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Chairman Bingaman, members of the committee, thank you for inviting me to testify today.  I had 24 years experience exploring and developing geothermal resources with Unocal Corporation, an American company that developed a quarter of the world’s geothermal capacity. I worked in geothermal research and exploration for 5 years with the British Geological Survey. My doctorate thesis involved a study of heat flow from the earth in East Africa.  I am now a geothermal consultant, and for the past several months I have been working with Chevron Corporation, the largest producer of geothermal energy in the world.  I am not representing any company or industry group today.  This testimony reflects my personal views.  
S.1543 seeks to establish a national goal:  20 percent of total electrical production in the United States from geothermal resources by 2030.  Achieving this would be a major step towards reducing greenhouse gas emissions, and creating energy security for our country. It would demonstrate to the rest of the world that clean, base load electricity can be generated on a large scale with minimal carbon dioxide emissions, and without the risks of nuclear power.  
What will it take to get there?  With the current geothermal installed capacity in the U.S. at less than 3,000 MW, we need to grow at 18 percent per year based on EIA predictions
. It will take hundreds of billions of dollars of capital, tens of thousands of geothermal wells, and millions of acres of land. We should look to private industry to invest dollars and drill wells, but government also has a critical role.
The 20 percent goal will not be achieved using the technology of the past.  Traditional geothermal resources are hard to find, but easy to produce.  Once a hole is drilled in the right place, usually more than a mile deep, geothermal brine or steam flows up the well and can be used to generate power.  However natural geothermal reservoirs require very special geological conditions – not only must the rock underground be hot, it must also be naturally fractured so that water can flow through it. 
In the past, we have found these reservoirs in the same way that the early oil industry found oil – by searching for seeps on the surface.  Hot springs on the surface are the best place to start drilling for geothermal reservoirs deep below. But many of the promising sites with hot springs have already been drilled. 
We need new technologies that can find “hidden geothermal reservoirs” deep in the earth, where no hot springs are leaking to the surface. The oil industry developed ways to find oil when there were no oil seeps at the surface.  The geothermal industry needs reconnaissance tools that can detect deeply buried geothermal reservoirs with no associated hot springs, and more precise methods to target wells. 
However, to achieve the 20% goal we must develop a new kind of geothermal resource, called EGS.  We know it is possible to create reservoirs artificially in rocks that are already hot, but not permeable. In this case a well deep enough to penetrate hot rocks will not produce geothermal fluid when it is first drilled. Instead it will have to be stimulated with high pressure fluids, in a way that creates a substantial network of cracks extending out from the well into the surrounding hot rock.  This process has come to be known as Enhanced Geothermal Systems, or EGS
.  Making EGS work economically has been an elusive goal, and governments in the US, Europe and Japan have spent hundreds of millions of dollars trying over the past 30 years.  But now EGS technology is within reach.  A European Union project in France made significant progress, and government and industry are working together in Australia on an ambitious venture to demonstrate EGS on a large scale.  In Germany, a new geothermal industry has responded aggressively to the high prices offered for renewable energy.
How can the U.S. government facilitate geothermal growth, and motivate the private sector? 

Incentives:  My view is that incentives that offer higher returns for EGS power projects during the early years of development are likely to be more effective than cost sharing, since they are directly linked to the goal of increasing electricity generation.
Research: We need basic research to support the development of tools which will enable us to: 
1) Explore for hidden geothermal systems: We need rapid reconnaissance tools to identify prospects and more precise targeting tools to increase the success rate of exploration wells
2) Improve the productivity of Enhanced Geothermal Systems:  This will require a better understanding of how cracks form and propagate in different stress regimes and rock types.  New tools need to be developed that allow specific zones in a hot borehole to be isolated for both fracture creation and short-circuit repair. This will allow multiple fracture zones to be created from a single borehole, enhance the water circulation rate, and reduce the cost of development. 

Geothermal research involves a wide range of disciplines that benefit strongly from interaction with other industries. Research funding should not be concentrated in one or two institutions, but strategically distributed to take advantage of synergies in other industries and disciplines.
Education: Many geothermal experts in the US began their careers in the 1970’s, as I did.  There is an urgent need to train and recruit a new crop of geoscientists and engineers.  Geothermal courses need to be taught in universities, and the basic concepts introduced in schools. 
Leasing and Permitting: Once the economic feasibility of EGS has been demonstrated, there will be another critical role for government.  To develop enough sites to achieve the national goal, the process for leasing land and permitting projects will have to be streamlined, and the BLM will need adequate resources. 
In summary, the goal to generate 20 percent of our electricity from geothermal resources by 2030 is very aggressive relative to our previous experience.  But large scale geothermal development will be essential if we are to reduce greenhouse gas emissions, and help to ensure energy security.  The good news is that the technology to make Enhanced Geothermal Systems work economically is within reach. If government provides incentives for initial development of EGS, funds basic research to improve technology, educates new engineers and geoscientists in geothermal disciplines, and streamlines the leasing and approval process, EGS will become a compelling sector for private investment. 
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