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The National Coal Council (NCC) was chartered in 1984 based on the conviction that an industry 
ŀŘǾƛǎƻǊȅ ŎƻǳƴŎƛƭ ƻƴ Ŏƻŀƭ ŎƻǳƭŘ ƳŀƪŜ ŀ Ǿƛǘŀƭ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ !ƳŜǊƛŎŀΩǎ ŜƴŜǊƎȅ ǎŜŎǳǊƛǘȅΦ  b//Ωǎ 
founders believed that providing expert information could help shape policies relevant to the 
use of coal in an environmentally sound manner.  It was expected that this could, in turn, lead 
to decreased dependence on other less abundant, more costly, less secure sources of energy. 
 
These principles continue to guide and inform the activities of the Council.  Coal has a vital role 
to play ƛƴ ǘƘŜ ŦǳǘǳǊŜ ƻŦ ƻǳǊ ƴŀǘƛƻƴΩǎ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ, industrial, manufacturing and energy needs.  
hǳǊ ƴŀǘƛƻƴΩǎ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ŎƘŀƭƭŜƴƎŜ ƛǎ ǘƻ ŦƛƴŘ ŀ ǿŀȅ ǘƻ ōŀƭŀƴŎŜ ƻǳǊ ǎƻŎƛŀƭΣ ŜŎƻƴƻƳƛŎ ŀƴŘ 
environmental objectives.   
 

Throughout its 30-year history, the NCC has maintained its focus on providing guidance to the 
Secretary of Energy on various aspects of the coal industry.  NCC has retained its original charge 
to represent a diversity of perspectives through its varied membership and continues to 
welcome members with extensive experience and expertise related to coal.   
 

The NCC serves as an advisory group to the Secretary of Energy, chartered under the Federal 
Advisory Committee Act (FACA), providing advice and recommendations to the Secretary of 
Energy on general policy matters relating to coal and the coal industry.  As a FACA organization, 
the NCC does not engage in lobbying activities. 
 
The principal activity of the NCC is to prepare reports for the Secretary of Energy at his/her 
request.  During its 30-year history, the NCC has prepared more than 30 studies for the 
Secretary, at no cost to the Department of Energy.  All NCC studies are publicly available on the 
NCC website.  
 

Members of the NCC are appointed by the Secretary of Energy and represent all segments of 
coal interests and geographic distribution.  The NCC is headed by a Chair and Vice Chair who are 
elected by its members.  The Council is supported entirely by voluntary contributions from NCC 
members and receives no funds from the federal government.   Studies are conducted solely at 
the expensive of the NCC and at no cost to the government. 
 
The National Coal Council values the opportunity to represent the power, the pride and the 
ǇǊƻƳƛǎŜ ƻŦ ƻǳǊ ƴŀǘƛƻƴΩǎ Ŏƻŀƭ ƛƴŘǳǎǘǊȅΦ 

 
National Coal Council 

1101 Pennsylvania Ave. NW, Ste. 600 - Washington, DC 20004 
(202) 756-4524 ς info@NCC1.org 

mailto:info@NCC1.org
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February 26, 2015 
 
The Honorable Dr. Ernest Moniz 
U.S. Secretary of Energy 
U.S. Department of Energy 
1000 Independence Ave., SW 
Washington, DC  20585 
 
Dear Mr. Secretary: 
 
On behalf of the members of the National Coal Council (NCC), we are pleased to submit to you 
pursuant to your letter dated May 15thΣ нлмпΣ ǘƘŜ ǊŜǇƻǊǘ άFossil Forward ς Revitalizing CCS:  
Bringing Scale and Speed to CCS DeploymentΦέ  ¢ƘŜ ǎǘǳŘȅΩǎ ǇǊƛƳŀǊȅ ŦƻŎǳǎ ǿŀǎ ǘƻ ŀǎǎŜǎǎ the 
ǾŀƭǳŜ ƻŦ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ /ŀǊōƻƴ {ŜǉǳŜǎǘǊŀǘƛƻƴ tǊƻƎǊŀƳΦ  ¢ƘŜ ǎǘǳŘȅ ŀŘŘǊŜǎǎŜǎ ǘƘŜ 
ǉǳŜǎǘƛƻƴΥ  ²Ƙŀǘ ƛǎ ƛƴŘǳǎǘǊȅΩǎ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ǇǊƻƎǊŜǎǎ ƳŀŘŜ ōȅ ǘƘŜ 5h9 ŀƴŘ ƻthers regarding 
ŎƻǎǘΣ ǎŀŦŜǘȅΣ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ƻǇŜǊŀǘƛƻƴ ƻŦ //{κ//¦{Κ  b//Ωǎ ǊŜǇƻǊǘ ǇǊƻǾƛŘŜǎ ŀƴ ƛƴŘǳǎǘǊȅ 
perspective on major technical findings from the CCS/CCUS community and how they relate to 
DOE programs and investments. 
 
¢ƘŜ ǇǊƛƴŎƛǇŀƭ ǘƘŜƳŜ ƻŦ ǘƘŜ b//Ωǎ Fossil Forward study is that while the Department of Energy 
(DOE) is indisputably a world leader in the development of CCS technology, the DOE CCS/CCUS 
program has not yet achieved critical mass.  While there have been some successes, there is a 
need for a substantial increase in the number of large-scale demonstration projects for both 
capture and storage technologies before either system approaches commercialization. Without 
adequate demonstration, there can be no commercialization. 
 
The Key Recommendations from the Fossil Forward assessment are: 

¶ In order to achieve CCS deployment at commercial scale, policy parity for CCS with other 
low carbon technologies and options is required. 

¶ Technology and funding incentives must be significantly better coordinated to be effective. 

¶ DOE program goals need far greater clarity and alignment with commercial technology and 
financing approaches used by industry. 

¶ Funding for CCS RD&D is limited and must be enhanced and focused. 

¶ Public acceptance continues to be a major hurdle and efforts to address public concerns 
must be accelerated. 

¶ Control of greenhouse gas (GHG) emissions is an international issue in need of international 
initiatives.   
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Today, deploying CCS/CCUS technology is costly.  Tomorrow, not deploying CCS technology will 
exert an even greater cost, significantly increasing the cost of meeting of CO2 emission 
reduction goals and greatly hampering our efforts to do so.  Without CCS, it is highly 
improbable that CO2 emissions reduction goals will be met.  Equally important, without CCS 
projected costs of achieving these goals will be much higher.   
 
¢ƻ ŘŀǘŜΣ ǘƘŜ 5h9 Ƙŀǎ ōŜŜƴ ŀ ǿƻǊƭŘ ƭŜŀŘŜǊ ƛƴ ŀŘǾŀƴŎƛƴƎ //{ ǘŜŎƘƴƻƭƻƎƛŜǎΦ  !ƭǘƘƻǳƎƘ 5h9Ωǎ 
annual budget is insufficient to fund all the first mover projects that are needed, there is no 
question that the dollars spent thus far have advanced and will continue to advance CCS.  An 
international effort led by the U.S. is needed, but it must be supported financially and 
technically by the rest of the world.   
 
CCS can be an enabling technology to protect the natural world while also placing the necessary 
ǾŀƭǳŜ ƻƴ ƘǳƳŀƴ ǿŜƭŦŀǊŜΦ  ¢ƘŜ bŀǘƛƻƴŀƭ /ƻŀƭ /ƻǳƴŎƛƭ ŀǇǇƭŀǳŘǎ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ 
leadership to date and encourages a continued commitment to the commercial deployment of 
CCS/CCUS. 
 
Thank you for the opportunity to conduct this study and produce this report.  The Council 
stands ready to address any questions you may have on the recommendations it contains.   
 
Sincerely, 
 

 
 
Jeff Wallace  
NCC Chair 
(May 2014-December 2015) 
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          The Secretary of Energy 

Washington, DC 0585 

May 15, 2014 

 

 

 

Mr. John Eaves 

Chairman 

The National Coal Council  

1730 M Street NW, Suite 907 

Washington, DC 20036 Dear 

Chairman Eaves: 

I am writing to request the National Coal Council (NCC) conduct a study that assesses the value of 

the Department of Energy's Carbon Sequestration Program. The capture of carbon dioxide (C02) 

emissions from the combustion of fossil fuels used in electrical power generation is critical to the 

future of fossil fuels, particularly coal, used in this country. 

 

The assessment would address the following question: what is the industry's assessment of the 
progress made by the DOE and others regarding cost, safety, and technical operation of CCS/CCUS? 

In other words, how does industry see and accept major technical findings from the CCS/CCUS 

community, and how do those relate to DOE programs and investments. 

 

In order to meet U.S. economic, energy and environmental goals, power generators are being 

called upon to enhance the environmental performance of fossil fueled plants. For coal, that 

enhanced environmental performance requires the application of CCS/CCUS technology. 

Therefore, an assessment based on technical soundness and results to date would provide a 

welcome perspective from leading companies with experience in CCS/CCUS technology. 

 

Upon receiving this request and establishing your internal study working groups, please advise me 

of your schedule for completion of this study. 
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June 9, 2014 
 
The Honorable Dr. Ernest Moniz  
U.S. Secretary of Energy 
U.S. Department of Energy 
1000 Independence Ave., SW 
Washington, DC  20585 
 
Dear Mr. Secretary: 
 
On behalf of the members of the National Coal Council (NCC), I am pleased to accept 
your request that the NCC conduct the study you requested in your letter dated May 15th, 
2014.  Activity has begun on preparing this study which will provide an industry 
assessment of the progress made by the DOE and others regarding cost, safety and 
technical operation of CCS/CCUS.   
 
NCC member, Amy Ericson, US Country President of ALSTOM Inc. will serve as the 
Council Chair for this study.  We will provide you with a projected completion date as 
soon as our Technical Work Group for this study has had a chance to meet and outline 
the scope of work involved. 
 
Thank you for your support  of the National Coal Council. We look forward to completing 
the requested study in a timely manner for use in the continuing dialogue on issues 
related to our nationôs energy future. 
 
Sincerely, 

 
Jeff Wallace 
NCC Chair 
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Fossil Forward: Revitalizing CCS 
Bringing Scale and Speed to CCS Deployment 

Executive Summary 
 
Charge to the Council 
 

This report was prepared by the National Coal Council (NCC) in direct response to a request 
from the U.S. Secretary of Energy regarding the CCS program of the Department of Energy.  The 
heart of that request was as follows: 
 

άI am writing to request the National Coal Council (NCC) conduct a study that 
assesses the value of the Department of Energy's Carbon Sequestration Program. 
The capture of carbon dioxide (CO2) emissions from the combustion of fossil fuels 
used in electrical power generation is critical to the future of fossil fuels, 
particularly coal, used in this country.  
 

