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“Its Like Deja Vu All Over Again” -Yogi
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State Wind Penetration





California	12/31/1999	12/31/2000	12/31/2001	12/31/2002	12/31/2003	12/31/2004	12/31/2005	12/31/2006	12/31/2007	12/31/2008	12/31/2009	12/31/2010	12/31/2011	12/31/2012	12/31/2013	12/31/2014	12/31/2015	12/31/2016	Q3 6/30/2017	1615.9929999999999	1615.9929999999999	1683.0930000000001	1823.0669999999996	2024.9069999999997	2094.9769999999994	2149.4569999999994	2376.1069999999995	2439.1069999999995	2536.7069999999994	2797.953	3252.607	3917	5542	5830	5917	6108	5662	5561	Texas	12/31/1999	12/31/2000	12/31/2001	12/31/2002	12/31/2003	12/31/2004	12/31/2005	12/31/2006	12/31/2007	12/31/2008	12/31/2009	12/31/2010	12/31/2011	12/31/2012	12/31/2013	12/31/2014	12/31/2015	12/31/2016	Q3 6/30/2017	183.52	183.52	1095.76	1095.76	1290.26	1290.26	1992.07	2735.77	4353.37	7112.67	9403.3700000000008	10089.43	10394	12214	12355	14098	17713	20321	21450	









Sheet1
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25,000



Overview

e The University of Houston and the Center for Houston's Future are
launching a project to create a vision for what Houston’s Low Carbon
Energy future might look like and what would be required to achieve it.

* We plan to examine four critical Low Carbon Energy technologies:
Carbon Capture Utilization and Storage (CCUS), Hydrogen, Massive
Electrification and the Circular Economy, since we believe that Texas,

and the Houston region in particular, has uniqu
capabilities in these areas.

e The study will look at the size of the potential o
barriers that must be overcome to accomplish t

* This presentation contains an overview of the F

for CCUS and blue hydrogen.

e strengths and

oportunity, timing and the
nis goal.

ouston region’s potential
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Two Areas for Catalyzing Houston’s Role in a Low Carbon Energy Future

1. CCUS: Houston can become an “early adopter” for deploying CCUS technologies. A

® The Houston Ship Channel has significant of large, centralized and concentrated sources of CO2 from power

and plants and industrial facilities

The Gulf Coast region has many large locations (deleted hydrocarbon reservoirs, salt domes) for CO2
sequestration and/or storage

Opportunities exist to manufacture new products from captured CO2 (including some currently derived from

_ hydrocarbons) which can be integrated into existing chemical industry infrastructure )

2. Hydrogen: Houston has most aspects of the supply chain required to produce both significant
amounts of blue and green hydrogen.

® “Blue Hydrogen” production will be driven by the large base of existing steam reforming plants with carbon
capture added

® “Green Hydrogen” production can be created from new electrolysis plants fueled by low cost renewable energy

Houston already has a hydrogen pipeline network that can provide hydrogen for high temperature process heat
in refining, petrochemicals, ammonia, steel and cement plants

® Export facilities for ammonia, methanol and liquid organic hydrogen carriers can be developed at the Port
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NPC Study -- Phases of Implementation

Study lays out a three phases — Activation, Expansion and At-Scale:

 Prioritized based on economics and ease of implementation

- Specific recommendations
- Economic benefits — GDP and jobs

® Activation @ Expansion  At-scale

hase hase deployment
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Houston Industrial Sector

TX industrials: 162 million metric tons

US total: 5.2 billi

= Harns
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30%

counties

TX #1 emitting state TX #3 in industrial High concentration
share of emissions of emission sources
in Houston area

Note: discrepancies in estimated emissions due to different data sources used
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2017 Houston Industrial CO2 Emissions Footprint*

Million metric tons CO2 equivalent

18.0
_ Petrochemical
Top 10 Emitting Sources*
1.5 15
1.8 1.8 -
2.4 20 T Linde Enterprise Linde Others

