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DISCLAIMER

This presentation was prepared by Battelle as an account of work sponsored by United States Energy Association
(USEA) in cooperation with the U.S. Department of Energy (DOE). Neither the United States Government, nor any
agency thereof, nor any of their employees, nor Battelle and other cosponsors, makes any warranty, express or
implied, or assumes any liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendations, or favoring by the United
States Government or any agency thereof. The views and the opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency thereof.

Battelle does not engage in research for advertising, sales promotion, or endorsement of our clients’ interests
including raising investment capital or recommending investments decisions, or other publicity purposes, or for any
use in litigation.

Battelle endeavors at all times to produce work of the highest quality, consistent with our contract commitments.
However, because of the research and/or experimental nature of this work the client undertakes the sole responsibility
for the consequence of any use or misuse of, or inability to use, any information, apparatus, process or result obtained
from Battelle, and Battelle, its employees, officers, or Trustees have no legal liability for the accuracy, adequacy, or
efficacy thereof.

I ——
2 BATTELLE



Battelle — Our mission and purpose

* Nonprofit, charitable trust
formed in 1925

* Our mission: To translate
scientific discovery and
technology advances
into societal benefits

Research &
Development

We’'re solving our customers greatest
challenges today while funding internal
research to address tomorrow’s threats.

STEM Education

We're bringing quality science, technology,
engineering and math (STEM) education
to millions of students across the U.S.

Our profits are reinvested not only
in science and technology,
but also in charitable causes.
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Applied Science and Technology
Addressing big challenges

Plastics

Enhanced
CCS Deployment  H, and DAC Deployment T REECM Upcycling/Recycling
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Outline of Presentation

* |[ntroduction

* Literature Review

* Listening Sessions and De-Risking Workshop Summary
* Emerging Technologies

* Summary and Conclusions
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Introduction

Goal: To better Three different risks are unique
understand issues for CCS projects and warranted
surrounding de-risking further investigation:

CCS, particularly as
they relate to the
finance and insurance/
reinsurance and

finance industries. -
CO, Leakage Induced Seismicity

Public
Acceptance
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Introduction

* Approach involved research/literature review

* Applying the perspective of the insurance / reinsurance and finance
industries through interviews and workshop

* Focused on all phases of storage (Pre-operations, operations, and
post-injection site care [PISC])

Intended to provide an initial framework for
necessary conversations
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LITERATURE REVIEW




Planning for Risk

1.

2.

Provide context for risk management
(Project / Location specific)

Determine risk assessment methods
(Quantitative, Qualitative, or
combination)

. Rank the risks based on the risk

assessment

Ensure adequate risk mitigation
through proactive planning (Risk
Mitigation Plan)

Identity

Characterize
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Rank/Priaritize
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Introduction to the Bow-Tie Method

Step 1:
Identify
Step 4: Bowtie Step S:
Controls Hazard Recovery
(Topline Controls
Event)

LOSS OF
CONTROL
MEASURES
POTENTIAL POTENTIAL
CAUSES OUTCOME
Step 2: S?tepyﬁ.:ltljderztflfy;;hreat tto r.iorf'ttrcilﬁ Step 3:
Assess the RPN R Assess the

threats threat to controls consequences

Adapted From: Alizadeh & Moshashaei, 2015
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CO 2 Leakage — Process Tl"lansmiss.ive Faults | Z:’:il*;':;:“"““

’ P USDW (shallow aquifer)

‘—f’ﬁ USDW (deep aquifer

Caprock / Primary seal

* | eakage pathways

Bachu & Celia, 2013

= Caprock/Vertical Migration

Artificial Penetrations

Leakage pathways
Btw. casing / borehole cement

= Transmissive Faults (Figure)

= Artificial Penetrations/Wellbores (Figure)

Btw. casing / cement plug
Through cement
Through casing

Through fractures

Btw. cement / formation

Gasda et al., 2004.
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Bow-Tie Method: CO, Leakage
CO,
Leakage

« Impacts to groundwater,
surface water, and ecosystems

o CaprockNertical ° |mpacts to subsurface

Migration - Impacts to surface land use,
» Transmissive Faults mineral extraction
- Artificial Penetrations/ Loss oF _ * Asphyxiant (significant
Wellbores iy TR e accumulations only)

MEASURES MEASURES

TR oomud ¢ Costs of responding to leaks
(monetary, mission, and trust)

« Site Selection * Reservoir engineering / operational
- Safety inspection / ID wellbores and faults controls

» Monitoring « Correcting loss of well integrity

. Regulatory oversight « Environmental remediation

* Well construction / operations

« Natural trapping mechanisms
s ——
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Induced Seismicity — Process

Structural Human
damage? perception?

