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Mr. Chairman, and members of the committee, thank you for the opportunity to appear before you today to summarize some of the key findings and recommendations in the MIT study on the future of coal.  We carried out the study with eleven colleagues from various disciplines, over a three-year period, with the benefit of advice from an external group with diverse perspectives.  We request that the Executive Summary of the report be entered into the record.

The study examines the role of coal as an energy source in a world where constraints on carbon emissions are adopted to mitigate global warming.  

Our first premise is that the risks of global warming are real and that the United States and other governments should and will take action to restrict the emission of carbon dioxide and other greenhouse gases.  

Our second and equally important premise is that coal will continue to play a large and indispensable role in a greenhouse gas constrained world.  

Our purpose is to identify the measures that should be taken to assure the availability of demonstrated technologies that would facilitate the achievement of carbon emission reduction goals while continuing to rely on coal to meet a significant fraction of the world’s energy needs.

Carbon dioxide capture and sequestration (CCS) is the critical technology enabler for this purpose, and the priority objective with respect to coal should be the successful large-scale demonstration of the technical, economic, and environmental performance of the technologies that make up all of the major components of a large-scale integrated CCS system – capture, transportation, and storage.  

The United States and other nations may need a vast scale of carbon dioxide sequestration .  By mid-century, annual sequestration of several gigatonnes of carbon dioxide is the scale needed for a major impact on climate change mitigation, given the expectation that coal use will grow substantially.  This translates into sequestration of the CO2 emissions from many hundreds of utility scale plants worldwide.  

Each plant will need to capture millions of metric tonnes of CO2 each year.  Over a fifty-year lifetime, one such plant would inject about a billion barrels of compressed CO2 for sequestration.  We have confidence that megatonne scale injection at multiple well-characterized sites can start safely now, but an extensive program is needed to establish public confidence in the practical operation of large scale sequestration facilities over extended periods and to demonstrate the technical and economic characteristics of the sequestration activity. 

An important additional objective of the demonstration program is to create an explicit and rigorous regulatory process that gives the public and political leaders confidence in effective implementation of very large scale sequestration.  A regulatory framework needs to be defined for sequestration projects including site selection, injection operation, and eventual transfer of custody to public authorities after a period of successful operation.  

Present government and private sector sequestration projects are inadequate to demonstrate the practical implementation of large scale sequestration on a timely basis.  

Thus we believe that the highest priority should be given to a program that will demonstrate CO2 sequestration at megatonne scale in several geologies, following “bottom-up” site characterization.  For the United States, this means about three megatonne/year projects with appropriate modeling, monitoring and verification (MMV), focusing on deep saline aquifers.  Each demonstration project should last about eight to ten years.   We estimate the cost for the total program to be about $500M over a decade, not including the cost of CO2 acquisition.  The CO2 costs are likely to be considerable and highly variable depending on the acquisition strategy (natural reservoirs, capture from existing plants, supply from large scale demonstrations of new coal combustion and conversion plants).

In addition to the value of the scientific and engineering data that will emerge from this sequestration demonstration program, we should not underestimate the value of demonstrating the ability to successfully manage the program over an extended time.  Such practical implementation experience will be important for public confidence in committing to very large sequestration over many decades.

To explore the prospect of very large scale sequestration, our study employed the Emissions Prediction and Policy Analysis (EPPA) model, developed at MIT, to prepare scenarios of global coal use and CO2 emissions under various assumptions about the level and timing of CO2 emissions pricing, whether through a tax, a cap and trade system, or some other mechanism.  

An important threshold is the CO2 price that leads to economic choices that result in stabilization of CO2 emissions.  The economic adjustments caused by a CO2 charge are reduced energy use, a shift to lower-carbon emitting technology, improved efficiency of new and existing coal power plants, and importantly introduction of CCS.  The EPPA model and our engineering analysis of alternative coal technologies suggests that a carbon charge of approximately $30/tonne-CO2 is needed  (most of this comes from capture, not sequestration).  However, if the CO2 emissions price remains low compared with this threshold price for an extended period, CO2 emissions are significantly higher and CCS plays a minor role in reducing cumulative CO2 emissions in this half-century.  The CCS demonstration program needs to be carried out with urgency or the United States runs the danger of adopting a carbon constraint policy without a practical alternative for use of coal.

Our highest priority recommendation is that the Congress, the Department of Energy, and other private and public sector entities work to launch as soon as possible a sequestration demonstration program with the characteristics identified above, including those associated with development of the regulatory system.  A sense of urgency has been absent and this needs to change.

Our second recommendation is for the U.S. government to provide incentives to several alternative coal combustion and conversion technologies that employ CCS.  At present, Integrated Gasification Combined Cycle (IGCC) is the leading candidate for electricity production with CO2 capture because it is estimated to have lower cost than pulverized coal with capture.  However, neither IGCC nor other coal technologies have been demonstrated with CCS at large scale.

It is critical that the government RD&D program not pick a technology “winner” for several reasons.  First, technology advances will undoubtedly lower the cost of all coal utilization technologies with capture – IGCC, pulverized coal, and potentially novel approaches.  Some advances, such as much lower cost oxygen separation from air, could remove the IGCC cost advantage.  Second, there are very different coal types (high ash content, high moisture content,…) and local conditions for specific projects that affect technology choice.  

