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Solar Thermal Vision 2030

New buildings

100% solar heated buildings 
will be the building standard

Existing building stock

Solar refurbished buildings, 
> 50% solar heated, will be the most cost 
effective way to refurbish the building stock

Industrial and agricultural applications

solar thermal systems will cover process 
heating and cooling demands

Overall goal: Cover 50% of the low temperature 
need up to 250°C with solar thermal
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Cost Target: 5 – 10 Eurocent/kWh

Target: Cost Reduction by Economies of Scale
and Technological Development
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Long-term effect of compact heat storage
• Gradual introduction of improved compact storage 

technologies starting in 2015
• Generated solar thermal energy in EU doubles in 

2030
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The road to a new technology for compact 
heat storage

1. Which technologies are suited?
With what materials?

2. Materials testing and improving
- How can we determine the material properties
- Do we understand the underlying principles
- Can we make better materials

3. Find and developed processes
Look to industrial processes

4. Develop the technology towards large market scale
Some development routes include fundamental research
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TCM Research and Development

Goal: a compact heat storage system with storage density 10 
times better than water.

• Activities:
- materials research
- process development
- system development

• Typical system requirements for application of TCM heat 
storage in the built environment:

- storage density > 1 GJ/m3

- driving temperatures < 180 °C
- charge/discharge power 1-10 kW
- storage capacity 100 kWh (micro-cogeneration) – 20 GJ 

(seasonal storage)
- # cycles: 30 (seasonal storage) – 1500 (micro-

cogeneration)
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General principle A + B ���� AB + heat

Chemical heat storage
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• Components stored sepearately
without heat loss 

• Long term heat storage

• Charge with temperatures typically
higher than 100ºC

• Storage capacity between 250 and 
4000 kJ/kg
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Materials selection (ECN, 2004)

Principal criteria: energy storage density, temperature

A <=> B + C GJ/m3 T(oC) score
MgSO4 · 7H2O MgSO4 7H2O 2.8 122 9.5%
SiO2 Si O2 37.9 4065 9.0%
FeCO3 FeO (wustite) CO2 2.6 180 6.3%
Fe(OH)2 FeO H2O 2.2 150 4.8%
CaSO4 · 2H2O CaSO4 2H2O 1.4 89 4.3%
MgSO4  ·H2O MgSO4 H2O 1.3 216 2.7%
ZnCO3 ZnO CO2 2.5 133 1.6%
CaCl2  .  2H2O CaCl2 . 1H2O H2O 0.6 174 1.1%
MgSO4 · 7H2O MgSO4·1H2O H2O 2.3 105 1.1%
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MgSO4.7H2O �  MgSO4.6H2O + H2O

MgSO4.6H2O �  MgSO4.0,2H2O + 5,8H2O

MgSO4.0,2H2O �  MgSO4 + 0,2H2O

Thermochemical material – MgSO 4x7H2O

Reaction: MgSO4xnH2O + heat ® MgSO4 + nH2O

Sample mass
decreases at 
increasing
temperature



10

Morphology
• Change in grain shape and size after 

hydration/dehydration cycle
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Morphology

Marked difference found in hydration behaviour of 
samples of two different suppliers
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Cycling measurements

• Set-up for cycling
behaviour
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Thermochemical storage of solar heat

Separate 
reactor 
concept
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Reactor concepts

Fluidised bed reactorBulk flow reactor
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Reactor concepts

Moving grate dryer

Hot screw dryer,extruder
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Where are we now

• Hydration – dehydration of MgSO4 shown
• Cycling: efficiency drops to a stable(?) 70%
• Reactors: first inventory of unit operations
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Open questions and challenges

• Morphology: influence of cracks
• Influence of impurities
• Long-term cycling behaviour
• Models to understand the kinetics and 

heat and mass transport
• Reactor design, taking material

properties into account
• Numerical modelling and optimisation

of reactors
• Material production process
• …and so on and so forth
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Compact Thermal Energy Storage
Development: International approach

• The vast task cannot be achieved by one single 
institute or one single country

• International collaboration
- Of experts from different fields
- In a programmed research effort



Why thermal energy storage?

Every renewable heating technology uses thermal energy storage!
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International Initiatives for Compact 
Thermal Energy Storage

• ESTTP Strategic Research Agenda

• Joint IEA Task/Annex:
Compact Thermal Energy Storage; 
Material Development and System Integration