39 wmm T Lyondell . °  ProductsLaPorte
4.3 - Lyondell |;qyide Basell Mont
Valero  pgsell Houston Belvieu

Bayou
9.6 Shell Tez(us Channel-
Deer City view
Marathon pgrk

Galveston
Bay

48.2

Exxon
Mobil
Baytown

TOTAL

~100 major facilities: 48.2 million
tons CO2/year (~1% of US total
emissions)

#1 emitter: ExxonMobil Baytown
(9.6 million tons/year)

Top 10 sources: 63% of emissions

Refining: 53% of emissions
(79% of Top 10)

* Sources in Harris, Chambers and Galveston Counties (excluding power generation), US EPA Greenhouse Gas Reporting Program (GHGRP)




Gulf Coast CCUS Potential

Million metric tons CO2°equivalent

30.9
18.7

1.6
. ]
Source: Great Plains Institute Ethanol CH4 H2 FCC Total
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U.S. and Gulf Coast Hydrogen Pr

				U.S.		Texas

		Captive Capacity		3417		636

		Crynogenic Liquid		108		0

		Compressed Gas		6181		2383

		Other		9686		3019



Captive Capacity	

U.S.	Texas	3417	636	Crynogenic Liquid	U.S.	Texas	108	0	Compressed Gas	

U.S.	Texas	6181	2383	Other	
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U.S. Hydrogen Pipeline Capacity

		Texas		968.1

		Louisiana		507.9

		Alabama		31.1

		California		16.2

		Indiana		13.9

		Ohio		9.2

		Utah		6.5

		Michigan		5.5

		Washington		2.9

		New York		2.9

		Oklahoma		1.5

		Kansas		0.4





Texas	Louisiana	Alabama	California	Indiana	Ohio	Utah	Michigan	Washington	New York	Oklahoma	Kansas	968.1	507.9	31.1	16.2	13.9	9.1999999999999993	6.5	5.5	2.9	2.9	1.5	0.4	



PEM Electrolysis

		Steam Methane Reforming w/o CCS		2

		Steam Methane Reforming w/CCS		2
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PEM Electrolysis (2)

		Steam Methane Reforming w/o CCS		Steam Methane Reforming w/CCS		PEM Electrolysis

		2		2

						140
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Ethanol	CH4	H2	FCC	Total	1.02	2.15	11.65	

Ethanol	CH4	H2	FCC	Total	1.02	1.6	9.5	18.7	30.9	







Texas CCUS Potential

		Ethanol				1.02

		CH4		1.02		1.6										Ethanol		1023878.16453261

		H2		2.15		9.5										CH4		1607830.732

		FCC		11.65		18.7										H2		9550634.595

		Total				30.9										FCC		18726073.50978

																		30908417.0013126
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Hydrogen demand 09-16

				PADD1		PADD2		PADD3		PADD4		PADD5

		2009		0.1		0.6		2.1		0.2		1

		2010		0.1		0.7		2.2		0.2		1.2

		2011		0.1		0.8		2.4		0.2		1.5

		2012		0.2		0.8		2.6		0.3		1.3

		2013		0.3		0.8		2.8		0.3		1.3

		2014		0.2		1		2.9		0.3		1.2

		2015		0.2		1		2.9		0.3		1.1

		2016		0.2		1		3		0.3		1.2



PADD1	2009	2010	2011	2012	2013	2014	2015	2016	0.1	0.1	0.1	0.2	0.3	0.2	0.2	0.2	PADD2	2009	2010	2011	2012	2013	2014	2015	2016	0.6	0.7	0.8	0.8	0.8	1	1	1	PADD3	2009	2010	2011	2012	2013	2014	2015	2016	2.1	2.2000000000000002	2.4	2.6	2.8	2.9	2.9	3	PADD4	2009	2010	2011	2012	2013	2014	2015	2016	0.2	0.2	0.2	0.3	0.3	0.3	0.3	0.3	PADD5	2009	2010	2011	2012	2013	2014	2015	2016	1	1.2	1.5	1.3	1.3	1.2	1.1000000000000001	1.2	









