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C. Figueres, et al, 2017, Nature



The Green Energy Economy

“Recalibrating climate prospects”

Lovins, Ürge-Vorsatz, Mundaca, Kammen & Glassman

Environ. Res. Lett. 14, 120201 (2019) 

doi:10.1088/1748-9326/ab55ab
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The Learning Curve

Swanson’s Law

“Moore’s Law”



Materials Science for Storage Innovation

Data from: Schmidt, O., Hawkes, A., Gambhir, A., & Staffell, I. (2017). The future cost of electrical energy storage based on experience rates. 

Nature Energy, 2, 2017110. Qiu, Y., & Anadon, L. D. (2012). The price of wind power in China during its expansion: Technology adoption, learning-

by-doing, economies of scale, and manufacturing localization. Energy Economics, 34(3), 772-785. ; 



The Hydrogen Innovation Potential

IRENA (2020), Green Hydrogen Cost Reduction: Scaling up Electrolysers to Meet the 1.5⁰C Climate Goal,

International Renewable Energy Agency, Abu Dhabi. ISBN: 978-92-9260-295-6



Iron-Chromium Flow Battery + PV in the 

California Energy / Storage Market

EnerVault Iron-Chromium Technology 
1 MW-hr capacity at 250 kW (4 hour duration)
Turlock, CA
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2014: Storage capacity mandate (for 2020) launched, CA AB 2514

2020: CA meets 1.2 GW (2%) mandate

2021: Moss Landing storage facility will exceed entire 2020 mandate



Zero net energy after January 1, 2020

Residential Construction

California Energy Efficiency  & Solar

Policy Drives Innovation



http://rael.berkeley.edu

The demography of  discrimination

http://burycoal.com/blog/2011/09/27/sierra-club-new-filter-ads/
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No majority

Google’s Sunroof:

60 million roofs:



No majority
White

Hispanic

Black

Summary:

Across income levels, solar 

is:

• 30% more likely in 

majority White 

communities

• 30%+ less likely in 

majority Hispanic 

communities

• 60%+ less likely in 

majority Black 

communities 



Many opportunities to integrate climate & social justice

https://www.sfchronicle.com/opinion/article/How-electric-vehicles-can-help-advance-social-15351293.php

https://www.nytimes.com/2019/03/25/opinion/california-home-prices-climate.html
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Solve Climate by 2030: Can We?
Energy economics say we can

Overnight 

Energy costs:

$0/tCO2 Gas

Solar

Wind

Nuclear

Gas



http://rael.berkeley.edu

Solve Climate by 2030: Can We?
Energy economics say we can

California & 

Quebec:

$20/tCO2
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Solve Climate by 2030: Can We?
Energy economics say we can

Social Cost of 

Carbon:

$50/tCO2
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The social cost of carbon now in use in the USA 
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Who Cares?

https://climatecommunication.yale.edu/publications/race-and-climate-change/

Ballew, M., Maibach, E., Kotcher, J., Bergquist, P., Rosenthal, S., Marlon, J., and Leiserowitz, A. 

(2020). Which racial/ethnic groups care most about climate change?. Yale University and George Mason 

University. New Haven, CT: Yale Program on Climate Change Communication.

https://climatecommunication.yale.edu/publications/race-and-climate-change/