The assessment would address the following question: what is the industry's 
assessment of the progress made by the DOE and others regarding cost, safety, 
and technical operation of CCS/CCUS?  In other words, how does industry see and 
accept major technical findings from the CCS/CCUS community, and how do those 
relate to DOE programs and investments?  
 

In order to meet U.S. economic, energy and environmental goals, power 
generators are being called upon to enhance the environmental performance of 
fossil fueled plants. For coal, that enhanced environmental performance requires 
the application of CCS/CCUS technology.  Therefore, an assessment based on 
technical soundness and results to date would provide a welcome perspective 
from leading companies with experience in CCS/CCUS technology.έ 

 

The May 2014 NCC report on the value of the existing coal fleet explained the importance of 
retaining coal as a fuel resource option for electric power generation.  άThe existing fleet of coal 
fired power plants underpins economic prosperity in the U.S. Coal based generation has 
dominated U.S. electricity supply for nearly a century.  In 2013, coal again led U.S. generation, 
at 39%.  Low cost coal keeps U.S. electricity prices below those of other free market nations. 
For example, in 2013 the average price of residential and industrial electricity in the U.S. was 
one half to one third the price of electricity in Germany, Denmark, Italy, Spain, the U.K. and 
France.  These price differentials translate into more disposable income for U.S. consumers, and 
a competitive edge for U.S. industry in global markets. If the existing coal fleet were replaced 
with the next cheapest alternative generating source, natural gas combined cycle power plants, 
a conservative estimate of the impact on the U.S. economy would be a 1.5% drop in Gross 
Domestic Product (GDP) and a loss of 2 million jobs per year.έ 1 

                                                   
1 ¢ƘŜ bŀǘƛƻƴŀƭ /ƻŀƭ /ƻǳƴŎƛƭΣ ά¢ƘŜ ±ŀƭǳŜ ƻŦ hǳǊ 9ȄƛǎǘƛƴƎ CƭŜŜǘΥ !ƴ !ǎǎŜǎǎƳŜƴǘ ƻŦ aŜŀǎǳǊŜǎ ǘƻ LƳǇǊƻǾŜ wŜƭƛŀōƛƭƛǘȅ 
ŀƴŘ 9ŦŦƛŎƛŜƴŎȅ ²ƘƛƭŜ wŜŘǳŎǘƛƻƴ 9ƳƛǎǎƛƻƴǎέΣ aŀȅΣ нлмпΣ 
http://www.nationalcoalcouncil.org/NEWS/NCCValueExistingCoalFleet.pdf 

http://www.nationalcoalcouncil.org/NEWS/NCCValueExistingCoalFleet.pdf
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That report also pointed out the need for CCS/CCUS technology in order to meet proposed CO2 
emission reduction goals in the future.   
 
Overview of Approach 
 
This report assesses the status of the current DOE program through a series of 5 chapters as 
follows: 

- Chapter A: The CCS/CCUS Imperative 
- Chapter B: Global Status of CCS/CCUS 
- Chapter C: Overview of the Current DOE CCS/CCUS Programs 
- Chapter D: CCS/CCUS Deployment Challenges 
- Chapter E: Gap Analysis 

 
The basic theme of this report is that while the DOE is indisputably a world leader in the 
development of CCS technology, the DOE CCS/CCUS program has not yet achieved critical mass.  
While there have been some successes, there is a need for a substantial increase in the number 
of large scale demonstration projects for both capture and storage technologies before either 
system even approaches commercialization.  The current number of demonstration projects 
that are in operation or under construction globally is 22.  The projected need by 2050 is 3400.  
The current global CO2 storage rate is 40 million tons/year.  The projected need is 10 billion 
tons/year.  There are not enough demonstration projects to meet the need.  Without adequate 
demonstration, there can be no commercialization.  This fact applies to all aspects of CCS, 
including capture, transportation, utilization, and storage.  There is no point in capturing CO2 if 
there is no place to use it or store it.  The key considerations supporting this analysis are as 
follows: 

- In order to achieve CCS deployment at commercial scale, policy parity for CCS with other 
low carbon technologies and options is required. 
 

-   Technology and funding incentives must be significantly better coordinated to be 
effective. 

- DOE program goals need far greater clarity and alignment with commercial technology 
and funding approaches used by industry. 

 
- Funding for CCS RD&D is limited and must be enhanced and focused. 

 
- Public acceptance continues to be a major hurdle. 

 
- Control of CO2 emissions is an international issue in need of international Initiatives. 
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Key Recommendations 
 
In order to achieve CCS deployment at commercial scale, policy parity for CCS with other low 
carbon technologies and options is required. 
 
- Policy parity for CCS in funding, extending tax credits and other subsidies provided to 

renewable energy sources, will facilitate creation of a robust CCS industry in the U.S., 
benefiting the American people and leading to the development of the lowest cost, near 
zero emission energy technology. Such technology would be available for electric 
generation as well as all fossil fuel dependent industrial applications.  The NCC 
recommends that DOE take a stronger position on the need for policy parity with respect 
to funding allocations. 

 
Technology and funding incentives must be significantly better coordinated to be effective. 
 
- The NCC recommends that DOE develop a plan to have a total of 5ς10 GW of CCS/CCUS 

demonstration projects in operation in the U.S. by 2025. 
- The NCC recommends that all federal incentives provided by the DOE and other federal 

agencies for CCS demonstration projects undergo a coordinated review for their combined 
adequacy and effectiveness in supporting CCS deployment.  If necessary, combinations of 
incentives or new incentives could be utilized to achieve the desired level of demonstration 
projects.  Examples of such incentives include feed in tariffs, tax credits, production credits, 
ƭƻŀƴ ƎǳŀǊŀƴǘŜŜǎΣ ŀƴŘ άŎƻƴǘǊŀŎǘǎ ŦƻǊ ŘƛŦŦŜǊŜƴŎŜǎέΦ  This coordinated review needs to be 
completed in time to achieve the installation of 5ς10 GW of CCS demonstration projects by 
2025. 

- The NCC recommends that DOE expand its Regional Carbon Sequestration Partnership 
(RCSP) program to identify and certify at least one reservoir in each region that is capable 
of storing a minimum of 100 million tons of CO2 at a cost of less than $10/ton by 2025. 
 

DOE program goals need far greater clarity and alignment with commercial technology and 
financing approaches used by industry. 
 
- The NCC recommends that DOE and industry convene a task force to clearly define the role 

and objectives of individual projects in achieving broad program goals.  The aim is to better 
understand industry technology goals and needs and to understand industry criteria for 
investment in CCS technologies throughout the entire development pipeline.  Prioritization 
of projects is critical to achieving overall goals with limited budgets, consistent with the 
need to bring CCS technologies up to Technology Readiness Level 9 (TRL-9). 
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Funding for CCS RD&D is limited and must be enhanced and focused. 
 
- The NCC recommends that DOE continue its strategy of fostering a portfolio of 
ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ƛƳǇƭŜƳŜƴǘƛƴƎ //{Φ  Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ Ƴŀƛƴǘŀƛƴ 5h9Ωǎ ŀǇǇǊƻŀŎƘ ƻŦ άǇǊƛƳƛƴƎ 
ǘƘŜ ǇǳƳǇέ ǿƛǘƘ ŜŀǊƭȅ ǎǘŀƎŜ ŦǳƴŘƛƴƎ ŦƻǊ ǇǊƻƳƛǎƛƴƎ ŎƻƴŎŜǇǘǎΣ ōǳǘ ƛƴ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ōǳŘƎŜǘŀǊȅ 
constraints and the need to move more quickly in getting larger scale CCS projects 
operating, the NCC recommends that after technologies reach TRL 4, DOE cull its support 
ǘƻ ƻƴƭȅ ǘƘƻǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǿƘƛŎƘ ǎƘƻǿ ŀ ŎƭŜŀǊ ǇǊƻƳƛǎŜ ƻŦ ƳŜŜǘƛƴƎ ƻǊ ŜȄŎŜŜŘƛƴƎ 5h9Ωǎ //{ 
performance goals. 

- The NCC recommends that DOE develop a plan for demonstrating second generation and 
transformational CCS technologies at a scale of 25ς50 MW by 2020 and make subsequent 
budget requests to Congress to carry out the plan.  However, these demonstrations should 
only move forward for technologies which have a clear advantage in cost and performance 
compared to first generation CCS technologies. 

 
Public acceptance continues to be a major hurdle. 
 
- The NCC recommends that DOE accelerate its current efforts in CCS/CCUS public 

engagement, education, and training activities.  Outreach efforts should target counties 
and states with demonstration projects and regions that have potential infrastructure 
developments (e.g., CO2 pipelines and storage sites). Training activity should build 
workforce capacity across the CCS/CCUS chain and build U.S. leadership and knowhow to 
meet potential national and international demand.   
 

Control of GHG emissions is an international issue in need of international initiatives. 
 
- The NCC recommends that DOE maintain its existing CCS/CCUS international collaboration 

efforts including the Carbon Sequestration Leadership Forum (CSLF) and the U.S.-China 
Clean Energy Research Center (CERC).   

- International partnerships in commerce should also be pursued.  The NCC recommends 
that the DOE explore ways to foster CCS/CCUS demonstrations in developing nations which 
are rapidly increasing their CO2 emissions, such as China and India. In particular, conducting 
CO2 utilization and storage projects using CO2 from new and existing coal gasification 
projects in these countries, could be a low cost means to increase global knowledge and 
acceptance of commercial scale CO2 storage.   
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Chapter A:  The CCS/CCUS Imperative 
Chapter Lead: Holly Krutka 
Chapter Authors:  Carl Bozzuto 
   Desmond Chan  

Dawn Santoianni  
Steve Winberg 
 

1. Key Findings 

¶ CCS is the only large scale technology that can mitigate CO2 emissions from fossil fuel 
use for electricity generation and key industrial sectors including cement production, 
iron and steel making, oil refining, and chemicals manufacturing. 

¶ Not including CCS as a key mitigation technology is projected to increase the overall 
costs of meeting CO2 emissions goals by 70% to 138%. 

