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m Decarbonization of heating and cooling CO

m Key technology: Heat pumps
= Most efficient power-to-heat technology
= Support integration of renewable energies

m Integration in district heating networks

= Heat sources: Sea water, ground, air or return line
of district cooling network

= How does a large-scale heat pump
affect the energy system?

= Effect on costs and carbon emissions?
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Energy system structure
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Mixed-integer linear program (MILP)
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Mixed-integer linear program (MILP)
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Mixed-integer linear program (MILP)

m Objective function:
= Total annualized costs
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Mixed-integer linear program (MILP)

m Obijective function:
= Total annualized costs
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m Constraints:

Energy balances (losses in the power grid neglected)
Operation of components: conversion efficiencies, temperature dependencies, e.g.:
= Heat pump cannot cover full heat demand (condenser temperature of HP <90 °C)
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High temp.

No heat pump network

Low temp.
network

Heat pump V
Supply & return temp. 95 - 140 °C
heating network 70 °C
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m Hourly demands for 17 buildings
of research campus in Germany

Office buildings and laboratories
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Case study

m Hourly demands for 17 buildings
of research campus in Germany
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Optimal design & operation
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No heat pump

High temp.
network

Low temp.
network

Total annualized

421.2 KEUR/a

396.3 KEUR/a

349.2 KEUR/a

costs (- 5.9 %) (—17.1 %)
CO, emissions 3879 t/a 2408 t/a 1853 t/a
(— 38 %) (— 52 %)
Heating SCOP HP — 2.73 4.82
SCOP HP — 4.46 8.64
(Heating and cooling
power as benefit)
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m Large potential for cost and emission savings

m CHP and gas boiler are not replaced completely
= CHP produces power for heat pump at low costs
= Gas boiler needed for peak demands

m Heat pump can be profitable for high temperature
district heating networks (> 100°C) as well

m Demand structure affects profitability
(simulteanous heating and cooling demand)

m Outlook:
= Thermo-hydraulic simulation model for further analysis of operation
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Thank you for your attention.
Questions? Inspiration?

Marco Wirtz, M.Sc.

RWTH Aachen University HELMHOLTZ & et ncen
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and Indoor Climate Association under the Joint Initiative
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marco.wirtz@eonerc.rwth-aachen.de the Research Field Energy”.
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Backup
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