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1 INTRODUCTION

The present survey was carried out at the request of the Technical Panel
on Geothermal Energy of the Preparatory Committee for the United Nations
Conference on New and Renewable Sources of Energy. The Conference will
be held in Nairobi, Kenya, 10-21 August 1981. At the first session of
the Technical Panel in New York, 10-14 December 1979, several recommenda-
tions were made on work to be carried out before its second meeting

(in Geneva 3-7 November 1980). Recommendation B was as follows :

"That a survey for low-temperature fields be undertaken to include:
a) A table listing uses of low-temperature geothermal energy in
various contries, based on available sources and perhaps summar-
ized in some cases. Capacity should be included;

b) Graphs illustrating increase with time, by countries, where
available;

c) A list of exploration projects. These are probably less well
defined in many cases than those for high-temperature fields,
which are more confined to limited areas. Compiling this list
may therefore not be practical;

d) An account of regional assessments of low-temperature fields,

where such assessments have been made".

At the request of the Panel it was agreed by G. Pdlmason, the representa-
tive of Iceland on the Technical Panel, that Iceland should carry out

the above recommendation. In all the Technical Panel made 12 recommen-
dations which the 9 countries represented on the Panel agreed to carry

out.

One of the contributicns of New Zealand to the preparatory work of the
Technical Panel on Geothermal Energy was to carry out Recommendation A

of the Panel, which was a similar survey of high-temperature geothermal
fields. For the purpose of these two surveys it was decided convenient
by the Panel to use 180°C as the temperature limit dividing high- and
low-temperature fields. A low-~temperature geothermal field in the

present survey is therefore defined as having a (measured) base or sub-
surface temperature below 180°C. It should be stressed that this tempera-
ture limit is only an arbitrary demarcation for the two respective éurveys

and does not necessarily define high- and low-temperature fields.



This World Survey of Low-Temperature Geothermal Energy was carried out
by the Geothermal Division of Orkustofnun. To compile the survey has
taken about 5 man-months, all staff and funds being provided by Orku-
stofnun. It was decided to make the survey as complete as possible

and to make the information collected easily accessible to everyone.

For this reason separate explanatory notes were written on each country.
It is hoped that this will enable the Technical Panel to make better use
of the survey in the preparation of its final report. This survey would
of course not have been possible without the cooperation of numerous
people in the various countries. All recipients of the questionnaire
who replied are thanked for taking part in the survey. It is the in-
tention of Orkustofnun to send all the participants a copy of the survey

and any other relevant material if requested.



2 PREVIOUS REVIEWS

It was not found possible in the present survey to illustrate how the
utilization of low-temperature geothermal energy has increased with time.
Such data were not provided by the countries taking part in this survey
although requested. Any historical trend in utilization must therefore,
for the time being, be based on the literature and previous reviews in
particular. Difficulties arise, however, because of the frame of
reference of this survey. Most available reviews differentiate between
electrical and non-electrical applications (direct uses) but not between
high- and low-temperature fields. 1In many instances these coincide but
not always. The completeness of previous surveys must be an important
consideration as well as the present one. It was felt that due to the
many uncertainties involved it would be meaningless to illustrate the
assumed or estimated growth in low-temperature utilization with time.
This information is probably available in a few countries but not

presented here.

Almost 20 years have now passed since the "U.N. Conference on New Sources
of Energy" was held in Rome in 1961. It was the first significant
meeting at which geothermal energy was presented as a viable resource.
Within 10 years (in 1970) the "U.N. Symposium on the Development and
Utilization of Geothermal Resources" was held in Pisa. In the Proceedings
of that symposium Facca (1970) presented "The Status of World Geothermal
Development" and Einarsson (1970) reviewed the "Utilization of Low
Enthalpy Water for Space Heating, Industrial, Agricultural and Other
Uses". These two papers should be viewed as the starting point of the
bPresent survey. Five years later (1975) the "Second U.N. Symposium on
the Development and Use of Geothermal Resources" was held in San
Francisco. At this Symposium the "Present Status of Resources Develop-
ment" was summarized by Muffler (1975) and a paper on the "Present

Status of World Geothermal Development" was presented by the United
Nations, Energy Section, Centre for Natural Resources, Energy & Transport
(1975). These two reviews presented the status of high- and low-tem-
perature geothermal programmes country by country. These two above

papers were updated by Meidav at al. in 1977.



An important paper by Howard (1975a) was presented in San Francisco on
the "Principal Conclusions of the Committee on the Challenges of Modern
Society Non-electrical Applications Project". This has since become a
widely quoted review reference on non-electrical applications within
various countries. It showed that in 1975 about 400 MW-thermal were
used for residential and commercial applications, 5500 MW-thermal in
agricultural applications and 200 MW-thermal in industrial applications,
mainly from high-temperature fields. It is assumed here that these
values are based on 35°C discharge temperature. About 5000 MW-thermal
for agricultural applications was reported as being associated with a
large acreage of greenhouses in the U.S.S.R. However, as shown in Note
JSG-80/04 of the present survey, the above 5000 MW-thermal in the Soviet
Union is grossly overestimated. At the same time all the low-temperature
geothermal waters used in Japan (estimated as 4475 MW-thermal above

15°C in the present survey) were omitted in the paper by Howard (1975a).
A more detailed presentation of the same study was from the Lawerence
Livermore Laboratory entitled "Present Status and Future Prospects for
Nonelectrical Uses of Geothermal Resources" and edited by Howard (1975b).
In an excellent paper "Non-Electrical Uses of Geothermal Energy" by
Barbier & Fanelli (1977) the above study is updated and expanded. It
shows that the total capacity associated with non-electrical applica-
tions is about 6200 MW-thermal. By assuming that non-electrical appli-
cations have an efficiency of 85% this value was raised to 7300 MW-
thermal according to the methods used in this study. Again, this study

is faulted on account of the anomalous high value for the Soviet Union.

The E.P.R.I. (Electric Power Research Institute) report "Geothermal Energy
Prospects for the Next 50 years" from 1978 contains useful sections cn
nonelectrical wuses and recent international developments. The table
showing the present nonelectrical applications of geothermal energy is
basically that of Howard (1975 a & b) and therefore does not differenti-
ate between high- and low-temperature geothermal fields. The table
shows, however, some additional information that was obtained by a
questionnaire used in the study. It is estimated in the E.P.R.I.

report that the total energy use rate in nonelectrical applications
amounts to 7000 MW-thermal. The most recent available review of geo-
thermal energy is the paper "Status of Geothermal Research and Develop-
ment in the World" by Fanelli & Taffi (1980) presented at the 26th

International Geological Congress in Paris. While it gives no new



information on the amount of geothermal energy used in non-electrical
applications, it reviews the status of exploration and exploitation in
the world. It also has very useful sections on geothermal areas and

systems.

Other relevant review material includes an extensive list of thermal
springs of the world given by Waring et al. (1965). The "International
Congress on Thermal Waters Geothermal Energy and Vulcanism of the
Mediterranean Area" was held in 1976. Among useful books on geothermal
energy are "Chemistry and Geothermal Systems" by Ellis & Mahon (1977)
and "Geothermal Energy" by Armstead (1978). A recent book "Geothermal
Energy as a Source of Electricity" by DiPippo (1980) is an extensive

worldwide survey of the design and operation of geothermal power plants.
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3 METHOD OF SURVEY

Information for the survey was obtained by sending a questionnaire to
all the countries known or thought to have low-temperature geothermal
fields. Although due to difficulties in ascertaining the relevant
authority several countries had to be omitted. The individuals to whom
the questionnaire was sent were either known to Orkustofnun staff as
being responsible for geothermal matters in their country or their names
were taken from papers presented at the San Francisco symposium in 1975.
In several instances the questionnaire had to be sent to individuals
not directly involved in national geothermal programmes, while in the
case of India and the Soviet Union, where the relevant authority was
not known, it was decided to contact more than one individual. For

some countries there was an opportunity to meet directly with people

involved in national geothermal programmes.

A covering letter was sent with the questionnaire. These letters were
similar but written specifically to obtain the survey data as appropri-
ate to each country. A general covering letter was also prepared to
cater for situations where Orkustofnun staff had the opportunity to
meet representatives of national geothermal programmes at conferences

or on visits to their country.

Appendix A shows some material relevant to the method of the survey.
The first table lists the countries and individuals to whom the
gquestionnaire was sent, including dates of sending and reply, and a
very brief comment on the reply as it concerns the survey. Appendix A
shows the covering letter and the questionnaire. The letter gives a
general background to the survey while the gquestionnaire spells out

the specific questions. The questionnaire was of course designed to
obtain the information asked for in Recommendation B of the Technical
Panel on Geothermal Energy. The last item in Appendix A is a directory
of the recipients of the questionnaire and a few other individuals.

It is hoped that this list will aid in gathering further information.
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From the outset it was clear that the main countries utilizing low-
temperature geothermal energy should be dealt with in more detail than
some of the others. It was also known that some of the main countries
had good information on their involvement in geothermal projects. For
these reasons and also because new data was being presented for several
of the main low-temperature geothermal countries, it was decided to write
Orkustofnun notes on China (People’s Republic), France, Hungary, Iceland,
Japan and the U.S.S.R. These notes are in Appendix B. Each note has a
section on, geography, information, utilization, exploration and assess-
ment. A short bibliography is also included. The notes are written

in such a way as to be used individually if required and it is hoped that

this will, for example, help in updating the information later.

In the present survey emphasis has been placed on estimating the in-
stalled capacity of geothermal installations. Thisinformation was re-
quested in "Recommendation B of the Technical Panel"and it also happens
to be the quantity which is probably the least difficult to measure or

estimate for low-temperature geothermal fields.

Information on other countries than the six mentioned above, was written
as individual sheets. These are given in Appendix C in alphabetical order.
The data for most countries are compiled individually except for Africa,
Central America, South America and West Indies. The sheets are written

in the same manner as the notes in Appendix B though they are not as
detailed. Together the notes and sheets constitute the "World Survey

of Low-Temperature Geothermal Energy Utilization" as compiled by

Orkustofnun.
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4 RESULTS OF SURVEY

It is probably true to say that geothermal energy is to be found in
most countries of the world. With time it has become less of a novelty
and now it is widely recognized as a viable resource. The survey shows
clearly that more countries than previously anticipated have both high-
and low-temperature geothermal potential. This is particularly true
for low-temperature areas since high-temperatures areas are more

noticeable at the surface.

An overall view of the results of the survey is presented in Table 1.

It shows in alphabetical order the countries to which a questonnaire

was sent (48 in all) and also 10 other countries about which information
was obtained. Table 1 indicates the countries that have low-temperature
geothermal resources and gives information on utilization, exploration
and assessment within the following restrictions or definitions:
Utilization. This term is used if low-temperature geothermal waters

are used for other purposes than simple bathing at natural hot springs.
The use of hot springs for balneological purposes does not therefore
constitute utilization in the restricted meaning of the present survey.
This restriction is necessary to demonstrate which countries have put
effort into drilling and distribution systems to serve a thermal market.
Table 1 shows that out of the 44 countries known to have low-temperature
geothermal energy, only 11 are reported to utilize it. The term
Exploration is used if other measurements than heat flow are carried

out in prospective geothermal fields. It is the contention here that
only explicit geothermal prospecting or drilling constitutes exploration.
Table 1 shows that 23 countries are involved in exploration work for
Tow-temperature geothermal resources. It shows that about half of the
counitries with known and reported low-temperature fields are involved

in exploration of the resource. Assessment is a more difficult term

to define than utilization and exploration. For the purpose of this
survey an assessment is said to have been carried out in a country if
the hot water resource of a major geothermal area has been estimated.
Table 1 shows that 9 countries have carried out such assessment studies.
These are basically the same countries that are involved in utilization.
For more detailed information about exploration and assessment in the

various countries reference is made to Appendices B and C.
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Of particular interest in this survey is the total installed capacity
of the world. Table 2 was compiled from the utilization data and shows
the total installed capacity of the 11 countries listed in Table 1 that
have utilization other than hot springs used purely for bathing. Japan
is clearly the largest user of low-temperature geothermal waters with
4475 MW-thermal installed above 15°C. The thermal power for Italy above
15°C and 40°C was estimated from the above 0°C value by assuming 90°C
as the initial water temperature. Table 2 shows that Hungary is the
second largest user of low-temperature geothermal resources with 1166
MW-thermal above 15°C. This Hungarian value is based on note JSG-80/05
which illustrates the situation in 1976. It was suggested as being

the best available value because limited developments had taken place
in recent years. Now, however, new information has been made available
by Boldizsar (1980) in a note to the U.N. Economic Commission for
Europe. It shows that in 1979 the total installed capacity above 15°C
amounted to 1540 MW-thermal or about 1/3 higher than shown in Table 2.
This is indeed a significant increase from 1976. However, since this
new information is limited to only one of many values representative

of the extensive utilization of low-temperature geothermal in Hungary,
it is not possible to incorporate it into the present survey without
further data. It should therefore be kept in mind that the present

installed capacity in Hungary is probably greater than shown in Table 2.

It is opportune at this stage to explain why the temperature limits of
0°, 15° and 40°C are used in Table 2 and most other tables of this
survey. In the initial stages of the survey they were selected as
representing the lower limit of 40°C to which geothermal waters tend

to be cooled during utilization. As work on the survey progressed,
however, it became apparent that a temperature limit of 35°C would in
most cases be more appropriate. In Iceland, for example, the Reykjavik
District Heating Service estimates 36°C to be the average discharge tem-
perature in district heating.

It is therefore recommended here that in future surveys the temperature
limit should be 35°C when considering the thermal power required by the
user. When geothermal water cools down at ambient conditions it will
gradually approach the temperature of its surroundings. It follows that

the maximum amount of energy that can be extracted from geothermal water
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corresponds to its cooling to the average ambient temperature. The average
temperature at the surface of the earth is reported to be close to 15°C.
This temperature limit has therefore been used when considering geo-
thermal energy on a world-wide basis. It is the view of the present
authors that the annual average temperature in each country or area

should be used when estimating the capacity of geothermal fields and
installations. The average temperature of the Reykjavik area is close

to 5°C and now this temperature limit is being considered as the

standard reference for installed geothermal power in Iceland.

The lowest temperature limit of 0°C as used in Table 2 and elsewhere can
be considered as an extreme value applicable only in a very harsh climate.
It does not serve a useful purpose in this survey but is included here

for consistency with the various notes and sheets in Appendices B and C.

Table 2 shows the total installed low-temperature geothermal energy in
the 11 countries that utilize it for other purposes than bathing in hot
spring areas. An examination of the information in Appendices B and C
shows that most of the geothermal waters used in Japan is for bathing
and related purposes. Such an examination does also show that 38% of
the installed thermal power above 15°C in Hungary is associated with
baths corresponding to 48% of the energy used. This appears to be a
surprisingly large percentage of the total and Table 3 was therefore
compiled, showing the installed thermal capacity associated with other
uses than bathing. Installed geothermal power not utilized but available
has also been excluded from Table 3 to show the actual utilization

capacity.

The world total above 15°C decreases from 7994 MW-thermal in Table 2
to 2635 MW-thermal in Table 3. In other words, about 2/3 of the total
installed low-temperature geothermal power is associated with bathing,
balneoclogy and swimming. Table 3 shows that Iceland is the largest
user of low-temperature geothermal energy in the world if bathing and

related applications are excluded.
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5 CONCLUDING REMARKS

This World Survey of Low-Temperature Geothermal Energy Utilization has
shown that about 8000 MW-thermal above the 15°C reference temperature
are installed in the 11 main low-temperature geothermal countries. It
should be noted that only those countries that use low-temperature
geothermal for other purposes than bathing in hot spring areas are
included in the above value. The most recent review of non-electrical
applications that is available and includes both high- and low-tempera-
ture geothermal energy shows that 7300 MW-thermal above 35°C reference
temperature had been installed by 1977. It has not been attempted here
to investigate how much of this could have been attributed to low-
temperature sources. It is of interest that the present survey shows
that about 2/3 of the total installed geothermal capacity of the world
is associated with bathing and similar uses. Thermal waters not used
but installed and available are also included in this value. The low-
temperature geothermal fluids used for other purposes than bathing

amount to 2635 MW-thermal above the 15°C reference temperature.

While the present survey does not show how the total installed thermal
capacity of low-temperature geothermal energy has increased with time,
except by simple comparison with results of other surveys, it shows new
data on the type of use to which the resource is applied. Instead of
5000 MW-thermal used for agricultural applications in the Soviet Union
it reports on nearly 4400 MW-thermal associated with bathing applica-
tions in Japan. This is a major shift in emphasis although the total
megawatt value has not increased dramatically. This example perhaps
demonstrates that many surprising aspects on the utilization of low-
temperature geothermal energy may yet come to light. An important con-
tribution to this survey are the data from the People’s Republic of
China. It was found that over 150 MW-thermal are installed in several
locations‘and is being used for the most common applications of

geothermal energy.

An examination of the various notes and sheets will show that a large
number of countries have potential geothermal resources in sedimentary
basins not considered as being important in past years. The examples of
Hungary and France are now being followed world-wide in an effort to

exploit geothermal energy in such environments.
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TABLE 1

Countries included in the Survey and an overview of their activity

regarding low-temperature geothermal energy. See text for definitions

Country Low-Temperature Utilization Exploration Assessment
1 Algeria + = - -
2 Argentina + - + e
3 Australia + - - -
4 Austria + + + -
5 Canada + - - -
6 China + + + e
7 Colombia + - + -
8 Costa Rica ... een e ..
9 Czechoslavakia + + + +
10 Denmark - - - -
11 Djibouti . . . [
12 Ecuador + - . e
13 E1 Salvador e e .o e
14 Fiji + - + -
15 France + + +
16 Germany, East ‘e - - -
17 Germany, West + . + e
18 Greece + , - - -
19 Guatemala e ‘e e e
20 Haiti - . e .
21 Honduras N - . e
22 Hungary + + + +
23 Iceland + + + +
24 1India + - +- e
25 Indonesia + - - -
26 Israel + - e -
27 Italy + +
28 Jamaica .o e . e
29 Japan + + + +
30 KXenya N e . e
31 Mexico + - - -
32 Netherlands + - + -
33 New Zealand + - - -
34 Nicaragua + - - P

35 Nigeria
36 Panama

.
.
.
.
.
.
.
.
.
.
.

