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#TBT: the dawn of the 20t Century
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A tale of two scientists

Fritz Haber Carl Bosch
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Life—and death—from ammonia’s very discovery
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BUT... feeding the planet hurts the planet
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A crisis of food equity

® Ammonia loading facilities @ Ammonia unloading port facilities
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Rethinking the paradigm
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An uphill battle

N,+3H, = 2 NH,

N,

Nitrogen’s triple bond is extremely stable—
requiring lots of energy to break it.
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An uphill battle

/The First Life Lesson of\

N,+3H, — 2NH, )
Thermodynamics

You break it, you buy it
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Nitrogen’s triple bond is extremely stable—
requiring lots of energy to break it.
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Electrochemistry unlocks possibilities to make ammonia using renewables

4 Electrochemistry D
helps tip the scales in
ammonia’s favor and

allows us to utilize

N renewable inputs. Y,
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What to expect when you’'re expecting electrifying

/The Second Life Lesson of\

Thermodynamics

Electrons are a lot like kids.

(., ...1% make NH,
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Modularization unlocks the future of renewable NH, and food equity

Creates fertilizer when and
where we need it...
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Modularization unlocks the future of renewable NH, and food equity

Creates fertilizer when and
where we need it...

........

...only needs air, water
and renewable electricity
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Reversing Haber-Bosch

Liquid NH; is

1.5x

more energy-
dense than H,
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Reversing Haber-Bosch

g The Third Life Lesson of Thermodynamics h

\Sometimes, things work out the way you want.j
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NREL is helpi '
lping build the future ammonia energy
economy
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Circularity of nitrogen and hydrogen
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