ENERGY. TECHNOLOGY. SUSTAINABILITY.

Reframing Challenges as Opportunities: .
Sustainability, Hydrogen and the Houst
Innovation Ecosystem

Dr. Lynn Frostman — VP Engineering

AADE Fluids Management Group

New Perspectives on Fluids and the Environment

September 23, 2021

/

S



Mindset

O Retain faith that you will prevail AND confront
the brutal realities

- Jim Collins, Good to Great

d Change is inevitable, but growth is optional
- Arin Reeves, The Next 1Q
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Dilemma or

Opportunity?

The portfolio frontier grid of choices and trade-offs for for oil and gas companies

Scale trade-offs

Capex intensity and gestation cycle
Marketplace differentiation
Value capture and synergies

irce: Deloitte analysis

SCALE

OIL FOCUS

Integrated oil
and gas
(value chain)

0il and gas

exploration and
production (balanced,
diversified)

0il and gas
exploration and
production (balanced,
concentrated)

0il and gas
exploration and

production
(oil-heavy, niche)

Growth trade-offs

integration
(e.g., fractionation,
GTL, etc.)

Integrated LNG
(processing
to retailing)

Gas-powered
generation and

transportation

Natural gas
pure play

CARBON PLAY

Nature-based
solutions
(regeneration,
reforestation, etc.)

Carbon capture
and storage (with
or without blue
hydrogen)

Biofuels, biomass,
renewable fuels,
waste

Foundational,
sustainable, and
electrified 0&G
operations
(e.g., land and water)

GROWTH )— High ——>»

Risk-returns

n oh rick Jow retums
ms; high risk, fow return

Competitors Unknown

Technology evolution

Fast and broader but evolving

Operating model B268/B2C/multiple

Regulatory framework Dependent on fovorable support

Deloitte Insights | deloitte.com/insights



Further Opportunities

A few technologies that need our skill set: _ -
d Geothermal L R o et | =
O Methane monitoring - 400
O CCUS Mo S 300
d Hydrogen _ . N '.%* 200
—————————————————— : n{‘,“::‘.'- | 100

A few resources to learn more: e AT bR 0
Q TexasGeo.org/About - link to PIVOT 2021 videos %{;M L VRN
Q SPE.org/en/GAIA/ AL
QO The technological and economic prospects for AR

CO?2 utilization and removal. Nature 575, 87-97 0 L TR Y e

(2019). https://doi.org/10.1038/s41586-019-1681- 1 T VR R ot T i e

B togp-orgytransitioning-world/



Hydrogen 101

Hygqugen offers: the benefltoof zero - > Eﬂ[iim

emissions at point of use & is particularly NDLETR AL A (A

attractive to decarbonize the hard to abate  processes TransporTaTiON  CHEMICALS

sectors.- - - - —-"=—-"="="="="="="="="="="="=-" -~~~ =~ ————————————

Technologies to Make H,

d Steam Methane Reforming (SMR) — with or
without CCUS

A Electrolysis (multiple technologies)

3 Gasification (coal or biomass) — with CCUS

Qd Pyrolysis (multiple technologies)

d Plasmonic photocatalysis (double reforming,
ammonia splitting)
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Hydrogen: The Opportunity Is Real,

But the Devil’s in the Details

llllllll

1. Significant effort is needed to meet @ """"
clean (net zero carbon) hydrogen A 4 @_

targets. 1 Dollar 1Kilogram  1Decade
5 C§Q a ., 2. Itis necessary to do a value chain
ssoe: o / lifecycle assessment of cost &
cbon  * crbon  + ofwpply | * crbon ifegdecost;  Carbon intensity for each project.
of inputs of process chain of end use carbon
3. Key factors affecting the H, lifecycle equation i“a\
are cost & source of inputs, proximity to end — 8 L)
user, and regulation. 9 | Ve @
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Houston Innovation Ecosystem

UH & A few resources to learn more:

Downtown

Q Houston Innovators Podcast
RS e NN QO HoustonlnnovationMap.com
| \ AN RIS Q Houston.org/Innovation-Corridor
\ D it Y Q HoustonExponential.org
> T REDE|0309090 o ui Q CenterforHoustonsFuture.org
i SO "l Y Q GreentownlLabs.com/Houston/
.y Q Alliance.Rice.org
R innovation _ Green .. Univarety o] of Honstin B Maker Hub j 0 UH.edu/UH-En ergy /

a > 800 Start-ups

O >38 Accelerators, incubators, & other start-up
support orgs

o 2.$1Binventure capital investments YTD 7



Houston, we have an opportunity!

d What skills & mindset are you
bringing to the table?
d How are you engaging ...
... with your company?
... with your stakeholders?
... with the Houston ecosystem?
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Questions:
Contact Information:
Dr. Lynn Frostman
VP Engineering
Syzygy Plasmonics
Email: Lynn@plasmonics.tech
_ URL: www.Plasmonics.tech
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