+
I

37 Peru . e
38 Philippines e e e .
39 Poland + - + -
40 Romania + + + +
41 Sweden + - - -
42 Switzerland + - + e
43 Turkey + - - -
44 USSR + + + +
45 UK + - + -
46 USA + + + +
47 Venezuela . . e -
48 Yugoslavia + . e .o
49 Bolivia + - ‘e e
50 Brazil + - e .
51 Egypt + - . oo .
52 Eire + - + e
53 Korea, North + . + -
54 Korea, South + - P een
55 Solomon Islands + - - -
56 Tanzania + - - e
57 Thailand + - + .
58 Uganda + - . e
Total 44 + 11 + 23 + 9 +

+ = Known
Unknown
... = No information
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APPENDIX A

Material Relevant to Method of Survey

Al. Countries and individuals
A2. Covering letter
A3. The questionnaire

A4. Addresses
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Countries and individuals contacted, dates and comment on reply
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WORLD SURVEY OF LOW-TEMPERATURE GEOTHERMAL ENERGY UTILIZATION

Country Name Questionnaire Reply Comment
1 China Xin, K. 80.01.17 80.03.05 Met by IBF
2 New Zealand Bolton, R.S. 80.02.08 80.03.12 Satisfactory
3 Italy Ceron, P. 80.02.11 80.03.20 Extensive
4 U.S.A. Brownlee, R.R. 80.02.11 80.03.19 Not satisfactory
5 U.s.A. Muffler, P. Wi 80.06.12 Reed: Extensive
6 U.S.A. Lienau, P.T. 80.06.05 80.06. 30 Extensive
7 Algeria Khelif, B. 80.02.11 80.03.23 Limited
8 Poland Dowgiallo, J. 80.02.11 80.03.20 Good
9 Yugoslavia Miosic, N. 80.02.08 - -
10 Yugoslavia Galovic, S. 80.09.17 80.10.14 More to come
11 Hungary Balogh, J 80.02.11 80.03.30 Satisfactory
12 Hungary Boltizsar, T. 80.02.12 80.03.05 Satisfactory
13 Kenya Wairegi, W.J. 80.02.12 80.06.13 Kinyariro: Limited
14 Japan Takashima, I. 80.02.12 80.03.21 Good
15 Mexico Marcado, S. 80.02.12 80.03.15 Satisfactory
16 Indonesia Akil, I. 80.02.12 80.02.26 Limited
17 Israel Rapraport, A. 80.02.12 - -
18 Czechoslovakia Cermak, V. 80.02.12 80.04.29 Satisfactory
19 Australia Cull, J.P. 80.02.12 80.02.22 Good
20 Romania Manilici, A. 80.02.12 - -
21 Austria z256tl, J.G. 80.02.12 80.03.28 Good
22 West Germany Kappelmeyer, O. 80.02.19 - - )
23 France Varet, J. 80.02.19 N Met by JSG later
24 U.S.S.R. Gutsalo, L.K. 80.02.18 80.03.18 No information
25 U.S.S.R. Mislin, G.A. 80.02.18 - -
26 U.S.S.R. Gavlina, G.B. 80.02.18 - -
27 U.S.S.R. Kononov, V.I. 80.02.18 80.03.25 Good
28 U.S.S.R. Kutateladze, S.S. 80.02.19 80.03.27 Limited
29 U.S.S.R. Pampura, V.D. 80.02.19 - -
30 Djibouti Abgallah, A. 80.02.18 - Met by AB
31 Fiji Plummer, H. 80.02.19 80.03.18 Satisfactory
32 Canada Jessop, A.M. 80.02.19 80.02.20 Good
33 Greece Papastamataki, 80.02.20 80.04. 25 Fytikas: Satisfactory
34 Argentina Fernandez, A. 80.02.20 80.03.13 Limited
35 Philippines Vasquez, N.C. 80.02.20 80.03.11 Limited
36 Turkey Alpan, S. 80.02.20
37 Denmark Balling, N. 80.02.20 80.04.08 Saxov: Satisfactory
38 Sweden Eriksson, K.G. 80.02.20 80.04.03 Satisfactory
39 Nigeria Nwachukwu, S. 80.02.20 - -
40 England Garnish, J.D. 80.02.20 80.04.24 Good
41 India Sabnavis, M. 80.02.20 - -
42 India Sabramanian, S.A. 80.04.10 - -
43 1India Raymahashay, B.C. 80.04.11 80.05.02 Satisfactory
44 India Krishnaswamy, V.S. 80.04.10 - Sent him telex 80.05.28
45 1India Gupta, M.L. 80.04.11 80.05.29 Satisfactory
46 Ecuador Ortiz, E.A. 80.04.11 Terdn: Limited
47 El Salvador Cueller, G. 80.04.11 -~ Should contact G.N. Iraheta
48 Haiti Rigand, J.G. 80.04.11 - -
49 Columhia Echeverry, G.A.C. 80.04.11 80.06.10 Satisfactory
50 Jamaica Hay, W. 80.04.11 - -
51 Venuzuela Lezama, C.J. 80.04.11 - Should contact M. Mendez
52 Peru Arnao, B.M. 80.04.11 - -
53 East Germany Hurtig, E. 80.04.16 80.05.15 Limited
54 Honduras Flores, R. - - Met by IBF & SSE
55 Panama Pascal Vv, J. - - "
56 Costa Rica Corrales V, M.F. - 80.03.23 " : Limited
57 Nicaragua Martinez Tiffer, E.. - - "
58 Guatemala Bethancourt, R. - - "
59 Netherlands Prins, S. - 80.03.13 Met by JSG: Satisfactory
60 Switzerland Rybach, L. - 80.04.14 " : Good
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ORKUSTOFNUN
NATIONAL ENERGY AUTHORITY Our date Our ref.

Your date Your ref.

Dear colleague:

You may know that the United Nations have decided to convene

an International Conference on New and Renewable Energy Sources
to take place in 1981 in a developing country. In order to
prepare this conference and to ensure the active participation
of the international community the UN decided to form several
panels of experts nominated by governments. These panels will
address the principal renewable energy sources such as: solar
geothermal and hydropower. One of the Technical Panels is on
Geothermal Enexrgy. As the representatives of Iceland on that
panel we have been asked to compile a World Survey of Low
Temperature Geothermal Fields as a contribution to the prepara-
tory work for the second meeting of the panel scheduled later
this year.

To compile this world survey we are writing to you for infor-
mation about your country. Enclosed is the questionnaire of
the survey. Your assistance in this matter will be highly
appreciated. Unfortunately there is limited time and we must
ask you to send the requested information no later than March
31, 1980 for it to be included in the survey. When the survey
is completed all contributors will be sent a copy.

With kind regards.

Yours faithfully,

. S. Gudmundsson
Geothermal Division

Mailing address Id number Telephone Cable address Bank Account nr

Laugavegur 116, REYKJAVIK 6901-3058 17400 Orkustofnun L.i. Austurb=zjaritibt 4669
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UNITED NATIONS CONFERENCE ON NEW AND RENEWABLE SOURCES OF ENERGY

World Survey of Low-Temperature Geothermal Energy

In this survey a low-temperature geothermal field is defined as having
a base or subsurface temperature of less than 180°C. The information

required for each geothermal field should include the following:

1. Present utilization. A list showing uses of low-temperature

geothermal energy in various fields. Specify flowrates and tempera-
tures (entering and leaving installation) of the geothermal waters
used and give information about the type of installation (district
heating, greenhouses, baths etc.) utilizing the waters. Information
on the available (but not used to-day) geothermal waters should also

be included.

2. Past and future utilization. A list showing uses of low-tempera-

ture waters in recent years and scheduled expansion (where finance is
available or being arranged) of present and future new uses in the
next few years. Specify flowrates and temperatures (entering and
leaving installation) of the geothermal waters and give information

about the type of installation utilizing the waters.

3. Exploration projects. A list showing national and/or local

programmes and activities in the exploration of low-temperature
fields which are still in the pre-drilling stage. Indicate present

status of exploration.

4. Regional assessment. A list showing resource base or total

potential of low-temperature fields in your country if such assessments

have been made.
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WORLD SURVEY OF LOW-TEMPERATURE GEOTHERMAL ENERGY UTILIZATION

ADDRESSES

ALGERIA

Mr. B. Khelif,

Ministére de 1’Energie et des Industries Pétrochimiques,
80 Avenue Ghermoul,

Alger,

Algeria

ARGENTINA

Mr. A. Fernandez
Rivadavia 5810, 13 piso
Buenos Aires

Argentina

Mr. D. Brunella

Secretary of State of Energy Affairs

Ave. Diagonal Presidente Julio A. Roca 651
Buenos Aires

Argentina

AUSTRALIA

Mr. J.P. Cull

Bureau of Mineral Resources
P.0.Box 378

Canberra City 2601
Australia

AUSTRIA

Prof. Dr. Josef G. Zotl

Institute for Geothermics and Hydrogeology
Elisabethstrasse 16

A-8010 Graz

Austria

CANADA

Dr. A. M. Jessop

Earth Physics Branch
Dept. E.M.R.

1 Observatory Crescent
Ottawa K1A OE4

Canada



CHINA (People’s Republic)

Dr. Xin Kuide

Deputy Director

State Bureau of Geology
Beijing

People’s Republic of China

COLOMBIA

Mr. A. C. Echeverry G.

Director Proyecto Geotermia

Central Hidroelectica de Caldas S.A.

Manizales, Colombia

CZECHOSLOVAKIA

Dr. Vladimir Cermik

Head Geothermal Division
Institute of Geophysics
Czechoslovak Academy of Sciences
Bocni II , CP 1401

14131 Praha 4, Sporilov
Czechoslovakia

Dr. O. Franko

Geological Institute of Dionysios Stur
809 40 Bratislava, Mlynska dolina
Czechoslovakia

DENMARK

Dr. Niels Balling
Laboratoriet for Geofysik
Geologisk Institut
Aarhus Universitet
Finlandsgade 6

DK-8200 Aarhus N

Danmark.

DJIBOUTI

Mr. Anis Abdallah
I.S.E.R.S.T.
Observatoire Geophysique
D'Arta

B.P. 1€88 Djibouti

Rep. de Djibouti

-27-
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ECUADOR

Dr. E. A. Ortiz
Apdo. 565-A
Quito

Ecuador

Dr. C. Teran

Instituto Nacional de Energia

Santa Prisca No. 223 y Manuela Larrea
Quito

Ecuador

EL SALVADOR

Dr. G. Cuéllar

Comisién Ejecitova Hidroeléctrica del Rio Lempa
9a. C.Pte. No0.950 - Centro de Gobjerno

Apdo. Postal No. 1063

San Salwvador

El Salvador

FI1JI

Mr. H. G. Plummer

Mineral Resources Department
Private Mail Bag, G.P.O.
Suva

Fiji

FRANCE

Mr. J. Varet

Avenue de Concyr

Orléans-La Source (Loiret)
B.P. 6009-45018 Orléans-Cedex
France

GERMANY (EAST])

Dr. .. .Hurtig

Zentralinstitut fur Physik der Erde
Akademie der Wissenschaften
DDR-1500 Potsdam

German Democratic Republic

GERMANY (WEST)

Herr Oskar Kappelmeyer

Bundesanstalt fir Geowissenschaften und
Rohstoffe

PB. 510153

D-3 Hannover 51

Federal Republic of Germany



GREECE

Mme A. Papastamataki

Chemistry Division

Institute of Geology and Mineral Exploration
70 Messoghion St.

Athens 608

Greece

Mr. M. Fytikas

Geothermal Section

Institute of Geology and Mineral Exploration
70 Messoghion St.

Athens 608

Greece

HAITI

Dr. Jean-Guy Rigaud

State Secretary of Mines and Energy
Box 2174

Delmos Port-an Prince

Haiti

HUNGARY

Mr. J. Balogh

Kdzponti Banyasazati Fejlesztési Intézet
Varsanyi Irén U. 40-44

1027 Budapest 1I

Hungary

Prof. Dr. T. Boldizsar
Technical University
H-3515 Miskolc

Hungary

Mr. P. Ottlik
K.B.F.I.

Mikoviny utca 2
1037 Budapest III
Hungary

ICELAND

Orkustofnun

(Iceland Energy Authorityl
Geothermal Division
Grensasvegur 9

10 8 Reykjavik

Iceland
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INDIA -

Dr. S. Krishnaswamy
Director General
Geological Survey

27 Jawaharlal Nehru Road
Calcutta-13. (W.B.)
India

Dr. L. Gupta

Head Geothermal Group

National Geophysical Research Institute
Uppala Road

Hyderabad-500 007

India

Dr. B. C. Raymahashay

Dept. Civil Eng.

Indian Institute of Technology
Kampur-208016, U.P.

India

Dr. Murali Sabnavis
Osmania University
Hyderabad

India

Dr. S.A. Subramanian

Central Electricity Authority
New Delhi

India

INDONESIA

Mr. I. Akil

Head Geothermal Division EP
Pertamina

P.0.Box 12, Jakarta
Indonesia

ISRAEL

Dr. E. Rappeport

Ben Gurion University
Beer Sheva

Israel

ITALY

Mr. P. Ceron

Centro Picerxrca Geotermica
Piazza B. da Sassoferrato 14
56100 Pisa

Italy



JAMAICA

Dr. W. Hay

6 Knutsford Boulevard
P.O0.Box 54

Kingston

Jamaica

JAPAN

Mr. I. Takashima
Geothermal Research Dept.
Geological Survey of Japan
1-3 Higashi 1-chome,
Yatabe-machi

Tsukuba-gun

Ibaragi-ken 305

Japan

KENYA

Mr. W.J. Wairegi

Mines and Geological Department
P.0.Box 30009

Nairobi

Kenya

MEXICO

Mr. S. Mercado

Jefe, Depto. Geotermia

Instituto de Investigaciones Electricas
Division Fuentes de Energia

Interior Internado Palmira

Apartado Postal Numero 475

Cuernavaca Mor

Mexico

NETHERLANDS

Mr. S. Prins

Rijks Geologische Dienst
Spaarne 17, Postbus 157
2000 AD Haarlem
Netherlands

NEW ZEALAND

Mr. R.S. Bolton

Chief Geothermal Engineer
Ministry of Works and Development
P.0O.Box 12041

Wellington

New-Zealand

-31-~
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NIGERIA

Dr. S. Nwachukwu
Department of Geology
University of Nigeria
Nsukka

Nigeria

PERU

Mr. B.M. Arnao
Director Ejecutivo
INGEMMET

Jr. Pablo Bermudez 211
Jesus Maria Ap. 889
Lima

Peru

PHILIPPINES

Mr. N.C. Vasquez

Manager for Project Management
Philippine National Oil Company
Merrit Road

Fort Bonifacio, Metro Manila
Philippines

POLAND

Dr. J. Dowgiallo

Institute of Geological Sciences
Polish Academy of Sciences
Zwirki i Wigury 93

02-089 Warszawa

Poland

ROMANIA

Mr. Aurelian Manilici

Conseil National pour la Science et la Technologie
Str. Roma 32-34

Bocuresti

Romania

Mr. S. Veliciu

Institute of Geology and Geophysics
Caransebes 1

Bucharest

Romania



SWEDEN

Prof. K. G. Eriksson
Chalmers Tekniska HOgskola
Fack

S-402 20 Goteborg 5
Sverige

SWITZERLAND

Dr. L. Rybach

Institut fuar Geophysik
ETH-HuUggerberg
CH-8093 Ziirich
Switzerland

TURKEY

Dr. S. Tald & Dr. M.F. Akkus
Maden Tetkik Ve Arama Enstitiisii
Genel Direktdrliga

Ankara

Turkey

UNION OF SOVIET SOCIALIST REPUBLICS

Dr. V.I. Kononov

Scientific Council on Geothermal Studies

USSR Academy of Sciences
109017 MOSCOW
USSR

Dr. G. A. Mislin

c/o Dr. S. V. Zukanov

Head Department for International
Economic and Scientific Organizations
State Committee for Science Technology
11 Gorky Street

MOSCOW

USSR

Dr. S. S. Kutateladze
Institute of Thermophysics

Siberian Division of the Academy of Sciences

Novosibirsk-90
USSR 630090

Dr. G. B. Gavlina
Geological Institute
USSR Academy of Sciences
MOSCOW

USSR

-33~-
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Dr. V. D. Pampura
Institute of Geochemistry
Siberian Division

USSR Academy of Sciences
664033 Irkutsk

USSR

Dr. L. K. Gutsalo

Institute of Geology and Geochemistry
of Fossil Fuels

Academy of Sciences of Ukrainian SSR
L’ vov

USSR

UNITED KINGDOM

Dr. J. D. Garnish

Energy Technology Support Unit
AERE Harwell

Oxon OX11 ORA

England

UNITED STATES OF AMERICA

Mr. R. R. Brownlee

Geosciences Division

MS 570, Los Alamos Scientific Laboratory
Los Alamos

New Mexico, 87545

USA

Dr. Paul J. Lienau, Director
Geo-Heat Utilization Center
Oregon Institute of Technclogy
Klamath Falls, OR 97601

USA

Dr. P. Muffler

U.S. Geological Survey
345 Middlesfield Road
Menlo Park, CA 94025
USA

VENEZUELA

Dr. C.J. Lezama

Urb. California Norte
Ave. Paris

Las Vegas 3-C

Caracas 107
Venezuela



YUGOSLAVIA

Mr. N. Miosic
Lenjinova 60/1
Sarajevo
Yugoslavia

Mr. S. Galovic
Development Department
INA-NAFTAPLIN
Hegedusideva 2

Zagreb 41000
Yugoslavia
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APPENDIX B

Orkustofnun Notes

B1l. Union of Soviet Socialist Republics
B2. Hungary

B3. People’s Republic of China

B4. France

B5. Japan

B6. Iceland
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ORKUSTOFNUN Note
Geothermal Division JSG~-80/04
1980.07.22 gss

UNION OF SOVIET SOCIALIST REPUBLICS: Survey of Low-Temperature

Geothermal Energy

Geography

Area 22,740,000 km2

Population 260,000,000 (1977)

Information

The questionaire was sent to six individuals in the USSR. Replies were
received from three of these. Kutateladze replied in Russian and gave
information on the 750 kW binary plant at Paratunski. Gutsalo said he
worked in geochemistry and had no information on utilization. Kononov
with I.M. Duvorov and V.I. Dvorov sent a good reply - it appears that

the Scientific Council on Geothermal Studies of the Academy of Sciences
of the USSR is the correct institution to contact for information on geo-

thermal energy. Several papers were consulted for background information.

