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188.5610 from https://www.thehenryford.org/exhibits/pic/2004/July.asp

“I can’t wait 

to see what 

happens 

when our 

industries 

merge.”



Utility revenues

Efficiency
Distributed 

renewables

Storage (including EVs)

Flexible demand

New financial and 

business models
Regulatory 

shifts

Customer 

choice

Integrative 

design

$



thin, long, crooked fat, short, straight

Designing to save ~90% of pipe and duct friction—

equivalent to about half the world’s coal-fired electricity

Typical paybacks ≤1 y retrofit, ≤0 new-build

But not yet in any textbook, official study, or industry forecast



LED and PV

Sources: L: courtesy of  Dr. Yukio Narukawa (Nichia Corp., Tokushima, Japan) from J. Physics. D: Appl. Phys. 43(2010) 354002, doi:10.1088/0022-3727/43/35/354002, updated by RMI with CREE lm/W data, 2015, www.cree.com/News-and-Events/Cree-News/Press-Releases/2014/March/300LPW-LED-barrier;. 

R: RMI analysis, at average 2013 USEIA fossil-fueled generation efficiencies and each year’s real fuel costs (no O&M); utility-scale PV: LBNL, Utility-Scale Solar 2013 (Sep 2014), Fig. 18; onshore wind: USDOE, 2013 Wind Technologies Market Report (Aug 2014), “Windbelt” (Interior zone) windfarms’ average 

PPA; German feed-in tariff (falls with cost to yield ~6%/y real return): Fraunhofer ISE, Cost Perspective, Grid and Market Integration of Renewable Energies, p 6 (Jan 2014); all sources net of subsidies; graph inspired by 2014 “Terrordome” slide, Michael Parker, Bernstein Alliance
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Coal-fired steam turbine, fuel cost only

Oil-fired condensing, fuel cost only

Natural gas CCGT, fuel cost only

Utility-scale solar PV, total cost

Onshore windpower, total cost

German PV residential feed-in tariff
(Seattle-like climate)

http://www.cree.com/News-and-Events/Cree-News/Press-Releases/2014/March/300LPW-LED-barrier


Netherlands: trade electricity with fellow-customers
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Renewable energy’s costs continue to plummet
Wind and photovoltaics: U.S. generation-weighted-average Power Purchase Agreement (PPA) prices, by year of signing
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* = lowest unsubsidized 

auction bids worldwide

*

Updated through Mar 2017; solar asterisks: Chile (2.91¢/kWh, Aug 2016) and Mexico (2.7 ¢/kWh, Feb 2017); wind asterisk: Morocco (Jan 2016) 



Grid flexibility supply curve 

cost

efficient use

demand 

response

(all values shown are conceptual and illustrative)

accurate 

forecasting 

of wind + PV

diversify 

renewables 

by type and 

location

dispatchable 

renewables and 

cogeneration

bulk 

storage

fossil-

fueled 

backup

distributed 

electricity 

storage

incl. EVs

thermal 

storage

ability to accommodate

reliably a large share of

variable renewable power 



158%+$5T 0
in savings bigger economy oil, coal, nuclear



587%+ 42%
in savings

经济节约
bigger GDP

经济规模
less carbon

碳排放减少

RMB21T2010 NPV



1900: where’s the first car?

Easter Parades on Fifth Avenue, New York, 13 years apart

1913: where’s the last horse?

Images: L, National Archive, www.archives.gov/research/american-cities/images/american-cities-101.jpg; R,  shorpy.com/node/204. 
Inspiration: Tona Seba’s keynote lecture at AltCar, Santa Monica CA, 28 Oct 2014, http://tonyseba.com/keynote-at-altcar-expo-100-electric-transportation-100-solar-by-2030/

?

http://www.archives.gov/research/american-cities/images/american-cities-101.jpg
http://tonyseba.com/keynote-at-altcar-expo-100-electric-transportation-100-solar-by-2030/




All through cities, up and down the supply chain



From the Age of Carbon to the Age of Silicon
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