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DOERESEARCHANDDEvEulpMENTPORTHE 
GEOTHERMALMARKETPLACE 

John E. Mock, Director 
Geothermal Technology Division 

US. Department of Energy 

This audience is well aware that the major goal of all 
geothermal R&D is the successful application of advanced technology 
in the marketplace. In support of that goal, the Geothermal 
Technology Division has forged a close link between its research 
objectives and potentially competitive market applications. Our 
technical objectives are all expressed in quantified reductions in the 
cost of geothermal power; these cost reductions are the force that will 
drive the geothermal industry for the foreseeable future. 

I agree with the recent statement of Stephen F'ye of Unocal 
that without a legislated incentive for geothermal or disincentive for 
competing fuels-such as mandated carbon dioxide reductions--any 
premium the public is willing to pay for the use of this premium fuel 
will be too small to greatly impact geothermal economics. His 
conclusion is that the geothermal industry must be fully competitive 
in the marketplace at current prices. His further conclusion-with 
which I fully concur-is that the avenue to competitiveness is through 
research, by both industry and government. 

d R  RES URCE 
C O N T I m D  GEOTHERMAL RESEARCH 

If support is needed for these conclusions, it has been amply 
provided in a recent study by DOE'S Office of Renewable Energy 
which compared the availability and accessibility of renewable energy 
with conventional fossil and nuclear energy in the U.S. The study was 
structured to characterize the availability of energy sources in the 
U.S. per traditional resource/reserve classifications of total resource 
base, accessible resource base, and reserves, as defmed by the US. 
Geological Survey. 

You will be interested to know that the study found 
geothermal energy to be the most abundant energy source in the 
US., accounting for nearly half of the total resource base. As you 
know, this resource category includes the physically available--both 
identified and undiscovered--resources regardless of whether or not 
they can be practically or economically extracted. Geothermal's 
predominance in this category is the good news. The bad news is 
that the geothermal portion of the total accessible energy resources 
and of the total energy reserves drops to 3.4 and 3.8 percent; 
respectively, as indicated in Exhibd 1. 

The accessible resource value represents the fraction of the 
total resource base that can be p r o d u d  at the wellhead under 
reasonable assumptions of current or near future (3 - 5 years) 
technology. Since this classification does not include considerattons 
of cost, it was deemed to indude all four categories of geothermal 
energy. It should be noted that the more conservative assumptions 
of the National Academy of Sciences* were used rather than those of 
the USGS. 

However, the reserve estimate, based on USGS data, is 
Iimited to hydrothermal convdon systems with temperatures of 
W0C and above within 3 kms of the surface-the highest quality 
hydrothermal fluids. The more difticult hydrothermal fluids, 
geopressured brines, hot dry rock, and magma failed the economic 

Energy in Transition, 1985-2010, Ed Report of the 
Committee on Nudear and Alternative Energy Systems, 
National Academy of Sciences, 1979. 

"litmus test" to qualify as "reserves"--i.e., they cannot be produced 
economically at $18-$20/barrel oil prices nor can they produce 
electricity for sale at prices competitive with S18-S2O/barrel oil, just 
about where we stand today. 

It would be unthinkable for the nation to forego these vast 
resources for lack of technology to exploit them economically or to 
limit their use to competition with oil at price levels we may or may 
not see in the near or distant future. Thus, the resource study 
provides dramatic support for the GTD R&D program designed to 
make geothermal energy categories competitive in the 
marketplace. The schedule for achieving this o b j d v e  is staged- 
1992 for hydrothermal resources, 1995 for geopressured, 1997 for hot 
dry rock, and 2000 for magma; the latter on an experimental basis at 
that time. 

GTD PIA" GCYCLE 

Determination of objectives is at the heart of the GTD 
planning process. The above achievement dates are our Level I 
objectives which represent the cumulative impact of the geothermal 
R&D program on the total cost of power. The values and time 
elements of these categorical objectives are derived from lower level, 
or project, objectives which defme the technological achievements 
expected from each element of the research program, as illustrated 
in Exhibit 2 for hydrothermal technology. These achievements are 
then analyzed by a cost-of-power model, IMGEO, in order to gauge 
quantitatively the cost impacts of the incremental improvements. The 
model is now bemg extended to serve the same purpose for the 
advanced resources. 

Once the quantified objectives are established, after 
consultation with industry and the national laboratories, they defme 
a collection or portfolio of plausible research options from which 
GTD selects those which comprise its research plan. The selection 
is based on Criteria such as feasibility, cost, schedule, and likelihood 
of success. 

