Ammonia As Hydrogen Carrier to Unlock
the Full Potential of Green Renewables
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Ammonia, a promising and dispatchable energy storage

CO, emission and RE Ammonia as New technologies for e-
production promising solution NH,; energy discharge
« Power, heat & transport are the  Carbon free e-fuel * Intensified cracker with low CRM
main contributors * Robust transport & distribution impact for decentralized and onboard
« Diversification of energy supply infrastructure hydrogen/power generation
through new energy corridors is * Existing regulation and safety
of utmost importance for Europe standards
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E-fuels can unlock New Technologies
hard-to-abate sectors for e-NH; synthesis
* EU policies promoting biofuels * Flexible NH; synthesis loop
and e-fuels are implemented to cope with intermittent
* E-fuels have the least land and electricity sourcing

water footprints and can be
produced at scale
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Cracking technologies are needed to unleash the full
potential of ammonia

Hydrogen refuelling station

*Hydrogen delivered from cracker should have a purity
compatible with 1ISO-14687 with NH; max content of 0,1
ppm

*Cracking system delivering a very pure hydrogen is
required at low temperature

*Fossil fuel Ammonia (and blue ammonia?) comes with Contam Inant Content lSO-14687

various impurities that may be hurt the PEM fuel cell

Carbon Dioxide (COz)! <10 ppm 2 ppm

: Chloride (CI)* <0.3 ppm 0,05 ppm
Fuel cell for decentralized power
generation Total Sulfur (as SO,)!  <0.8 ppm 0,004 ppm
*Possibly using PEM, SOEC and Alkaline fuel cell
with various resistance toward NH3 Silicon (SiO,)? <10 ppm
*SOFC can possibly profit from high temperature
cracking and offer higher efficiency. Heavy metals ppb to ppm level

sImpurities in initial fuel should be a concern

1 Microelectronic grade
2Technical grade liguor ammonia

On-board generation for Internal combustion ;
engine An additional upside of green ammonia: a cleaner

*On-board hydrogen generation may avoid the use of

fossil fuel based blend. fuel for further energy discharge in fuel cells.

*Impact of nitrogen on combustion performance of
NH,/H,/N, mixture

*Cracker need to comply with variation of load.
Autothermal reformer proposed in some studies
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On-board

Conventional fuel system
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Ammonia tank Ammonia pump

Heat exchanger
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500-600°C
Conversion <90%

Conventional
NH; cracker

Advanced membrane reactor fuel system
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Heat exchanger
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350-450°C
Conversion 100%

NH; membrane
cracker

Marine main engine
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Marine main engine
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Performance assesment of hydrogen and ammonia combustion
with various fuels for power generators; Arda Yapicioglu*, Ibrahim
Dincer; 2018
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Decentralized Ammonia Reformer : Membrane reactors
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Membrane reactor for .
NH, cracking ;6330 : = In a conventional reactor, the NH,
. %70 | conversion stays far from the
f 8 o | equilibrium at low temperatures.
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Does decentralization imply a high consumption of valuable
critical raw materials?

Conventional catalysts Alternative catalysts Tomorrow’s catalysts
Fossil fuel feedstock Renewable feedstock Renewable feedstock
[X] Harsh reaction conditions Mild reaction conditions Mild reaction conditions
[X] Low process flexibility Higher process flexibility High process flexibility
[X] Low catalyst activity Higher catalyst activity High catalyst activity
Abundant and cheap materials Rare and expensive materials Non-transition metals
300-600°C <400°C 250°C
150-250 bar < 80 bar 10 bar
H, X H; | | ol 2
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