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THE ROLE OF GEOTHERMAL ENERGY
IN THE WORLD

Ingvar B. Fridleifsson
United Nations University Geothermal Training Programme
Reykjavik, Iceland

INTRODUCTION

Geothermal energy, in the broadest sense, is the natural
heat of the earth. Immense amounts of thermal energy are
generated and stored in the earth's core, mantle, and crust. The
heat is transferred from the interior towards the surface mostly
by conduction, and this conductive heat flow makes
temperatures rise with increasing depth in the crust on average
25 - 30°C/km. This is called the geothermal gradient. The
recoverable thermal energy theoretically suitable for direct
applications has been estimated at 2.9 x 10%> Joules, which is
about 10,000 times the present annual world consumption of
primary energy without regard to grade (Armstead, 1983).
Most of the earth's heat is, however, far too deeply buried to be
tapped by man, even under the most optimistic assumptions of
technological development. Geothermal energy has at present
a considerable economic potential only in areas where thermal
water or steam is concentrated at depths less than 3 km (1.9
mi) in restricted volumes analogous to oil in commercial oil
reservoirs. The drilling technology is similar for geothermal
fluid as for oil. But as the energy content of a barrel of oil is
much greater than an equivalent amount of hot water, the
economic requirements for permeability of the formations and
the productivity of the geothermal wells are much higher than
for oil wells. Geothermal production wells are commonly 2
km (1.2 mi) deep, but rarely much over 3 km (1.9 mi) at
present.

Exploitable geothermal systems occur in a number of
geological environments. High-temperature fields used for
conventional power production (with temperature above
150°C) are largely confined to areas with young volcanism,
seismic and magmatic activity. Low-temperature resources
can, on the other hand, be found in most countries. They are
formed by the deep circulation of meteoric water along the
faults and fractures, and by water residing in high-porosity
rocks, such as sandstone and limestone at sufficient depths for
the water to be heated by the earth's geothermal gradient. Such
formations are widespread in all continents, and for example
in China, geothermal water can be produced from drillholes in
most provinces. The heat resources in hot, but dry, (low
porosity) rock formations are found in most countries, but are
as yet not economically viable for utilization.

Geothermal utilization is commonly divided into two
categories: electricity production and direct application.
Conventional electric power production is limited to fluid
temperatures above 150°C, but considerably lower
temperatures can be used with the application in binary fluids
(outlet temperatures commonly about 70°C). The ideal inlet
temperature into houses for space heating is about 80°C;
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but, by application of larger radiators in houses/or the
application of heat pumps or auxiliary boilers, thermal water
with temperatures only a few degrees above the ambient
temperature can be used beneficially.  The use of
ground-source heat pumps for space heating and space cooling
is, for example, expanding at a very fast rate both in the USA
and in Europe. The direct utilization of geothermal heat
utilizes mostly known technology and straightforward
engineering. However, in some cases, the technology is
complicated by dissolved solids or gases in the geothermal
fluid. The technology, reliability, economics and
environmental acceptability of geothermal steam and water has
been demonstrated throughout the world.

WORLD DISTRIBUTION OF GEOTHERMAL
UTILIZATION

The International Geothermal Association (IGA) was
founded in 1989 and has about 2,000 members in all parts of
the world. At the World Geothermal Congress (WGC'95)
convened by the IGA in Florence (Italy) in May 1995, there
were participants from over 70 countries, and country updates
were presented from 48 countries. These were summarized by
Freeston (1996) and Huttrer (1995). Evaluating available data
after the WGC'95, Stefansson (1995) described the status of
geothermal development in 83 countries and quantified the use
of geothermal energy in 47 of these. He reported the
worldwide installed capacity for electricity generation 6,543
MW, and the installed capacity for direct use 9,047 MW,. The
figures for the produced (or consumed) energy are, however,
quite similar. Annually, about 38 TWh are generated in
geothermal power plants; whereas, the annual use of direct
heat amounts to about 34 TWh (Stefansson, 1995). Table 1
shows the installed capacities and energy production in 1994
(electricity generation and direct use) in the 25 leading
geothermal countries around the world (data from Stefansson,
1995).

Electricity is being produced from geothermal resources
in 21 countries. There are 15 countries with an installed
capacity over 10 MW,, thereof 6 industrialized countries (total
installed capacity 4,088 MW,, Russia included), and 9
developing countries (total installed capacity 2,441 MW,).
There are 8 countries (4 developing and 4 industrialized) with
over 100 MW,, and 4 with over 500 MW, installed (Italy 626
MW,, Mexico 753 MW,, Philippines 1,051 MW,, and USA
2,817 MW,).

Quantified direct use of geothermal resources is known
in some 35 countries (Stefansson, 1995). There are 30
countries with an installed capacity of over 10 MW,, thereof 12



Table 1. Electricity Generation and Direct Use of Geothermal Energy in 1994

Electricity Generation

Installed
Capacity
MW,
China 28
Costa Rica 60
El Salvador 105
France 4
Georgia --
Hungary --
Iceland 50
Indonesia 309
Italy 626
Japan 299
Kenya 45
Macedonia --
Mexico 753
New Zealand 286
Nicaragua 70
Philippines 1,501
Poland --
Romania 2
Russian Fed. 11
Serbia --
Slovakia --
Switzerland --
Tunisia --
Turkey 20
USA 2,817
Others 7
Total 6,543

industrialized countries (total 4,920 MW,).  There are 13
countries (2 developing, 4 central and eastern European, and
7 industrialized) with over 100 MW, installed, and 4 countries
with over 500 MW, installed (China 2,143 MW,, Hungary 638
MW,, Iceland 1,443 MW,, and USA 1,874 MW,).