Hydrogen demand 2010-50

				PADD1		PADD2		PADD3		PADD4		PADD5

		2010		0.1		0.6		2.1		0.2		0.8

		2015		0.2		0.9		3		0.2		1.4

		2020		0.2		1		3.2		0.2		1.5

		2025		0.2		1.1		3.8		0.3		1.8

		2030		0.2		1.1		3.8		0.3		1.8

		2035		0.2		1.1		3.8		0.3		1.8

		2040		0.2		1.1		3.8		0.3		1.8

		2045		0.2		1.1		3.8		0.3		1.8

		2050		0.2		1.1		3.8		0.3		1.8



PADD1	2010	2015	2020	2025	2030	2035	2040	2045	2050	0.1	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	PADD2	2010	2015	2020	2025	2030	2035	2040	2045	2050	0.6	0.9	1	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	PADD3	2010	2015	2020	2025	2030	2035	2040	2045	2050	2.1	3	3.2	3.8	3.8	3.8	3.8	3.8	3.8	PADD4	2010	2015	2020	2025	2030	2035	2040	2045	2050	0.2	0.2	0.2	0.3	0.3	0.3	0.3	0.3	0.3	PADD5	2010	2015	2020	2025	2030	2035	2040	2045	2050	0.8	1.4	1.5	1.8	1.8	1.8	1.8	1.8	1.8	
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Ethanol	CH4	H2	FCC	1.0238781645326087	1.1331500539999999	5.360942907000001	11.76292371978	
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Sheet1


			Cement			Lhoist North America /Clifton Plant			230,167												1,000,000


			Cement			Texas Lime Company			239,395									Ethanol			1.02


			Cement			Lhoist North America New Braunfels Plant			391,655									CH4			1.13


			Cement			CAPITOL CEMENT PLANT			404,925									H2			5.36


			Cement			ASH GROVE CEMENT COMPANY			607,184									FCC			11.76


			Cement			Alamo San Antonio Cement Plant			726,558									Natural Gas Plant			35.95


			Cement			TEXAS LEHIGH CEMENT COMPANY LP			858,536									Coal Fired Power Plant			24.00


			Cement			HOLCIM TEXAS LIMITED PARTNERSHIP			970,450												79.23


			Cement			TXI Hunter Cement Plant			971,007


			Cement			TXI OPERATIONS			987,462


			Cement			CEMEX Construction Materials South, LLC			1,352,518


			CH4			LAS TIENDAS PLANT			106,429


			CH4			KDB Central Treating Facility Plant			107,636


			CH4			Jackson County Gas Plant			136,577


			CH4			Copano Field Services/North Texas, Saint Jo Processing Plant Montague, TX			191,567


