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1717  28 t h  S t reet  Bakersf ie ld ,  Cal i fornia  93301  (661)  326-1112  FAX:  (661)  326-0191  

August 14, 2024 

Keith Alvidrez
Kern County Planning and Natural Resources Department

Re: Economic Feasibility Analysis of CRC’s Proposed Project - Carbon TerraVault 1 

Exhibits: 
A - CEC License Application, Baseload Heat Balance 
B - NPC CCS Study 
C - Proforma 
D - Project Details from recirculated EIR

Mr. Alvidrez, 

I have been engaged to analyze the financial feasibility of the Carbon TerraVault 1 project in Kern County 
(Project) proposed by California Resources Corporation (CRC), see Exhibit D, Project Details from 
recirculated EIR. I have developed an economic proforma for the Project based on the capital investments 
and a forward strip reflecting CO2-related products (such as LCFS and GHG allowances) as well as the 
current cost of capital and incentives. 

I base my opinions on the information provided, publicly available resource material, and my 40+ years as 
a project development specialist, consultant to a variety of industries including Destec Energy and El Paso 
Merchant Energy guiding the development of energy infrastructure, GHG verifier, and LCFS verifier, as 
well as a contributor to the National Petroleum Council’s recently completed Natural Gas Policy Study. I 
have also previously evaluated other similar carbon capture and storage (CCS) projects in North America.  
The following summarizes my thoughts and observations regarding the Project’s feasibility.  

Summary Finding  
I completed a forensic proforma economic analysis reflecting the Project in terms of variable and fixed 
cost to drill and operate Class VI wells, plus the cost for the CO2 capture, balanced against typical 
modified accelerated cost recovery system (MACRS), LCFS credit values, and 45Q incentives.  I also 
treated the normal elements of a project economic proforma and found that the Project has high stand-
alone economic value (high DCR, high IRR, and short payback period, Exhibit C, Proforma). The 
results agree with the cost-effectiveness findings in both the IPCC and NPC reports regarding CCS1 
(Intergovernmental Panel on Climate Change, 2022) (National Petroleum Council, 2019).  

As is (taking an economically agnostic view of the state’s environmental or energy goals and needs), the 
Project, which consists solely of capturing Elk Hills’ CO2 and injecting it in the existing Elk Hills pore 
space, would be viewed as a stand-alone project worth pursuing with little economic risk other than the 
typical regulatory risk associated with emerging policy coupled with new facility installation.  Moreover, 
given the unique site control aspects of the Elk Hills facility (formerly Naval Petroleum Reserve 1) the 
Project is ideally suited to achieve and exceed the hurdles imposed by the permitting requirements of 
existing Laws, Ordinance, Regulations and Statutes (LORS).

1 The Project documents at times refer to the Project as a carbon capture and storage or “CCS” project.  For purposes of this 
analysis, this term is materially consistent with a carbon capture, utilization, and storage or “CCUS” project. 
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Basis 
The Project will store CO2 from the existing natural gas streams providing fuel for the existing cryogenic 
and fractionation natural gas plant facility and Elk Hills Power Plant within the Elk Hills oil field (Elk 
Hills). The Project will capture and store CO2 from Elk Hills in two phases (both phases occur entirely 
within and to serve Elk Hills). In Phase 1, 101,743 tons per year (tpy) of compressed CO2 would be captured 
and injected, and in Phase 2, up to 101,743 tpy of compressed CO2 would be captured and injected, for a 
total of up to 203,486 tpy from the Elk Hills oil field. 

Based on my review of the Project parameters, the existing Elk Hills power plant as licensed by CEC has a 
rated capacity of 465 MW nominal at baseload with a 92% to 95% availability, requiring 2,960.5 mmscf/day 
LHV, Exhibit A, CEC License Application, Baseload Heat Balance.  The power plant alone provides a 
singular tenant for the integrated CCS Project.  Prior studies indicate that the natural gas processing pathway 
to sequestered CO2 is one of the lowest Marginal Abatement Cost alternatives, Exhibit B, NPC CCS Study
(National Petroleum Council, 2019), the unit cost of which is well below the offsetting 45Q credits and any 
benefits realized from LCFS credits which I discuss in detail in the proforma analysis for this Project.  
Reservoir capacity (i.e., pore space) is sufficient for the Project to proceed to its forecast end-of-useful-life 
at which point salvage value is conservatively assumed to be zero.  However, future regulatory changes 
may extend the use in some speculative future not envisioned in the proposed Project.   

Reservoir Capacity  
The Project’s CCS reservoir element has an estimated maximum capacity of approximately 48 million 
metric tons (MMT) of CO2, and it can store up to 2,210,000 tons of concentrated CO2 per year (up to 
1,460,000 tons per year in the 26 R reservoir and up to 750,000 tons per year in the A1-A2 reservoir) as 
determined by the Class VI permit from EPA. This maximum capacity is determined exclusively by the 
size of the geologic reservoirs.  No new infrastructure has been designed, planned, or funded other than that 
needed to serve the CO2 related to Elk Hills. 

Elk Hills Power Plant 
A review of CRC’s publicly available SEC financial filings show that CRC intends, and has invested the 
necessary capital to, operate the Elk Hills facility through 2045 (and possibly beyond), without regard to 
whether the Project is approved.2   Furthermore, CEC licensing for the power plant is current and is expected 
to remain in effect for the next 20 years, at minimum.  The Elk Hills Power Plant currently provides about 
one third of its power to serve the Elk Hills oil field, and the remaining two-thirds goes to the California 
power grid via the PG&E substation in Buttonwillow, California.  Thus, the Elk Hills Power Plant will 
remain in operation as long as the Elk Hills oil field is in operation, a period expected to last a minimum of 
20 years. In addition, even after the oil field ceases operation, as long as power pricing is sufficient, the Elk 
Hills Power Plant will provide any remaining capacity to the California power grid as directed by the 
California Independent System Operator (CAISO).  The California Energy Commission and Public Utilities 
Commission are evaluating strategies for decarbonizing California electricity by 2045, and thus the 
operational life of the Elk Hills Power Plant is somewhat more uncertain after 2045. 

Because of this previously established need, CRC has already expended approximately $26 million in 2023 
and 2024 on planned major plant maintenance at the Elk Hills Power Plant to conform to reliability 
requirements.3  This work includes gas turbine rotor replacement, steam turbine generator core replacement, 

2 While not critical to the proforma itself  or the outcome of this analysis (which used independent project estimates), the 
capacity and commitment of CRC was considered.  CRC’s 1Q financials are publicly available at: 
https://www.crc.com/news/news-details/2024/California-Resources-Reports-First-Quarter-2024-Financial-and-Operating-
Results/default.aspx

3 “$165 million … related to oil and natural gas development (including $20 million to $25 million for maintenance at CRC’s 
Elk Hills gas processing plant), $20 million to $25 million is for carbon management projects and…”, CRC 1Q 24 (California 
Resources Corporation, 2024)
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selective catalytic reduction catalyst replacement, and upgrading plant control systems.  All work is entirely 
independent of the proposed Project, and will not alter or affect the infrastructure and construction 
associated with the Project. These costs are not included in Exhibit C, Proforma. 

Economic Feasibility in a Proforma Context 
The physical infrastructure of the Project consists (in summary) of six proposed Class VI Underground 
Injection Control (UIC) wells, approximately 11 miles of underground facility and injection pipeline for 
capture from the precombustion gas, and related infrastructure improvements. Additionally, 10 existing 
wells would be converted to monitoring wells, and six existing wells would be converted into seismic 
monitoring wells.  The new Project facilities are designed to accommodate the pre-combustion CO2 from 
Elk Hills, but are not designed, sized, or constructed to accommodate future sources, regardless of potential 
reservoir capacity.  