¶ U.S. CO2 emissions represent less than 16% of world emissions.  Thus, global and wide 
scale implementation of CCS is necessary to meet CO2 emissions goals.  

¶ DOE has taken on a leadership role in advancing CCS technology by supporting first 
mover CCS projects and fostering international collaborative efforts to deploy CCS, but 
this role must be strengthened if CCS is to be commercialized. 

 

ά²ƛǘƘ Ŏƻŀƭ ŀƴŘ ƻǘƘŜǊ Ŧƻǎǎƛƭ ŦǳŜƭǎ ǊŜƳaining dominant in the fuel mix, there is no climate friendly 
ǎŎŜƴŀǊƛƻ ƛƴ ǘƘŜ ƭƻƴƎ Ǌǳƴ ǿƛǘƘƻǳǘ //{Φέ2 

Maria van der Hoeven 
Executive Director 

International Energy Agency 
2. The Need for CCS 

 

Globally, the vast majority of energy is supplied through fossil fuels.  In fact, fossil fuel use 
continues to expand rapidly, which in turn fosters economic growth.  In 2013, 87% of global 
primary energy consumption was supplied by fossil fuels.3 The three most widely consumed 
energy sources were fossil fuels (in descending order): petroleum, coal, and natural gas.4 Coal 
produces about 40% of electricity around the world and is the fastest growing fossil fuel today, 
which can be largely attributed to growth in developing countries, where coal is enabling 
affordable, reliable electricity that is needed to lift men, women, and children out of poverty. 
For the 1.2 billion people that live without any access to electricity and the 2.8 billion that do 
not have access to clean cooking facilities, electricity offers a chance to live a healthier, more 
productive life.5  Cƻǎǎƛƭ ŦǳŜƭǎ ǿƛƭƭ ǊŜƳŀƛƴ ǘƘŜ ǿƻǊƭŘΩǎ ŘƻƳƛƴŀƴǘ ŜƴŜǊƎȅ ǎƻǳǊŎŜ ŦƻǊ ŘŜŎŀŘŜǎ ǘƻ 
come.  If the world is to address climate change by reducing CO2 emissions, the key approach 
will not be replacing fossil fuels, but addressing the CO2 emissions from them.  

                                                   
2 IEA, 2013, Technology Roadmap: Carbon Capture and Storage, OECD/IEA, France. 
www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf 
3 BP, 2014, BP Statistical Review, www.bp.com/en/global/corporate/about-bp/energy-economics/statistical-
review-of-world-energy.html?cigx=d.kac,stid.57543,sid.37075,lid.11,mid.49400 
4 Ibid 
5 World Bank, 2013, Global Tracking Framework, www.worldbank.org/en/topic/energy/publication/Global-
Tracking-Framework-Report 

http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf
www.bp.com/en/global/corporate/about-bp/energy-economics/statistical-review-of-world-energy.html?cigx=d.kac,stid.57543,sid.37075,lid.11,mid.49400
www.bp.com/en/global/corporate/about-bp/energy-economics/statistical-review-of-world-energy.html?cigx=d.kac,stid.57543,sid.37075,lid.11,mid.49400
www.worldbank.org/en/topic/energy/publication/Global-Tracking-Framework-Report
www.worldbank.org/en/topic/energy/publication/Global-Tracking-Framework-Report
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In 2013, coal provided nearly 1,600 TWh (nearly 40%) of ǘƘŜ ¦Φ{ΦΩǎ electric power.6  Further, by 
both International Energy Agency (IEA) and U.S. Energy Information Agency (EIA) projections, 
coal will continue to be the mainstay of the electric power sector for decades to come. The 
energy security, reliability, and affordability offered by coal are the fundamental reasons it will 
continue to play an important role in the U.S. and abroad into the foreseeable future. 
 
While increased fossil fuel consumption is pivotal for global poverty alleviation as well as for 
competitive energy pricing in the U.S., it also results in the release of greenhouse gas (GHG) 
emissions, which are increasing in magnitude.  Making emissions reduction even more 
challenging is the fact that carbon dioxide (CO2) emissions are spread across virtually every 
sector critical to modern life, as is shown in Figure A.1.7 
 
 

 
 

Figure A.1. Global GHG Emissions By Sector (2010) 

  
  

                                                   
6 EIA, 2014, www.eia.gov/totalenergy/data/monthly/pdf/sec7_5.pdf 
7 United Nations Environmental Program, 2012, The Emissions Gap Report 2012, 
www.unep.org/pdf/2012gapreport.pdf 

www.eia.gov/totalenergy/data/monthly/pdf/sec7_5.pdf
http://www.unep.org/pdf/2012gapreport.pdf
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In the energy sector, coal remains ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ resource for power production and is the 
fuel of choice for developing countries, generating 40% of electricity.  For example, coal 
supplied 69% ƻŦ /ƘƛƴŀΩǎ ŜƴŜǊƎȅ ƴŜŜŘǎ ƛƴ нлмм ŎƻƳpared to 7% from renewables, including 
hydropower.8 Coal also plays an important role in construction as an essential energy source for 
the manufacture of cement and steel. Today, тл҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǎǘŜŜƭ ƛǎ ǇǊƻŘǳŎŜŘ ǳǎƛƴƎ ŎƻŀƭΦ 
Global coal consumption grew 60% from 2000 through 2012, and IEA projects that coal will 
surpass oil as the top energy source worldwide by 2017.9 Figure A.2 shows historic and 
projected coal consumption (not taking into account any GHG control strategies).10 
 
 

 
 

Figure A.2. Projected Coal Consumption Through 2040 in Quadrillion BTU/year 
(EIA Reference Case) 

 
The bottom line is that due to an increasing global population and expanded energy access, 
total world energy consumption is projected to grow by 56% through 2040, with fossil fuels 
providing nearly 80% of that demand.11 The effect of these trends on future CO2 emissions 
could be substantial. Mitigating potential impacts, while enabling emerging economies to 
benefit from a reliable energy supply, will require commercially available and cost competitive 
carbon capture and storage (CCS) technology. 
 

                                                   
8 EIA, Energy Information Administration, International Energy Outlook 2013, 
www.eia.gov/forecasts/archive/ieo13/ 
9 IEA, 2014a,  http://www.iea.org/topics/ccs/ 
10 Energy Information Administration, International Energy Outlook 2013, 
http://www.eia.gov/forecasts/archive/ieo13/ 
11 Energy Information Administration, International Energy Outlook 2013, 
http://www.eia.gov/forecasts/archive/ieo13/ 
 

www.eia.gov/forecasts/archive/ieo13/
http://www.iea.org/topics/ccs/
http://www.eia.gov/forecasts/archive/ieo13/
http://www.eia.gov/forecasts/archive/ieo13/
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The international community has not yet formed a consensus on how to balance development 
efforts and climate change objectives.  Yet many countries are advancing their own solutions. 
CCS (which includes utilization for the purposes of this chapter) is the only technology 
mitigation option that will allow for deep cuts in CO2 emissions from fossil fuels.  Given the 
ongoing global growth in fossil fuel consumption, CCS deployment is critical and necessary to 
achieve meaningful reductions in global CO2 concentrations.  The concept of CCS is typically 
associated with coal fueled electricity generation, but has an equally important application for 
oil and natural gas combustion in both the electricity and industrial sectors.  Therefore, CCS is a 
substantial mitigation option for both industrial and utility applications, be they coal or natural 
gas fueled. 
 
Economical, commercial scale application of CCS is the most important component of a 
portfolio of technologies that will be necessary to successfully reduce GHG emissions.12,13,14,15  
Without CCS, it is highly improbable that CO2 emission reduction goals will be met.  More 
importantly, without CCS the projected costs of achieving these goals will be much higher, with 
some estimates forecasting a greater than 70% increase in cost due to the higher estimated 
cost of alternatives, including renewables.16 

 
The U.S. Department of Energy (DOE), in partnership with U.S. industry, is the leader in the 
advancement of CCS.  However, the U.S. accounts for only 16% of annual global CO2 emissions 
and is projected to account for virtually zero incremental CO2 emissions through 2040.17 From 
this viewpoint, it will make little difference if the U.S. is the sole implementer of commercial 
CCS.  DOE and industry must continue its efforts to commercialize CCS, but more importantly 
develop strong international support for global CCS commercialization.  5h9Ωǎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 
leadership is crucial for CCS to fulfill its required role in reducing global CO2 emissions. 
 

3. Understanding International Climate Objectives 
 
The Copenhagen Accord, drafted by the Conference of Parties (COP) under the United Nations 
Framework Convention on Climate Change in December 2009, states that climate mitigation 
ǎǘǊŀǘŜƎƛŜǎ Ƴǳǎǘ ōŜŀǊ άώLϐn mind that social and economic development and poverty eradication 
ŀǊŜ ǘƘŜ ŦƛǊǎǘ ŀƴŘ ƻǾŜǊǊƛŘƛƴƎ ǇǊƛƻǊƛǘƛŜǎ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎΧέ18 Thus, climate solutions that 
hamper economic growth, especially in developing countries, are not acceptable.  

                                                   
12 National Coal Council, 2007, Technologies to Reduce or Capture and Store Carbon Dioxide Emissions, 
www.nationalcoalcouncil.org/Documents/NCCRB_June2007.pdf 
13 National Coal Council, 2009, Low-Carbon Coal: Meeting U.S. Energy, Employment, and CO2 Emissions Goals with 
21st Century Technologies, www.nationalcoalcouncil.org/reports/Executive_Summary.pdf 
14 National Coal Council, 2009, Low-Carbon Coal: Meeting U.S. Energy, Employment, and CO2 Emissions Goals with 
21st Century Technologies, www.nationalcoalcouncil.org/reports/Executive_Summary.pdf 
15 National Coal Council, Expedited CCS Development: Challenges & Opportunities, 2011 
16 IEA, 2009, Technology Roadmap: Carbon Capture and Storage, International Energy Agency, OECD/IEA, Paris 
17 US DOE Carbon Dioxide Information Analysis Center, Fossil Fuel CO2 Emissions 2010 Data 
18 UNFCCC (United Nations Framework Convention on Climate Change), COP, 2009, Report of the Conference of 
the Parties on its fifteenth session, held in Copenhagen from 7 to 19 December 2009. Addendum. Part Two: Action 

http://www.nationalcoalcouncil.org/Documents/NCCRB_June2007.pdf
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To date, more than 100 countries have endorsed the Copenhagen Accord goals supporting 
deep cuts in global GHG emissions. The purpose of these goals was to limit the increase in 
average global temperature to less than 2°C.19 The IEA has developed scenarios under which 
global GHG emissions could be reduced. The 450 parts per million (ppm) scenario, which is 
associated with a 2°C change in average global temperature (also known as the two degree 
scenario or 2DS), is intended to ǎƘƻǿ ŎƘŀƴƎŜǎ ǘƘŀǘ ǿƻǳƭŘ ōŜ ƴŜŜŘŜŘ άǘƻ ǎŜǘ ǘƘŜ ŜƴŜǊƎȅ ǎȅǎǘŜƳ 
ƻƴ ǘǊŀŎƪ ǘƻ ƘŀǾŜ ŀ рл҈έ ŎƘŀƴŎŜ ƻŦ limiting global CO2 concentrations to 450 ppm.έ 

 
To meet this goal the IEA found that a diverse set of technologies would be required.20 IEA 
estimated that CCS would provide about 14% of the cumulative needed emissions reductions 
by 2050 or 17% of the yearly reductions in 2050, as shown in Figure A.3.21  Therefore, not only 
is CCS critical, but its relative importance is projected to grow over time.  It is also important to 
ǊŜŎƻƎƴƛȊŜ ǘƘŀǘ L9!Ωǎ goal assumes very significant efficiency improvements and renewables 
growth.  If either of these does not occur at the rate shown below, it is most certain that fossil 
fuels will fill the remaining gap, thus further increasing the need for wide spread global 
deployment of CCS.  CCS is the scalable hedge against failure to achieve renewable or efficiency 
goals. 
 

 
 

Figure A.3. IEA Technology Road Map 
 

                                                                                                                                                                    
taken by the Conference of the Parties at its fifteenth session, FCCC/CP/2009/11/Add.1, United Nations Office at 
Geneva, Switzerland. 
19 Ibid 
20 IEA, 2008, Energy Technology Perspectives 2008: Scenarios and Strategies to 2050, International Energy Agency, 
OECD/IEA, Paris. 
21 IEA, 2013, Technology Roadmap: Carbon Capture and Storage, OECD/IEA, France. 
http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf 
 

http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf
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4.  Sectors Where CCS Must Play a Role 
 
CCS is a critical part of any plan to reduce CO2 emissions in the global electric power sector 
because it is the only large scale technology available that can achieve deep cuts in CO2 
emissions.  Indeed, the 2050 Energy Road Map calls for 190 GW of CCS by 2050.22 The second 
area in which CCS is critical is in the industrial sectors, including cement, chemicals, refining, 
and iron and steel. There is no suitable, widely available mitigation alternative for coal use in 
these industries in a carbon constrained world.23 
 
CƛƎǳǊŜ !Φп ǎƘƻǿǎ L9!Ωǎ ōǊŜŀƪŘƻǿƴ ƻŦ ǎƻǳǊŎŜǎ ŦƻǊ /h2 capture.24  Note that the largest 
contribution is from coal fueled power plants, but CO2 capture for gas processing and gas fueled 
power plants is also necessary and must contribute a significant amount of emissions 
reductions.  In fact, to meet climate goals CCS must be applied to all fossil fuels used for energy 
production to the greatest extent possible.  Nuclear and renewables have an important role to 
play as well, but this role is in addition to, not instead of, CCS. 
 

 
 

Figure A.4. IEA Targets for CCS Deployment Through 2050 

  

                                                   
22 ά/ƻƳƳǳƴƛŎŀǘƛƻƴ ǘƻ ǘƘŜ /ƻƳƳƛssion to the European Parliament, the Council, the European Economic and Social 
/ƻƳƳƛǘǘŜŜΣ ŀƴŘ ǘƘŜ /ƻƳƳƛǘǘŜŜ ƻŦ ǘƘŜ wŜƎƛƻƴǎ ƻƴ ǘƘŜ CǳǘǳǊŜ ƻŦ //{ ƛƴ 9ǳǊƻǇŜέΣ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΣ .ǊǳǎǎŜƭǎΣ 
March, 2013 
23IEA, 2013, Technology Roadmap: Carbon Capture and Storage, OECD/IEA, France. 
http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf 
24  Ibid 

http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf
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To meet international goals, IEA estimated that CO2 would need to be captured at a rate of 
approximately 10 billion tons per year globally through the implementation of 3400 CCS 
projects by 2050. Cumulative worldwide CO2 storage through 2050 would be 145 billion tons of 
CO2.25  Based on these end goals the IEA published a roadmap for CCS outlining what would be 
necessary.26  
 
Notably, the IEA showed that in order to meet this target:  

¶ 65% of the cumulative captured CO2 needs to be achieved in non OECD (Organization 
for Economic Cooperation and Development) countries. More recently this figure was 
revised to 70%.27 

¶ In order for global CCS deployment ǘƻ ōŜ άƻƴ ǘǊŀŎƪέ млл+ commercial scale integrated 
//{ ǇǊƻƧŜŎǘǎ ǎƘƻǳƭŘ ōŜ άǳǇ ŀƴŘ ǊǳƴƴƛƴƎέ ōȅ нлнлΦ 

 
In a 2013 update of its roadmap, IEA reduced the number of projects needed by 2020 from 100 
to 30.28 The reduced number of CCS projects underscores the reality that the global CCS 
industry will not be ready for deployment unless project development is drastically accelerated 
and scaled.  Achieving the level of CCS needed in the future is still possible, but it will not be 
achieved without the leadership of DOE, as well as considerable financial support. 
 

5.  The Cost Reduction Benefits of CCS 
 

Meeting CO2 emission reduction goals may be technically feasible without CCS, but this would 
increase the net cost.  !ƭǘƘƻǳƎƘ ǘƻŘŀȅΩǎ //{ ǘŜŎƘƴƻƭƻƎƛŜǎ Ƴŀȅ ƛƴŎǊŜŀǎŜ energy production costs 
(e.g., estimates are ǘƘŀǘ ǘƻŘŀȅΩǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǿƛƭƭ ƛƴŎǊŜŀǎŜ ǘƘŜ Ŏƻǎǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ōȅ 70ς80%), it 
is substantially less expensive to include CCS as part of the mitigation portfolio.29 For example, 
the IEA has estimated that the exclusion of CCS as a technology option for the power sector 
alone would increase mitigation costs by around $2 trillion USD by 2050.30 
 
The strategic importance of CCS was well demonstrated when the International Panel on 
Climate Change (IPCC) considered the impact of the absence of CCS as a carbon mitigation 
option. Figure A.5 presents a sensitivity analysis from the IPCC 5th Assessment Report.31 

                                                   
25 IEA, 2008, Energy Technology Perspectives 2008: Scenarios and Strategies to 2050, International Energy Agency, 
OECD/IEA, Paris. 
26 IEA, 2009, Technology Roadmap: Carbon Capture and Storage, International Energy Agency, OECD/IEA, Paris 
27 IEA, 2013, Technology Roadmap: Carbon Capture and Storage, OECD/IEA, France.  
www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf 
28 Ibid 
29 Testimony of Dr. S. Julio Friedmann, Deputy Assistant Secretary for Clean Coal 
Before the House Energy and Commerce Subcommittee on Oversight and Investigations, 
www.energy.gov/congressional/downloads/house-energy-and-commerce-subcommittee-oversight-and-
investigations-0 
30 IEA, 2012, Energy Technology Perspectives 2012: Pathways to a Clean Energy System, International Energy 
Agency, Paris 
31 IPCC, Working Group III, Climate Change 2014: Mitigation of Climate Change, 
http://mitigation2014.org/report/publication/ 

http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf
http://www.energy.gov/congressional/downloads/house-energy-and-commerce-subcommittee-oversight-and-investigations-0
http://www.energy.gov/congressional/downloads/house-energy-and-commerce-subcommittee-oversight-and-investigations-0
http://mitigation2014.org/report/publication/
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Figure A.5. Climate Change Mitigation Costs Without CCS and Other Technologies 

 
Figure A.5 shows that the mitigation cost without CCS would increase relative to a global energy 
scenario with default technology assumptions. The increase in cost estimated by the IPCC was 
about 138% (median estimate)Σ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ L9!Ωǎ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŀ тл҈ 
increase.  By comparison, a nuclear phase out would increase the median cost by only ~7%. 
Similarly, if wind and solar expansion was limited, the increase in global mitigation costs would 
also increase by only ~6%.  While these figures are only estimates, the relative magnitudes are 
significant.32 
 
The IPCC analysis reveals that the inclusion of CCS in the portfolio of mitigation options 
substantially decreases overall mitigation costs.  This was well explained by the IPCC.  άaŀƴȅ 
models cannot reach concentrations of about 450 ppm CO2eq by 2100 in the absence of CCS.έ  
The importance of CCS relates not only to its use for fossil fuels but also via biomass energy 
with carbon capture and storage (BECCS)Φ  !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Lt//Σ άaŀƴȅ ƳƻŘŜƭǎ ŎƻǳƭŘ ƴƻǘ ƭƛƳƛǘ 
likely warming to below 2°C if bioenergy, CCS, and their combination (BECCS) are limited (high 
confidence).έ   

                                                                                                                                                                    
 
32 IPCC, Working Group III, Climate Change 2014: Mitigation of Climate Change, 
http://mitigation2014.org/report/publication/ 
 

http://mitigation2014.org/report/publication/
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Although cost estimates vary, there is no question that meeting climate goals will be 
significantly more expensive without CCS.  This point raises additional uncertainty about the 
viability of solely relying on other methods of CO2 emission reductions to achieve these goals.33 

Looking specifically at GHG mitigation in the U.S., DOE estimates the cost of CO2 capture in coal 
fueled power plants using current technology (oxy-combustion or amine scrubbing) stands at 
$58/ton of CO2 captured or $72/ton of CO2 avoided.34 These are cost projections for an Nth of a 
kind (NOAK) plant.  This cost is high compared to the current market prices of CO2 in various 
trading systems in the U.S. and EU (ranging from $3 ς 30/ton).35  
 
