekdays and weekend days. The findings allow us to explore whether the observed effects may be ascribed to transitory changes in habitual behavior or rather to persistent changes in behavior or to investments in energy-efficient technologies.
The paper is organised as follows: The second section describes the mehtodoloy, i.e. the field trial, econometric models, data, and variables. Section three presents and discusses the results of the econometric analyses, including robustness checks. The concluding section four summarizes the main findings and identifies policy implications.
Methods

Our analysis relies on  large-sample hourly electricity consumption data from a smart metering field trial in the city of Linz in Austria in 2010.  In this field trial, about 1500 households were randomly assigned to two groups: the pilot group, in addition to the smart meters, received feedback on electricity consumption, whereas the control group had only the smart meter (no feedback).
We employ several econometric models to (i) explore the average effects of providing feedback on electricity use for the entire duration of the field study, (ii) test for persistence of effects over the eleven-month period, and (iii) to test for differences in feedback effects across the 24 hours of the day on weekdays and weekend days.
Since data on electricity consumption prior to the pilot phase is not available, a before-after estimator could be employed. Instead, identification of the feedback effects rests on the (untestable) assumption that our regression analyses sufficiently control for differences in characteristics between the pilot and the control group such that the outcome which would result without feedback is the same. Invoking this “conditional independence” or “unconfoundedness” assumption (e.g. Angrist and Pischke, 2009) allows any difference between the pilot and the control group to be attributed to the feedback. All models were estimated via the GLS panel random-effects estimator implemented in Stata 14, using information on household socio-demographics and the appliance stock as covariates . To account for serial correlation, the standard errors were clustered at the household level.
Results

First, we found that average electricity consumption in the pilot group (that received feedback in addition to smart metering devices) was about 5 percent lower than in the control group (that only received smart metering devices). This effect appeared to be the same for weekdays and weekend days. 
Second, and most interestingly, our findings suggest that these feedback effects were persistent over the course of the eleven-month field trial. Persistence of effects is crucial for policies promoting the diffusion of smart meters to be effective and cost-efficient.
Third, our findings provide (weak) evidence that feedback not only lowers peak load but also base load.
Conclusions

Feedback on electricity consumption in the smart metering field trial in Linz has lead to a permanent reduction in electricuty use in low and high occupancey periods. It thus has likely prompted investments in more energy-efficient technologies (such as refrigerators or freezers), or led to permanent habitual changes (such as switching off or re-programming appliances) in the pilot group, when compared to the control group. Arguably, these investments and changes have been supported if not triggered by information on energy-efficiency measures provided to pilot group households.
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