Based on this, one can generalize by saying that
geothermal electricity production is equally common in
industrialized and developing countries. Looking at the share
of geothermally generated electricity in individual countries,
it is clear that geothermal energy plays a much more
significant role in the electricity production of the developing
countries than the industrialized ones. Good examples of this
are El Salvador, Kenya, Nicaragua, and the Philippines. Inall
of these countries, 10 - 20% of the electricity for the national
grid is generated with geothermal steam. Costa Rica is likely
to join this group of countries shortly, as Mainieri and Robles
(1995) expect some 15% of the electricity of the country to be
generated by geothermal in the year 2000. In Mexico, 4.6% of
the electricity generated in 1994 was from geothermal
(Quijano-Leon and Guiterrez, 1995). Geothermal electricity

Direct Utilization

Annual Installed Annual
Output Capacity Output
GWh MW, GWh

98 2,143 5,527

447 -- --
419 -- --

24 456 2,006

-- 245 2,136

-- 638 2,795

265 1,443 5,878
1,048 -- --
3,419 308 1,008
1,722 319 1,928

348 -- --

-- 70 142
5,877 28 74
2,193 264 1,837
5,470 -- --

-- 63 206

-- 137 765

25 210 673

-- 80 600

-- 100 502

-- 110 243

-- 90 788

68 140 552
16,491 1,874 3,859

40 329 1,935

37,952 9,047 33,514

in Indonesia may reach a similar level (3 - 4%) in the next
decade or so (Radja, 1995). Geothermal electricity is unlikely
to be of equal significance for the energy sector of individual
industrialized countries due to the high-electricity consumption
per capita in these countries and the lack of sufficient
geothermal resources. The only present exception to this
statement is Iceland, where 5% of the electricity is being
produced from geothermal (the remaining 95% by hydro).
The world distribution of direct utilization is different.
With the exception of China, the direct utilization is a serious
business mainly in the industrialized, and central and eastern
European countries. This is to some extent understandable, as
most of these countries have cold winters where a significant
share of the overall energy budget is related to space heating.
Furthermore, in many industrialized countries, the sun is not
reliable for drying. Space heating is the dominant type of
direct use (34%) of geothermal; but, other common types are
bathing (14%), greenhouses (14%), heat pumps (13%) for air
cooling and heating, fish farming (9%), and industry (9%).
Freeston (1996), in his refined summary of the country updates
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of the WGC'95, states that it is evident from the papers that
there is a large potential for the development of
low-to-moderate enthalpy direct use across the world which is
not being exploited due to financial constraints and low prices
of competing forms of energy. The main potential for direct
utilization in the developing countries is at present mainly in
various drying processes (fruits, fish, etc.). Space cooling with
geothermal energy will hopefully become an important sector
for geothermal utilization in the future.

Electric generation cost with geothermal energy is
commonly around 4 US cents/lkWh. The production cost/kWh
for direct utilization (space heating, horticulture, fish farming,
industry, bathing, etc.) is highly variable, but commonly under
2 US cents/kWh.

Utilization of geothermal resources to supply electricity
and direct heat is energy efficient and competitive with other
energy sources both in terms of the economics and the
thermodynamic efficiency. The cascade use of the thermal
fluid, whereby the high-enthalpy fluid is used for electricity
generation and the lower temperature fluid is passed through
a series of different uses, is practiced in many countries (e.g.,
Iceland, Italy and Japan) raising the overall efficiency. There
is also the prospect of extracting a number of valuable
minerals from the thermal fluids. This is also done in an
energy efficient manner.

COMPARISON WITH OTHER
RENEWABLES"

Table 2 is compiled from the Survey of Energy
Resources 1995 published by the World Energy Council in
conjunction with the 16th World Energy Congress in Tokyo.
Since the detailed data on the different energy resources and
their application is given in the same units, the survey gives a
good opportunity to compare the development of the different
energy resources. The table shows the installed capacity
(MW-electric) and the electricity production per year (GWh/y)
for geothermal, wind, solar and tidal resources.

In comparison with wind, solar and tidal energy,
geothermal is clearly an advanced energy source with 61% of
the total installed capacity and 86% of the total electricity
production of these four sources. The relatively high share in
the electricity production reflects the reliability of geothermal
plants which commonly have a load factor and availability
factor of 80 - 90%. This demonstrates one of the strongest
comparative points of geothermal energy (i.e., that it is
available day in and day out throughout the year). It is not
dependent on whether it is day or night as solar energy is, or
whether the wind blows strongly or not. It has an inherent
storage capability and can be used both for base load and peak
power plants. However, in most cases, it is more economical
to run the geothermal plants as base-load suppliers; but,
turning the plants off during the rainy season, when
hydropower plants have plenty of water, will in many cases
serve to replenish the geothermal reservoir and lengthen its
economically useful lifetime.

"NEW AND
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Table 2. Electricity From Four Energy Resources in 1994

Installed Capacity | Production Per Year
MWe % GWhly %
Geothermal (6,456 |61 37,976 86
Wind 3,517 |33 4,878 11
Solar 366 3 897
Tidal 261 3 601
Total 10,600 44,352
Source: WEC Survey of Energy Resources (WEC, 1995).

The question of geothermal resources being renewable
can be debated. Due to the steady heat flow from the inner
parts of the earth, geothermal resources can be regarded as
renewable. But on the time scale normally used in human
society, geothermal resources are not renewable. They are
renewable only if the heat extraction rate does not exceed the
replenishment rate. But the same can be said for fuel wood
and many types of biomass. The tree that you burn is not
renewable. It turns into energy, ash and gases; but, you can
grow a new tree, given enough time. A geothermal system can
in many cases be recharged as a battery.

