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Proposed Agreement between California Energy Commission
and
[bookmark: CompanyName]  The Regents of the University of California, - CIEE
[bookmark: Title]Title:	Roadmap on Innovative Technologies and Concepts for Beneficial CO2 Use
[bookmark: AmountLabel][bookmark: Amount]Amount:	$220,593.00
[bookmark: TermAll][bookmark: Term]Term:	7 months
[bookmark: CampusAll][bookmark: Campus]Performing Inst:	 DOE- Lawrence Berkeley National Laboratory
[bookmark: ContactAll][bookmark: PierContactAll][bookmark: PierContact]Contact:	John Reed
[bookmark: RDDMeetingDate]Committee Meeting:	6/1/2010
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	FY
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	EA 
	Master Research Agreement (MRA) 
	$4,320,832 
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Recommendation
[bookmark: RecommendationText]Approve this MRA Work Authorization with The Regents of the University of California/CIEE for $220,593 to develop a roadmap on innovative technologies and concepts for beneficial CO2 use.  Staff recommends placing this item on the discussion agenda of the Commission Business Meeting.
Issue
[bookmark: ProblemText]As stated in the 2009 Integrated Energy Policy Report, California will need innovative strategies to address emissions from fossil power plants as it moves toward reducing greenhouse gas (GHG) emissions associated with electricity generation. One such strategy is CO2 capture and storage, also known as carbon capture and sequestration (CCS).  A barrier to the adoption of this strategy, as pointed out in the 2009 IEPR, is the cost of applying CCS to flue gas emissions from industrial facilities such as natural gas power plants or oil refinery furnaces using proven technologies (about $75 per metric ton of CO2 avoided).  However, the 2009 IEPR notes the sale of captured CO2 to oilfield operators for enhanced oil recovery (EOR) has increased the likelihood that CCS can be economically viable and, as a consequence, the interest in CCS has increased at state agencies working on AB 32 compliance.  

In addition to using CO2 for EOR, there are many other possible beneficial and revenue generating uses of CO2 on the horizon that can advance GHG reduction goals by either preventing the captured CO2 from entering the atmosphere, or by using the CO2, or chemical product produced from CO2, in a way that displaces the emission of other GHGs.  As with EOR, these technologies could also improve the economic viability of industrial carbon capture, and possibly even turn it from a cost of doing business to a profitable venture that provides public benefits above and beyond GHG reduction alone.  The importance of finding value for CO2 independent of any proposed regulation, carbon credit markets, or carbon taxes is stressed in the AB 1925 report to the legislature (Geologic Carbon Sequestration Strategies For California: Report To The Legislature).  

To date, competitive and regulated markets have not provided a large economic incentive to reduce GHG emissions by expanding deployment of existing carbon capture technologies or developing improved technologies.  The California public and economy is also missing out on many opportunities and benefits that could arise from new or improved CO2 utilization technologies beyond GHG emissions reduction alone, including the new useful products, jobs and businesses created through beneficial CO2 use, as well as other positive environmental and economic outcomes such as reduced water consumption, replacement of toxic chemicals, or displacement of imported fuels, chemicals or minerals by locally abundant CO2 feedstock or chemical products or fuels derived from CO2.  The research, development, and demonstration activities needed to bring many promising experimental or proposed CO2 utilization technologies to fruition are not being adequately provided for by the private sector.

Background
[bookmark: BackgroundText]Currently, the merchant market for CO2 is around 100 M tons per year; the majority of which is used in EOR along with a significant use in the food processing industry.  Captive chemical processes use almost another 200 M tons of CO2 per year with the primary product being urea (over 50% of captive CO2 input).  The volumes of the current merchant and captive CO2 markets combined amount to less than 1% of anthropogenic CO2 emissions.  The market demand for CO2 is currently addressed by geological sources of CO2 and some captured CO2, generally from relatively pure flue gas streams (e.g. ethanol distilleries), or from process streams where CO2 capture and separation is required by a need for product purity (e.g. natural gas wells or ammonia production).  Only about 2% of the demand for CO2 is met through capturing CO2 from industrial flue gas.

The need to find new or improved uses of CO2 that increase demand for CO2, add value to CO2 capture, and produce useful benefits to the public beyond GHG emission reduction alone has been recognized at the federal level, where a number of recently initiated programs to discover new and improved uses of CO2 have preceded the proposed work, including the National Energy Technology Laboratory "CO2 Utilization" (DE-FOA-0000253), the Department of Energy "Innovative Concepts for Beneficial CO2 Use" (DE-FOA-0000015), and the Advanced Research Projects Agency - Energy "Electrofuels" funding opportunities.