However, the projected CCS costs are lower than the estimated costs of some current policy 
approaches such as Corporate Average Fuel Economy (CAFE) standards and Renewable 
Portfolio Standards (RPS). For instance, the cost of using a hybrid vehicle to meet CAFE 
standards has been estimated to be $100ς140/ton CO2.36  Other studies have reported that 
such standards impose a cost of 6ς14 times the cost of a gasoline tax for the same level of 
emissions reductions.37  Preliminary results from more recent studies at MIT on CAFE and RPS 
standards indicate that the cost per ton of CO2 avoided would be much higher.38,39  Should 
technology development ultimately reach the goal of cost parity with conventional technology, 
//{ ŎƻǳƭŘ ōŜŎƻƳŜ ǘƘŜ άǘŜŎƘƴƻƭƻƎȅ ƻŦ ŎƘƻƛŎŜέ ǿƛǘƘ ƴŜŀǊ ȊŜǊƻ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ ŎƻǎǘΦ 

 
  

                                                   
33 Williams, R.H., Li, Z., September 2014, Toward Getting the Global CCS Enterprise Back on Track, Submitted with 
the report: Tackling the Challenge of Climate Change: A Near-Term Mitigation Agenda, Commissioned by the 
Republic of Nauru, Chair of the Alliance of Small Island States (AOSIS), Presented at the 2014 Climate Summit, New 
York, NY, U.S., A Contribution to Tackling the Challenge of Climate Change: A Near Term Actionable Mitigation 
Agenda.  Commissioned by the Republic of Nauru, FORMER chair of the Alliance of Small Island States (AOSIS). 
BOTH PAPERS AVAILABLE AT: http://aosis.org/ 
34 U.S. DOE, National Energy Technology Laboratory, 2014 DOE/NETL-2007/1281, Cost and Performance Baseline 
for Fossil Energy Plants, Volume 1, Bituminous Coal and Natural Gas to Electricity, Revision 4  
35 Murray, J., April 2, 2014, EU carbon price rides the "rollercoaster" as emissions fall, Green Business, 
www.businessgreen.com/bg/analysis/2337543/eu-carbon-price-rides-the-rollercoaster-as-emissions-fall and 
www.businessgreen.com/bg/analysis (accessed April 4, 2014). 
36 Holzman, D., Environmental Health Perspectives, Volume 117, Issue 7, July 2009, Climate Change Abatement 
Strategies Which Way is the Wind Blowing?, National Institute of Environmental Health Sciences, Lexington, MA 
37  YŀǊǇƭǳǎΣ ±ΦΣ Ŝǘ ŀƭΣ ά{ƘƻǳƭŘ ŀ ±ŜƘƛŎƭŜ CǳŜƭ 9ŎƻƴƻƳȅ {ǘŀƴŘŀǊŘ .Ŝ /ƻƳōƛƴŜŘ ²ƛǘƘ ŀƴ 9ŎƻƴƻƳȅ-Wide Greenhouse 
Dŀǎ 9Ƴƛǎǎƛƻƴǎ /ƻƴǎǘǊŀƛƴǘΚ  LƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ 9ƴŜǊƎȅ ŀƴŘ /ƭƛƳŀǘŜ tƻƭƛŎȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎέΣ Energy Economics, 36: 
pp 322 -333, 2013, Elsevier 
38Paltsev, S. et al., 2014, Regulatory Control of Vehicle and Power Plant Emissions: How Effective and at What 
CosǘΚέΣ нм ǇǇΣ www.tandfonline.com/doi/full/10.1080/14693062.2014.937386#.U_TiFRDLJ3v   
39 Private Communication, MIT CEEPR with C. Bozzuto 

http://aosis.org/
http://www.businessgreen.com/bg/analysis/2337543/eu-carbon-price-rides-the-rollercoaster-as-emissions-fall
http://www.businessgreen.com/bg/analysis
http://www.tandfonline.com/doi/full/10.1080/14693062.2014.937386#.U_TiFRDLJ3v
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National Energy Technology Laboratory (NETL) researchers found that CCS deployment can limit 
increases in electricity prices, allow for the same levels of electricity generation, and provide 
more CO2 reductions than a clean energy standard at levels similar in scale to a tax or cap and 
trade.40  In a separate study, the Energy Modeling Forum ran nine different models in a 50% 
reduction scenario and found that most models could not converge on a solution when CCS 
deployment was limited.41   
 
Finally, a previous National Coal Council (NCC) study looked in depth at the economic benefits 
to the U.S. economy of the deployment of enhanced oil recovery (EOR) using anthropogenic 
CO2 (CO2 EOR).42 Today most CO2 EOR operations utilize natural CO2, representing a missed 
opportunity to capture emissions from CCUS (carbon capture, utilization, and storage) projects.   
The revenue stream from such utilization can partially offset the increased costs of the capture 
system.  
 
While there are several promising CCUS projects on the horizon, today CCUS with EOR 
represents a major underutilized opportunity that could benefit the U.S. economy, create jobs, 
increase U.S. oil production, reduce oil imports, and help expedite the advancement of CCUS 
demonstration projects.  However, these projects are not yet able to produce CO2 as cheaply as 
natural (non-anthropogenic) sources.  As there is a strong need to reduce the costs associated 
with CCS through άlearning by doingέ, the CO2 EOR opportunities in North America (and 
elsewhere in the world) represent a major opportunity to provide additional revenue for CCS 
demonstrations.  Other potential uses include enhanced coal bed methane recovery and the 
substitution of CO2 for water in fracking operations where water is scarce.  These examples 
indicate that coal can continue to play a major role in U.S. energy if CCS is kept in the mix of 
clean energy technologies used to mitigate U.S. CO2 emissions.43 

 
6.  The Role of Other Nations 

 

The developed world alone cannot reduce emissions enough to meet international CO2 
emission reduction goals.  Growth in energy utilization, especially in non OECD countries, is 
fundamental to improve living conditions globally.  Limiting access to energy is not a realistic, 
nor a humanitarian approach to climate change mitigation.  CƻǊ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻƻǊΣ ƛnadequate 
electricity supplies exacerbate unhealthy living conditions because clean drinking water, 
sanitation, non-polluting cooking facilities, and modern healthcare rely on dependable energy.  
Even in OECD countries, policies that hamper economic growth will ultimately fail. 

                                                   
40 Nichols, C., 2011, The Role of CCS Under a Clean Energy Standard, 30th USAEE/IAEE Conference, 
www.usaee.org/usaee2011/submissions/Presentations/Nichols.pptx  
41 Clarke, L., et al., 2014, Technology and U.S. Emissions Reductions Goals: Results of the EMF 24 Modeling 
Exercise. The Energy Journal, Volume 35, Special Issue 1 
42bŀǘƛƻƴŀƭ /ƻŀƭ /ƻǳƴŎƛƭΣ нлмнΣ IŀǊƴŜǎǎƛƴƎ /ƻŀƭΩǎ /ŀǊōƻƴ /ƻƴǘŜƴǘ ǘƻ !ŘǾŀƴŎŜ ǘƘŜ 9ŎƻƴƻƳȅΣ 9ƴǾƛǊƻnment, and 
Energy Security, http://www.nationalcoalcouncil.org/reports/NCC-Full-Report-June-2012.pdf 
43 Williams, R., 2014, Capture Technology Cost Buydown in CO2 EOR Market Applications under an Alternative 
Energy Portfolio Standard, Presented at Greenhouse Gas Technologies Conference, Austin, TX. 
 
 

http://www.usaee.org/usaee2011/submissions/Presentations/Nichols.pptx
http://www.nationalcoalcouncil.org/reports/NCC-Full-Report-June-2012.pdf
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Developing countries are building new fossil fueled power plants and placing them into service 
to meet their energy needs. IEA projects that 90% of energy demand growth through 2035 will 
be from developing countries led by China and India.44 China is bringing online an average of 
500 MW of new coal capacity per week through 2030.  Without CCS, these power plants will 
continue to operate over their projected lifetimes of 40ς60 years.  
 
Another important global phenomenon that should be considered is the widespread 
acceleration of urbanization, largely occurring in non OECD nations.  Urbanization is a means to 
improve quality of life by significantly reducing the physical and environmental impacts of 
energy poverty in rural areas, especially for the women and children who walk for hours each 
day collecting biomass for heating and cooking.  By 2050, about 70% of humanity, which could 
be equivalent to nearly the entire current global population, will live in cities.45  Vast amounts 
of electricity, steel, and associated materials will be needed to support these urban 
concentrations.  Although rapid urbanization can strain infrastructure, it provides the 
opportunity to provide electricity to more homes, which are more difficult to service in rural 
areas.  Centralized electricity generation, needed by urban centers, lends itself to the 
application of CCS in the future, although most developing countries will need international 
support to advance CCS projects.  A first step in advancing CCS is to provide financial incentives 
for investment in state of the art, high efficiency, low emission, coal fueled, electricity 
generating stations instead of older, less efficient technologies.  These state of the art units are 
reliable and well suited to meet growing urban electricity requirements.  In addition, when the 
time comes, these units could be potential options for CCS retrofit.   
 
As a final consideration regarding the international situation, the ¦ƴƛǘŜŘ bŀǘƛƻƴǎΩ ό¦ΦbΦύ 
projections on population growth continue to show increases beyond 2050 up to 2100.  Figure 
A.6 shows the reference case data from the U.N. analysis.46 Figure A.7 shows the high case 
projections, indicating that world population could conceivably double in the next two 
generations.  These additional people will still need power, food, drinking water, and other 
basic requirements that will only make CO2 reductions that much more difficult. 
  

                                                   
44 Energy Information Administration, International Energy Outlook 2013, 
http://www.eia.gov/forecasts/archive/ieo13/ 
45 ±ƛŘŀƭΣ WΦ όнлмлΣ нн aŀǊŎƘύΦ ¦b wŜǇƻǊǘΥ ²ƻǊƭŘΩǎ .ƛƎƎŜǎǘ /ƛǘƛŜǎ aŜǊƎƛƴƎ ƛƴǘƻ άaŜƎŀ-wŜƎƛƻƴǎέΦ ¢ƘŜ DǳŀǊŘƛŀƴΣ 
www.theguardian.com/world/2010/mar/22/un-cities-mega-regions 
46 " World Population Prospects",  United Nations,  New York,  2013-- pages 96 and 97, graphs by Frank Clemente 

http://www.eia.gov/forecasts/archive/ieo13/
www.theguardian.com/world/2010/mar/22/un-cities-mega-regions
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Figure A.6. United Nations Population Projections: Reference Case 
 

 
 

Figure A.7. United Nations Global Population Projections: High Case 
 

It would seem prudent to develop technologies that could continue to provide such power at 
reasonable costs well into the future.  These developing economies will want and need to use 
the natural resources that are available to them.  The successful development and deployment 
of CCS technology can only help bring about the needed improvements in living conditions that 
these countries are striving for. 
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7.  Building on U.S. Goals 
 

The Obama Administration has recognized the need to reduce domestic CO2 emissions.  In 
November of 2009, President Obama offered a U.S. target for reducing emissions by 17% below 
2005 levels by 2020.  In addition, the President set a goal of reducing CO2 emissions by 83% 
below 2005 levels by 2050.  In late 2014, during a trip to China, the President agreed to a 26-
28% reduction below 2005 levels by 2025. 

