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Presentation Outline
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Who is Advanced Resources 
International, Inc.?

Our history of services:
Since 1971*, we have added value to hundreds of 
oil and gas E&P projects in the U.S. and in over 30 
countries, from Australia to Zimbabwe.
Our approach integrates geology and geophysics, 
petroleum engineering, and strategic and economic 
analysis. 
We specialize in the geological storage of CO2 , 
enhanced oil and gas recovery, and unconventional 
gas resources.

Our clients include:

*From 1971 – 1987, the company was called Lewin & Associates; from 1987 – 1991, the company was a 
subsidiary of ICF Consulting/Kaiser Engineers; since 1991, the company is stand alone and called 
Advanced Resources International, Inc.
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Key Questions to Consider

• What are different types of CCS credits that are available today?

• How can credits be stacked to improve project economics?

• What costs are involved in developing CCS projects

• When do CCS projects make financial sense?

• What impacts a CCS project’s bottom line?
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Strong US Federal Government Support for CCS Projects

2008: Energy Improvement and Extension Act (EIEA) introduced provisions for a carbon capture credit.
• Tax credit value was set at $20/MT for permanent underground geologic storage
• Limited to the first 75 million metric tons (MT) of CO2 stored underground 
• Emissions greater than 500,000 metric tons per annum (MTPA) qualified for the credit

2018: Bipartisan Budget Act (BBA) enacted multiple changes to the previous version of 45Q tax credits
• Credit value increased linearly from $23/MT (inflation adjusted EIEA credit value in 2018) to $50/MT for permanent 

and dedicated geologic storage
• $12.83US/MT to $35/MT for storage associated with EOR

• Reduced qualifying emission thresholds for industrial emitters to 100,000 MTPA 
• Eliminated the previous 75-million MT cap 

2022: Inflation Reduction Act (IRA) made additional changes to the 45Q tax credits
• Increased value of CO2 storage credits to $85US/MT for dedicated sequestration, $60US/MT for associated storage
• Added a $180US/MT credit for storage project with direct air capture (DAC) + dedicated storage

• $130US/MT for DAC + EOR/other utilization methods
• Reduced qualifying thresholds to 18,750 MT for electric generation facilities, 12,500 MT for all other industrial facilities, 

and 1,000 MT for DAC
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Project Development Over Time

EPA drafts regulations and 
guidance for UIC Class VI Wells 

Private sector recovers from 
downturn in energy industry

Bipartisan Budget Act of 2020

Source: Adapted from the Global CCS Institute, Global Status of CCS 2021 Report

Bipartisan Budget Act of 2018
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LCFS CARB Credit Market

• For ethanol or other liquid fuels sold into 
California’s low carbon transport fuels 
market credits can be created by meeting 
the requirements of the California Air 
Resources Board (CARB)’s CCS protocol.

• From August 2019 to April 2021, LCFS 
credits were at approximately $200/MT 
which drove strong interest from ethanol 
plants.

• Since April 2021, LCFS credit values have 
fallen sharply to $81/MT in Jan 2023

• Credits are based on net CO2 stored after a 
lifecycle analysis and a carbon intensity 
reduction calculation 

• Not a one-for-one payment of a credit per 
MT of CO2 stored.
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Voluntary Credit Markets

• Credits are created using a standards 
organization such as Verra or Gold Standard and 
must be verified by a third-party verifier.

• Credit buyers include infrastructure and retail 
companies (e.g., Google, Microsoft, United 
Airlines) as well as brokers and traders who can 
sell them to interested third parties

• Credits currently trade between $1/MT and 
$20/MT for natural carbon removal such as 
afforestation/reforestation and could exceed 
$100/MT for tech-based carbon removal such as 
DAC and CCS (S&P Global).  

• The establishment for CCS credits in voluntary 
markets may be clearer because the rigor that 
goes into meeting the UIC regulation and the 
reporting that goes along with injecting CO2 and 
collecting 45Q credits.  

• It is also possible that the rigor of the process with 
provide a premium value to the credits. 

Ethanol plants 
doing CCS
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US Federal Requirements: Injection

An EPA Class VI Underground Injection Control (UIC) permit is required to inject CO2 for storage.
• The process of obtaining a UIC Class VI well permit has two parts: Permit to Construct and Authorization to Inject.

