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Thank you, Chairman Holden, Ranking Member Lucas, and Members of the Subcommittee. I am Revis James, Director of the Energy Technology Assessment Center at the Electric Power Research Institute (EPRI).  EPRI appreciates the opportunity to provide testimony to the subcommittee. 

EPRI is an independent, non-profit research organization that brings together its members, scientists and engineers, along with experts from academia, industry and other centers of research to:
· collaborate in solving challenges in electricity generation, delivery and use;

· provide technological, policy and economic analyses to drive long-range research and development planning

· support multi-discipline research in emerging technologies and issues; and

· accelerate the commercial deployment of advanced electricity technologies

During its 35 year history, EPRI’s mission has been to define strategic technical challenges in the electricity sector and to clearly identify viable technology options to address them. In this context, and in anticipation of a low-carbon energy future, EPRI is conducting ongoing research on how climate change and potential goals to reduce greenhouse gas emissions affect the production and delivery of electricity.
A convergence of major challenges: demand growth, decreasing capacity margins, CO2 emissions constraints

Meeting potential CO2 emissions constraints and the projected demand growth for electricity is complicated by several risks. Advanced technology provides a path to mitigating these risks while addressing the concurrent challenges of demand growth, anticipated CO2 emissions constraints, and diminishing generation reserve margins.


Demand growth

Meeting the expected growth in electricity demand and maintaining system reliability presents a major challenge that drives the need for substantial new generation capacity.  In its most recent Annual Energy Outlook1, the Energy Information Administration (EIA) projects U.S. electricity demand will grow by 29% between 2005 and 2030, an increase in consumption of 1046 TWh.  This increase is roughly equivalent to the 2006 electricity consumption of the top five consuming states in the United States: Texas, California, Florida, Ohio, and Pennsylvania. Growth at this scale will demand a huge increase in electricity generating capacity. The magnitude of new generation required to simultaneously meet demand growth and achieve major reductions in CO2 emissions will be enormous. The Energy Information Administration estimates than 200 GW of new generating capacity
, for example, will be required to meet U.S. electricity demand in 2030, highlighting the need for low-carbon generation sources to ensure this growth is accomplished with fewer emissions.
Decreasing capacity margins

Expansion of generation and transmission resources has not kept pace with electricity demand growth, leading to decreasing margins between peak consumption and generating capacity. The deployment of new capacity is also a priority to ensure electricity grid reliability and stability. The North American Electric Reliability Corporation (NERC) estimates that these margins will decrease below acceptable levels between 2009-2015 in the eight U.S. reliability areas.
 
CO2 emissions constraints
It is clear that goals for reducing greenhouse gas emissions and the timeframe over which they will be targeted are likely to be large and very demanding. Significant progress on reducing emissions will have to begin very soon and continue for many decades if probable goals are to be met.  Most of the proposals discussed to date require large scale emissions reductions by 2050 over most or all of the economy. The magnitude of these reductions can be appreciated by considering the difference between current annual emissions levels and projected 2050 levels based on the proposed legislation.  This difference is over one and a half times the total CO2 emissions from all U.S. electric utility companies
 in 2006.  In essence, expected emissions constraints will ultimately require almost no emissions from new generating capacity while reducing emissions from the existing fleet, either via reduced electricity consumption, increasing efficiencies of existing coal and gas plants, or retrofitting CO2 capture on existing coal and gas plants. 
Additional factors complicate risk mitigation
· Timing of technology deployment: The commercial availability of key technologies will take different lengths of time to develop and deploy. Delays could have significant impacts on electricity costs, the generation mix, and the ability to meet a given emission constraint.
· Costs: The costs incurred to deploy advanced technologies will be substantial, but will ultimately prove to be a valuable investment in leading the electricity sector to decarbonization. Moreover, because many of these technologies are not yet commercially mature, cost uncertainties exist until they have been demonstrated at large scale.

Timing of Technology Deployment
Recent EPRI work
 has illustrated the necessity and the urgency to develop a full portfolio of advanced electricity technologies as part of the solution to satisfying our future energy needs in an environmentally responsible manner.  Our analyses suggest that with aggressive research, development, demonstration, and deployment of advanced electricity technologies, it is technically feasible to slow down and stop the increase in U.S. electric sector CO2 emissions, and then eventually reduce them over the next 25 years while simultaneously meeting the expected increased demand for electricity and minimizing the economic impact of reducing emissions.  

To develop this analysis, we compiled data on the current and likely future cost and performance of various electricity technologies from our own internal work, various public-private technology research, development, and demonstration (RD&D) roadmaps, and expert opinions from academia, industry, and the NGO community in the published literature.  From this information, EPRI assessed the benefits of achieving substantial improvements in performance and aggressive deployment of advanced technologies in seven areas: end-use efficiency, renewables, nuclear generation, advanced coal generation, CO2 capture and storage (CCS), plug-in hybrid electric vehicles (PHEV) and distributed energy resources (DER).  We then calculated the net change in CO2 emissions from the electric sector which would result from achieving each of those technology targets compared to the underlying assumptions in the reference case of the 2008 Annual Energy Outlook published by the Energy Information Administration (EIA)1. The calculated potential for CO2 emissions reductions is based solely on the technical capabilities, assuming no economic or policy constraints. Called the PRISM analysis because of the spectrum-like appearance of its graphical representation (Figure 1), the study’s major finding is that it is technically feasible to halt and ultimately reverse the currently rising trend in CO2 emissions from the electricity sector. If aggressive RD&D of the full portfolio of advanced technologies is successful, annual emission levels could be reduced by roughly 45 per cent relative to reference-case projections for 2030 in the US Energy Information Administration’s 2008 Annual Energy Outlook1. There is no silver bullet technology that can provide the majority of potential emissions reductions, but rather a diverse combination of new and existing technologies will be required to meet aggressive emission targets.
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Figure 1:  Technical potential for CO2 emissions reductions from the U.S. electric power sector, assuming significant new technology RD&D investments and the aggressive deployment of the resulting technologies over the next 25 years.  

