Case Study Database: District Heating Innovation

A reference collection of real-world projects for student research. 
It is organised into three themes:
1) thermal energy storage,
2) renewable (solar/heat pump) integration, and

Each entry gives the project name, core parameters, and a link to find more detail.
Several projects appear in more than one section (e.g., Vojens, Braedstrup, Varanto) because real DH decarbonisation projects typically combine storage, renewables, and waste heat rather than using a single technology in isolation - worth highlighting when comparing case studies.

1. Thermal Energy Storage (TES) in District Heating

Vojens Pit Thermal Energy Storage (PTES) -  Denmark
World's largest pit thermal energy storage: a 200,000 m3 earth basin charged by a 70,000 m2 solar collector field (one of Europe's largest). Surplus summer solar heat is stored and discharged into the DH network in winter, operated by Vojens Fjernvarme. 
https://www.solmax.com/global/en/case-studies/worlds-largest-pit-thermal-storage-in-vojens

Toftlund Pit Thermal Energy Storage - Denmark
An 85,000 m3 earth-basin PTES that stores solar heat collected in summer for release into the local DH network in winter, part of Toftlund's solar-plus-storage DH concept. https://www.solmax.com/global/en/case-studies/pit-thermal-storage-in-toftlund-denmark

Marstal / SUNSTORE 4 - Denmark (Ærø island)
Long-running demonstration of-100% renewable DH combining a -75,000 m3 seasonal pit storage with a large solar collector field, showing that solar can cover 50%+ of annual heat demand without biomass. 6' https://www.solar-district-heating.eu/ (search "Marstal") and https://bankwatch.org/wp-content/uploads/2022/05/2022-05_Case-Study-Marstal_eng.pdf 

Dronninglund Solar & Pit Storage -Denmark
A 62,000 m3 PTES paired with a -35,000 m2 solar collector field and seasonal storage, one of the reference plants used in Danish/EU PTES performance studies (PlanEnergi/Solites/DTU). 
https://www.iea-dhc.org/home  (Annex XII Task C report, Task C project 03)

Høje Taastrup Short-Term PTES -   Denmark
The first large-scale short-term (non-solar) PTES: 70,000 m3, 30 MW charge/discharge capacity, 3,300 MWh storage capacity, cycled 25-30 times per year to buffer CHP and waste-incineration heat for greater Copenhagen's DH grid. Includes an open research monitoring dataset. 
https://github.com/PitStorages/HojeTaastrupData
and
https://www.sciencedirect.com/science/article/pii/S2352152X25022170

Varanto Cavern Thermal Energy Storage - Vantaa, Finland
Under construction seasonal storage in three excavated bedrock caverns (20 m x 300 m x 40 m each,1.1 million m3 total, up to100-140 m below ground). Water is pressurised to reach up to140 °C. Capacity 90 GWh - enough to heat a mid-sized Finnish city for a year; will store surplus waste-to-energy and electric-boiler heat. Expected  online  -2028-2030. 
https://www.vantaanenergia.fi/en/about-us/projects/varanto-the-cavern-thermal-energy-storage/

Braedstrup Borehole Thermal Energy Storage (BTES) - Denmark
Combines an 18,600 m2 solar collector field (integrated into a gas-fired CHP plant) with a borehole seasonal storage (19,000 m3 of underground strata, -500 MWh at 65 °C) plus water tanks and a1.5 MW heat pump to boost stored heat to 80 °C for the grid. 
https://r-aces.eu/use_case/braedstrup-district-heating/ 
and
https://solarheateurope.eu/2020/04/20/solar-district-heating-systems-in-denmark/

Viborg PTES Economic Case Study- Denmark
A modelling case study (DTU) of a hypothetical PTES combined with an air-to-water heat pump and electric boiler in Viborg's DH system, showing -10% reduction in levelised cost of heat and a 5.1-year payback versus a system without storage.
https://orbit.dtu.dk/en/home/index/ (search "Investigations of pit thermal energy storages in district heating systems")


2. Renewable (Solar Thermal & Heat Pump) Integration into District Heating

Vojens & Marstal Solar District Heating (see also Section 1)
Both combine very large solar collector fields (70,000 m2 and -36,000 m2 respectively) directly with DH networks; useful paired examples of solar-DH at different city scales.
https://www.solar-district-heating.eu/

Braedstrup Solar-CHP-Heat Pump Hybrid - Denmark
First plant worldwide to integrate solar thermal into a natural-gas CHP DH system (2007), later expanded with a groundwater heat pump and borehole storage; illustrates sector­ coupling between solar heat, gas CHP, and electricity markets.
https://solarheateurope.eu/2020/04/20/solar-district-heating-systems-in-denmark/

Danish National Solar District Heating Portfolio
Denmark passed 1,000,000 m2 of installed solar collectors across 85 municipal DH networks - a good entry point for browsing dozens of individual solar-DH plants (Gram, Silkeborg, Toftlund, etc.) by size and configuration.
https://www.solar-district-heating.eu/1-million-square-meters-solar-thermal-collectors-in-danish-district-heating-plants/

Drammen Seawater Heat Pump - Norway
World-renowned large-scale natural-refrigerant (ammonia) seawater heat pump: -14-15 MW, COP: 3.15, extracting heat from fjord water at 8-9 °C and delivering 90 °C DH water to -60,000 residents; powered by Norwegian hydropower for near-zero operating emissions. Operating since 2011.
https://www.neatpumps.com/case-studies/drammen-district-heating-heatpumps/
and
https://www.star-ref.co.uk/case-studies/district-heating/drammen-neatpump/

Esbjerg Seawater CO2  Heat Pump - Denmark
One of the largest seawater heat pumps in Europe and the largest CO2 (R744) heat pump worldwide at commissioning:-60-70 MW heat, transcritical CO2  cycle, drawing seawater from the North Sea to supply DH at 60-90 °C forward temperature. 
https://heatpumpingtechnologies.org/project57/  (Task 2 Denmark case study, Esbjerg)

Katri Vala Heat Pump Plant - Helsinki, Finland
90 MW combined heat-and-cooling heat pump plant using district cooling return water (summer) and ambient/sea water (winter) as heat sources - an example of integrated heating/cooling heat pump operation in a dense city network.
https://www.helen.fi/en/news/2023/Waste-heat-plays-a-significant-role-in-a-sustainable-energy-system

Stockholm Heat Pump Fleet (incl. Ropsten/Vartaverket) - Sweden
Stockholm's DH system has used heat pumps since 1977 (originally recovering IBM server heat) and now operates roughly 660 MW of heat pump capacity using treated sewage water, seawater, district cooling return, data centres, and grocery-store cooling as heat sources - a good "portfolio" example of multi-source urban heat pump integration. 
https://www.stockholmexergi.se/

Brista 2 Waste-to-Energy Heat Pump Integration - Stockholm, Sweden
Two mechanical heat pumps serially pre-heat DH return flow using internal process heat (flue-gas condensate, turbines, compressors) from a waste-to-energy plant - illustrating heat pumps embedded directly in generation processes rather than external sources. 
https://www.stockholmexergi.se/arsredovisning-2025/en/production/distribution-system/
(Search "Brista 2 Stockholm Exergi heat pump")
