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Outline of TalkOutline of Talk

• Good News

• Bad News

• Conclusion
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Motivating QuestionsMotivating Questions

• What are the options for CO2 capture, and 
what are its current applications?

• What is the current regulatory situation?  
Are there any major gaps to be filled?

• How might different policy measures 
influence or incentivize the future use of 
CCS a climate change mitigation strategy?



Capture Technology Capture Technology 

Options and ApplicationsOptions and Applications
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Many Ways to Capture COMany Ways to Capture CO22
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Leading Systems for COLeading Systems for CO22 CaptureCapture
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Status of COStatus of CO22 Capture Technology  Capture Technology  

• CO2 capture technologies are in commercial use today, 
mainly in the petroleum and petrochemical industries

• CO2 capture also applied to several gas-fired and coal-
fired boilers, but at relatively small scales  

• Net capture efficiencies are typically 80-90%

• R&D programs are underway worldwide to develop 
improved, lower-cost technologies  

• Integration of capture, transport and storage has been 
demonstrated in several industrial applications, but not 
yet at an electric power plant



Examples of Post-Combustion
CO2 Capture Systems

Gas-Fired Process Flue Gas
(Keda, Malaysia)
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Coal-Fired Power Plant Flue Gas
(Oklahoma, USA)
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Coal Gasification to Produce SNG
(North Dakota, USA)
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Petcoke Gasification to Produce H2
(Kansas, USA) 
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Examples of Pre-Combustion
CO2 Capture Systems



Sleipner(Norway) 
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Natural Gas Treatment with Deep Aquifer Storage of CO2
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Information Sources  Information Sources  

• IPCC Special Report on CCS

• Various organizational Web sites

• Discussions with individuals from:
� Oil and gas industry

� Electric power industry
� Federal regulatory agency

� Environmental organizations
� Technology developers/vendors

� Consulting firms
� Research organizations
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PremisePremise

• CO2 capture systems will continue to be constructed, 
permitted and operated at industrial facilities where 
CO2 has commercial value (including some use of 
captured CO2 for enhanced oil recovery),  BUT …

• Any significant increase in the use of CO2 capture in 
conjunction with geological sequestrationwill require 
policies that limit CO2 emissions to the atmosphere
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Leading Candidates for CCS Leading Candidates for CCS 
Under a Climate Policy RegimeUnder a Climate Policy Regime

• Fossil fuel power plants(78% of large CO2 sources)

� Pulverized coal combustion (PC)
� Natural gas combined cycle (NGCC)
� Integrated gasification combined cycle (IGCC)

• Other industrial processes(22% of large sources)

� Refineries and petrochemical plants
� Hydrogen production plants
� Ammonia/fertilzer production plants 
� Etc.

Power plants are the major source of potential CO2
capture applications for climate change mitigation
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WhatWhat’’ s New Here?s New Here?

• CO2 capture technology applied to electric power 
plants can or will result in:
� New emissions associated with some capture processes 

(e.g., trace organics, ammonia, and hazardous solid wastes from 
post-combustion amine scrubbers)

� Production, use and handling of new fuels/chemicals 
with potential safety concerns (e.g., hydrogen from pre-
combustion systems; oxygen for oxyfuel combustion systems)

� Production of high-pressure CO2 for transport & storage

� Monitoring and measurement of CO2 emissions
� Higher process energy requirements, resulting in 

increased fuel use and other resource consumption     
per unit of electricity produced
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Illustrative Capture System Illustrative Capture System 
Impacts at New Power PlantsImpacts at New Power Plants
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Capture Issues Studied in the Capture Issues Studied in the 
Recent IPCC Special Report  Recent IPCC Special Report  

• Emissions from CO2 capture systems

• Energy and resource impacts of CO2 capture systems

• Issues related to classification of CO2 as a product

• Health and safety risks of CO2 processing

• Plant design principles and guidelines used by     
governments, industries and financiers

• Commissioning, good practice during operations, 
and sound management of chemicals

• Site closure and remediation
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Conclusion of the IPCC Report Conclusion of the IPCC Report 

• “The monitoring, risk and legal aspects associated 
with CO2 capture systems appear to present no new 
challenges, as they are all elements of long-standing 
health, safety and environmental control practice in 
industry.”

