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Context for the Future of Renewable Energy:
1. Pre-2015: A long (often un-recognized 

today) technical run-up
2. After a long infancy, we are now Post-

2015: An exponential realization of both 
the need and the possibility of entirely 
clean energy economies

3. And the daunting task of 80% clean 
energy by 2050 (per the IPCC and the Paris 
Climate Accord)



Twitter: @dan_kammen

Website: http://rael.berkeley.edu

Resources:

Event Details:
https://www.eventbrite.com/e/innovation-in-the-renewable-energy-

sector-where-do-we-go-from-here-tickets-42156788088

https://www.eventbrite.com/e/innovation-in-the-renewable-energy-sector-where-do-we-go-from-here-tickets-42156788088
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Political Context

U.S.- China Joint Announcement on Climate Change, 2014



Figueres, et al, 2017, Nature



2013 2020 2030

The California Example: 
Ambitious Clean Energy Goals

20%
33%

50%

6The 2045 goal will be100% clean energy



CA Peak Power: Testimony by Goldstein and Rosenfeld (Dec. 1974)



We can actually be confident because …
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The World’s Largest Thin Film Solar PV Project

Desert Sunlight Solar 
Project
550 MW
Riverside County, CA



The World’s Largest Silicon PV Project

Solar Star Project
579 MW
Kern County, CA
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The World’s Largest Iron-Chromium Flow 

Battery

EnerVault Iron-Chromium Technology 
1 MW-hr capacity at 250 kW (4 hour duration)
Turlock, CA
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Fastest production car ever: 0–60 in 2.5* sec. 

seconds

The fine print: At $144,000 the Model S P100D with Ludicrous mode is the third

fastest accelerating production car ever produced, with a 0-60 mph time of 2.5*

seconds. However, both the LaFerrari and the Porsche 918 Spyder were limited

$1 million dollar cars and cannot be bought new. Those cars are small two

seaters with very little luggage space, the pure electric, all-wheel drive Model S

P100D has four doors, seats 5.





Best Research-Cell Efficiencies
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Storage ExhibitsSame Trend as Wind and Solar
Kittner, Lill &  Kammen, Nature Energy, 2017





http://rael.berkeley.edu
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A pathway to sustainability
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Summary

http://rael.berkeley.edu



Morocco



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. Uganda & 

Tanzania 

planned

India & 

Bangladesh

in progress 

China

Malaysian 

Borneo

Kosovo

Nicaragua:

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

Mexico - in progress 
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SWITCH Model Description Analytics

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

𝑚𝑖𝑛
(𝑐𝑖)

. 𝑁𝑃𝑉 

𝑖,𝑘=1

𝑛,𝑚

𝑇𝐶𝑘 (𝑐𝑖)

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑇𝐶𝑘 = 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐶𝑜𝑠𝑡𝑖 ∗ 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑐𝑖) + [𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡𝑖 ∗ 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑐𝑖) ∗ 𝐶𝐹𝑖 ∗ 8760]



𝑖=1

𝑛

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑐𝑖) ∗ 𝑃𝑒𝑎𝑘 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖 ≥ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑒𝑎𝑘 𝐷𝑒𝑚𝑎𝑛𝑑 ∗ [1 + 𝑅𝑒𝑠𝑒𝑟𝑣𝑒 𝑀𝑎𝑟𝑔𝑖𝑛]



𝑖=1

𝑛

[𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑐𝑖) ∗ 𝐶𝐹𝑖 ∗ 8760] ≥ 𝐴𝑛𝑛𝑢𝑎𝑙 𝐿𝑜𝑎𝑑

𝐴𝑛𝑛𝑢𝑎𝑙 𝐿𝑜𝑎𝑑 ∗ 𝑆𝑝𝑖𝑙𝑙 𝐹𝑎𝑐𝑡𝑜𝑟 ≥ 

𝑖=1

𝑛

[𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑐𝑖) ∗ 𝐶𝐹𝑖 ∗ 8760]

𝑇𝑜𝑡𝑎𝑙 𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑃𝑜𝑡𝑒𝑛𝑡𝑎𝑙𝑖 ≥ 

𝑘=1

𝑚

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑐𝑖)







Partnerships (examples):
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State Key Laboratory of Power Transmission 

Equipment and System Security and New Technology 

Chongqing University

重庆大学输配电装备及系统安全与新技术国家重点实验室
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June 2, 2016: Saeed Mohammed Al Tayer

CEO of Dubai Electricity and Water Authority (DEWA) 

800 MW of solar at 2.99 cents/kWh
Location: Mohammed bin Rashid Al Maktoum Solar Park 

Dubai’s goal: lowest carbon footprint of any city in the world
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Off-grid Electricity Enabled by Storage and Efficient Lights, but …

Impossible without secure mobile money
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Don’t forget behavior change (evolution)
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http://coolclimate.berkeley.edu/maps
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New York San Francisco

Bay Area

Chicago Dallas
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Jones and Kammen, 2014

http://coolclimate.berkeley.edu/maps



Twitter: @dan_kammen

Website: http://rael.berkeley.edu

Resources:


