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TECHNOLOGY ADVANCEMENTS TO SUPPORT 
GROWTH IN GEOTHERMAL POWER SALES 

IN A DYNAMIC UTILITY MARKET 

John E. Mock, Director 
GeothermaI Division 

U.S. Department of Energy 

INTRODUCTION 

We are assembled today to discuss the opportunities and challenges for expanding the sales of geothermally-generated electric 
power in a competitive utility market. First, however, I would like to note that efOWth in geothermal sales might not be a germane 
topic were it not for the early participation in the development of the geothermal industry by utilities themselves. Without their 
contributions to research and development, environmental breakthroughs, and, perhaps, above all, their early use of geothermal 
power and continuing investment in the industry, we might still be at "Square One" - confronting inhibiting doubts of the energy 
utilization industry. I feel certain that utility involvement has served to inspire far greater confidence in the reliability of the resource 
on the part of other utilities and other investors than could have been generated by federal programs andor the resource developer 
arm of the geothermal community. 

While acknowledging that we have not completely resolved all problems which geothermal energy faced 20 years ago -- 
confidence, institutional restraints, environmental compliance, and technical and economic uncertainties -- this audience and our 
predecessors have addressed them, individually and collectively, and, to a large extent, we have surmounted them. But it took 
generation or contracted purchase of geothermal power by utilities - whatever their discrete reasons for doing so -- to demonstrate 
to the public and government regulators that there is a place for geothermal power in the service areas of large utilities. In addition, 
in using an alternative fuel, the participating utilities have already e x p o d  themselves to changing concepts and practices in their 
industry. 

M O R  CHANGE FORESEEN FOR UTIISIlEs IN THE 1990's 

According to industry analysts, this decade will bring extraordii changes to the traditional mode of electric utility operation 
- driven both by market factors and potential regulatory changes. In fact, as Eric Zausner, president of Strategy Performance 
Management, a San Francisco consulting and investment firm, observes, "Change is the only constant for the utilities in the '90's." 

A major market transformation that is already being felt is suggested by our theme for this meeting -- i.e., mompetition in 
an industry commonly considered to be composed of "pure" monopolies. As John W. Motter of Sierra Pacific Power called to our 
attention during this session last year, the industry is facing more competition than ever before -- with fuel switching and 
cogeneration options available to some customers, the competition engendered by increasing deregulation, and the concomitant 
emergence of the independent power producer (IPP). The industry's response to these challenges will be shaped to a large extent 
by other regulatory trends -- the impact of conservation requirements, permitted or required inclusion of externalities in evaluating 
costs of resource options, and potential further deregulation of the IPP's - both utility-affiliated and non-affiliated. 

The sales of non-geothermal IPP's are already growing nationwide due to several advantages they offer over new plant 
construction by regulated utilities - cheaper power, protection from the risks of cost overruns and rejected power increases, and, 
in some cases, greater availability factors. The hot water geothermal industry as it is currently constituted is part of the IPP 
industry, the advent of which has provided greater 0pportuNties for geothermal and alternative energy companies than would 
otherwise have been available. 

This industry was created by the Public Utility Re%ulatory Policies Act which pmvided exemption from some of the more 
onerous utility-type regulation, but its growth has continued to be impeded by regulation under the Public Utility Holding Company 
Act. Now, however, pending federal omnibus energy legislation contains provisions to promote further development in this industry 
by exempting it from the PUHCA. If enacted, it will mean that LPP developers would no longer have to limit their ownership in 
projects to less than 10 percent or otherwise structure pmjects to avoid Securities and &change Commission regulation. 