 
In 2013, U.S. CO2 emissions were 10% lower than 2005 levels and appeared to be decreasing.47 
This trend is, in part, due to improved energy efficiency in the residential and commercial 
sectors, better fuel economy in the transportation sector, lower natural gas prices (resulting in 
natural gas displacing some coal in the electricity generation sector), and reduced energy 
consumption in the manufacturing sector, largely due to the recession. 
  
The overall progress in reducing per capita energy consumption has been supported by DOEΩǎ 
technology developments. However, when viewed from the perspective of reduced CO2 
emissions, the reduction is only 2% of 2012 U.S. CO2 emissions, using the 2005 baseline year. 
When compared to global CO2 emissions, these efficiency improvements represent less than 
0.5% of global emissions.  
 
Another example that helps illustrate the limited impact of domestic policy on global emissions 
is that retiring the U.S. coal fueled generation fleet and replacing this fleet with natural gas 
based power generation, an unrealistic scenario, would only reduce global carbon emissions by 
2% and this assumes zero growth in electricity consumption.  If electricity growth is factored 
into this scenario, there is no net decrease in emissions.  When viewed globally, the challenge 
becomes even greater.  According to IEA, if every country around the world fully enacted all of 
the GHG reduction measures currently being considered (which do not include significant CCS 
deployment), global CO2 emissions would still rise 20% by 2035.48 
 

8.  Leading the Charge 
 

Fossil fuels will continue to play a significant role ƛƴ ǘƘŜ ǿƻǊƭŘΩǎ ŜƴŜǊƎȅ ƳƛȄ ŀƴŘ coal 
consumption, specifically, is projected to grow. CCS deployment is critical to achieving 
reductions in CO2 emissions from fossil fuel use. To date, the DOE has been a principal world 
leader in advancing CCS technologies.  Figure A.8 summarizes the status of the large scale, 
ongoing CCS projects globally, and reveals that a majority of these plants are located in the 
U.S.49   
 

                                                   
47 EIA, 2014, http://www.eia.gov/environment/emissions/carbon/ 
48IEA, 2008, Energy Technology Perspectives 2008: Scenarios and Strategies to 2050, International Energy Agency, 
OECD/IEA, Paris.  
49 Global CCS Institute, The Global Status of CCS 2014, November 2014. 

http://www.eia.gov/environment/emissions/carbon/


National Coal Council ς Fossil Forward 
 

18 
 

 
Figure A.8. Large Scale CO2 Capture Projects in Operation or Under Construction 

 
DOE has been instrumental in moving several of these projects forward.  Although the DOE 
annual budget is insufficient to fund all the first mover projects that are needed, there is no 
question that the dollars spent to date have advanced, and will continue to advance, CCS.   
 
While the DOE has supported efforts to advance CCS technology, full commercialization and 
deployment is unquestionably a global challenge, especially as non OECD countriesΩ CO2 
emissions eclipse those of the OECD countries.  An international effort led by the U.S. is 
needed, but it must be supported financially and technically by the rest of the world.  As was 
stated in the 1972 Stockholm Declaration:50  
 
ά.ƻǘƘ ŀǎǇŜŎǘǎ ƻŦ Ƴŀƴϥǎ ŜƴǾƛǊƻƴƳŜƴǘΣ ǘƘŜ ƴŀǘǳǊŀƭ ŀƴŘ ǘƘŜ ƳŀƴƳŀŘŜΣ ŀǊŜ ŜǎǎŜƴǘƛŀƭ ǘƻ Ƙƛǎ 
wellbeing and to the enjoyment of basic humaƴ ǊƛƎƘǘǎΣ ǘƘŜ ǊƛƎƘǘ ǘƻ ƭƛŦŜ ƛǘǎŜƭŦΦέ 
 
CCS can be an enabling technology to protect the natural world while also placing the necessary 
value on human welfare; but CCS is at a crossroads and needs strong international leadership 
with extensive financial commitment to fulfill this potential role. 
 
 
 
 
 
 
 
 
  

                                                   
50 United Nations, 1972, Stockholm Declaration 
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Chapter B:  Global Status of CCS/CCUS   
Chapter Lead: Pam Tomski 
 

1. Key Findings 

 
¶ Capital and operating costs for projects with CCS are more expensive than 

conventional technologies and carry greater technology and commercial risk.  The bulk 
of the capital expenditure is associated with the addition of the capture plant and 
compression units, as well as the modifications to the power or industrial plant in the 
case of retrofits.  Project risks include financing, permitting, public acceptance, cost 
overruns, schedule delays, performance, environmental compliance, operational 
flexibility, storage, and long term liability.   

 

¶ Funding remains a major challenge.  All large scale projects have a combination of 
public and private funding to help minimize risk exposure.   Significant investments in 
time and resources are required even before reaching a final investment decision 
(e.g., storage site characterization for saline which can take 5-10 years, detailed plant 
and capture integration design, off take agreement negotiations, etc.).  Projects 
generally include a basket of federal and state or provincial incentives (e.g., grants, tax 
credits, loan guarantees, etc.).   

 

¶ Projects with CCS are more complex than conventional projects (from a project 
management, operations, and technical perspective), which can significantly impact 
overall project timelines and, thereby, increase costs.  The regulatory approval process 
(especially associated with air and storage site permitting) is a key issue for many 
projects, which must typically factor in an additional 12-36 months into overall project 
timelines.  Power plants or polygeneration facilities operating in competitive 
electricity markets must account for the additional time and complexity of negotiating 
power purchase agreements and other offtake contracts (e.g., CO2, urea, etc.).  Finally, 
many of these pioneer projects typically include a more rigorous investment due 
diligence process that is conducted during the front end engineering and design 
(FEED) study and final investment decision stages, which can significantly add time and 
complexity to project schedules.  

 

¶ The portfolio of large scale CCS projects is the result of public and private investments 
that were initiated 5-10 years ago.  They were intended to advance technologies to 
the point of achieving commercial readiness.  The CO2 capture capacity of all projects 
in the operate, construction, and advanced planning stages (totalling nearly 65 million 
ton/year) is something less than the current CO2 ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ²Ŝǎǘ ±ƛǊƎƛƴƛŀΩǎ Ŏƻŀƭ 
fired power sector (77.6 million ton/year), which is multiples below the CCS levels 
called for by the IEA and other organizations.  A substantial increase in new projects 
nearing the construction phase is needed.   
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The path of CCS/CCUS technologies toward commercialization and deployment is shown 
graphically in Figure B.1.  The current, large scale CCS project activity is largely a function of 
policies and funding programs established toward the end of the last decade.  Additional policy 
action is required now to improve the investment climate for CCS and ensure that CCS is not 
disadvantaged relative to other low carbon technology solutions.  

 
 

Figure B.1. Pathway to CCS Deployment51 

 

2. Global CCS Status: Large Scale Project Overview  
 
The development of carbon capture and storage (CCS) technologies for power sector 
applications began in earnest only two decades ago, but there is more than 60 years of 
operational experience from projects in the oil and natural gas industries that are similar to 
CCS.  Examples include underground CO2 injection for enhanced oil recovery (CO2 EOR) and CO2 
separation from natural gas production.  In the case of CO2 EOR, once the field is produced, 
substantially all of the CO2 that is left in the formation is stored underground.  The success of 
these operations provides considerable confidence in the potential to safely store large 
volumes of CO2 underground.  
 
  

                                                   
51 Global CCS Institute, The Global Status of CCS 2014, November, 2014 
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According to the Global Carbon Capture and Storage Institute (GCCSI), every region of the world 
has CCS project activity from research and development (R&D) to pilot and large scale 
demonstration.  While CCS can be cost competitive with other low carbon options (e.g. solar, 
wind, nuclear) on an unsubsidized basis, costs and risks for CCS projects remain high compared 
to conventional technologies without CCS.52  In order for CCS to become commercially available 
beyond EOR and other niche markets, continued investments in second and third generation 
capture systems that reduce costs, maintain operational flexibility, and build confidence are 
critical.  These investments need to be accompanied by sustained policy action that provides 
certainty and incentives, enabling CCS to be recognized within the low carbon technology 
portfolio.  Furthermore, there must be commitments to knowledge sharing through 
international collaboration.  
 
As of November, 2014, there are 13 large scale CCS projects in operation around the world, 
with another 9 under construction.53  There are also 19 projects in the early planning stage and 
14 in advanced planning. North America and the U.S. dominate in terms of project numbers and 
investment levels, followed by China as shown in Table B.1.54 
 
 Early Planning Advanced Planning Construction Operation Total 

North America  5 6 6 9 26 
China 8 4 - - 12 
Europe 2 4 - 2 8 
Gulf Cooperation Council - - 2 - 2 
Rest of World 4 - 1 2 7 

 
Total 19 14 9 13 55 

Table B.1. Large Scale CCS Projects by Region or Country 
 
All of the 22 projects in operation or under construction utilize first generation capture 
technologies and are pioneer projects in demonstrating CCS integration at modest scale.  Most 
of the projects separate CO2 as part of normal operations (e.g., natural gas processing or 
production of synthetic fuels, hydrogen, and fertilizer) with the power sector accounting for 
only 3 projects.  CO2 EOR is the dominant storage option (11 out of 13 in operation and 6 out of 
9 under construction).  The Weyburn-Midale Project in Canada is the only CO2 EOR operation 
that included a dedicated monitoring program to demonstrate storage permanence.  Saline 
reservoir storage accounts for 4 of the 22 projects (two in operation and two under 
construction).  More information on these projects is included in Appendix A.   
 
