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Mr. Chairman, members of the Committee, thank you for this opportunity to discuss the role that energy storage can play in meeting our nation’s future energy needs, and in reducing carbon emissions through greatly expanded use of clean, domestic renewable energy resources. I am Robert McGrath, deputy director of the National Renewable Energy Laboratory (NREL), the Department of Energy’s primary laboratory for research and development of renewable energy and energy efficiency technologies.   
At NREL, our mission is clear.  We provide research, development and support deployment to enhance our nation’s energy security and reduce greenhouse gas emissions, through large-scale production of electrical power from renewable sources, through utilization of biofuels to replace  fossil-based transportation fuels, and through improved energy efficiency in building, transportation and industrial processes.  

Currently, electricity generation accounts for approximately 40% of U.S. primary energy resource consumption.  According to the U.S. Environmental Protection Agency, electrical generation also produces about one-third (34.2%) of our nation’s CO2 emissions, roughly 2.5 billion metric tons per year (2,445 MMTons/yr)
. 

Consequently, increasing generation from renewable sources is essential if we are to effectively mitigate climate change.  Importantly too, the innovation and job creation associated with development, manufacturing, installation and operation of advanced solar, wind and other renewable energy sources are vital to our nation’s global competitiveness and continued economic vitality.  

My testimony today will focus on how grid-scale energy storage can help achieve U.S. energy and climate goals by enabling extensive and cost-effective deployment of large amounts of renewable electricity generation. 
Within our present grid, electricity is for the most part generated and then instantly consumed.  This has been a result of the economies of scale for coal and nuclear central power stations.  But as we move toward a clean, low-carbon energy future, that will change. The National Energy Policy Recommendations published by IEEE earlier this year state that if distributed and variable “sources of electrical power, such as wind and solar, are to reach their full potential to contribute to the nation’s power requirements, technologies for large scale energy storage must be developed and deployed.”
   

The theoretical potential of renewable power from wind and solar resources is vast – estimated to be more than 600 terrawatts of power available from wind and solar alone, worldwide.  That compares with today’s maximum worldwide estimated demand of about 12.5 terrawatts.  While plentiful, renewable resources vary by time and by region.  Fully accessing those resources will require a more adaptive, flexible distribution system.  A more adaptive grid will in turn require improved transmission and storage systems.   

Storage Technologies Can Provide Many Benefits

Large-scale energy storage technologies will have many benefits, including:
· Facilitating large scale penetration of renewable energy from variable sources such as wind or solar;
· Enabling renewable energy technologies to replace fossil fueled base-load power sources;
· Enhancing the stability, reliability and power quality of the electric grid;
· Optimizing the performance of a modernized electric infrastructure.

While the promise of energy storage is well recognized, there are many technology and policy challenges which must be solved.   Technologies, such as zinc-bromine, lead-sulfide, sodium-sulfide, lithium-ion, nickel-cadmium batteries and high-energy-density super capacitors, are being developed for grid-scale storage.  Additional research and development is essential, however, to lower costs and to increase their durability, power density and energy efficiency.  Detailed technology assessments and associated system integration analysis tools are needed to assist utilities, energy planners and policy makers as they decide how much, when, and in what mix, grid-scale energy storage technologies will be deployed.

Even when the advantages of storage technology are clearly evident, utilities may not be willing to make needed investments in energy storage systems unless the complex economic and operational interrelationships between new renewable energy generation, grid improvement, and an array of other considerations, are understood as well.  The 2008 Electricity Advisory Committee (EAC) report on energy storage called for a robust national program for research, development of cost-effective, efficient, large-scale energy storage technologies, along with greatly improved analysis for optimizing generation, storage, transmission and grid management.    
At my laboratory, NREL, researchers are supporting the Department of Energy’s Offices of Energy Efficiency and Renewable Energy, and Electricity Delivery and Energy Reliability in assessing the potential for, and projected costs of a broad spectrum of renewable energy electricity generation options.  Recently, our specialists led for the Department of Energy one of the most definitive examinations of the potential for wind power generation ever produced for the United States. This report, entitled 20% Wind Energy by 2030
 , showed that with ample grid capacity for transmitting power from regions of high quality wind to load centers on the coasts, wind penetration to 20% of U.S. electrical capacity is possible within the next two decades without the necessity of large-scale storage.  