At this writing, only the Senate version of the legislation - the National Energy Security Act of 1992 (S. 2122) -- has been 
passed. The Department of Energy generally supports the Senate bill and believes that it reflects the major goals and initiatives 
contained in the National Energy Strategy. While the bill reported by the House Energy and Commerce Committee (H.R. 776) 
would also exempt IPP's from PUHCA, it would not be prudent at this juncture to attempt to predict how some specific issues will 
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be resolved. These include, among others, pre-approval of utility contracts with IPP's by cognizant state agencies, treatment of 
utility contracts with its unregulated affiliates, required debt-equity ratios of IPP's, and, particularly, improved transmission access 
to third parties. 

In sum, however, the restructuring of the utility industry appears to favor geothermal power where the resource is co- 
located with increased power demand -- and is economically competitive. I strongly support the views of Mr. Zausner that "new 
entrants in the utility industry [such as geothermal IPP's], innovative traditional players, changing economics, and new technology 
will result in price competition, service unbundling, and cost reduction." 

OTHER PROVISIONS OF SENATE ENERGY ACT WOULD EXPAND DOE'S 
GEOTHERMAL COOPERATIVE R&D PROGRAMS 

Thus far I have addressed the nearly 600-page pending omnibus energy legislation only in terms of its potential deregulation 
of IPP's. Let me emphasize, however, that the Senate bill contains other provisions designed to promote the development of 
commercially sound renewable energy systems to overcome the artificial economic and regulatory barriers that have prevented wide- 
scale adoption. These provisions amend the Renewable Energy and Energy Efficiency Technology Competitiveness Act 0p.L. 101- 
218) to expand the authority of the DOE Secretary to fund joint venture projects in each of several renewable technologies. 

The purpose of the joint ventures is stated as "oil displacement. " In the Senate bill, at least one joint venture is mthorid 
for oil displacement by both high-temperature and low-temperature geothermal energy. In each case, the stated purpose of the joint 
venture is to design, test, and demonstrate critical enabling technologies for the production of geothermal energy for commercial 
application in uses that have substantial prospects for displacing the consumption of oil." Three million dollars are authorized for 
each technology for each of fiscal years 1992, 1993, and 1994. 

However, the geothermal joint ventures are omitted altogether in the House bill as reported by the Energy and Commerce 
Committee. Since several other House committees are yet to act on the bill, the House itself is likely to consider floor amendments, 
and the conference committee will resolve the Senate and House differences, it is too early to suggest the final outcome. 

Earlier, funds were provided in the FY-1992 energy appropriations bill for the first year of a three-year program "to 
demonstrate the economic benefits of improved electric generators in geothermal application." The Geothermal Division is @ the 
process of implementing this program with a solicitation to be issued by the Idaho Field Office. The solicitation is currently in final 
review and is expected to be published in the Federal Register in about eight weeks. 

We are pleased that Congress recognizes the continuing need for R&D funding to further commercialize geothermal power 
generation, and we look forward to participating with industry in any and all ventures that will foster the economic comptitiveness 
of the industry. 

TECHNOLOGY ADVANCEMENT AS A KEY GOVERNMENT ROLE IN SUPPORTING GROWTH IN GEOTHERMAL 
POWER SALES 

Although the regulatory barriers that historically buffered the vertically integrated electric utility are collapsing, and doors 
are being opened to new participants and new technologies, the doors will only be fully opened to geothermal energy when and 
where it meets the economic competition. Thus, I see technology advancement as one of the key roles available to government to 
support increased geothermal sales in a dynamic utility market. Technology improvement and innovation that translate into reduced 
costs are therefore our continuing research focus. 

To this end, our R&D priorities are established in accordance with what we understand to be industry's major cost-sensitive 
technology areas. In order to assure that our understanding and planning in fact satisfy industry's most pressing requirements, we 
need and solicit industry's continuing input and support. 

