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Project Objective gt

® Develop low-cost hydrogen production technology, utilizing
Sorption Enhanced Reforming (SER), for large-scale
commercial applications

e Reducing cost of hydrogen by 15-20% vs. current technology

e Reducing cost of carbon capture from natural gas feedstock

e Improve the Technology Readiness Level (TRL) from 4
to 6

e Develop a robust SER process Technology Comparison: CHG vs. SMR
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Technical Innovation gt

e Conventional hydrogen production uses Steam SER Chemistry

Methane RefOI‘ming (SMR) J Hydrogen Generation Reactions
. . . CH, + 2H,0 + Heat — 4H, + CO,
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Technical Innovation gt

A process which enables the
sorbent to flow through a bubbling
fluidized bed of catalyst. The
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Technical Approach gt

e Actively pursue input from Go-Forward Approach

industrial gas suppliers and IMI Envisioned Efforts (Apr 2016)  Demo Partner Efforts
) . Current SOPO
EPC’s to validate the technology | SLilE2 2000
atalyst and Sorbent Signed
Proof Testing Agreement

® Leverage existing development
assets and partners to develop
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Transition and Deployment gt

Hydrogen Demand?®

Other

11% Brazil, Mexico United) Simles

» Overall hydrogen market
size is between $60B - $90B*
* Hydrogen equipment market
size is between $3B-$4.5B

* Annual market growth
ranges from 7%-15%>
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40%
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1 Based on a average value of $2.00 - $3.00 Mscfd, where M represents thousands

2 March 2010 Praxair CFO Presentation
3 Hydrogen and Synthesis Gas, SFA Pacific, Inc., 1998 and March 2010 Praxair CFO Presentation

e Hydrogen end-users benefit from process intensification
e Reduced hydrogen cost through:

« Lower capital cost
« Improved efficiency

e Smaller Footprint

Large market, growing at steady rate




Transition and Deployment gt

GTl and Partner Perform GTI and Partner End Customers
Technoloav Development Demonstrate Own & Operate
9y P Technology Plants

*Industrial Gas Companies
Modified Demo Plant -Praxair

Pilotw/ with «Air Liquide

. *Air Products
: commercial
Atmospheric Linde
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*Oil Companies

*ExxonMobil
*ConocoPhillips
. *ChevronTexaco
Lessons Updated Pilot | : Others
Learned operating at oA 3 Chemical Companies
commercial fﬁ ' PCS Nitrogen
conditions | *Agrium

e Utilize continuous improvement process for
technology sustainment

e Separate technology improvement budget will be jointly
funded with licensing revenues



Measure of Success gt

* Successful deployment of CHG technology will reduce
cost of hydrogen, provide lower cost CO2 capture, and
lead to additional market penetration due to
compactness (e.g., debottlenecking, oil sands in-field
upgrading)

® Success will be measured through an increase in
market share against SMR’s (projected to be 26% share
in 10 years)
e Equates to energy savings of 43.6 Trillion BTU/year

* Increased global marketshare results in more U.S. jobs
in engineering and manufacturing of special
equipment



Project Management & Budget gt

® Project Duration = 9 Months

* Project Performance: Schedule = 96% (behind), Cost
=105% (under budget)

Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct
Task 1
ATP PO Plal(:ed I‘h?commissioned Ledend:
issi v = Sy 1.1 =agenc:
Recommission FDU S E P“':“"
Facility Modifications Be—=—] | | | [Fabricaton —
Final Testing [0
Task2 | | | subst ate Nickel
Sel 24 Wash  Delivered to Site
Procure Catalyst ;7 |
Delivered to Site
Procure Substrate
Task 3
Ti a Compl,
Catalyst Testing = Y |
Analysis Complet
Catalyst Analysis @l Va1 |
Report Subn'lmt d
Test Report V3.2
Task 4
Report Submitted
CO, Utilization Study V.

Total Project Budget

DOE Investment $630,868

Cost Share $651,377

Project Total $1,282,245




Results and Accomplishments gt

e Only 3 months into the project, major progress:
e Pilot Plant recommissioning 95% complete
e 2 of 3 catalyst candidates procured
e CO, co-production discussed with Oil Sands companies

e Work to be completed:
e Complete recommissioning effort
e Demonstrate catalyst performance

e Evaluate Urea production applicability for CO, co-
production study
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