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Opportunities to integrate energy innovation & 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



Mapping Resource Footprints (coolclimate.Berkeley.edu)



Mapping Resource Footprints (coolclimate.Berkeley.edu)



https://racetozero.unfccc.int/system/breakthrough-agenda/

COP27 Transition Agenda

CLEAN POWER already the least cost 

option for new construction in many 

settings.  

Zero emissions ROAD 

TRANSPORT the new normal –

accessible, affordable and sustainable in all 

regions by 2030.

Near zero STEEL the preferred choice in 

global markets, with efficient use and near-

zero emission steel production established 

and growing in every region by 2030.

Zero and very low 

carbon HYDROGEN globally available 

by 2030.

Climate-resilient, 

sustainable AGRICULTURE the most 

attractive and widely adopted option for 

farmers everywhere by 2030.

https://racetozero.unfccc.int/system/breakthrough-agenda/

https://climatechampions.unfccc.int/wp-content/uploads/2022/11/Power-Breakthrough-Priority-International-Actions-for-2023-final.docx
https://climatechampions.unfccc.int/wp-content/uploads/2022/11/Road-Transport-Breakthrough-Priority-International-Actions-for-2023-final-11.docx
https://climatechampions.unfccc.int/wp-content/uploads/2022/11/Steel-Breakthrough-Priority-International-Actions-for-2023-final.docx.pdf
https://climatechampions.unfccc.int/wp-content/uploads/2022/11/Hydrogen-Breakthrough-Priority-International-Actions-for-2023-final1.docx
https://climatechampions.unfccc.int/wp-content/uploads/2022/11/Agriculture-Breakthrough-Priority-International-Actions-for-2023-FINAL-002.docx


http://rael.berkeley.edu

The demography of discrimination

According to Bloomberg New Energy, it is now cheaper to build renewables than to operate fossil fuel power plants in most locations1.
1 https://www.bloomberg.com/news/articles/2021-06-23/building-new-renewables-cheaper-than-running-fossil-fuel-plants



RAEL’s ”SWITCH” Power System Models 

to Plan the Clean Energy Transition

WECC (Western 

North America)

Chile

East African 

Power Pool 

(EAPP):

1. Kenya

2. Planned: 

Uganda & 

Tanzania

India & 

Bangladesh

in progress 

China

Malaysian 

Borneo

Kosovo

Nicaragua:

http://rael.berkeley/edu/project/SWITCH

Mexico - in progress 



The SWITCH Modeling Framework

http://rael.Berkeley.edu/project/SWITCH
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Storage almost exclusively moves solar to the night
Geothermal only remaining substantial baseload

Dispatch in 2050:

Flexibility and variable renewables dominate

-50	

0	

50	

100	

150	

200	

250	

300	

19	3	11	18	2	10	19	3	11	18	2	10	19	3	11	18	2	10	17	1	 9	18	2	10	17	1	 9	18	2	10	18	2	10	17	1	 9	18	2	10	17	1	 9	18	2	10	17	1	 9	17	1	 9	18	2	10	18	2	10	17	1	 9	19	3	11	18	2	10	18	2	10	19	3	11	W
EC

C	
El
ec
tr
ic
it
y	
D
is
pa

tc
h	
in
	2
05
0	
(G
W
)	

Hour	of	Day	(PST)	

Nuclear	 Geothermal	 Biopower	 Coal	

Coal	CCS	 Gas	(baseload)	 Gas	CCS	 Gas	(intermediate)	

Gas	(peaker)	 Storage	(discharging)	 Hydro	(non-pumped)	 Solar	

Wind	 Storage	(charging)	 Demand	

	Jan					Feb						Mar				Apr					May					Jun						Jul						Aug					Sep					Oct						Nov				Dec	

10



11



Pathways for

Western

North America



From (perceived) utility crisis to clean energy opportunity



Electric Vehicle Data Science: 

China and New York City



As of 2021: 95% of the taxi fleet is EV in Shenzhen, China (31,000+ vehicles)

Example: Shenzhen Taxi Fleet Transformed

in partnership with RAEL



Shenzhen e-taxi fleet: long queues and lost revenue

Solutions through data analytics and optimization
20 % increase in driver revenue, charging queues reduced 80%



The Learning Curve

Swanson’s Law

“Moore’s Law”
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Materials Science & Engineering for Storage Innovation

Schmidt, O., Hawkes, A., Gambhir, A., & Staffell, I. (2017) The future cost of electrical energy storage. Nature Energy, 2, 2017110. 

Qiu, Y., & Anadon, L. D. (2012) The price of wind power in China during its expansion. Energy Economics, 34(3), 772-785.

Kittner, Lil & Kammen (2017) Energy storage innovation. Nature Energy, 2, 17125



http://rael.berkeley.edu

Kittner, N., Lill, F., Kammen, D.M. (2017). “Energy storage deployment and innovation for the clean energy transition.” 

Nature Energy 2 17125.

Two-factor learning curves: engineering, manufacturing and R&D 

Deployment as a function of cost and R&D … a significantly better fit 

𝐶2
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=
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Post IRA, Chips & Science Act, and Infrastructure Act, it is critical we collaborate 

to a accelerate investment in not only R&D, moving research to implementation



http://rael.berkeley.edu

Rethinking Communities and Infrastructure: The Paradise Fire



Overnight 

Energy costs:

$0/tCO2



Overnight 

Energy costs:

$0/tCO2

Gas

Solar

Wind

Nuclear

Gas



China & 

California’s 

market price 

for carbon 

emissions

$20/tCO2



A Social Cost 

of Carbon:

> $50/tCO2
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