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Motivation

22.02.20262

Using the TransiEnt Library to simulate coupled 
energy systems

So far: Now:

1. Dynamic simulation of large, meshed heating networks with several 
thousand heat transfer stations without aggregation

2. Automatic generation of District heating networks (DHN) and DHN 
models

Objectives:
− Investigation of thermal inertia that can be used for operational 

optimization
− Storage dynamics
− Grid inertia 

Load-Shifting
Demand-Side-Management

Models published on Github

Simulation in OpenModelica and Dymola

∆𝑝𝑝
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Steiner Tree
Gesucht wird der kürzeste Graph der 
eine bestimmte Menge an Knoten 
miteinander verbinden 

Optimal topology search

Heat map Constrained Steiner TreeSteiner Tree

Vieth et al.: District heating network topology optimization and optimal co-planning using dynamic simulation. Advances in Applied Energy. 2025
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Optimal DHN Expansion Planning

Vieth et al.: Automated District Heating Network Expansion Planning with Resilience Considerations. 2025



Modeling Concept 1

22.02.20266[1] Dirk Zimmer, Robust object-oriented formulation of directed thermofluid stream networks (2020)

• Constant fluid properties (no media models)
• Connectors (h, m_flow, p)
• Transient energy balance in pipe and junction models
• Steady-state momentum and mass balance + linear pressure loss 

model Except: Pipe model -> physical pressure loss model (fluid 
dissipation) & use of an unsteady momentum balance

Basics of the modeling concept

1. Use of a suitable consumer model and mass flow states to avoid 
non-linear implicit systems inspired by [1]

2. No use of fluid models
3. Exclusive discretisation of the energy balance to utilize sparse 

properties

Main concept:



Basic solution process of the model

Explicit 
systems of 
equations

Implicit 
systems of 
equations

Jacobi-
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Newton-
Raphson

states

state 
derivatives

Non-linear systems of equations
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system

𝑥𝑥𝑘𝑘+1 = 𝑥𝑥𝑘𝑘 + ℎ � 𝑓𝑓(𝑋𝑋𝑘𝑘+1, 𝑡𝑡𝑘𝑘+1)
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22.02.20267Westphal et al. (2025): Enabling the dynamic simulation of an unaggregated, meshed district heating network with several thousand substations, Energy, 322: 135434.



Solution: Adding a mass flow state
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I. 𝑚̇𝑚1 + 𝑚̇𝑚2 + 𝑚̇𝑚3 = 0
II. 𝑝𝑝1 − 𝑝𝑝2 = 𝑚̇𝑚2 �

∆𝑝𝑝nom
𝑚̇𝑚nom

III. 𝑝𝑝1 − 𝑝𝑝3 = 𝑚̇𝑚3 �
∆𝑝𝑝nom
𝑚̇𝑚nom

IV. 𝑚̇𝑚2 + 𝑚̇𝑚4 = 0
V. 𝑝𝑝2 − 𝑝𝑝4 = 𝑑𝑑𝑚̇𝑚2

𝑑𝑑𝑑𝑑
� 𝐿𝐿 + 𝑚̇𝑚2

2 � ∆𝑝𝑝nom
𝑚̇𝑚nom
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VI. 𝑚̇𝑚3 + 𝑚̇𝑚5 = 0
VII. 𝑝𝑝3 − 𝑝𝑝5 = 𝑚̇𝑚3

2 � ∆𝑝𝑝nom
𝑚̇𝑚nom

2

VIII. 𝑚̇𝑚4 + 𝑚̇𝑚5 + 𝑚̇𝑚6 = 0
IX. 𝑝𝑝4 − 𝑝𝑝6 = 𝑚̇𝑚4 �

∆𝑝𝑝nom
𝑚̇𝑚nom

X. 𝑝𝑝5 − 𝑝𝑝6 = 𝑚̇𝑚5 �
∆𝑝𝑝nom
𝑚̇𝑚nom

𝑚̇𝑚1 𝑝𝑝6

𝑚̇𝑚2

𝑚̇𝑚3

𝑚̇𝑚4

𝑚̇𝑚5

𝑚̇𝑚6

𝑚̇𝑚3

𝑚̇𝑚4

𝑚̇𝑚5
𝑚̇𝑚6
𝑝𝑝1
𝑝𝑝2
𝑝𝑝3
𝑝𝑝4
𝑝𝑝5

𝑑𝑑𝑚̇𝑚2

𝑑𝑑𝑑𝑑

System of equations can be solved 
explicitly!

𝑑𝑑𝑚̇𝑚2
𝑑𝑑𝑑𝑑

Structure graph of the model:

Screenshot of the Statistics:

Westphal et al. (2025): Enabling the dynamic simulation of an unaggregated, meshed district heating network with several thousand substations, Energy, 322: 135434.



Modeling Concept 2
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𝑇𝑇𝑅𝑅 = 𝑇𝑇𝑅𝑅(𝑇𝑇𝑠𝑠, ̇𝑄𝑄)

∆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
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boiler

𝑇𝑇𝑠𝑠

𝑐𝑐𝑒𝑒𝑒𝑒



DHN Rissen 
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Simulation of a larger-scale DHN

22.02.202611

DHN Data:
Network length: 96,298 km
Max. Heat load: 34,14 MW
Simulation Time (1 Year): ≈
6 hours
Number of Substations: 1050

DHN Topology:
• Automatic generated 

district heating network
• District heating network 

of a suburb of the city of 
Hamburg

Heat producers

Critical consumer



Supply Temperature and CHP heat production

22.02.202612

• Supply temperature for two scenarios 
(Ref and opt)

• Increase of the supply temperature to 
store energy temporarily in the DHN

But: Increased supply temperature 
leads to higher heat losses 

• Heat production of CHP for two 
scenarios

• Increased heat production of the CHP 
in the optimized scenario in exchange 
for lower peak heat production



Heat production of the gas boiler

22.02.202613

• Heat flow rate of the gas boiler 
(peak generation) for two 
scenarios

• Using the DHN as a short-term-
storage

• Optimizing the supply 
temperature to reduce the peak 
generation of the gas boiler in 
exchange for higher combined 
heat and power plant heat 
production 

9.5 % reduction of peak heat production



Why Modelica? Example auf Aquifer Thermal Storage

22.02.202614Gillner, Markus, and Arne Speerforck. "Modelling Aquifer Thermal Energy Storage (ATES) System with Buoyancy Flow." Modelica Conferences. 2025.

Temperature distribution in an ATES at 4th Year after the production phase

Well head temperature curve in the 4th year of 
operation

Heat Recovery Factor over 10 
Years of operation



Conclusion

• Modeling concept for the simulation of unaggregated DHN with 
several thousand substations

• Automatic generation and parametrization of DHN topologies
• Automatic model generation of DHM simulation models from 

DHN topologies
• Optimization of the supply temperature enables load shifting for 

reduction of costly peak heat generation

22.02.2026
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tuhh.de

Thank you!

Arne Speerforck
Jan Westphal
Jonathan Vieth
Institute for Engineering Thermodynamics
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