Utilizing the natural flow from geothermal springs does
not affect them. Exploitation through drill holes and by the
application of downhole pumps nearly always leads to some
physical or chemical changes in the reservoir and/or its near
vicinity which lead to a reduction and may lead to the
depletion of the geothermal resource so far as a particular
energy utility is concerned. The key to a successful
geothermal project is to secure by careful reservoir evaluation
and monitoring that the geothermal reservoir will last through
the lifetime (or at least the depreciation time) of the respective
geothermal installations.

Fridleifsson and Freeston (1994) referred to geothermal
resources as being sustainable resources, where by careful
matching of utilization with field performance, the enthalpy,
temperature, mass removed, reservoir pressure, etc., can
achieve an equilibrium and performance can be maintained, at
least over the life of the mechanical plant. This may mean that
the initial performance of a plant may exceed the equilibrium
condition and as the field is developed and utilized, a run down
occurs in these parameters down to the equilibrium condition.
Each field is likely to be unique in this respect, and its
performance will depend on many factors, including the
amount and quantity of the recharge if any, whether there is
reinjection and where it is sited relative to the production zone,
reservoir characteristics of permeability, porosity, temperature,
etc.



Properly implemented, geothermal energy is a sustainable
resource and benign to the environment. The emission of
greenhouse gases is minimal compared to fossil fuel. The
removal of hydrogen sulphide from high-temperature steam
and the reinjection of spent geothermal fluids into the ground
make the potential negative environmental effects negligible.

INVESTMENTS AND FUTURE DEVELOPMENT

At least 80 countries are potentially interested in
geothermal energy development. Of these, some 50 have
quantifiable geothermal utilization at present. A worldwide
survey (Fridleifsson and Freeston, 1994) showed the total
investments in geothermal energy during 1973-1992 to amount
to approximately US $22 billion. During the two decades, 30
countries invested each over US $20 million, 12 countries over
US $200 million, and 5 countries over US $1 billion. During
the first decade, 1973-1982, public funding amounted to US
$4.6 billion and private funding to US $3 billion. During the
second decade, 1983-1992, public funding amounted to US
$6.6 billion and private funding to US $7.7 billion. It is of
special interest to note that the private investments in
geothermal rose by 160%; whereas, the public investments
rose by 43% for the period 1983-1992 as compared to
1973-1982 respectively. This shows the confidence of private
enterprises in this energy source and demonstrates that
geothermal energy is commercially viable.

The growth rate of geothermal development has in the
past been significantly affected by the prices of the competing
fuels, especially oil and natural gas, on the world market. As
long as the oil and gas prices stay at the present level, it is
rather unlikely that we will see again the very high annual
growth rate for geothermal electricity of 17% as was the case
during the oil crises in 1978-1985. The growth rate is,
however, quite high due to the fact that geothermally generated
electricity is the lowest cost option for many countries. In
1990, there were about 5,800 MW, operational in electric
power plants in the world, and about 6,800 MW, in 1995. This
gives a growth of about 16% over the period. The WGC'95
country reports summarized by Huttrer (1995) indicate that the
world installed capacity may rise to some 10,000 MW, by the
year 2000. The present author, however, finds the figure likely
to become closer to 8,500 MW, with the largest additions
(already planned or under construction) in the Philippines,
Indonesia, Mexico, and Costa Rica. The participation of
private operators in steam field developments through BOT
(Build, Operate and Transfer), BOO (Build, Own and Operate)
contracts and JOC (Joint Operation Contracts) have
significantly increased the speed of geothermal development
in countries such as the Philippines (Javeliana, et al., 1995)
and Indonesia (Radja, 1995).

For the direct applications, the growth rate situation is
more speculative at present, but again, highly affected by the
competing prices of oil and gas on the world market. The
large potential and the growing interest for the development of
direct applications in China for fish farming, greenhouses and
municipal space heating, and the great surge of installations of
geothermal heat pumps in recent years exemplified by the

USA, Switzerland, etc., give a cause for optimism for the
growth rate of direct applications. This growth rate should
perhaps be expected to be higher than that for electric
generation, both because low-temperature geothermal
resources are available in a much greater number of countries,
and because direct application projects tend to be less capital
intensive than the electric development. But private enterprise
has, as yet, focussed more on electricity production for the
national grids than on direct utilization which is commonly
more site specific.

The introduction of CO, and other pollution taxes would
significantly benefit geothermal development, as geothermal
is one of the cleanest energy sources available on the world
market. This may have an effect on the development rate.
Such an effect is clearly seen from the financial incentive
schemes recently introduced by several electric utilities in the
USA encouraging house owners to use groundwater heat
pumps for space cooling/heating purposes, and thus, reduce the
peak loads on their electric systems. The Geothermal Heat
Pump Consortium has recently established a US $100-million
6-year program to increase the geothermal heat pump unit
sales from 40,000 to 400,000 annually, and thus, reduce
greenhouse gas emissions by 1.5 million metric tonnes of
carbon equivalent annually (Pratsch, 1996). One-third of the
funding comes from the U.S. Department of Energy and the
Environmental Protection Agency; whereas, two-thirds come
from the electric power industry. The same type of
development might be seen in other parts of the world in the
next decade or two.

