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Demo Case Overview 

This demonstration focuses on the comparative testing of advanced energy storage technologies for use in 

district heating and cooling systems, with particular emphasis on thermal energy storage and short-term 

power stabilization systems. The overall objective is to: 

 Optimize the efficiency and flexibility of district heating systems through seasonal thermal storage 

solutions. 

 Enhance grid stability by integrating fast-response electrical storage devices. 

 Maximize the use of surplus renewable energy, especially in regions with high solar or wind variability. 

 Enable cost savings and reduced CO₂ emissions through better energy management and grid coupling. 

Challenges 

 Seasonal imbalance: Excess solar energy in summer cannot meet the high heating demand in winter 

without long-term thermal storage. 

 Short-term load spikes: Sudden power surges stress the grid and require fast-response storage to 

maintain stability. 

 Energy waste: Surplus renewable energy is often lost due to insufficient storage or real-time 

consumption mismatch. 

 Thermal and electrical systems not fully integrated: Lack of coordination limits the efficiency of sector 

coupling and energy optimization. 
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Solutions 

 Thermal Storage Strategy:  

 Use heat pumps powered by surplus 
renewable electricity to extract heat from 
buildings or solar panels in summer 

 Store this thermal energy in a geothermal 
field for later use in winter 

 Electrical Storage Strategy:  

 Deploy flywheels and ultracapacitors to buffer rapid fluctuations in energy demand 

 Ensure fast response to power spikes and provide frequency regulation and voltage stability 

 Grid Coupling Strategy: 

 Link thermal and electrical subsystems for integrated management 

 Improve coordination between renewable generation, storage, and demand response 

Implementation  

 Cold climate region with intermittent renewable generation 

 District heating and electrical microgrid infrastructure  

 Geothermal field adapted for thermal storage injection and retrieval 

Results and Impact 

 Technical Outcomes: 

 Integration of electrical microgrid and district 
heating system through a geothermal heat 
pump 

 Reduced peak demand on electric grids 
through fast-response energy storage systems 

 

 Quantifiable Benefits: 

 Reduction in fossil fuel use during heating season 

 Short-term peak shaving and response time reduction with flywheel & ultracapacitor prototypes 

 Voltage support and frequency stabilization via fast-response energy storage systems. 

 Strategic Impact: 

 Scalable model for replication in other cold-climate urban areas 

 Supports decarbonization pathways for municipalities and industrial clusters 

 Advances towards climate neutrality goals via integrated thermal-electric solutions 

Fast-response energy storage (ultracapacitor & flywheel) 

Real time monitoring of district heating system 
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Testimonials: 

  
“Integrating geothermal seasonal storage with smart 

microgrid support sets a benchmark for resilient and 

low-carbon thermal networks.” 

P. Peña Carro - Renewable Systems Analyst 

“Flywheels and ultracapacitors deliver fast-response 

energy buffering—critical for stabilizing microgrids 

with high renewable input and variable load.”   

J.A. Marín Carazo - Electrical Systems Specialist 

 

Disclaimer 

Co-funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 
European Union or the European Climate, Infrastructure and Environment Executive Agency (CINEA). Neither the European Union nor the granting 
authority can be held responsible for them. 
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