Utilization

Almost all published values on geothermal utilization in the USSR (Barbier
& Fanelli 1977, Howard 1975) are based on papers by Soviet authors at

the 1970 U.N. Symposium in Pisa. District heating being reported 114 MW
thermal and greenhouses 5000 MW thermal. The latter value was derived
indirectly from average energy requirements (0.2 kw/mz) of greenhouses
and reported area of "hotbeds and hothouses" (5000 x 5000 = 25,000,000 m2)
at Makhachkala. However, the stated area (or a small part of it) was
heated by only one borehole discharging 1800 m3 per 24 hours of 63°C geo-
thermal water, corresponding to 2 MW if cooled down to 40°C. The est-
mated 5000 MW were therefore three orders of magnitude higher that the
actual usage. This "error" resulted in distorted values for geothermal
energy use in agriculture in the world because 5000 MW represented 90%

of the installed thermal capacity in 1975.
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In the 1979 P.R. Pryde published a good overview of geothermal energy
development in the USSR. According to a Soviet reference the total
amount of geothermal fluids extracted in 1976 was 26.4 x 106 m3 with

an average temperature of 70°C. About 62% went for space heating,

spas and industrial applications, 25% went into agricultural appli-
cations (mostly hothouses) and 13% was used in the two geothermal
electricical generating stations on the Kamchatka Peninsula. These
values therefore include both low and high temperature waters. However,
the low temperature waters probably account for at least 90% of the
total. Tables 1 and 2 show the thermal energy used and the estimated
thermal power associated with that energy use, assuming 50% load factor.
In many countries the average energy use during one year roughly cor-
responds to 1/2 the installed capacity being used all year. The values

in Table 2 are only estimates.

Kutateladze’'s reply contained information on the experimental binary
cycle plant at Paratunski. In the 1960°s the hot sprinc at Paratunski
were investigated and in 1965 a 0.75 MW electrical generator was con-
structed. The plant uses 200 m2/h (56 1/s) of 80°C water that is
cooled to 50°C. This corresponds to 7 MW-thermal. At reference tem-
peratures 0°C, 15°C and 40°C the thermal energy use corresponds to

19 MW, 15 MW and 9 MW-thermal, respectively. Hot water from the
Paratunski geothermal area is also used for space heating (homes and

greenhouses). Total flowrate of hot water from the area is 167 1/s.

In the reply from Dvorov, Kononov & Dvorov, at the Scientific Council

on Geothermal Studies, the use of low-temperature geothermal energy

was given on 3 typed pages and listed under the headings "Characteristic
of the Present State and Perspectives of Utilization of Low-Temperature
Underground Waters of the USSR" with the following sub-headings:

I-1 District heating, I-2 Utilization in agriculture, I-3 Fish-breeding,
I-4 Utilization for industrial purposes, I-5 Utilization for medicinal-
rehabilitation purposes. 1II Past and future utilization. III Explora-
tion projects. IV Potential resources of low-temperature hydrothermal
systems in USSR. Actual numbers/values to qualify geothermal energy use
in the above categories were limited. Water temperatures were given

and typical flowrates from boreholes, but not the number of boreholes
nor total amount of fluids produced. The thermal energy and power

assosiated with the various uses were therefore not given.
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Dvorov, Kononov & Dvorov stated that district heating was to be found
in three regions, i.e. The Caucasus, West Siberia and Kamchatka. For
the first of these the number of inhabitants using thermal waters was
given as 110,000 people. To estimate the associated thermal power here,
values from the two papers by P.R. Pryde (1979) will be used. He
stated that in the town of Kizlyar (in the Daghestan Autonomous Republic
in the Caucasus) in 1974 there were 5 boreholes yielding 17,340 m3/day
of 105°C water and 4 boreholes yielding 16,950 m3/day of 60°C water.
Kvorov, Kononov & Dvorov stated that 90°C water was used for the heat-
ing in Kizlyar with a discharge temperature of 58°C. Assuming, however, that
the district heating scheme in Kizlyar uses 200 1/s (17,340 m3/day)

of 105°C water and 196 1/s (16,950 m3/day) of 60°C water, the thermal
energy was estimated. The number of inhabitants in Kizlyar using
thermal water is 30,000 according to Dvorov, Kononov & Dvorov. With
reference discharge temperature of 40°C the thermal power of the
Kizlyar district heating systems becomes 82 MW or 2.7 MW per 1000
inhabitants. According to Einarsson (1975) the corresponding figures
for Reykjavik (Iceland) are 4.4 MW per 1000 inhabitants and 4.9 MW

per 1000 inhabitants when considering all the district heating systems
in Iceland. However, on the assumption that the Kizlyar value above
is representative for the other towns in the Caucasus with geothermal
heating, the total thermal power was estimated and is shown in Table 3.
Dvorov, Kononov & Dvorov did not provide any data on district heating
in the regions of West Siberia and Kamchatka. Limited data was given
on categories I-2 to I-5, except "the total area of all greenhouses

in the USSR heated by thermal waters ig at present 420,000 m2".
Tikhonov & Dvorov (1970) in a paper presented in Pisa stated that
45-50 m3/h of 60-65°C water was required to heat one hectar (10,000 m2)
of greenhouses in the USSR. Taking the average of these (47.5 m3/h
and 62.5°C) corresponds to 0.345 kw/m2, 0.262 kW/m2 and 0.124 kw/m2
for 0°C, 15°C and 40°C reference temperature, respectively. For com-
parison it may be stated that in Iceland it is estimated that 0.233-
0.291 kW/m2 (200-250 kcal/h m2) are required for typical greenhouses.
Based on the USSR values given by Tikhonov & Dvorov it takes 52 MW,

110 MW and 145 MW thermal to heat 420,000 m2 at 40°C, 15°C and 0°C

reference temperature, respectively.
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Exploration

Two projects: a) Hydrogeological and geothermal studies in the region
of the Baikal-Amur railway line for space heating and other purposes
b) Drilling of deep wells to investigate hot-dry-rock possibilities

in the western regions of the European part of the USSR (Carpathians)

and in the Caucasus (e.g. Daghestan).

Assessment

A heat flow map of the USSR 1s available. Main geothermal areas are
on Kamchatka and in the Caucasus. Buachidse et al. (1970) presented
data on thermal waters in Georgia and mentioned more than 50 groups
of outlets of thermal waters with temperatures 35-105°C and a total
flowrate of more than 1000 1/s. Data shows 30 MW, 150 MW and 260 MW-
thermal flowing from these outlets at 40°C, 15°C and 0°C reference

temperatures, respectively.

For the whole of the USSR Tikhonov & Dvorov (1970) stated that 7.9 x

106 m3/day was the "thermal water reserve". Dvorov (1970) stated the
average temperature of these waters as 65 to 70°C and gave the reserve
as 7.90 x 106 m3/day of waters with mineralization up to 10 g/l.

Dvorov (1974) stated the reserve of thermal waters with mineralization
up to 35 g/l as 19.75 x 106 m3/day. Dvorov, Kononov & Dvorov (in
reply to questionnaire) gave the '"regional resource of thermal waters
in the USSR" as 19.75 x 106 m3/day with mineralization up to 35 g/1

and stated that the temperature of the waters ranged from 50°C to 180°C.
A table showed the reserve of 5 regions of the USSR. The thermal

power of these reserves can be estimated indirectly from the data
available. Table 5 was constructed by using an average temperature of
65°C for all the thermal water reserves (see Dvorov 1974) and the table

given by Dvorov, Kononov & Dvorov.
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TABLE 1

Geothermal energy use in 1976

Type of Thermal energy TJ

use >0°C >15°C >40°C
Space heating (62%) 4797 3769 2056
Agriculture (25%) 1934 1520 829
Electricity (13%) 1006 790 431
Total 7737 6079 3316
TABLE 2

Estimated thermal power in 1976

Type of Thermal power MW
use

>0°C >15°C >40°C
Space heating (62%) 304 240 130
Agriculture (25%) 122 96 52
Electricity (13%) 64 50 28
Total 490 386 210
TABLE 3
District heating in the Caucasus
Type of Thermal power MW
use >0°C >15°C >40°C
Kizlyar (30,000) 137 117 82
Total (110,000) 502 429 301




TABLE 4

Known use of low-temperature geothermal waters in the USSR

Type of

use

Thermal power MW

>0°C >15°¢C >40°C

District heating 500 430 300
Greenhouses 150 110 55
Electricity 19 15 9
Total 669 555 364
TABLE 5

Regional resources of thermal waters in the USSR

X
Thermal power GW

Region Discharge

X 10—6 m3/day m3/s >0°C >15°C >40°C
European USSR 3.02 35 9.5 7.3 3.6
Middle Asia 1.43 17 4.6 3.5 1.8
Kazakstan 1.2 14 3.8 2.9 1.5
West Siberia 10.75 124 33.7 25.9 13.0
East Siberia & 3.35 39 10.6 8.2 4.1
Far East
Total 19.75 229 47.8 24.0

% Assuming €5°C average temperature.
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ORKUS TUFNUN Note
Geothermal Division JSG-80/05
1980.07.24 gss

HUNGARY: Survey of Low-Temperature Geothermal Energy

Geography

Area 93,030 km2

Population 10,625,000 (1976)

Information

The questionnaire was sent to T. Boldizsar and J. Balogh. It was stated
by Boldizsar that no central geothermal authority existed in Hungary at
present but by the end of 1980 such an authority would be established.
He sent a reprint of a paper published in 1979 that gives data on geo-
thermal energy production in 1976. Boldizsar stated that the situation
had not changed much since then and that the data could be used to-day
with confidence. The paper gives estimates of geothermal resources in
Hungary and indicates future plans. It is similar to a paper by
Boldizsar in Geothermics in 1975, except that the 1979 paper gives in-
formation on geoheat utilization. Balogh sent a table showing the
utilization of geothermal energy in Hungary to-day with information
about the boreholes, type and size of users, and the amount of thermal
waters available and utilized. Balogh enclosed several small maps that
indicated the amount of "exploitable, opened up and used" geothermal
waters in Hungary. He also sent a copy of a lecture on "Discovery and

Utilization of Geothermal £nergy in Hungary".

Utilization

6 3
The information from Balogh shows that 33 x 10  m”/year of thermal
waters are used in Hungary. The thermal energy of this water above
50°C corresponds to about 1485 TJ/year. This water is used to heat

1.9 x 106 m2 of agricultural area (0.7 x 106 m2 greenhouses and

1.2 x 106 m2 plastic covered), 3400 flats and 21 industrial facilities,
135 baths (for 224,000 people), 90 water supply installations and

41 animal (and similar) shelters. Balogh stated that the total
quantity of thermal waters available to-day (opened up) amounts to

166 x 106 m3/year. Thus about 20% are used.
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Boldizsar (1979) shows the utilization of geothermal energy in Hungary
1n two tables with different reference temperatures: Thermal wells
yielding water above 60°C in one table and above 40°C in another.

In both tables the reference temperature is 15°C. On basis of the

total flowrate of the 343 boreholes (343.3 m3/min) producing water

above 40°C and the nominal thermal power (1166.34 MW) above 15°C, it

is possible to estimate the average temperature of this flow as being

64 C. From this data it is possible to estimate the thermal power

above other reference temperatures. Table 1 shows the installed thermal
power in Hungary and the thermal energy used in 1976. It is not clear
how Boldizsar obtained his value for thermal energy used ("yearly actual
heat consumption"). However, it appears his values are based on 15°C
reference temperature. If that is the case the load factors are 19.6%,
51.4%, 61.2% and 31.9% for agriculture, district heating, industry and
baths, respectively. A load factor of 51.4% for district heating is
what would be expected. The overall load factor for geothermal energy
utilization in Hungary is 24.9%. It should be noted that Balogh states
tnat 1485 TJ/year are used above 50°C, which is much less than given

by Boldizsar.

At the end of 1975 there were 1.7 x 1O6 m2 of greenhouses in Hungary,
8 district heating systems (3500 flats with 710,000 m3 heated space),
134 baths and various other uses (Boldizsdr 1979). About 40% of
Hungarian territory is suitable for economic hot water production for
space heating and other purposes. There are plans to increase the
use of geothermal energy in Hungary in the next few years. In the
replies from Balogh and Boldizsar no special mention was made of ex-

ploration projects.

Assessment

Maps sent by Balogh showed that 6.05 km3/year of thermal waters are
"exploitable" in Hungary, of which 0.166 km3/year have been "opened up"
and 0.0336 km3/year presently used. The corresponding thermal values
were given as 47 x 1O12 kcal/year (197,000 TJ/year), 15 x lO12 kcal/
year (63,000 TJ/year) and 0.36 x 1012 kcal/year (1500 TJ/year). The
table sent by Balogh, however, showed the "opened up" thermal energy
as 1542 x 109 kcal/year (6456 TJ/year), which is an order of magnitude

less than on the map. 1In the table the reference temperature was 50°C.
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Boldizsar (1975, 1979) has made an assessment of geothermal energy
resources of Hungary. The geothermal waters are found in the Pannonian

sedimentary basin. The heat stored in the sediments down to a depth
18 21

of 3 km was estimated as 12,600 x 10 cal (53 x 10 J). The thermal

waters produced to-day are taken from below 1000 m in the Upper-

. . . 1
Pannonian with temperatures 50-100°C. This reservoir stores 768 x 10 8

1
cal (3.2 x 1021 J) of heat of which 7.42 x 10 8 cal (31 x 1018 J) are
considered recoverable. The overall recoverable geothermal energy in

1
Hungary is about 15 x 1018 cal (62 x 10 8 J). Geothermal energy is

available on 40,000 km2 of the country or 43% of it’s area. The above

values given by Boldizsar are based on reference temperature 15°C.

J.S. Gudmundsson

Geothermal Division
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PEOPLE 'S REPUBLIC OF CHINA: Survey of Low Temperature

Geothermal Energy

Geography

Area 9,560,985 km2

Population 852,130,000 (1976)

Information

The questionnaire was sent to K. Xin because he had visited Iceland in
1979 as a United Nations University (UNU) Special Fellow. A reply was
received but Xin was not able to give much information relevant to the

survey.

In January 1980 I. B. Fridleifsson (Orkustofnun) visited the People’s
Republic of China (PRC) on UNU business and was able to gather valuable
information for the survey by meeting people working on geothermal
energy. Fridleifsson provided data on thermal water use in Tianjin,
Beijing, Kunming, Xiang and Xiaotungsan. Several papers were consulted

for further information.

Utilization

Geoheat is used for various purposes in the PRC today. Among these

are electricity generation (high and low-temperature fluids), space
heating of residential and industrial buildings and greenhouses,

health resorts, various industrial uses (textiles, printing and dyeing,
cement production, boilers) and extraction of chemicals. Some use in
agriculture has also been reported. For most of these limited informa-
tion is available on actual energy use.

In the city of Tianjin some 40 x 106 m3/year (1268 1/s) of 30-50°C
thermal waters are produced from 190 boreholes for uses in the textile
industry and for space heating, baths and other uses. 1In 150 wells

the temperature is 30-40°C and in 40 wells about 50°C. The average



—52-

depth of these wells is 860 m. ALl the wells have a down-hole pump.

In most of the 190 boreholes there is a 3-5 m draw-down per year. In
a borehole drilled in 1972 to 786 m depth (152 mm diameter) the water
level is now at 50 m. In this borehole the down-hole pump is set at

75 m. The pump is 4" with a 34 kW motor and pumps 60 m3/h (17 1/s)

of 50°C water. There are 4 textile factories in Tianjin that use
thermal water amounting to 6000 m3/day (69 1/s) in total. The thermal
water is used down to 20-30°C. The thermal power of the thermal waters
used in Tianjin can be estimated by assuming that the average flowrate
of the 40 borholes producing 50°C and 150 boreholes producing 30-40°C
is the same. It has also to be assumed that the average temperature of
the 150 boreholes is 35°C. It follows that 267 1/s of 50°C water and
1001 1/s of 35°C water amount to 11.2 MW, 112.9 MW and 202.6 MW for ,

40°C, 15°C and 0°C reference temperature respectively.

In the city of Beijing (population 8 millions) 20 wells have been
drilled of which 14 are used. The deepest well is 2600 m, but the
average depth is 1000 m. Most of these wells require pumping.

Maximum water temperature is 69°C, lowest 45°C, with 50°C as average.
Water level is at 40 m below surface. Extreme flowrate values are
700-1500 m3/day with 1000 m3/day (12 1/s) as average from the 14 pro-
ducing boreholes. The thermal water in Beijing is used in the textile
industry, for space heating and baths. 1In the future it is hoped that
10% of Beijing will be heated by geothermal water. Assuming 14 bore-
holes that produce 12 1/s each (168 kg/s in total) of 50°C water the
thermal power becomes 7.0 MW, 24.6 MW and 35.2 MW at 40°C, 15°C and

0°C reference temperatures respectively.

In the city of Kunming there are 3 wells used for baths producing in
total 1200 m3/day (14 1/s) of 55°C water. This gives 3.2 MW, 2.3 MW
and 0.9 MW thermal at 0°C, 15°C and 40°C.

3 .
In the city of Xian 400 m™/day (4.6 1/s) of 42°C water are used for
industrial purposes. This corresponds to 0.8 MW, 0.5 MW at 0°C and

15°C respectively.
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There are about 80 health resorts (sanatoriums) in the PRC that use
geothermal water (Cai 1979). One of these is at Xiaotungsan about

40 km from Beijing. The thermal water there is used for both baths
and space heating. There are two wells, 76 m and 120 m, producing
2600 m3/day (30 1/s) of 54°C water by pumping. Artesian flow is only
1200 m3/day. The heated area is 25,500 m2. The associated thermal
power amount to 6.8 MW, 4.9 MW and 1.8 MW for 0°C, 15°C and 40°C re-

spectively.

It is reported (Cai 1979, An & Huang 1980) that low-temperature geo-
thermal waters are used for industrial and space heating purposes in
other cities, but no data is yet available on flowrates and temperatures
to estimate the associated thermal power. The largest users of thermal

waters are therefore probably Tianjin and Beijing.

