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HGenium Overview

* Green hydrogen thru thermochemical water splitting
* Founded in February 2022 by Professor Mark Davis

and ldealab

* Founded with the express goal of commercializing
thermochemical water splitting cycles at less than

1000 °C

 Located in Monrovia, CA & Pasadena, CA

» Broad foundational patent coverage for novel
process; significant additional IP potential

a» United States Patent (10) Patent No.: US 8,940,269 B2
Davis et al. (45) Date of Patent: Jan. 27, 2015

(54) METHODS AND MATERIALS FOR THE
THERMOCHEMICAL PRODUCTION OF
HYDROGEN FROM WATER

(71)  Applicant: California Institute of Technology.
Pasadena, CA (US)

a, CA (US): 0
(US):

adena, CA (US) LAWIGMC(

(73) Assignee: California Institute of Technology.
P

(72) Tnventors: Mark E. Da

(*) Notice:  Subjec
p or adjusted under
US.C. 154(b) by 120 days.

(1) Appl.No.: 13/855,180

(22) Filed: Apr. 2,2013

(65) Prior Publication Data
US 2013/0266504 A1 Oct. 10,2013
Related U.S. Application Data
(60) Provisional application No. 61/621,325, filed on Apr
6.2012.

‘The Director of the United States
Pater 'k Office

nited
Ctates

0
America

Chris Murphy
CEO

- ™
( ateria
An ExxonMobil Subsidiary

Caltech

Dr. Casper Brady

M @

Idealab Studio

BS, University of Wisconsin, Madison, Chemical Engineering

Sl

L4

sabic «OUPONT

Professor Mark Davis, Ph.D.

Co-founder and Chairman

Professor of Chemical Engineering, Caltech

Ph.D. University of Kentucky, Chemical Engineering

Co-founder and Senior Scientist
Ph.D. University of Delaware, Chemical Engineering

Caltech
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PATENTED TECHNOLOGY

HGenium’s proprietary
Na-Mn-CO, process uses
common, scalable
industrial equipment

Non-toxic components and
low cost, earth-abundant
materials

Continuous cyclic process
doesn’t require ultra pure
water or inert gas

[JRedox Cycle
BINa* Shuttling

*

Mns0,

Na,CO;

4 o

Integrated heat source
creates renewable

superheated steam
(2H,0)

¥
s

CO,

NaMn02

REACTION 1

Thermal Reduction Reactor
3 Mn,O; (s) =

2 Mn;0, (s) + 720, (9)

REACTION 2

H, Generation Reactor

2 Mn;0, (s) + 3 Na,CO; (s) + H,0 (g) 2>
6 NaMnO, (s) + 3 CO, (g) + H, ()

REACTION 3

Na+ Extraction Reactor

6 NaMnO, (s) + 3 CO, (g) 2
3 Mn,0O; (s) + 3 Na,CO; (aq)



We’ve proven the
technology

2022-2024

Lab scale proof-of-concept with
multiple continuous flow
reactors, leveraging years of
university-based research

VWithout Electricity

...and now we’re building a Pilot Scale Plant
and establishing commercial relationships

2023-2026

Design, build, and operate

a pilot plant to de-risk and

inform engineering design
for commercial scale

2026 + beyond

Build and operate full
commercial manufacturing
plants with heat source
integration

Renewable
superheated
steam

==

5P SSiar

[H|Gienium.

Green Hydrogen
Production Plant


Presenter
Presentation Notes
HGenium’s laboratory success fuels our excitement and optimism for commercial success. However, like all new chemical processes, disciplined scale up and improvement steps are essential to further optimize for ultimate large commercial facilities.  

In particular, the three multi-phase reactions driving the process are rather unique.  The good news is the reactor designs we have used in the laboratory represent very common types of reactor equipment, which improves the availability of the vessels and auxiliary equipment, as well as literature drawn from decades of broader industry experience. That said, we are using these reactors in slightly different ways than they are commonly used today.

Also, two of our three reactions are endothermic (driven by heat input) and need to operate in the 850-9000C range, whereas our third reaction in exothermic (gives off heat and needs to take place in the 80-150 oC range.  Heat transfer operations for these temperature changes are challenging.  
�While the lab scale success boosts our confidence tremendously, we believe it is a crucial next step to build a relatively small pilot plant to demonstrate and learn from the use of equipment closer commercial scale.  With this in mind, in late 2023 we completed the design details and secured a location to build this pilot plant.  Once we start procuring the longer lead time equipment, it will be another 7-9 moths before we will start operations.  

Upon acquiring key learnings and data from this pilot scale, we envision the next step would be an even larger demonstration plant that ties into a solar or nuclear heat source.  With these steps in place, we believe we would have the primary risk elements addressed and positioned to garner financial and off-take support for a large commercial facility. 

Along the way, as we selectively share our progress with potential customers and collaboration partners, we will be better positioned to seek and negotiate funded JDA’s (joint development agreements) and license agreements to further accelerate developmental and commercial progress. 
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PROJECT STATUS

Pilot plant engineering

and design p

lans are complete

O, Product

Vapor
Recompression

H,0 to recycle

Separation

Solids
Recirculation

Continuous
Filtration

Na,CO;5; - H,0

Y

Thermal Reduction Reactor ]<—

'

Legend

= Solid Flows
= Liquid Flows
- Gas Flows

_ Superheated
Steam Feed

H, Production Reactor ]«—
Vapor |H20 to recycle

Recompression

[tano,

\

~{Mn,0;, Na,COs, H,0|—{ Na* Extraction
Reactor

H, Product

We’re ready to
build and operate

« SwRI design and costing
completed

* Plan to build and operate on
SwRI site

* Preferred vendors selected

« Finalizing plans to order long
lead time equipment
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