Geothermal exploration and exploitation requires skills
from many scientific and engineering disciplines. Significant
experience in geothermal exploration and development is
available in some 30 countries (Fridleifsson, 1995). But the
man-power resources are unevenly distributed in the world. A
large number of geothermal experts have become redundant in
several of the industrialized countries since the mid-1980s, and
turned to other work. The developing countries have kept
relatively more of their experts in geothermal work. Several
developing countries have built up strong groups of
geothermal professionals. Many of the key people of these
groups have received training at the international geothermal
schools operated in Iceland, Italy, Japan and New Zealand:;
but, most of the training has taken place on the job in the
respective countries. The international geothermal schools
have less than 60-fully funded places each year. More training
is needed for people from many developing countries and the
countries of central and eastern Europe at both professional
and technician levels. In addition to long and short courses at
the international schools, regional courses and specialized
courses traveling from country to country should be
considered. Many of these countries have completed initial
surveys, and in some cases, have started utilization projects of
their geothermal resources, and are at a stage of wishing to
develop the resources using up-to-date technology. They are,
however, handicapped both by the lack of finance and an
infrastructure of trained personnel.
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Editor's Note: This paper was presented at the World
Renewable Energy Congress, Denver, Colorado, June 19,
1996.
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DIRECT HEAT UTILIZATION
OF GEOTHERMAL RESOURCES

John W. Lund
Geo-Heat Center

INTRODUCTION

Direct or non-electric utilization of geothermal energy
refers to the immediate use of the heat energy rather than to its
conversion to some other form such as electrical energy. The
primary forms of direct use include swimming, bathing and
balneology (therapeutic use), space heating and cooling
including district heating, agriculture (mainly greenhouse
heating and some animal husbandry), aquaculture (mainly fish
pond and raceway heating), industrial processes, and heat
pumps (for both heating and cooling). In general, the
geothermal fluid temperatures required for direct heat use are
lower than those for economic electric power generation.

Most direct use applications use geothermal fluids in the
low-to-moderate temperature range between 50 and 150°C, and
in general, the reservoir can be exploited by conventional
water well drilling equipment. Low-temperature systems are
also more widespread than high-temperature systems (above
150°C), so they are more likely to be located near potential
users. In the U.S., for example, of the 1,350 known or
identified geothermal systems, 5% are above 150°C, and 85%
are below 90°C (Muffler, 1979). In fact, almost every country
in the world has some low-temperature systems; while, only a
few have accessible high-temperature systems.

World-Wide Total Energy Use
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Traditionally, direct use of geothermal energy has been
on a small scale by individuals. More recent developments
involve large-scale projects, such as district heating (Iceland
and France), greenhouse complexes (Hungary and Russia), or
major industrial use (New Zealand and the U.S.). Heat
exchangers are also becoming more efficient and better
adapted to geothermal projects, allowing use of lower
temperature water and highly saline fluids. Heat pumps
utilizing very low-temperature fluids have extended
geothermal developments into traditionally non-geothermal
countries such as France, Switzerland and Sweden, as well as
areas of the midwestern and eastern U.S. Most equipment
used in this project is of standard, off-the-shelf design and
need only slight modifications to handle geothermal fluids
(Gudmundsson and Lund, 1985).

Worldwide, the installed capacity of direct geothermal
utilization is 9,047 MW, and the energy use is about 120,000
TJlyr (33,514 GWh/yr) distributed among 38 countries. This
amounts to saving an equivalent 3.65 million tonnes of fuel oil
per year (TOE). The distribution of the energy use among the
various types of use is shown in Figure 1 for the entire world
and, for comparison, the U.S. The installed capacity in the
U.S.is 1,875 MW, and the annual energy use is 13,890 TJ
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Figure 1. Distribution of geothermal energy use in the world and the U.S.
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(3,860 GWh), saving 0.47 million TOE (Lienau, et al., 1995).
Internationally, the largest uses are for space heating (33%)
(3/4 of which is due to district heating), and for swimming,
bathing and balneology (19%); whereas, in the U.S.. the
largest use is for geothermal heat pumps (59%). In
comparison, Iceland's largest geothermal energy use is 74% for
space heating (4,530 GWh/yr)--primarily with district heating
system (Ragnarsson, 1995). The worldwide use data is based
on Freeston (1996), but have been modified according to
Freeston (1990), country update reports from the World
Geothermal Congress (1995), and the author's personal
experience.

The Lindal diagram (Gudmundsson, et al., 1985), named
for Baldur Lindal, the Icelandic engineer who first proposed it,
indicates the temperature range suitable for various direct use
activities (Figure 2).  Typically, the agricultural and
aquacultural uses require the lowest temperatures, with values
from 25 to 90°C. The amounts and types of chemicals such as
arsenic and dissolved gases such as boron, are amajor problem
with plants and animals; thus, heat exchangers are often
necessary. Space heating requires temperatures in the range of
50 to 100°C, with 40°C useful in some marginal cases and
ground-source heat pumps extending the range down to 4°C.
Cooling and industrial processing normally require
temperatures over 100°C. The leading user of geothermal
energy, in terms of market penetration is Iceland, where more
than 85% of the population enjoys geothermal heat in their
homes from 27 municipal district heating services, and 44% of
the country's total energy use is supplied by direct heat and

electrical energy derived from geothermal resources
(Ragnarsson, 1995).
P
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Figure 2. Lindal diagram.
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Swimming, Bathing and Balneology

Romans, Chinese, Ottomans, Japanese and central
Europeans have bathed in geothermal waters for centuries.
Today, more than 2,200 hot springs resorts in Japan draw 100
million guests every year, and the "return-to-nature" movement
in the U.S. has revitalized many hot springs resorts.