In California, CCS projects currently generate 45Q tax credits of approximately $85 per ton of CO2. Based 
on an all-in fixed project cost for the Project of $88 million, and assuming for purposes of providing a 
highly conservative economic analysis that the Project will store only approximately 101,743 tpy using the 
single, existing amine unit, a discounted cash flow analysis shows that with the combination of LCFS value 
and tax credits the Project returns exceed the cost of the Project by year four of operation without any 
additional sources of CO2.  This cost estimate is based on the improvements described above, which are 
needed only to capture CO2 from Elk Hills. 

In addition, there are no current or pending regulatory requirements which mandate that Elk Hills be shut 
down in the absence of the Project. Thus, the Project, with only the “initial” source of CO2 from Elk Hills, 
is economically viable, and would proceed based on current economic assumptions without any expectation 
or reliance on other sources of CO2.  

Elk Hills in a Proforma Context 
As noted, the Project site includes natural reservoirs that exceed the storage capacity of CO2 generated from 
the Elk Hills Power Plant alone. From a proforma perspective, because the proposed Project is using current 
cost-effective technology and has surface control, source control, and pore space control, the Project is 
properly viewed as a stand-alone project, needing no risk hedges.    

Nature of Speculative CO2 Capture Projects 
U.S. net zero ambitions have attracted many entrants into the CO2 CCS and hydrogen marketplace.  This is 
exactly what the Inflation Reduction Act (IRA) and Infrastructure Investment and Jobs Act (IIJA) envision 
and incentivize.  However, each project entrant is individually obligated to develop its own project 
considering its Technical Readiness Level at suitable cost to society (defined by weighing impacts and 
benefits while meeting normal and customary financial hurdles to success).4  These projects rely on 
processes and site conditions that have varying stages of readiness, thus making many of these projects, if 
not most, speculative at best. As the California Air Resources Board (CARB) notes, “[s]tate, national and 
global decarbonization analyses indicate a significant role for carbon management infrastructure, yet 
relatively few projects are operational” (California Air Resources Board, 2022).  

Allowing Speculative Projects to Perform Diligence Does Not Establish Their Viability  
The former Naval Petroleum Reserve’s controlled pore space represents an important isolated naturally 
occurring storage volume in the State of California.  There are a handful of speculative projects wishing to 

4 Per Department of Energy, Technical Readiness Level (TRL) is a measure used by agencies and some private sector companies 
to assess the maturity of evolving technologies (materials, components, devices, etc.) prior to incorporating that technology into a 
system or subsystem. TRL at its most basic definition describes the maturity of a given technology relative to its development 
cycle. 
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entertain the possibility of exploring the potential opportunity to ultimately send captured CO2 to the Project 
for sequestration, however none of these projects have any physical or contractual certainty and any prudent 
assessment in the CRC proforma would dictate a complete discount of the speculative value.  In the face of 
the exuberance of the various proposals to meet the goals stated in AB 32 and all subsequent actions and in 
the spirit of the good corporate governance and the societal desire to achieve the reduction goals, CRC 
management has allowed staff to enter into exploratory Carbon Dioxide Management Agreements 
(CDMAs).  As is normal and customary in the industry, the CDMAs that CRC has entered into are 
confidential, however, one common element CRC has shared is that CRC prudently requires that the 
CDMAs for these highly speculative potential future projects are non-binding with respect to the terms 
related to any potential future storage of CO2, and therefore, the CDMAs do not obligate or encumber the 
Project. CDMAs are used when parties are in the initial stages of future planning, diligence and research, 
and the parties are still determining whether or not a binding agreement is appropriate or even possible. 
CDMAs with these highly speculative projects help to clarify what each party intends to achieve and how 
they might collaborate.  

Information that may be addressed in a CDMA could include the amount of CO2 that may need to be 
sequestered, timelines for project feasibility completion, service or product pricing, and other ancillary 
services, but all of these terms are nonbinding and only serve to identify a starting point from which the 
parties can perform diligence, planning, and environmental review as well as permitting at risk.  Entering 
into CDMAs do not indicate the degree to which project-development-related barriers are resolved. Only 
after each of these possible future steps are taken could the parties to a CDMA potentially negotiate (let 
alone enter into) a binding agreement.  

In my opinion, any announcements concerning their project viability relying on CDMAs can be reduced to 
simple marketing efforts to improve their standing with regard to project viability in the face of technical 
and economic uncertainty (as they position for funding and participation).  

Key variables for the CRC Project decision makers are the all-in Project cost and the expected emissions 
reduction.  Each go into the true marginal cost which to some degree may be considered in the merit-based 
project selection, along with other proforma line items affecting the all-in Net-Present Worth. 
Operationally, prudency (in the same context as defined by Public Utility Ratemaking proceedings) dictates 
for a given risk element a risk hedge should be sought and allocated to the proforma as risk demands so the 
risk-reduced cost (here per-unit of CO2 captured and injected) is minimized and the project successfully 
operates continuously at the permitted design, in a manner satisfying any financial instrument covenants.  
However, to reiterate, none of the speculative projects that have entered into CDMAs with CRC are risk 
mitigations for the Elk Hills CCS Project, which is further evidence of the entirely speculative nature of the 
potential projects that have entered into CDMAs with CRC. 

It is my professional opinion that based on the limited and conditional scope of CDMAs in the industry, the 
potential future projects that are the subject of the CDMAs are entirely speculative, and there is a large 
probability that many, if not all, of these potential projects will never come to operational fruition. 

Overview of Importance of CCS to California’s Power Sector  
Per IPCC, CCS will be needed in the power sector to achieve rapid, large-scale, and cost-effective 
decarbonization of the electric system without sacrificing reliability (Intergovernmental Panel on Climate 
Change, 2022).  In fact, PG&E has recently noted that resources are being stressed. The costs (including 
GHG related) are allocated by the California Public Utility Commission to cover numerous balancing 
accounts such as the current Energy Resource Recovery Account (ERRA) proceeding (A.23-07-012), 
which accounts for generation capacity and energy (Pacific Gas and Electric, 2024).  This CPUC proceeding 
underscores the present circumstance and market instruments. In the aforementioned proceeding, PG&E 
has recently noted that the capacity and energy markets are beginning to show uncharacteristic volatility.   



5 

“PG&E's internal forecast for RA capacity products, referred to herein as its 
"forward curve," indicates significant volatility and potential resource scarcity
in the RA market. PG&E foresees a risk that the RA MPBs issued in Fall 2024 
may significantly escalate from their already elevated present levels. If the RA 
MPBs increase to the level of PG&E's forward curve, the impact on bundled 
service customer 2025 generation-related rates would be significant.  
… 
RA is a capacity product that Load Serving Entities (LSE) are required to 
purchase on behalf of their customers to ensure that there is sufficient capacity to 
meet "its load requirements, including, but not limited to, peak demand and 
planning and operating reserves" for its customers. 
… 
LSEs generally meet their RA requirements through a combination of resources 
in their portfolio under long-term contracts (which may provide other products 
such as energy and environmental attributes) and short-term RA-only 
transactions in the RA bilateral market, which are generally less than 1 year in 
nature. The RA market is a bilateral market and does not have the price 
transparency of a centrally-administered market such as the California 
Independent Service Operator's (CAISO) energy markets.”(PG&E, 2024)  

One can see that the Project tangibly exists as a CO2 emission reduction project valued both as CO2 
mitigation (toward achieving climate goals) and as an electricity-related adaptive measure (improving 
reliability and the System Average Heat Rate for load following generation needed for covering a greater 
demand due to increased predicted degree day related impacts) thus avoiding some future all-in cost of not 
having prepared for climate impacts, (Frederick, 2017). 

