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Summary After decades of development and marketing efforts, passive houses have finally reached the mass market, especially in (Central) Europe. Along with the drastically reduced energy demand for the operation of passive houses, energy autonomous and self-sufficient building solutions have become technically and economically feasible. Research projects carried out by the Center for Appropriate Technology (GrAT) focus not only on the lifecycle of passive houses and use of renewable materials, but also on the vision of “wireless” (energy self-sufficient) buildings. Currently small-scale stand-alone energy supply solutions are in operation. Depending on their size and application they may include wind turbines, PV modules or power blocks, possibly combined with lead acid batteries. However, these systems are cost competitive only in areas without grid connection. GrAT does not aim at these niche market solutions, but develops strategies and technical solutions for the mass market within the scope of the “Wireless House” project. The research tasks include the development of highly costeffective small scale Concentrated Solar Power (CSP) systems for self-sufficient solar housing, including medium temperature (MT) storage for electricity generation, cooling and cooking. The whole system is heat driven and therefore avoids conversion losses. Generated heat (~300°C) will be stored to be flexibly used for different user needs. If this concept proves its practical feasibility, it will be an important step in the development of affordable solar housing solutions succeeding the current passive house trend.
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Introduction



As a result of energy efficient building design and passive house technology, heating and cooling demands can be drastically reduced. Based upon this significant achievement, new and more radical solutions for energy supply strategies have become more feasible than before, both economically and technically. The passive house technology is therefore an important pre-condition for the next step. It can be seen as an enabling technology for further innovations towards the “Wireless House”. In this paper, the applied research and development of the Wireless House is presented. ‘Wireless’ in this context describes the independence of the house, free from public energy infrastructure and grid connection. In other words, the wireless house is totally energy self-sufficient. Application of the concept is, however, not limited to a single house, but it can be expanded to groups of houses and residential areas, where these houses may be connected into a micro net sharing energy generation and/or storage facilities. The entire development of the Wireless House will be progressed based upon previous research results and demonstration projects. For example, the Factor 10 building “S-House” (www.s-house.at, Wimmer, et al. 2005; Wimmer, et al. 2006) which demonstrates the feasibility of extremely energy efficient constructions will be taken as the prerequisite for the next innovation steps. By using natural materials such as straw, clay and wood, the consumption of resources during the construction of a building could be minimized by Factor 10. The development for the Wireless House started from an analysis of actual needs of inhabitants rather than the current level of energy consumption in a modern household. This approach is typical for the philosophy of Appropriate Technology, which focuses on human needs and natural boundaries. This perspective often leads to radical system innovation instead of incremental improvements. Appropriate technology has two



major goals: to improve the quality of life, and to reduce the environmental load and resource consumption. These goals are not in contradiction, but often can be achieved at the same time.
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Background



Because of the progress in building design and solar architecture during the last fifteen years, room heating and cooling in passive houses no longer holds the major share of energy consumption. The average annual heating demand in passive houses can be reduced even below the required standard of 15kWh/m2a. The significance of household appliances and electrical/electronic devices for the energy demand in households is steadily increasing (Austrian Association of Electricity Companies- VÖE, 2007). The share of electricity in total energy consumption worldwide is projected to rise from 16% in 2004 to 21% in 2030. The annual growth rate varies from 2% in Europe up to almost 8% in China. The demand for electricity grows most rapidly in households, due to increasing use of electric and electronic appliances (Priddel, 2006). Supply and demand management for electric energy on a national level shows the drastic problem of secure supply of electricity. Electricity capacity margins are necessary to guarantee a secure energy supply. As energy demand is growing the capacity has to be increased and also the margins are augmented. The margins in different countries, like the US, the UK and Austria are between 15% and 25% (EIA, 2007, Grimston, 2005, Boltz, 2007). High costs for new power plants and high voltage grids as well as a growing opposition among the society against such projects demand for radical new solutions. Availability and convenience are among the main factors why most of our household appliances run on electric energy. Consumers are used to a "plug and play" habit with regard to household equipment. Although an extensive study of Least Cost Planning in Austria showed an increased ecological and economical efficiency by systematically integrating the energy reduction potential of the demand side (Adensam, H. 1996) producers still do not see energy efficiency as an important development goal (Paula, et al. 2007). This behaviour results in the constantly rising consumption of electric energy. However, is it really electricity what is actually needed? We want a hot meal, a cool storage for food and beverages, a hot shower and light for reading. In other words, what we need is not electricity but ‘energy services’. A closer look at the actual needs unveils what types of energy services are required in our everyday life. Table 1 shows the current average energy consumption used for appliances providing various energy services. For comparison, three different consumption scenarios have been defined: Scenario one represents a conventional house, characterized by high energy demand for room heating (or cooling) due to poor energy efficiency of the building. For this scenario, it is assumed that the house is equipped with standard household appliances. This model fits the current consumption patterns in Western Europe. Scenario two is referred to as “modern house”. The energy standard of the building meets the latest legal regulations and it is equipped with A-rated household appliances. Compared to the “average house”, energy for heating is saved up to 50%, and the electric energy demand drops to one third of that of an average traditional household. Scenario three represents the best practice. In particular, heating and cooling demands are reduced to a minimum level due to passive house design and technology. The energy demand of household appliances is the same as in scenario two, but thermal energy is provided directly without conversion losses. Table 1 Comparison of energy demand for different scenarios