The geothermal water at Xiaotangshan Sanitarium,
north-west of Bejing, China, has been used for medical
purposes for over 500 years. Today, the 50°C water is used to
treat high-blood pressure, rheumatism, skin disease, diseases
of the nervous system, ulcers, and generally for recuperation
after surgery. In Rotorua, New Zealand at the center of the
Taupo Volcanic Zone of North Island, the Queen Elizabeth
Hospital was built during World War |1 for U.S. servicemen
and later became the national hospital for the treatment of
rheumatic disease. The hospital has 2000 beds, and outpatient
service, and a cerebral palsy unit. Both acidic and basic heated
mud baths treat rheumatic diseases.

In Beppu, on the southern island of Kyushu, Japan, the
hot water and steam meet many needs: heating, bathing,
cooking, industrial operations, agriculture research, physical
therapy, recreational bathing, and even a small zoo (Taguchi,
et al., 1996). The waters are promoted for "digestive system
troubles, nervous troubles, and skin troubles." Many sick and
crippled people come to Beppu for rehabilitation and physical
therapy. There are also eight Jigokus ("burning hells") in town
showing various geothermal phenomena, used as tourist
attractions.

In the former Czechoslovakia, the use of thermal waters
has been traced back before the occupation of the Romans and
has had a recorded use of almost 1,000 years. Today, there are
60 spa resorts located mainly in Slovakia, visited by 460,000
patients usually for an average of three weeks each. These
spas have old and well-established therapeutic traditions.
Depending on the chemical composition of the mineral waters
and spring gas, availability of peat and sulfurous mud, and
climatic conditions, each sanitarium is designated for the
treatment of specific diseases. The therapeutic successes of
these spas are based on centuries of healing tradition
(balneology), systematically supplemented by the latest
discoveries of modern medical science.

Bathing and therapeutic sites in the U.S. include:
Saratoga Springs, New York; Warm Springs, Georgia; Hot
Springs, Virginia; White Sulfur Springs, West Virginia; Hot
Springs, Arkansas; Thermopolis, Wyoming and Calistoga,
California. The original use of these sites were by Indians,
where they bathed and recuperated from battle. There are over
190 major geothermal spas in the U.S. with an annual energy
use of 1,600 TJ (Lienau, 1995).

Space Conditioning

Space conditioning includes both heating and cooling.
Space heating with geothermal energy has widespread
application, especially on an individual basis. Buildings
heated from individual wells are popular in Klamath Falls,
Oregon; Reno, Nevada, and Taupo and Rotorua, New Zealand.
Absorption space cooling with geothermal energy has not



been popular because of the high-temperature requirements
and low efficiency. Geothermal heat pumps (groundwater and
ground-coupled) have become popular in the U.S. and
Switzerland, used for both heating and cooling.

An example of space heating and cooling with
low-to-moderate temperature geothermal energy is the Oregon
Institute of Technology in Klamath Falls, Oregon. Here, 11
buildings, approximately 62,000 square meters of floor space,
are heated with water from three wells at 89°C. Up to 62 L/s
of fluid can be provided to the campus, with the average heat
utilization rate over 0.53 MW, and the peak at 5.6 MW,. In
addition, a 541 kW (154 tons) chiller requiring up to 38 L/s of
geothermal fluid produces 23 L/s of chilled fluid at 7°C to
meet the campus cooling base load.

District Heating

District heating originates from a central location, and
supplies hot water or steam through a network of pipes to
individual dwellings or blocks of buildings. The heat is used
for space heating and cooling, domestic water heating, and
industrial process heat. A geothermal well field is the primary
source of heat; however, depending on the temperature, the
district may be a hybrid system, which would include fossil
fuel and/or heat pump peaking.

Geothermal district heating systems are in operation in at
least 12 countries, including Iceland, France, Poland,
Hungary, Turkey, Japan and the U.S. The Warm Springs
Avenue project in Boise, Idaho, dating back to 1892 and
originally heated more than 400 homes, is the earliest formal
project in the U.S. The Reykjavik, Iceland, district heating
system is probably the most famous. This system supplies heat
for a population of around 145,000 people. The installed
capacity of 640 MW, is designed to meet the heating load to
about -10°C; however, during colder periods, the increased
load is met by large storage tanks and an oil-fired booster
station.

In France, production wells in sedimentary basins
provide direct heat to more than 500,000 people from 40
projects. These wells provide from 40 to 100 L/s of 60 to
100°C water from depths of 1,500 to 2,000 m. In the Paris
basin, a doublet system (one production and one injection
well) provides 70°C water, with the peak load met by heat
pumps and conventional fossil fuel burners.

Agribusiness Applications

Agribusiness applications (agriculture and aquaculture)
are particularly attractive because they require heating at the
lower end of the temperature range where there is an
abundance of geothermal resources. Use of waste heat or the
cascading of geothermal energy also has excellent possibilities.
A number of agribusiness applications can be considered:
greenhouse heating, aquaculture, animal husbandry, soil
warming and irrigation, mushroom culture, and biogas
generation.

Numerous commercially marketable crops have been
raised in geothermally-heated greenhouses in Hungary, Russia,
New Zealand, Japan, Iceland, China and the U.S. These
include vegetables, such as cucumbers and tomatoes, flowers

(both potted and bedded), house plants, tree seedlings, and
cacti. Using geothermal energy for heating reduces operating
costs (which can account for 35% of the product cost) and
allows operation in colder climates where commercial
greenhouses would not normally be economical.

