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GTl Energy develops innovative solutions that
transform lives, economies, and the environment



We develop, scale and deploy solutions in the QO
transition to low-carbon, low-cost energy systems  ©T! ENERGY
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GTI Energy envisions a carbon-managed future
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https://www.epri.com/lcri?trk_msg=GSPVQDF8GUI4P9G9RLNUS7QKOG&trk_contact=UFJDRO2PCRLGR3JC5DRP198T3K&trk_sid=BVQ8SMHFSNJ5AMD7R4JVFOEAP8&utm_source=listrak&utm_medium=email&utm_term=www.LowCarbonLCRI.com&utm_campaign=Press+Release&utm_content=2020-08-10+LCRI
https://www.sungasrenewables.com/sungas-renewables-and-hatch-create-an-alliance-for-design-and-deployment-of-biomass-gasification-systems/
https://hyperh2.co.uk/
https://www.gti.energy/cool-gtl-a-low-cost-system-for-converting-co2-rich-natural-gas-to-fungible-liquids/
https://www.gti.energy/hydrogen-technology-center/

Decarbonization Will Not Be Simple
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9%
11% \Agriculture 49% Light Duty Vehicles
Buildings

22% ki
Industry Transportation 21% Medium & Heavy Vehicles

(including Trucks and Buses)

10% Off Road Vehicles and Equipment

& 2%Rai
' 3% Maritime
‘ 11% Aviation

4% Other (Pipeline/Military/Lubricants)

25%

Electric Power

Total 2019 U.S. GHG emissions with transportation and mobile sources breakdown. Data
derived from the EPA Inventory of U.S. Greenhouse Gas Emissions and Sinks. 2019 used as a
baseline since impacts due to COVID-19 complicate the use of later data.
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Decarbonization Will Not Be Simple
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Transportation
1,591
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The U.S. industrial sector accounted for 30% of U.S. energy-related COZ2 emissions in 2020, with the five focus

subsectors responsible for over half of the industrial contribution.

Cement and Lime
22 (2% of Industrial)

Food Products
78 (6% of Industrial)

Iron and Steel
90 (7% of Industrial)

Bulk Chemicals
274 (20% of Industrial)

Refining
235 (17% of Industrial)

All Other Manufacturing
425 (31% of Industrial)

Non-Manufacturing Industrial
(Agriculture, mining, and construction)
236 (17% of Industrial)
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Why Hydrogen? GTI ENERGY
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Hydrogen Is Not New
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2020: Demonstration and Strategic Planning for QO
Hydrogen Networks GTI ENERGY

H2@Scale Project -
Hydrogen for Texas
“...and Beyond”

Hydrogen
fueling

The University of Texas at Austin

Center for Electromechanics
Cockrell School of Engineering
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production
H, marine use
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production

Project Partners

ONEH2, Texas Gas Service
(ONE Gas), SoCal Gas, Toyota
Motor North America, Shell,
Mitsubishi Heavy Industries, Air
Liquide, Chart Industries,

? Clean H, power
production

Woaste Management
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2021: Hydrogen Shot GTI ENERGY
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Production And Demand Studies
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Figure 8. The locations of nuclear power
plants in the United States3*

Hydrogen Generation from
Concentrating Solar by Country
(kg/K\Fryear)

1,600,000

Figure 11. Hydrogen production potential from
concentrated solar power, by county land area®’

Hydrogen Generation from
Onenere Wind by Country
[k ihFfyear)

240,000

Figure 9. Hydrogen production potential
from onshore wind resources, by county land area®®

Hydrogen Generation from
Solid Biomass by Gountry
(kKA /yas1)
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Hydrogen Generation from
Utility Scala PV by Country
[ RS yezr)

1,300,000 <250,000

Figure 10. Hydrogen production potential
from utility-scale PV, by county land area3®

<1,000

Figure 12. Hydrogen production potential from solid
biomass resources, by county land area*®
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Total: 107,000,000,000 kg hydrogen / yr

Figure 14. Serviceable consumption potential for hydrogen in the industrial
and transportation sectors, natural gas, and storage*!
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2021: Hydrogen Hubs GTI ENERGY

Hydrogen Hub Administration Goals

a network of hydrogen producers and * 100% clean electrical grid by 2035
consumers, and the connective infrastructure

: . * net-zero carbon emissions by 2050
located in close proximity.

* Produce clean hydrogen from multiple
energy resources

* Demonstrate diverse end uses
* Create training/employment opportunities

 Cover different regions of the United States
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2021: Hydrogen Hubs GTI ENERGY

« $8B allocated for H2Hubs via Infrastructure
Investment and Jobs Act ( Nov 2021)

* 6-8 hubs expected
« Max $1.25B per hub + 50% cost share
* 79 concepts submitted (Nov 2022)

e $200B combined investment
($60B + $140B)

* 33 passed to next phase
* Est. 20-25 applied (Apr 2023)
* Awards in Fall 2023
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Hydrogen Hub Applicants aull ENEkRee

@ Pacific Northwest Hydrogen Hub
@ Obsidian Pacific Northwest Hydrogen Hub

( @ Pacific Northwest )

" @ North Dakota?

@ Alliance for Renewable Clean Energy Systems (ARCHES)
@ Southwest Clean Hydrogen Innovation Network (SHINe)
@ Western Interstate Hydrogen Hub (WIH2)

Heartland Hydrogen Hub

(@) Hawati Pacific Hydrogen Hub

Trans Permian Hydrogen Hub

Horizons Clean Hydrogen Hub

HyVelocity Hydrogen Hub

(@) HALO Hydrogen Hub

HARVEST Hydrogen Hubs Coalition

@ Mid-Continent Hydrogen Hub

@ Midwest Alliance for Clean Hydrogen (MachH2)
Northwest Indiana Hydrogen Hub

Southeast Hydrogen Hub

@ Great Lakes Clean Hydrogen Hub

Appalachian Regional Clean Hydrogen Hub (ARCH2)
Decarbonization Network of Appalachia

. Concept encouraged by DOE . Concept discouraged by DOE [j Not encouraged/discouraged;
Status unknown (29) Mid-Atlantic Hydrogen Hub (MAAH)

@ Mid-Atlantic Clean Hydrogen Hub

< State or multi-state hub ) State or within-state hub E;fj Pipeline/transportation @ Northeast Hydrogen Hub

Source: RFF's Hydrogen Hub Explorer data tool, resources.org GTIENERGY | MAY2023 15
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Hydrogen Hub: 8-12 Year Project

Est. 2024

2025

Phase 2:

2027

2029

2031

Initial Phase 1- Phase 4: Ramp-
icati Application : y Develop, Permit, .
Application PP X Detailed Plan v Finrr}:mce ./ 7 Up & Operate
GOo/No-Go
Decisions - $0.4B-$1.25B Total DOE Funding; Non-Federal Cost Share 2 50% >
Pre - DOE fundi Up to $20M DOE Funding,  Up to 15% of Total DOE DOE Funding To Be DOE Funding To Be
e ing ~12-18 Months Funding, ~2-3 Years Negotiated, ~2-4 Years Negotiated, 2-4 Years
» Regular progress/status . .
. . F | del updated
® H2Hub Summary s Teaming, offtake, & reporting for all * I?anm Moset tp ae.
. e Market, feedstock, & with offtake & production
Busi e Business Plan (BP), feedstock agreements agreements
usiness ) i . offtake letters of , . . data
including preliminary ] * Site access secured # Regular financial status .
Development . . commitment . . ® Revised growthplan &
site selection . . . * Confirmed project reports ..
& e Final site selection . . . projections
* Management Plan e Financial model financing » Other reporting per terms e Ubdated BP. MP. FP
Management (MP) « Updated BP, MP, EP ¢ Updated BP, MP, FP & conditions (T/Cs) ccpveri rar'“ _u' o
¢ Financial Plan (FP) e e Labor agreements s Updated BP, MP, FP N8 ramp-up &
. steady state operations
covering Phases 3-4
¢ I{ESSg;}eerlng concept s Engineering & Design
° . o . (~90%) & related
e Technology Readiness e Engineering & Design -
documents ® Regular operations status
Level (TRL) (~30%) & related .
descriptions d . * IRLupdates reporting
. . ocuments . .
Engineering, P . e [PS:Full Project- L3 ® Progress execution ¢ Performance ramp
* Integrated Project ® Performance model . . . : .
Procurement, ) e (lass 1TPC estimate reporting verification & validation
Schedule (1PS): Full e TRL analysis & . .
Construction . S e Standard project e |ntegrated project (V&V)
: . Project-L1; uncertainties management tool in use completion testin » Validated performance
& Operations Phase1- L2 ¢ |PS: Full Project - 1.2; 8 . P & P
e Updated Operating Plan model

Technical Volume

e (Class 4 Total Project
Cost (TPC) estimate

» Operating &
disposition concepts

Phase2-13
e Class 3 TPC estimate

* Updated Disposition &
Decommissioning (D&D)
Plan

# Final TPC accounting

GTI ENERGY | MAY 2023
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MachH2 Hub — Project SWITCH

MIDWEST ALLIANCE FOR CLEAN

1YDROGEN

* Over 70 partners

 Solutions Working to transform Industry
and Transportation to Clean Hydrogen
(SWITCH)

SO

GTlI ENERGY

Wi

IL

Q.

1
1
1

@ Hydrogen Production Site (HPS)
hitewater @ Transportation Use Site (TUS)
() Industrial Use Site (IUS)

" East Chicago

IN
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Other H2 Hubs GTI ENERGY

» GTI Leading or participating in three
hydrogen hub teams

—Texas/Gulf Coast (HyVelocity)
— Midwest (MachH?2)

HyVelocity Hub

—West Virginia (ARCHZ2)

MIDWEST ALLIANCE FOR CLEAN

ARCH?2 HYDROG E_N

APPALACHIAN REGIONAL
CLEAN HYDROGEN HUB
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https://www.hyvelocityhub.us/
https://machh2.com/
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solutions that transform

Thank you

Bart Sowa, bsowa@gti.energy
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