In fact, I see the geothermal research program itself -- beyond the limits of potential ventures such as those discussed above - 
- as a joint industry-government R&D program. Since in that sense it is your program, please feel free to suggest changes to me, 
my staff, or others in the Department of Energy. We want you to be satisfied that you are receiving the best support in-cost 
reduction that we can provide within the R&D funding available, as shown in Table 1 for FY 1992. 
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HYDROTHERMAL R&D DESIGNED TO REDUCE COSTS THROUGH TECHNOLOGY ADVANCEMENTS 

It is not my intent in this session to "steal the thunder" of the DOE-sponsored researchers who will provide you with the 
details of their specific areas of R&D activity during our program review today and tomorrow. However, I would like to share with 
you, briefly, our rationale for pursuing cost reduction objectives in three key hydrothermal technology areas and our general 
approach for achieving the objectives. 

Exploration TechnolQgy 

Industry has repeatedly informed us that increased near-term development is highly dependent upon cost-effective tools for 
proving additional reservoirs. Most of the reservoirs in development today were identified and delineated through earlier industry 
efforts and a mperative government/industry exploratory drilling program. Today's costs for determining the producibility of new 
reservoirs and acquiring long-term power sales contracts are extraordinarily large. This is because the costs are still dependent on 
drilling and testing one or more deep wells -- at a cost of $1.5 to $3.5 million each. 

In response to the critical need to reduce exploration costs, our R&D program is undertaking to select the most innovative 
methods to locate and characterize undiscovered resources. We are investigating the range of optical, electromagnetic, geochemical, 
gravitational, and biological methods that may offer promise as exploration techniques. Industry is actively involved with us in 
technology development to produce the new generation of instruments necessary to discover hidden geothermal systems, and we are 
planning to conduct a mperative venture designed to confm the existence of a suspected hydrothermal system. An RPP will be 
issued asking industry to propose a favorable exploration target based on its information up to that point. An area will be selected 
for completing exploratory work that has not been done, and finally a deep hole will be drilled to confirm the findings of the less 
expensive technologies or to determine where those methods failed. 

Our current planning anticipates that this innovative research into improved exploration techniques will be continued and 
expanded as future resources permit to meet industry's needs for this function during the next decade and beyond. 

Reservoir Engineering and Management 

The need for improved methods, equipment, and materials for geothermal reservoir engineering and management is 
demonstrated conclusively by the current problems at The Geysers. And the need can only become more critical as hot water fields 
begin to mature and new reservoirs are identified bringing their own sets of characteristics and complexities to be delineated and 
managed in developing and implementing exploitation strategies. Thus, a very high priority continues to be given to the development 
of new techniques for locating and characterizing fractures and reservoir boundaries, to assess fluid recharge, and to understand 
complex reservoirs. 

Research related to a better understanding of The Geysers system is continuing to be emphasized to aid the industry in 
managing the field for sustained production. Geophysical and geochemical studies related to fractured geothermal systems are 
investigating phenomena unique to vapordominated systems and the generic need for injection of water into all fractured geothermal 
systems to efficiently recover the resource. The benefits of this effort will extend beyond The Geysers and provide field management 
guidance for other major U.S. producing fields which depend on fracture permeability. 

The research will include studies for the identification of fracture systems early in the exploration and drilling stages, the 
development and refinement of methods of model flow of reservoirs, and the development of tracers which can be used in high- 
temperature hydrothermal reservoirs. 

Drilling 

The successful accomplishment of a major objective of the FY 1992 drilling R&D will advance both exploratory drilling and 
field management techniques. This objective is the development of downhole memory instrumentation to improve logging of 
geothermal wells. 

The drilling experts at Sandia National Laboratory report that downhole measurements are not commonly used in the 
geothermal industry even though they possess a demonstrated capability of providing data important to development and maintenance 
of geothermal fields. Log data, for example, can provide the basis for engineering and permitting decisions involving corrosion 
control and the design/evaluation of cement bonding operations. In addition, log data on parameters such as fracture density, size, 
and orientation can guide well placement. 
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The use of logs in geothermal fields has been inhibited by the lack of high-temperature tools as well as uncertainty as to their 
value. However, a Sandia review of the logging literature indicates that similar uncertainties initially existed with respect to 
hydrocarbon applications, but as the ability developed to make downhole measurements, the interpretation of the data often produced 
unexpected beneficial results. A similar experience is expected in regard to geothermal applications. 