The use of geothermal energy for raising catfish, shrimp,
tilapia, eels, and tropical fish has produced crops faster than by
conventional solar heating. Using geothermal heat allows
better control of pond temperature, thus optimizing growth.
Fish breeding has been successful in Japan, Chinaand the U.S.
A very successful prawn raising operation, producing 400
tonnes of Giant Malaysian freshwater prawns per year at U.S.
$17 to 27/kg, has been developed near the Wairakei
geothermal field in New Zealand (Lund and Klein, 1995). The
most important factors to consider are the quality of the water
and disease. If geothermal water is used directly,
concentrations of dissolved heavy metals (fluorides, chlorides,
arsenic, and boron) must be considered.

Livestock raising facilities can encourage the growth of
domestic animals by a controlled heating and cooling
environment. An indoor facility can lower mortality rate of
newborn, enhance growth rates, control disease, increase litter
size, make waste management and collection easier, and in
most cases, improve the quality of the product. Geothermal
fluids can also be used for cleaning, sanitizing and drying of
animal shelters and waste, as well as assisting in the
production of biogas from the waste.

Industrial Applications

Although the Lindal diagram shows many potential
industrial and process applications of geothermal energy, the
world's uses are relatively few. The oldest industrial use is at
Larderello, Italy, where boric acid and other borate compounds
have been extracted from geothermal brines since 1790.
Today, the two largest industrial uses are the diatomaceous
earth drying plant in northern Iceland, and a pulp, paper and
wood processing plant at Kawerau, New Zealand. Notable
U.S. examples are two onion dehydration plants in northern
Nevada (Lund, 1995), and a sewage digestion facility in San
Bernardino, California. Alcohol fuel production has been
attempted in the U.S.; however, the economics were marginal
and thus, this industry has not been successful.

Drying and dehydration are important
moderate-temperature uses of geothermal energy. Various
vegetable and fruit products are feasible with continuous belt
conveyors or batch (truck) dryers with air temperatures from
40 to 100°C. Geothermally drying alfalfa, onions, pears,
apples and seaweed are examples of this type of direct use. A
new development in the use of geothermal fluids is for
enhanced heat leaching of precious metals in Nevada by
applying heat to the cyanide process (Trexler, et al., 1990).
Using geothermal energy increases the efficiency of the
process and extends the production into the winter months.

ECONOMIC CONSIDERATIONS

Geothermal projects require a relatively large initial
capital investment, with small annual operating costs
thereafter.  Thus, a district heating project, including
production wells, pipelines, heat exchangers, and injection
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wells, may cost several million dollars. By contrast, the initial
investment in a fossil fuel system includes only the cost of a
central boiler and distribution lines. The annual operation and
maintenance costs for the two systems are similar, except that
the fossil fuel system may continue to pay for fuel at an
ever-increasing rate; while, the cost of geothermal fluid is
stable. The two systems, one with a high-initial capital cost
and the other with high-annual costs, must be compared.

Geothermal resources fill many needs: power generation,
space heating, greenhouse heating, industrial processing, and
bathing to name a few. Considered individually, however,
some of the uses may not promise an attractive return on
investment because of the high-initial capital cost. Thus, we
may have to consider using a geothermal fluid several times to
maximize benefits. This multi-stage utilization, where lower
and lower water temperatures are used in successive steps, is
called cascading or waste heat utilization. A simple form of
cascading employs waste heat from a power plant for direct
use projects.

Geothermal cascading has been proposed and
successfully attempted on a limited scale throughout the world.
In Rotorua, New Zealand, for example, after geothermal water
and steam heat a home, the owner will often use the waste heat
for a backyard swimming pool and steam cooker. At the
Otake geothermal power plant in Japan, about 165 tonnes per
hour of hot water flows to downstream communities for space
heating, greenhouses, baths and cooling. In Sapporo,
Hokkaido, Japan, the waste water from the pavement snow
melting system is retained at 65°C and reused for bathing.

Recent international data (Freeston, 1996) gives US
$270/kW of installed capacity for all projects reported, with a
range from US $40 to US $1880/kW. In the U.S., the annual
operation and maintenance cost is estimated at 5% of the
installed cost.

FUTURE DEVELOPMENT

There appears to be a large potential for the development
of low-to-moderate enthalpy geothermal direct use across the
world which is not currently being exploited due to financial
constraints and the low price of competing energy sources.
Given the right environment, and as gas and oil supplies
dwindle, the use of geothermal energy will provide a
competitive, viable and economic alternative source of
renewable energy. Future development will most likely occur
under the following conditions:

1.  Collocated resource and uses (within 10 km apart),

2. Sites with high heat and cooling load density (>36
MWs1/sq km),

3. Food and grain dehydration (especially in tropical
countries where spoilage is common),
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4.  Greenhouses in colder climates,

5. Aquaculture to optimize growth--even in warm climates,
and

6.  Ground-coupled and groundwater heat pump installations
both for heating and cooling).
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SELECTED COST CONSIDERATIONS FOR GEOTHERMAL
DISTRICT HEATING IN EXISTING SINGLE-FAMILY
RESIDENTIAL AREAS

Kevin Rafferty
Geo-Heat Center

INTRODUCTION

District heating in existing single-family residential areas
has long been considered to be uneconomical due to the low
heating load density. In comparison to the typical downtown
business districts load density is low; however, there are some
characteristics of residential areas which could serve to
enhance the economics of district heating.

Among these are:

®  Wide variety of heating fuels (and costs) which can result
in a range of conventional heating costs of 3 or more to
1 for the same heating load density,

®  Auvailability of unpaved areas for installation of the
distribution system,

®  Fewer utilities in the pipeline corridor,

® [ esstraffic control requirements during construction,

e  Potential for the use of uninsulated piping, and

®  Older, poorly insulated structures with high energy use.

