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ïOverview and Comparison



Energy Storage ïCentral Component

Å Energy storages are central components of many energy 
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Energy Storage ïElectricity

Å Electrical Energy can be stored as chemical energy

Å Electrical Energy can be stored as mechanical energy

Å Electrical Energy can be stored directly
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Energy Storage ïElectricity



Energy Storage ïThermal Energy

Å Thermal Energy can be stored as sensible heat

Å Thermal Energy can be stored as latent heat

Å Thermal Energy can be stored thermo-chemically



Different Thermal Energy Storage (TES) Technologies:

ÅSensible TES (Heating/cooling Storage medium)

Storage Capacity º100 MJ/m³  

Storage Volume º10 m³

ÅLatent TES (Phase Change Materials PCM)

Storage Capacityº300 - 500 MJ/m³

Storage Volume º2,5 m³

ÅThermochemical Reactions (e.g. Sorption storages)

Storage Capacityº1000 MJ/m³

Storage Volume º1 m³

Energy Storage ïThermal Energy



Å Hydrogen Storage!

Å Methane from Renewable Electricity!

Å Synthetic Liquid Fuels!

Energy Storage ïmore?

Over-all Efficiency < 45-50 %, fuel cells

ÅNo Losses Ÿ long-term storage 

ÅDistribution possible + existing infrastructure

Over-all Efficiency >60 %, storage capacity (Germany) = 200 TWh

Mobility!
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Energy Storage ïProperties

ÅGeneral Properties of an energy Storage System:

ïStorage capacity (kWh/kg, kWh/m³)

ïCharging/discharging power (W/kg, W/m³)

ïStorage Efficiency

ïStorage period (time)

ïPrice (ú/kWh, ú/W)

Phys. / chem. effect, storage materials

Transfer phenomena, storage construction

Losses due to time or energy transformation

From seconds to years

Coupled to the number of storage cyles



Mechanical, Electrical and Thermal Energy 

Storage Technologies

 Storage 

Technologies

Capacity      

kWh/t

Power          

MW Efficiency

Storage 

Time    

Cost             

ú/kWh

Pumped Hydro 1 1-500 80% day - month 50

Flywheel 5-100 1-100 90% hour 3000-5000

CAES 2 kWh/m³ 300 40-70% day 400-800

Lead-Acid 40 85% day - month 200

Li-ion bat. 130 0.02 - ?? 90% day - month 1000

NaS bat. 110 0.05 - 50 85% day 300

Redox-Flow bat. 25 0.01-10 75% day - month 500

SMES 3 10 95% hour - day 100000

Supercaps 5 0.001 - 1 95% hour - day 100000

Hot Water 10-50 0.001 - 10 50-90% day - year 0.1

PCM 50-150 0.001 - 1 75-90% hour - week 10-50

Chemical Reactions 120-250 0.01 - 1 100% hour - day 8-40

Hydrogen 30000 0.001 - 1 25-50% day - year 1000 ú/kW



Energy Storage
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Comparison of Technologies
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thermal Energy Ÿ Storage Ÿ thermal Energy 

Electrical Energy Ÿ mechanical Energy Ÿ Storage Ÿ mechanical 

Energy Ÿ Electrical Energy

Efficency: about 70 %

ĂBetweenñ the Technologies:

Existing Examples

Å CAES:

Electrical Energy Ÿ mechanical Energy Ÿ Storage Ÿ mechanical 
Energy Ÿ Electrical Energy 

Efficency: about 40 %
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ĂBetweenñ the Technologies:

Existing Examples

Å Concentrated Solar Power (CSP)

Thermal Energy Ÿ Storage Ÿ thermal Energy Ÿ electrical Energy 

Sensible TES (R&D on latent TES)

Storage medium: Molten Salt, concrete, sand,é

Temperatures: 300- 600 C
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Examples from Background Document



ĂBetweenñ the Technologies:

Existing Examples

Å Solar Power


