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Patented LPEA process based on initial PIC membrane

| > EERC developed and patented

+ U.S. Patent 9,005,422 B2 DC Power R TR
« U.S. Patent 8,152,988
> Based on PIC membrane, which comprises: Excess H, €=~ |48 = B > NH; + Excess N,
* Inorganic proton conductor material Reyce) _‘ |Tcondense) isgyce)
capable of 10-? siemens/centimeter (S/cm)
proton conductivity at 350°C Hy—2H" +2¢ . Ny +6H" + 6" — 2NH,
. High-temperature polymer matrix for gas-  /Anode Chamber L Cathode Chamber
tight seal
> Key LPEA performance attributes Humidified Hy - [B | [ ‘<~ Humidified N,
« Solid state simplicity Anode Cathode
« Economic turn down/on/off capability Cf;?,grst PIC Cf;?/grst
Electrolyte

* Modularity/scalability
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Advanced PIC Membrane

» Advanced compositing process
yields nanofibers comprising “core”

of inorganic proton conductor (IPC)
and “shell” of high-temperature

polymer (HTP)
» Core—shell IPC—HTP nanofibers

aligned within HTP matrix function
as proton-conducting “wires”

» Resulting PIC membrane is gas-

tight with high-proton-conductivity at
350°C operating temperature,

required for commercially relevant
NH3 production rate
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PIC Proton Exchange Membrane Performance Targets

« Proton conductivity of 2102 siemens/centimeter (S/cm) at 350°C
« Gas permeability of <2% at 350°C
« Ability to sustain 10-2 S/cm proton conductivity for at least 1000 hours

« Mechanical strength (at 350°C) comparable to that of commercial PEM
electrolyzer membrane

« As measured in membrane—electrode assembly (MEA) at 350°C:

— Current efficiency of 265% for ammonia formation at current density of
>(0.25 amps/centimeter?*

— Ammonia production efficiency of 265%*
— <0.3% performance degradation per 1000 hours operation®
* U.S Department of Energy-specified performance target



LPEA Techno-Economic Evaluation

 Establish LPEA input energy requirement based on results of
extended system operation tests (minimum 12% reduction versus
HB is targeted)

 Derive (from project data) complete LPEA system capital and
operating cost estimates (on per-annual-ton-ammonia-production-
capacity basis) at distributed scales selected to match renewable
energy generation capacities specified by North Dakota utilities

* Project overall per-ton ammonia production costs at selected North
Dakota locations

 Compare LPEA per-ton cost with per-ton cost of HB-produced
delivered ammonia
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Commercialization

Use techno-economic analysis results to secure arrangements with North Dakota utility
or ammonia production facility for LPEA pilot-scale demo

Use demo results to negotiate nonexclusive licenses with engineering/design firms that
service ammonia, chemical, power industries

Use demo results to market LPEA as:

— Option for integration into existing ammonia supply chain to replace portions of and/or
supplement current HB infrastructure

— Means for monetizing renewable energy and/or utilizing low-cost off-peak power.

PIC membrane may also be applicable to high-temperature low-energy electrolysis for
hydrogen production (below)
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* Technology based on EERC-NDSU-developed polymer-inorganic composite (PIC) electrolytic membrane.
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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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CONTACT INFORMATION

Energy & Environmental Research Center
University of North Dakota

15 North 23rd Street, Stop 9018

Grand Forks, ND 58202-9018

www.undeerc.org
701.777.5000 (phone)
701.777.5181 (fax)

Ted Aulich
Principal Process Chemist

701.777.2982
taulich@undeerc.org
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