Carbon Reduction Goals and Corporate Governance 
CCS has been recognized as an essential tool to achieve carbon neutrality. The 2022 Scoping Plan Update
along with the Climate Change 2022: Mitigation of Climate Change, a report by the Intergovernmental 
Panel on Climate Change released in early 2022, show there is no path to carbon neutrality without carbon 
removal and sequestration.   

California has passed legislation to encourage CCS in an effort to achieve carbon neutrality. California’s 
Executive Order B-55-18 directs California to achieve carbon neutrality by 2045 and net negative emissions 
thereafter. Assembly Bill 1279 establishes the policy of the state to achieve carbon neutrality as soon as 
possible, but no later than 2045; to maintain net negative GHG emissions thereafter and to ensure by 2045 
statewide anthropogenic GHG emissions are reduced at least 85 percent below 1990 levels. The bill requires 
CARB to ensure that Scoping Plan updates identify and recommend measures to achieve carbon neutrality, 
and to identify and implement policies and strategies enabling CO2 removal solutions and carbon capture, 
utilization, and storage (CCS) technologies. Likewise, Senate Bill 905 requires CARB to create the Carbon 
Capture, Removal, Utilization, and Storage Program to evaluate, demonstrate, and regulate CCS and carbon 
dioxide removal (CDR) projects and technology. The Project is a critical component of these important 
state policies. 
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December 12, 2019

The Honorable Dan R. Brouillette 
Secretary of Energy 
Washington, D.C. 20585

Dear Mr. Secretary,

	 By letter dated September 21, 2017, Secretary of Energy Rick Perry requested the National Petroleum 
Council’s (NPC) advice on actions needed to deploy commercial carbon capture, use, and storage (CCUS) 
technologies at scale into the U.S. energy and industrial marketplace.  Achieving this objective will pro- 
mote economic growth, create domestic jobs, protect the environment, and enhance energy security for the 
United States.

	 The response to the request required a study that considered technology options and readiness, 
market dynamics, cross-industry integration and infrastructure, legal and regulatory issues, policy man-
dates, economics and þnancing, environmental impact, and public acceptance.  The effort involved over 
300 participants from diverse backgrounds and organizations, 67% of whom are employed by organiza-
tions outside of the oil and natural gas industry.

	 Over the next two decades, global population and gross domestic product (GDP) are expected to 
grow signiþcantly.  Many outlooks anticipate a 25% to 30% increase in global energy demand by 2040 as 
well as a need to address rising greenhouse gas (GHG) emissions.  The Council found in this “Roadmap to 
At-Scale Deployment of CCUS” that as global economies and populations continue to grow and prosper, the 
world faces the dual challenge of providing affordable, reliable energy while addressing the risks of climate 
change.  Widespread CCUS deployment is essential to meeting this dual challenge at the lowest cost. 

	 The United States is uniquely positioned as the world leader in CCUS and has substantial capability 
to drive widespread deployment.  The United States currently deploys approximately 80% of the world’s 
carbon dioxide (CO2) capture capacity.  However, the 25 million tonnes per annum (Mtpa) of CCUS capac-
ity represents less than 1% of the U.S. CO2 emissions from stationary sources.  The study lays out a path-
way through three phases of deployment – activation, expansion, and at-scale – that supports the growth 
of CCUS over the next 25 years, and details recommendations that enable each phase.  In the þrst phase, 
clarifying existing tax policy and regulations could double existing U.S. capacity within the next 5 to 7 years.  
Extending and expanding current policies and developing a durable legal and regulatory framework could 
enable a second phase of CCUS projects (i.e., 75 to 85 Mtpa) within the next 15 years.  Achieving CCUS 
deployment at scale (i.e., additional 350 to 400 Mtpa) within the next 25 years will require substantially in-
creased support driven by national policies. 

	 In addition, substantially increased government and private research, development, and demonstra-
tion (RD&D) is needed to improve CCUS performance, reduce costs, and advance alternatives beyond cur-
rently deployed technology.  Increasing understanding and conþdence in CCUS as a safe and reliable tech-
nology is essential for public and policy stakeholder support.  The oil and natural gas industry is uniquely 
positioned to lead CCUS deployment due to its relevant expertise, capability, and resources.

	 The Council’s policy, regulatory, and legal recommendations have been grouped into three phases:

	 Considering the activation phase, the NPC recommends the following:

Å	 The IRS should clarify the Section 45Q requirements for credit transferability, options for demon-
strating secure geologic storage, construction start deþnition, and credit recapture provisions.

•	 The Department of the Interior (DOI) and individual states should adopt regulations to autho-
rize access to use pore space for geologic storage of CO2 on federal and state lands.



	 Considering the expansion phase, the NPC recommends the following:

Å	 Congress should amend Section 45Q to extend the construction start date, extend the duration of 
credits, lower the CO2 volume threshold, and increase the value of the credit for storage and use 
applications.

Å	 Congress should expand access to Section 48 tax credits and other existing þnancial incentives to 
all CCUS projects, effectively expanding current policies to a level of ~$90 per tonne to provide 
incentive for further economic investment.

•	 Congress should amend existing statutes to allow CO2 storage in federal waters from all anthro-
pogenic sources, and the Department of Energy (DOE) and DOI should establish processes to 
enable access to pore space and regulate CO2 storage in federal waters.

•	 Concurrently with the activation phase, DOE should create a CO2 pipeline working group to 
study the best way to harmonize the federal, state, and local permitting processes, establish tar-
iffs, grant access, administer eminent domain authority, and facilitate corridor planning.  
DOE should also convene an industry and stakeholder forum to develop a risk-based standard 
to address long-term liability.

	 Considering the at-scale phase, the NPC recommends the following:

•	 To achieve at-scale deployment of CCUS, concurrently with the expansion phase, congressional 
action should be taken to bring cumulative value of economic policies to about $110 per tonne.

•	 The oil and natural gas industry should continue to fund research and development at or above 
current levels in support of new and emerging CCUS technologies.

	 Concurrently with all three phases, and to achieve at-scale deployment of CCUS, Congress should 
increase the level of RD&D funding for CCUS technologies to $15 billion over the next 10 years, with a sig-
niþcant amount directed to less mature and emerging technologies that offer the greatest potential for a step 
change in performance and cost reduction.

	 Integral to success is adherence to the Council’s following recommendations for engaging stake-
holders:

•	 Government, industry, and associated coalitions should design policy and public engagement 
opportunities to facilitate open discussion, simplify terminology, and build conþdence that 
CCUS is a safe and secure means of managing emissions.

•	 The oil and natural gas industry should remain committed to improving its environmental per-
formance and the continued development of environmental safeguards.

•	 Commensurate with the level of policy enactment being recommended, the oil and natural gas 
industry should continue its investment in CCUS.

	 The attached report provides additional details and recommendations.  The Council looks forward 
to sharing this study with you, your colleagues, and broader government and public audiences.

		  Respectfully submitted,

		  Greg L. Armstrong 
		  Chair
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PREFACE

NATIONAL PETROLEUM COUNCIL

The National Petroleum Council (NPC) is 
an organization whose sole purpose is to 
provide advice to the federal government.  

