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Set-Based Modelling of District Heating Networks
Collaboration with Stadtwerke München (SWM)

Background
District heating networks require careful operational control to simultaneously ensure high effi-
ciency, reliable heat supply, and long-term asset integrity [1]. A central operational decision in
such systems is the selection of the supply temperature. This parameter has a decisive influ-
ence on thermal distribution losses, pumping electricity consumption, and the aging of network
components. Lower supply temperatures reduce heat losses and mitigate material degradati-
on; however, they also decrease the temperature difference between supply and return lines.
To deliver a given thermal power under these conditions, higher mass flows are required, which
increases pumping effort and is ultimately constrained by the installed pump capacities.

Operational complexity is further increased by the substantial transport delays inherent in
district heating networks, which may span several hours between a temperature change at
the feed-in point and its effect at consumer substations. Consequently, supply temperature de-
cisions must be made in advance of the actual heat demand. If the selected supply temperature
is too low and mass flow limits are reached, hydraulically disadvantaged consumers may expe-
rience under-supply due to insufficient differential pressure. Preventing such situations requires
reliable forecasts of future heat demand. These forecasts must explicitly account for uncertain-
ties arising from incomplete or heterogeneous measurement data, as well as from changing
operating conditions.

Description
The objective of this thesis is to develop set-based forecasting models for heat demand in a
real district heating subnetwork in collaboration with the Stadtwerke München. The proposed
approach relies on novel set-based identification methods [2, 3] that allow model uncertainty
and data imperfections to be represented explicitly in the model.

For consumers with sufficiently rich measurement data, individual heat demand models will be
identified directly. For consumers with limited or incomplete data availability, existing data en-
richment and estimation techniques will be applied and, where necessary, further developed.
The resulting individual consumer demand forecasts will be aggregated to estimate the total
heat demand at the feed-in point, explicitly accounting for mass-flow-dependent transport de-
lays within the network. The resulting set-valued demand forecasts will be implemented in the
operator’s IT environment and may optionally be coupled with an existing digital twin of the
network to assess and compare alternative operating strategies in advance.

Tasks
• Familiarization with the structure and operation of district heating networks.

• Analysis of available measurement data, data interfaces, and data quality, including as-
sessment of existing demand estimation methods.

• Application and adaptation of novel set-based identification methods to construct consumer-
level heat demand models.

• Aggregation of set-valued consumer demand forecasts to the feed-in point, considering
mass-flow-dependent transport delays.

• Implementation and validation of the forecasting models in the operator’s IT environment,
optionally in combination with the digital twin.
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