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Carriers — H, rich materials used to Store or Transport energy

Suited to larger energy, longer storage time
applications

« Scalable — like a flow battery

« Geographically agnostic

Different scenarios envisaged
« Stationary (backup power, industrial ...)
* Mobile (bus, truck, ferry ...)
« Used and regenerated onsite (seasonal storage)

« Transported to and from a central regeneration
facility (regional fuel depot)

More complex - require additional equipment
* Reactors, separators, pumps

Can be solid or liquid
« Sorbents or chemical compounds
* Not simply compressed or liquid H,
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Context of energy storage demand — days and MWhs '/H'JMARC
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. Advantages Storage Time
« Liquids to take advantage of infrastructure H, Carriers
* By the numbers - generic H2 carrier 1 :’r:o
* 50 kg Hz/metel’3 (20 kWh/kg H2) 1 wk Batteries
« 1 meter3 ~ 1 MWh 1dy ' |
« ambient temperature and pressure 1hr ¢
 stability years i e |
 Challenges ol
» Round trip efficiency (< 0.7 x 0.6)
» Setting general targets for multiply applications 1kWh 1MWh 1GWh 1TWh Storage Capac,-;
 Industrial entities
% « Chiyoda - Japan
« Hydrogenious - Germany
* Hynertech — China
Q) « HydroSil - France
« Government entities
« US Department of Energy Hydrogen Fuel Cell Technology
CARRIERS Office — HYMARC — Hydrogen Materials Advanced

Research Consortium — an Energy Materials Network



Major R&D Challenges — TBD by experiment, computation '/H'JMARC N
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and modeling

 Known knowns — things we know we need to know
« Gravimetric and volumetric density of material
Thermodynamic properties of material “T1bar” (do we want T 95% conversion?)
Physiochemical properties (mp, bp, vp, viscosity, solubility)
Energy and power requirements for use case
Storage duration and duty cycle for use case
Optimum thermodynamic properties - AH / AS plot
Catalysis: reactivity and selectivity; stability — Weisz criteria

« Known unknowns — things we know we need to know but don’t know yet
* Round trip efficiency — how far are we from (0.7 x 0.6)?

How big is the reactor

What are the components required for the reactor, purification

What is the OPEX and CAPEX?

What is the most expensive component?

Can we make a H, carrier without H, (electrochemical reduction)

If a catalyst is fast’ enough — can we make it cheaper, more stable?

Buffering — start up shut down, transients — average rates and peak rates

* Unknown knowns — things we know we should know but are currently unaware of knowing
« What are the catalysts used today?
 Are the catalysts sufficient? TOF, selectivity, lifetime, $

* Unknown unknowns - things we don’t know that we need to know



	H2 Carriers for long duration energy storage�
	Acknowledgements - contributors
	Carriers – H2 rich materials used to Store or Transport energy
	Context of energy storage demand – days and MWhs
	Major R&D Challenges – TBD by experiment, computation and modeling