At President Harry Truman’s request, this fed-
erally chartered and privately funded advisory 
group was established by the Secretary of the 
Interior in 1946 to represent the oil and natural 
gas industry’s views to the federal government: 
advising, informing, and recommending policy 
options.  During World War II, under President 
Franklin Roosevelt, the federal government and 
the Petroleum Industry War Council worked 
closely together to mobilize the oil supplies that 
fueled the Allied victory.  President Truman’s 
goal was to continue that successful coopera-
tion in the uncertain postwar years.  Today, the 
NPC is chartered by the Secretary of Energy 
under the Federal Advisory Committee Act of 
1972, and the views represented are consider-
ably broader than those of the oil and natural 
gas industry. 

Council members, about 200 in number, are 
appointed by the Energy Secretary to assure well-
balanced representation from all segments of the 
oil and natural gas industry, from all sections of 
the country, and from large and small companies.  
Members are also appointed from outside the oil 
and natural gas industry, representing related 
interests such as large consumers, states, Native 
Americans, and academic, financial, research, 
and public interest organizations and institu-
tions.  The Council provides a forum for informed 
dialogue on issues involving energy, security, 
the economy, and the environment of an ever-
changing world. 

STUDY REQUEST AND OBJECTIVES

By letter dated September 21, 2017, Secre-
tary of Energy Rick Perry formally requested the 
National Petroleum Council to undertake a study 
to define potential pathways, including research 
and development, regulatory, and policy options 
for integrating carbon capture, use, and stor-
age (CCUS) at scale into the energy and indus-
trial marketplace, with specific emphasis on the 
petroleum industry. The Secretary requested the 
Council’s advice on five key questions:

	· What are the United States’ and global future 
energy demand outlooks and, based on these 
outlooks, the environmental benefits resulting 
from the application of CCUS technologies in 
various end-use sectors?

	· What research and development, technology, 
and infrastructure barriers must be overcome 
to ensure the economic deployment of CCUS at 
scale in various end-use sectors?

	· How should the success of CCUS at scale be 
defined?

	· What actions can be taken to establish a frame-
work that guides public policy and stimulates 
private-sector investment to advance the 
development and deployment of CCUS technol-
ogies capable of achieving substantive gains in 
e�ciency, economics, and environmental per-
formance?

	· What regulatory, legal, liability, or other issues 
should be addressed to progress commercial 
CCUS investment and enable U.S. industry to 
be the global technology leaders?
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In addition to those questions, Secretary 
Perry’s letter suggested other areas of inquiry, 
advice, and comment, including the following:

	· Development of a roadmap of remaining tech-
nology and project development challenges 
that can enable successful economic deploy-
ment of CCUS at scale across the spectrum of 
industries and fuel types.

	· Recognition that integrating technology and 
deploying CCUS at scale will require significant 
capital investment, major new infrastructure, 
and cooperation of multiple industries and 
government institutions.

	· The study should address the entire CCUS value 
chain and consider technologies applicable to 
power generation, industrial processes, and 
enhanced oil recovery (EOR), as well as di�er-
ent fuel types or energy sources (coal, oil, natu-
ral gas).

	· Factors to be considered should include tech-
nology options and readiness, market dynamics, 
cross-industry integration and infrastructure, 
legal and regulatory issues, policy mandates, 
economics and financing, environmental foot-
print, and public acceptance.

Appendix A contains a copy of the Secretary’s 
request letter and a description of the NPC.

STUDY CONTEXT

As the United States explores options to pro-
mote economic growth and ensure energy secu-
rity while protecting the environment by reduc-
ing carbon dioxide emissions over time, Secretary 
Perry requested the NPC to undertake and deliver 
a comprehensive study that would define poten-
tial pathways for deploying and integrating CCUS 
technologies at scale into the energy and indus-
trial marketplace in the United States, with an 
emphasis on the petroleum industry.  

Large-scale CCUS technologies require sig-
nificant investments and infrastructure, as well 
as the cooperation of multiple industries.  The 
oil and natural gas industry has unique capabili-
ties to contribute to CCUS at the scale required, 
including the handling of large volumes of gas and 
liquids, deploying world-scale equipment, evalu-
ating the subsurface for safe storage resource, 

monitoring the integrity of storage, constructing 
pipeline infrastructure, and managing the con-
struction and operation of large capital-intensive 
projects.  

Accordingly, this report addresses the entire 
CCUS supply chain from capture through use and/
or storage.  It makes clear that the success of CCUS 
at scale requires economic and operational inte-
gration across industries, harmonized local/state/
federal regulations, and broad public acceptance.  
The report addresses the technology advances 
and choices needed, infrastructure requirements, 
economics, cross-sector integration, regulation, 
policy options, and public acceptance.  

STUDY SCOPE AND PROCESS

At the outset of the study in early 2018, the 
study leadership focused on developing a pro-
posed work plan for the study that would define 
the study scope, organization, and timetable. 
This step was to ensure that there was alignment 
on the study plan so that a final report could be 
submitted to the Secretary by the end of 2019. 

It was agreed that the overarching goal of the 
CCUS study was to define potential pathways 
leading to CCUS deployment at scale.  To do so, 
the work plan delineated that the study would:

	· Evaluate the CCUS value chain from capture 
through use and/or storage across diverse 
industrial sectors and fuel types

	· Establish the business case for CCUS in the 
United States

	· Address a broad range of factors consistent 
with the Secretary’s request (e.g., technology, 
legal, regulatory, economics, etc.)

	· Focus primarily on accelerating CCUS deploy-
ment within the United States while learning 
from, and considering implications for, the rest 
of the world

	· Deliver an actionable set of recommendations 
for short-, medium-, and long-term scale-up of 
CCUS deployment, including specific recom-
mendations for the U.S. government.

While this report’s emphasis is on accelerat-
ing deployment in the United States, the study 
learned from, and shared insights with, other 
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countries as the e�ort was conducted.  While 
many of the report’s findings are global in nature, 
its recommendations are the Council’s response 
to the Secretary’s request for advice and, there-
fore, are U.S. focused.

Based on lessons learned from recent Council 
studies and other CCUS activities, the following 
principles were used to guide the study process: 

	· Redefine CCUS value in terms of energy secu-
rity, economic growth, and jobs, in addition to 
environmental benefits

	· Maximize use of prior studies and previous 
research

	· Engage broad participation from industries, 
government, nongovernmental organizations 
(NGOs), and academia

	· Use the work of the National Coal Council 

	· Leverage organizational strengths, drawing 
upon collective resources and expertise

	· Involve global perspectives to ensure a com-
prehensive study that leverages learnings from 
abroad

	· Coordinate closely with the concurrent NPC 
study on U.S. Oil and Natural Gas Transporta-
tion Infrastructure

	· Ensure comprehensive communication of the 
report’s assumptions and conclusions via tai-
lored presentations delivered to multiple inter-
ested parties. 

The study drew on available analysis from 
a variety of sources such as the International 
Energy Agency (IEA), the U.S. Energy Information 
Administration (EIA), the U.S. National Academy 
of Sciences (NAS), U.S. Department of Energy/
National Energy Technology Laboratory studies 
and reports, other peer-reviewed research and 
development (R&D) reports, and data from dem-
onstration and commercial-scale projects.  

This NPC study was conducted in full com-
pliance with all regulations and laws, including 
antitrust laws and provisions and the Federal 
Advisory Committee Act.  It did not include evalu-
ations of commodity prices despite the important 
role these play in encouraging research and tech-
nology investments required for the widespread 
deployment of CCUS at scale.

