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Overview
In order to reach ambitious CO2 reduction goals not only the electricity and transport sectors have to be considered. In most parts of the western industrialized countries, it is also residential space heat generation that causes a significant share of GHG emissions and induces high shares of primary energy consumption. Moreover, modern space heating in many countries primarily is based on natural gas which leads to an increasing dependence on imports and consequently to a delicate vulnerability against extortion by the exporting country. The best example of this fact was shown by the natural gas conflict between Russia and the Ukraine in January 2009 which left the Ukraine and many southern European countries without natural gas for two weeks. Therefore, the sector is more and more getting into the focus of economic and environmental policies. 
In Germany, subsidies have been the only policy measure in residential space heating for a long time. With this instrument, significant numbers of installed solarthermal systems could be reached. Generally, however, the share of new technologies in the heating market has remained low. Therefore, in 2009 a new policy for the promotion of renewable energies has been implemented. House owners are now forced by law to use a certain share of renewables for heat generation. At the same time, a federal bank offers subsidized interest rates and investment subsidies are still paid to the investors, but only if the obligatory quotas are exceeded. So the system consisting of these three elements can be characterized as a typical carrot-and-stick-system. 
This paper tries to evaluate different schemes for the promotion of renewable energies (and their combinations) in the heat market. For this purpose, CO2 reductions and the induced additional costs (calculated against a baseline) are determined and compared.
Methods
The research is based on a vintage simulation model of the German space heating market. The model is a multinomial logistic regression model, in which the consumer decisions for or against a technology are represented by a maximization of the personal utility of this respective technology (Train 2003; Erdmann and Zweifel 2008; Henkel 2008). The utility is made up of different observable parameters such as costs, comfort, ecological characteristics, independence of large energy utilities and a random term that stands for non-observable parameters. The standard deviation of the random term as well as the weighting of the different parameters has been calibrated to the real sales data. In order to account for individual heat consumption differences, a distribution of the specific heat consumption was used. Data for the willingness to pay for ecological properties of the systems was taken from a survey of the German environmental ministry (BMU 2006).
The development of the fuel prices is crucial for the space heating market. Therefore, several scenarios have been developed that exemplarily show possible paths. Moreover, in order to get a more detailed result, Monte-Carlo-Analysis is applied to fuel price development: The price of a reference fuel (in our case fuel oil) is modeled via a random walk with a certain drift to higher fuel prices. Natural gas and electricity are coupled to the fuel oil price, according to the results of a regression analysis. The price of wood pellets is modeled fundamentally via a cost-resource curve (Henkel 2009). By this means, a bunch of consistent fuel price scenarios is generated, each of which results in a specific development of the shares of the different technologies and the overall costs and GHG emissions of the actual heating market.
In order to account for technological development and model decreasing investment cost of recently introduced (or re-introduced) technologies like wood pellet systems, electric heat pumps and solarthermal systems, learning curves have been implemented.
Different policy measures like:

· subsidies, 

· low-interest loans 

· obligation of use 
· tradable quotas
and others are then applied to the model as boundary conditions that influence or restrict the choice possibilities of the household.

Results
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In figure 1 the future development of the market shares is shown for the reference case that simulates actual German policy (subsidies + low-interest loans + obligatory use).
When comparing different promotion schemes, the introduction of obligatory quotas seems most effective, i.e. the use of regulatory policies can reach high yearly introduction rates of renewables. At the beginning this is associated with high costs. With further introduction and the realization of learning potentials, however, the additional costs of the sustainable technologies (and so also the CO2 abatement costs) decrease. 
In the case of subsidies, the timing is of particular significance: At the time of high fuel prices and therefore low additional costs, subsidies are an efficient means for pushing sustainable technologies.
Low-interest loans have a double effect: On the one hand, they reduce the life cycle costs, but on the other hand they also lead to an overcoming of the investment barrier, which is especially important for households with a low income.

For the introduction of tradable quotas into the heating market the model outcomes are very good, i.e. associated with the lowest macroeconomic costs. However, tradable quotas usually involve a high degree of bureaucratization which implicates high transaction costs. As these are disregarded in the model the results have to be relativized.
Conclusions

Promotion of innovative and sustainable technologies is an important task of politics. However, it is difficult for politics to decide what the right measure is and when the right time is to push a technology. The model outcomes show that the costs of different promotion schemes depend extremely on the current level and future development of fuel prices. At low prices, application of renewables in the heating market seems not to beat current carbon prices of about 15 - 20 € / t CO2. So, it is the task of politics to make use of high fuel prices in order to push technologies into the market. Once learning effects are realized, CO2 abatement costs then have to decline to low or even negative values and the new technologies have to hold their ground in a competitive market.
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Figure 1: Development of the German heating market under the reference scenario (current policy)