Energy applications



Kitchen stove Oven Washing machine Cloth dryer Dish washer Refrigerator Freezer Small devices TV - / Hi-Fi – System PC Light Hot water Heating Total



Energy demand of an average house(hold) (kWh/a)



Energy demand of a modern house(hold) (kWh/a)



Energy demand of the Wireless House concept (kWh/a)



total 1000 78 378 528 456 333 356 170 250 70 500 2373 14000 20491



total 500 39 189 264 228 167 178 170 250 70 100 2373 6000 10527



total 500 39 189 264 228 167 178 170 250 70 50 2373 600 5077



electric 1000 78 378 528 456 333 356 170 250 70 500 2373 0 6491



electric 500 39 189 264 228 167 178 170 250 70 100 0 0 2154



electric low low 15 low 110 low low 170 250 70 50 0 0 665



According to Table 1, quantitative ranking of the appliances providing energy services in an average household1 is as follows: 1.



Hot water representing almost 1/3 of the total energy demand



2.



Electric kitchen stove, due to its high load



3.



Washing machine dryer and other appliances



4.



Freezer and refrigerator



5.



Light, computer, TV



Other than light and computer equipment which can only be run on electricity, other energy services actually require either heat or coldness, and transform electricity into thermal energy. Appliances that convert electricity into thermal energy of high or low temperature consume most of the energy in an “average household”. Taking into consideration the conversion losses, however, the use of electric energy is a very inefficient way of providing thermal energy services. Instead, solar radiation can be used directly to produce heat, especially in regions where plenty of sunshine is available. High temperature is required for cooking, and therefore, the solar energy needs to be concentrated and stored. The temperature obtained from water-based flat panel systems reaches up to 100 degrees centigrade. For higher temperature levels thermal oil can be used instead of water. Research and development efforts focusing on electric power generation from renewable sources including solar radiation often aim at making components more efficient and production more economical. Nevertheless, a huge portion of the generated energy is lost during the conversion. Additionally there is substantial potential for energy conservation regarding the optimization of the demand side, which is currently not utilized
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The Wireless House Concept



Buildings that produce equal or even more energy than they consume are in existence. The available concepts can be categorised into grid connected and stand alone solutions. The idea of grid connected systems is to compensate the energy demand in periods of energy shortage with an energy surplus inducted into the grid at another time. These so called “plus energy” houses, generate a surplus of electricity based on an annual balance. In other words, a shortage in winter is compensated or even overcompensated by a surplus in summer. The grid connection ensures a continuous energy supply for the house over the whole year. It absorbs the surplus of energy and delivers energy in case of shortage. Stand alone energy systems however have different requirements. As they are independent from infrastructure they have to provide enough energy at any time. This requires capacity margin as well as a storage system that is able to buffer the difference between supply and demand over the annual cycle. Nevertheless, most of the stand-alone systems only focus on the supply side. The major concern is “how to generate and store as much energy as necessary, given the current demand level?” These systems, depending on their size, including wind turbines, PV modules or power blocks, are often combined with lead acid batteries. They are regarded as expensive and only suitable for very remote areas without any grid, like mountains or undeveloped rural regions. The Wireless House concept is not just another stand alone system but it aims to develop a new strategy for a house or a living unit which is not connected to an energy infrastructure, by actively taking the real demands into consideration. As explained earlier, most of current electric energy demands are related to heating and cooling rather than direct use of electricity. Therefore, the most intuitive solution will be to use the thermal energy from the sun instead of redundantly converting solar radiation to electricity and then to heat again. Just like other stand-alone systems, the new solution has to provide the required amount of energy with sufficient margin to be used at any time even in periods of poor supply conditions (e.g. night time, cloudy days). However the developed concept focuses on both, the supply and the demand side, and it aims to make use of thermal energy as efficiently as possible. Figure 1 shows, that a house powered by solar energy can be realized only by drastically reducing the energy demand. Whereas the total energy consumption of modern house (holds) exceeds the produced solar energy during six months of the year, the Wireless House can be served by solar energy all year round. Only for less than two months yearly, additional energy from other energy sources (such as a biomass back-up system) may be necessary in order to assure sufficient energy supply.
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room heating is excluded
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Figure 1: annual cycle