• The permit to construct allows the operator to drill and complete their injection well.
• Following construction, the applicant must update the plans and models and apply for authorization to inject. 

• To receive the permit to construct the applicant must provide detailed site characterization data, geologic and reservoir
models, and an area of review.

• Additionally, the applicant must submit:
• AoR and Corrective Action Plan
• Financial Assurance Demonstration
• Well Construction Details
• Pre-Operational Testing Program
• Testing and Monitoring Plan
• Well Plugging and Abandonment Plan – Details on project well plugging and abandonment.
• Post-Injection Site Care (PISC) and Site Closure Plan
• Emergency and Remedial Response Plan

• During the project, the operator must monitor injection and report the results semi-annually. After injection ends, the
operator needs to monitor the site until the CO2 plume movement stabilizes.
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GHGRP and CARB

Greenhouse Gas Reporting Program
• A U.S. EPA program that collects greenhouse gas data from industrial greenhouse gas emission sources, fuel and

industrial gas suppliers, and CO2 injection sites in the United States.
• Facilities that store CO2 with a Class VI injection permit must develop a monitoring, reporting and verification (MRV)

plan and report their emissions under the GHGRP.
• The plan must meet the requirements of the US code of federal regulations 40 CFR Part 98, subpart RR.

Low Carbon Fuel Standard CO2 Sequestration Protocol
• CARB’s sequestration protocol is similar to EPA’s Class VI regulation with nearly identical requirements.
• A two-part process: Site Certification and Project Certification.
• However, there are some substantial differences including:

• Lifecycle analysis (LCA) requirements for biofuel refinery carbon intensity pathways.
• Lower injection pressure limit (80 percent of storage formation fracture pressure compared to 90 percent for UIC Class VI)
• Legal demonstration of access to store CO2 is required
• Explicit requirement for a leakage risk assessment
• Third party review by a professional geologist and professional engineer

• Other differences arise from California specific geology
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Pore Space Ownership

State Pore Space Ownership
Arkansas Likely to be the surface owner after mineral extraction is complete
California Unsettled
Colorado Unsettled

Idaho Undecided
Kansas Undecided

Kentucky Appears to be mineral owner
Louisiana Surface owner
Michigan Surface owner
Montana Surface owner

New Mexico Appears to be surface owner
New York Appears to be surface owner

North Dakota Surface owner
Ohio Undecided

Oklahoma Appears to be Surface owner
Pennsylvania Undecided

Texas Ambiguous
Utah Undecided

West Virginia Appears to be surface owner
Wyoming Surface owner

• Pore space ownership and aggregation are a major consideration while developing CCS projects.
• Generally, surface owner also holds rights to the pore space directly below their land. 
• Many states in the US do not have explicit laws governing who owns the pore space beneath their lands.  
• Only a few state in the US have rules governing the aggregation of pore space for CO2 storage such as Montana (60%), 

Nebraska (60%), North Dakota (60%), and Wyoming (80%). 

Source: Adapted from Ivory-Moore, 2022 
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Ethanol CO2 Capture Costs

• For a project to be viable it must be a possible
to conduct the project within the value of the
45Q credit or within the value of the 45Q credit
with additional credits applied, “stacked”.

• Projects have three major components:
• Capture
• Transport
• Storage

• This talk will focus on capture and storage
economics

• Transport will be considered in terms of how
far a source can afford to move CO2 between
the capture facility and the storage site.

• Between 2018 and 2022, most of the project
development interest has been in the high-
purity, low capture cost industries with
projects ranging from single plants to large
regional hubs.
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Capture costs were estimated for a two-stage dehydration and compression system for high 
purity sources (>95% v/v CO2 dry basis) such as ethanol plants. A proprietary preliminary 

costing model was used to generate this plot. 
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Industrial CO2 Capture Costs

Source: International Energy Agency (2022)

$20-25/MT
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CO2 Storage Costs
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Storage costs were estimated using DOE-NETL’s 2022 saline storage cost model that factors in injection and monitoring wells 
(materials and services) required for a given CO2 injection rate/project area. 