By 2017, all of the projects currently under construction are expected to be in operation, 
bringing the total CO2 capture and storage capacity of operational projects to around 40 million 
ton/year as seen in Figure B.2.55  As a point of comparison, coal fired power plants in the U.S. 
emit about 2.2 billion tons/year.  While these projects represent a good start, many more 
projects will be needed.   
                                                   
52 Alstom CCS Cost Analysis, 2011, Power Gen Europe 
53 Global CCS Institute, άThe Global Status of CCS 2014έ, November 2014.  
54 Ibid 
55 Ibid 
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There are an additional 14 projects in the most advanced stage of development, which includes 
projects that vary by region, storage option, and capture technology.  These projects are 
expected to reach final investment decisions by 2015-2016.  Should all of these projects 
proceed to construction and operation, there would be an additional 25 million ton/year of CO2 
captured to bring the potential total by the 2020 time frame to approximately 65 million 
ton/year.  While not insignificant, this level of deployment remains well below what the 
International Energy Agency (IEA) projects as needed for CCS to contribute to global CO2 

emissions reductions, as pointed out in Chapter A.  By 2050, 10 billion tons/year will need to be 
captured and stored.  Further, 3,400 CCS plants will be needed.  It should also be noted that in 
the last year, 10 projects have been cancelled, largely because of high costs and project 
complexities (e.g. technical, regulatory, and permitting issues).56  It would be instructive to 
review the main reasons why so many plants were cancelled or withdrawn in this one year time 
period. 
 

 
 

Figure B.2. CO2 Capture Capacity by Project Lifecycle 
 

In addition, the total number of projects in the pipeline has been decreasing over the last 3 
years, as shown in Figure B.3.  This trend needs to be reversed.  Many more demonstration 
projects are needed, but the number of projects being planned is being reduced, especially in 
the power sector. 

                                                   
56 Global CCS Institute, άThe Global Status of CCS 201оέ, November 2013. 



National Coal Council ς Fossil Forward 
 

23 
 

 
 

Figure B.3. Large Scale CCS Projects for 2012 ς 2014.57 
 

3. Power Sector CCS Project Successes 
 
CCS in the power sector has experienced some significant developments recently.  One large 
scale project has begun operation (Boundary Dam, 110 MW) and two others will start up in 
2016 (Kemper County, 580 MW and Petra Nova, 240 MW).  However, implementation in the 
power sector has progressed more slowly over the past two decades compared to projects in 
the industrial sector that include CO2 separation as a normal part of operations (e.g., natural 
gas processing, fertilizer production, etc.).  The main challenges for power generation with CCS 
include high cost (capital and operating which influences project financing), large scale 
ƛƴǘŜƎǊŀǘƛƻƴΣ ŀŎŎŜǎǎ ǘƻ ǎǳƛǘŀōƭŜ ǎǘƻǊŀƎŜ ǎƛǘŜǎΣ ŀƴŘ ƘƛƎƘ ŜƴŜǊƎȅ ǊŜǉǳƛǊŜƳŜƴǘǎ όάŜƴŜǊƎȅ ǇŜƴŀƭǘȅέύ 
to run the capture unit, including CO2 compression.  The addition of CCS to a power plant will 
inevitably increase the complexity of the plant.  The need is to manage the increased 
complexity in order to minimize or avoid the extra cost.  While there is often a perception that 
CCS is a technology for coal fired power plants, a large natural gas combined cycle (NGCC) plant 
produces nearly two million ton/year of CO2 and will also require CCS under international CO2 
reduction goals.  NGCC CCS demonstration projects currently in the advanced planning stage 
(Sargas in Texas, U.S. and Peterhead in the U.K.) are critical to advancing CCS for NGCC 

                                                   
57 GCCSI: Global Status of CCS, 2014, http://decarboni.se/sites/default/files/publications/180933/global-status-ccs-
2014-supplementary-information-presentation-package.pdf 
 

http://decarboni.se/sites/default/files/publications/180933/global-status-ccs-2014-supplementary-information-presentation-package.pdf
http://decarboni.se/sites/default/files/publications/180933/global-status-ccs-2014-supplementary-information-presentation-package.pdf
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applications.  The size, status, and accomplishments of key electricity generating projects with 
CCS are highlighted in the following sub sections. 

 

Plant Barry CCS Project (Status: Operation)58 

 

In June 2011, the Plant Barry CCS Project (ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ Ŏƻŀƭ fired power plant with CO2 
capture, pipeline transport, and saline storage) began capturing CO2 from a 25 MW slipstream 
ŀǘ !ƭŀōŀƳŀ tƻǿŜǊΩǎ tƭŀƴǘ .ŀǊǊȅ ǳǎƛƴƎ aƛǘǎǳōƛǎƘƛ IŜŀǾȅ LƴŘǳǎǘǊƛŜǎΩ (aILΩǎ) KM-CDR Process® 
(amine absorption) at a rate of approximately 550 tons per day. (Prior to the Barry Plant CCS 
Project, AES Shady Point (300 MW) and AES Warrior Run (240 MW) captured CO2 from a slip 
stream for the production of dry ice and food grade CO2, respectively, using the Lummus-Kerr 
McGee MEA process at the level of about 30 MW each.)  The demo plant is capable of capturing 
up to 0.15 million tons/year of CO2.  Over the life of the project, approximately 0.5 million tons 
of CO2 will be transported via a 12 ƳƛƭŜ ǇƛǇŜƭƛƴŜ ǘƻ 5ŜƴōǳǊȅ wŜǎƻǳǊŎŜǎΩ /ƛǘǊƻƴŜƭƭŜ hƛƭ CƛŜƭŘ ŦƻǊ 
injection about 9,400 feet into the Paluxy Formation (saline) in conjunction with the Southeast 
Regional Carbon Sequestration Partnership (SECARB) Anthropogenic Test.  An extensive CO2 
monitoring, verification, and accounting program was implemented that includes a three year, 
post injection phase.  The Plant Barry demonstration has enabled improvements in system 
ƛƴǘŜƎǊŀǘƛƻƴ ŀƴŘ ǇǊƻŎŜǎǎ ƻǇǘƛƳƛȊŀǘƛƻƴ ŀƴŘ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ǘƘŜ ŎŀǇǘǳǊŜ ǳƴƛǘΩǎ ŜƴŜǊƎȅ ǇŜƴŀƭǘȅΦ  
Initially in 2009, DOE awarded $295 million to Alabama Power for an 11 year contract under the 
Clean Coal Power Initiative (CCPI) for a larger, 160 MW demonstration.59  This project was 
withdrawn, citing cost commitments for the overall program.  No cost estimates were given for 
the current 25 MW demonstration project.   
 

Integrated CCS Demonstration Project (Status: Operation)60 
 
In October 2014, SaskPower began operation of the CAN $1.35 billion Boundary Dam Project, 
ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ƭŀǊƎŜ scale CCS project with integrated post combustion capture technology 
(amines) on a rebuilt coal fired power generation unit.  The cost breakdown was $600 million 
for the capture plant and $750 million for plant modernization.61  The plant generates 110 MW 
of electricity and approximately 90% of the CO2 emissions (1 million ton/year) are captured for 
pipeline transport to Saskatchewan oil fields for CO2 EOR.  Any CO2 from the project that is not 
used for CO2 EOR will be injected into a nearby saline formation through the Aquistore project.  
The Canadian Government contributed CAN $240 million to the project and the Saskatchewan 
government provided funds through the SaskPower Crown Corporation.  
 
  

                                                   
58 Global CCS Institute, άThe Global Status of CCS 2014έ, November 2014. 
59 MIT CCS Database, http://sequestration.mit.edu/tools/projects/plant_barry.html 
60 Global CCS Institute, άThe Global Status of CCS 2014έ, November 2014. 
61 www.zeroco2.no/projects/saskpowers-boundary-dam-power-station-pilot-plant 

,%20http:/sequestration.mit.edu/tools/projects/plant_barry.html
www.zeroco2.no/projects/saskpowers-boundary-dam-power-station-pilot-plant
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Kemper County Energy Facility (Status: Construction)62 
 
aƛǎǎƛǎǎƛǇǇƛ tƻǿŜǊΩǎ YŜƳǇŜǊ /ƻǳƴǘȅ 9ƴŜǊƎȅ CŀŎƛƭƛǘȅ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ƎǊŜŜƴŦƛŜƭŘ όƴew build) CCS 
project on a coal based power plant.  This άfirst of its kindέ facility will use Transport Integrated 
DŀǎƛŦƛŎŀǘƛƻƴ ό¢wLDϰύ ǘŜŎƘƴƻƭƻƎȅ όŀ Ŏƻŀƭ gasification method designed for lower rank coals) 
ŘŜǾŜƭƻǇŜŘ ōȅ aƛǎǎƛǎǎƛǇǇƛ tƻǿŜǊΩǎ ǇŀǊŜƴǘ {ƻǳǘƘŜǊƴ /ƻƳǇŀƴȅ ŀƴŘ Y.w ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ǘƘŜ 
U.S. DOE.  The 582 MW mine mouth facility will capture 65% of total CO2 emissions 
(approximately 3 million ton/year making it nominally equivalent in CO2 emissions to a large 
bD// Ǉƭŀƴǘύ ǳǎƛƴƎ {ŜƭŜȄƻƭϰ όǇƘȅǎƛŎŀƭ ǎƻƭǾŜƴǘύΦ  The CO2 will be transported via a 61 mile 
ǇƛǇŜƭƛƴŜ ǘƻ 9hw ŦƛŜƭŘǎΦ  ²ƘƛƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ǘƘŜ ǇƭŀƴǘΩǎ ǇǊƛƳŀǊȅ ƻǳǘǇǳǘΣ ǘƘŜ ŦŀŎƛƭƛǘȅ plans to sell 
other byproducts, including ammonia and sulphuric acid, when possible to help offset costs.  
Startup is expected in 2016. The $6.1 billion project is the recipient of several federal, state, and 
local incentives including a $270 million grant from the U.S. DOE Clean Coal Power Initiative 
(CCPI) and $133 million in investment tax credits approved by the U.S. IRS.63  With the delays to 
the project, some of the tax credits will be lost.  Over the life of the project, the company 
calculates the cost savings associated with various incentives to be over $1 billion.   The 
combined cycle portion of the plant has commenced operation on natural gas. 
 
