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Thermal Energy Storage
Thermal energy storage (TES) is a 
technology that stores energy in the 
thermal form (sensible, latent, or 
thermochemical) so the energy can be 
used later.
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Consumer friendly flexible energy use



Transform electricity consumption approach for heating and cooling

Energy conversion and Storage
Electrified thermal energy storage

Energy conversion
direct/indirect electrical heating



Electrified Thermal Energy Storage (ETES)

Electrical heating methods

• Indirect resistance heating

• Direct resistance (Ohmic) heating

• Infrared heating

• Arc heating

• Electron beam heating

• Induction heating

• Dielectric (microwave) heating

• Dielectric (radio frequency) heating

• …

Thermal Energy Storage methods

• Sensible Heat Storage (SHS)

• Latent Heat Storage (LHS)

• Thermochemical Energy Storage (TCS)



Commercial Electrified Thermal Energy Storage technologies



Direct participation in grid balancing



Indirect participation in grid balancing through electricity tariffs



Case 1: Electrothermal store, combining Ohmic heating with TCES

UoB aims to be a pioneer in developing new electrified thermal
energy storage solutions by combining volumetric electric
heating with thermochemical energy storage.

e-Thermal Bank
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Electrothermal store

Fabrication process of salt-in-GO composite



Charging and discharging performance of the prototype



Case 2: e-Thermal Bank, combining microwave heating with TCES

UoB aims to be a pioneer in developing new electrified thermal energy storage solutions by
combining volumetric electric heating with thermochemical energy storage.



Advantages of combining microwave heating with TCES
 Advantages of TCES

• Ultra-High Energy Density (3-10X of SHS & LHS), suitable for space-constrained applications

• Minimal Energy Loss During Storage, no need for heavy insulation

• Chemical heat pump effect, can either amplify heat or raise temperature, and generate cooling

 Advantages of microwave heating

• Rapid and uniform volumetric heating, ideal to prevent sensitive material degradation

• No direct contact with the heating materials 

• Compatibility with Smart Control Systems for real-time monitoring & optimization

 Advantages of the combination

• Volumetric heating enhances ‘Volumetric reaction’ kinetics

• Selective heating of the TCES sorbates (polar molecules such as H2O, NH3, etc.) 

• Compact and modular design without large heat exchangers



Our journey on e-Thermal Bank development



Summary

• In a renewable-dominated and decentralised energy future, ETES has the potential to play a major 

role in actively supporting grid balancing.

• Cost-effectiveness and operational flexibility may take precedence over maximising energy efficiency.

• ETES may leverage the chemical heat pump effect, which significantly enhances its efficiency 

compared to conventional sensible or latent heat-based ETES technologies.

• TCES-based ETES offers a significantly higher energy density compared to conventional sensible and 

latent heat-based ETES technologies.

• Microwave heating is a highly scalable and efficient technology, making it an excellent choice for ETES 

applications.

• The e-thermal bank is particularly well-suited for EU residential and commercial applications as it 

uniquely offers both heating in winter and cooling in summer, a capability that is impossible for 

existing ETES solutions.



Electrified Thermal Energy Storage: 
• Converts, stores, and potentially amplifies energy

• Turns intermittent renewables into dispatchable thermal

• Shifts thermal users’ electricity consumption pattern from ‘when it is needed’ 
to ‘when it is available’ (demand-driven to supply-driven)
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