Accelerating the Development of a
Texas and Gulf Coast Clean Hydrogen
Hub
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Vision For Texas As A Hydrogen Hub — 2050 Snapshot

Houston as the epicenter NO. 1 Global leader in hydrogen production, use, innovation, and

of 5 gIobaI clean talent development

hvdroaen hub of clean hydrogen production in Texas, including 12MT local
4 g 21MT demand, 9MT export;

4% of global hydrogen production in 2050 (540MT)

170k potential direct, indirect, and induced jobs to be created in
b a the hydrogen economy

s 100b potential addition to Texas’ GDP, i.e., 6% of Texas’ 2019 GDP

220 MT CO2 abatement potential from 21MT of hydrogen, i.e., 4x
SFSOERRoR Houston’s 2019 emissions
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Industry and export could drive most of the demand that come
online by 2035, with mobility and industrial heating to follow

2035 [ 2035 to 2050

O oo O

21.3

46%

Total

Category Application Clean hydrogen demand, MTPA % of 2050 total
Industrial feedstock? l 4.4 @
o Industry!
Industrial heating . 1.6
Ground transportation - 2.2 @
e Mobility?2 Marine? I 0.4 @
Aviation?* . 1.1 @
Utility® <y
e Power and heat
Buildings @

100%

1. Sizing includes Gulf Coast (Texas and Louisiana); 2. Sizing includes Texas; marine only includes Port of Houston; 3. Includes refining, petrochemicals, ammonia, iron, steel, and cement; 4. Includes synthetic fuels and hydrogen propulsion for Texas; 5. Includes natural

gas power generation and energy storage; 6. Represents hydrogen and hydrogen-based fuels (e.g., for aviation and marine) produced in Texas and consumed elsewhere
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Announced Clean Hydrogen Projects in Texas and Louisiana

El Paso
DI
Blue H2 Projects (TBA)
SIEMENS
cnercy
I
‘ MMEX Green (TBA)
M MMEX RESOURCES
CORPORATION”
Application: Project Stage:

‘ Power

‘ Industry

@ WMobility

. Export/Ammonia

Fuel source

EEDIEDE Aspiration announced
DI Feasibility being reviewed
I Operations planning reviewed

I Operational

— S

T~

ega-scale green H2 production facility\ ‘

7
AR /. | (‘ ‘ Dallas ero Parks — NFE + PlugPower
L AEMSgy 4 Green Hydrogen production
o
facility (2030) Green Hydrogen
| > 4 . N\ bort pl partnership in
DI NHE Biomethanol I st. Gabriel (2023)
H Utility Liquefaction (TBA) Production Plant ——
(2023/2024)
SAULSBURY La Porte ||| Beaumont, TX - Under
s O (NEW HOPE liquefaction development/planning
EHRRE ¥ lyondellbasell OCI N.V., KBR, Maire Tecnimont:
S OCI N.V. Blue Ammonia Facility

Texas — MOU c@l&

Enel Green Power, NextChem: i
Road Runner = Lake Charles

r-\ //ﬂ Baytown H2 Methanol (2022)
; > > 4
1CU /1 \Nextchem project 203
gy N Geismar Clean
E)konMOb“ . . Ammonia Project (TBA)
Denbury ©
> 4 Houston, y
Mitsubishi-Denbury Gulf Coast Green
Methanol LOI (2025) Valero Port

Ammonia and CCS

States of Oklahoma, Louisiana, Arkansas
HALO Hydrogen Hub (2022)

Donaldsonville, LA - FID
‘\ CF Industries, thyssenkrupp:
naldsonville Nitrogen Complex

N &

thyssenkrupp

" DG Fuels Sustainable Aviation
Fuel Facility (2022)

La Place, LA — Announced

AmmPower:
Port of South Louisiana

Arthur Refinery

AN

AMMPOWER

Grén Fuels, LLC Blue Hydrogen Energy Complex

vangrid Renewables Gulf

Coast Project (TBA)

