
Energy Storage Technologies



The future

§Energy Storage Systems
§Electrical storage

§ Peak
§ Daily/Weekly
§ Seasonal

§Thermal storage
§ Centralized
§ Distributed
§ Power to heat

§Chemical storage
§ Power to fuels
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The future

§Electric energy storage technologies
§Pumped hydroelectric storage
§Chemical energy storage

§ Hydrogen
§ LAES
§ Flow batteries

§Electrochemical energy storage
§Compressed air energy storage
§Flywheels
§???
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The future

§Thermal Energy Storage
§Hot water tanks

§ District storage
§ Distributed storage

§PCM
§Heat recovery from hot water
§MicroCHP with heat recovery
§???
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Comparison
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Pumped hydro
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Pumped hydro
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Pumped hydro

§ Size: up to 4000 MW
§ Efficiency: 75-85%
§ Duration: 50-60 years

8



Pumped hydro

9



Pumped hydro
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CAES
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CAES
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CAES

§ Underground storage may be as large as 400 MW for 8-24 hours
§ Aboveground are between 3 and 50 MW for 2-6 hours
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CAES
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Flywheel
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Flywheel
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Flywheel

§ Size: between 0.6 and 10 kWh and 100 to 1500 kW
§ Direct current with response times in milliseconds
§ Roundtrip efficiency: 70-80%
§ Duration: 100000 cycles
§ Power density 5-10 times that of batteries

17



Batteries

§ Sodium-sulfur
§ Sodium-Nickel-Chloride
§ Vanadium redox
§ Iron-chromium
§ Zinc-bromine
§ Zinc-Air
§ Lead-Acid
§ Lithium-Ion
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Sodium-sulfur batteries
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Sodium-sulfur batteries
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Sodium-sulfur batteries
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Sodium-sulfur batteries
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Sodium-sulfur batteries
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Sodium-nickel-chloride batteries
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Sodium-nickel-chloride batteries
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Sodium-nickel-chloride batteries
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Vanadium redox batteries
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Vanadium redox batteries
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Vanadium redox batteries
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Vanadium redox batteries
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Iron Chromium batteries
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Iron Chromium batteries
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Iron Chromium batteries
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Iron Chromium batteries
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Iron Chromium batteries
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Zinc-bromine batteries
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Zinc-bromine batteries
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Zinc-bromine batteries
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Zinc-bromine batteries
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Zinc-Air batteries
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Zinc-Air batteries
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Zinc-Air batteries
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Lead acid batteries

§ Problems with deep discharge
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Lead acid batteries
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Lead acid batteries
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Li-ion batteries
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Li-ion batteries
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Li-ion batteries
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Li-ion batteries
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Let us look at some 
applications and storage

systems
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Emerging technologies
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Emerging technologies
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LAES

The Highview project
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LAES
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q 200 bar maximum pressure, ambient air as hot 
source, without combustion

q Round-trip efficiency ηrt =0.10



LAES
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q 200 bar, double methane combustion, 1400K of 
maximum temperature at turbine inlet, recuperation 
of exhaust gases, cryogenic Organic Rankine Cycle

q Round-trip efficiency ηrt =0.44

q Fuel efficiency ηfuel =0.94



LAES
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q 200 bar, double methane combustion, 1400K of 
maximum temperature at turbine inlet, recuperation 
of exhaust gases, cold Brayton Cycle

q Round-trip efficiency ηrt =0.50

q Fuel efficiency ηfuel =0.79



PTES
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PTES
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SOFC/SOEC
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§The same stack can generate power and hydrogen by using it in 
reverse mode



SOFC/SOEC
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Power to gas
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Conclusions

§There is no leading technology
§Different systems are suitable for 
different energy storage applications
§No further development in renewable
energy is possible without energy
storage
§No sure path is clear for the future
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Conclusions

§Challenges
§Energy supply mix 
§Energy demand mix
§Infrastructure development
§Costs
§Energy storage mix
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