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Houston Region: Becoming a Global Hydrogen
Hub

Hydrogen industry growth can drive diversification needed to
sustain Houston’s economic advantage.

In 2019, the Center for Houston’s Future (CHF) released an economic viability
study that assessed Houston’s long-term economic outlook given the close ties
between the oil and gas (O&G) sector and the region’s economic success.

The study found that Houston had outperformed economically versus peer cities,
and that this growth was driven primarily by the O&G sector. Looking at the
impact of the 2014 oil price crash, the study found that 80,000 O&G related jobs
lost in the fallout of the 2014 oil price decline were:

e high-multiplier jobs, or jobs that spur additional economic activity in the
region, resulting in higher economic impact than other jobs.

e notreplaced with commensurate jobs once the region’s job growth
rebounded. (see Figures 1 and 2 below).

As a result, the study found that Houston’s growth story had shifted: Houston’s
economy has since been growing slowing than peer cities as new jobs added after
the oil price rebound had lower multipliers, whereby resulting in slower GDP
growth. . Examples included temporary roles and construction jobs driven by
Hurricane Harvey recovery, and hotel, restaurant and retail industry expansion
resulting from the earlier high economic-growth period. As shown in Figures 1
and 2, the jobs lost during this time period had a 2.9x multiplier (meaning that
they created 2.9x additional jobs) and the jobs gained had only a 1.66x multiplier.
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Vision For Texas As A Hydrogen Hub — 2050 Snapshot

_ Global leader in hydrogen production, use, innovation,
Houston as the epicenter No.1 and talent development
of aglobal clean
hydrogen hub of clean hydrogen production in Texas, including 12MT local
21MT demand, 9MT export; 4% of global hydrogen production in
2050 (540MT)
potential direct, indirect, and induced jobs to be
o 170k created in the hydrogen economy
$100b potential addition to Texas’ GDP, i.e., 6% of Texas’
2019 GDP
CO2 abatement potential from 21MT of hydrogen,
CENTER For A
OO Sl e B RSHIP 220MT i.e., 4x Houston’s 2019 emissions

Sources: U.S. Bureau of Economic Analysis
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Texas Enjoys Many Competitive Advantages for Clean
Hydrogen Production
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U.S. Gulf Coast Hydrogen Infrastructure
(>1000 P/L miles, >45 scale H2 plants, 3 H2 salt caverns)
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1. Phillips 66- Clemens Caverns (MMcf/d)
ity, TX 2. Linde- Moss Bluff Houston / Mont Belvieu South Louisiana
3. Air Liquide- Spindletop 1. Air Liquide- La Porte I-lll 131 1. Air Liquide- Geismar 50
2. Air Liquide- Pasadena 100 2. Air Products- Baton Rouge 120
Corpus Christi 3. Air Products- Baytown [-lIl 131 3. Air Products- Garyville 120
. Air Liquide- Corpus Christi 65 4. Air Products- La Porte 52 4. Air Products- Geismar-Shell 120 it UEEE
2. Air Products- Corpus Christi 30 5. Air Products- Baytown-Convestro 125 5. Air Products- Luling 100 A Liquia 'e:" Ll 115
3. Howard Energy Partners- Javelina 35 6. Air Products- Mont Belvieu I-Il 69 6. Air Products- New Orleans I-Il 100 ) A:; P'l‘;'uzs_ ?:?Am;ur Ll 215
(Conversion to Blue Hydrogen production 7. Air Products- Pasadena 80 7. Air Products- Plaquemine 30 s
Hydrogen Pipelines announced 8/21, in-service TBD) 8. Celanese Chemical- Clear Lake 30 8. Air Products- Norco 165 Z- ﬁ!’ :mg”c: feSt'aE? 111‘;5
QOperator — Diameter 4. POCC/Ares- Corpus Christi 10 9. Linde- Pasadena 25 9. Air Products- Taft I-Il 45 o AT IATBENGEE: TEED (il
1. Air Liquide- 8’-20” (Green Hydrogen production, in-service TBD) 10. Linde- Channelview 40 10. Air Products- Geismar I-Il 65 5. L!nde- Freeport 170
2. Air Products- 6"-20" 11. Linde- Deer Park 30 11. Air Products- Geismar-Huntsman 50 & L!nde- [Pl AT 259
3. Blue Cube (Olin)- 30" 12. Linde- Houston 100 12. Linde- Covent 170 7. Lialz= Sufetiu I 128
4. Citgo- 10 13. Linde- La Porte 25 13. Linde- Geismar |-l 185 @ Wit eren iy HIN S8
5. Equistar Chemicals- 10" 14. Linde- Mont Belvieu 29 14. Linde- Norco 135 9. Linde- Westlake 35
3' :_’;sg:'(;faxair)_ VR 15. Linde- Clear Lake 50 15. CF Industries- Donaldsonville 4
8: Matheson Tri-Gas- 10" 16. Lyondell- La Porte 179 (Green Hydrogen production, in-service 2023)
9. Phillips 66- 8” 17. Matheson- Pasadena 4 16. Air Products- Ascension' Parfsh 759
10.Valero- 10" L (Blue Hydrogen production, in-service 2026)
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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

[0 2035 [ 2035 to 2050
Category Application Clean hydrogen demand, MTPA % of 2050 total

Industrial feedstock? - 4.4
o Industry?
Industrial heating - 1.6

Ground transportation

| 21%
1%
0 Wovility: Marine? (2% J
Aviation* @

Utility®
O Power and heat o @
Buildings @
Q Export Export® 99
Total 21.3

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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Texas and The Gulf Coast Are Expecting Substantial
Investment Across Hydrogen and Carbon Capture

Announced project capacities by region?!

Blue Hydrogen Green Hydrogen Carbon Capture
mtpa H2 mtpa H2 @ mtpa CO2 %2)

Texas and Gulf Coast 6.1 - 4.6
Rust Belt 0.4 0.1

Agricultural Midwest 1.2 0.04

m Rockies 0.1 0.1

ﬂ West Coast 0.0 0.1

Northeast Coast 0.0 0.1

L3

270

Rest of America 0.2 0.1
Totdl 8.0

1. As of 01/2024. Source: McKinsey hydrogen project tracker, Clean Air Task Force




Announced Clean Hydrogen Projects in Texas and Louisiana
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An Integrated Regional Clean Hydrogen Ecosystem s
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HyVeIocity Envisioned Projects v

HyVelocity Clean H2 Production Capacity: >5,000 mtpd
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Note: Map shows general preliminary project locations and are subject to change
during future negotiations and site planning 12



Hydrogen Ecosystem Development Projects

Hydrogen Sector Development: Focus on transportation as the next opportunity in sector development
(statewide hydrogen fuel cell vehicle transportation infrastructure plan and opportunities for hydrogen
deployment at ports and airports).

Manufacturing Cluster Development: Work with local energy manufacturing companies and new market
entrants to make Houston an electrolyzer manufacturing cluster.

International Trade: Create bi-lateral relationships with European and Japanese counterparts to further
development of international trade in hydrogen

Marketplace Development: Partner with leading organizations to develop open-source carbon intensity
measurements and to facilitate transparent, liquid markets in clean hydrogen

Demand Creation: Explore opportunities to create consortia to clarify and aggregate demand

. O




Building the regional clean hydrogen ecosystem: Belgium MOU Signing and

Ribbon Cutting for Clean Hydrogen Manufacturing Project
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US-German Hydrogen Conference: Promoting 2R | FedgralMinistry

trade and investment opportunities in and Climate Action
hydrogen and related technologies
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