'AVANGRID

4’ ENERGY PARTNERS

Denbury6 ‘ (Completed 2013)
VAN S 3 AR . TBA at Ascension Parish (TBA)
San Antonio @ Gulf Coast PRODUCTS =
a» ; J) AR /.
Ammonia (2023) D PRODUCTS ==
BP - Linde CCS AR 7, 3
> > Y PRODUCTS 4= Orange County . 5
(2026) Advanced Power AmmPower in S. Donaldsonville Ammonia
Ingleside Humble Blue H2 1 7 : LA port (TBA) Pilot (2021)
A Station (2026 por
Ammonia Plant (TBA) pm HIF USA: Proi . ation ( ) ‘
: Project Helix ‘\\\ ‘7CF
== Ent
ENBRIDGE ‘ Lt IF g MMPOWER
(humble] Port of Corpus Christi 2021 &
GHI and Energy Estate \ —iosTREAN— 2022 MOU (2030 / TBA) cIiinFUELS Yydrogen pro
Hydrogen City Project (2026) L s AirLiquide
Corpus Christ /= "OfCORPUSCHRISTE To0 6 orpus Christi: @ ) AJNEREQ
QARES @}EPIC Javelina Refinery Jupiter Iyondellbaysell
GHI ENERGY - ConocoPhillips, Jera Americas, Uniper:Gulf Coast o uni
R : t) HOWARD =g PORTCORPUS CHRISTI ammonia project AT
- prol ConocoPhillips Per
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Federal Policy Support Clean Hydrogen Development

Infrastructure Investment and Jobs Act (IlJA)

Regional H2 Hubs
(2022-2026)

S8B

Clean Electrolysis S1B
$2/kg by 2026

Supply Chain S500M
(2022-2026)

Inflation Reduction Act (IRA)

CBO estimate for 2023-2031

$13B

45V PTC
clean H2

$0.6/kg H2
10 years

$3.2B

45Q PTC CCS
$85/tC0O2
(storage)
12 years

45Y PTC
Renewable power
$27.5/MWh
10 years
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Hydrogen Hub Applications

DOE Status
Encouraged /
MIDWEST /PLAINS Uncl 2
Midwest nelear '
7 Midwest Alliance for Clean Hydrogen (MACHH2) v 11 Midwestern Hydrogen Coalition (“M-H2 Coalition”) ?
8 Great Lakes Clean Hydrogen v 12 Ohio Clean Hydrogen Hub Alliance ?
9 Greater St. Louis and lllinois Regional Clean Hydrogen ? Plains
10 Indiana O , ? 13 Heartland Hydrogen Hub v
56 S
) \ £¥ 2. I\
j ‘J 13 T 1‘4“‘
1 —~— L) & 15~ NORTHEAST
WEST ’ \ ¢ 9 “ 1i b2 / Northeast
California — ‘[ 10 L 12;’ 15‘ 14 Northeast Regional Hydrogen Hub v
1 Alliance for Reliable Clean Hydrogen Energy System v ‘ , 2 J k i Gz, 18 N 15 Decarbonization Network of Appalachia (DNA H2Hub) v/
Western US I — 7 MidAtlantic
2 Western Interstate Hydrogen Hub (WISHH ) v (2 ‘ f 23 J 16 Mid-Atlantic Hydrogen Hub (MAHH) v
Southwest US ) ]!9 ; ;1‘ \ Zi Appalachia
3 Southwest Clean Hydrogen Innovation Network (SHINe) v/ g 57 “ 22 -_j 17 Appalachian Regional Clean Hydrogen Hub (ARCH2) v
PACIFIC WEST 8 5 A N 26 b £ T TN 20 18 Appalachian Energy Future ?
Pacific R AR o 95 ) 5
4 Hawai'i Pacific Hydrogen Hub v N e AV S ey ‘ )
PacWest S > ’ SOUTHEAST
5 Obsidian Pacific North West Hydrogen Hub (OPNWHH) v TEXAS 19 La, Ok, Ark (HALO) v
6 Pacific Northwest Hydrogen Association (PNWH2) v/ 24 HyVelocity v 20 Florida (FPL) ?
25 Port of Corpus Christi v 21 Georgia ?
26 Southern States Energy Board v 22 Mississippi (Hystor) ?
27 Trans- Permian H2 Hub v 23 Southeast Hydrogen Hub (TVA) ?

