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The flexibility potential of district heating (DH) systems is often suggested as one of the key principles to facilitate high levels of renewables in the energy system. Flexible operation of combined heat-and-power (CHP) plants and heat pumps (HP) available in DH systems can provide direct flexibility to the electric power system by controlled electricity generation and consumption. Utilization of thermal energy storages (TES) in DH systems can provide indirect flexibility by balancing the mismatch between the heat demand and generation. The questions addressed in this work are: What is the potential for flexibility and how can it be used in DH systems?

Our objective is to identify heat generation and storage technologies and their utilization strategies, which would supply the heating demand of a given city in the long-term (up to 2050) in the least costly way while considering the interactions with the electric power sector. As a result of the analysis, the economically viable flexibility potential in the studied heating sector is identified. The analysis is based on a city-scale energy systems TIMES optimization model and is applied to the heating sector of the city of Eskilstuna, Sweden. 

The modeling results indicate that irrespectively of the applied climate scenario or the availability of TES, the future heating sector of Eskilstuna will be dominated by HPs, both centralized (in the DH system) and individual. This implies that the city’s heating sector becomes a net consumer of electricity and can help with the utilization of excess electricity in the power sector. The results also show that the already available and invested in TES solutions are actively used for storing heat between seasons and for decreasing the peak heat generation, i.e., flattening the heat generation curve. This results in lower system cost of heat supply and improved flexibility potential of the heating system.

The main policy recommendation is to establish a clear approach of using energy systems planning and optimization tools for the assessment of future development pathways for the energy system.
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