SHIFTing ELECTRICity DEMANd with smart home technologies
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Overview

As greenhouse gases effect climate change, the German government aims their reduction of 80% by 2050. This will cause major changes in the energy, industry, transport and household sector, as these emit most CO2 in Germany. The increasing supply of electricity generated by decentralized and hardly controllable renewable ressources as well as the lack of economically reasonable possibilites to store electric energy in the grid will lead to major challenges in the energy system, one of them being the synchronization of (renewable) supply and demand. Information and communication technologies (ICT) might offer valiable solutions to these challenges.
On a household level different ICT-based products and services that are supposed to contribute to a more sustainable everyday life by saving peak loads are therefore tested on the market. Most electricity companies have started to offer variable electricity tariffs, many field tests with smart meters have been conducted and smart appliances are becoming avaible on the market. However, hardly any consumer has experienced an environment that combines all these components. Thus, up to now, it is neither clear how consumers perceive the new possibilities that come with these products and technologies nor how effective these solutions are.
In order to answer these research questions four test-residents have been selected to move into a 60m² smart home on KIT’s campus. The kitchen is equipped with smart appliances that are integrated in the energy management system (EMS). Photovoltaic (PV) modules  and a combined heat and power plant (micro CHP) represent the decentralised energy supply of the smart home. The EMS is able to schedule the operation time of each appliance according to external (e. g. price) signals automatically and collects extensive data of them. All rooms are equipped with energy management panels (EMP) realized as touch screens, which allow the interaction between the resident and the EMS. The overall state of the smart-home, such as the level of energy consumption and generation, can be visualized on each EMP. Even though a couple of smart homes have been presented in the research landscape, hardly any house shown so far unifies the concepts of electric power generation, consumption and the interaction with real residents.
For several weeks between December 2010 and April 2011 the test-inhabitants experienced this experimental setting on a daily basis. The demand-shifting potential of the ICT-based solutions was tested in three different phases: (1) First extensive information on the resident’s electricity consumption (smart meter) as well as on the power generation by the PVmodules were presented to the residents in real-time through the EMP’s and additionally provided weekly through an examplary bill. (2) Then different electricity tariffs – varying in price levels and price spread over time – were tested for their motivational effect on shifting demand. (3) During the last phase the residents were able to make use of all features of the EMS and let the smart appliances react automatically to the different tariffs. The test-living phases were accompanied by in-depth interviews, a pre-post-questionnaire and an online blog. 
The paper will be organised as follows: After an introduction the second section gives an overview of the state of research. The third section describes the smart technologies realized in the smart home as well as the methodology and setting of the conducted experiments. In section four we present the results of this experimental study. The final section discusses the results and gives recommendations for the future design of smart technologies in residential homes.
Methods

Laboratory experiments accompanied by by in-depth interviews, a pre-post-questionnaire and an online blog. The experiments were structured into subphases, in which the range of technical features and the type of electricity tariffs were varied. The face-to-face interviews took place between these subphases, while the online blog was feeded on a constant level.
Results

First, the test-residents show a high interest and need for detailled information on the consumption of their households. Myths are being exploited and new consumption strategies developed, such as using a clock timer for the appliances, in order to shift their demand according to variable price levels. 
Second, there’s a limited willingness to shift demand and therefore adapt daily behaviour without additional benefits, such as monetary savings, on the long run. The expected savings stated by the test-residents are considerably high in comparison to other research results.
Third, smart technologies have to provide integrated solutions that allow for a convenient use by a broader consumer base. Value-added features and a customer-friendly support might also play an important role on the acceptance of smart technologies in residential homes.
Conclusions

Smart technologies in residential homes might play a key-role when facing the challenge of adapting demand to supply. This is even more important when the market penetration of electic vehicles increase – the electricity demand of households will nearly double and the charging process can be (technically) easily posponed. On the short run consumers show high interest to use smart technologies in their homes, to receive detailled information on their electrical consumption and to adapt their daily behaviour to a “peak-shifting manner”. The design of smart technologies should therefore enforce this playing instinct and satisfy the information needs. On the long run additional benefits have to be perceivable – such as monetary benefits and a positive environmental impact. For the acceptance of smart technologies by a broader consumer base a customer-friendly support might be additionally of high importance.
References
Becker, B.; Allerding, F.; Reiner, U.; Kahl, M.; Richter, U.; Pathmaperuma, D., Schmeck, H., Leibfried, T. (2010): Decentralized Energy-Management to Control Smart-Home Architectures, in Proceedings of the 23rd International Conference on Architecture of Computing Systems, pages 150-161, Springer.
Coal, A.; de Haan, P.; Woersdorfer, J. (2009): Consumer support for environmental policies, in: Ecologial Economics 68 (2009), pp. 2078-2086.
Erhardt-Martinez, K.; Donelly, K.A.; Laitner, J.A. (2010): Advanced Metering Initiatives and Residential Feedback Programs: A Meta-Review for Household Electricity-Saving Opportunities. ACEEE Report Number E105, June 2010.
Faruqui, A.; Harris, D.; Hledik, R. (2010): Unlocking the €52 Billion Savings from Smart Meters in the EU. Energy Policy. 2010 (10), pp 6222-6231.
Fischer, C. (2007): Influencing electricity consumption via consumer feedback, in: ECEEE 2007 Summer Study Proceedings, pp. 1873-1884.
Heß, S. C. (2009): Managing Customer’s Adoption Barriers, Mannheim, Diss., 2009.
Karjalainen, S. (2010): Consumer preferences for feedback on household electricty consumption, in: Energy and Buildings.
Paetz, A.-G.; Dütschke, E.; Fichtner, W.; Wietschel, M. (2011): Tomorrow’s households – How do consumers react to a smart-home environment?, in: EEDAL Proceedings of 6th International Conference on Energy Efficiency in Domestic Appliances and Lighting.[image: image1.png]