Data as of Jan 7 2022
Source: Hub announcements; CHF Research

(O™



HyVelocity Hub: Creating the Texas
and Gulf Coast Hydrogen Ecosystem

Our Vision “The name "HyVelocity’ conveys
Create the nation’s largest clean hydrogen hub stretching across the idea that we have a
Texas, Southwest Louisiana, and along the U.S. Gulf Coast to tremendous opportunity to
advance the clean hydrogen ecosystem and rapidly scale clean accelerate the creation of a
hydrogen supply and demand, leading to a market-based, end-to- clean hydrogen market at the
end innovation ecosystem. pace needed to meet
aggressive decarbonization
Participating Companies (Public Announcements) goals for communities in our
nation and around the globe.”
the .. - Paula A. Gant, PhD
irliqui human s — ) ! !
@ﬂ'“"qu'de energy s == ENERGY TRANSFER President and CEO, GTI
company Energy
: =) SEMPRA
Exon MObI I g’lol-l‘;\?EF?ISHI ¢ rSted INFRASTRUCTURE

www.hyvelocityhub.us
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https://www.chevron.com/
https://corporate.exxonmobil.com/
https://us.orsted.com/renewable-energy-solutions/power-to-x
https://semprainfrastructure.com/

H\/ A SHARED VISION OF A WORLD-LEADING
wveiociyrus | CLEAN HYDROGEN HUB

Solar

Ammonia

i ; Mobility
Electrolysis
Clean ;

CONNECTING
COMPANIES
& COMMUNITIES

Nuclear

@)—

S Refining &

Petrochemicals

Integrated Industrial
Water CLEAN HYDROGEN Hydrogen Ecosystem Heating
CONNECTIVE INFRASTRUCTURE
Su!)su fface Storage Power
Pipelines ¢ Ports Generation

Reformation-based

production A A\natlon Fuel

Renewable &
Responsibly Sourced
Natural Gas

co2 N\ "V
Sequestration E-Methanol & SAF Plants
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Hydrogen Transportation Infrastructure Opportunities

Texas truck traffic, 2018

. 150 000 - 198500

0D - A5 S5 :' H-Egiﬂnal-
— N - 5 [-10 chemical
corridor trucking

**Truck markets are focused on those invalving the Howston
areq. Assessing wviability of H2 frucks in other TX truck markets
fe.g., I-35) is out of scope for this study.

— im0, [

Potential Hydrogen Transportation Infrastructure Opportunities:

Texas Triangle: Major Truck Transit Corridors
* 145: Container/bulk shipping between Dallas and Houston
* 135: Dallas and San Antonio on | 35.
* 110: Houston to San Antonio (may extend to El Paso) and
some reverse flow.
* Port of Houston
* Chemicals Logistics: Trucking in port area from refineries
to container terminals
* Port Drayage: Port of Houston and adjacent private
terminal container/drayage shipping to regional
distribution centers
* Port Logistics: Port of Houston equipment in future
* Distribution centers: Sites anchored w forklifts for which
refueling infrastructure would support lifts and distribution
trucks
* Airports: On-site vehicles and loading equipment as well as
refueling for cargo shipping (more likely at Bush). May tie into |
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Overcoming infrastructure cost is key to achieving Hydrogen - diesel
competitiveness

Total Cost of Ownership, diesel and H2Z HDVs on I-45, SM/truck1,2

$1.71 mVehicle
$1.67 $1. 1M/ truck for mid-phase in LA study = Fuel

- Higher LA H2 fuel cost mMaintenance
- More focused Infrastructure Investment o o 6ea ot ructure