STUDY GROUP ORGANIZATION

In response to the Secretary’s request, the 
National Petroleum Council established a Com-
mittee on Carbon Capture, Use, and Storage 
composed of more than 60 members of the Coun-
cil.  The Committee’s purpose was to conduct a 
study on this topic and to supervise preparation 
of a draft report for the Council’s consideration.  
This Study Committee was led by a Steering 
Committee consisting of the Committee’s Chair, 
Government Cochair, and nine members repre-
senting a cross section of the Committee.  The 
Steering Committee provided timely guidance 
and resolution of issues during the course of the 
study.

A Coordinating Subcommittee and three ana-
lytical Task Groups were also established to assist 
the Committee in conducting the study.  These 
study groups were aided by multiple Study Teams 
and Subgroups focused on specific subject areas 
supplemented by workshops and other outreach.  
Figure P-1 provides an organization chart for the 
groups that conducted the study’s analyses, and 
Table P-1 lists those who served as leaders of 
these groups.

The members of the various study groups were 
drawn from NPC members’ organizations as well 
as from many other industries, state and federal 
agencies, NGOs, other public interest groups, 
financial institutions, consultancies, academia, 
and research groups.  Approximately 300 people 
served on the study’s Committee, Subcommittee, 
Task Groups, Teams, and Subgroups.  While all 
had relevant expertise for the study, fewer than 
33% were from the oil and natural gas industry.  
Figure P-2 depicts the diversity of participation 
in the study process, and Appendix B contains 
rosters of the participants in each of the study 
groups.  This broad participation was an integral 
part of the study, with the goal of soliciting input 
from an informed range of interested parties. 

Participants in this study contributed in a 
variety of ways, ranging from work in all study 
areas, to involvement on a specific topic, or to 
reviewing proposed materials.  Involvement in 
these activities should not be construed as a par-
ticipant’s or their organization’s endorsement of 
or agreement with all the statements, findings, 



4   MEETING THE DUAL CHALLENGE

As a federally appointed and chartered advisory 
committee, the NPC is solely responsible for the 
final advice provided to the Secretary of Energy.  
However, the Council believes that the broad and 
diverse participation has informed and enhanced 
its study and advice.  The Council is very appre-
ciative of the commitment and contributions 
from all who participated in the process.

REPORT STRUCTURE

In the interest of transparency, and to help 
readers better understand this study, the NPC is 
making the study results and many of the docu-
ments developed by the study groups available to 
all interested parties.  To provide interested par-
ties with the ability to review this report and sup-
porting materials in di�erent levels of detail, the 
report is organized in multiple layers as follows.

Volume I, Report Summary, includes the 
report transmittal letter, outline of the entire 
report, preface, executive summary, roadmap 
for enabling the widespread implementation 
of CCUS at scale, a complete list of the detailed 
recommendations of the study, and appendices 
providing the study request letter, NPC roster, 
study group rosters, and description of web-
only materials.  This volume provides two lev-
els of summarization:

	· Report Transmittal Letter is the first layer; it 
submits the report to the Secretary of Energy 

and recommendations in this report.  Addition-
ally, while U.S. government participants pro-
vided significant assistance in the identification 
and compilation of data and other information, 
they did not take positions on the study’s recom-
mendations.  Likewise, some other participants 
from certain non-advocacy, nonprofit organi-
zations, such as the Electric Power Research 
Institute, did not take positions on the study’s 
recommendations.  

Artist _______   Date _______   AC _______   BA _______
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by the study’s Task Groups, Subgroups, and 
Teams, are included on the NPC website.  They 
were used in the development of the full report.  
A list of the topic papers is provided in Descrip-
tion of Web-Related Materials at the end of this 
volume.

The Council believes that these materials will be 
of interest to the readers of the report and will 
help them better understand the results.  The 
members of the NPC were not asked to endorse 
or approve all of the statements and conclu-
sions contained in the topic papers but, rather, 
to approve the publication of these materials 
as part of the study process.  The topic papers 
were reviewed by the applicable Subgroup but 
are essentially stand-alone analyses.  As such, 
statements and suggested findings that appear 
in the topic papers are not endorsed by the NPC 
unless they were incorporated into the report.

Cost Curve Model.  A di�erential feature of 
this study was to assess the costs to capture, 
transport, and store CO2 from all sectors and 
fuel types, covering the largest facilities and a 
total of approximately 80% of all U.S. stationary 
sources. Using “reference cases” and standard 
economic assumptions was essential to devel-
oping the cost curve, formulating recommen-
dations, and assessing the potential impact of 
those recommendations on CCUS deployment 
at a national level. Costs for individual projects 
will vary based on location factors and the eco-
nomic assumptions specific to each project.

In order to provide a useful public resource 
and ensure transparency of the work of the 
NPC CCUS study, this cost assessment tool is 
being hosted online by Ga�ney, Cline & Asso-
ciates, allowing stakeholders to change the 
cost and financial assumptions to generate 
their own view of costs at the following link: 
http://ga�ney-cline-focus.com/npc-ccus-cost-
assessment-tool.

The Report Volumes and Topic Papers described 
above may be downloaded for free from the NPC 
report website at: dualchallenge.npc.org.  Also, 
printed copies of the report volumes may be pur-
chased from the NPC.

as the Council’s response to his request for 
advice on carbon capture, use, and storage.  
It provides a very brief, high-level overview 
of the report’s key messages.

	· Executive Summary is the second layer and 
provides a broad overview of the study’s 
principal findings and resulting recommen-
dations for enabling the widespread imple-
mentation of CCUS at scale.  

Volume II, Analysis of CCUS Deployment At-
Scale, provides more detailed discussion and 
additional information on the study’s deploy-
ment at-scale analyses:

	· Chapters 1 to 4 provide discussions and back-
ground on the study assessments of CCUS 
deployment.  The four chapters in this vol-
ume address: the role of CCUS in the future 
energy mix; CCUS supply chains and econom-
ics; policy, regulatory, and legal enablers; 
and building stakeholder confidence.  These 
chapters provide supporting data and analy-
ses for the findings and recommendations 
presented in the Report Summary Volume.

	· Appendices in this volume provide back-
ground material, including CCUS project 
case studies and an assessment of the eco-
nomic impacts of CCUS deployment. 

Volume III, Analysis of CCUS Technologies, 
provides an overview and detailed discussions 
of the technologies used in the CCUS supply 
chain.

	· Chapters 5 to 9 provide more detailed discus-
sion and additional information on CCUS 
technologies.  The five chapters in this vol-
ume address the capture, transport, geologic 
storage, enhanced oil recovery, and use of 
CO2.  These chapters provide supporting data 
and analyses for the findings and recommen-
dations presented in the Report Summary 
Volume.

	· Appendices in this volume provide additional 
background material on CO2 capture and 
enhanced oil recovery. 

Topic Papers provide a final level of detail for 
the reader.  These papers, developed or used 

•  •  •



EXECUTIVE SUMMARY   7

INTRODUCTION

Over the next two decades, global popula-
tion is expected to grow by about 1.5 bil-
lion people and reach about 9.2 billion 

people by 2040.  At the same time, gross domes-
tic product (GDP) is expected to more than dou-
ble.  This growth in global prosperity will lift 
billions of people out of poverty and into the 
middle class.  To enable this dramatic increase 
in prosperity, many outlooks anticipate a 25% 
to 30% increase in global energy demand by 
2040.  In addition to providing a�ordable, reli-
able energy to support growing economies and 
populations, the world will also need to address 
rising greenhouse gas (GHG) emissions and the 
risks of climate change.  Carbon capture, use, 
and storage (CCUS), including transport, will 
be an essential element in the portfolio of solu-
tions needed to take on this dual challenge of 
supplying energy while addressing the risks of 
climate change.

