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Three graphs

Share of renewables Storage needs vs renewable share Storage technologies (capacity “asymptote”)
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Crystal ball (Disclaimers)
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Of predicting the future of energy systems…
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Pumped hydro storage mystery
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Kougias and S. Szabo, Pumped hydroelectric storage utilization assessment,
Energy 140, 318-329, 2017
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Energy end use structure
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J.M. Cullen and J.M. Allwood, Energy Policy 38, 75-81, 2010

+

Food energy (~3 MWh; 3000 kcal per person and day)
NB: Agriculture = 38.4% of land area
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End use energy mix and variability
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M. Friedl et al., Fokusstudie «Saisonale Flexibilisierung einer nachhaltigen Energieversorgun der Schweiz, 2018
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Renewables: Status and targets
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Status

Targets

* blessed with renewables (hydro)
** connected to large grid

Working version v0.3

Electricity

Working version v0.3

Total energy
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Renewables vs energy storage needs
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Grid flexibility Energy flexibility
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Renewables vs energy storage needs
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Grid flexibility Energy flexibility
Sector coupling and integration

Batteries,
«15 min»
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Technology boundaries
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Ragone plot
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Storage technology costs
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• Scale
• Life
• Maintenance
• Efficiency
• Site independence
• “Fuel” logistics
• Learning curve

Working version v0.3




