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http://calculators.energy.utexas.edu/lcoe_map/#/county/tech
UT Austin - Levelized Cost of Electricity

Energy costs 
(current)

http://calculators.energy.utexas.edu/lcoe_map/


http://calculators.energy.utexas.edu/lcoe_map/#/county/tech
UT Austin - Levelized Cost of Electricity

Regional 
Greenhouse Gas 

Initiative

http://calculators.energy.utexas.edu/lcoe_map/


http://calculators.energy.utexas.edu/lcoe_map/#/county/tech
UT Austin - Levelized Cost of Electricity

CA & Quebec

http://calculators.energy.utexas.edu/lcoe_map/


http://calculators.energy.utexas.edu/lcoe_map/#/county/tech
UT Austin - Levelized Cost of Electricity

Social Cost of 
Carbon ($50)

http://calculators.energy.utexas.edu/lcoe_map/


Lovins, Kammen, et al (2019) Environmental Research Letters
https://iopscience.iop.org/article/10.1088/1748-9326/ab55ab

2014 APEC Summit
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NDC Commitments
to the Paris Accords

Needed Innovations

Kigali Accords

Paris, 2015: 
2 degree 
objective

IPCC, 2018: 
1.5 degree 
objective



13



14



15



C. Figueres, et al, 2017, Nature



C. Figueres, et al, 2017, Nature



The Green Energy Economy

Figure 2 from “Recalibrating climate prospects”

Lovins, Ürge-Vorsatz, Mundaca, Kammen & Glassman

Environ. Res. Lett. 14, 120201 (2019) 
doi:10.1088/1748-9326/ab55ab



Secretary of State John Kerry

President Barack Obama



20



Overview
• The climate crisis is now an (urgent) opportunity

• Infrastructure for the green energy economy

• The power the Just Transition / Green New Deal



2013 2020 2030

California Energy Goals: 
Aggressive & Evolving

20% 33%
50%

22

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

60%



California Climate 
Laws

Senate Bill 100:
100% green energy in 2045

Senate Bill 32:
Cap & Trade carbon market

Senate Bill 375:
Vehicle miles must be offset

Solar Mandate:
1 million solar roofs by 

2020

EV Mandate:
1 million EVs by 2020



• All new residential construction in California will be 
zero net energy by 2020.

Residential New Construction

California Energy Efficiency Policy 
Drives Innovation



• All new commercial construction in California will be zero net 
energy by 2030.

• Leverage opportunities from emerging technologies initiatives, 
incentive programs, and local initiatives targeting commercial 

building/ property developers.

Commercial New Construction 

Big Bold EE Strategies



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):
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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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. ; 



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: manufacturing and R&D 

Deployment as a function of cost and R&D … a better fit 
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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
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From the SWITCH Model to Implementation

California’s (2020) 2% Peak Demand Storage Requirement
EnerVault Iron-Chromium Technology 

1 MW-hr capacity at 250 kW (4 hour duration)

Turlock, CA

36





The SWITCH Modeling Framework
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Professor Zechun Hu
2018

Professor Minyou Chen
2018, 2019

Visiting Scholars Participating in RAEL-China Research Partnership

Ziming Ma, PhD Student
2018 - 2019

Bo Li, PhD Student
2019

Xiaoli Zhang, PhD Student
2019 - 2020

Dongran Liu, PhD Student
2019 - 2020

Guangzhi Yin, PhD Student
2019 - 2020
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China’s Energy Future
SWITCH China model

• Capacity expansion deterministic linear program

• Minimizes total cost of the power system:
• Generation investment and operation
• Transmission investment and operation
• New module: CO2 emission cost

Geographic:
– 31 load areas

Temporal: 
– 4 investment periods: 2016-2025 (“2020”); 2026-2035 (“2030”); 

2036-2045 (“2040”); 2046-2055 (“2050”); 
– 144 hours simulated for each period (516 hours in total)

