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2013 2020 2030

California Energy & Environmental Justice Path 
35%+ of Carbon Cap & Trade Funds for Under-Served Communities

20% 33%
50%

3

California Senate Bill 100: 100% clean energy by 2045 and 
2030 standard now 60% (without nuclear or large hydro)

60%



The California Clean Energy Trajectory

https://focus.senate.ca.gov/sb100
2035 is now under discussion for 100% RE



http://rael.berkeley.edu

From the analysis of biofuels to low-carbon mobility

Carbon Intensity of Fuels
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The Science paper became the Low Carbon Fuel Standard
That included indirect land use


Carbon Intensity

		Gasoline - CaRFG + 10% Ethanol		Gasoline - CaRFG + 10% Ethanol

		Midwest Corn Ethanol (Ave)		Midwest Corn Ethanol (Ave)

		Sugarcane Ethanol (Brazil)		Sugarcane Ethanol (Brazil)

		California Ethanol (Dry mill, Wet DGS)		California Ethanol (Dry mill, Wet DGS)

		Cellulosic Ethanol (Farmed Poplar)		Cellulosic Ethanol (Farmed Poplar)

		Cellulosic Ethanol (Waste)		Cellulosic Ethanol (Waste)

		Electricity (Ca Marginal)		Electricity (Ca Marginal)

		Hydrogen (SB1505)		Hydrogen (SB1505)



Baseline

2020 Target

Today's Biofuels

Future Low-Carbon Fuels
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Carbon Intensity (CO2e/MJ)

Carbon Intensity of Fuels
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2020 Scenario

		Today (MMgal)		Today (MMgal)		Today (MMgal)		Today (MMgal)		Today (MMgal)
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LCFS Quadruples the
Volume of Non-Petroleum Fuels

LCFS Diversifies the Fuel Supply
And Reduced Petroleum Consumption

LC Corn Ethanol

HC Corn Ethanol

Advanced Biofuels

Bio/Renewable Diesel

CNG, H2, Electricity

Billion Gallons of Biofuels

LCFS Increases Demand of Biofuels and 
Diversity of Transportation Fuels
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Ca_Investment
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Algae Biodiesel
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Other Advanced Biofuels

California Cleantech Venture Capital Investment 
Biofuels not Related to Corn
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CI Data

		

		Fuel Type		Direct		Indirect		Total

		Gasoline - CaRFG + 10% Ethanol		96.09		0		96.09				86.481

		Midwest Corn Ethanol (Ave)		69.4		30		99.4

		Sugarcane Ethanol (Brazil)		27.4		46		73.4

		California Ethanol (Dry mill, Wet DGS)		50.7		30		80.7

		Cellulosic Ethanol (Farmed Poplar)		2.4		18		20.4

		Cellulosic Ethanol (Waste)		22.2		0		22.2

		Electricity (Ca Marginal)		34.09		0		34.09

		Hydrogen (SB1505)		33.09		0		33.09





Ca_Invest_Data

		

		Cleantech investment in California in Biofuels, NOT related to Corn

				2002		2004		2005		2006		2007		2008		Grand Total

		Algae Biodiesel				310000		0				27610000		65000000		92920000

		Biodiesel		2200000				10000000		26000000		72205000		20000000		130405000

		Cellulosic Ethanol						500000		4050000		52600000		45000000		102150000

		Sugarcane Ethanol												90000000		90000000

		Other Advanced Biofuels				11000000				37000000		2500000		25000000		75500000

		Grand Total		2200000		11310000		10500000		67050000		154915000		245000000		490975000

		Source:  Cleantech Group LLC

		Analysis:  Collaborative Economics Inc.

		and for only 2008 data from http://www.biofuelsdigest.com/blog2/2009/01/23/vc-investment-in-us-biofuels-reaches-6348-million-in-2008-a-biofuels-digest-special-report/

		DRAFT





Ca_Invest_Data2

		

				http://www.biofuelsdigest.com/blog2/2009/01/23/vc-investment-in-us-biofuels-reaches-6348-million-in-2008-a-biofuels-digest-special-report/



http://www.biofuelsdigest.com/blog2/2009/01/23/vc-investment-in-us-biofuels-reaches-6348-million-in-2008-a-biofuels-digest-special-report/



2020 Scenario_Data

				2020 w/o LCFS (bgal)		2020 w/ LCFS (bgal)		volume diff		% Difference

		Gasoline (bgal)		13.38		11.7		1.68		-13

		Diesel (bgal)		5.4		4.5		0.9		-17

		MW Corn Ethanol (bgal)		0.67		0.0000000001		0.6699999999		-100

		CA Corn Ethanol (bgal)		0.17		0.3		-0.13		76

		Advanced Biofuels (bgal)		0.068		3.3		-3.232		4753

		CNG Vehicles		12000		25100		-13100		109

		Electric Vehicles (millions)		0.0025		0.8908		-0.8883		35532

		FCV (millions)		0.0005		0.11		-0.1095		21900

		Fuel		2020

				% Difference		Volume (billion gge)

