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1) Generation

2) Storage and Distribution



1) The Generation 
Problem
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What’s the problem?

Data from Oil Change International 
Graphics from Vox.com



Future?



Why bet on renewables?





We have consistently been wrong 

The underestimated potential of solar energy to  
mitigate climate change, Nature Energy 2017



Installed Wind Capacity



Enabling the SMART Wind Power Plant of the Future Through Science-Based Innovation - NREL 2017  
https://www.nrel.gov/docs/fy17osti/68123.pdf

Learning

Policy Support

Bullish on  
Other Renewable



BP Statistical Review of World Energy 2017







2) The Storage 
Problem



Variability

NREL - Flexibility in 21st Century Power Systems, https://www.nrel.gov/docs/fy14osti/61721.pdf



Ducks?

California Independent Systems Operators  
https://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf

Duck illustration from  inside energy





Other Issues

• Predictability


• Synchronous Generation 


• Location, location, location


• Resistance to collaboration and flexibility





Batteries?

• Dense


• Cheap


• High Power Output 


• Durability 

PICK 2





Other Ideas
Solar Fuels

Artificial 
Photosynthesis Flow Batteries



Vanadium Flow Battery Juices Onion Plant 
http://www.powermag.com/vanadium-flow-battery-juices-onion-plant/