The new transmission lines that are needed to take advantage of available wind resources can be cost effective when considered purely from the standpoint of construction and operation.  Siting, regulatory and legal issues, however, can pose costly delays and uncertainty for even the most well planned new transmission projects.  The lesson is that new renewable generation, transmission and storage are inextricably intertwined, and we will require clear analysis and forward-thinking policies to ensure we reap the full benefits of our abundant renewable resources.  

Wind is the largest and fastest growing sector of the U.S. renewable energy generation market.  Nonetheless, non-hydro renewable generation represents less than 4 percent of the total U.S. generation capacity, or just over 31 GW.  To achieve 20 percent wind penetration by 2030 consequently requires more than a ten-fold increase in wind production, to more than 300 GW.  (Studies suggest wind development to that level will require an investment approximately 2 percent higher than would occur without the wind power build out.) This will require annual installation of 16 GW of new wind turbines each year for the next two decades.  By comparison, new wind turbine installations reached a record level during 2008 of 8 GW.  

NREL researchers find that additional deployment of wind generation can be aggressively pursued in the near-term even without accompanying deployment of energy storage.  However, as higher and higher penetrations of wind and solar find their way onto the grid, cost-effective energy storage systems may become more and more imperative.

NREL analysts have also examined the impact of solar photovoltaics (PV) at high penetration.
  These studies found that photovoltaic-generated electricity becomes increasingly difficult to utilize beyond 20% penetration without substantial changes to the grid, such as incorporation of storage to enable temporal shifts in utilization of PV produced energy during periods of lower solar output.  It should be noted, too, that the thermal working fluid inherent within concentrating solar power (CSP) can effectively facilitate thermal storage, which can add four to six hours of sustained generation capacity
, and thus make CSP a more cost-effective technology.  

Taken together, the emerging analytical consensus provides confidence that renewable energy can expand well beyond the niche role it has played to date, and is capable of providing at least 20 percent, and perhaps much more, of nation’s electricity needs.  

As wind and solar capacities continue to expand, the periods of time during which renewable generation exceeds the instantaneous consumption will become more prevalent – especially within regional and localized markets.  At that point, the value of storage rises, because storage allows renewable resources to be captured when they are available, and shifted temporally to meet peak demands.  

Energy Storage Technologies Are Varied, Solutions are Complex 

Additional, detailed studies, conducted using sophisticated analytical models, are needed to address the question of how our nation can best develop the full benefits of renewable energy, and in particular, how energy storage can support that development.  For example, at present, the U.S. electrical system operates with about 21 GW of energy storage, provided almost exclusively via pumped hydro.  This represents only about 2 percent of the total 1,000 GW U.S. electricity generation capacity.

As wind and solar power become more ubiquitous,  it is likely that the first storage technologies to be expanded will be compressed air energy storage, since this technology may be geographically distributed, and where regionally feasible, some expansion of pumped hydro storage.  

Continued research and development efforts to improve flow batteries, super capacitors, thermal storage and hydrogen storage, will make these options more cost competitive, and thereby give utilities greater flexibility to improve the stability, reliability, flexibility and power quality of the electrical grid.  Although it may be some time before renewable energy options are deployed to the extent where utility-scale energy storage is unavoidable, a significant research and development program must be ongoing if we are to have cost-effective storage solutions when they are truly needed.

Given the broad array of storage technology options available, it is difficult to briefly summarize the development state and potential of each.  It is clear, however, that additional research and development is needed to yield storage technologies with the improved performance and lower costs we will require.  For example, new sciences for nano-structured materials, membranes and chemistries are needed for development of longer-lived, higher capacity, and lower cost electrochemical batteries, for new electrolytes and electrodes for higher voltage, greater capacity and lower cost capacitors, and for new power electronic devices supporting effective integration of storage devices into the electric grid.  Even more mature technologies will benefit substantially from additional R&D.  For example, advanced engineering on water and air turbines may improve efficiencies in pumped hydro and compressed air storage systems, and stronger materials and reduced friction in bearings will result in longer life and lower cost flywheels. 
Another promising area of research and development at the utility scale uses hydrogen as an energy storage medium.  At NREL’s National Wind Technology Center, we have teamed with Xcel Energy, the nation’s largest wind power utility, in a wind-to-hydrogen demonstration project, in which wind turbines are used to power hydrogen producing electrolyzers. The hydrogen can then be stored for later use in electricity generation, or as energy for hydrogen powered vehicles.
This brings us to another area of tremendous challenge and opportunity: harnessing renewable electricity generation, transmission and storage to meet the nation’s massive transportation needs.  Electrically powered vehicles have great potential to reduce our dependence on imported fossil fuels.  By combining an electrical vehicle fleet with storage-backed renewable electricity, we can potentially tap the vast resources of wind and solar to support low-carbon, or carbon-free, transportation.  Studies at NREL confirm that integration of plug-in hybrid electric vehicles (PHEVs) into the grid can not only reduce dependence on petroleum and stabilize carbon emissions 
,
, but can also be used to provide grid services
, while further enabling renewable technologies.
 
