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Overview
In Germany and other European countries around 20% of the overall CO2-emissions are directly induced by energy consumption of buildings
.Private households and small businesses account for roughly 85-90% of all buildings, thus also for a major part of the building emissions. In Germany as well as in Sweden and other central and north-European countries, the energy demand for space heating and domestic hot water dominates the households’ energy consumption. Around 80% of the final energy consumed by private households can be allotted to those two energy usages. It therefore has to be discussed how the energy consumption and related CO2-emissions of those applications can be reduced
 and whether measures and regulations, decided until today, suffice to achieve political goals
.

Methods

This contribution majorly focuses on the developments to be found in residential buildings. To do so, two lines of investigation are followed.

In a first step, taking into account typical refurbishment measures and cycles of renovation, different scenarios are investigated to find out how the building stock and its related emissions will evolve during the next decades, following different political requirements. The calculation includes several factors. The development of the net dwelling area is taken into account, as well as ameliorations in energy efficiency of newly erected buildings and of the building stock, due to renovation. Besides the changes in the building envelope and the building equipment, the CO2-intensity of the energy used for heating is considered to assess possible shifts away from fossil fuels to renewable energy sources like solar heat, heat pumps or other. These factors are combined in a three component model including an explicit modelling of the building stock until the year 2050. It can be used to analyse whether political goals, like the 80%-reduction of greenhouse gas until 2050, may be reached at all under different policy regimes. It is also possible to analyse how sensitive the outcome reacts to variations of the input parameters like retrofitting frequency and even social trends like an increasing share of single households. Thus the impacts of policies and their interdependencies with societal development may be assessed.

As a second step a discrete choice model formulated as logit model is used to model the heating system decision of house owners, the major actors in this case. Differences concerning the existing heating infrastructure are taken into account, focussing on the availability of gas or district heating infrastructure. The tendency to stuck to one, well known system is also part of the calculation. 

Results

The research results show that current policy developments including some tightening of current standards will not be sufficient to achieve an 80% emission reduction until 2050. A paradigm shift, meaning a more intensive concentration on the building stock, rather than a steady tightening of building codes for new buildings, and in particular a faster and more consequent replacement of old, inefficient fossil heating systems by renewable systems can lead the way to the 80% reduction until 2050. Results show that stronger efforts focused on the building stock and heating system replacement push CO2 abatement 32% under the most probable standard case. All this is not for free; economic incentives and political changes will be needed to achieve faster heating replacement and higher refurbishment rates in the building stock. For the case of Germany, where the Energy Concept of the government postulates an achievement of politically set energy efficiency goals, the inertia of building owners and similar phenomena are likely to be underestimated
. The official scenarios foresee a strong decline of gas-supplied homes to a level near zero until 2050 while a net expansion and higher connection rates are predicted for district heating. Both developments seem to be unrealistic, considering the strong and persistent role of gas as heating energy and the sunk-cost involved in grid-bound energy supply.
Conclusions
A decisive driver of CO2-emissions in residential buildings is the heating energy chosen. German regulations, like the duty to use 20% renewable energy for heating in new buildings are not sufficient to reach the postulated goals
. The building stock, representing a major part of the built environment, is not sufficiently considered. Until the year 2050, the building envelop of existing buildings is likely to be renovated at most once. It is crucial to ameliorate the energy efficiency of the buildings when they are renovated anyway to keep the costs low and use synergy effects. A more direct and cost-efficient way to lower emissions is the renewal of heating systems. Whereas building envelopes stand for about 40-60 years without any changes, heating systems have an average life time of around 25 years and are less cost intensive in the renewal. Policies will have to incorporate heating systems and their CO2 abatement potential far more to reach the ambitious climate goals in the building sector.

References
Amstalden, Roger W.; Kost, Michael; “Economic potential of energy-efficient retrofitting in the Swiss residential building sector: The effects of policy instruments and energy price expectations” Energy Policy 35 (2007)

Federal Government (14.01.2011); “CO2-Gebäudesanierungsprogramm – Erfolge und Perspekitven” (2008)

http://www.bundesregierung.de/Content/DE/Magazine/MagazinInfrastrukturNeueLaender/009/sa-co2-gebaeudesanierungsprogramm.html 

Federal Ministry for the Environment, Nature Conservation and Nuclear Safety; “The Renewable Energies Heat Act”; (2008)
http://www.bmu.de/english/renewable_energy/downloads/doc/print/42193.php (14.01.2011)

Federal Ministry of Economics and Technology; “Energy Concept  for an Environmentally Sound, Reliable and Affordable Energy Sypply”; Pulic Relations (2010)

http://www.bmwi.de/English/Navigation/Service/publications,did=367764.html (14.01.2011)

Loga, Tobias; Diefenbach, Nikolaus; Enseling, Andreas;  “Querschnittsbericht Energieeffizienz im Wohngebäudebestand - Techniken, Potenziale, Kosten und Wirtschaftlichkeit“ IWU (2007)


































� Federal Government


� Amstalden et al.


� Loga et al.


� Federal Ministry of Economics and Technology


� Federal Ministry for the Environment, Nature Conservation and Nuclear Safety





