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Overview

According to directive 2006/32/EC smart meters should be installed in EU Member States when an existing meter is replaced, or when a new connection is made in a new building or when an existing building undergoes major renovations, as far as this is technically feasible and economically reasonable. Among others, final customers also need to be made available information on actual energy consumption and costs. 

While current metering and billing practices imply, that power users receive only limited information on their energy consumption more frequent and timely feedback is expected to raise awareness and to improve information about energy use patterns and costs. This kind of feedback is expected to help overcome information-related barriers and lead to lower energy use. Hence, smart metering may also contribute to the EU meeting its target of 20 percent energy savings in 2020 compared to business-as-usual development. 
Evaluating the effects of feedback information is relevant for policy makers and utilities alike, but so far only few empirical ex-post analyses of actual programs exist. Recent overviews of (the few) studies evaluating the effects of feedback information suggest electricity savings in the ranges of 5-15% (Darby 2006) and 5-12% (Fischer 2008). Lower effects are estimated by Matsukawa (2004) for Japan (1.5%) and by Gleerup et al. (2010) for Denmark (3%). The wide range of estimated effects may be explained by differences in evaluation methodologies or to which extent the analyses account for moderating factors and co-variates such as energy prices, household socio-economic characteristics, or the appliance stock. Also, the effectiveness of feedback information depends on the type of feedback provided (Fischer 2008, Darby 2010). Abrahamse et al (2005) point out, that feedback is more effective when combined with other strategies, such as providing information on energy-efficient measures.
In this paper, we present first results from a field study on smart metering in Germany carried out in 2009/2010, thereby focusing on the effects of feedback information on average electricity use.
Methods

A field experiment was conducted in 2009/2010 together with utilities in eight German municipalities located in five Federal German States. Utilities provided the pool of potential household participants, which were randomly assigned to a pilot group and to a control group. Households in the pilot group could use a web portal or receive monthly written feedback on their electricity use pattern. They also received information on energy saving measures. No such information was offered to the control group. Electricity consumption of both groups was recorded. Further, for both groups surveys were conducted to collect household socio-economic information. 

Household electricity consumption is regressed on a set of explanatory variables. These include socio-economic factors (income, education, household size, age composition, size of apartment, etc.) as well as the household appliance stock (large appliances, boilers, air conditioner, TV, computer, etc.). To assess the impact of feedback information, dummy variable reflects households belonging to the pilot group. Consistent data was available for almost 400 households in the pilot group and over 200 households in the control group. Since our data set does not include data for a full year (and we also do not have disaggregate consumption data for past periods available), a difference-in-difference estimation approach to assess the effects of feedback as in Gleerup et al. (2010) is not feasible. Instead, our econometric analysis relies on cross-sectional data only. 

We also test whether differences in household characteristics between the pilot group and the control group lead to a sample selection bias. To do so, we estimate the joint distribution of a Probit model capturing selection in the pilot group and the electricity consumption equation via maximum Likelihood methods. Finally, we analyze whether households’ failure to report income data, which concerns about 18% of our sample, affects parameter estimates. Therefore, we impute missing data on household income. We estimate three models, which differ by the way income is included as an explanatory variable.
Results

First, our results do not imply a selection bias. Therefore, estimating the electricity consumption equation individually via OLS is appropriate. Second, some households’ failure to report income data does not affect parameter estimates. Third, feedback provided under the smart metering program results in average household electricity savings of between 5.66% and 6.58%. These electricity savings translate into into annual energy cost savings of around 50€ for the average household. Results further suggest that household electricity use depends positively on the number of household members in each age group (p=0.01), except for the age group of children under six years. Larger residences are associated with higher electricity use, but income and education are not statistically significant. The effects of income on electricity use are likely to be reflected in the size of the residence and in the appliance stock. Parameter estimates of all appliances exhibit the expected positive sign, are statistically significant, and take on reasonable values.
Conclusions

Our estimates for the reduction of electricity use in response to feedback information of 5.66% to 6.58% are rather at the lower end of those found in he literature, but about twice as high as in a recent study for Denmark (Gleerup et al. 2010). It should be noted though that our econometric analysis does not allow disentangling the effects of feedback on electricity use and of information on electricity savings measures. For our model specification, which includes apartment size and rich information on household appliance stock as explanatory variables, some households’ failure to report income data does not affect parameter estimates. Thus, omitting income as an explanatory variable does not appear to cause harm. Results further suggest that our estimates do not suffer from a sample selection bias. Nevertheless, applying a difference-in-difference estimator based on panel data may lead to different findings, since panel econometrics allows eliminating also unobserved effects which are fixed over time (e.g. Gleerup et al. 2010). Future research may also explore whether electricity savings in response to information feedback differ across various household types, or whether savings sustain over time. Finally, evaluating the full impact of smart metering regulation would also have to consider the impact of altered tariff structure on the load pattern.
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