Advanced battery technology is paving the way for gas-saving hybrids and the next generation of plug-in hybrid cars and trucks.  As Dr. Koonin has mentioned, DOE is wisely investing in advanced technology development and manufacturing of batteries for transportation as well as for grid-level storage, exploring a broad array of promising options.  Continued investments in development and demonstration projects for grid-scale energy storage, and for integration of the nation’s vehicles, buildings, and electricity grid are important for achieving our national goals for a clean and secure energy future.  

Current R&D Status  

With very limited resources, DOE is doing a good job of leveraging efforts of state, federal and international organizations in order to keep storage development moving forward.  Several national laboratories are investing internal R&D funds in forward-looking energy storage solutions such as nanomaterials for batteries.  Partnerships among the national labs are leveraging capabilities and resources to accelerate the development of energy storage solutions.  For example, Pacific Northwest National Lab (PNNL) and Sandia National Labs (SNL) are combining grid operations and controls expertise with materials and systems integration talents in support of DOE’s energy storage program, and NREL and SNL have a newly established partnership in high performance computing that will be applied to energy storage technology development and system integration analysis.
While significant work is underway, NREL will be able more aggressively and comprehensively address storage research and development through the new capabilities of its Energy Systems Integration Facility (ESIF).  The ESIF will be a 180,000-square-foot laboratory dedicated to solving issues related to the integration of renewable energy and energy efficiency technologies deployed at scale.  Anchored by a 400 teraflop high-performance computer, the ESIF will enable complex systems R&D that fully integrates the most advanced simulation, data analysis, engineering, and evaluation techniques to accelerate the integration of new energy technologies generally, and the broad deployment of storage technologies specifically.  Using the ESIF’s modeling and simulation capacity, new materials will be explored more rapidly, and existing materials can be improved for performance and cost.  The high performance computer will also enable highly focused simulations of complex electric systems to optimize the deployment of new generation technologies that are coupled with storage to ensure the most cost-effective approach and to determine approaches that will maintain and even enhance the reliability of the electricity system.  Having these fully interactive simulation, testing, and evaluation facilities in one laboratory will move grid integration and storage forward on the fastest path possible.

From the national perspective, ongoing research is critically needed in two broad areas. First,  research and development is needed for storage materials and techniques, including: new storage materials for electrochemical storage; new mechanical energy storage techniques; increased energy densities in storage media; increased cycling/lifetimes; all to greatly reduce costs. Second, research is needed on the integration of storage into the grid: grid simulations and optimizations to explore what types of storage are needed, where they should interconnect in the system, and how to operate storage assets; development of new power electronics for integrating storage; and, development of new communications and control technologies for charging and discharging storage in an optimal fashion (smart grid technologies for storage).

Conclusion

The current electricity system can absorb much greater quantities of renewable generation than are currently deployed without significant increases in the deployment of storage technologies.  As penetration levels increase in the future, storage will play a key enabling role for penetrations of variable generation in excess of 30 percent.  Currently, storage technologies do not exist that can be cost-effectively deployed in the diversity of applications that are anticipated.  To prepare for the time when is needed at scale, we must increase our research and development efforts in the near term.

Our nation will be served if recommendations from this year’s IEEE-USA Policy Position Statement are implemented.  According to IEEE, the U.S. will need significant and sustained research to develop affordable energy storage technologies to effectively move renewable energy onto the electric system. The IEEE statement urged Congress to fully fund the energy storage R&D program authorized in the Energy Independence and Security Act of 2007.

Thank you for the opportunity to address the Committee on this important topic.  [image: image1.wmf]
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