The research plan is enunciated at three different levels of 
detail and certainty of results. The Multiyear Plan covers the budget 
year and four outyears in broad-based terms, the details of which are 
subject to change with available research funding. The Management- 
by-Objectives Plan covers the budget year and following year and 
incorporates a somewhat greater degree of certainty since the budget 
cycle for the following year is in process. The Annual Operating Plan 
is the most detailed plan for the budget year only and for which the 
outcome is much more certain since proje& funding levels are pretty 
well set. The geothermal program budget for FY 1988, FY 1989, and 
as proposed for FY 1990 are compared in Exhibit 3. 

Each level of the plan takes into account the synergistic 
federal/imdustry roles in achieving the research objectives. The joint 
efforts include establishing R&D requirements and priorities 
(objectives) and cost-shared research. The dixrete federal role 
includes: 
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0 supporting a balanced program of R&D initiatives 
(near-term technological payoff and long-term, hi&- 
payoff advanced resource R&D) 

balancing. involvement of industry, universities, and 
laboratones 

planning and implementing technology transfer 
efforts. 

0 

0 

In turn, industry applies economically viable technology to 
the marketplace and supplies data for modeling and facilities for 
testing. 

us. FlLEcrRIClTY OUTLOO K 

The schedule of objective achievement set forth above 
appears timely in terms of projected power demand Department of 
Energy studies indicate that if demand grows just 2 percent a u u d y ,  
the Nation will need about 100 gigawatts of additional electric 
generating capacity by the year #)o(l--the equivalent of 100 nuclear 
power plants or an increase of one-sixth of exiting capacity--beyond 
what is currently under construction. 

This * e  may be conservative. Demand projections based 
on the first half of the 1980's suggest that during periods of economic 
growth, electricity demand grows at about the same rate as economic 
output. Thus, if annual GNP growth is greater than 2 percent, it is 
likely that electricity demand growth will also be higher. In 1987, for 
example, GNP grew by 3.3 percent and electricity demand was up 4.7 
percent. Moreover, DOE'S assessment of projected generating 
capacity and demand suggests that, in the next five years, reserve 
nillrgins (the excess of available capacity over peak demand) wi l l  
decline in most parts of the country. Indeed, assuming 3 percent 
annual demand growth and a %year lifetime for existing power 
plants, it is likely that eve~y region will need new generating capacity 
by the early 1990's. Yet, given the increased financial risk and 
uncertainty, many utilities are reluctant to invest in new generating 
capacity. I think it's a fairly safe bet to suggest that some of you in 
the audience represent companies who are ready and eager to build 
and operate plants when the power market is there, and the price is 
right. - 

I find it encouraging that in working together, siflicant 
progress has been made in advancing technology and reducing costs. 
The progress is especially significant when government and industry 
combine their resources to conduct research that neither party could 
afford alone. A prime example of this is the highly successful joint 
DOE/Ohw Geothermal tracer tests at Dixie Valley in Nevada. 

Other FY 1988 successes included finding excellent 
agreement between theory and laboratory data in testing of a 
laboratory model of drill string dynamics and successful completion 
of the prototype high-temperature televiewer, another 
government/iidustry project. The scale inhiiitor applications at the 
geopressured wells continued to permit high-volume production, and 
an important milestone was reached in hot dry rock technology. The 
d r i i g  rate achieved in repairing the production well at the Fenton 
Hill experimental site was two and one-half times faster than the 
1978-1979 d r i i  rate at the site, indicating that the original $10 
million well would cost only $4 million today. Another highlight of 
FY 1988 was selection of the magma drill site in the south-central 
part of the resurgent dome in Long Valley caldera. The selected site 
was unanimously approved by a panel of knowledgeable scientists and 
engineers, half of whom represented industry. 

The FY 1988 geothermal R&D program is summarized in a 
two-volume publication which is one of eight such technology 
summaries coordinated in style, format, and content by the DOE 
Deputy Assistant Secretary for Renewable Energy. Volume I 
recounts the geothermal program history, describes the technology 
status, and summarizes FY 1988 program activities and 
accomplishments. Volume II collsists of onepage individual project 
data sheets and a bibliography of published reports. I think you will 
find these to be attractive and informative documents. 