Ground
vibrations

----------------
-

$eisrnic Wei;e
* Injection stresses acting on pre- T e
existing fault (Figure) : o S
* Proxy: Injection of wastewater Al
i i e o G
Fiui::! pressurlz::aﬂon .‘ \ r_:aun';“p it
| L ¥t seismicsource
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Bow-Tie Method: Induced Seismicity

Induced
Seismicity

 Felt seismic event:

T : « Operational delays
* Injection stresses acting

on pre-existing fault * Public mistrust

L0SS OF - » Structural damage

CONTROL

conTROL RECOVERY (significant events only)

MEASURES

POTENTIAL
CAUSES OUTCOME

« Site Selection « Early evaluation/operational updates
- Safety assessment » Seismic PISC
* Regulatory oversight * Insurance

« Operational constraints
* Mitigation plan (traffic light system,
checklists/protocols, expert panels)
s —
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Public Acceptance — Process

WHQ?

?
* |neffective public outreach could delay project VVHAT -

or make project untenable
WHERE?

* Project communications should start early and

be continual throughout the project
WHEN?
HOW?
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Bow-Tie Method: Public Acceptance

Public
Acceptance

: * Project delays
 Concerns, real or perceived

N * Project cancellation
 Inaccurate communication

 Technology implementation

* Appropriate siting delays

CONTROL RECOVERY
MEASURES MEASURES

POTENTIAL POTENTIAL
CAUSES OUTCOME

- Effective, proactive project communication « Crisis Management/ Public Relations team
* Introduce major parties to communities « Outline protocols for crisis response

* Include the right people « Contact emergency response, community
- Tailor to who you are trying to reach leaders, regulators, etc.

« Use multiple venues, times, and methods
 Ensure community benefits
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LISTENING SESSIONS
AND WORKSHOP




Applying the Perspective of the
Insurance/Reinsurance Industries

* Several one-on-one and group conversations
with relevant experts

* Four questions asked of each person and group:

m Scientist / Engineer

1. What are the most important issues to consider = Risk / Finance / Economics

when de-risking CCS?

2. What assurances are needed to ensure the risk is
acceptable?

3. What are the gaps in understanding CCS risks from
your point of view?

4. What has not been asked that is important to
consider relative to de-risking CCS projects now
and/or in the future?

m Private Science & Engineering / Proj. Imp.
m Academia / National Lab / NGOs

m PM / Business Development

18
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What are the most important issues to consider
when de-risking CCS?

* Consideration of issues related to the following areas:

= Storage site selection

= Permitting and approval process for Class VI wells

= Long term liability/project close-out uncertainty
* Need for robust site-specific risk management plan / transparency
* Appropriate safety mechanisms and integrity of operations
* Understanding the experience gap and limitations of proxies
* Holistic project management — What happens at project closeout?
* Trust is essential

I ——
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What assurances are needed to ensure the risk is
acceptable?

* Effective enablers in de-risking potential CCUS projects:
= Implementation efforts by ethanol are great gateway industries.
= Site must be well-characterized, well-operated, and well-managed.

= Successful permitting would play a key role for financial insurance.
* Additional quality data / characterization
* Assessing integrity / seals
* Reputation of the technical team
* Land access / pore space availability

* Quantitative Risk Analxses
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What Are the Gaps in Understanding CCS Risks
from Your Point of View?

* The participants discussed the following key gaps in understanding
CCS risks:

= Legislative clarity, or lack thereof, is a major gap.

= Public perception relative to technology tied to induced seismicity concerns,
which are highly manageable and predictable.

* Long-term risk — Who owns it and how long?
* Long-term business case

* Lack of operational history / experience
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What has not been asked that Is important to consider relative to
de-risking CCS projects now and/or in the future?

* Key takeaways on additional considerations:
= Long-term liability issues associated with CCS and how will it be managed?

= What is in place to keep people from perpetually injecting versus closing the well and initiating a
monitoring protocol?

