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Motivation

Adjustment of solar thermal energy supply
and the specific demand of the application

We have mismatch in terms of:
• time
• Power

Storage is required!
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Characteristics of Solar Radiation

Solar radiation is subjected to significant fluctua tions

• short-term variation => power fluctuation (seconds, 
minutes) e.g. due to clouds

• day / night variation => some hours

• sunny / cloudy periods => some days

• summer/winter season => several months
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Characteristics of Solar Radiation

short-term variation => 

power fluctuation (seconds, minutes) e.g. due to clouds
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Characteristics of Solar Radiation

day / night variation => some hours
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Characteristics of Solar Radiation
sunny / cloudy periods => some days
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Characteristics of Solar Radiation
summer/winter season => several months
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Heat Demand
Typical applications of solar thermal energy:

• domestic hot water

• space heating of buildings

• process heating

=> fluctuation in time

=> fluctuation in power

=> fluctuation in temperature
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Load profile for DHW a Typical Solar 
Application
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Load profile of Solar District Heating
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Load Profile of Process Heating 
Solar process heating - e.g. brewery: storage of solar heat for some days 
appropriate storage techniques
• sensible heat – water storage
• alternative – PCM storage
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Seasonal Storage of Solar Heat
excess solar heat is stored from summer to winter 
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Storage Techniques
short-term / mid-term thermal energy storage

sensible heat storage => water storage

• many storage cycles

• environmental advantages

• high heat capacity

• price
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Today’s Mainly Used Storage 
Techniques 

Disadvantage of water storage :

• tank required 

• insulation

• system integration => system return temperature
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Seasonal Storage Techniques 

Underground Thermal Energy Storage - UTES

Typically 1 – 1.5 storage cycles per year

• underground water tank storage 

• borehole storage

• aquifer storage

• cavern 
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Seasonal Storage – Water Tank 
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Seasonal Storage – Water Tank 



ZAE  BAYERN

Techniques for Energy Systems and Renewable Energie s

Dipl. Phys. Manfred Reuß 06/2008

ZAE/IEA Symposium New Materials for TES, June 03/06.2008 in Bad Tölz

Solar District
Heating

Neckarsulm
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Reichstag in Berlin 
aquifer heat and cold storage as an integrated part of the energy concept of the

parliament building

ZAE  BAYERN
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Aquifer Storage
Reichstag Berlin

Bild Geothermie Neubrandenburg



ZAE  BAYERN

Techniques for Energy Systems and Renewable Energie s

Dipl. Phys. Manfred Reuß 06/2008

ZAE/IEA Symposium New Materials for TES, June 03/06.2008 in Bad Tölz

Advantage of  a hybrid storage
• thermal coupling of both stores
• pit store levels the power variation of the

solar system
• pit store serves as buffer storage
• horizontal temperature gradient

Borehole Storage

• Central water pit made of 
concrete surrounded by a 
ring of bhe‘s

• Surface of the store is
insulated and covered with
soil
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Conclusion 

• Solar applications are a wide field

• Short-term to long-term

• Small to large amount of heat

• Totally different techniques are applied today

• Costs are crucial