$0.97 $1.00 51.05

= TCO using grey
50.77 instead of blue H2

Source: Center for Houston’s Future, 2019. Houston Region: Becoming a Global Hydrogen Hub
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https://static1.squarespace.com/static/5bd0cda394d71a3556faeb6c/t/6022ff8c59eed438f73aaeaa/1612906382736/Houston+Hydrogen+Whitepaper+Final.pdf

TxDOT Transportation Corridor Designations

Round 6 Alternative Fuel

e Electric Corridor Pending

e Hydrogen Corridor Pending
= CNG Corridor Pending
e | NG Corridor Pending

=== Propane Corridor Pending

Rounds 1-5 Alternative Fuel
Corridors Corridors

Electric Corridor Ready
Electric Corridor Pending

Hydrogen Corridor Pending

CNG Corridor Ready
CNG Corridor Pending
LNG Corridor Ready
LNG Corridor Pending

Propane Corridor Ready =
Propane Corridor Pending S July 2022
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NCTCOG STUDY ON l45 ZEV Corridor

Chapter 1 - Introduction

Chapter 2 - The Importance of ZEV Projects Along the IH
45 Corridor

Chapter 3 - Filling the Gaps: EV Charging for Light-Duty
Passenger Vehicles

Chapter 4 - Building a Corridor for Medium- and Heavy-
Duty Freight Vehicles

Chapter 5 - Implementation Resources

Chapter 6 - Policy and Regulator Landscape

Chapter 7 - Federal and State Incentives to Support Zero
Emission Vehicle Deployments

Chapter 8 - Accomplishments and Recommended Next
Steps

www.nctcog.org/IH45-ZEV

Planning the IH-45 Zero Emissions Vehicle Corridor

INTERSTATE
HIGHWAY 45
CORRIDOR

Zero Emission

Vehicle Plan

From Dallas to Houston
on Zero Emissions



http://www.nctcog.org/IH45-ZEV

Infrastructure for Heavy-Duty
Vehicles

Data-Driven Approach
1.
2.

3.

4.
5.

Recommendations: - Amenities

Intersects a Freight System Corridor

No Direct-Connect Ramps

Cross Street Accessible from Both NB and SB
Directions of Travel

Turning Point Indicated by StreetLight Data
Access to at Least 2 Types of Amenities - Truck 74

StOpS Key CrrldorEX|ts Meetii;r;g&/

- Criteria and Offering

EV and Hydrogen Station

- 5 EV Charging Sites: Houston, Huntsville, Buffalo, = @ reammonde

Corsicana, near UP Intermodal Facility - @ EdVSta:‘Jd” Recprumerideg
. . Identi But Not
« 3 Hydrogen Fueling Sites: Houston, Buffalo, near - ® geommended

UP Intermodal Facility L s
Houston-Galveston Area
l= Council MPO

North Central Texas Council o

of Governments MPO L

\\\
=

NN

May 2022
Italicized numbers indicate exit number



H2Houston Hub — Ideal Concentration for Hydrogen Trucks

ut L—
Bayport
1. Four Ports Location [ |
2. Intermodal Facilities Locations [ J
3. Largest Warehouses Locations CX 9
4. Hydrogen Pipelines Locations and Diameter —
5. Drayage Trucks Companies Locations ] ]
6. Internal zones by rps
7. Texas Highway Freight Network —_
8. Traffic Analysis Zone (TAZ)
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H2Houston Hub — Dense Concentration of Truck Traffic at Port
Houston

H2 FUEL
STATION 1

H2 FUEL
STATION 3
H2 FUEL
STATION 2
POINT SCORE ;l H2 FUEL
H2 A tlnvéntory 5x5 Mile Grid™
ery o STATION 4
L BN / T/
[ 1s-10
__ERE H2 FUEL
B 2035 — STATION 5
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