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Gas System — MASSIVE Resource for Zero Emissions

First mix up to X% — ADD grid renewables & transportation electrification
Then piecewise conversion to pure hydrogen
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Gas System — MASSIVE Resource for Zero Emissions

40% of all electric demand — 20 sg. miles of solar, only gas syst- _ se
for H, storage AND all T&D
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Demonstrated Resilience of Fuel Cells and Gas System

San Diego Blackout, 9/28/11 Winter Storm Alfred, 10/29/11 Hurricane Sandy, 10/29/12 CA Earthquake, 8/24/14
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Utility fault droped 138,000V feed, fuel cells
worked flawlessly. NO IMPACT. Thank you
Bloom_Energy! #ebayinnovation




Why Hydrogen? Required for completely zero emissions
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Net-zero emissions energy systems

Steven J. Davis”, Nathan S. Lewis*, Matthew Shaner, Sonia Aggarwal, Doug Arent,
Inés L. Azevedo, Sally M. Benson, Thomas Bradley, Jack Brouwer, Yet-Ming Chiang,
Christopher T. M. Clack, Armond Cohen, Stephen Doig, Jae Edmonds, Paul Fennell,
Christopher B. Field, Bryan Hannegan, Bri-Mathias Hodge, Martin I. Hoffert,
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Why Hydrogen? Zero Emission Fuels Requirer

: i Aircraft
Provide zero emissions fuel 3 \.\“%' i

to difficult end-uses 'Q\‘ i
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Why Hydrogen? Industry Requirements for Heat, Feedstock,

Many examples of applications that cannot be directly electrified

Steel Manufacturing & Processmg Cement Production Plastics
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RD&D Topic #1: System Dynamics of 100% Zero En”  ‘tons Options
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RD&D Topic #2: Hydrogen Safety & Sensing
Tests for Hydrogen Safety

Courtesy: BMW Group, 2000
and Garrity, Murdoch Univ., 2002

Hydrogen Leak GasolineLeak

Excessive Tank Pressure

(BIOCklng all Safety V&'VES) NATIONAL FUEL CELL RESEARCH CENTER




RD&D Topic #2: Hydrogen Safety & Sensing

Hindenburg and the Hydrogen Bomb
No nuclear reactions
Hindenburg disaster caused by paint and skin

H, characteristics
Broadest flammability limits
Low ignition energy (at stoichiometric)
Highest diffusivity
Lowest density

Can be safer than gasoline & natural gas, but different!

In the event of an accident/leak — creation and ignition of
a flammable mixture is less likely with hydrogen
than with gasoline, perhaps more likely than with NG

But, fire marshals, codes, standards,
regulations, are not currently friendly

Recently — disinformation

UCI
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RD&D Topic #3: H, leakage from NG Infrastructure

H2 injection into existing natural gas infrastructure (low pressure)

NG, H,/NG mixtures, H, leak at same rate
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RD&D Topic #3: H, leakage from NG Infrastructure

H2 injection into existing natural gas infrastructure (low pressure)

Copper epoxy applied (Ace Duraflow®) to mitigate H, leaks
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RD&D Topic #3: H, leakage from NG Infrastructure

Results from a previous study (1992)/ our recent findings!

807-815, 1992.
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RD&D Topic #4: Existing Pipeline Embrittlement

Simulation of H2 embrittlement and fatigue crack growth with UIUC

Fatigue crack growth in 6” SoCalGas pipeline

0.188” wall thickness: (h=0.188"=4.8 mm)
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RD&D Topic #5: Massive Storage Facility Transformation

R

The Empire State
Building would fit

Salt Caverns already widely used and proven

Air Liguide & Praxair operating H, salt cavern
storage in Texas since 2016

Very low leakage rate

Massive energy storage

Safe & Low-cost storage

Similar success in Europe
Magnum working with LADWP to adopt similar :mases s anseies beparamencor water and rower
Current CA depleted oil and gas fields not yet used or proven for H, use
Several research and development needs . 69
H2 leakage
H2 reaction with petroleum remnants
H2 biological interactions

H2 storage capacity
H2 safety

UCI

_éim)




RD&D Topic #6: End-Use Impacts of H,/NG mixtures & variability

Meter-sets
Physical flow/measurement characteristics
Heating value and Wobbe Index

Consumer appliances

Stove-top, oven, space heater, water heater, ...
UCI investigations, European studies exist
Up to 20% H, in NG likely manageable

Power plants
Already capable of significant H,/NG blends (e.g., 30%) . a5
R&D for higher H,/NG blends e
Locations where high H, (up to 100%) can be evaluate

Industry ==
Ammonia, refining, glass, ... 6‘

f S ;"\:\
UCI
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