Cai (1979) gives details about 7 experimental electric power generation
stations in the PRC. While it is not clear if these are located in
high or low-temperature fields, the stations use waters at low tempera-
tures. Table 1 is reproduced from the paper by Cai (1979). Fan (1979)
and An & Huang (1980) have given information about several geothermal
fields in the PRC. For the present survey it is assumed that high-
temperature areas (with measured temperature above 180°C) in the PRC are
only to be found in the Xizang-Yunnan Geothermal Zone (and Taiwan Geo-
thermal Zone). The Yangbajing geothermal field in Xizang is probably

a high-temperature field and will therefore be excluded from this survey
(the silica temperature has been reported 250°C). Table 1 shows that
there is a 1 MW-electrical power station there using steam/water at
150°C. Apparently there are two 3 MW-electrical power stations under
construction in the Yangbajing field and will probably start to operate
in 1980 and 1981. The other stations (using waters at 67-92°C) have a
total design capacity of 0.936 MW-electrical (about 1 MW-electrical).
Cai (1979) gives details about the 50 kW-electrical experimental binary
plant at Wentang (Yichun in Jiangxi). One artesian well produces

100 m3/h of 67°C water. This fluid is used in the binary plant and
then in local greenhouses, sanatorium, hospitals and rice paddies to
raise the soil temperature. This full use of the thermal water amounts

to 7.9 MW, 6.1 MW and 3.2 MW at 0°C, 15°C and 40°C reference temperatures.
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Table 1 shows that of the 7 experimental power stations in the PRC there
are 3 using flashed steam and 4 some binary fluid. Unfortunately there
is no technical information available on the flowrates (and temperatures)
to enable an estimation of the thermal power involved, except the 50 kW
plant at Yichung. The 0.886 MW-electrical (0.936-0.050) capacity in the
low-temperature fields will therefore have to be omitted for the time

being.

Table 2 shows the known low-temperature geothermal energy utilization
in the PRC. As already stated Table 2 does not show the thermal power
associated with 886 kW-electrical generating capacity in the low-
temperature fields because no information is available. While there
are about 80 hot spring sanatoriums in the PRC (Cai 1979) there are

8 main locations (Finn 1979) with active operations. Two of these

are in Tianjin and Beijing, one at Xiaotungsan and one at Yichun.

In view of the above and other factors it could be argued that Table 2
shows approximately 1/2 the low-temperature geothermal energy used in
the PRC at present. However, until more data becomes available, the

values presented in Table 2 are our best information.

An & Huang (1980) give details about the Dengwu field, Fengshun country,
Guangdon province. Information supplied by I. B. Fridleifsson indi-
cates that tens of boreholes have been drilled with maximum flowrate

of 3000 m3/day, but average flowrate 1000 m3/day at temperatures 93°C.
As shown by Cai (1979) some of this water is used for electric power
production. Some of the thermal waters are reported being used in
agriculture (fish hatching, farming). The information given to I. B.
Fridleifsson indicates that the two experimental power stations use

300 m3/day (3.5 1/s) of 93°C water, the discharge temperature being
60°C. The discharge temperature for the agricultural operations was

reported as 30°C.

Exploration/Assessment

During the period 1960-1970 the development of geothermal resources in
the PRC was limited to hot springs for therapeutic purposes (Cai 1979).
Since 1970 however the emphasis has shifted to the comprehensive use

for industry and agriculture. Today more than 2/3 of the provinces,
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municipalities and autonomous regions have started reconnaissance surveys
and exploration work for utilizing geothermal resources. An & Huang
(1980) stated that "since 1970 geothermal work has developed rapidly and
at present geothermal resources have found their utilization in power
generating, extraction of chemicals, textiles, printing and dyeing,

space heating, greenhouses, medical treatment, etc."

Both Cai (1979) and An & Huang (1980) give information about the geo-
thermal resources of the PRC. The An & Huang (1980) information will
be used here for illustration. There are about 2500 geothermal "water
points" in the PRC. In the north all hot springs above 20°C are in-
cluded but 25°C is the temperature used in the south. There are 4
major geothermal zones in the country: Xizang-Yunnan Zone, Taiwan Zone,
Eastern Coastal Zone and North-South Zone. It appears that high-
temperature fields (with measured temperature above 180°C) are to be
found in the Xizang-Yunnan Zone and the Taiwan Zone. There are identi-

fied 3 types of resources in the PRC;

1) magmatic activity type;
2) uplift-fault type and

3) depressional basin type.

An & Huang (1980) demonstrate these 3 types by considering the Yangbajin,
Dengwu and Beijing geothermal fields, respectively. In the Xizang-
Yunnan Zone there are more than 400 hot springs having 145°C as maximum
measured temperature. In the Taiwan Zone 103 hydrothermal areas, 294°C
maximum measured temperature. In the Eastern Coastal Zone more than

550 known hot springs, 63°C maximum measured temperature. In the North-
South Zone about 100 hot springs, 92°C maximum measured temperature.

It is of interest to note that An & Huang (1980) classify geothermal
energy as follows: 25-40°C low temperature, 40-60°C medium temperature,

60-100°C high temperature and above 100°C super-heated.

J.S. Gudmundsson

Geothermal Division
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TABLE 2

Known uses of low-temperature geothermal energy in the PRC

Thermal power MW

Location

>0°C >15°C >40°C
Tianjin 202.6 112.9 11.2
Beijing 35.2 24.6 7.0
Yichun® 7.9 6.1 3.2
X1iaotungsan 6.8 4.9 1.8
Kunming 3.2 2.3 0.9
Xian 0.8 0.5 0.0
Total 256.8 151.3 24.1

% Includes 50 kW-electrical of a total of 936 kW-electrical

generating capacity in low-temperature fields that are

however excluded here because no further information is

available.
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FRANCE: Survey of Low-Temperature Geothermal Energy.

Geography

Area 549,621 km2

Population 52,920,000 (1976)

Information

The questionnaire was sent to J. Varet. No reply was received but the
author of this note visited the BRGM and obtained information in dis-
cussions with J. M. Lejeune and O. Goyeneche. Papers by J. Varet (1978)
and A. Ten-Dam (1978) were also consulted. A book by Cerisier (1978)

gives some information about thermal springs in France.

Utilization

The main use of geothermal in France is in space heating. There are 4
heating systems in the Paris Basin and 2 in the Aquitaine Basin. Table
1 shows all the particulars. There are presently at least 11,700 flats
heated by geothermal. Varet (1978) stated that about 20,000 flats are
heated. At Mont de Marsan the district heating system serves a hospital

and military barracks.

There are plans to increase the use of geothermal in the next few years.
Several wells have already been drilled. At Mellerary a 17,000 m2

greenhouse will be connected and at Cergy, Coulommiers, Jonzac and Dax,
district heating systems are being built. There are (were) hot springs

at Dax used for baths.

Exploration

Good information is already available on the main sedimentary basins
in France because of oil exploration. Several hydrothermal exploration

projects are presently being carried out in France.
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Assessment

Lavigne (1978) has reported an assessment study of geothermal energy in
France. The study was based on the method presented by Muffer & Cataldi

(1978). The identified resources of France are 380 x 1018 cal (1.6 x 1021J)
8

of which 300 x 1O1 cal (1.3 x 1021 J) are in the Agquitain Basin and

67 x 1018 cal (0.3 x 1021 J) in the Paris Basin. The rese:zg_(réserves en

place) are 10.8 x 1018 cal (4.5 x 1019 J) of which 7.2 x 1018 cal

19 . . .
(3.0 x 10 J) are in the Paris Basin. Based on experience 1n the Paris

1 1
Basin Lavigne (1978) stated that 1.8 x 10 8 cal (7.5 x 10 8 J) of the geo-

thermal reserve is recoverable (reserves récupérables) .

J.S. Gudmundsson

Geothermal Division
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Geothermal Division JSG-80/08
1980.08.25 gss

JAPAN: Survey of Low-Temperature Geothermal Energy

Geography

Area 369,699 km2

Population 113,086,000 (1976)

Information

The questionnaire was sent to I. Takashima. A comprehensive reply was

received. Several papers were consulted for further information.

Utilization

There are both high and low-temperature fields in Japan and both electri-
cal and direct uses. Presently there are six geothermal power stations
with installed capacity of 168 MW-electrical. The direct uses are mainly

in low-temperature areas, but also in high-temperature areas.

Takashima gave a summary of "present none-electrical applications of
geothermal energy in Japan". In the present survey direct uses in low-
temperature areas are to be considered. Takashima listed direct uses at
Otake, Matsukawa and Onuma (all high-temperature areas) separately as

1.5 x 1012 J/day (reference temperature 15°C) in total. All other direct
uses were given as 3.866 x 1014 J/day (reference temperature 15°C), which
corresponds to 4475 MW-thermal. Takashima stated that "almost all of

hot water are directly used for baths and space heating" and also various
other use (mainly for mineral baths). It must be assumed that these

4475 MW-thermal include all the thermal waters used in Japan. Takashima
stated that 7 main localities use in total 158,176 (2636 1/s) of thermal
waters at 56-100°C the rest being used at various other localities

(at 1624 places altogether). Details about direct uses in high-temperature
areas (according to Takashima 1.5 x 1O12 J/day or 17.4 MW-thermal above

15°C) are given by Minochara & Sekioka (1980).
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It was reported by Mashiko & Hirano (1970) that in 1968 "there were 17,126
hot water wells in Japan, of which 3363 were no longer used and 1955

not yet utilized". They stated that: "At present, in the 11,608 wells
that are in use, 60% of them have high enthalpy involving vapor and gas
with high temperatures above boiling point, and 13% are cool mineral
springs that are under 25°C. There are 2235 wells that are between 25
and 42°C and 8350 wells are above 42°C and not aqueous vapor wells.

The total quantity of hot water pumped up from these hot water wells has
reached 1,207,194 liters per minute". This flowrate amounts to 20,120
1l/s. According to the Japan Geothermal Energy Association (1974):

"The total discharge of thermal water throughout Japan was about 730,000
l/min (12,167 1/s) in 1966. By 1969 this volume had doubled to 1,330,000
1/min (22,167 1/s). The number of hot springs and thermal water wells
had increased to 14,000 by 1969. 70% of these springs and wells produced
waters having temperatures above 42°C.... The geothermal enerygy being
discharged as thermal water is approximately 1.5 x 1024 erg/year", (1.5

X 1O17 J/year = 4756 MW). This value is close to the one given by
Takashima bove. Komagata et al. (1970) report the status of geothermal

utilization in Japan.

Most of Japans geothermal energy (4475 MW-thermal) is used in baths.
Takashima gave information on the use of thermal waters in agriculture.
These include 4 locations (Ibusuki, Higashi-Izu, Mori-cho and 3hikabe)
with 43,000 m2, 1056 m2, 19,000 m2 and 1880 m2 of greenhouses, 64,936 m2
in total. The flowrate and inlet temperature for 3 of these was given.
The thermal energy associated with the 19,000 m2 at Mori-cho was assumed
to be the same as at Ibusuki (43,000 m2) or 86 W/m2, 147 W/m2 and 184 W/m2
for 40°C, 15°C and 0°C reference temperature respectively. Th2 total
thermal power associated with the 64,936 m2 (65,000 m2) was 1).3 MW,
16.8 MW and 20.7 MW for 40°C, 15°C and 0°C respectively. Takashima re-
ported that geothermal energy was used at Minami-Izu (300 1/min at 115°C)

and Beppu-Ueda (small use) for animal husbandry. At Atagawa (2000 1l/min

at 105°C) thermal waters are used for breeding alligators and crocodiles
and at Shikabe (70 1/min at 70°C) eel and carp breeding are carried out
with the use of geothermal energy. The total thermal power associated
with these animal husbandry operations amounts to 10.9 MW, 14.9 MW and
17.4 MW for 40°C, 15°C and 0°C respectively. Takashima reported that

14,267 m2 of roads etc. are heated with geothermal energy for snow-melting.
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This energy use was reported as part of energy used for space heating.
Sekioka et al. (1979) and Sato & Sekioka (1974) report on these snow melting

operations in detail. Takashima reports space heating systems (space

and water heating, mineral baths) at 9 locations using 12,386 1/min

(206 1/s) of thermal water at 25-70°C. The space heating systems at
Otake, Matsukawa and Onuma are excluded here since they are in high-
temperature fields. The air conditioning system at Beppu-Kankaiji is
also omitted here for the same reason. The thermal power associated
with the 9 space heating systems using low-temperature fluids (fields)
as reported by Takashima amount to 23.0 MW, 49.1 MW and 65.0 MW for
40°C, 15°C and 0°C reference temperature. Table 1 shows the utilization
of low-temperature geothermal energy in Japan for space heating green-
houses and animal husbandry. These uses represent less than 2% of the

total utilization (4475 MW-thermal above 15°C).

TABLE 1

. ) . X
Utilization of low-temperature geothermal energy in Japan

Thermal power MW

Use >0°C > 15°C >40°C
Space & water heating 65.0 49.1 23.0
Greenhouses 20.7 16.8 10.3
Animal husbandry 17.4 14.9 10.9
Total: 103.1 80.8 44 .2

x Not including bathing, since total utilization amounts to

4475 MW-thermal (> 15°C).

Takashima gave information on "past and future utilization" as follows:
"There are no big changes for the use of low-temperature geothermal
energy related to volcanic activity from early 1970°s to present and
don’'t expected to have a big change in the future. However, Japanese
government want to develop the non-volcanic geothermal resources of

deep sedimentary basin and use them for space heating and binary systems
etc. in the amount of 2.5 x 105 k1l in 1985, 5.4 x 106 k1l in 1990 and

2.1 x 107 kl in 1995 (0il equivalent) respectively". The unit kl is
probably kilolitre (1000 litres).
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Exploration

Takashima stated that most exploration projects of low-temperature
resources are done by commercial companies on a very small scale. He
also stated that only one large scale project was under way at present -
in the deep sedimentary Wada Basin (Akita prefacture). However, it is
evident from papers by Sumi (1978) and Nakamura et al. (1978) that the
Geological Survey of Japan does extensive geothermal exploration work -

albeit mostly in high-temperature fields.

Assessment

Takashima sent a table showing: '"Assessment of non-volcanic geothermal
resources or deep sedimentary basin in Japan" and stated it was a "pre-
liminary assessment". The table lists 30 localities. The total area
of 25 of these is 39,372 km2 and the "recoverable heat of... 22 locali-
ties (is) 2.0 x 1017 kcal" above 15°C reference temperature. The
corresponding recoverable volume of geothermal fluid is 2610 x 109 m3
(2 x 1017 kcal = 8,4 x 102O J). It was also stated by Takashima that:
"We don t have a nationwide resource assessment of low-temperature geo-—
thermal resources related to volcanic activity (we already use fairly
large amount of this kind of resource)". Sumi (1978) gives an excellent
overview of the geothermal resources of Japan. Geothermal assessments
have been carried out in 1957, 1970, 1974 and 1976. The main emphasis of
all of these assessments has been on high-temperature fields for power
generation. It is of interest that the natural heat discharge from
10,578 hot springs and fumaroles (presumably in both high and low-
temperature fields) in Japan has been reported (Sumi 1978) as 16 x 101O
cal/min (11,200 MW-thermal). The reference temperature was not given.
The above value was calculated (Sumi 1978) by simple proportional multi-
1

plication using the observed value in Hokkaido where 6.3 x 10 0 cal/min

is discharging from 411 hot springs.

J.S. Gudmundsson

Geothermal Division
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ICELAND: Survey of Low-Temperature Geothermal Energy

Geography

2
Area 102,828 km
Population 226,724 (1979)

Information

In the files of Orkustofnun there is information on most aspects of geo-
thermal energy in Iceland. A recent compilation of data suitable for the
survey was however not available. It was therefore decided to write an
extensive note (Gudmundsson et al. 1980) on low-temperature geothermal
energy in Iceland. An effort was made to update the available information
and to bring forth any new aspects of geothermal energy in Iceland. The
purpose of the extensive note was therefore twofold; to provide Icelanders
working in the field of geothermal energy with new data and to supply
information for the World Survey of Low-Temperature Geothermal Energy
Utilization. The present note is an abbreviated version of the above

mentioned note.

UTILIZATION

The main use of geothermal energy in Iceland is low-temperature energy
for district heating. This type of utilization was initiated in 1930

in Reykjavik and today about 70% of the population of Iceland enjoy geo-
thermal district heating. Most of the district heating systems are in
low-temperature areas, the exceptions being Sudurnes, Hveragerdi, Reykja-
hlid and Vestmannaeyjar. Low-temperature geothermal energy is also used

for heating greenhouses, swimming pools, industrial drying and fish culture.

Reykjavik District Heating Service

The RDHS is probably the world’'s largest district heating system using
geothermal water. It serves the towns of Reykjavik, Kdbépavogur, Hafnar-
fjdrdur and Gardabaer and the rural townships of Mosfellshreppur and

Bessastadahreppur, the last one having been connected to the system only
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last year (1980). 1In the rural townships of Mosfellshreppur and Bessa-
stadahreppur there are independent district heating services that buy

their geothermal water from the RDHS. The total population of Mosfellshreppur

and Bessastadahreppur was 2,724 and 422, respectively, in 1979. The
total population of Iceland in that year was 226,724 people while the
population of the towns (Reykjavik, Képavogur, Hafnarfjérdur and Garda-
baer) served by the RDHS was 113,667 people. The 1979 annual report of
the RDHS shows that the system served 98.4% of it’s area, or 111,905

people, amounting to 49.4% of the total population of Iceland.

The Reykjavik District Heating Service provides geothermal water not only
for homes but also for all commercial and inductrial buildings in it’s
area. In 1979 the total heated space was 22,388.000 m3- The RDHS
produces hot water from 3 geothermal fields, two within the city of
Reykjavik and one in Mosfellssveit at 15-20 km distance. During the
winter months of 1979-1980 the greatest demand was in February 1980 at
which time the production reached 6100 tonnes/hour of 87°C water in the
Mosfellssveit field, 1100/tonnes hour of 127°C water in the Laugarnes
field and 540 tonnes/hour of 97°C water in the Ellidaar field. In addi-
tion, the RDHS has an oil-fired station for peak demand with a 35 MW-
thermal capacity. This station has played a minor role in the operation

of the district heating system in Reykjavik and has not been used since

1978.

The total amount of gecthermal water produced by the RDHS annually from
1944-1979 is shown in Figure 1. 1In 1979 the RDHS produced 45,091,000 m3
of hot water from the pumping stations to the distribution network.
However, due to shunting procedures the amount of hot water metered at
the customers was only 40,450,000 m3 and adding the 728,000 m3 delivered
to swimming pools the RDHS sold in total 41,178,000 m3 or 91.3% of the
production. The 8.7% not sold was wasted at endpoints to maintain flow
and temperature. About 10% of the hot water delivered to customers isg

used as tap water. The estimated load factor of the RDHS is about 50%.
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District heating in general

In 1979 there were 24 district heating services in Iceland. All of these
are public services owned by the local community. In addition there are
at least 6 privately owned services. Table 1 shows the 24 public dis-
trict heating services in Iceland, not all of which are in low-temperature
geothermal areas. The Sudurnes system is in the high-temperature field
of Svartsengi and the Reykjahlid system is in the Bjarnarflag field of

the Namafjall area. The Hveragerdi system is in the Olfusdalur field to
the south of the Hengill high-temperature area. The district heating
system in Vestmannaeyjar is unique in Iceland (and perhaps the world)
because it’s source of energy is a lava field that was formed in a vol-
canic eruption on the island of Heimaey in 1973. Although the district
heating systems in Sudurnes, Hveragerdi, Vestmannaeyjar and Reykjahlid
are thus not in low-temperature geothermal areas, they are shown in Table
1 for the sake of completeness. The 24 public district heating services
provide 156,389 people or 69.0% of the population with geothermal heating.
Table 2 shows the present and planned district heating systems in Ice-
land, both public and private. It shows that in 1979 157,945 people en-
joyed geothermal district heating or 69.7% of the total population of
Iceland. It is expected that in 3-5 years about 185,000 people or 81.6%

of the total population of Iceland will enjoy geothermal district heating.