Indeed, the DOE program needs considerable strengthening and diversification in looking at a range of basic enabling technologies that can have major impact in the years ahead, particularly in lowering the cost of coal use in a carbon-constrained world.  This work needs to be done at laboratory or process development unit scale, not as part of large integrated system demonstrations.  

Both industry and the government would benefit from an extensive modeling and simulation effort in order to compare alternative technologies and integrated systems as well as to guide development.  A significant increase in the DOE coal RD&D program is called for, as well as some restructuring.

Government assistance is needed for a portfolio of coal combustion and conversion demonstration projects with CO2 capture – IGCC; oxyfuel retrofits; coal to synthetic natural gas, chemicals and fuels are examples.  Given the technical uncertainty and the current absence of a carbon dioxide emissions charge, there is no economic incentive for private firms to undertake such projects at any appreciable scale.  The DOE coal program is not on a path to address our priority recommendations – enabling technology, sequestration demonstrations, coal combustion and conversion demonstrations with capture.  The level of funding falls far short of what is required and the program, perhaps as a result, is imbalanced.  

The flagship project FutureGen is consistent with our priority recommendation to initiate integrated demonstration projects at scale.  However, we are concerned that the project needs more clarity in its objectives.  Specifically, a project of this scale and complex system integration should be viewed as a demonstration of commercial viability at a future time when a meaningful carbon policy is in place.  Its principal call on taxpayer dollars is to provide information on such commercial viability to multiple constituencies, including the investment community.  To provide high fidelity information, it needs to have freedom to operate in a commercial environment.  

We believe that the Congress should work with the Administration to clarify that the project objectives are commercial demonstration, not research, and reach an understanding on cost-sharing that is grounded in project realities and not in arbitrary historical formulas.   In thinking about a broader set of coal technology demonstrations, including the acquisition of the CO2 needed for the sequestration demonstration projects, we suggest that a new quasi-government corporation should be considered.

The 2005 Energy Policy Act contains provisions that authorize federal government assistance for coal plants containing advanced technology projects with or without CCS.  We believe this assistance should be directed only to plants with CCS, both new plants and retrofit applications on existing plants.

There is the possibility of a perverse incentive for early investment in coal-fired power plants without capture, whether pulverized coal or IGCC, in the expectation that the emissions from these plants would potentially be “grandfathered” by the grant of free CO2 allowances as part of future carbon emission regulations and that (in unregulated markets) they would also benefit from the increase in electricity prices that will accompany a carbon control regime.  Congress should act to close this “grandfathering” loophole before it becomes a problem.

Success at capping CO2 emissions ultimately depends upon adherence to CO2 mitigation policies by large developed and developing economies.  We see little progress to moving towards the needed international arrangements.  Although the European Union has implemented a cap-and-trade program covering approximately half of its CO2 emissions, the United States has not yet adopted mandatory policies at the federal level.  US leadership in emissions reduction is a likely prerequisite to substantial action by emerging economies, and recent developments in the American business sector and in Congress are encouraging.  

A more aggressive US policy appears in line with developing public attitudes.  Our study has polled the American public, following a similar poll conducted for the earlier MIT study on nuclear power.  Americans now rank global warming as the number one environmental problem facing the country, and seventy percent of the American public think that the US government needs to do more to reduce greenhouse gas emissions.  Willingness to pay to solve this problem has grown 50% over the past three years.

The situation faced by large, rapidly growing, emerging economies is difficult.  We studied a number of cases in China, looking at the “real” decision-making process for construction and operation of coal plants in several provinces.  

These case studies suggest that it will be some time until China (or India) is willing and able to mitigate CO2 emissions.   We examined, with the EPPA model, the consequences of a lagged compliance with CO2 mitigation measures by non-OECD countries.  While a long lag, say 40-50 years, precludes any realistic possibility of meeting prudent global greenhouse gas concentrations, we found that a more modest lag, say 10 years, is potentially manageable from the point of view of incremental accumulated emissions.  That is, the challenge of stabilizing emissions is exacerbated but not qualitatively altered.  

This suggests a step-by-step international approach to the climate challenge, one that requires US leadership both in advancing meaningful carbon policy and in demonstrating as early as possible the effectiveness and cost performance of technologies such as sequestration.

Absent substantial reductions in CO2 emissions relative to “business-as-usual” expectations, substantial global warming will occur.  At some point, nations would then face accepting the high economic cost and social disruption of adapting to climate change or the more problematic prospect of geo-engineering the climate by active measures.  We do not dismiss the possibilities of adaptation and/or geo-engineering.  But we do believe that it is less risky and ultimately less costly for the US to lead the way in adopting emissions constraints today and in developing and demonstrating the technologies that will constrain emissions without significantly impacting economic development.

Mr. Chairman, thank you again for inviting our testimony.  We appreciate the leadership of this committee in moving forward our nation’s approach to global warming risks, and we welcome further discussion. 
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