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Executive Summary 
 

One of the major goals of Annex 57 is to illustrate the options for heat pump deployment and 

integration, such as individual decentralized heat pumps and large heat pumps installed in district 

heating grids. The goal of this Task 2 report is to demonstrate how many innovative heat pump 

systems with flexibility choices have already been built and effectively run. 

So far, examples have been included and provided in this report. 

• In all, 13 examples describe decentralized heat pump integration in buildings, whereas 15 

cases describe large heat pump integration in district heating grids.  

• 17 of the 28 examples are operational, 7 are under construction, and 4 design studies have 

been documented. 

The study considers demonstrations with diverse system configurations and boundary conditions, 

such as currently realized system concepts as well as planned or planned systems. 

Flexibility may be achieved on a small scale with decentralized heat pumps and on a rather extended 

one with larger heat pumps connected to district heating grids. These experiences, ideas, and insights 

obtained while constructing these systems are shared in the following documentation. The use of 

contemporary technology and interaction between various components inside the systems are 

examples of shown systems. As seen by the numerous case studies, there are several potentials to 

use heat pumps in the flexibility sector, both technically and economically.  
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Introduction  
 

The introduction and use of novel concepts and technologies, such as the use of flexibility choices in 

the operation of heat pumps, frequently raises questions about their feasibility and reliability. One of 

the major goals of Annex 57 is to illustrate the options for heat pump deployment and integration, 

such as individual decentralized heat pumps and large heat pumps integrated in district heating grids.  

The goal of this Task 2 report is to demonstrate how many innovative heat pump systems with 

flexibility options considering the electricity grid interaction have previously been built and in wich 

operation modes they are effectively run. 

Therefore, various demonstration projects and activities have been collected to 

• identify suitable case studies and present them 

• collect data for a closer evaluation and assessment of selected cases  

The following sections analyze various implementation stories from the participating nations. It is 

demonstrated that, in general, distinct constraints occur for each nation, despite the fact that the basic 

principles of economical energy dispatch and ensuring power grid stability apply to all systems. The 

power networks are linked via Continental Europe's synchronous grid. The criteria for district heating 

vary based on the local business case for heat distribution in which the project is realized. 

As a result, the purpose is to create a collection of concepts that include various implementation 

examples. The study team is able to present 28 different scenarios from five different countries where 

heat pumps are integrated and operated providing flexibility. All of the instances may be found on the 

Annex 57 website. 

This provides solid evidence that heat pump operation with numerous flexibility choices is a proven, 

reliable and market-ready technology concerning optimal economical dispatch whereas grid forming 

operation modes are technically so far not applied. This collection of demonstration examples 

compiles proven information based on the experiences and conclusions of many initiatives. To 

encourage the actual application of the aforementioned flexibility choices, it is critical that existing 

knowhow is to be shared to all stakeholders. Furthermore, these exhibitions of inventive and bold 

forerunners are vital for providing practitioners with better ideas and examples of the potentials and 

approaches to implementing additional flexibility for the operation of heat pump systems. 

This report considers demonstrations with diverse system configurations and boundary 

circumstances, such as currently realized system concepts as well as planned or designed systems. 



Successful implementation stories 
Figure 1 shows an interactive map with the locations of the gathered case studies 

marked. The map is freely accessible to all users on the Annex 57 website1. 

Each site is furthermore listed in Table 1.  

 

Figure 1: Locations of the regarded best practice examples © Goolge Maps 

Each location in the table is listed by country of installation and has a short description with 

supplementary information. Details on the instances may be obtained by visiting the website listed 

below, where information may be downloaded as a profile for each site. The table below offers an 

overview of the various situations, listing and categorizing all selected cases. 

Table 1: The selected and described best practice examples.  