Costs

EPRI conducted a companion economic analysis4 showing that investments in RD&D which lead to the creation of a full portfolio of advanced, low-carbon electricity technologies, including advanced coal-based power plants with CCS and new expansions in nuclear power, can significantly reduce the costs of future climate policy.  For a scenario in which we aspire to reduce U.S. emissions of CO2 in 2050 to less than half of today’s levels, this “full portfolio” would result in average wholesale electricity prices equivalent to approximately 9¢ per kilowatt-hour, compared to 21¢ per kilowatt-hour – more than twice as much – in the case where a “limited portfolio” of electricity technologies (i.e. excluding CCS or expansion of nuclear power) is available. Carbon prices are also twice as large in the world of the “limited portfolio”.  In a world without CCS and nuclear, future CO2 constraints would be met by massive fuel switching to natural gas (with resulting price increases and increasing import dependence) and by increasingly expensive energy conservation as consumers respond to very large carbon and electricity prices.

For this hypothetical CO2 constraint, the existence of the “full portfolio” reduces the overall cost of the climate policy to the U.S. economy by approximately $1 trillion between now and 2050.  Furthermore, the low-cost, low-carbon electricity provided by the “full portfolio” would play an essential role in enabling CO2 reductions from other sectors of the economy. 

Transition to a Low-Carbon Future

Since the key technology capabilities in the full portfolio will take different lengths of time to develop and deploy, their relative importance within the portfolio will shift over time.  Over the decade of 2010-2020, availability of cost-effective and efficient CO2 capture technology or of commercial CO2 storage sites is unlikely, and little or no deployment of new nuclear plants will occur.  During this period, natural gas, wind and biomass, demand reduction, and improvements to existing coal plant heat rates are likely to be particularly important.  The lack of availability of larger baseload generation options will make capacity planning much more uncertain. Combined with CO2 emissions reduction policies, consequences of this initially more limited technology availability will result in higher electricity production costs and natural gas prices.  Rising electricity and CO2 costs will drive technology development.  Beyond 2030, emergence of significant deployments of nuclear, advanced coal with CCS, wind and biomass will expand the technology portfolio.  However, delays in technology development will directly affect the ultimate costs of achieving CO2 emissions reductions.

The importance of multiple technologies within an economically optimal portfolio, coupled with the risk of unforeseen barriers in technology development reinforces the importance of concurrent, aggressive RD&D actions to maximize options by which the full portfolio can be achieved.  In addition, full scale technology demonstrations for the key technologies will determine the time that it takes to reach full availability of the full portfolio.

EPRI’s Response to the Challenges: Technology Demonstrations

Based on its 2007 research4, EPRI identified four major technology pathways in which substantial RD&D progress will be needed over the next 20-30 years to achieve the full portfolio of advanced technologies that will allow demand growth to be met while minimizing the cost of compliance with a CO2 emissions constraint:

· Development and demonstration of smart distribution grids and communications infrastructures to enable widespread end-use efficiency technology deployment, distributed generation, and plug-in hybrid electric vehicles.

· Development and demonstration of enhanced transmission grids and associated energy storage infrastructures with the capacity and reliability to operate with 20-30% intermittent renewables in specific regions of the United States.

· Expanded deployment of advanced light water reactors enabled by continued safe and economic operation of the existing nuclear fleet.

· Development and demonstration of commercial-scale coal-based generation units operating with 90% CO2 capture and with the associated infrastructures to transport and sequester the captured CO2.
EPRI subsequently identified particularly critical technology demonstration projects within these technology pathways necessary to ensure long-term achievement of the full portfolio.  In concert with its network of technical advisors from across the electric sector, EPRI technical experts evaluated several candidate projects before identifying the following six for immediate action:

· Post-Combustion Carbon Capture and Storage Demonstrations

· IGCC With Carbon Capture and Storage Demonstration

· Ion Transport Membrane for Low-Cost Oxygen Production

· Advanced Compressed Air Energy Storage Demonstration

· Energy Efficiency Demonstration

· Smart Grid Demonstrations

The above projects address pivotal technologies within the full portfolio which contain considerable technology uncertainty associated with performance, ease of scale-up, and cost.  Through large scale demonstrations, these projects will ultimately enable commercially viable deployments of key advanced technologies.  EPRI has created a collaborative framework for each of these projects and is currently pursuing them.

Conclusion

Decarbonization of electricity generation, development of a smart grid, and increasing use of electricity in other major economic sectors, such as transportation, will all occur in response to the combination of CO2 constraints and demand growth.  Since all of the needed technology capabilities do not yet exist or are not yet economically available, the U.S. faces an unavoidable period of responding to demand growth and emissions reductions with a limited technology portfolio. If emissions reduction targets currently under serious discussion are to be achievable and affordable, a sustained and focused RD&D program is needed to develop, demonstrate and eventually deploy the full portfolio of advanced electricity technologies.  A decarbonized electricity sector is the key to meeting economy-wide CO2 emissions goals.  

Timely, sustained collaborative RD&D can enable a low carbon future while lowering the cost of compliance with CO2 constraints, but concurrent actions in several technology areas must begin now to minimize this cost while continuing to meet demand growth. Thank you for the opportunity to address the Subcommittee. 
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