The Energy Commission's Public Interest Energy Research (PIER) Program has also funded some innovative research into various beneficial uses of CO2, including the conversion of CO2 into biofuel by the Algae OMEGA project at NASA Ames funded through the PIER's Transportation Group, and the demonstration of a Supercritical Carbon Dioxide-based Laundry System at CO2Nexus funded through the PIER Industrial/Agriculture/Water/Building group.  While PIER has clearly identified and funded specific beneficial uses of CO2, there has not been a comprehensive roadmap developed to compile all the promising uses of CO2, identify knowledge gaps, and prioritize research to close the knowledge gaps in the most promising areas of CO2 use.   

Other notable California-based projects in the area of beneficial CO2 use include the Hydrogen Energy California (HECA) project, which plans to use EOR to sequester CO2 and defray the costs of carbon capture and the Calera demonstration plant at Moss Landing, which is planned to capture 30,000 tons per year of CO2 from a power plant and chemically convert it to carbonates used to produce building materials.  Both of these projects are supported by government funding.  

The area of beneficial CO2 use is highly multi-disciplinary with promising technologies drawn from many diverse fields, including but not limited to, geology and geophysics, chemistry and chemical engineering, mechanical engineering, and biotechnology.  Many beneficial uses of CO2 are likely to involve synergistic opportunities cutting across different fields and industries.
Proposed Work
[bookmark: ResearchText]The research that will be performed will go into the development of a roadmap on innovative technologies and concepts for beneficial CO2 use. The purpose of this research roadmap will be to compile the state of art and various known or proposed approaches for revenue generating use of captured CO2, identify knowledge gaps, and prioritize research to close the knowledge gaps.  The focus of the roadmap will be where the Energy Commission can most effectively spend research dollars. It will address both near term likelihood of success or closeness to market for various technologies at the R&D stage that utilize CO2, as well as their long term scaleability and ultimate potential impact on CO2 monetization and GHG emissions reduction.  The roadmap will be informed by R&D funded at the federal level in beneficial CO2 use; identifying any promising areas that may be underfunded, as well as cost sharing or match funding opportunities where Energy Commission dollars could be best leveraged by federal dollars or resources.  The roadmap will emphasize technologies particularly well suited for California.

Development of the research roadmap will primarily be conducted by scientists and experts at Lawrence Berkeley National Laboratory (LBNL) through an interagency contract.  Contributions to the effort could also come from scientists and experts drawn from elsewhere in the University of California (UC) system. LBNL was selected as the primary contractor for this work because the subject of CO2 use is highly multi-disciplinary and no other single institution employs as many world leading experts in the range of areas that are relevant to the subject.  Stakeholder workshops will be conducted as part of the roadmap development to notify interested parties about the work and to increase input and enhance coordination within the Energy Commission and with other government agencies or interested parties.  The cost structure for the project will be primarily labor costs and overhead for the contributing authors and experts producing the roadmap.  The costs of this project will go towards Energy Commission cost share obligations under WESTCARB. 

A wide range of fields and applications could potentially be addressed by this roadmap, however specific areas to be covered include:  
•	Carbon Capture and Sequestration joined to the enhanced recovery of any geological resource, including oil, natural gas, geothermal heat, minerals, and water
•	Biological conversions of CO2 to fuel and other useful chemicals
•	Chemical conversions of CO2 to fuel and other useful chemicals
•	Use of CO2 as a working fluid
•	Use of CO2 as a solvent
•	The economics of technologies and processes using CO2
•	The lifecycle analysis of technologies and processes using CO2

So that the ultimate objective of reducing CO2 and other GHG emissions is advanced, the roadmap will emphasize new technologies and processes that either prevent the captured CO2 from entering the atmosphere, or that use the CO2 or chemical product produced from CO2 in a way that displaces the emission of other greenhouse gases.  Examples of the former type of CO2 use include enhanced oil or gas recovery with CO2 sequestration, enhanced geothermal systems using CO2 as a working fluid that provide dual benefits of energy generation and CO2 sequestration, and synthesis of carbonates or plastics from a CO2 feedstock.  Examples of the latter type of CO2 use include CO2-to-fuel technologies that displace the use of petroleum products, and the use of CO2 as a refrigerant in place of working fluids that are far more potent greenhouse gases than CO2 such as hydrofluorocarbons.  Other uses of CO2 will also be considered that do not clearly reduce greenhouse gas emissions directly or indirectly, but still provide some other public benefit such as displacing the use of the toxic chemicals.  Examples of these types of CO2 use include using CO2 as a solvent in place of perchlorethylene for dry cleaning, or using CO2 as a fumigant in place of pesticides.
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