		Gasoline		-13		11.76

		Diesel		-17		4.5

		MW Corn Ethanol		-100		0

		CA Corn Ethanol		75		0.21

		Advanced Biofuels		4800		2

		CNG		very high		-------

		Electric		very high		-------

		FCV		very high		-------

				Today (MMgal)		2020 (MMgal)

		LC Corn Ethanol		0.1		0.3

		HC Corn Ethanol		0.8		0

		Advanced Biofuels		0		2.5

		Bio/Renewable Diesel		0		0.8

		CNG, H2, Electricity		0		0.1





2020

Fuel % Difference |Volume (billion gge)

Gasoline -13 11.76
Diesel -17 4.5
High-C Corn Ethanol -100 0
Low-C Corn Ethanol 75 0.21
Advanced Biofuels 4800 2
CNG very high [ oo

Electric very high

FCV very high







   Cobalt Biofuels  (biobutanol)  $ 25M   Solazyme  (algae)  $ 45M   Amyris  (sugarcane)  $ 90M   Fulcrum  $ ?   Aurora Biofuels  (Algae)  $ 20M   Eden IQ  (cellulosic ethanol)  $ 30M   Greenline  (biodiesel)  $ 20M   BlueFire Ethanol  (cellulosic)  $ 15M    
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			$ 30M





			Greenline (biodiesel)


			$ 20M





			BlueFire Ethanol (cellulosic)


			$ 15M












http://rael.berkeley.edu



California sets new clean energy records: 
Update: 104% of  demand met by clean energy,  May 2022



From (perceived) utility crisis to clean energy opportunity
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http://rael.berkeley.edu

The Oakland EcoBlock



NationsBusinessesCommunity Groups

Institutions



RAEL’s ”SWITCH” Power System Models 
to Plan the Clean Energy Transition

WECC (Western 
North America)

Chile

East African Power 
Pool (EAPP):

Operational: Kenya, 
Uganda

In progress: Tanzania, 
South Sudan, Ethiopia

India & 
Bangladesh
in progress 

China

Malaysian 
Borneo

Kosovo

Nicaragua

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

Mexico



Storage almost exclusively moves solar to the night
Geothermal only remaining substantial baseload

Dispatch in 2050 (SWITCH-WECC, Western North America):
Flexibility and variable renewables dominate

14



Electric Vehicle Data Science: 
China and New York City



Big Data Application | Solving long wait time outside EV 
taxi charging stations

Rows of faster chargers (total 637) 
inside China’s largest EV charging station

Lines of EV taxis waiting 
to enter the charging station



Data Science for Optimized dispatch: 
20% reduced delay time; increased revenue



PAIR MaaS Brain
Integrated green mobility of subway, bus, bike & EV



Schmitt, Kittner, Kondoff & Kammen (2019) Nature, 569, 330-332



● Up to 50% of vaccines are 
wasted to unreliable cold 
chain

● Low utilization of COVID-19 
vaccine 

● Significant patient record 
downtime

● Equipment failure
● Limited services
● Low staff retention

ACCESS TO POWER SAVES LIVES
Approximately one in four public health facilities across 
sub-Saharan Africa do not have access to electricity



The Toll of Being Unelectrified in Africa

Source: Kakoulaki, Georgia; Moner-Girona, Magda (2021); Miles & Kammen, (2022)

67% of public health 
facilities have 
intermittent access to 
electricity; 25% with 
no access at all

326,225
preventable deaths 
of children ages 0-
5 in 2019



1,790

10,000 25,000

Roadmap to 100,000+ electrified facilities

Market Based Solution
Models created that support health 

electrification beyond donor 
investment

HETA/ Multilateral HFE Compact
Power Africa committed to electrify 10,000 facilities 

under the Multilateral HFE Compact which aims to
electricity 25,000 health facilities by 2025 

through public-private partnerships

441

Facilities electrified by Power Africa

Clinics electrified across SSA
Since 2020 by USAID

100,000



Granular, live-view of outlet-level power quality

7 days of voltage at 25 HFs between Jan 1-10, 2023



Reliability at three Hospitals in Goma & Kivu Provinces



http://rael.berkeley.edu
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Thank you     



http://rael.berkeley.edu

Extra & Discussion Slides    



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



The Learning Curve
Swanson’s Law

“Moore’s Law”

Cost (C) & Sales(V) 
at times t1 and t2 

𝐶𝐶𝑡𝑡𝑡
𝐶𝐶𝑡𝑡𝑡

=
𝑉𝑉𝑡𝑡𝑡
𝑉𝑉𝑡𝑡𝑡

−𝑏𝑏
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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



Results dissemination and building partnerships

Article access: https://doi.org/10.1016/j.deveng.2022.100101



Racial diversity boosts financial performance and market share

Top Quartile 
in racial diversity

+35%
financial outperformance

For every

10%

+1%
financial growth

Companies with diverse 
leadership teams are

Building Diverse Teams Drives Substantial, Positive 
Outcomes (n > 200 Silicon Valley startups, clean- fin-tech)

increase in senior 
team diversity

45% likelier to grow 
market share

70% likelier to capture 
a new market

+



 Millions of oblique images 
acquired, processed, and refined.

Sunroof’s Data



Who Gets Solar?White community ~+21% 
Hispanic community ~–30%

Black community  ~–69%

Even at same income



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)
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