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Abstract

Future district heating systems (so called 4th generation district heating (4GDH)
systems) have to address challenges such as integration of (de)centralized renew-
able energy sources and storage, low system temperatures and high fluctuation
of the supply temperature. This paper presents a novel framework for repre-
senting and simplifying on-grid energy systems as well as for dynamic thermo-
hydraulic simulation and optimization of district heating systems. We describe
physically precise and numerically robust models for simulation and continuous
optimization. Furthermore, we propose a novel method to decompose a mixed-
integer-optimal control problem into two sub-problems, separating the discrete
part from the continuous. Two use cases show the applicability of the frame-
work. An existing district heating system with more than 100 consumers is
adapted to test the framework based on simulation requirements of 4GDH sys-
tems. The second case presents the continuous optimization of a district heating
system in a virtual city district. A main advantage of combining equation-based
modelling and nonlinear optimization is the possibility of including model co-
herences based on physical laws into the optimization formulation. Results show
that the framework is well-suited for simulating larger scale 4GDH systems and

that the solution time of the continuous optimization problem is sufficiently low
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