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Every day | make an effort to move toward

what | do not understand.
- Cellist, Yo-Yo Ma
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In the News




High Surface Area Crystal Sponges
MOFs — Metal Organic Frameworks

Northwestern
Image by Christopher Wilmer/NuMat Technologies) Science journal
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In 2019 Tokyo Gas will sell solid 1 TOKYO GAS

green gas (MOFs) in 7-11 stores as
fuel for portable micro fuel cells that

recharge devices.
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Dubai Testing Retail based Fuel Distribution for EV Scooters
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Scenario: Portable, Retail-Shelf Distribution of Green Gas

MyFC predicts that fuel cells will
@FC surpass batteries in energy density

and cost efficiency in a few years

Could fuel-based

micro-power systems

be at same developmental stage
as cell phones in mid 1990s?




Renewables Moving Beyond Electrons to Molecules

What could happen in 12 years?
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Embedded Fuel Cell Systems: Fuel Format, Access, & Competition
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Emerging Solutions for Deep Decarbonization



Decarbonization: Anticipating Transitions & Shifting Expectations
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Empowered Cities Rethinking the Role of Molecules



Empowered Cities




Rethinking the
Role of Molecules
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Renewables and the Age of Energy Appliances
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Renewables & Electrification of Vehicle Fleet
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Thinking Beyond
Passenger Vehicles:

Rail

Marine
Trucking
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BEVs ‘Have Won’ vs Limitations of All Electric Pathway
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Battery pack = 400 miles ‘Duck Curve’ to ‘Dragon Curve
Daily Need = 40 miles '
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The Shared Strategy for Integration & Fuel-based EV Fleet

2 yanmar ARB

J
@ POWERCELL

NIKDL/VC]N." ¢ - ) *
Trucking Maritime

-@ Bo_s?H-

\ )
= B ALSTOM ﬁ

Ultra Electronics Ussl I Protonex: gxtlyH2

2pP e
A2,

' Aviation / UAVs



Is it (Finally) Safe to Talk Publicly about Hydrogen?

Power-to-Gas — Energy Conversion and Storage
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Renewables ®PtG - Scale & Versatility of Hydrogen; Brand of ‘Renewable Gas
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PtG by Incumbents Who Do Scale, Versatility & Business Model Design
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m PEM electrolysis @ AEM electrolysis ® SOEC electrolysis m PEC ~ STCH

Projected hydrogen capacity (energy input) from advanced water splitting
technologies in the next 25 years

PEM = proton exchange membrane; AEM = anion exchange membrane; SOEC = solid oxide
electrolysis cell; PEC = photoelectrochemical; STCH = solar thermochemical.

Katherine Ayers © Materials Research Society, 2017
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How might Oil/Natgas Incumbents React to Green Gas?
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Global Lens on Market Transitions: 2020 — 2035
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