Installed capacity of low-temperature geothermal fields

A compilation was made of the installed hot water production capacity of
the 19 public district heating services (Mosfellshreppur is included in
Reykjavik) that operate low-temperature geothermal fields. Table 3 shows
this compilation. It should be noted that the 4 district heating system
in high-temperature fields (Sudurnes, Hveragerdi, Vestmannaeyjar and
Reykjahlid) are excluded. Table 3 shows the installed production capacity
in low-temperature fields as it was in late 1980. The low-temperature geo-
thermal waters produced by the 19 district heating services in Table 3,
are not only used for homes, but also for industrial, commercial, agri-
cultural and recreational purposes in various amounts. Unfortunately,
there is limited information available to show, in detail, to what purpose

the hot water is used.
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In addition to the public district heating services shown in Table 3,

a compilation was made of the installed production capacity in other
low-temperature fields around the country. This was done to estimate
the total installed production capacity of all the low-temperature geo-
thermal fields in operation in late 1980. For reference temperatures
0°c, 5°C, 15°C, 35°C and 40°C the total installed low-temperature geo-
thermal power in Iceland was estimated as 1360.8 MW, 1282.4 MW, 1127.1 MW,
823.4 MW and 747.1 MW-thermal. The above thermal power values were
arrived at by adding to Table 3 the following items: (1) private and
public heating systems in the county of Arnessysla not already included;
(2) the almost 30 school centres in rural areas not already included;

(3} all swimming pools in operation outside district or other heating
systems already included; (4) the fish culture stations outside systems
already included; (5) industrial utilization. It should be pointed out
that all the greenhouses in low-temperature areas are within the above
categories. In the survey the installed thermal capacity was derived
from data on the flowrate and temperature of the geothermal water being
produced in each field. It is the amount of water already available but
not necessarily used. The details of the survey procedure are given by

Gudmundsson et al. (1980).

Overview of utilization

The installed production capacity of all low-temperature geothermal
fields was estimated in the previous section. It shows the amount of

hot water available but not necessarily used. However, it is of great
interest to estimate how much low-temperature geothermal energy is used,
and for what purpose. In the following section the utilization in green-
houses, swimming pools, industry and fish culture will be estimated as
well as the thermal power associated with the heating of residential,

commercial and industrial buildings.

There are 79 swimming pools in Iceland that use low-temperature geothermal

water. In addition there are 5 swimming pools served by the Sudurnes,
Hveragerdi and Vestmannaeyjar systems. The total volume of the 79 pools
is 20,267 m3 of which 17,484 m3 are outdoors and 2,783 m3 indoors. It
was estimated, based on the total amount of water metered to 7 swimming
pools in Reykjavik during one year, that the average thermal power re-

guirement of outdoor pools is 1 kW/m3 and indoor pools 0.5 kw/m3, if it
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is assumed that the inlet temperature is 80°C and the outlet temperature
40°C. Applying this rough estimate to all the 79 swimming pools in low-
temperature areas, this total average thermal power requirement becomes
37.8 MW, 35.4 MW, 30.8 MW, 21.3 MW, and 18.9 MW-thermal based on o°c,

5°C, 15°C, 35°C and 40°C reference temperatures.

At the turn of 1979/1980 the total area of commercial greenhouses in Ice-
land was 145,000 m2. In addition there are small greenhouses used for
home growing. About 24.7% of the area under glass is in Hveragerdi and
must therefore be excluded from the present survey. The heating require-
ments for greenhouses in Iceland are estimated 200-250 kcal/h m2
(0.233-0.291 kw/mz). By assuming geothermal water at 80°C and using
0.291 kW/m2 as the specific thermal power requirements, the 109,185 m2
(the 75.3% outside Hveragerdi) result in 63.5 MW, 59.6 MW, 51.6 MW,
35.6 MW and 32.2 MW-thermal above 0°C, 5°C, 15°C, 35°C and 40°C

respectively.

Geothermal water is used in 9 fish culture stations in Iceland for rear-

ing salmon and trout smolts. In total they have the capacity to raise
610,000 smolts per year. It is estimated that the installed thermal
capacity of these stations is 9.6 MW, 6.9 MW, 3.2 MW, 2.1 MW and 1.9 MW-
thermal for 0°C, 5°C, 15°C, 35°C and 40°C reference temperatures, re-

spectively.

The main use of low-temperature geothermal energy for industrial pro-
cessing is the seaweed drying plant at Reykhdlar. At Reykhdlar there

is also a public district heating service (Table 3). The district heat-
ing system uses one borehole while the drying plant uses three boreholes.
These three holes produce about 45 1/s in total of 112°C water correspond-
ing to 21.1 MW, 20.2 MW, 18.3 MW, 14.5 MW and 13.6 MW-thermal above

0’c, 5°Cc, 15°C, 35°C and 40°C.

In 1979 the Reykjavik District Heating Service (RDHS) provided 114,158
people with geothermal water for space heating. This corresponds to
98.4% of the people in Reykjavik and neighbouring towns and 82.7% of the
people living in Mosfellshreppur. Table 2 shows that in total 157,945
people enjoyed geothermal space heating in 1979. As already mentioned,

this includes Sudurnes, Hveragerdi, Vestmannaeyjar and Reykjahlid that
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are in high-temperature areas, but their total population (enjoying

geothermal space heating) in 1979 was 14,614 people (see Table 1). 1In
1979 there were therefore 143,311 people enjoying space heating in low-
temperature areas in the whole of Iceland; this is 25.6% more people
than served by the RDHS. Therefore, by adding 25.6% to the values shown
for Reykjavik in Table 3, it is possible to arrive at an estimate for

the whole country, assuming that the specific hot water usage (i.e. per
person) is the same. However, before this is done, the amount of hot
water used for greenhouses and swimming pools in Reykjavik must be sub-
tracted. 1In 1979 about 1.8% of the hot water sold by the RDHS was
delivered to swimming pools. An approximation of the installed produc-
tion capacity associated with the swimming pools is therefore 15.0 Mw,
14.2 MW, 12.6 MW, 9.4 MW and 8.6 MW-thermal for 0°c, 5°c, 15°c, 35°C

and 40°C reference temperatures, respectively. About 11.1% of green-
houses in Iceland are in Reykijavik and Mosfellshreppur. Based on the
thermal power requirements of greenhouses presented above it was estimated
that 9.4 MW, 8.8 MW, 7.6 MW, 5.2 MW and 4.8 MW-thermal must be subtracted
for reference temperatures 0°C, 5°C, 15°C, 35°C and 40°C. The resulting
amount of low-temperature geothermal water used for space heating in Ice-
land in late 1980 becomes therefore 1012.8 Mw, 959,3 MW, 850.1 Mw,

634.4 MW and 580.0 MW-thermal for the standard reference temperatures.

It should be noted that although the 1979 statistics for population

are used, the installed capacity of the low-temperature fields refers

to late 1980. The production capacity of the RDHS did not increase in
1980.

Table 4 shows the low-temperature geothermal energy used in Iceland in
late 1980. It shows the thermal power associated with each type of use
for the reference temperatures 0°C, 5°C, 15°C, 35°C and 40°C. It should
once again be noted that all applications of geothermal energy in high-

temperature fields are excluded from Table 4.

In Table 5 the installed thermal power (available) and the thermal

power used (utilized) are compared at the standard reference temperatures
showing that the installed thermal power is 16-19% higher than the

thermal power used. It should be borne in mind that the available thermal
power was derived from data on the flowrate and temperature of low-
temperature waters in the various fields, while the utilized thermal power
was estimated from information about the Reykjavik District Heating Service
and an approximation of the thermal requirements of greenhouses and

swimming pools.
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EXPLORATION

In Iceland there is considerable exploration work carried out for geo-
thermal energy. This would be expected in view of the great importance
this resource plays in the national economy. Last year (1980) the
Geothermal Division of Orkustofnun conducted exploration work for about
10 operational district heating services to enable them to meet expected
increase in demand for hot water and also to secure better their present
production capacity. Exploration was also carried out for at least 5
towns and regions that hope to find enough geothermal water to start up
new district heating systems in the next few years. More than 10 ex-
ploration projects were carried out last year for rural centres and groups
of farms. At the same time several regional geothermal studies were on
the agenda to provide a better understanding of the processes that create

usable geothermal energy.

Drilling for geothermal eneray in Iceland is done with five main rigs.
They have the following depth capabilities: J&tunn 3600 m, Dofri 1900-
2200 m, Narfi 1500-1800 m, Glaumur 800-1200 m and ¥mir 400-600 m. The
state owns all but one of the drilling rigs; Dofri is owned 50/50 by
the state and the Reykjavik District Heating Service. All the rigs

are however operated by the Drilling Division of Orkustofnun. All
exploration and production drilling for geothermal energy in Iceland

is done by the above five rigs, except thermal gradient holes, which

are drilled with smaller rigs.

Information on the natural flow and temperature of hot springs in Ice-
land has been updated for the purpose of the present survey. For a
numpber of years the natural flow of all hot springs in Iceland has been
estimated to amount to 1500 1/s of 75°C water. This flow has been
attributed to about 600 hot springs in 250 locations. In the files of
Orkustofnun there is information about these hot spfings to which more
accurate measurements have been added in recent years. This updated
information was used to estimate the total flowrate of hot water in low-
temperature fields as well as the associated thermal power. The informa-
tion has also been used to estimate the present flowrate and temperature

in the same fields with the advent of drilling. The estimated natural
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flow is now considered 1825 1/s. The weighted average temperature of
this flow is 67°C. Aall drilling that has been carried out in locations
of natural hot springs has increased the flow of geothermal water to
4657 1/s or by 155%. The average temperature of this increased flow

is estimated as 80°C. The greatest increase in flowrate has been
achieved in the low-temperature fields producing hot water for the
Reykjavik District Heating Service where the flowrate has been increased

about 10 times and the thermal power has increased by about 15 times.

The Geothermal Division of Orkustofnun has carried out a geothermal
assessment study for Iceland. It is similar to studies that have been
carried out in the United States of America, Italy and elsewhere. A
few modifications of the methodology have been adopted to make the
assessment more appropriate for Iceland. For example the continuous
heat flux associated with the active volcanic zone in Iceland has been
included. The assessment study is still to be published and since it
is difficult to separate the results into above and below 180°C, it was
decided not to include them in the pPresent Note. What can be done here
is to summarize the assessment results for all geothermal energy in Ice-
land above 5°C (average ambient temperature) in the terminology of geo-
thermal assessment: Resource Base 0-10 km 1.2 x 1024 J, Inaccessible

24 21

1.1 x 1O24 J, Accessible 0.1 x 10 J, Residual 96.5 x 10 Jd, and

Useful 3.5 x 1021 J. The Useful part of the Geothermal Resource Base
has not been divided into Economic and Sub-economic as it is related to

various time dependent assumptions.

J. S. Gudmundsson

Geothermal Division
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Annual hot water production of the Reykjavik
District Heating Service 1944-1979
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TABLE 2

Geothermal district heating services in Iceland, 1979 and planned

Population 1)
Town/Region

Present Planned
Public:

24 systems 156,389 174,000
Private: 1,556 1,600
Laugarvatn 159 -
Kleppsjarnreykir 48 -
Reykholt 68 -
Laugarbakki 90 -
Varmahlid 89 -
Laugar, Reykjadal 102 -
Rural etc. 1,000 -
Total: 157,945 175,600
Under construction: 6,682

Akranes - 5,017
Borgarnes - 1,557
Hvanneyri - 108
Under consideration: - 2,718
Eyrarbakki - 538
Stokkseyri - 476
Hella - 520
Hvolsvéllur - 524
Raudalakur ~ 42
Rural etc. - 018
Total - 9,400
Grand Total: 157,945 (70%) 185,000 (82%)

1) Census 1979.12.01 population 226,724
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TABLE 4

Low-temperature geothermal energy used in Iceland in late 1980

Type of use

Thermal power (MW)

) *  so°c >5°C >15°C >35°C >40°C
Space heating ® 89.2 1012.8 959.3 850.1 634.4 580.0
Greenhouses 5.4 63.5 59.6 51.6 35.6 32.3
Swimming pools 3.2 37.8 35.4 30.8 21.3 18.9
Industrial 1.9 21.1 20.2 18.3 14.5 13.06
Fish culture 0.3 9.6 6.9 3.2 2.1 1.9
Total: 100.0 1148.8 1081.4 954.0 707.9 646.7
% Residential, commercial and industrial buildings
¥x Calculation based on >15°C values.
TABLE 5
Comparison of utilized and available (installed) low-temperature
geothermal energy.

Thermal power (MW)

Geothermal > 0°C S 5°C . 15°C S 35°C - 40°C
Utilized 1148.8 1081.4 954.0 707.0 646.7
Available 1360.8 1282.4 1127.1 823.4 747.1
Excess (not used): 212.0 201.0 173.1 115.5

100.4




APPENDIX C

Individual Sheets: Countries in alfabetical order

Cl. Africa

c2. Central America

C3. South America

c4. West Indies

C5. Australia

Co. Austria

C7. Canada

C8. Czechoslovakia

Co9. Democratic People’s Republic of Korea

C10. Denmark

Cll. Eire

Cl2. Federal Republic of Germany
Cl3. Fiji

Cl4. German Democratic Republic
Cl5. Greece

Cl6. 1India

Cl17. Indonesia

Cl18. Israel

Cl19. TItaly

C20. Mexico

C21. Netherlands

C22. New Zealand

C23. Philippines

C24. Poland

C25. Republic of Korea

C26. Romania

C27. Solomon Islands

C28. Sweden

C29. Switzerland

C30. Thailand

C31. Turkey

C32. United Kingdom

C33. United States of America

C34. Yugoslavia
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Geothermal Division 1980.10.23

AFRICA

Information

The questionnaire was sent to W. J. Wairegi in Kenya and a reply was
received from J. K. Kinyariro at the same institution. It was also
sent to B. Khelif in Algeria who sent a reply. No reply has yet been
received from S. Nwachukwu in Nigeria. The questionnaire was also
sent to A. Abdallah in Djibouti but no reply has yvet arrived. Papers

presented in Pisa and San Francisco were consulted for information.

General

There is both high and low-temperature geothermal energy in Africa. The
main high-temperature geothermal regions are associated with the Rift
Valley of eastern Africa from the Red Sea to the north and continuing
southward through the length of Ethiopia, Kenya and Tanzania. No re-
ports are available of high-temperature geothermal in other parts of
Africa except on the island of Réunion (French) in the Indian Ocean

and the Canari Islands (Spanish) in the Atlantic Ocean.

Low-temperature geothermal energy is found in many African countries,

as listed in Waring et al. (1965). In African countries that have done work
on geothermal resources in recent years the main emphasis has been on
high-temperature fields for electricity production. Data on low-

temperature fields is therefore almost non-existent.

Kenya

The reply from Kinyariro indicated that there was no utilization of
low-temperature geothermal in Kenya nor was there any mention of ex-
ploration and assessment. Two papers on "Olkaria Geothermal Field and

its Potential Contribution to Power Requirements in Kenya" and "Geothermal
Exploration in Kenya'" were enclosed. It was mentioned that several non-

electrical projects will be investigated in connection with the develop-
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ment of high-temperature resources. In 1970 a joint United Nations/
Kenya Government exploration project was started. The main high-

temperature fields of interest are Olkaria, Eburru and Bogoria.

Algeria

In his reply Khelif stated that the main low-temperature fields are in

the north of Algeria. According to him there are four hot springs in

the north-western Algeria having temperatures between 43-80°C, two hot
springs are in the middle north at 40-54°C and in the north east are

two hot springs with temperatures at 65-70°C. No informationis available on
the flow. These and other hot springs in Algeria are used for bathing
purposes. In 1978-79 there was some exploration for geothermal energy in
Algeria. The most promising areas are in the east. Information from

Bureau de Recherches Géologiques at Miniéres (BRGM) in France indicates

that an experimental binary cycle plant is being set up at one hot spring

location.

Egypt

Papers by Morgan & Swanberg (1978/79) and Morgan et al. (1976) discuss
heat flow in Egypt and its geothermal potential. They state that the

heat flow "data indicate potential for development of geothermal resources
along the Red Sea and Gulf of Suez. Water geochemistry data confirm the
high heat flow but do not indicate any deep hot aquifers". Also:

"The hottest springs in Egypt are located in the Gulf of Suez area".

The hottest spring in Egypt is 75°C.

Uganda

Dixon & Morton (1970) give information about hot springs in Uganda
although limited temperature measurements were reported. Three geo-
thermal drillholes (1954) were mentioned giving 52°, 58° and 72°C. They
listed 19 thermal springs of which 12 are 20-45°C, 3 are 45-75°C and 4
are 75-100°C. Some of these are used for bathing. No mention was made

of high-temperature fields. Maasha (1975) gives some information on
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hot springs in Uganda: -... at least 20 geothermal areas with numerous
hot springs discharging water at 30 to 100°C occur ..... ". Electrical

resistivity measurements indicate 160°C in one location.

Tanzania

Nzaro (1970) listed 32 hot springs in Tanzania with temperatures 28-76°C.
The amount of silica in the listed springs indicates low-temperature geo-

thermal.

Since early 1976 there has been carried out geothermal exploration
(reconnaissance) in Tanzania by foreign consultants (SWECO in Sweden
and VIRKIR in Iceland). Several reports (1976, 1978 and 1979) have been
prepared. In the 1978 report it is concluded that: "On the basis of
geology and geothermal fluid chemistry the thermal activity in Tanzania
can be divided into four main regional systems: the Mbeya Region, the
Ngorongoro Region including the Musoma Area, the Dotoma-Singita-Konda
Area, and the Kisaki-Rufiji River Area". Also: " he chemical geo-
thermometers indicate that high-temperature geothermal activity may

exist in the Mbeya Region but not in the other regions".