Storage costs include cost of project wells as well as technologies 
and services required for monitoring during and after injection 
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100,000 MTPA CCS Project (~33M Gallons/Year Plant)

Capture and Storage
• Estimated capture costs of approximately $20/MT
• Estimated average storage cost of approximately $35/MT

Cannot not afford to do a project at the source site with a tax credit of 
$50/MT. 

Can afford to do a project at $85/MT with up to $30/MT left to cover 
transport.  

• For a 12-year project this amounts to $36 million.
• Pipeline costs can vary; if a 4-inch diameter pipeline is assumed at

$125,000 per inch-mile, this yields a cost of $500,000 per mile.

• The plant can afford to move to a site that is approximately 72 miles away.

This means that small plants need to have storage relatively close to 
their location or find additional ways to reduce costs or stack credits.
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500,000 MTPA Project (~150M Gallons/Year Plant)

Capture and Storage
• Estimated capture costs of approximately $15
• Estimated average storage cost of approximately $9

Can afford to do a project at the source site with a tax credit of $50/MT. 

Can afford to do a project at $85/MT credit with up to $61/MT left to cover 
transport.  

• For a 12-year project this amounts to $366 million.
• Pipeline costs can vary; if an 8-inch diameter pipeline is assumed at

$125,000 per inch-mile, this yields a cost of $1,000,000 per mile.

• The plant can afford to move to a site that is approximately 366 miles
away.

This means medium to large ethanol plants have more financial 
flexibility in developing a CCS project compared to smaller plants.
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Example Financial Analysis for a 100M Gallons/Year Plant

• Ethanol facility secures 5% APR financing for CO2 capture 

• Easier to claim tax credits if the plant owns capture 
system 

• External investor provides capital for storage and pipeline 
construction

• Assumes external investment occurs in two phases

• Early phase: Feasibility and initial well drilling

• Late-phase: Pre-construction based on initial results 

• External investment has fixed rate of 5% APR with option 
for 10% income sharing

• Total credit value of $155/MT ($85/MT of 45Q + $70/MT of 
other credit options)

• 90% of revenue is set aside to pay off capture debt

• Duration: 12-year injection + 15-year monitoring period

• Setting assumes a 60-mile pipeline and the plant is 
already selling into California

• Note that most projects target inject at or near the ethanol 
facility thereby eliminating the need for a lengthy pipe to 
transport CO2  Better project economics/higher ROI



18

-$100,000

-$50,000

$0

$50,000

$100,000

$150,000

$200,000

$250,000

$300,000

0 50 100 150 200 250 300 350 400Pr
oj

ec
t C

as
h 

Fl
ow

 (1
00

0 D
ol

lar
s)

Project Month

Capture System Transport System Storage System

Investment (Transport + Storage) Post-Injection Escrow Cumulative Net Revenue

Example Financial Analysis for a 100M Gallons/Year Plant

Net Revenue of $242M

Net Escrow of $53M

Net Value of ~$298M (or) 75/MT of CO2

These are high level example calculations with cost assumptions consistent with current subsurface operations. Exact numbers will 
depend on capture and transport pricing as well as project timing

Injection starts
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Economic Analysis

They’ve done some studies, you know. Sixty percent of the time, it works every time.

- Brian Fantana
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Discussion – Economics

• Projects may cost could depend on several technical and non-technical factors such as

• Injection site proximity to source

• Land ownership/costs

• Favorable geology

• Projects breakeven time depends on debt structuring (APR, repayment) and credit options 
availed; higher payment early on  faster payoff and higher net income

• High ROI (> 300%) is achievable, especially when there is no pipeline involved 

• Initial investment APR vs profit sharing is a key consideration while structuring investment 
deals

• Ethanol companies can choose to pay off debt faster within the first 5 years of injection to take 
advantage of direct pay provisions in the IRA

• This will help reduce liability while generating cash on project

• Project investments could also be structured at variable rates tied to performance metrics
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Discussion – Regulations

• Regulations, economics, and pore space ownership all play an important role in project development and
can affect the timeline for project development.

• Permitting requirements that affect project implementation are generally related to the need for in-situ data.

• However, the requirement forces project developers to make a sizeable investment in the project prior to getting the
permit, a period when it may be difficult to add investors.

• A characterization well takes a project from hundreds of thousands to millions of dollars and adds project
risk and financial risk to the project developer. Developers can be hesitant to make investments on this
scale without some assurance that they will recoup their investment.

