IS RENEWABLE ENERGY EFFICIENT FOR PASSIVE HOUSE HEATING?

Viorel Badescu (*), Benoit Sicre (**)

(*) Candida Oancea Institute of Solar Energy, Faculty of Mechanical Engineering, Polytechnic University of Bucharest, Spl. Independentei 313, Bucharest 79590, Romania

(**) Computational Physics Department, Technical University of Chemnitz, Institute of Physics, D-09107 Chemnitz, Germany
The evaluation of renewable energy used to increase the environmental friendliness of passive houses is the topic of this paper. A passive house is a cost-efficient building that can manage throughout the heating period, due to its specific construction design, with more than ten times

less heat energy than the same building designed to standards presently applicable across Europe. Its extended thermal insulation and enhanced air-tightness removes the need for temperatures higher than 50 degrees Celsius. This makes renewable energy sources particularly suitable for

heating, cooling and domestic hot water production. Modeling of renewable energy usage for space heating requires as a preliminary stage the detailed description of the building structure, of the HVAC equipment and of the internal heat sources. The paper shows the main data used to model the thermal behavior of a passive house. Details about Pirmasens Passive House  Rhineland Palatinate, Germany are given, as for example the internal heat sources, including 

electric appliances, heat and humidity released by human bodies, thermal internal facilities as hot and cold water pipes. All these are quantified by using statistically derived data. A detailed time schedule for a standard German family with two adults and two children was prepared. It takes into account the national celebrations, vacation and weekends among others.  A time-dependent model of passive house thermal behavior is developed. The heat transfer through the high thermal inertia elements is analyzed by using a 1D time-dependent conduction heat transfer equation that is solved numerically by using a standard Netlib solver (PDECHEB). Appropriate models for the conduction through the low thermal inertia elements are used, as well as a simple approach of the solar radiation transmission through the windows.  The model takes into account in a detailed fashion the internal heat sources. Also, the operation of ventilation/heating system is described and common practice control strategies are implemented. Three renewable energy sources are considered. First, there is the passive solar heating due to the large window on the facade

oriented south. Second, the active solar collectors system provides thermal energy for space heating or hot domestic water preparation. Third, a ground heat exchanger increases the fresh air temperature during the cold season. The model was applied to the Pirmasens Passive House

(Rhineland Palatinate, Germany). The passive solar heating system provides most part of the heating energy during November, December, February and March while in January the ground heat exchanger is the most important renewable energy source. January and February require use of additional conventional energy sources. A clever use of the active solar heating system could avoid consuming classical fuels during November, December and March. The ground heat exchanger is a reliable renewable source of energy. It provides heat during all the day and its (rather small) heat flux is increasing when the weather becomes colder. The air temperature at heater exit is normally lower than 46 degrees Celsius. This is a good reason for the use of renewable energy to replace the classical fuel or the wood to be burn in the heater.