In addition to these considerations, the Geo-Heat Center
has recently completed work which identified 271 western
U.S. population centers which are collocated with geothermal
resources of greater than 50°C. In many of these sites, due to
the absence of industrial facilities, district heating would be the
most useful application of the resource.

With these factors in mind, this report explores some of
the issues related to costs involved in the installation of
geothermal district heating (GDH) in existing single-family
residential areas.

Using an actual residential area as an example, individual
sections of the report examine:

e  Distribution piping costs and potential savings areas,
®  Central plant vs. individual-home heat exchangers,

®  Customer branch lines costs, and
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e Current conventional heating costs vs. district system debt
service revenue requirements.

DISTRIBUTION PIPING

In order to evaluate the opportunities for cost reductions in
distribution piping, it is first necessary to determine the costs
associated with conventional construction. Toaccomplish this,
costs from the most recent GDH construction (Klamath Falls
city district system line extensions) were used as the basis for
conventional construction.

Recent line extensions on this system and others have been
of the 6" size and employed preinsulated ductile iron material.
Previous work (Rafferty, 1990b) has identified this material
as being the least expensive alternative among the preinsulated
options for this type of application.

Bids on the recent Klamath Falls work are not broken
down by task. As a result, costs for similar installation were
calculated using vendor quotes and standard industry
estimating handbooks (Means, 1995, 1996). The results of this
comparison were quite close (calculated cost $94.51 per foot,
actual construction $100 per foot) with the calculated cost
slightly less than the actual construction costs. This difference
may be attributable to the relatively short length of the
extensions compared to the size of a complete system. As a
result of the close agreement, the same calculation method was
used to develop costs for other line sizes in the 3" to 12" range.
These calculations were then compared to the actual bid
figures.

Costs for installation of preinsulated distribution piping
were broken down into 11 categories: saw cutting of existing
pavement, removal of pavement and trench spoils, hauling of
pipe (local), trenching and backfill, pipe material, bedding,
installation and connection of piping, valves, fittings, traffic
control, and paving. Table 1 provides a summary of the
current base case costs for installation of preinsulated ductile
iron piping.

Figure 1 presents this data in the form of percentages for
6-inch pipe size. The distribution of the costs is fairly stable
over the range of pipe sizes. Costs for the pipe and installation
constitute a somewhat higher percentage at the upper end of
the size range; but, the difference is not significant (50.2% @
3",56.9% @ 12").
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Table 1. Base Case Cost Summary - Ductile Iron Distribution
Piping

Line Size (Supply and Return)

3 4" 6" 8" 10" 12"
Cut 4,12 4.12 412 412 4,12 412
Remove 2.20 2.20 2.57 2.57 2.90 2.90
Haul 0.71 0.71 0.83 1.14 1.37 171
Trench and 8.83 8.83 10.01 10.01 16.31 16.31
Backfill
Bed 2.57 2.65 3.84 3.87 3.98 4.06
Pipe (pre- 27.18 30.75 34.23 45.48 57.63 64.41
insulated)
Install 10.68 12,53 1438 2231 2645  33.00
Fittings 3.00 3.00 4.17 6.02 8.60 11.15
Valves 1.95 1.95 2.73 4.07 6.13 9.23
Thrust Blocks 0.37 0.37 1.22 2.81 4.44 6.22
Traffic 3.09 3.43 3.93 4.58 5.50 6.87
Repave 10.66 10.66 12.48 12.48 14.08 14.08
Total 75.36 81.20 9451 11946 15151 174.06
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Figure 1.

Potential Cost Reduction

Figure 2 presents a simplified representation of installation
costs (6") using only five cost categories. The three largest
cost categories, and hence, largest potential areas for cost
reduction are: pipe and installation, trenching and backfilling,
and pavement related costs.

It is clear that installation in unpaved areas holds the
potential of substantial ( 20%) cost reduction. In downtown
business areas, the prospects for installation in unpaved areas
is small. In residential areas, however, particularly areas
developed prior to the 1960s, it is not uncommon to find
unpaved alley ways between each block. Installation of
distribution lines in these areas could, depending upon the line
size, reduce per foot costs by 12% (12") to 22% (3"). In
addition to these savings, it is possible that unpaved areas may
not require the level of traffic control assumed for the
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downtown area in the basic cost calculations. If traffic control
can be completely eliminated (such as closing the area during
construction), a savings of approximately 4% could be
realized.

Construction Costs - 6" Pre Ins DI
Condensed Cost Parcoentages

Lraffic (3.95%) -
paving {19.45%)—

fittings [8.71%) - plpe (52.9%°%}

%,
-,
Y

tED (14EF5)

Figure 2.

In the area of trenching and backfilling, there is a small
opportunity for cost reduction if the pipeline corridor is free of
existing utilities. The costs shown in Table 1 for trenching and
backfilling, incorporate a 50% cost penalty for working around
existing utilities. Itis unlikely, evenin residential areas to find
a pipeline corridor completely free of obstruction; however,
the potential exists for savings, in the 6" size, of up to 3.5% of
per foot costs. The savings ranges from 3.9% @ 3" pipe size
to 3.1% at the 12" size.

The largest portion of the installed cost is related to the
piping itself. The costs for pipe material, hauling, and
installation amount to approximately 50% of total costs over
the range of piping size (3" through 12") considered in this
study. As a result, this area should offer the potential for
savings.