– Special Report on                                               
Carbon Dioxide Capture                                          
and Storage, Chapter 3:                                         
Executive Summary,                                              
Intergovernmental Panel                                         
on Climate Change, 2005
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Other Sources ConcurOther Sources Concur
• Industry representatives see no major regulatory gaps for 

the capture process, per se;  key issues/uncertainties lie 
downstream at the CO2 storage site.  Efficacy of CCS still 
must be demonstrated, esp. for large utility sources.

• Main focus of USEPA also is on the CO2 injection site; 
the basic permitting framework for the capture system is 
already in place under the CAA and regulated entities are 
familiar with it.

• Environmental organizations are focusing on the choice of 
power generation technology to which CO2 capture is 
applied, advocating IGCC for coal-based systems, and the 
concept of capture readiness. CO2 storage issues also a 
concern.
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Significant Efforts Still Needed to Meet Significant Efforts Still Needed to Meet 
All Federal, State and Local RegulationsAll Federal, State and Local Regulations

Potential
Regulatory 
Issues for a 
Proposed 

Texas 
FutureGen

Project

Source: Bureau of 
Economic Geology, 
University of Texas

(continued on next page)



E.S. Rubin, Carnegie Mellon WRI Workshop

Potential Regulatory Issues (Potential Regulatory Issues (concon’’ tt.).)
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How will policy measures How will policy measures 

influence the use of CCS   influence the use of CCS   

for climate change mitigation ?for climate change mitigation ?
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Current Policies Relevant to CCSCurrent Policies Relevant to CCS

• European Union Emission Trading System (C/T)

• Kyoto Protocol (C/T, JI, CDM)

• Northeast Regional Greenhouse Gas Initiative (C/T)

• California Climate Action Policy Proposals (C/T)

• California GHG Performance Standard for Power Plants

• Energy Policy Act of 2005 (incentives)

Current cap and trade policies do not yet provide for CCS 
as a compliance option; protocols remain to be developed
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California PUC/CEC Policy onCalifornia PUC/CEC Policy on
Greenhouse Gas Performance StandardGreenhouse Gas Performance Standard

• “The PUC directs Staff and its General Counsel to investigate 
adoption by the PUC of a greenhouse gas emissions performance 
standard for IOU [Investor Owned Utilities] procurement that is 
no higher than the GHG emissions levels of a combined-cycle 
natural gas turbine for all procurement contracts that exceed 
three years in length and for all new IOU owned generation.
In the case of coal-fired generation, the capacity to capture and 
store carbon dioxide safely and inexpensively is necessary to 
meeting the standard;”

– California Public Utilities Commission, October 6, 2005

• Proposed BP–Edison Mission Group IGCC- CCS 500 MW 
power plant may be first large project under this policy
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Future U.S. Policy Choices Will Future U.S. Policy Choices Will 
Determine the Role of CODetermine the Role of CO2 2 CaptureCapture

• Voluntary Action (with incentives)

• “Capture Ready” Design Requirements

• Carbon Tax

• CO2 Cap and Trade System

• Performance Standards for CO2 Sources

• Technology Standards for CO2 Sources 

• Portfolio Standards for Power Retailers

• “Feebate” System for Existing Power Plants

• Combinations of the Above
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Evaluating Alternative OptionsEvaluating Alternative Options

• Market-based policies aimed broadly at reducing CO2
emissions at minimum cost (e.g., cap and trade) are not 
likely to stimulate CCS until carbon price exceeds roughly 
$100/tC ($27/tCO2) 

• Policies aimed specifically at fossil fuel power plants  (e.g., 
performance and/or portfolio standards) can accelerate CCS 
deployment and innovation, especially in conjunction with 
incentives for early actors

• Some preliminary analysis of options is underway,* but 
more detailed study is needed of pros/cons, and technical, 
economic, environmental and political feasibility of options
_____________
*Pew Center on Global Climate Change
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ConclusionsConclusions

• No major regulatory gaps related specifically to CO2
capture systems;  key issues lie downstream at the 
CO2 injection and storage site 

• Future use of CO2 capture as a climate change 
mitigation strategy will depend on adoption of 
policies that limit atmospheric emissions from 
power plants and other large industrial sources

• A combinationof regulatory policies and incentives 
for early actors can most effectively foster CCS 
deployment, acceptance and innovations to reduce 
costs; more analysis needed of alternative options