Perhaps most imprtant in the success story arena are the 
very gratifying payoffs we are seeing in major areas of geothermal 
technology resulting from earlier program efforts. For example, as 
illustrated in Exhiiit 4 in relative feet per hour, drilling efficiency 
increased by about 30 percent from 1981 to 1985. The temperahue 
tolerance of cements has been raised from W C  in 1~~78 to s o 0 0 ~  
today and another increase to 6W0C is projected by 1992 (Exhiit 5). 
The resistance of elastomers to high temperatures has also been 
increased, from 2oo°C in 1978 to 300OC by 1986 (Exhibit 6). 
Fractures of one millimeter are detectable today compared to 300 
millimeters in 1975 @&ibit 7). Nearly everyone in this room has had 
a hand in these accomplishments, and I congratulate the geothermal 
community on them. 

The Geothermal Loan Guaranty Program has come to a 
close with four notable successes. Two of these, the Northern 
California Power Agency and Ormesa I, account for over 100 Mwe 
of electric power capacity as a direct result of the program. in 
addition, an almost equal amount of capacity is on-line as an indirect 
result of the program due to the early successes experienced with 
guarantied projects. I'wo direct use beneficiaries of the GLGP are 
the Boise, Idaho, District Heating Project and Geothermal Food 
Processors in Nevada. 

I want to discuss briefly four exciting new technologies that 
I believe will serve the industry well in future years. These include 
acoustical telemetry for measuring while drilling, radar fracture 
mapping, deep seismic surveys, and a new understanding of borehole 
breakouts. 

The rationale for acoustical telemetry research in conjunction 
with measurement-while-drilhg (MWD) is to increase data 
transmission rates compared to tra.nsmkion rates with mud pulses. 
This instrumentation can be used with air drilling and may create a 
multimiion dollar market. The approach is to conduct studies of 
the role played by wave dispersion and echoing in limiting the 
transmission rates of acoustical carrier waves transmitted through the 
drill string. If we can produce a reliable method for collecting the 
telemetry of data at the drill bit, we can reduce well costs and 
increase production. As I reported earlier, preliminary results have 
been promising. 

The ability to locate rock fractures is one of the most aitical 
technical aspects of geothermal drilling. Fradwes can have an 
adverse effect on drilling in terms of last circulation control, but, on 
the other side of the coin, fluid-filled f r a m e s  offer the most 
economic production zones. The prototype radar fracture mapping 
tool is designed to locate fractures in a rock formation that do not 
intersect the wellbore. It has been concluded that the tool can detect 
distinct targets in non-uniform geological media. 

Advances are also being made in interpreting geophysical 
data. The joint USGS and Lawrence Livermore Laboratory seismic 
tomography work at Medicine Lake Volcano in the Cascade 
Mountains in California provides an excellent example. The 1986 
analysis of the data focused on measuring delay times in the rocks, 
more sophisticated interpretative procedures were applied to the 
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same data in 1988 to try to determine the saturation of the rocks. 
The researchers believe that the interpretative techniques locited a 
magma chamber containing at least partial melt. Results of this type 
are crucial to the magma research effort since one of the primary 
questions regarding this category of geothermal energy is whether we 
have the means available to locate accessible magma bodies. 

Signifcant progress has been made in understanding the 
nature and usefulness of borehole breakouts in geothermal 
exploration and siting. Breakouts are elongations of the borehole 
during drilling as a response to the state of stress in the undisturbed 
rock and are detected by an electrical geophysical 1%. The 
University of Utah Research Institute has discovered that the state of 
in situ rock stress varies in geothermal environments, both with depth 
in wells and between wells. This is in contrast to other geologic 
environments where the state of stress is relatively constant over 
many square miles. Borehole breakouts give information on which 
fault sets will be open and which will be closed in a given structural 
block, and can be used in planning directional drilling of geothermal 
wells to intersect the open fractures. 

As these new technologies are put to use in the marketplace, 
I hope industry will keep us closely informed on their utility and 
performance. 

NEWDOEEMPHASES 

I just want to touch briefly on some areas of relatively new 
interest--perhaps heightened interest is a better term--before closing. 
I believe you will hear more about these topics in future program 
reviews. 

The Geothermal Technology Division has been asked during 
the past year to furnish information to higher levels of the 
Department on carbon dioxide emissions from geothermal operations. 
We were happy to report that actual data from specific power plants 
show that their CO, emissions are only a minute fraction of the 
emissions of coal-fired plants, our largest competitor. Some examples 
are shown in Exhibit 8. Further, calculated estimates for geopres- 
sured operations, hot dry rock, and magma are also favorable. In 
binary operations, there are no gaseous emissions, and the practice 
of injecting all noncondensible gases--initiated by California Energy 
Company at Coso--also reduces flash plant emissions to zero. The 
CO, issue may well be an important factor in the more rapid 
acceptance by utilities of geothermal power. 