The United States leads the world in CCUS 
deployment today with approximately 80% of 
the world’s carbon dioxide (CO2) capture capac-
ity, with many of the early projects driven by 
market economics, including the availability of 
low-cost supply of CO2 and demand for CO2 for 
enhanced oil recovery (EOR).  And, although the 
United States is currently the world leader, its 25 
million tonnes of CCUS capacity represents less 
than 1% of the CO2 emissions from stationary 
sources.  The United States has more than 6,500 
large stationary sources emitting approximately 
2.6 billion tonnes of CO2 per year across multiple 
industries.  Many of these sources are located 
near geologic formations suitable for CO2 stor-

age, providing opportunities to expand deploy-
ment of CCUS and extend the U.S. leadership 
position.  

The United States has a demonstrated track 
record of successful CCUS projects and an estab-
lished regulatory framework that is underpinned 
by world-leading policy support.  In addition 
to geology that favors CO2 storage, the United 
States possesses an innovative business cli-
mate and cutting-edge research capabilities.  
Continued U.S.  leadership in CCUS can create 
domestic jobs, benefit the economy, and aug-
ment energy security priorities.  The U.S. oil and 
natural gas industry has the expertise, capa-
bility, and resources to partner with govern-
ments and stakeholders in expanding the United 
States’ leadership position in CCUS.  This report 
describes the opportunity and actions needed to 
expand the application of CCUS in the United 
States.  The second volume of the report begins 
with an overview of the U.S. and global energy 
and CO2 emissions landscape, describing why 
CCUS is essential to meeting the dual challenge 
of providing a�ordable and reliable energy while 
addressing the risks of climate change.  It then 
describes the opportunities to deploy CCUS 
in the United States and lays out a pathway 
through three phases of deployment—activa-
tion, expansion, and at scale—that would enable 
the growth of CCUS in the United States over the 
next 25 years, and details the recommendations 
that enable each phase.  The third volume of the 
report comprises five chapters that describe the 
technology elements of the CCUS supply chain 
and the opportunities that exist for continued 
development of each.  

EXECUTIVE 
SUMMARY
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The Executive Summary discusses the follow-
ing findings:

1.	 As global economies and populations contin-
ue to grow and prosper, the world faces the 
dual challenge of providing a�ordable, reli-
able energy while addressing the risks of cli-
mate change.

2.	 Widespread CCUS deployment is essential to 
meeting the dual challenge at the lowest cost.  

3.	 Increasing deployment of CCUS can deliver 
benefits and favorably position the United 
States to participate in new market opportu-
nities as the world transitions to a lower CO2 
intensive energy system. 

4.	 The United States is uniquely positioned as 
the world leader in CCUS and has substantial 
capability to drive widespread deployment.

5.	 Clarifying existing tax policy and regulations 
could activate an additional 25 to 40 million 
tonnes per annum (Mtpa) of CCUS, doubling 
existing U.S. capacity within the next 5 to 7 
years.

6.	 Extending and expanding current policies, 
and developing a durable legal and regulatory 
framework, could enable the next phase of 
CCUS projects (an additional 75 to 85 Mtpa) 
within the next 15 years.

7.	 Achieving CCUS deployment at scale, an ad-
ditional 350 to 400 Mtpa, in the next 25 years 
will require substantially increased support 
driven by national policies.

8.	 Increased government and private research, 
development, and demonstration is needed to 
improve performance, reduce costs, and ad-
vance alternatives beyond currently deployed 
technology.  

9.	 Increasing understanding and confidence 
in CCUS as a safe and reliable technology is 
essential for public and policy stakeholder 
support.

10.	The oil and natural gas industry is uniquely 
positioned to lead CCUS deployment due to its 
relevant expertise, capability, and resources.

Following the Executive Summary is a CCUS 
roadmap for the United States that uses an info-
graph to detail the final recommendations and 
expected impact on deployment at each phase.  

Following the roadmap, a detailed list of all rec-
ommendations developed as part of this study 
is provided.  Volumes II and III contain the nine 
chapters that provide the details that underpin 
the Executive Summary, roadmap, and recom-
mendations.  

KEY FINDINGS AND 
RECOMMENDATIONS

Finding 1
As global economies and populations con-
tinue to grow and prosper, the world faces 
the dual challenge of providing a�ord-
able, reliable energy while addressing the 
risks of climate change.

Over the next two decades, the global popula-
tion is expected to grow by about 1.5 billion peo-
ple, reaching approximately 9.2 billion by 2040.1 
This increase is more than four times the popu-
lation of the United States in 2019.  At the same 
time, GDP is expected to more than double.  This 
growth in global prosperity will lift billions of 
people out of poverty and into the middle class.  
To enable this dramatic increase in prosperity, 
many outlooks anticipate a 25% to 30% increase 
in global energy demand by 2040.2 

This anticipated demand growth is reflected in 
the International Energy Agency’s (IEA) Stated 
Policies Scenario (STEPS), which aims “to provide 
a detailed sense of the direction in which existing 
policy frameworks and today’s policy ambitions 
would take the energy sector out to 2040.”3  Fig-
ure ES-1 shows that the STEPS estimates global 
energy demand will increase more than 25% 
through 2040.  Most of this growth will come from 
India and China, as well as other emerging econo-
mies, as prosperity rises and populations increase.  
Conversely, demand in developed economies, like 
the United States, is expected to remain flat or 
decline, as energy e�ciency improves.

1	 United Nations, Department of Economic and Social A�airs, 
Population Division (2019).  World Population Prospects 2019, 
Online Edition.  Rev.  1.

2	 BP Energy Outlook 2019, ExxonMobil Outlook for Energy 2019, 
IEA World Energy Outlook 2019 Stated Policies Scenario.

3	 International Energy Agency (2019) World Energy Outlook, 
https://www.iea.org/weo/weomodel/steps/.
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In the Energy Poverty Action Initiative, the 
World Economic Forum recognizes that “access 
to energy is fundamental to improving qual-
ity of life and is a key imperative for economic 
development.” Figure ES-2 illustrates this well-
established relationship, comparing the United 
Nations Human Development Index—an assess-
ment of life expectancy, education levels, and 
gross national income per capita—to annual 
energy use per capita.  The data suggest that 
as energy use per capita rises, quality of life 
increases significantly, and the relationship flat-
tens out at about 100 gigajoules (GJ) per capita 
per year.

Eighty percent of the world’s population lives 
in countries where per capita energy consump-
tion is less than 100 GJ per year, and the global 
average is about 82 GJ.  In comparison, the aver-
age annual energy consumption for members of 
the Organization for Economic Co-operation 
(OECD) is about 169 GJ.4  This pronounced dif-

4	 OECD average excludes Iceland because they were not included 
in the data set.

ference in consumption—more than double the 
global average—highlights the gap between 
most OECD countries and those in developing 
economies.  

In addition to providing more a�ordable, reli-
able energy to support growing economies and 
populations, the world will need to address rising 
GHG emissions and the risks of climate change.  In 
2019, atmospheric concentrations of CO2 climbed 
to more than 400 parts per million (ppm) from a 
pre-Industrial Revolution level of 280 ppm.5 

According to the Intergovernmental Panel on 
Climate Change (IPCC), “it is extremely likely 
that more than half of the observed increase in 
global average surface temperature from 1951 to 
2010 was caused by the anthropogenic6 increase 

5	 Lindsey, R. (2019).  “Climate Change: Atmospheric Carbon 
Dioxide,” climate.gov website.  Accessed September 2019. 
https://www.climate.gov/maps-data.