No City and Area Country Classification Description  

1 Neusiedl am 

See 

Austria Central HP & DH 

In operation 

Use excess wind electricity for heat pumps 

to enable flexible operation of the district 

heating system 

2 Vienna Austria Central HP & DH 

Design study 

Exploratory study of heat pump pooling 

concepts in urban district heating networks 

3 Vienna Austria Decentral HP 

In operation 

Large-scale deployment of prosumer 

flexibility in short-term electricity markets 

considering prosumer interests 

4 Hallein / 

Salzburg 

Austria Central HP & DH 

In operation 

Investigate and demonstrate the 

integration of an absorption heat in a 

biomass cogeneration plant for waste heat 

utilization 

 
1 See: https://heatpumpingtechnologies.org/annex57/case-studies/ 



No City and Area Country Classification Description  

5 Vienna Austria Central HP & DH 

In operation 

Waste heat utilization spa Vienna, Austria 

6 Aalborg Denmark Decentral HP 

In operation 

To have a CO2 neutral cooling production 

for the warehouse and use of excess heat 

from the cooling production in the district 

heating system 

7 Sdr. Felding Denmark Central HP & DH 

Under 

construction 

District heating company expands their 

existing biomass-based production 

8 Esbjerg Denmark Central HP & DH 

Under 

construction 

The world’s largest seawater heat pump 

9 Copenhagen / 

Nordhavn 

Denmark Central HP & DH 

In operation 

FlexHeat, Energylab Nordhavn 

10 Copenhagen Denmark Decentral HP 

In operation 

Heat Booster Substation 

11 Neuburg an der 

Donau 

Germany Decentral HP 

Design study 

Transformation and operational 

optimization 

12 Berlin-Köpenick Germany Central HP & DH 

Under 

construction 

Vattenfall Wärme, Berlin-Köpenick, 

Germany 

13 Mannheim-

Neckarau 

Germany Central HP & DH 

Under 

construction 

Large Scale power plant Mannheim 

14 Berlin-Neukölln Germany Central HP & DH 

In operation 

District Heating Plant Neukölln 

15 Rosenheim Germany Central HP & DH 

Under 

construction 

Municipal utility 

16 Stuttgart-

Münster 

Germany Central HP & DH 

In operation 

Waste-to-energy CHP plant 

17 Karlsruhe 

Durlach 

Germany Decentral HP 

In operation 

Smart District Karlsruhe: smart operation 

control strategies of various supply 

technologies under reducing temperature 

levels 

18 The Hague Netherlands Decentral HP 

In operation 

Couperus smart grid. Demonstrates 

reductions of peak load with help of smart 

grid technology 

19 Utrecht Netherlands Decentral HP 

Design study 

Flexibilization of the electricity grid by 

means of AI optimization 



No City and Area Country Classification Description  

20 Dalen Netherlands Decentral HP 

Design study 

DACS-HW Aggeregation and flexible 

control of hybrid heat pumps in a district 

21 Houten Netherlands Decentral HP 

Under 

construction 

Electrification innovation platform building 

sector 

22  Netherlands Decentral HP 

In operation 

Jouw Energie moment 

23  Sweden Decentral HP 

In operation 

Investigate possibilities for demand 

response of heating and domestic hot 

water production in homes with electrical 

heaters and heat pumps. 

24 Göteborg, 

Backadalen 

Sweden Central HP & DH 

In operation 

The purpose of Smart Heat was to 

combine district heating and geothermal 

heat pumps in order to optimize heat 

consumption and reduce heating costs 

25 Eskilstuna Sweden Decentral HP 

In operation 

Flexible energy system integration using 

concept development, demonstration and 

replication. Flexi-Sync aims to optimize the 

flexibility in the district energy sector, a 

sector with untapped potential to balance 

the energy system 

26 Klokel Sweden Decentral HP 

In operation 

New forms of cooperation in the energy 

market: We are convinced that demand-

flexibility through aggregators will be a 

very important issue in our future energy 

27 Stockholm Sweden Central HP & DH 

In operation 

Stockholm Exergi has some large heat 

pumps in the district heating system. The 

operation of the heat pumps is optimized 

together with other heat generation 

resources depending on heat demand, 

electricity and other fuel prices. 

