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What is Carbon Capture and Storage?

CCS is a set of technologies to reduce Capture CO2 from Transport via
CO, emissions and permanently trap industrial process pipeline, rail, truck,
it in geological formations deep before emitted __aug barge
underground.
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What do we look for?

CONTAINMENT - Sealed container (sealing or cap rocks above the
storage zone)

CAPACITY - More than enough space to hold all the injected CO2
STABILITY - No geologic faults in the surrounding rock

DEPTH - Ample barriers between the storage zone and sources of
drinking water

CHEMISTRY - Rock compatible with CO2 injection and fluid over
10,000 mg/| total dissolved solids

PRESSURE - Injection pressure won’t break rock layers
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https://www.netl.doe.gov/carbon-management/carbon-storage/carbonsafe

What happens to the CO,? Monitoring begins

prior to injection and
CO, becomes trapped (and the pressure dissipates), continues until after
dissolves, eventually precipitates as solid rock *

injection stops and
CO2 has stabilized
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Although CO2 is non-flammable and non-toxic, exposure
at high concentration can produce a variety of health
effects, thus warranting careful planning and monitoring:

e 400-1,000 ppm: average outdoors to occupied spaces

e 1,000-2,000 ppm: may cause drowsiness

e 2,000-5,000 ppm: may cause headaches, sleepiness,
poor concentration, loss of attention, increased heart
rate, slight nausea

* 5,000 ppm: Oxygen deprivation could occur;
permissible exposure limit for daily workplaces

* |n water: can create acidic conditions



Federal and State Permitting Process Example

Federal Class VI Permitting
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Evolution of CCS — Initial Ramp Up
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Evolution of CCS — (Mostly) Collapse
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Evolution of CCS — Resurgence Under Tax Credits
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Value Drivers in CCS

Tax credits pay from emissions down value chain to storage — complete opposite of commodity pricing at wellhead

Capture Transport Storage | Project
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Value Drivers in CCS What is my

pore space

worth?
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Soaring Landowner Costs
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Hard Truths about CCS

1. This business of CCS is not like oil and gas. There is no market-based
commodity pricing to absorb increasing costs. Tax credits are meant to
(barely) cover the capex and opex, not O&G type margins.

2. The business of CCS is not like solar and wind. There are binary, long-term,
and irreducible uncertainties in technical, regulatory, and commercial

aspects of CCS that tax equity and renewables developers are
inexperienced at managing.

3. How we do it matters. Projects do not exist in a vacuum. We can still
screw this up. Precedents are set and matter.

Let’s unpack intertwined
economic, technical, and social (challenges) and solutions.




Unpacking CCS , :
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Unpacking CCS , :
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Unpacking CCS , :
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Unpacking CCS , :
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Unpacking CCS
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Unpacking CCS i
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Example Solution to Unlock Stakeholder Sentiment

Existing 45Q Tax Credit
to industry to pay for project

Possibly
Low carbon fuel standard,
voluntary carbon credit,
license to operate issue
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_ Directrll}/ _ ,
Provides EQUITABLE compensation that is
straightforward and guaranteed; not contingent
on developer receiving grants, loans, or margin

Empowers communities by incentivizing
directly to enable CCS project selection that
aligns with community’s economic and social
development goals

Mitigates current landgrab and unsustainable
pore space inflation

Natural solution for pore space owners, could
extend to rights-of-way for pipelines,
communities; analogous to tax credits for
energy efficient appliances, EVs, home solar,

etc.
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Unlocking CCS .
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+ Incentivize directly to avoid oppositional

- dynamics and “zero sum game”

+ Promote equity and landowner protection
+ Lower barrier to entry for stakeholders

- Large landowner power and David vs. Goliath

\ Policy likely needed in most cases /




Unlocking CCS

funding

Class VI “piracy”

o

/+ DOE, federal, and state\

- Competitive nature and

/

Economic

-

N

Technical

+ Carbon Steward Tax Credit
+ Expand USDA’s Conservation Reserve Program
+ Conservation easements
+ Utility bill credits
+ Set “market rate”
+ What else???

Policy likely needed in most cases

+ Best practices
+ Proof points
+ Success stories

- Incidents

Social

_/

Contact to brainstorm:
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Unlocking CCS
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What is the future of CCS?
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Thank You

Carbon Capture and Storage CCS
History, Challenges, and Opportunities
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