Other countries

Exploration work in Madagascar is being carried ocut by consultants
(VIRKIR in Iceland) the preliminary results indicate low-temperature
activity. In Djibouti the thermal activity is mainly high-temperature.
The same applies to Réunion, but French institutions are doing work in

both. It has been reported that geothermal is to be found in Malawi,

Burundi, Zaire, Chad and Morocco (Fanelli & Taffi 1980). Private
comrunication from the B.R.G.M. in France indicates some geothermal

interest in Tunisia and Rwanda.
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Geothermal Division 1980.10.27

CENTRAL AMERICA

Information

The questionnaire was sent to G. Cuéllar in El Salvador but Guatemala,

Honduras, Nicaragua, Costa Rica and Panama were visited by I. B. Frid-

leifsson of Orkustofnun (as the resident co-ordinator of the United
Nations University geothermal training programme in Iceland) and S. S.
Einarsson of U.N.D.P. The institutions in each of these countries
responsible for (geothermal) energy were given the questionnaire.

Only one reply was received, from M. F. Corrales V. in Costa Rica. His
letter stated: "In regard to your request on world survey of low tem-
perature geothermal fields I want to inform you that we are not con-

sidering or studying this kind of geothermal energy source".

General

It is evident that low temperature geothermal has not received any
attention in Central America. The various reviews and papers show
however that considerable interest is in high-temperature fields.

El Salvador has a well advanced programme and is already generating

95 MW-electrical at Ahuachapan (DiPippo, 1978). Nicaragua is interested
in exploration projects of several fields (Teilman, 1979) and drillings
at Momotombo. A geothermal resources inventory of 235 localities

(43 springs and 192 wells) covering an area of 20,000 km2 identified

8 areas that showed geothermal anomalies. In 4 of these geothermometers
indicate temperature in the range 150-200°C. 1In Guatemala and Costa Rica
there are active geothermal exploration programmes. Honduras has re-

cently embarked upon an exploration programme. Panama has carried out

some geothermal exploration.
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Geothermal Division 1980.10.23

SOUTH AMERICA

Information

The questionnaire was sent to A. C. Echeverry G. at CHEC in Colombia.

A reply was received with useful information and 3 maps. In Ecuador

the questionnaire was sent E. A. Ortiz who forwarded it to C. Q. Teran
at INE who sent a reply with a table and a map. The questionnaire was
sent to B. M. Arnao at INGEMMET in Peru who sent a reply. The question-
naire was also sent to C. J. Lezama in Venezuela but no reply was re-
Ceived. 1In Argentina the questionnaire went to A. Fernandez who sent

some material and an address for further information.

Chile

In South America most of the geothermal mentioned is along or at the
boundaries of the Andes. Very limited published material is available
exXcept on the E1 Tatic high-temperature field in Chile that was explored
and drilled in the early 70°s. Nothing very much appears to have happened
at the field in recent years. There are other areas in Chile with similar

high-temperature potential as El Tatio.

Colombia

The information sent by Echeverry on geothermal in Colombia is most
interesting. Geothermal investigations are just starting and are initial-
ly centred on the "department" of Caldas and will later be extended to
other parts of Colombia. The region being studied is the Volcanic Massif
of Ruiz (15,000 km2) but especially a 300 km2 part of it the Area del Ruiz.
Both geological and geochemical studies are used. There are hot springs
named "Thermal Springs of Ruiz" that are used for agricultural purposes.
It was mentioned by Echeverry that at one hot spring site the water is
used for space heating of a tourist centre. It is not clear if these
above areas are high or low-temperature fields. Echeverry then mentions
that hot springs in Area del Ruiz measure 92°C and states that geothermo-
meters indicate higher temperatures than 180°C. The hot springs in

question are therefore probably in high-temperature fields.
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Ecuador

In his reply Teran stated that: "The information in this report belongs
to the first phase of the inventory of geothermical resources of low
enthalpy determined in the 13 areas of interest in the Andes region and
one in the coastal part of the country". The table enclosed showed

30 hot springs in 13 areas. The temperatures were in the range 20-50°C
and the pH was low 5.5-7.5. Flowrates 0.5-15 1/s. Some of the hot

springs are apparently used for bathing purposes.

Peru

In 1979 INGEMMET started a reconnaissance study of an area of 100,000
km? in cooperation with OLADE in the south of Peru, according to Arnao.
OLADE has given a contract to the Italian company Aquater to work with

INGEMMET. Numerous hot springs and fumaroles are known to exist in Peru.

Argentina

Starting 1980 extensive geothermal investigations are to be carried out
until 1984 costing 12.5 million U.S. dollars. There are 7 identified
geothermal regions in the east Andes that constitute 15 areas in total
2,000 km2. Some of the work is to be carried out by Lationconsult

S.A. with the assistance of Electroconsult S.A. In a book by Maraggi
(1970) there is information about hot springs and borholes discharging
very large quantities of water; e.g. the well at Bahia Blanca gives

1000 m3/h at 63°C and 15 atm.

Brazil

Geothermal exploration has been started in Brazil and there are at least
23 known hot springs, primarily in the state of Goizs. A paper by Hamza
et al. (1978/79) describes heat flow studies and the Parana Basin which
"is found to offer at present the best site for extraction of geothermal
energy in Brazil. Preliminary examination of the temperature distribu-
tions in the major aquifer....suggest that it contains substantial
quantities of warm waters in the temperature range 40 to 90°Cc". It is
concluded by the authors that this water does not constitute an economic

resource.
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Bolivia

According to Carrasco (1975) “"there exist numerous geothermal mani-
festations in the western or Andean region of Bolivia, such as hot
springs, fumaroles, and solfataras”. Data from about 30 thermal springs
indicate temperatures from 37 to 77°C with one exception 80°C. Many of
the hot springs are being utilized for bathing purposes. The rates of

discharge are estimated to range from 1-40 1/s.
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Geothermal Division 1980.10.23

WEST INDIES

Information

The questionnaire was sent to J. G. Rigaud in Haiti and to W. Hay in

Jamaica. No reply has yet been received. It is known that in

Guadeloupe there is high-temperature geothermal energy.
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Geothermal Division 1980.10.27

AUSTRALIA

Geography

Area 7,686,884 km2

Population 13,915,500 (1976)

Information

The questionnaire was sent to J. P. Cull who replied quickly and enclosed

several papers.

Utilization

Although steam fields are unknown in Australia, large volumes of hot
water are continuously extracted from sedimentary basins throughout the
continent for domestic and stock use and these low~-enthalpy resources
have already been exploited for industrial purposes. About 17 hot spring
areas have been developed for tourism and at 3 locations hot water bores
produce water for domestic and industrial uses. Water at 68°C for use
in manufacturing paper has been obtained from a depth of 600 m near
Traralgon in the Gippsland Basin. In addition there are towns which
rely exclusively on distribution of boiling artesian water, e.g. at
Quilpie in Queensland all hot water requirements are supplied directly
from the town bore and drinking water is air cooled in individual tanks.

A geothermal space heating system is at a motel in Innot in Queensland.

At Portland water at 52°C is continuously extracted (80 1/s) from aquifers
at depths near 1400 m. This water is cooled and aerated to remove odour
and iron deposits before it is distributed. Proposals have also been made
to extract geothermal energy for space heating at the Portland hospital

in Victoria but because of excessive pumping costs it has not been

acted on. The above mentioned borehole in Portland is in the Otway

Basin.
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There is limited information available of the flowrate and temperature
of hot springs and boreholes producing thermal water. In the Great
Artesian Basin there are more than 1000 indexed water bores

deeper than 300 m, of these, 226 penetrate to depths greater than 1000 m.
Fifty-eight (58) bores are classified as hot (water temperature greater
than 65°C), with flow rates generally in excess of 10 1/s. It is of
interest to note that 58 boreholes at 10 1/s and 65°C correspond to

158 MW, 122 MW and 61 MW-thermal above 0°C, 15°C and 40°C reference tem-
peratures, respectively. Only a small fraction of this water is used

for thermal purposes.

Exploration

Heat flow measurements have been done in Australia to compile a heat
flow map. More detailed measurements have been done in the Otway Basin
for geothermal purposes. No standard geothermal exploration work (geo-
chemistry, electrical resistivity etc.) has been done there nor has

any drilling for hot waters been carried out. It appears clear that
geothermal in Australia is low-temperature associated with sedimentary
basins. There are extensive sedimentary basins in Australia - they

occupy more than 60% of land surface area.

Assessment

Sedimentary basins containing high-yield aquifers are found in all states
of Australia (the Great Artesian Basin alone covers 22% of the total land
area of the continent). The energy contained in these basins exceeds

1021 J down to 10 km.
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Geothermal Division 1980.10.27

AUSTRIA

Geography

Area 83,849 km2

Population 7,513,000 (1976)

Information

The questionnaire was sent to J. Z&tl who sent a reply with satisfactory

information.

Utilization

In Waltersdorf in the Syrian Basin one borehole 10 1/s of 61°C produces
from an aquifer at 1100-1200 m with 37 m drawdown the water being used to
heat schools and a greenhouse. Thermal power therefore being 2.6, 1.9 and
0.9 MW-thermal for 0°C, 15°C and 40°C reference temperatures. In Geinberg
in the Molasse Zone there is a well with 10 1/s artesian flow of 95°C.
Utilization planned for heating and agricultural industry. Thermal power

therefore 4.0, 3.4 and 2.3 MW-thermal.

Exploration

There are 5 main areas in Austria with low-temperature fields: Syrian
Basin, Northem Burgenland, Vienna Basin, Molasse Zone and the Rhine Valley.
The first of these belongs td the western part of the Pannonian Basin.
Some drilling has been done in the Syrian Basin but at present without
success. This basin does have some remarkable local geothermal gradient
enomalies. In the Northern Burgenland area the situation is similar.

In the Vienna Basin there is a fault-zone at its SW boundary with thermal
springs and well known health resorts. In the Molasse Zone some thermal
water aquifers exist in the strata at the base of the molasse. The same
applies to the Rhine Valley area. Present exploration projects include
geothermal mapping etc. (pre-drilling stage) for obtaining water for two

towns in the Molasse Zone.
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Geothermal Division 1980.10.27

CANADA

Geography

Area 9,876,185 km2

Population 23,300,000 (1976)

Information

The questionnaire was sent to A.M. Jessop who sent a reply, enclosing one
report on sedimentary basins and a list of references, Canadian and foreign.
Jessop stated: "We have been working mainly in two areas in Canada, the
volcanic zones of British Columbia, with concentration on Meager Mountain,
and in the sedimentary basin of the Prairies. At Meager Mountain we have
now encountered a temperature of 202°C at 365 m depth, and so this area

is no longer relevant to your survey. However, there may be reservoirs

of water below 180°C that are now unknown. In the Prairies we know there
is very great amount of hot water in the porous formations, but we have

not examined the detailed distribution of resources".

Utilization

There are 9 spas and swimming pools in British Columbia and 1 in Yukon
Territory that use geothermal water. 1In the towns of Whitehorse and
Mayo in Yukon Territory 150 1/s at 7°C and 15 1/s at 15°C, respectively,
are used to prevent freezing in municipal water supply pipes in winter.
In future it is planned to heat a 20,000 m2 sports buildings at the
University of Regina, Saskatchewan. Estimated flowrate is 50-70 m3/h
of 60°C water; reinjection will be at 20-30°C. The production well

is completed, but the reinjection well is to be drilled in 1980. The

building is expected to be completed in 1981-1983.

Exploration

Sedimentary basins: 1) Research into thermal patterns beneath the
Prairies, 2) Research into temperature in potential hot-dry-rock and

low-temperature water areas in British Columbia.
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Assessment

Total heat in hot water in sedimentary rocks beneath Prairies estimated
at 4.8 x 1022 J (total heat above 0°C in water that is at least 50°C).

In other areas there is insufficient data.
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Geothermal Division 1980.08.12
CZECHOSLOVAKIA
Geography

Area 127,871 km®
Population 14,976,000 (19706)

Information

Questionnaire sent to V. Cermdk that forewarded it to O. Franko regarding
Slovak Socialist Republic (SSR). In Cermék’s reply there was information
from J. Jetel (assessment) and T. Paces (exploration) regarding Czech
Socialist Republic (CSR). Cermék identified institutions and individuals
in Czechoslovakia responsible for geothermal matters. Papers by Franko

& Racicky, Franko & Mucha and Paces & Cermak at San Francisco 1975 were

consulted.

Utilization

Present utilization of geothermal energy in Czechoslovakia is limited to
the SSR in the east (West Carpathian). Franko stated flowrates and
temperatures of geothermal waters used in the SSR to heat greenhouses,
swimming and recreation pools and for space heating. Individual flow-

rates are 3-53 1/s and temperatures 40-92°C.

TABLE 1:

Geothermal energy use in Czechoslovakia

Thermal power MW

>0°C > 15°C > 40°C
Present (1973-1980) 49 35 21
Future (1981-1985) 10 8 -

The future utilization value above shows the geothermal waters already

available (2-15 1/s at 48-61°C) that will be used in the next few years.
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Exploration

In the CSR the possible use of hot-dry-rock is being investigated.
Preliminary work should be finished by 1983 when a 1000 m borehole

will be drilled. In the SSR about 24 prospective geothermal areas are

to be investigated before 2000. In the most promising of these (central
depression of the Danube basin) an exploration programme will be com-
pleted by 1982. Most of the Vienna basin exploration boreholes will be
drilled 1982, 1983 and 1984 to a depth of 2500 m, expecting 80°C reservoir

temperature.

Assessment

Franko & Racicky (1975) stated that in the Bohemian Massif region (CSR)
there are about 10 geothermal areas (localities). The total flowrate

of the thermal springs was estimated 150 1/s and the maximum temperature
70°C. The thermal power of all the spring was estimated 23 MW (20 x 106
kcal/h). The reference temperature was not given. Franko & Racicky
also stated that in the West Carpathian region (SSR) there are about

60 geothermal areas (localities) yielding in total flowrate 700 1/s and
maximum temperature 70°C. The thermal power was estimated 70 MW

(60 x 106 kcal/h) the reference temperature not given. At the same time
it was reported that about 30 MW thermal (reference 0°C) could be ex-
tracted from research boreholes that had been drilled in the SSR or

West Carpathian region. These boreholes produced about 222 1/s of

thermal waters at temperature 22-92°C.

In the hot-dry-rock work in the CSR it has been estimated, according to
2 .

J. Jatel, that 28 x 10 L J of geothermal energy constitutes the

"accessible resource base" in the most favourable part of the region.

This is in an area with 130°C at a depth less than 6 km.

In the SSR Franko & Mucha (1975) estimated that 710 1/s of 100°C water
could be exploited in a 3770 km2 area of the Danube basin, amounting to
256 MW thermal. Franko (in his reply to the questionnaire) stated that

in the central depression of the Danube basin the thermal water "re-
serves" amounted to 120 MW thermal with reference temperature 20°C.
For the whole of the West Carpathians the "dynamic reserves of thermal
energy" was given as follows: "Heat power of estimated prospective

reserves of thermal waters 890 MW or 2773 MW in total".
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ORKUSTOFNUN JSG/de

Geothermal Division 1980.10.24

DEMOCRATIC PEOPLE 'S REPUBLIC OF KOREA

Geography

Area 121,248 km?

Population 16,250,000 (1976)

Information

In 1978 G. Palmason went on a U.N. mission to North Korea to advise on
geothermal exploration. There are numerous hot springs in the People’s
Republic and 23 low-temperature areas have been identified. A 1200 m
deep geothermal borehole was drilled in 1978 (10 km east of Kilju and

15 km north of Hwadae) yielding 70 1/s of 96°C water. There is now an
exploration programme for geothermal energy in progress. There is no
information available on utilization. It is likely that most of the geo-
thermal resources in North Korea are low-temperature as they are in

South Korea.



-104-

ORKUSTOFNUN JSG/es
Geothexmal Division 1980.10.27
DENMARK
Geography
2

Area 43,030 km .
Population 5,065,313 (1976).

Epformation

The questionnaire was sent to N. Balling and a reply was received from
S. Saxov. There is no utilization of geothermal in Denmark and there
are no plans for its use in future. The Ministry of Energy is however
working on an updated Energy Plan in which geothermal is included.
Denmark takes part in the European Communities geothermal programme,
e.g. heat flow and thermal conductivity of rocks. A report is being

prepared on a "proposal for prespective areas".
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ORKUSTOFNUN JSG/sv

Geothermal Division 1980.10.24

FEDERAL REPUBLIC OF GERMANY

Geography

Area 248,529 km2.

Population 61,531,000 (1976).

Information

The questionnaire was sent to O. Kappelmeyer but no reply has yet been
recelved. It is however known that there is some geothermal work
carried out in West Germany e.g. as a part of the geothermal programme
of the Commission of the European Communities (CEC). At a seminar
organized by the CEC in Strasbourg 4-6 March 1980 (Second International
Seminar on the Results of the EC Geothermal Energy Research: "Advances
in European Geothermal Research") there were given details about some
geothermal projects in West Germany. It appears that the Upper Rhine
Graben is being investigated in a French/German programme and there is

also a hot-dry-rock project in progress near Falkenberg in NE Bavaria.
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ORKUSTOFNUN JSG/be
Geothermal Division 1980.10.24
EIRE
Geography
2

Area 70,282 km
Population 3,160,000 (1976)

Information

A paper by Aldwell & Burdon (1980) shows that 17 known warm springs are
in Eire (Republic of Ireland). These are now being investigated as a

part of the European Communities geothermal programme.
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ORKUSTOFNUN JSG/sv
Geothermal Division 1980.10.23
E‘IJI
Geography
2

Area 18,272 km
Population 580,000 (1976)

Information

The questionnaire was sent to H. G. Plummer who replied and enclosed a
Cabinet Memorandum from March 1979 by himself on Geothermal Resources

in Fiji, and an abstract of a paper by M. E. Cox (1979) on "Geothermal
Occurrences in the Southwest Pacific" and a section entitled "Geothermal
Energy in the Solomon Islands" from "Energy Resources in the Solomon
Islands" by F. I. Coulson (1979). After meeting M. E. Cox in the U.S.
he sent further information, including his 1979 paper mentioned above,

a paper in the G.R.C. Transactions 1978, a preprint on stable isotope

work in Fiji and a section from a report by K. H. Williamson (1980).

General

Plummer stated that during 1980 some slim line holes to about 300 m are
to be drilled to make heat gradient measurements in 4 areas on the is-
land of Viti Levu. The only use of geothermal energy is for cooking

at a few localities.

In Cox’s (1979) paper there is information on geothermal energy in Fiji:
"In the Fiji islands, more than 60 localities with thermal sSprings are
widely distributed over the two main islands of Viti Levu and Vanua Levu
and also on the smaller islands of Katavu, Ono, Gau, Vanua Balavu and
Rabi. The majority of occurrences are on the island of Vanue Levu.