			CH4			Yoakum Cryogenic Plant			219,461


			CH4			Mont Belvieu Complex			371,480


			Ethanol			Diamond Ethanol, LLC			106,377


			Ethanol			Green Plains Hereford, LLC			279,239


			Ethanol			WE HEREFORD LLC			319,131


			Ethanol			PLAINVIEW BIOENERY LLC aka white energy			319,131


			FCC			FLINT HILLS RESOURCES CORPUS CHRISTI EAST PLANT			261,823


			FCC			PASADENA REFINING SYSTEM			288,421


			FCC			TEXAS CITY REFINERY			303,440


			FCC			Diamond Shamrock Refining Company, L.P.			340,249


			FCC			FLINT HILLS RESOURCES CORPUS CHRISTI WEST PLANT			342,380


			FCC			BORGER REFINERY			395,409


			FCC			PREMCOR REFINING GROUP INCORPORATED PORTARTHUR REFINERY			452,222


			FCC			CITGO CORPUS CHRISTI REFINERY EAST PLANT			458,394


			FCC			Total Petrochemicals & Refining USA, Inc. - Port Arthur Refinery			490,247


			FCC			SHELL DEER PARK REFINERY			491,503


			FCC			VALERO REFINING HOUSTON REFINERY			571,359


			FCC			SWEENY REFINERY			626,542


			FCC			HOUSTON REFINING			626,542


			FCC			MOTIVA ENTERPRISES LLC			747,633


			FCC			VALERO REFINING TEXAS CITY REFINERY			800,248


			FCC			Exxonmobil Beaumont Refinery			838,395


			FCC			Galveston Bay Refinery			1,013,881


			FCC			EXXONMOBIL Bt Site			1,346,248


			FCC			VALERO CORPUS CHRISTI REFINERY			1,367,990


			H2			PRAXAIR TEXAS CITY			209,836


			H2			AIR LIQUIDE - CORPUS CHRISTI SMR			210,114


			H2			AIR LIQUIDE AMERICA CORP			246,562


			H2			Air Products LLC - Pasadena SMR			314,964


			H2			LINDE GAS NORTH AMERICA LLC, CLEARLAKE PLANT			327,213


			H2			BORGER REFINERY			339,098


			H2			VALERO CORPUS CHRISTI REFINERY EAST PLANT			354,566


			H2			Air Liquide Large Industries US - SMR			368,285


			H2			Praxair Port Arthur Facility			403,481


			H2			La Porte Steam Methane Reformer			409,629


			H2			Praxair Port Arthur #379			570,803


			H2			LINDE GAS NORTH AMERICA LLC, LA PORTE PLANT			768,073


			H2			PRAXAIR Texas City Hydrogen Complex			838,320


			NGCC			FORNEY POWER PLANT			1,600,000


			NGCC			Lamar Power (Paris)			1,600,000


			NGCC			Odessa-Ector Generating Station			800,000


			NGCC			Bosque County Power Plant			800,000


			NGCC			Wolf Hollow II			1,600,000


			NGCC			Panda Sherman Power, LLC			800,000


			NGCC			Blackhawk Station			800,000


			NGCC			Newman			800,000


			NGCC			Galveston Bay Refinery			2,504,596


			NGCC			Exxonmobil Beaumont Refinery			2,036,381


			NGCC			Deer Park Energy Center			1,600,000


			NGCC			DOW TEXAS OPERATIONS FREEPORT			1,342,093


			NGCC			SWEENY COGENERATION FACILITY			2,400,000


			NGCC			Channelview Cogeneration Facility			1,600,000


			NGCC			Cottonwood Energy Project			1,600,000


			NGCC			Guadalupe Generating Station			1,600,000


			NGCC			Eastman Chemical - Texas Operations			800,000


			NGCC			Freestone Power Generation			1,600,000


			NGCC			Optim Energy Altura Cogen, LLC			800,000


			NGCC			Channel Energy Center			800,000


			NGCC			Bayou Cogeneration Plant			1,574,100


			NGCC			Baytown Energy Center			800,000


			NGCC			OCCIDENTAL CHEMICAL CORPORATION INGLESIDE PLANT			1,140,971


			NGCC			BASF TOTAL PETROCHEMICALS LLC			348,499


			NGCC			Pasadena Power Plant			800,000


			NGCC			Frontera Generation Facility			800,000


			NGCC			SRW Cogen Limited Partnership			800,000


			NGCC			T C Ferguson Power Plant			800,000


			NGCC			Corpus Christi Energy Center			800,000


			NGCC			OXY VINYLS LP - LA PORTE VCM PLANT			602,906


			PC			Harrington Station			1,600,000


			PC			W A Parish			1,600,000


			PC			Martin Lake			3,200,000


			PC			Oak Grove			3,200,000


			PC			Sam Seymour aka Fayette			1,600,000


			PC			Limestone			3,200,000


			PC			Sandy Creek Energy Station			3,200,000


			PC			J K Spruce			1,600,000


			PC			H W Pirkey Power Plant			1,600,000


			PC			Coleto Creek			1,600,000


			PC			Twin Oaks			1,600,000
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Key Interview Findings