• Dispatch simulated simultaneously with investment decisions



100% EV taxi fleet in Shenzhen, China (25,000+ vehicles)
24 month fleet conversion

Led by
Dr Cheng Zheng, CEO, Aspiring Citizens Cleantech (ACC), Chengdu, 
China 
& Gordon Bauer & Daniel Kammen (ERG, UC Berkeley)



Optimized dispatch (with a simple app): 
50% reduced delay time



Optimized dispatch improves charger 
economics

<50% 
viable 

without 
subsidy

75% 
viable 

without 
subsidy



Optimized charging time: removing shift change 
constraint reduces charging burden by up to 90% 

- Drivers prefer to change shift with full 
battery charge, creating inefficient 
charging behavior

- Peak charging occurs during peak 
demand, leading to lost revenue

Results:

- Enabling drivers to change shift at 
~75% SOC reduces charging burden 
by almost 50%

- If drivers also take advantage of break 
times to charge, they can reduce 
charging burden by 90%

Drivers who 
change shift at 60-
80% SOC charge 
during lunch and 
earn more money



Schmitt, Kittner, Kondoff & Kammen (2019) Nature, 569, 330-332
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§ Millions of oblique 
images acquired, 
processed, and refined.

Sunroof Data

Deborah Sunter, Sergio Castellanos & Daniel M Kammen (2019) “Disparities in rooftop photovoltaics deployment in the United States by race and ethnicity,“ Nature Sustainability, 2, 71 – 76. 



Large Racial disparity in solar  – even at same income

15
Deborah Sunter, Sergio Castellanos & Daniel M Kammen (2019) “Disparities in rooftop photovoltaics deployment in the United States by race and ethnicity,“ Nature Sustainability, 2, 71 – 76. 



Solar Installations by Racial Composition in Identified Tracts

15
Deborah Sunter, Sergio Castellanos & Daniel M Kammen (2019) “Disparities in rooftop photovoltaics deployment in the United States by race and ethnicity,“ Nature Sustainability, 2, 71 – 76. 
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In one year a youth movement on climate went from 

From this To this

Four million people
September 20 – 27: a week of action
Expectations locally to globally



http://rael.berkeley.edu

Environmental 
Justice

• Lack of EV access where the 
health benefits are highest

• CA Green New Deal: Dedicated 
seed fund of $3.5 billion/yr for   
disadvantaged areas

• CA SB50 (housing access at transit 
hubs): bill failed 2x



http://www.urbandisplacement.org/map/sf 5
7



EcoBlock Vision: A Multi-Customer Microgrid Solution
Electrical system combines 
DER

• Communal rooftop solar PV

• Communal energy storage 
system (flywheel and/or 
battery)

• Intelligent loads and electric 
demand response

• Shared Electric vehicle (EV) 
charging

• Smart controls in a direct-
current (DC) microgrid 
infrastructure

behind a single 
interconnection with PG&E



CEC Phase II Partners 



EcoBlock Vision: Different possible topologies for AC and DC 
power sharing

Project Team 
selected Option 2 as 
most appropriate for 

the first Pilot 
EcoBlock

Different topologies 
may fit 

different situations



Electricity
• System Architecture
Ø ~200 kW PV DC microgrid based on 

utility backbone with single inverter 
connection to the grid

Ø Charging stations for shared EVs – or 
Individual charging stations

Ø 10 x 25 kWh/10 kW flywheel storage
• Estimated ~250 to 300 MWh/year PV 

production.





http://rael.berkeley.edu

Kibera Town Women’s Center, Nairobi:
Microgrid franchise model leverages community energy

• Largest slum in Africa

• Minimal infrastructure

• Unmet energy demand

• Leverage Women’s 
resource center (600 

users/day)

• Women’s resource 
center opens 2017

• Community training 
center

• Hub of franchise 
model for community 

micro-grid



The Green Energy Economy



The Green Energy Economy

High temperature (400 C+)Low temperature (80 C+)



Thank you

• Twitter: @dan_kammen

• http://rael.berkeley.edu