Most thermal discharges occur as springs with temperatures of 40 to

60°C and lcw flowrates ( >3 1/s). Estimates of subsurface temperatures
by geothermometers indicate 90 to 115°C for most spring groups. In

two areas on Vanu Levu (Labasa and Savusavu) there are groups of boiling
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springs with estimated reservoir temperatures of 120°C (Labasa) and 150
to 160°C (Savusavu)." These two areas appear to present the most poten-

tial of all the known geothermal occurrences on Fiji.
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ORKUSTOFNUN JSG/sv
Geothermal Division 1980.10.24

GERMAN DEMOCRATIC REPUBLIC

Geography
Area 107,861 km2
Population 16,790,000 (1976]

Information

Questionnaire sent to E. Hurtig who sent a reply and stated: "At
present in the GDR no geothermal energy is used and no exploration

projects are in the stage of planning”.
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ORKUSTOFNUN JSG/gss
Geothermal Division 1980.08.07
GREECE
Geography

Area 131,990 km2

Population 9,170,000 (1976)

Information

The questionnaire was sent to A. Papastamatoki at the Institute of Geo-
logy and Mineral Exploration (IGME). A reply was received from M.
Fytikas, the head of the Geothermal Section of IGME. The reply contained
a large map of Greece showing the geothermal areas of the country. The
reply also contained a "Brief Note on Geothermal Resources in Greece"

(one page) with information relevant to the survey.

Available information on geothermal energy in Greece is not extensive.
One paper (Dominco & Papastamatoki) was presented in San Francisco on
the chemistry of Greek geothermal waters. No paper was presented in
Pisa. Several papers on geothermal in Greece were presented at an
international conference in Athens 1976. These papers are of limited

use in the present survey but do provide some background information.

Egilization

Fytikas stated that "up to date there is no use of low-temperature geo-
thermal energy except in the case of natural thermal springs used for

therapeutical purposes".

Exploration

In the last 10 years the Greeks have mainly been interested in high-
temperature areas. They have carried out geochemical and other studies
and drilled in the most favourable sites. Exploration for low-temperature
areas has not been extensive so far although some work has been carried

out. Fytikas stated that "there is an extensive local reconnaissance
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project to a relatively shallow depth (up to 200 m) in the area of
Polichnitos (Lesbos island) starting this year and studying the possi-
bility of heating application”. Dominco & Papastamatoki (1975) stated
that Polichnitos was one of three geothermal areas on the island of
Lesbos. About 20 thermal springs are reported in the Polichnitos area
with a flowrate of 53 m3/h (15 1/s) of waters at 50-87.5°C. The reser-
voir temperature has been estimated 100-150°C. The two other areas on
Lesbos are not as well documented. Fytikas stated that the IGME is also

undertaking projects at pre-drilling stage at several other sites.

Assessment

A preliminary geothermal map of Greece has been prepared, showing low
and high temperature fields. About 40 areas are under exploration.
Several papers on thermal springs in Greece were presented at the
"International Congress on Thermal Waters, Geothermal Energy and Vulcan-

ism of the Mediterranean Area" in Athens, October 1976.
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ORKUSTOFNUN JSG/gss
Geothermal Divisiocon 1980.08.27
INDIA
Geography
2

Area 3,287,606 km
Population 610,080,000 (1976}

Information

The questionnaire was sent to several individuals in India. These are:
M. L. Gupta at the National Geophysical Research Institute, V. S.
Krishnaswamy at the Geological Survey of India, B. C. Raymahashay at
the India Institute of Technology, M. Sabnavis at Osmania University
and S. A. Subramanian at the Central Electricity Authority. Replies
were received from M. L. Gupta and B. C. Raymahashay but not the others.
Papers from the San Frarcisco symposium were consulted for background

information.

Utilization

It was indicated by both Gupta and Raymahashay that there is no utiliza-
tion of geothermal energy in India except for bathing purposes. They
reported present and past experimental utilization projects - all of

which are probably in high-temperature areas.

Exploration/Assessment

Raymahashay reported that: "There are four major belts where utilization

of geothermal waters are promising. These are (i) The Puga-Chumathany

Field in NW Himalayas where silica base temperature is 160 to 180°c,

(ii) The Maikaran-Kasol Field also in NW Himalayas where silica base

temperature is 110 to 130°C, (iii) The Vajreswari Group on the west coast

with silica base temperature around 120°C and (iv) The Bihar-Bengal Group

in Eastern India where silica base temperature is 100 to 120°C. He
also mentioned two more areas viz. the Sohna Field near Delhi and the
Sarguja Springs in central India ..." both of which are presently under

investigation.
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Gupta reported that: "Over 250 hot spring sites are known presently in
India. It has been inferred that 76 out of these have a total stored

. 8
heat potential of 25.4 x 10° cal (1.1 x 1010 J).... Out of these over

30 are high temperature systems (150°C) and the others are intermediate

systems (90-140°C). Except two, all the other high-temperature systems
are located in the NW Himalayas". Gupta reported several geothermal ex-
ploration projects in India by various organizations: (i) The Geological

Survey of India, (ii) The Central Energy Authority, (iii) The National
Geophysical Research Institute and (iv) The United Nations Development

Program. These were also mentioned by Raymahashay.
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ORKUSTOFNUN JSG/sv
Geothermal Division 1980.10.24
INDONESIA
Geography

Area 1,919,270 km2
Population 139,620,000 (1976)

Information

The questionnaire was sent to I. Akil who sent a short reply regarding
utilization which is none. 1Indonesia is a part of an active island arc
system and its geothermal fields are mostly high-temperature. No large
scale geothermal power generation has yet been initiated in Indonesia
although it is understood that a 250 kW station has or will shortly
begin operation. Akil stated that some consideration has been given

to non-electric uses in Indonesia and he mentioned several drying pro-

cesses.
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ORKUSTOFNUN JSG/sv
Geothermal Division 1980.10.23
ISRAEL
Geography
2

Area 20,702 km
Population 3,460,000 (1976)

Information

The questionnaire was sent to A. Rappoport but later it was returned
(Inconnu Retour) un-opened. A paper by Eisenstat (1978) was then con-

sulted.

Ger~ral

There are several hot springs in Israel with temperatures up to 72°C.
There are hot springs in the Red Sea area. Utilization experiments

with soil heating and fish farming have been carried out.
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ORKUSTOFNUN JSG/gss
Geothermal Division 1980.08.11
ITALY
Geography

Area 301,191 km2

Population 56,323,000 (1976)

Information

The questionnaire was sent to P. Ceron. A comprehensive reply was re-
ceived, including reprints from Geothermics and a computer print-out
showing the utilization of low-enthalpy fluids in Italy. A note on
"Assessment of Geothermal Potential of Central Part of Italy" (by Ceron)
was also received. In a later communication Ceron sent a note on
"Geothermal Activity in Italy and Prospects for Increasing Production"

that was prepared by ENEL and AGIP (ENI).

Utilization

The main use of geothermal in Italy is electricity production, with

430 MW electrical in total.

Ceron gave information on non-electrical uses of geothermal energy in
Italy at temperatures below 180°C. However, not all of these are in
low-temperature fields. 1In the present survey district heating, green-
houses and industrial uses at Larderello will therefore be omitted,

being 25 MW, 3 MW and 23 MW-thermal respectively.

In the computer print-out sent by Ceron it is not clear what reference
temperature the stated MW-values are based on. An examination of the

values seems to indicate 0°C as reference temperature.

Agriculture: At Galzignano there are 20,000 m2 of greenhouses heated
with 10 1/s of 60-65°C water. Heating capacity 3.5 MW thermal. In

future a 3.5 MW greenhouses is planned at Mantova.
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Balneotherapy: At Abano there are more than 130 "hotel spas" with
1100 1/s at 64-87°C amounting to 230 MW thermal. There are several

other spas in Italy.

District heating: At Abano Therme 74 hotels and private dwellings heated
with 340 1/s (maximum 600 1/s) at 65-87°C. Thermal capacity 84 MW. In
future a pilot scheme will be built at San Donato using 100 m3/h of 65°C

water with thermal capacity 12 MW.

TABLE 1:

Use of low-temperature fields

Installed capacity

Type
MW-—thermalX

oo

Greenhouses (20,000 m2)

at Galzignano 3.5 1.1
Baths at Abano 230.0 72.4
District heating at Abano 84.0 26.5
Total: 317.5 100.0

x Probably based on 0°C reference temperature.

It is of interest to note that the present uses of geoheat given by

Ceron are almost the same as given by Howard (1975) five years ago.

Exploration

With regard to low-temperature fields in Italy AGIP and ENEL have a
programme to explore several "exclusively low-temperature areas" in the
next 5 years. As a part of the EEC (European Economic Community) geo-
thermal programme the Po Basin is being explored, e.g. for district

heating at San Donato.

Assessment

Comprehensive assessment of geothermal energy in Italy has been carried

out. Ceron presented the main results in a note that is based on several
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published papers. The "reserves" down to 3 km depth have been estimated
as 12,000 GW-years-thermal (3.8 x 1020 J). It was assumed that 1/3
could be extracted above 130°C and 2/3 at temperatures 60-130°C. The
reference temperature was 15°C. Therefore, the low-temperature (60-
130°C) geothermal reserves of Italy have been estimated 8,000 GW-years-
thermal or 2.5 x 1020 J above 15°C.
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ORKUSTOFNUN JSG/gss
Geothermal Division 1980-08-27

MEXICO

Geography

Area 1,972,363 km2
Population 62,330,000 (1976)

Information

The questionnaire was sent to S. Mercado who indicated in his reply that
Mexico was for the time being only interested in exploiting high-temper-
ature fields. Paper by Alonso (1975) was consulted for background infor-

mation.

Utilizatiog

The main use of geothermal in Mexico is for electricity production, 150
MW-electrical being installed at Cerro Prieto. (Fanelli & Taffi 1980).
Mercado sent a map of Mexico showing "several points of geothermal in-
terest". He stated that many of these "have low-temperature reservoir
but for now CFE have this under classification and evaluation. Mercado
also indcluded some data (and a map of the area) on the province of Cha-
pala showing utilization of low-temperature fluids. Table 1 shows the
relevant data and the associated thermal power. The thermal waters range
in temperature 33-68°C and are 1160 1/s in total flowrate. It should

be noted that the thermal waters are used for irrigation, drinking, wash-
ing and bathing. Utilization in other provinces of Mexico was not report-

ed by Mercado.

Exploration/Assessment

Alonso (1975) reported the status (exploration and development) at 6 geo-
thermal fields in Mexico - most of these are probably high temperature.
He stated that some exploration (mainly geochemical) has been carr-

ied out at 15-20 other areas. He also stated that: "In Mexico, 130 hydro-
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thermal areas have been located, varying from small seeps to large water
and steam flows". A table presented by Alonso (1975) showed how many are
in each of the Mexico states (provinces?). A "mean temperature" was also
reported for the "principal hydrothermal zones" in each state. For the
130 areas the "mean temperature" was in the range 40-90°C. No assessment

study has been reported for low-temperature fields in Mexico.
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ORKUSTOFNUN JSG/sv
Geothermal Division 1980.10.24
NETHERLANDS
Geography
2

Area 36,175 km

Population 13,733,578 (1976)

Information

The questionnaire was given to S. Prins who sent a short letter in
reply. A news brief has appeared in Nature (Schurring 1980) on geo-

thermal in Holland.

Utilization

At present there is no utilization of geothermal in the Netherlands.
This year a demonstration project (just south of Rotterdam) is expected
to start and will consist of a production and reinjection doublet.

The expected production is about 150 m3/h at a temperature of about

100°C. The intention is to heat 50 houses to be connected in 1982.

Exploration

The Netherlands is taking part in a Belgium seismic exploration project
aimed at finding karstified areas in the carboniferous limestones at

depths between 1000-3000 m.

Assessment

In the next two years the intention is to make an assessment of the
low-temperature potential of the country on the basis of existing data
mainly from the oil industry. It has been estimated that the geo-
thermal resource in the Netherlands is equivalent to 12-25% of their
natural gas reserves. The most favourable areas are in the south of

the country. The Netherlands take part in the EEC geothermal programme.
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ORKUSTOFNUN JSG/gss
Geothermal Division 1980.08.27

NEW ZEALAND

Geography

Area 268,676 km2

Population 3,129,383 (1976)

Information

The questionnaire was sent to R. Bolton who sent a map showing the loc-
ation of main low-temperature geothermal areas and a table listing the

temperature and flowrate of these.

Utilization

Bolton stated that: "In New Zealand there is a large number of low tem-
perature hot spring areas. However, none is exploited on a large scale and
there are no foreseeable plans for such exploitation. ...small scale utili-
zation in the form of private or public bathing is the predominant use.

Data on such utilization is non-existent.

Bolton gave information on flowrate and temperature of 11 thermal areas.
One of these is in the Hauraki Geothermal Regions the others in the Rotor-
ua-Taupo Geothermal Region. In total these uses amount to 3.0 MW, 2.6 MW
and 2.0 MW-thermal for 0°C, 15°C and 40°C reference temperatures. Most

of these are for bathing.

Although low-temperature geothermal energy is not used in New Zealand, there
is considerable direct use of high-temperature fields. These are at Kawerau
(186 tonne/hr of steam, 1590 TJ), Broadlands (9.4 tonne/hr of 184°C steam),
Rotorua (industrial/commercial usage 720 TJ/yr and domestic 40 TJ/yr), and
Taupo (not known). The installed electrical generating capacity was 202
MW-electrical in 1979, at Wairakei 192 MW-eletrical and at Kawerau 10 MW~

electrical.
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Exploration/Assessment

Three geothermal regions are identified in New Zealand each with several
low-temperature fields/areas. In the Nortland Geothermal Region there
are 10 areas, in the Hauraki Geothermal Region 9 areas and in the Rotorua-

Taupo Geothermal Region 15 areas.

There is probably no exploration carried out in low-temperature geo-

thermal fields and no assessment study has been reported.
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ORKUSTOFNUN JSG/sy
Geothermal Division 1980.10.24
PHILIPPINES
Geography

Area 299,767 km?
Population 43,750,000 (1976}

Information

The questionnaire was sent to N.C. Vasquez and a reply was received.
There it is stated: "We are very sorry to say that at this point we can
not provide any meaningful information regarding this type of geothermal
fields. Our government has placed the highest priority on electric
power generation and for this our thrusts have been the exploration

and development of hotter fields". Vasquez did enclose up-to-data
information on the status of projects in the 7 high-temperature fields
being explored and exploited at present. The geothermal developments

in the Philippines are on a relatively large scale and have progressed

rapidly in only a few years.
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ORKUSTOFNUN JSG/gss

Gecthermal Division 1980.08.12

POLAND

Geography
2
Area 311,701 km

Population 34,528,999 (1976)

Information

The questionnaire was sent to J. Dowgiallo who replied. A paper by him

at San Francisco 1975 was consulted.

gtﬂlizag}on

Water at 20-63"C is used in baths and swimming pools 235 1/s. Water at
32-67°C is available but not used 55 1/s. No new uses have been intro-

duced recently nor are planned in the next few years.

TABLE 1

Geothermal waters in Poland

Thermal power MW

>0°C > 15°C >40°C

Used 35 20 1

Not used 12 9 3

Total: 47 29 4
Exploration

The Sudets: Exploration drilling is planned in the West and Central

Sudetas near Cieplice and Ladek.

The Mogilin-L6dz basin: Presently 5 boreholes are being drilled and

temperatures reaching 80° are expected. High salinity may complicate

the utilization.
Assessment

Comprehensive report is being prepared.
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ORKUSTOFNUN JSG/be

Geothermal Division 1980.10.23

REPUBLIC OF KOREA

Geography

Area 99,591 km2

Population 36,400,000 (1977)

Information

A preprint of a report by N. G. Banks at the Hawaiian Volcano Observatory

was received from M. Cox at the Hawaii Institute of Geophysics (see Fiji).

General

The report by Banks is the result of a joint U.S. and Republic of Korea
(ROK) assessment study. He reviews the literature and reports on his
visits to the main geothermal sites and the chemical analysis of the
water samples collected. The main results of the report are: Available
geological, geochemical, geophysical, and hydrological data do not favor
presence of high temperature ( >150°C) geothermal resources on the main-
land of the ROK. There is however some potential for high ( >150°C) or
intermediate (90-150°C) enthalpy geothermal systems on the volcanic is-
lands of Cheju-do and Ulleung-do. On the mainland there is also some
potential for geothermal resources of intermediate temperatures. Mea-
sured temperatures and geothermometers at 7 of the mainland thermal springs
suggest that reservoir temperatures approach or exceed 90-100°C. Low
temperature geothermal systems have been proven at twenty localities
around the ROK and one other has been reported. The warm fluids issue

or are pumped from restricted structural aquifers and apparently result
from deeé circulation of groundwater in regions of normal heat flow and
geothermal gredient. The water is potable at all localities, has neutral
to high pH and low amounts of dissolved solids. The wells are normally
150-300 m deep, the deepest is 1150 m. Currently, a total of about

3 x 104 m3/day (350 1/s) are produced at the 20 known localities and un-

doubtedly production could be increased. Most of the thermal springs



-129-

issue on or near valley floors. The thermal water has been used mainly
for bathing and medical purposes, although small amounts are used for
heating of dwellings and fish ponds. The use of the thermal springs
for medical and bathing uses dates at least 10 centuries back. The
waters are alkaline and measured temperatures in springs and shallow
wells range from about 20-99°C. Typically, they are less than 50°C.

Geothermometers indicate 130°C as maximum reservoir temperature.
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ORKUSTOE%UN JSG/gss

Geothermal Division 1980.08.11

ROMANIA

Geography

Area 237,500 km2

Population 21,559,416 (1977)

Information

The questionnaire was sent to A. Manilici. No reply was received.
Papers by Barbier & Fanelli (1977) and Opran (1974) were consulted for
information. Fragmented information was obtained from discussions with

a Romanian delegation to Iceland in 1978.

Utilization

There are many spas in Romania as in Hungary and other neighbouring
countries. Most of the spas are probably in the region or county of

Bihor.

Barbier & Fanelli (1977) state that there is district heating in 1600
apartments in Oradea, the largest town in Bihor, using water at 65°C.
They also state that in Oradea and surroundings there are 30,000 m3 of
greenhouses using geothermal energy, with 6 MW-thermal associated power.

The power associated with the district heating was not given.