Total energy demand of different house(hold) types and available solar energy over the



The concept is based on a number of assumptions, which are described as follows: • Assumption 1: Heating and cooling demand is reduced to a minimum by passive solar architecture. Compared to conventional existing buildings passive houses reduce energy demands for heating and cooling by a factor 10 to 20 (Wimmer, et al. 2005). Whereas the focus in cold regions is put on the reduction of heating energy, in warmer regions the reduction of demand for cooling energy is a bigger concern. The house design consequently varies according to local situation and user needs. • Assumption 2: Thermal energy on mid temperature level is generated from concentrated solar energy and biomass. The required temperature levels are defined by the need areas in modern households (e.g. baking, cooking, washing, and cooling). Kitchen stoves and baking ovens have to provide a temperature of up to 300°C, which is the highest temperature level. Therefore, about 300°C is the threshold for generating devices as well as for storage. Parabolic trough or dish concentrators can easily provide this level of temperature in any climate regions as far as there is sufficient direct solar radiation. A back up system running on biomass can cover the periods of poor solar gain. The new system operates with high margins over the hot period of the year (see Figure 1). During the cold period the necessary margin will be guaranteed by the proper dimensioning of the biomass system. • Assumption 3: Thermal energy services are provided directly from collected heat, therefore minimising conversion losses. Conventional household appliances are operated by electricity, which is afflicted with conversion and transport losses. For the Wireless House these losses can be considerably reduced. Thermal energy produced mainly by solar energy will directly supply household appliances like kitchen stoves and ovens. The heat is transported from the point of generation to the storage and to the household appliances by the help of thermal oil as a heat transfer medium, which works at ambient pressure up to 355°C (Fragol Schmierstoff). The concept allows for cascade use of the produced heat from 300°C down to 60°C. The highest temperature level of up to 300°C is necessary for baking. Cooling and freezing can be operated by applying absorption cooling machines requiring temperatures between 90°C and 150°C. Further household appliances like washing machine, dryer, and dish washer will be provided with temperatures below 100°C. Space heating and warm water needs even lower temperatures of approximately 60°C. • Assumption 4: Electric energy demand will be minimized due to highly efficient components for lighting, computing and media operation.



Household appliances, which need electricity like TV set, Hi-Fi stereo, computer, electric motors and lighting, already have a relatively low energy demand. Furthermore in the new Wireless House the electricity demand will be further reduced by the use of latest energy efficient equipment (e.g. LED lights instead of light bulbs or energy saving lamps). However the trend of growing numbers of electric and electronic devices in the household, and bigger screens for TV, computer monitors, and the constantly rising energy consumption for stand-by mode (Paula, et al. 2007), requires an intelligent management system as well. • Assumption 5: The remaining rest electricity demand can be generated from thermal sources. The supply of electricity is realised with the help of technologies, which convert thermal energy at the given temperature level of approximately 300°C into electricity. Among the different energy technologies (steam power, thermo-electric generator, ORC) examined, the Stirling engine proved to be most appropriate for a household installation. Its successful integration into the Wireless House concept needs the adaptation of a low-temperature Stirling engine. Based on these five assumptions the Wireless House has been developed as a new demand-and-supply matching system. This includes multiple sources of input with planned capacity margin (the buffer between supply and consumption) to secure stabilised supply of energy.



3.1



System layout: Multi-source and multi-use system



The input side of the system is realised by the combination of solar concentrators, solar panels and a biomass back-up system. The system is designed to run mostly on solar energy at a mid-temperature level of 300°C, and a biomass system is used as a back-up. The input- and output-components for different temperature levels are shown in the following figure.