28 Stockholm Sweden Central HP & DH 

Under 

construction 

Sthlmflex is a research project aimed to 

create and test a flexibility market in 

”Storstockholm” (Greater Stockholm) 

 

So far, examples have been included and explained in accordance with standard procedure. 

• In all, 13 examples describe decentralized heat pump integration in buildings, whereas 15 

cases describe large heat pump integration in district heating grids.  

• 17 of the 28 examples are operational, 7 are under construction, and 4 design studies have 

been documented. 

If feasible, the instances are offered in a two-page version as well as a longer version. Each case 

study marked on the map includes a specific link to a longer and more comprehensive explanation of 



the case, as well as a brief summary, in the form of a free to download pdf file. The overview 

documents are two pages long. The first page summarises the project's key points and includes 

images of the item. More detail on the technological idea may be found on the second page. 

Summary and lessons learned from the best practice examples 
As the technology for large heat pumps is originated in e.g. refrigeration and gas handling for 

industrial purposes the basic components are quite mature developed. Nether the less on a system 

point of view some adaptions need to be taken into account and rolled out in real live operational 

requirements for district heating (DH) systems. First the operational temperature range in DH systems 

and its implications on refrigerant fluids, lubricants as well as the developed pressures and 

temperatures have to be adopted. Secondly the control regime for the requirements of DH systems 

have to be taken into account. So, first implementations where to overcome some general challenges 

and basic experiences have been generated. Heat pump technology at large scale for DH systems is 

mature to be integrated nowadays.  

Until now, flexibility in light of electrical grid forming requirements was not an issue. The general 

elements have just been completed and published under the auspices of the German Federal Ministry 

of Economy and Climate BMWK as part of the "Roadmap Systemstabilität 2". It is demonstrated the 

effects of transitioning from a centrally oriented power plant system based on rotating synchronous 

generators with a specified moment of inertia feeding into a high voltage transportation grid. As the 

future grid architecture will rely mostly on transformers feeding into medium grid voltage and working 

as grid-forming inverters based on power electronics, transformers would be used extensively. Large 

scale heat pumps may be linked at the same level, and their technical needs in terms of frequency, 

voltage, responsiveness, and grid development have not yet been examined. It has recently been 

proved that operation is cost-efficient within the day-ahead and intraday market as the underlying 

dynamics, and the economical and design optimization of the systems are currently being examined 

by R&D. 

Major conclusions from the best practice examples 

The implementation cases discussed here provide insights into conceptual hydraulic integration and 

practical operating methodologies.  

In accordance with customary protocol, examples have been included and described thus far. There 

are thirteen examples of decentralized heat pump integration in buildings and fifteen cases of big heat 

pump integration in district heating grids. Seventeen of the twenty-eight instances are operating, 

seven are under construction, and four design studies have been recorded. So far, large scale heat 

pumps coupled to district heating systems may be operated under an affordable dispatch. Grid-

supporting services may be beneficial, but they have yet to be solved technically. 

The case study descriptions' major goal was to generate and collect current demonstration concepts 

as success stories for the integration of flexibility with heat pumps. Flexibility can be realized on a 

small scale with decentralized heat pumps, or on a larger scale with larger heat pumps and district 

heating grids. These experiences, ideas, and insights obtained while constructing these systems are 

shared. The use of today's technology and interaction between various components inside the 

systems are examples of shown systems. As seen by the numerous case studies, there are several 

potentials to use heat pumps in the flexibility sector, both technically and economically.  

Within the considered realized systems an economically optimal dispatch is widely rolled out and 

scientifically monitored. Electricity grid system forming operation as part of balancing services are 

 
2 https://www.bmwk.de/Redaktion/DE/Publikationen/Energie/20231204-roadmap-
systemstabilitaet.html 



expected to have a high potential that is examined by simulation approaches but has not been 

implemented in the considered real-live running systems so far. 

Each analyzed case has a short explanation on the Homepage, as well as an expanded and more 

thorough version. The table in this chapter summarizes the essential characteristics of the projects. 
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