* How are CO2 wells integrated with other disposal wells?
* Miscommunications between agencies / developers

* Public opposition to projects

* Capture costs

* Do not underestimate the importance of relationships and trust
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De-Risking CCUS: Paving the way for the Insurance
and Finance industries

* Workshop held in September 2022
* Included many of the experts interviewed previously

* Five main topics covered
= The basics of CCUS
= DOE Periorities in De-Risking Carbon Capture
= Risk Mitigation Opportunities
= Project Implementation

= The intersection of and de-risking CCUS and Environmental Justice

* Report contains a summary of the workshop
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EMERGING TECHNOLOGIES /
ISSUES
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Emerging Technologies for Carbon Management

* Report focused on five
technologies:

= Direct Air Capture with carbon storage
(DACCS)

= Bioenergy with CCS (BECCS)
= Reforestation / Afforestation

= CO, Mineralization / Enhanced
Weathering

= Blue / Green Hydrogen

* Potential to support more rapid
decarbonization

* Often have a lower Technology
Readiness Level (TRL)

GHG emissions (GtCO,e/year)
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CO; from fossil fuels, industry Mitigatgd ) Examples of associated technologies
and land use changes GHG emissions
CHg, N;O and F-Gases

Conventional
abatement technologies
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Direct Air Capture

* Capturing CO, from ambient air for use or storage
* Currently smaller scale
* DOE-supported DAC Hubs will accelerate development / deployment

* Unique risk characteristics:

= Siting Balance

= Must develop lifecycle assessments (LCAS) / strict sustainability criteria

= Must study impacts on energy systems.
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Bioenergy with CCS (BECCS)

* Biomass to generate electricity. Carbon is captured and stored.
* Supportive policy in U.S. enables BECCS
* Potential and impact is dependent on project details

* Unique risk characteristics:
= Land intensive
= Sustainability

= Economic viability / affordability of power
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Reforestation / Afforestation

* Replanting (reforestation) or
establishment (afforestation) of forests

Total annual mitigation (MtCOs yr=1)

* High mitigation potential in North
America, Brazil, Indonesia — highly
dependent on land availability

* Already practiced
* Unique risk characteristics:

= Permanence / Reversal

= Disturbance events (fires, clearing, etc.) \ ) o

= Balancing land management Austin et a. (2020)

28 BATTELLE



Enhanced Weathering / CO, Mineralization

* Reactions with CO, and mafic or

ultramafic minerals- / wastes
* In-Situ / Ex-Situ methods

* Unique risk characteristics:
= Low TRL / Requires Validation
= Reaction kinetics
= Land use considerations

= Economics of useful products

Ex-Situ
Enhanced Rock Weathering
Ambient Air / CO,-Rich Air

L Powdered
Mafic or
Land
Ultramafic
Rocks

Reactions with Waste

Mining Waste: Tailings, Mafic/ultramafic residue

Industrial Waste: Steel and blast furnace slag,
cement waste, construction and demolition
waste, municipal solid waste, coal ash

Creating Useful Products

Leaching

_ ey
O oyl ‘E’ ¢ w,,
ag 3 ) b -1_) o m'JJJ <,
h 4 'y,

Fly Ash

®— T 3

Water =

‘ Concrete

: e
Coarse/Fine o | Shurry/Mixture Formulation s
Aggregate P e — i =

In-Situ
€O, Mineralization
=== |JItramafic Rocks

=%
O ) == Mafic Rocks

£

Conventional Carbon Capture Storage

757t7rucilr.lrrra|77 7 Residual Solubility
Trapping Trapping Trapping Trapping

Sandalow et al. (2021); Garcia del Real and Vidal, (2016); DOE (nd)
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Blue / Green Hydrogen

e Steam methane reformation (SMR)
with CCS (blue)

* Electrolysis with renewables (green)

Gray Hydrogen Blue Hydrogen Green Hydrogen
¢ B|Ue hydrogen |S brldge teChnOIOgy Fossil Fuels Fossil Fuels Renewables
co,

* Emissions from multiple sectors dealt ! €0, Zero emissions

Wlth emissions
* Unique risk characteristics: |

B Hﬂ@ ccus
= Additional research needed N Transition 4

= Economics / Future demand
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Summary and conclusions

* CCS risk assessments must be site-specific, ongoing, and iterative
* Assessments require a broad set of capabilities

* Engagement conducted under this study are intended to translate
technical information so wider audience / non-technical stakeholders
can understand risks posed by CCS projects.

* Additional communication with project financers and insurers must
continue. The project and report provides a framework for these
discussions.
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Conclusion from Expert Interviews
* The conversations were open, two-way, and appreciated!

e Several issues were raised:

= CCS can be safe and effective with planning—this must be communicated
= Trust and credibility are going to be crucial
= Site and land accessibility / ownership remain a question in some jurisdictions

= Lack of existing projects / uncertainty compounds the hesitation but can be overcome with the right
communication and investigation

= Effective site characterization can be this mitigating factor

= Must communicate risk profiles as well as the technical aspects of CCS
= Reputation of the companies involved with help provide credibility

= The industry is well-regulated / Class VI is protective

= Legislative clarity / public perception must be addressed
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