6	 anthropogenic (adjective):  of, relating to, or resulting from the 
influence of human beings on nature.  In Merriam-Webster’s 
online dictionary.  Accessed September 2019.  https://www.
merriam-webster.com/dictionary/anthropogenic.
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Figure ES-1. IEA Stated Policy Scenario Shows More Than a 25% Increase in
Global Primary Energy Demand by 2040

Also Figure 1-2
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Figure  ES-3. The Relationship between CO2 Concentration and Global Temperature, 1880-2017

ALSO FIGURE 1-3
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Figure ES-2. 2017 Human Development Index and Energy Consumption per Capita

Also Figure 1-1
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in greenhouse gas concentrations,”7 and “contin-
ued emission of greenhouse gases will contribute 
to further warming and long-lasting changes in 
all components of the climate system.”8  The his-
torical relationship between CO2 concentration 
and global temperature is shown in Figure ES-3.

Finding 2 
Widespread CCUS deployment is essential 
to meeting the dual challenge at the low-
est cost. 

7	 IPCC, 2013:  Climate Change 2013: The Physical Science Basis.  
Working Group I Contribution to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change [Core Writing Team, 
R.K. Pachauri and L.A. Meyer (eds.)].  IPCC, Geneva, Switzerland, 
p. 17.

8	 IPCC, 2014: Climate Change 2014: Synthesis Report.  Contribution 
of Working Groups I, II and III to the Fifth Assessment Report of 
the Intergovernmental Panel on Climate Change  [Core Writing 
Team, R.K. Pachauri and L.A. Meyer (eds.)].  IPCC, Geneva, 
Switzerland, p. 8.

CCUS combines several technologies to reduce 
the level of CO2 emitted to the atmosphere or 
remove CO2 from the air.  The CCUS supply chain, 
as shown in Figure ES-4, involves the capture 
(separation and purification) of CO2 from station-
ary sources so it can be compressed and trans-
ported to a suitable location where it is converted 
into useable product or injected deep under-
ground for safe, secure, and permanent storage.  

Although CCUS supply chains can have many 
forms, the building blocks are generally described 
as follows:

Capture.  CO2 is produced in combination with 
other gases during industrial processes, including 
hydrocarbon-based power generation.  CO2 cap-
ture involves the separation of the CO2 from these 
other gases.  This separation can be accomplished 
using many di�erent technologies, the most com-
mon of which is amine absorption.  Once the CO2 

Figure ES-4. Supply Chain for Carbon Capture, Use, and Storage



12   MEETING THE DUAL CHALLENGE

is separated, it is typically dehydrated to avoid 
corrosion and then compressed or refrigerated so 
that it behaves like a liquid, making it ready for 
transport.  

Transport.  In most cases, captured CO2 will 
need to be transported from the capture location 
to a di�erent location where it can be stored or 
used.  This transport is typically accomplished 
using pipelines operating at a pressure that 
enables the CO2 to remain in a dense phase.  
Sometimes CO2 is transported using rail, trucks, 
or marine vessels.  

Use.  While most CO2 captured over the next 
few decades will likely be stored, it can also be 
used to produce valuable products and services.  
Examples of CO2 use include building materials 
and carbon nanotubes.  CO2 use is currently an 
outlet for only a small fraction of the captured 
CO2 but may provide a meaningful option with 
further market and technology development.  

Storage.  There are multiple pathways for CO2 

storage.  Compressed CO2 is injected into care-
fully selected subsurface geological formations 
for safe, secure, and permanent storage.  Exam-
ples of subsurface formations include saline for-
mations, depleted oil and natural gas reservoirs, 
and un-mineable coal seams.  CO2 can also be used 
to produce oil in a process known as enhanced 
oil recovery.  Operational experience indicates 
that approximately 99% of the CO2 used in EOR 
is ultimately trapped in hydrocarbon-producing 
geologic formations.

The Unique Role of CCUS

CCUS is an essential element in the portfolio 
of solutions needed to change the emissions tra-
jectory of the global energy system.  In its Fifth 
Assessment Report, the IPCC concluded that the 
costs for achieving atmospheric CO2 levels con-
sistent with holding average global temperatures 
to 2°C—referred to as a “2°C world”—will be more 
than twice as expensive without CCUS.9 

9	 IPCC, 2014: Climate Change 2014: Synthesis Report.  Contribution 
of Working Groups I, II and III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change  [Core Writing Team, 
R.K. Pachauri and L.A. Meyer (eds.)].  IPCC, Geneva, Switzerland, 
151 pp.

In support of that report, the Energy Modeling 
Forum 27 at Stanford University evaluated vari-
ous scenarios with specific stabilization targets 
consistent with a 2°C world that would, for exam-
ple, limit atmospheric CO2 to 450 ppm.10  As part 
of that work, Figure ES-5 presents potential out-
looks for global CO2 emissions under stabiliza-
tion scenarios (assessed 2°C scenarios) relative to 
baseline scenarios that represent pathways with 
limited change in policy.  

The set of baseline scenarios shows CO2 emis-
sions growing steadily out to 2100.  The assessed 
2°C scenarios show that global CO2 emissions 
must decline to zero, and in most cases become 
negative, in the second half of the century.  To 
achieve these reductions, the assessed 2°C sce-
narios require technologies that remove CO2 from 
the atmosphere.  These CO2 removal technologies 
enables “negative emissions.” 

Bioenergy with CCUS (BECCS) and direct air 
capture (DAC) with CCUS are two negative emis-
sions approaches that could be applied to achieve 
a 2°C outcome.  BECCS involves the conversion 
of biomass, which extracts CO2 from the atmo-
sphere as it grows, to energy with the resulting 
CO2 captured and geologically stored.  DAC takes 
CO2 from the air that can be geologically stored 
or used.  

The IEA considers the role of CCUS in its Sus-
tainable Development Scenario (SDS).  Figure 
ES-6 depicts the di�erence between global emis-
sions projections in the IEA STEPS and SDS.  
CCUS contributes 9% of cumulative emissions 
reductions globally to 2050, making it a vital part 
of the mix of solutions needed to reach SDS tar-
gets.11  As the IEA explained in 2017, “Our analy-
sis consistently shows that CCUS is a critical part 
of a complete clean energy technology portfolio 
that provides a sustainable path for mitigating 

10	ExxonMobil Outlook for Energy, 2019, p.  41.

11	The SDS “sets out the major changes that would be required to 
reach the key energy-related goals of the United Nations Sustain-
able Development Agenda.” These are:

	 An early peak and rapid subsequent reductions in emissions, in 
line with the Paris Agreement (Sustainable Development Goal 
[SDG] 13)

	 Universal access to modern energy by 2030, including electricity 
and clean cooking (SDG 7)

	 A dramatic reduction in energy-related air pollution and the 
associated impacts on public health (SDG 3, 9).
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Figure ES-5. Comparison of Baseline and Assessed 2°C Scenarios to Achieve Global Net-Zero Emissions by 2100

Also Figure 1-5 (was 1-7)
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Figure ES-6. Global Emissions Projections for the IEA’s Stated Policies Scenario
and Sustainable Development Scenario

Also used as Figure 1-6
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greenhouse gas emissions while ensuring energy 
security.”12 

Finding 3 
Increasing deployment of CCUS can 
deliver benefits and favorably position the 
United States to participate in new mar-
ket opportunities as the world transitions 
to a lower CO2 intensive energy system. 