The Sandia approach to instrumentation for high-temperature wells is to use a downhole memory unit that stores the data 
in a computer system. This technique is potentially inexpensive and does not require extensive uphole equipment or an expert crew, 
attributes which may lead to applications beyond use in geothermal wells. 

DOE is funding, in conjunction with industry, the design and construction of a high-temperature spectral gamma tool based 
on the downhole memory concept. It will be designed for 400°C Operation and will be compatible with small diameter coreholes 
in response to industry's needs for reduced exploration costs. New higher temperature tools being developed for d e  gas wells 
will be evaluated by a Cooperative arrangement among Sandia, geothermal operators, and a logging company. 

Another element in the PY 1992 drilling R&D directed toward reducing exploration costs is the consideration of advanced 
wring concepts utilizing high-speed coring rigs to drill small, less expensive holes. It will be determined whether an industry cost- 
shared field test can be developed to compare directly productivity from the same formation in large and small wells. The field 
test would include injectivity/productivity correlations and use downhole instrumentation to supplement the wellhead measurements 
for better definition of the flow conditions in the wellbore. 

POTENTIAL OF GEOPRESSURED RESOURCES AND HOT DRY ROCK TO MEET FUTURE UTILITY/INDUSTRIAL 
NEEDS 

Commercial use of the advanced geothermal resources - geopressunxi brines and hot dry rock -- for power generation still 
lies in the future. However, a brief examination of potential roles for these resources in devising electric utility responses to 
regulatory issues may be pertinent. 

An economic supply model developed in support of the National Energy Strategy estimated that in 1990 power derived from 
the most economically attractive HDR sites would have had an average breakeven price of just over 8 cents/kWh. But, by 2010, 
the price could drop to about 5.3 cenWkWh, and the long-run cost could be as low as 4 cenWkWh if al l  the postulated technology 
developments occut. "Long-run" is interpreted to mean about 2030. In the meantime, however, an event such as the imposition 
of a carbon dioxide "tax" on utilities, as has already been imposed in some European countries could advance the competitiveness 
of these projected HDR costs, with technology developments, providing a more cost-effective raciponse than C02 abatement from 
the use of other fuels. 

The current focus on geopressured R&D is the feasibility of using these resources in direct applications such as desalinated 
water production and/or combinations of direct uses in agricultural or aquacultural applications. In addition, if the energy demand 
of an integrated geopressured facility were large enough, a power generation unit could be added that would produce power at a 
cheaper cost than purchase of power at a utility rate. Thus, while the feasibility of such applications is yet to be demomtrakd, they 
may hold promise as contributors to both supply-side and demand-side uwty solutions to emerging regulatory requirements. 

WHEN ENERGY PRICES REFLECT FULL COSlS, GW- WIU BE A WINNER 

The trend in various states to assign a dollar value to "externalities" - cost adders for identifhble envhnmental and social 
costs - greatly enhances the competitiveness of environmentally-benign power generation technologieS. For instance, as Dam1 
Hulse of UnocaI reminded us last year, with environmental incentives such as those provided by Massachusetts, geothermal power 
could be priced 4 CenWkWh higher than coal and still be competitive. 

Thus, when energy prim reflect full costs, geothermal energy can beat the competition, is a clear winner, and has a bright 
t o m .  
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GEOTHERMAL ENERGY -- FY '92 
($ in millions) 

Hydrothermal Systems 

Hard Rock R&D 
Reservoir Technology 
Conversion Technology 
Direct Use 

Subtotal 

Geopressured Research 
Hot Dry Rock Research 

0 Capital Equipment 
Program Direction 

Total 

5 

$3.0 
7.1 
5.4 
1.3 

16.8 
5.0 
3.6 

1.0 
$27.2 

0.8 
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