Previous work (Rafferty, 1990a; Rafferty, 1989a) has
identified preinsulated ductile iron as the lowest cost
alternative to the previously used ashestos cement material. As
a result, the opportunity to reduce costs through the use of an
alternate preinsulated product is unlikely. In some cases,
however, it may be possible to reduce costs by using
uninsulated piping for distribution.

Due to corrosion considerations, any uninsulated piping
would have to be of non-metallic construction. Uninsulated
metallic piping operating at temperatures in the 120°F range
can experience excessive exterior corrosion due to exposure to
soil moisture.

Commercially available non-metallic materials suitable for
the application include: fiberglass and CPVC piping.
Cross-linked polyethylene (PEX) is a product which is suitable
for the temperature and pressures employed in district heating.
It is a European product and its availability in this country is
limited to preinsulated products in the 4" and smaller nominal
size range.
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Table 2 presents cost data on uninsulated epoxy adhesive
fiberglass piping compared to preinsulated ductile iron.

Table 2. Savings - Uninsulated Fiberglass Return Line

Labor &
FG Pipe  Joining Preinsulated $/ft
Size Material ~Materials ~ Total DI Savings % Savings
3 9.21 2.39 11.60 18.93 7.33 9.7
4 11.28 3.14 14.42 21.64 7.22 8.9
6 16.56 5.00 21.56 24.30 2.74 2.9
8 27.60 7.05 34.65 33.89 -0.76 -06
10 40.98 9.89 50.87 42.04 -8.83 -58
12 52.61 12.17 64.78 48.71 -16.07 -9.2

Notes: Fiberglass piping as per vendor quote +25% O&P. Labor and material
for joining epoxy adhesive type fiberglass, includes savings of $0.335/ft (3")
and $0.035/ft (4") for elimination of thrust blocks and lower cost fiberglass
fittings. Savings percentage indexed to base cost per foot (return line only)
in Table 1.

The table assumes the use of only an uninsulated return
line. Itisalso possible to use uninsulated supply; however, the
savings of this approach are reduced due to the requirement for
installation of temperature-maintenance control valves at
strategic points on the system to assure adequate supply
temperature to customers. When the control valve costs are
deducted from the piping cost savings, the results are marginal
to negative. A similar comparison for CPVC piping was made
but cost for this material actually exceeded the preinsulated
ductile iron costs.

Figure 3 presents a summary of distribution piping costs
on a per foot basis for sizes 3" through 12" assuming the
optimistic case where all of the potential cost reductions
identified in this section could be implemented. These would
include: unpaved area for installation, no existing utilities in
the pipe line corridor, uninsulated return lines (3" and 4"
sizes), and no active traffic control requirement.
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This figure combines the individual cost areas into six
basic groups. It is apparent that the largest savings potential
occurs in the smallest piping sizes (3" and 4"), This
occurrence benefits the residential distribution case since a
majority of the distribution systems piping would be in the
smaller pipe sizes.

INDIVIDUAL VS. CENTRAL HEAT EXCHANGER

It is advisable in all geothermal direct use systems to
isolate the geothermal fluid from the building heating system
it serves. This strategy greatly reduces the extent of
geothermal fluid chemistry induced corrosion and scaling in
the user's system. In district heating systems, there are two
approaches to this isolation:

® Indirect system - central heat exchanger facility with a
treated water loop serving the customers, and

® Directsystem - geothermal fluid is delivered directly to the
customer and an individual heat exchanger (or exchangers)
is located at each user.

Due to the economics of scale in large heat exchangers and
pumps, it is reasonable to assume that there will be a point
when the cost of a large number of individual heat exchangers
will exceed that of larger central equipment. This cross-over
point is influenced by the loads served along with water
temperature.

Space heating in residences is rarely accomplished with
hot water heating in the western states. Most homes use some
form of forced-air system (heat pump, propane, gas or electric
furnace or electric baseboards units).

To accommodate the use of geothermal district heating,
heat is transferred from the district system fluid, through the
heat exchanger to the house loop. On the building side, a
circulating pump provides flow to the terminal unit (or units)
after which it is returned to the heat exchanger for reheating.
To maintain pressurization, an expansion tank and domestic
water pressure reducing valve are included on the loop. A
room thermostat controls the circulating pump and heating
water control valve on a call for heat.

The space heating equipment required can be reduced
substantially if an indirect district system is employed. In this
approach, the heat exchanger, expansion tank, pressure
reducing valve, city water cross connection and circulating
pump along with their associated fittings can be eliminated.
For a typical home with a heating system designed for a load
of 75,000 Btu/hr, a total of $1250 in mechanical components
can be eliminated by using an indirect system design.

In order to eliminate these items, a central heat exchanger
plantwould be required to provide the same function (isolation
of the building system from the geothermal fluid). The central
plant would contain the same type of equipment (circulating
pumps, heat exchangers, expansion tanks, controls and
pressurization equipment), but on a larger, more economical
scale.

Figure 4 compares the cost of the individual customer heat
exchanger to the cost of the central plant. The plot is based on
the assumption of a 75,000 Btu/hr load at each
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customer. It is apparent that a lower cost results for the use of
a central plant under all conditions of 5,000,000 Btu/hr system
capacity and above. This would correspond to a customer
count of approximately 66 homes. Extrapolating these curves
slightly suggests that the break-even point would occur at
approximately 3,000,000 Btu/hr system capacity or about 40
homes at 75,000 Btu/hr each.
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Figure 4.

CUSTOMER BRANCH LINES

One of the major cost items for small customers of a
district heating system is branch lines. These lines connect the
custom