A major current thrust within DOE is to consider the role 
geothermal energy can play in satisfying the nation's need for 
alternative transportation fuels. Geothermal energy may be able to 
help satisfy this need through the methane content of the very large 
geopressured geothermal resource. The methane can be used 
directly, or, after conversion to methanol, can be used as a fuel for 
vehicles. The USGS estimate for the size of this potentially 
alternative resource in the Gulf Coast area alone is 63,OOO quads. 

Another long-range potential for producing transportation 
fuels from geothermal energy is the oonversion and refinement of 
inexpensive C ~ U ~ ~ M ~ ~ O U S  materials (such as peat or lignite) to 
methane and other gases in magmatic environments. While these 
materials themselves are fuels, after hydrogenation and conversion at 
high temperatures in the presence of water, they become higher 
quality gaseous fuels. The use of magma in this manner and for the 
production of hydrogen is frontier technology. 

We are also taking a preliminary look at two other areas that 
may be long shots, but might prove to be. useful and less costly than 
some other techniques for thermal exploration. One is multi-spectral 
remote sensing for geothermal signatures which would give wide 
geographic merage with an inexpensive tool. While I realize that 
some early results with this technology were not &hQ s u m  I 
believe that tremendous improvements have been made in remote- 
sensing technology by both NASA and the Department of Defense. 
The ultimate goal would be the ability to identify "blind" resources 
which are thought to exist in an area, but where there are no 
distinctive surface manifestations. 

The other potential exploration tool we will look at is 
biogeochemical prospecting. This is a new technique in mineral 
exploration, and can be highly sensitive and spec&. Its application 
to geothermal exploration has not yet been investigated. We do not 
know, but would like to find out, whether trace chemistry -- arsenic, 
boron -- in plants can reveal the presence of geothermal resources. 
Other indicators might be associated with (1) unusual plant growth 
due to longer growing seasons attributable to higher heat fluxes or to 
potassium fertilizers; or (2) stunted plant growth due to trace toxic 
metals. The concept is worth some field sampling of flora in Known 
Geothermal Resource Areas (KGRA's) and in non-geothermal 
control areas. Let's see what we can come up with! 

CONCLUDING REMARKS 

To return to our theme for today--DOE research and 
development for the geothermal marketplace4 just want to 
emphasize the point that if the government/mdustry research effort 
can shave the cost of geothermal power to a fraction-of-a-cent per 
kilowatt hour below everyone else's cost of power, the industry will 
not need to be paid a premium for the use of a clean and reliable 
fuel. Customers in the marketplace will be waiting for geothermal 
service. 

EXHIBIT 1 

NEW DOE RESOURCES COMPARISON 

TOTAL RESOURCE BASE 
Geothermal 

ACCESSIBLE RESOURCES 
Solar 
Coal 

Geothermal 
Oil 

Gas 

Coal 
Solar 

Geothermal 
Gas 
011 

1 10 1w l.m lo.m lw .m l.m.m 

BARRELS OF OIL EQUIPMENT 

REDUCE WELL COST8 - c-. By 15% loPo# 
- M U ,  By 10% Io 15% 

INCREASE CUWT CAPITAL 
COST CFFECl"ESS 

REDUCE PIANT OLM COST8 

dDUCE PIPING 
REDUCE PRODUCTION 
UNCERTAINTIES 
Bylos;cO40% -* 

-! 
REDUCE EFFLUENl 
OISPOSAL corn 
BY2mCloIOK 

REDUCE COST OF ULCTAlClTY 
BY TO 40 PERCENT BY 1SSZ 
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Geopressured Research 
Hydrothermal Industrialization 
Geothermal Technology Development 

Hard Rock Penetration Research 
Reservoir Technology 
Conversion Technology 
Hot Dry Rock Research 
Magma Energy 

Capital Equipment 
Program Direction 

TOTAL 

FYm 

$ 4,955 

i,ns 
3,975 
1,580 
5,770 
130 

0 
835 

455 

a m  

PROPOSED 
~~ 

S 6,000 s 2900 
0 0 

w w w 2153 
1,935 lsso 
3,500 3300 
1,7M 1,700 

795 450 
826 826 

EXHIBIT 7 
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EXHIBIT 5 
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