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Overview
An urban district heating network represents an energy efficient way to supply the cities heat demand. The extension of district heating and the increase of it’s share in heat supply allows replacing ecological inefficient heating technologies. The economic feasibility of the extension and expansion and the operation of a local district heating network is a major issue. Hence the investment decision of a district heating company is influenced by the current and future installed capacity for heat generation, the trend of energy prices, as well as the development of the regional heat density. Apart from production and distribution, it’s also necessary to consider the society’s attidute toward heat supply by district heating. 
An integrated case study is conducted: the impact of heating related investment decisions in the building sector and the resulting decrease in the buildings’ energy demand on the existing district heating network is analyzed to point out the future potential of district heating. The development of the buildings heat demand due to these investment decisions up to 2050 is simulated, whereas the impacts of public interventions like subsidies, directives and building laws on national and European level are illustrated. Furthermore an optimization model determines possible future extension and expansion plans for the district heating network from an economic point of view as the different model-based scenarios for the development of the heat demand are considered.
Methods
The decision behavior of the building owners is simulated with the existing bottom-up model Invert/EE-Lab (Kranzl et al., 2013), (Müller, 2014). This model simulates the investments in thermal refurbishments and new heating systems for different scenarios based on the calculation of the levelized investments costs of the heat systems and the connection costs, the energy costs and the fixed annual tariffs and maintenances. and respects the decision behaviour of different decision makers, subsidies for different technologies, (building) laws or directives on national and european level. 
As a result the decision makers’ willingness to connect to the existing district heating system – whereas the buildings are divided in different utilization of the buildings and construction periods - can be used as input parameters for the optimization model for investments in existing networks. The buildings are classified by the utilization (e.g. single family house or apartment building) and their construction periods and are grouped into building blocks. These blocks are regional localized to cope with the distance to the existing network. This mixed-integer optimization model is formulated as a robust model and determines the optimized investments in the existing network for the connection of these blocks. The advantage of the robust formulation is that the analyis of the uncertain developments, e.g. for the energy prices, is conducted a priori instead of a sensitivity analysis a posteriori and the uncertainty is considered explicit in the optimization. The robust formulation after (Lin et al., 2004) is applied to the cost of heat generation and the distance of the blocks to the existing network and thereby on the investment costs for the extension or expansion. Equation 1 shows the objective function. The considered horizon is divided in an investment period  and an amortisation period , because the development of the building blocks heat demand  changes over the considered horizon for each building block . The total revenues  which are displayed in Equation 2 consists of the base price , the corresponding heat load , the variable price  and the heat demand. The binary variable  takes the value 1 if the block is connected, 0 otherwise. In the investment period, the discounted profit is determined by the total costs , which consists of the investment costs for extension/expansion , the reinvestment costs  the operation costs  and the heat generation costs . To take the link to the electricity market into consideration, different allocations of the costs for heat and power generation in combined heat and power (CHP) are considered. In the amortisation period no investment in the extension/expansion is possible. 
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Results
A case study for Vienna is conducted. The results depict the development of the buildings heat demand in Vienna with a main focus on the identification of the share of buildings, where the owners are willing to connect to the district heating network. Three scenarios, which differ in assumptions regarding the future design of subsidies, directives and laws on national and european level, lead to a range of potential future developments.
Based on this potential developements and especially under consideration of the range of it, detailled plans for long-term investements in the existing district heating network are generated. Since the analyse is on a detailed regional level for building blocks, different areas within the city can be determined, where it seems reasonable to invest in the extension or expansion for the considered range of future development. Similiary statements for regions, where an economic feasible operation of the network is difficult to implement due to the decrease in the buildings energy demand can be made.
Conclusions

Especially for long-term investment decisions, which depend on parameters with an uncertain trend, it’s important to ensure against a broad range of possible developments. One of the main influencing factor is the heat demand and the intended decrease of it. This has some major effects on the economic feasibility of an existing district heating network.

Nevertheless, heat supply by district heating can contribute to sustainable future. Therefore a detailed analysis of the effects for different possible scenarios in the development of the buildings heat demand is necessary to point out the potential for an existing district heating network and show possible strategies for stakeholders and policy makers to increase the share of district heating despite these reductions in the buildings energy demand.
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