To estimate the associated thermal power, a simple comparison with
Hungary can be made. In Hungary there are 1.7 x 106 m2 greenhouses

with 316.89 MW-thermal above reference temperature 40°C (iNote JSG-80/05).
Assuming the same energy requirements of greenhouses in Romania and
Hungary, the thermal power associated with 30,000 m2 becomes 5.6 MW-
thermal, compared to 6 MW-thermal as given by Barbier & Fanelli (1977).
For reference temperatures 15°C and 0°C the estimated associated thermal
power becomes 9.4 MW and 12.3 MW respectively. The same can be done for
the district heating. In Hungary with 34.56 MW-thermal above 40°C (Note

JSG-80/05). 1In Romania with 1600 apartments using 65°C water the esti-
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mated associated thermal power becomes 15.8 MW, 16.7 MW and 34.9 MW
for 40°C, 15°C and 0°C reference temperature. These estimated values

are shown in the following.

TABLE 1

Estimated installed geothermal power in Romania

Installed thermal power MW

Use

>0°C >15°C >40°C
Baths ? ? ?
Greenhouses 12 9 6
30,000 m”“
District heating 35 27 16
1600 apartments
Total: 47 36 22

Exploration

In 1970 a national geothermal programme was initiated. In 1978 about
60 geothermal boreholes had been drilled. Usual temperature is 50-95°C

with 140°C maximum in one well.

Assessment

Geological evidence suggests that the geothermal region of Hungary ex-
tends to Czechoslovakia and Romania ... (Electric Power Research Insti-
tute 1977). The geothermal region (of Hungary) extends outside the
boundaries of Hungary into Czechoslovakia, Romania, Yugoslavia and Austria.
In this region outside Hungary limited geothermal explotations have been
made, but from petroleum exploration data it has been estimated that

the geothermal potential around Hungary, within the Carpathian basin,

is about 60% of the Hungarian value (Boldizsar 1979).

According to Opran (1974) the "evaluation of the thermal water resource
in the Bihor region only, exceeds 65 x 106 m3/year (2410 kg/s), that is
5.3 x 10° Geal/year (743 MW-thermal)".
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ORKUSTOFNUN JSG/dbe

Geothermal Division : 1980.10.24

SOLOMON ISLANDS

Geography

Area 29,785 km2

Population 200,000 (1976)

Information

In the reply of H. C. Plummer regarding Fiji there was included informa-
tion on the Solomon Islands by F. I. Coulson. A preprint of a paper by
M. E. Cox (1979) on "Geothermal Occurrences in Southwest Pacific" gives

information on the Solomon Islands.

General

Most of the geothermal activity on the Solomon Islands appears to be
high-temperature. The main field of interest being at Paraso (Vella
Lavella) in the New Georgia group of islands. In the northwest of
Guadalcanal (Cox, 1979) there are 24 saline thermal springs with tempera-

ture of 28-58°C. Likely subsurface temperatures there are 140-180°C.

Unfortunately there is not a big market for energy on the Solomon Islands.
However, if high-temperature fields would be developed there is the possi-
bility of processing local reserves of 60 million tonnes of bauxite or

for use in forest and paper industry.
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ORKUSTOFNUN JSG/sv
Geothermal Division 1980.10.24
SWEDEN
Geography

Area 449,792 km2
Population 8,236,179 (1976)

Information

The questionnaire was sent to K. G. Eriksson who sent a reply. A paper

by Eriksson et al. (1978/79) was also consulted.

Utilization

At present there is no utilization of low-temperature geothermal energy

in Sweden. It is however planned to use geothermal for house heating

at two sites. Both are situated in Skane, in the SW part of Sweden, in
paleozoic and mesozoic sedimentary rocks. At Vellinge there is produced
25 1/s at 62°C which will be used in conjunction with a heat pump to

heat the town hall and about 250 apartments. The above 25 1/s corresponds
to 6.5, 4.9 and 2.3 MW-thermal above 0°C, 15°C and 40°C. At Landskrona
there is 50 1/s produced at 25°C, i.e. 5.2 and 2.1 MW-thermal above 0°

and 15°. This water will be used in a heat pump system to heat about

300 small houses.

Exploration

There are no further geothermal exploration programmes "available" in
Sweden according to Eriksson. There has been some interest in hot-dry-

rock in Sweden.

Assessment

It was stated by Eriksson that "an assessment has been made only for the
southwesternmost part of Skdne, which is supposed to have a total poten-—

tial of low-temperature energy of about 6000 TW".
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ORKUSTOFNUN JSG/oe
Geothermal Division 1980.10.23
SWITZERLAND
Geography

Area 41,287 km2
Population 6,350,000 (1976)

Information

No questionnaire was sent but after a meeting with L. Ryback two papers

were received with up-to-date information.

Utilization

There is no utilization of geothermal in Switzerland except for spas and
then on a small scale. Several studies have been made of district heating

schemes, some of wich include heat pumps.

Exploration / Assessment

There are 14 distinct thermal spring zones in Switzerland with 5 more zones
in neighbouring regions. Their discharge temperature at the surface vary
from 25°C to a maximum of 62°C. Their flowrates are 1.1-190 1/min. Chemical
geothermometers indicate temperatures of 80-120°C. The most promising
geotheat is in the Molasse Basin. Switzerland takes part in the hot-dry-rock
project of the International Energy Agency. From 1979-1981 a NEFF
(Nationaler Energie Forschungs Fonds) project will comprise a preliminary
investigation of a particular area of geothermal promise (nonthern flank of

Jura range). Some drilling is foreseen for selected targets.
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ORKUSTOFNUN JSG/gSS
Geothermal Division ’ 1980.08.27
THAILAND
Geography

Area 513,579 km2

Population 43,213,711 (1976)

Information

In the geothermal literature there is limited information about Indo-
China. However, recently a paper was published on geothermal energy in
Thailand (Barr et al. 1979). The questionnaire was not sent to Thailand,

nor any other country in Indo-China.

General

The paper by Barr et al. (1979) describes geothermal exploration work
carried out (mainly by staff at Chiang Mai University) in northern
Thailand. It reports the surface features and geological setting of
several hot springs and deals with their geochemistry. Measurements of

thermal gradient are also reported.

There are numerous hot springs scattered throughout northern Thailand.
Barr et al. (1979) show 33 hot spring localities and state that undoubt-
edly more hot springs occur in isclated areas. Present uses of the hot
springs is limited to bathing and boiling food. This is partly because
many hot springs are in remote areas, accessible only by foot, but also
because no studies have been done to assess the possibility of alternative

uses.

Geochemical studies of six hot springs show silica temperatures in the
range 142-194°C. 1In a different (and independent) study of 12 hot springs
(also in northern Thailand) the silica temperatures were estimated 115-
179°C. The geothermal fields in Thailand are associated with the margins

of Cenozoic Basins, granitic intrusions, and/or with major fault zones.
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ORKUSTOFNUN JSG/gss

Gecthermal Division 1980.07.24

TURKEY

Geography

Area 780,579 km2

Population 40,900,000 (1975)

Information

The questionnaire was sent to 0. Ozkocak at the MTA Institute responsible
for geothermal exploration work in Turkey. A reply was received from

S. Talu and M. F. Akkus. Papers by S. Alpan and F. Kurtman & E. Samilgil
from the 1975 San Francisco symposium were consulted for background

information.

Utilization

Talu & Akkus stated that "utilization of the geothermal energy in Turkey

is very limited ....... There is no record of the flow rates and tem-—
peratures (entering and leaving installation) ....... . From the geo-
thermal literature it appears that only experimental utilization facilities
have been set up in Turkey. These are a 0.5 MW electrical turbine and a
1000 m2 greenhouse at Kizildere, a geothermal field with measured tempera-

ture above 200°C.

Talﬁ & Akkus enclosed a comprehensive list of thermal water springs in
Turkey. The list gives the province, name of hot-water spring, tempera-
ture °C, out flow 1/s and type of installation. The installations were
classified as: hotel, primitive and none. A map location of these
springs was also enclosed. BAbout 200 thermal springs are mentioned of
which 50 are used at hotels, 90 are put to some primitive use (bathing ?)

and 60 not used.

Exploration

Extensive geothermal exploration has been carried out in Turkey by the

MTA Institute as reported by Alpan (1975) and Kurtman / Samilgil (1975).



-140-

Most of the geothermal activity appears associated with grabens and
faults. Geochemical and other studies show that reservoir temperatures
(silica geothermometer) in the explored areas are 70-205°C. The known

thermal areas in Turkey are therefore both high and low-temperature fields.

Talu & Akkus stated that exploration and drilling have been carried out
in 6 low-temperature geothermal fields. At Kizildere-Denizli 16 bore-
holes have been drilled, in the other fields 1-4 boreholes. In total
26 boreholes in the 6 fields. These geothermal fields are probably

the same as repcrted by Alpan (1975). Talu & Akkus stated also that
exploration activities are in progress in 15 low-temperature fields

that are in the pre-drilling stage.

Assessment

It was stated by Talu & Akkus that "the total potential of low-tempera-
ture geothermal fields is not known at present". No assessment has been
given in the geothermal literature. It may, however, be interesting to
look at the naturally occuring thermal springs of Turkey. Talu & Akkus
listed 200 springs with temperatures 25-100°C. The total flowrate of
the springs is about 2000 kg/s. The thermal power of the individual
springs was added up and shown to be 402.5 MW, 273.9 MW and 68.7 MW

with reference temperature 0°C, 15°C and 40°C.

Selected Bibliography

Alpan, S., 1975: Geothermal Energy Exploration in Turkey. San Francisco,

pp. 25-28.

Kurtman, F. & Samilgil, E., 1975: Geothermal Energy Possibilities,

Their Exploration and Evaluation in Turkey. San Francisco,

pp. 447-457.



-141-
ORKUSTOFNUN JSG/oe

Geothermal Division 1980.10.23

UNITED KINGDOM

Geography

Area 244,755 km2

Population 56,886,000 (1976)

Information

The questionnaire was sent to J. D. Garnish at the Energy Technology
Support Unit at Harwell. A good reply was received with a paper on

assessment enclosed.

Utilization

The only existing use of geothermal waters is at Bath where the total
flow from the spring complex being almost 16 1/s at 46.5°C. This

corresponds to 3.1, 2.1 and 0.4 MW-thermal above 0°, 15° and 40°C re-
ference temperature respectively. It is unlikely that the hot water

at Bath will be exploited in the near future.

A geothermal borehole has now been drilled in the Wessex basin near
Marchwood Power Station not far from Southampton. If the well produces
hot water in sufficient quantity it will either be used to heat the
feed-water to Marchwood or for space heating in a proposed Civic Complex

in Southampton.

Exploration

Over the last 3 years the U.K. exploration programme has been concentrated
on the Mezozoic basins. Only the Wessex and Northern Ireland basins have

been tested by drilling.

Work is being carried out into hot-dry-rock by the Camborne School of
Mines in Cornwall. The main topic of interest is permeability enhance-

ment of rock in experimental boreholes.
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Assessment

It was stated by Garnish that it is not possible to make any serious
regional geothermal assessment yet. The report by Burley et al. (1980)
is a preliminary assessment. It can be added that the U.K. takes part

in the geothermal programme of the European Economic Community.
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Geothermal Division 1980.08.26

UNITED STATES OF AMERICA

Geography

Area 9,363,168 km2

Population 217,329,000 (1977)

Information

The questionnaire was sent to R.R. Brownlee. A reply was received but
without much information. Brownlee enclosed a brochure "The State Cou-
pled Program: Low- and Moderate- Temperature Resources" from the U.S.
Department of Energy, and a report "Geothermal Reservoir Site Evaluation
in Arizona" by W.R. Hahman (1979). When these had been received the que-
stionnaire was sent to L.J.P. Muffler at the U.S. Geological Survey and
P.J. Lienau at the Geo-Heat Utilization Center at the Oregon Institute of
Technology. Comprehensive information was received from both of these
institutions - from M. Reed at the Survey and G. Culver at the Center,

in addition to P.J. Lienau.

Utilization

Information on geothermal energy utilization in the U.S.A. is compiled

in the " Geothermal Progress Monitor" published by the U.S Department of
Energy. Report no.l was published in December 1979 and report no. 2 in
Jan./Feb. 1980. The "Geothermal Progress Monitor" has sections on: Elec-
trical Uses; Direct-Heat Uses; Drilling Activities; Leases; Geother-
mal Loan Guarantee Program; General Activities and; Legal, Institution-

al and Regulatory Activities.

At the end of 1979 the installed geothermal generating capacity in the
U.S.A. was 663 MW-electrical, all at The Geysers. It is planned that by
1985 this will have increased to over 2000 MW-electrical at all geother-
mal areas. Direct uses of geothermal at the end of 1979 are listed in the
"Geothermal Progress Monitor". The most rapid-growing application of geo-

thermal energy is in the use of geothermal heat as the direct source of
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heat for a large variety of purposes. Individually, projects utiliz-

ing direct geothermal heat use relatively small amounts of energy in com-
parison to an electric power plant. However, the aggregate of such proj-
ects constitutes a significant amount of energy displaced from convention-

al energy sources.

Current direct-heat applications comprise 180 activities in 16 states,
whith an estimated energy use of approximately 1400 billion BTU/yr (1500
TJ/year). There are 57 planned projects. Tabulations of balneclogy appli-
cations (hot water spas and pocls) are maintained separately, as the en-
ergy benefit from these projects is ambiguous. Table 1 shows the totals
for the "standard" applications, the balneclogy applications and the En-

hanced 0il Resovery (EOR) project.

The EOR project consists of injecting water into depleted oil formations
to recover more oil. This is currently being done at the Salt Creek Oil
Field in Northeast Wyoming. The water is acquired from artesian flow
(15,000 gal/min = 946 1/s) at 200°F (93°C). The 10,000 billion BTU/year
listed for this project is a very crude estimate, and is given to show
the magnitude of heat that might be utilized by this application. The
producers are currently asserting that their application does not use the
heat, just the water. Studies are planned, but not yet in progress, to

address this issue.

TABLE 1

Summary of yearly direct heat usesX

No. of Thermal energy
Use -9
users x 10 ~ Btu TJ
Current on-line 180 1,386.2 1462
Baths and pools 90 51.8 55
Enhanced oil recovery 1 10,000.0 10,550
Total 271 11,438.0 12,067

% Reference temperature assumed 15°C.
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Table 1 shows the amount of geothermal energy used per year in direct
use application in the U.S.A. The "current on-line" uses are all the
typical direct uses of low~-enthalpy fluids (district heating, green-
houses, aquaculture etc). For the purpose of the present survey it is
assumed that these direct uses are in low-temperature geothermal fields.
It is not clear what reference temperature the thermal energy use is
based on. In the "Geothermal Progress Monitor" no specific reference
temperature is given. For the present survey, however, the reference
temperature will be assumed 15°C because it is used in the U.S. assess-

ment work.

In a table received from the Geo-Heat Utilization Center, showing areas
with geothermal direct heat on line, there is information on the "peak"

andg "

yearly use" of geothermal energy in the states of California, Wash-
ington, Alaska, Hawaii and Oregon. The largest users of these are Cali-
fornia (77 x 1010 Btu/hr as peak load and 27.7 x 1010 Btu/yr as yearly
use) and Oregon (33.1 x 10© Btu/hr as peak load and 11.1 x 1010 Btu/yr
as yearly use). Therefore, the load factor for California and Oregon
are 41.1% and 38.3% respectively. Boldizsar (1979) has shown that a
load factor of 50% is common for district heating systems and 20% for
greenhouses in Hungary. With this in mind and knowing the overall load
factor for a "mix" of applications in California (41.1%) and Oregon
(38.3%) it would seem reasonable that a overall load factor of 40% would
apply in the U.S.A.Based on this assumption the "peak" or installed geothermal
power in the U.S.A. becomes 115 MW-thermal for "current on-line" in
Table 1 and 4 MW-thermal for "baths and pools". Since no thermal energy
is used in the "enhanced oil recovery" project (and no information is
available on the load factor) it will be omitted from the present survey.
The total installed geothermal power in the U.S.A. is therefore esti-

mated as 119 MW-thermal with reference temperature 15°C.

Exploration

In the reply from Reed at the U.S. Geological Survey it was stated that:
"The U.S. Department of Energy, Division of Geothermal Energy, is funding
a national exploration program for low-temperature resources. Funding

is $13 x 10° for this year, and contract work is performed mostly by

the State geological surveys and universities. This year (1980) 22

sites should be drilled under a $10 x 106 programme to determine the

potential and demonstrate its use".
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Assessment

Several geothermal assessment studies have been carried out in the U.S.A.
Reed sent the 1978 "Assessment of Geothermal Resources of the United
States" (Muffler 1979) and stated that: "The U.S. Geological Survey is
conducting an assessment of resources in the range 20° to 100°C....

to augment the assessment.... conducted in 1978". The 1978 assessment
considers hydrothermal convection systems with reservoir temperatures
above 90°C. The systems considered are then divided into high-tem-
perature (above 150°C) systems and intermediate (90-150°C) systems.

The assessment deals with hydrothermal systems with mean reservoir

temperatures greater than or equal to 90°C at depths less than 3 km.

A good knowledge of the terminology and definitions of geothermal assess-
ment is a prerequisite to an understanding of it’s results. In the 1978
assessment several sets of values are reported with various assumptions.
For the purpose of the present survey only a few values will be reported,

based on Table 11 of the Circular.

Identified (excluding National Parks) geothermal energy in intermediate

hydrothermal systems (90-150°C) is reported as follows: Accessible

resource base 700?110 b'4 1018 J; Resource 176i55 X 1018 J and; Beneficial

heat 42113 X 1018 J. The last of these (beneficial heat) is that amount

of the resource that is assumed to be directly applicable to non-electrical
uses. In the 790 Circular the beneficial heat is taken as 24% of the

resource.

Undiscovered geothermal energy in intermediate hydrothermal systems is

reported as follows: Assessible resource base 5200-3100 x 1018 J;

Resource 1300-770 x 1018 J and; Beneficial heat 184-310 x 1018 J.
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ORKUSTOFNUN JSG/be
Geothermal Division 1980.10.24
YUGOSLAVIA
Geography

Area 255,804 km2

Population 21,560,000 (1976)

Information

The questionnaire was sent to N. Miosic but no reply has yet been re-
ceived. Later a letter and a questionnaire was sent to S. Galovic after
a meeting in the U.S.A. A reply is now in preparation by various insti-
tutions in Yugoslavia e.g. the Geological Institute in Zagreb. It is
known that there is considerable geothermal potential in Yugoslavia and
hot waters have for a long time been used for therapeutic purposes.

It appears there are e.g. possibilities for district heating near Zagreb

and some boreholes have been drilled for geothermal purposes.



