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General introduction
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Energy landscape



Solar and wind
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Energy storage

• Battery technology is just one

of energy storage

technologies.



Modern applications of batteries

• Consumer electronics, electric vehicles (also combustion vehicles)

• Space: satellites, spacecraft, rovers

• Transport: forklifts, mobility, high speed trains, airplanes, drones

• Defense: communications, military vehicles, portable power, 

submarines, even certain machine guns
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Other applications of batteries
• Electric power grids: frequency modulation and regulation for solar/wind

• Nuclear: backup power

• Sensors: remote photography, thermal cameras, security cameras, motion sensors, chemical 

sensors, smoke detectors

• Biomedical: pacemakers, hearing aids

7



Future applications

• Consumer/biomedical: Wearable electronics, implantable electronics

• Electric power supply: microgrids, load balancing

• Transport: ferries, cargo ships, airplanes, helicopters, drones

• Communication: Internet of Things/VR/Metaverse(?)

• Robots
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Batteries: the story

Alessandro Volta Voltaic pile



Li-ion batteries

•The principles of Li-ion 

chemistry could be 

applied to other battery 

chemistries
Journal of Power Sources, 2020, 459, 228073 10



Electrolyte
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Batteries: quick glance
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Charge: ions move from cathode to anode

Discharge: ions move from anode to cathode



Processes in batteries
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Batteries in Europe
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Batteries in Norway
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Materials and problems
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Materials and problems
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Materials and problems



Beyond Li-ion batteries
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Li Na

Na-ion batteries



Na-ion batteries: cathodes - PBAs
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Na-ion batteries: anodes – hard carbon
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Na-ion batteries: comparison
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Materials for batteries at UiO
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• Operando studies• New materials • Computation and 
machine learning



Operando characterization
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Operando Studies
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