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Natural Gas: The Future?
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e Electricity production accounts for 25% of Tasportation
US greenhouse gas emissions’ -

e Main source of electricity is from petroleum
(37%)*

e Natural gas emits 52% less CO, than coal,
31% less than petroleum’

U.S. energy-related carbon dioxide

e Natural gas just a temporary fix emissions by source, 2019
o  Still attributes 33% of energy-related carbon o= st milion metrie fons
emissions? gl ™S
o Mostly obtained by hydraulic fracturing (fracking)? L e

e Conventional renewable energy is expensive
and/or intermittent

petroleum
46%




Hydrogen: The Next Step in Green Energy

e Most abundant element, can be e No carbon-based emissions

generated locally ® More heat released
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Hydrogen facilities and renewable energy resources in the U.S. [4]



NOx Removal —} Off-Gas to Atmosphere

e ) Energy Out

TRB-101
Combustion _
Chamber + ‘ Energy Out

CH-101

\___._—/

HX-101

CON-101

<)

P-101

Process flow diagram (PFD) of combustion system. Maroon streams represent the water/steam streams of the bottoming cycle. Turbine 101
(TRB-101) is the primary turbine. Excess heat in exhaust is used to produce high pressure steam in the bottom cycle (HX-101). The bottoming
cycle increases plant efficiency by ~10% and provides a source of heat for the plant. NOx removal system scrubs effluent before release to
atmosphere and exhaust gas recycle (EGR) decreases amount of NOx produced in the process.




Process Methods and Unique
Challenges

ppppp
Process flow diagram shown previously of the
combustion and bottoming cycles

e Bottoming cycle to boost
efficiency

e NOx prevention: exhaust
recycle
NOx removal system
Liquid hydrogen storage
on-site presents unique safety
hazards that must be
mitigated

P&ID of hydrogen storage and supply system



Thank you!
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