Since the beginning of the Industrial Revolu-
tion, global energy demand has soared, and the 
mix of energy sources has continued to evolve.  
This evolution has been enabled by advance-
ments in technology that have brought greater 
utility in the delivery and use of energy.  Figure 
ES-7 illustrates global primary energy sources by 
share.  Throughout history it has taken decades 
for new energy sources to achieve a substantial 
market share.  

12	International Energy Agency.  (June 7, 2017).  “IEA and China 
Host High-Level Gathering of Energy Ministers and Industry 
Leaders to A�rm the Importance of Carbon Capture.”  https://
www.iea.org/newsroom/news/2017/june/iea-and-china-host-high-
level-gathering-of-energy-ministers-and-industry-leaders.html.

For much of history, the primary drivers behind 
energy choices were availability and cost.  How-
ever, as societies developed, the environmental 
impacts of energy sources became more notice-
able.  Air and water pollution became key con-
cerns when adverse health impacts on popula-
tions resulted from smog and acid rain.  Concerted 
e�orts from governments and industry working 
together have led to successful reductions in 
these environmental impacts over a compara-
tively short time frame.

Over the past few decades, the public has placed 
greater emphasis on the risks of climate change.  
In response, many governments have enacted pol-
icies to reduce emissions, leading to widespread 
deployment of lower CO2 intensive technologies.  
In the United States, policy helped create a mar-
ket for energy sources with lower emissions.  In 
2018, wind, biofuels, and solar accounted for 8.5% 
of U.S. primary energy consumption.13

13	Annual Energy Outlook 2019 with Projections to 2050. Washington, 
D.C.: U.S. Energy Information Administration, 2019. 
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Figure ES-7.  Global Primary Energy Sources by Share

Also Figure 1-7
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Some governments have embraced carbon 
pricing to reduce emissions.  As of September 
2019, there were 57 carbon pricing initiatives—
comprising both emissions trading systems 
(ETS) and carbon taxes—implemented or sched-
uled for implementation worldwide (Figure ES-8) 
that address 11 billion tonnes of CO2 equivalent, 
or about 20% of global GHG emissions.  Further-
more, in their Nationally Determined Contribu-
tions (NDC) under the Paris Agreement, 100 
countries consider carbon pricing to meet their 
emissions reduction ambitions.14  Beyond car-
bon pricing, 13 entities, including China, Japan, 
and the European Union, have included CCUS in 
their NDCs/low-carbon roadmaps.  In addition 
to carbon pricing, some governments have also 

14	 United Nations Climate Change website, About Carbon Pricing, 
“What does the Paris Agreement say on Carbon Pricing?”  https://
unfccc.int/about-us/regional-collaboration-centres/the-ci-aca-
initiative/about-carbon-pricing#eq-7.

implemented standards, mandates, and finan-
cial incentives to reduce GHG emissions.

The United States has implemented multiple 
policies to address the risks of climate change.  
Today, there are more than 3,500 policies at the 
local, state, and federal level that are intended to 
address a range of issues from energy e�ciency 
to renewable energy and biofuels deployment.15 
One of the most recent and impactful policies 
implemented at the federal level in support of 
CCUS deployment is the Section 45Q tax credit.

Societal expectations and government action 
to lower GHG emissions will continue to create 
future opportunities for technology development 
and new markets, particularly for CCUS.  The 

15	 DSIRE Database.  North Carolina State University.  (2019).   U.S.  
climate related policies, Accessed September 2019.   
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Figure ES-8. Countries That Have Implemented or Scheduled Implementation of Carbon Pricing

Also Figure 1-8
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United States is uniquely positioned to compete 
in this global market by exporting the world-
leading technologies and expertise it has already 
gained through the existing CCUS projects.  The 
United States will increase its competitiveness in 
the global market by continued development of 
its domestic capabilities and resources through 
at-scale deployment of CCUS.  

In 2014, through the process of carefully inject-
ing compressed CO2 into existing oil fields to 
recover oil and natural gas, known as EOR, pro-
duced approximately 300,000 barrels of oil per 
day—more than 2% of U.S. oil production.16  By 
expanding the use of CO2 for EOR through further 
development of domestic resources, the United 
States can sustain its energy security.  Increased 
production also creates economic benefits for 
businesses, local communities, and states, and it 
helps maintain and expand jobs associated with 
oil and natural gas production.  Additionally, EOR 
has a relatively small environmental footprint 
because existing infrastructure is often used to 
produce incremental oil.  A 2015 study by the IEA 
estimated that oil produced through EOR is 63% 
less carbon intensive than oil produced through 
traditional methods.17 

There may also be an opportunity for the United 
States to market its CO2 storage resources to coun-
tries that do not have favorable geology.  Because 
the volume of subsurface storage potential in the 
United States greatly exceeds the capacity likely 
to be used by U.S. sources, there could be value 
in importing and storing CO2 from countries with 
insu�cient storage resources.  For example, CO2 

import and storage along the Gulf Coast could 
become a parallel market to gas exports via liq-
uefied natural gas (LNG).  This concept is similar 
to the Northern Lights project being developed 
in Norway whose goal is to develop the world’s 
first storage facility capable of receiving CO2 from 
diverse sources.

16	 Kuuskraa, V., and Wallace, M.  (2014).  CO2-EOR Set for Growth 
as New CO2 Supplies Emerge, Oil & Gas Journal, April 7, 2017.  
Accessed September 2019.  https://www.adv-res.com/pdf/CO2-
EOR-set-for-growth-as-new-CO2-supplies-emerge.pdf.

17	 IEA, Insights Series 2015 – Storing CO2 through Enhanced Oil 
Recovery.  IEA, November 3, 2015, 48 pp.

According to the IEA, there is a growing per-
spective that clean hydrogen will play a key role 
in the world’s transition to a lower CO2 inten-
sive energy system.18  As of 2019, over 90% of 
the hydrogen produced in the United States is 
made through the steam methane reforming 
(SMR) process, which results in a pure stream of 
CO2 when separated.  Continued innovation and 
cost reduction in CCUS technology could help to 
underpin a low-carbon source of hydrogen that 
could compete in emerging low-carbon markets 
globally.  

Other potential opportunities may exist in 
the development and export of low-carbon and 
decarbonized products as well as the use of CO2 as 
a feedstock.  This market for CO2 based products 
is expected to grow due to an anticipated increase 
in consumer demand for low-carbon products.  
Although many of these new products are still 
in early development, there is an opportunity for 
the United States to be a leader in commercial-
izing new uses of CO2.

 Finding 4 
The United States is uniquely positioned 
as the world leader in CCUS and has sub-
stantial capability to drive widespread 
deployment.

The United States has become the world leader 
in CCUS by: 

	· Executing successful CCUS projects

	· Investing in CO2 pipeline infrastructure

	· Establishing a supportive regulatory framework

	· Enacting world-leading policy support

	· Investing in research and development

and is uniquely positioned to extend this leader-
ship position by:

	· Extending cutting-edge research capability 

	· Developing its vast geologic resource

	· Expanding CCUS deployment.

18	 van Hulst, N., “Commentary: The Clean Hydrogen Future has 
Already Begun,” IEA, April 23, 2019.  Accessed September 2019, 
https://www.iea.org/newsroom/news/2019/april/the-clean-
hydrogen-future-has-already-begun.html.
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