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The Origin of Breakthrough Energy







Breakthrough Landscape of Innovation
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Not. Happening.



Assumptions/Stipulations:

Liquid fuels for transportation will be highly persistent;

The planet will mandate zero-carbon fuels;

The planet will adopt the low-cost solution;

Subsidies at scale are not viable;

Infrastructure-compatible solutions are preferred.



Zero-Carbon Liquid Fuels Means Air Capture



Avg 1972 – 2018 = $54/bbl Strong price support at $60/bbl

Guesstimating the Price of Oil



O2

Concentration: 20.9%
Kinetic Diameter: 346 pM

Dipole Moment: 0
Quadrupole Moment: N

N2

Concentration: 78.1%
Kinetic Diameter: 364 pM

Dipole moment: 0
Quadrupole moment: N

H2O
Concentration: 0 - 5%

Kinetic Diameter: 265 pM
Dipole Moment: 1.8546 d
Quadrupole Moment: Y

CO2

Concentration: 0.04%
Kinetic Diameter: 330 pM

Dipole Moment: 0
Quadrupole Moment: Y

Ar
Concentration: 0.93%

Kinetic Diameter: 340 pM
Dipole Moment: 0

Quadrupole Moment: N



Amines Long Known for CO2 Capture



Solid-Supported Amine Contactors



Current: 10.5 GJ·ton-1; 
long-term: 7.2 GJ·ton-1





We Have a Target…

$60 bbl-1

$12.50 bbl-1

$100 ton-1$2.73 gal-1





~97% Theoretical Yield >95% Theoretical Yield



$1

$1.10$0.08

Where Do We Need to Be?

$2.73 gal-1



Where Are We Now?

$3.72 Bu-1

$0.12 lb-1 $1.60 Gal-1



Cellulosics?

$1 Gal-1 EtOH requires biomass at <$50 ton-1



Does a Viable Low-Cost Feedstock Exist?



Low Cost Renewables?



How Low Cost?

Assumed CAPEX + OPEX Implied Max H2 Price

$0.75 Gal-1 $1.34 kg-1

$1.25 Gal-1 $0.84kg-1



Geologic Hydrogen?





“Far better it is to dare mighty things, to win glorious

triumphs, even though checkered by failure, than to rank

with those poor spirits who live in the gray twilight that

knows not victory nor defeat.”

Theodore Roosevelt, April 1899