Petra Nova Carbon Capture Project ς W.A. Parish (Status: Construction)64  
 
The Petra Nova CCS Project is an example of a CCS project with a novel business model.  The 
joint venture (Petra Nova Parish Holdings, LLC) between NRG Energy and JX Nippon Oil & Gas 
Exploration will capture approximately 1.4 million ton/year of CO2 (amine absorption) from the 
W.A. Parish Generating Station, a 3,565 MW coal fired power station near Houston, Texas.  A 
second joint venture (Texas Coastal Ventures) between Petra Nova Parish Holdings and Hilcorp 
Energy Company will manage the CO2 transport via an 80 mile pipeline for CO2 EOR.  In 
cooperation with the Texas Bureau of Economic Geology, Texas Coastal Ventures will develop a 
CO2 monitoring plan designed to satisfy requirements of the Railroad Commission of Texas 
certification program for tax exemptions related to use of anthropogenic CO2 for CO2 EOR.  A 
250 MW slipstream for the 610 MW unit 8 will be sent to the capture plant for 90% CO2 
capture.65  The capture unit will be run with power from a cogeneration plant, which is 
expected to reduce overall capture costs and increase system flexibility and efficiency.  
Anticipated startup is the end of 2016.  NRG received $167 million from the DOE Clean Coal 
Project Initiative (CCPI) on March 10, 2010.  Japan Bank for International Cooperation and 
Mizuho Bank (backed by Nippon Export and Investment Insurance) are providing loans totaling 
$250 million.66 
 

                                                   
62 Global CCS Institute, άThe Global Status of CCS 2014έ, November 2014. 
63 MIT CCS Database, http://sequestration.mit.edu/tools/projects/kemper.html 
64 Global CCS Institute, άThe Global Status of CCS 2014έ, November 2014. 
65 MIT CCS Database, http://sequestration.mit.edu/tools/projects/wa_parish.html 
66 http://www.bizjournals.com/houston/morning_call/2014/09/nrg-jx-nippon-hilcorp-break-ground-on-
worlds.html 

http://sequestration.mit.edu/tools/projects/kemper.html
http://sequestration.mit.edu/tools/projects/wa_parish.html
http://www.bizjournals.com/houston/morning_call/2014/09/nrg-jx-nippon-hilcorp-break-ground-on-worlds.html
http://www.bizjournals.com/houston/morning_call/2014/09/nrg-jx-nippon-hilcorp-break-ground-on-worlds.html
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Sargas Texas Point Comfort Project (Status: Advanced Planning)67 

The most advanced CCS project on natural gas fired power, the Sargas Texas Point Comfort 
Project, is in late stage development.  The project plans to capture around 0.8 million ton/year 
of CO2 (hot potassium carbonate absorption) from a greenfield, 500 MW NGCC power plant.  
The site is at the location of the retired ES Joslin power plant.  The interconnect and 
infrastructure needed to support the project, including cooling water diversion and discharge, is 
currently available and permitted.  The CO2 would be transported via pipeline approximately 50 
miles for injection into EOR fields in South Texas.  Construction is expected to commence in 
early 2015.  Discussions are underway with DOE for a loan guarantee. 

FutureGen 2.0 (Status: Construction)68   
 
FutureGen 2.0 involves the oxy-combustion repowering of a unit at the Meredosia Energy 
Center in Illinois.  The repowered unit is designed to have 168 MWe gross output.  In steady 
state operations, it will have near zero SOx, NOx, mercury, and particulate emissions, as well as 
capturing approximately 1.1 million tons of CO2/year.  Oxy-combustion and CO2 capture 
technology is being provided by the Babcock & Wilcox Company and Air Liquide.  Captured CO2 
will be transported from the power plant via pipeline to a deep geologic storage site.  The 
project was issueŘ ǘƘŜ ƴŀǘƛƻƴΩǎ ŦƛǊǎǘ /ƭŀǎǎ ±L /h2 injection permits in late summer 2014.  Initial 
construction activities began in August 2014.  IƻǿŜǾŜǊΣ ŀ ŎƛǘƛȊŜƴΩǎ ǎǳƛǘ ƻǾŜǊ ǘƘŜ Ŧƛƴŀƭ ŀƛǊ ǇŜǊƳƛǘΣ 
PPA litigation, as well as a landowner challenge to the Class VI CO2 injection permits remain as 
ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ǘƘŜ ƴŀǘƛƻƴΩǎ ŦƛǊǎǘ ƻȄȅ-combustion power plant.  DOE is contributing $1 billion of 
the total $1.8 billion project cost.  The project owner is the FutureGen Alliance, a consortium of 
global coal mining and equipment companies.  Operations are slated to begin in 2018.69  
However, a lawsuit by the Sierra Club over the lack of a Prevention of Significant Deterioration 
(PSD) permit has jeopardized the project.70   
 
The Peterhead CCS Project (Status: Advanced Planning)71  
 
Shell U.K. Ltd, with strategic support from SSE Generation Ltd, is developing a CCS project at the 
Peterhead Power Station, a 385 MW natural gas fired power plant in Aberdeenshire in the U.K.  
The project plans to capture about 1 million ton/year of CO2 for transport offshore via a 62 mile 
pipeline (most of it existing) to the depleted Goldeneye gas reservoir located about 2.5 km 
beneath the North Sea.  In March 2013, the project was chosen as one of two CCS 
ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǇǊƻƧŜŎǘǎ ǳƴŘŜǊ ǘƘŜ ¦ΦYΦ DƻǾŜǊƴƳŜƴǘΩǎ //{ competition.  The next phase in the 
competition is Front End Engineering Design (FEED) after which time Shell and the U.K. 
Government should make a final investment decision. 

                                                   
67 Global CCS Institute, άThe Global Status of CCS 2014έ, November 2014. 
68 MIT CCS Database, http://sequestration.mit.edu/tools/projects/futuregen.html 
69 Joseph Divoky, B&W, email communication. 
70 ¢ƻƳƛŎƘΣ WΦΣ aƛŘǿŜǎǘ 9ƴŜǊƎȅ bŜǿǎΣ άCǳǘǳǊŜDŜƴ hŦŦƛŎƛŀƭǎ {ŀȅ {ƛŜǊǊŀ /ƭǳō {ǳƛǘ WŜƻǇŀǊŘƛȊŜǎ tǊƻƧŜŎǘέΣ уκуκнлмпΣ 9ϧ9 
Publishing, LLC 
71 Global CCS Institute, άThe Global Status of CCS 2014έ, November 2014. 
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White Rose (Status: Advanced Planning)72 
 
The White Rose CCS Project in the U.K. is planned as the first large scale oxy-combustion project 
in the world that is planning to be equipped to co-fire  biomass with coal, which, with CCS, 
could lead to zero or negative emissions.  The White Rose project also includes the 
development of the Yorkshire Humber CCS Trunk line, which will have CO2 pipeline capacity to 
enable transport of additional CO2 from other potential CCS projects in the area, which hosts 
approximately one fifth of the U.K.Ωǎ ŎǳǊǊŜƴǘ /h2 emissions.  The project is receiving funding 
support from the U.K. government and design studies are underway.  The next decision point is 
expected to occur in 2015.  The 448 MW project was awarded a multimillion pound FEED study 
in July, 2014.  Alstom is designing the boiler for the project.  Construction is planned to start in 
2016 with operation commencing in 2020.  The project has been awarded up to ϵ300 million 
from ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ b9wолл ǇǊƻgram.  A consortium consisting of Drax, Alstom, 
and British Oxygen Corp. will carry out the project. 
 
GreenGen (Status: Advanced Planning )73 
 
China based GreenGen, managed by China Huaneng Group, is a joint venture between seven 
Chinese enterprises and one U.S. company (Peabody Energy).  In December 2005, GreenGen 
/ƻΦ ǿŀǎ ƻŦŦƛŎƛŀƭƭȅ ŜǎǘŀōƭƛǎƘŜŘ ǿƛǘƘ ǘƘŜ ƳŀƴŘŀǘŜ ŦǊƻƳ ǘƘŜ DƻǾŜǊƴƳŜƴǘ ƻŦ ǘƘŜ tŜƻǇƭŜΩǎ wŜǇǳōƭƛŎ 
of China (PRC) to lead the research, development, and demonstration of clean coal 
technologies leading to a near zero emission coal based power plant by 2015.  DǊŜŜƴDŜƴΩǎ ƴŜŀǊ 
ǘŜǊƳ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ ŘŜǎƛƎƴΣ ōǳƛƭŘΣ ŀƴŘ ƻǇŜǊŀǘŜ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŦƛǊǎǘ LD// ǇƻǿŜǊ Ǉƭŀƴǘ ƛƴ ¢ƛŀƴƧƛƴΦ  
The 250 MW IGCC plant went into operation at the end of 2012.  As part of an R&D program, 
some CO2 is expected to be sent for CO2 EOR.  The next phase will be a 400 MW IGCC with 
capture and storage.  GreenGen is expected to produce a total of 650 MW and 3,500 tons of 
syngas per day and complete the R&D of key technologies, including large scale hydrogen 
production from coal, power generation from fuel cells, the hydrogen and gas combined cycle 
power generation, and CCS.  CO2 storage is planned to begin around 2020. 
 
  

                                                   
72 Ibid 
73 Global CCS Institute, άThe Global Status of CCS 2014έ, November 2014. 
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4. Polygeneration Project Highlights   
 

With regulatory challenges in the power sector, a number of project developers are looking to 
polygeneration configurations that have a lower emissions profile than conventional coal plants 
and, in addition to power, produce a range of products.  A polygeneration plant schematic is 
shown in Figure B.4.74   
 

 
 

Figure B.4. Polygeneration Plant Schematic 
 
Various feedstocks (e.g., coal, petcoke, biomass, etc.) can be gasified to produce syngas (a mix 
of carbon monoxide and hydrogen) that can in turn be used to produce fertilizer, methanol, 
various liquid fuels, specialty chemicals, etc.   
 
The perceived advantages of polygeneration are its product flexibility and its ability to meet 
tight emissions standards.  However, there are also a number of challenges.  Coal gasification 
and CO2 capture technology have very high capital and operating costs.  Polygeneration 
facilities are even more complex than conventional plants (essentially blending a power and 
chemical plant).  Although Integrated Gasification Combined Cycle (IGCC) technology has been 
under development for several decades, there are only three full size plants operating in the 
U.S. (the 260 MW Polk Power Station, the 260 MW Wabash River Plant, and the 618 MW 
Edwardsport Plant).  None of these plants include CCS.   Costs have been high for all of these 
plants. 
 

                                                   
74 Ibid 