® The basis for the deep decarbonization discussion amongst Houston’s industrial community is
improving, as more parties begin to recognize the value at stake
®  Most uptake amongst global supermajors domiciled in Europe, where social license to operate is more pressing
®  However, still lots of skepticism, passivity and non-collaboration among certain players (especially those that are US-
focused and play only a narrow role in the value chain, like pure independent E&Ps and refiners)
® No way for Houston’s industrial sector to deeply decarbonize without CCUS (and a CO2 network) -
and Houston is well-suited for CCUS
®  Good local geologic conditions for storage (offshore GOM)
®  Proximity to Permian (for EOR)
® Low gathering costs due to number/size/intensity of sources within small geographic area

® Astechnology improves and costs fall, increasing activity to analyze and potentially pursue

CCUS in Houston

® 45Q is making some marginal projects viable (Carbon Capture Coalition continuing to advocate policy)

® OGCI is making Gulf of Mexico its primary US focus, facilitating collaboration among emitters to pursue joint solutions
with better economics




What's Changed as a Result of the Oil Price Shock...

* Major energy companies and investors have re-affirmed their commitment
to moving forward with not only Scope 1 and Scope 2 but also Scope 3
emissions

e Re-starting the economy may provide opportunities to jumpstart clean
energy and low carbon energy projects

* Economics of projects are likely to become more challenging. Low all
prices could prompt some interest in EOR to wane and make pure
geological storage of carbon dioxide a more attractive option
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Two Areas for Catalyzing Houston’s Role in a Low Carbon Energy Future

1. CCUS: Houston can become an “early adopter” for deploying CCUS technologies.

® The Houston Ship Channel has significant of large, centralized and concentrated sources of CO2 from power
and plants and industrial facilities

® The Gulf Coast region has many large locations (deleted hydrocarbon reservoirs, salt domes) for CO2
sequestration and/or storage

Opportunities exist to manufacture new products from captured CO2 (including some currently derived from
hydrocarbons) which can be integrated into existing chemical industry infrastructure

-
2. Hydrogen: Houston has most aspects of the supply chain required to produce both significant

amounts of blue and green hydrogen.

® “Blue Hydrogen” production will be driven by the large base of existing steam reforming plants with carbon
capture added

® “Green Hydrogen” production can be created from new electrolysis plants fueled by low cost renewable energy

® Houston already has a hydrogen pipeline network that can provide hydrogen for high temperature process heat

in refining, petrochemicals, ammonia, steel and cement plants
[ J

Export facilities for ammonia, methanol and liquid organic hydrogen carriers can be developed at the Port

B ™,
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Houston has unique assets and capabilities, which position Houston as a
potential leader in advancing the hydrogen economy

1

i = A th ld’s | t . T . |
- mong the world's larges = Established network of hydrogen pipelines to service US = 2 largest US :
2 H source of hydrogen Gulf Coast refini d related industrial manufacturing area |
t8 oroduction (eg, refining ult Coast retining and related industrial area | :
- and chemical production) . s h b | labl di — Established base of !
| 3 g . ] torage that may be currently available or readily hydrogen feedstock :
T8 ccess to methane converted to hydrogen storage customers !
I production and depleted !
| & om . . . f— 1 1 :
L 3 & reservoirs / CCUS sites = Largest foreign trade port and second largest tonnage Multiple potential :
£ ] . industrial users of |
' 'w g1 = 2™ largest state producer port in US |
. 8 hydrogen based heat |
P @ S of renewable energy today S |
< (potential source via " Mature gas grid with ]
N 1 numerous residential & !

electrolysis of water)

business customers

Development support

» Deep experience with steam methane reformation hydrogen production technology

= Multiple global energy leaders with CCUS and hydrogen technical capabilities, including global hydrogen leader (Air
Liquide) with Houston presence

» Civic leadership, commitment to clean transportation
Source: KPMG

™,



U.S. and Gulf Coast Hydrogen Production

Production capacity (MMSCFD or million standard cubic feet per day)
m Captive Capacity  m Crynogenic Liquid ~ m Compressed Gas
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Hydrogen Demand

