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Motivation

• Heat pumps are key to decarbonization of heating sector
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New homes must have

minimum 65% renewable

sources in heating systems. 

Gebäudeenergiegesetz 

(GEG)

https://www.energiewechsel.de/KAENEF/Redaktion/DE/Downloa

ds/faktenblatt-geg-gebaeudeenergiegesetz.pdf

https://www.energiewechsel.de/KAENEF/Redaktion/DE/Downloads/faktenblatt-geg-gebaeudeenergiegesetz.pdf
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https://doi.org/10.1016/j.ijepes.2023.109194

https://www.techrxiv.org/doi/full/10.36227/techrxiv.21707870.v2

https://doi.org/10.1016/j.ijepes.2023.109194
https://www.techrxiv.org/doi/full/10.36227/techrxiv.21707870.v2
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https://www.wolf.eu/de-de/produkte/waermepumpe-cha-und-chc-monoblock

https://www.wolf.eu/de-de/produkte/waermepumpe-cha-und-chc-monoblock


Motivation

• Heat pumps are key to decarbonization of heating sector

• Heat pumps can be used for frequency response services

• Heat pumps are a control nightmare in the field

• How exactly should power system laboratories „research“ sector-coupling through heat-pumps?

 Lack of expertise in heat-pump modelling

 Lack of access to requisite real hardware

 Unable to bypass any device safety features for fast control
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Heat pump research at CoSES, TUM

• Various publications on modelling, control and operation of heat pumps
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Speed-power response of the CoSES ASHP (normalized): 

Different cold water temperatures

Different air temperatures

Wolf Air Source Heat Pump

(19 kWheat, 9 kWcold)

+

HVAC climate generator



Heat pump research at CoSES, TUM

• High bandwidth PHIL emulation
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*A. Mohapatra, T. Hamacher, and V. S. Peric, “PHIL Infrastructure in CoSES Microgrid Laboratory,” 

IEEE PES Innovative Smart Grid Technologies Conference Europe, Novi Sad, IEEE PES, 2022, doi: 

https://doi.org/10.1109/ISGT-Europe54678.2022.9960295

Speed-power response of the CoSES ASHP (normalized): 

Different cold water temperatures

Different air temperatures

https://doi.org/10.1109/ISGT-Europe54678.2022.9960295
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Virtual heat pump on PHIL emulator

• Remove all the internal safety control gains and delays.

• Reflect important non-linear dynamics based on physics principles (for rapid control validation).

• Establish our “virtual PHIL Heat Pump” in a real grid environment.
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Typical air-source heat pump schematic

• Heat pump modelling
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PHIL modelling caveats

• Real time computation load must be managed

• Model the Rectifier + Filter stage as purely Math model, NOT Physical model
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PHIL modelling caveats

• Real time computation load must be managed

• Model the Rectifier + Filter stage as purely Math model, NOT Physical model

• Model the thermal system as –

 ODE relaxations of phase-shifting heat exchanger PDEs

 Standard isoentropic compression

 Standard expansion valve as per Bernoulli’s equation

 PI controller for superheating
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PHIL modelling caveats

• PHIL ready heat-pump model

A. Mohapatra | PSCC 2024 | anurag.mohapatra@tum.de | CoSES, TUM 5

Dymola

Block

(s-function)



PHIL results

• Two simulation models on two cores 

 To apply different execution frequencies

• Execution order: thermal  electrical.

 Check individual model stability in advance

• Two models have an information exchange 

 shaft speed (electrical  thermal)

 mechanical power (thermal  electrical)
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Conclusion

• Heat pumps are key component for sector-coupling research

• Most power system laboratories lack knowledge and test beds for heat pump modelling and control

• PHIL emulator ready “Virtual Air Source Heat Pump” was developed

• Can be used for PHIL validated sector-coupling research in power system laboratories

• Minor changes to modelling approaches might be needed based on specific PHIL setups.

A. Mohapatra | PSCC 2024 | anurag.mohapatra@tum.de | CoSES, TUM 7