• Moving the requirement for in-situ data from pre-construction phase to the pre-injection phase would make a project
more attractive to investors and developers by reducing regulatory uncertainty.

• Financial assurance is important, but the amount required prior to injection is modest; a requirement to
have the financial assurance in place prior to the permit to drill beyond the cost of covering emergency
and remedial response and plugging of the injection well drilling will impede some projects.

• Pushing the additional financial assurance requirements from pre-construction to pre-injection would increase
project developers’ confidence in obtaining a permit and therefore, securing capital at low risk.
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Conclusions

• There are multiple credits available for CO2 storage that are driving a commercial market for CCS projects, 
especially among ‘high purity’ CO2 emitters such as ethanol plants.   

• All CCS projects are not created equal. Small ethanol plants have tighter project economics compared 
to medium-high volume ethanol plants.

• Project economics will depend on proximity to storage site, need for a pipeline, pore space, and 
capital/debt structuring.

• Other credit options such as LCFS and voluntary markets can be stacked to improve project economics if 
plant operations permit. 

• Aspects of storage regulations, ambiguity in pore space ownership, and potential project economic 
considerations can affect the speed or success of projects.  
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Discussion

• Pore space ownership rules and requirements can also have a major impact on project development.

• A requirement to have 100% of the pore space for a project to get credits without a rule for pore space
aggregation will slow project development because it allows a holdout landowner to have an oversized impact
on project development.

• The California requirement for legal demonstration of storage rights creates uncertainty in project
development if there are multiple landowners involved.

• A landowner or mineral in the middle of a project that holds out could deter project development.

• A landowner or mineral owner at the edge of the project can influence the overall project area available for
access and development and thereby the amount of CO2 that can be stored.

• Most waste disposal wells in the US are not required to acquire legal access to pore space.

• Aggregation or unitization rules will allow projects to proceed, this is particularly important for projects
trying for stack LCFS credits on top of 45Q credits because of the LCFS requirement for legal
demonstration of pore space rights.

• States with a high concentration of biofuels plants could foster CCS projects by developing agrégation
regulations.
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Example Financial Analysis for a 100M Gallons/Year Plant

Activity Cash Flow Type Anticipated Value (USD) Project Month (start-end)

Pre-feasibility Study Investment 50,000 0-2
Storage Feasibility Assessment and Engineering Design Investment 300,000 2-6

Site Characterization (Well/Seismic Data) Investment ~10,000,000 7-14

Pore Space Acquisition (if required) Investment ~500/acre 8-20

Final Design and Permitting (Permits to Construct Well – US EPA and 
CARB)

Investment 600,000 6-20

Injection Well Drilling/Data Analysis Investment ~9,000,000 34-40
CO2 Capture System Construction Investment ~25,000,000 34-42
Permit Update (Permits to Inject – US EPA and CARB) Investment ~200,000 43-46
Start Injection Return Up to 170/tonne 

• 45Q – $85/tonne (first 
12 years of injection)

• CARB – $70-75/tonne
• Optionality for additional 

$2-50/tonne from 
voluntary markets

55+

Operations and Maintenance (Monitoring, insurance, operator fee, etc.) Investment ~25-30/tonne 55+
Site Closure Investment ~1,000,000 At project close
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Discussion – Credits

• Low volume ethanol plants will only be able to do projects if they are close to the storage site if 
and their capture, transport, and storage costs are sufficiently under the 45Q tax credits.

• For projects that are not economical at the 45Q tax credit value, there is a possibility of stacking 
credits to increase the overall value of the project. 

• For ethanol or other liquid fuels sold into California’s low carbon transport fuels market there is 
the established Low Carbon Fuel Standard (LCFS) process that includes the CARB’s CCS 
protocol. 

• However, the instability in credit value has reduced interest in LCFS credits. 

• Furthermore, if the plant is not already selling into the California market the cost developing a LCFS pathway 
and shipping fuel into the market will add to project costs.

• Voluntary credit markets provide another option for stacking. Credit values fluctuate and it is 
difficult to get a handle of them until a CCS project developer works with a standard certifier.

• Obtaining voluntary credit ratings and selling into voluntary markets does not require significant changes to the 
plant’s business model of developing a low carbon pathway.
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