Hydrogen demand for U.S. refineries Estimated Hydrogen demand for U.S. refineries

Million metric tons per year (2009-2016) Million metric tons per year (2020-2050)
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U.S. Hydrogen Pipeline Network

Pipeline Miles

California, 16.2 = |ndiana 13.9

Alabama, 31.1

~\

® Ohio 9.2
® Utah 6.5
B Michigan 5.5

® Washington 2.9

Louisiana, 507.9 B New York 2.9

Port Arthur
Valero, Motiva ExxonMobil,
Clearlake Murphy Oil

GULF OF MEXICO

B Oklahoma 1.5

B Kansas 0.4

Texas, 968.1

= Hydrogen Pipeline
© Hydrogen Plant
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Source: U.S. Pipeline and Hazardous Materials Safety Administration




Hydrogen Prices
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Comparing Gult Coast Hydrogen Prices with NA Prices

NORTH AMERICA HYDROGEN ASSESSMENTS, APRIL 21*

Excluding Capex Including Capex
Production Pathway Sihg Change S/hg Changea
Alberta [CE/kg) e
SMR win CCS 036 +01.003
Alkaline Electralysis 146 -0.1% G Ulf Coas* SM R
PEM Electralysis 1.64 0.14
Appatachia Has Lowest U.S.
SMR w/o CCS o029 +0.02
Alkaline Electralysis oa? o.ca C
PEM EiEFtﬂ:ﬂrsiEys 098 -01.08 2.4 Ost
Gulf Coast
SMR win CCS o3z +0.03
Alkaline Electrolysis 1.04 028
PEM Electralysis 1.7 0.3
Midcontinent
SMR wio CCS 026 +0.001
Alkaline Electrolysis [a8=Ts] -0.09
PEM Electrolysis 1.01 -0.10
Wortheast
SMR wio CCS 0.33 +0.04 1.39 +{.04
Alkaline Electralysis O.BE - L0 1.89 -0.04
PEM Electralysis 0896 -0 2.45 1005
Horthern California
SMR w/o CCS 0.54 +0.001 1.76 +0.01
Alkaline Electrolysis [aM=]] 018 2.04 .15
PEM Electrolysis 1.02 -0L15 2 64 -0. 186
Horthwest
SMR wio CCS 0.26 +0.00 1.39 =307
Alkaline Electrolysis 074 -0.32 1.77 -0.%2
PEM Electrolysis 0.83 036 230 -0.38
Rockies
SMR wio CCS 025 1.18
Alkaline Electralysis 0.8z 1.81
PEM Electrolysis 1.03 so.os 246
Southeast
SMR wio CCS o032 +0.003 1.19 #0103
Alkaline Electrolysis 083 1.81
PEM Electrolysis 1.04 2.44
Southern California
SMR win CCS 0.4l +0.0 1.58 .01
Alkaline Electralysis 0.64 -00.2955 1.74 025
PEM Electrolysis oF2 (1.2 23 -1.23
Upper Midwest
SMR wo CCS 031 +0.02 1.26 +02
Alkaline Electralysis 1.03 + 0.0 2.07 +, 08
PEM Electralysis 1.15 + (.06 265 - 08
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KPMG Australia H2 City Study shows that Hydrogen'’s versatility not only spans current
uses largely in refining and ammonia but also provides disruptive potential as clean

energy, under the right economic conditions

BARRIERS

1. INFRASTRUCTURE
2. COSTS

3. CCUS/ELECTROLYZER
TECHNOLOGY

4. REGULATORY
5. CARBON FEE/TAX

LIQUID H2 EXPORTED
TO OTHER COUNTRIES

e
© o

GASIFICATION

© 6.

Casbon capture & storage

Coal

........................................
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Potential hydrogen
usage could include
extending its
current uses largely
in refining and
ammonia and
providing clean
energy for power
generation,
transportation fuel,
and industrial
applications
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