Figure 2:



The Wireless House concept, input and output components and temperature levels



3.2



Technology and components



One of the main innovations of the system is the consequent chain of utilization of thermal energy. The generated energy at mid-temperature level is stored for a cascade use to operate heat-driven household appliances from 300°C down to 60°C and to produce the small amount of electric energy, which is still needed in the Wireless House. 3.2.1



Concentrating solar energy



A low cost parabolic dish concentrator has been developed. The main innovations are the receiver and the newly developed tracking system aiming at minimization of investment costs. The receiver contains the heat transfer medium, thermal oil, which is heated up to 300°C. Compared to dish Stirling engines, for example, the temperature is not maximized but kept at a mid-temperature level and subsequently transported to the thermal storage. 3.2.2



Mid temperature thermal storage



The storage of heat at mid-temperature level without losses over a certain period of time is the challenge as well as one of the key components of the Wireless House system. Although heat storage systems are used in industrial processes, the development of this mid-temperature storage for the use in buildings is rather new. The storage is responsible for the supply of heat-driven household appliances and for the production of electricity. There are different technologies available for the storage of thermal energy. The combination of solid stone storage with thermal oil storage was examined. The result was the storage volume of around 10m3 that could supply 380kWh, enough for a period of two weeks without solar gain. As the reduction of thermal losses at the temperature level of 300°C is extensive, the use of other technologies like chemical storage systems (e.g. magnesium hydride MgH2) was also considered. These chemical-based systems have advantages of loss-free storage and a drastically reduced storage volume by a Factor 10, compared to the state-of-the-art latent-heat stone storage system (Kleinwächter, 2003). 3.2.3



Low temperature Stirling engine



The chosen technical solution for the conversion of thermal energy at 300°C into electricity is a low temperature Stirling engine. As it is designed to constantly generate electricity, it can be kept at a rather small power capacity (less than 1kW). Furthermore the battery back-up is calculated only for the peak loads. Latest developments in the field of Stirling engines demonstrate first prototypes of low temperature Stirling engines with between 1kW and 10kW power capacity. The energy efficiency of the developed engine has reached more than 12% (Takeuchi, 2007a, b). Based on these results, the Stirling engine will be adapted for the specific application in the Wireless House. 3.2.4



Heat-driven household appliances



As explained above, in the Wireless House, appliances can be categorised by the energy form they require (i.e. some can be powered by thermal energy, and some are operated with electricity only). Presuming that all the heat-driven household equipment is powered by thermal energy, it is necessary to redesign and reengineer current appliances that run on electricity. As mentioned earlier, this alteration can result in the drastic reduction of electric energy demand, and create a higher and relatively constant demand of thermal energy, over the whole year. The household appliances can be categorised according to the temperature level they need for operation. This leads to four classes of appliances. Those which need the highest temperature up to 300°C are kitchen stoves and ovens. The second temperature class up to 150°C contains the cooling devices, refrigerators, freezers and air conditioners. The first two classes need thermal oil as a heat transfer medium. The third group, with temperatures below 90°C, contains devices for washing, drying and cleaning dishes and clothes. The lowest heat, 60°C and lower, is used for the production of hot water and for space heating. A number of technical solutions based on existing components like absorption cooling devices and thermal oil ovens used in the food processing industry, have been adapted to the scale of households. First low cost prototypes were already tested to be positive. The results show that the chosen technologies are suitable to reach the aims of the Wireless House and meet the needs of the users.



3.3



Application possibilities



If a society is still based on agriculture, and not yet fully facilitated by infrastructure, there is no need for enormous investment for the establishment of infrastructure. Instead, individual energy self-sufficient units can, if it is required, establish an autonomous network. This approach is regarded to be promising not only in developing countries where the status of infrastructure is generally poor, but also in industrialized countries such as EU member states, especially in rural areas.



It is highly important to follow up the research results through practical applications. Therefore a series of pilot and demonstration projects are under development. In Austria, Italy, and Switzerland, a number of houses, and even small villages, are planned to be constructed.
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Conclusions



The constantly rising energy consumption as well as increasing energy costs asks for radical instruments for reduction of energy consumption and for sustainable solutions. The Wireless House concept aims to create solutions for completely independent and energy self-sufficient housing. It rather focuses on the whole system of housing, integrating the demand side as well as the production side, than solely developing singular technical solutions. This approach will have far-reaching consequences in residential areas, both in industrialised and developing countries. The concept is especially useful for remote areas or scattered geography. For these regions, the Wireless House can be a good solution for getting access to communication (e.g. media, mobile communication) and gaining comfort. Currently prototypes are under development to be tested and to be demonstrated in the first Wireless Houses. The concept will be further developed, expanded and put into practice in a number of Zero Carbon Village projects.
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