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LOW-TEMPERATURE GEOTHERMAL ENERGY IN ICELAND

Introduction

The present Note has been written as a part of a Worid Survey of Low-
Temperature Geotherﬁal Energy thét Orkustofnun is compiling at the
request of the Technical Panel on Geothermal Energy of the Preparatory
gommittee for the United Nations Conference on New and Renewable Sources
of Energy. The Conference is due to take place in 1981 in a developing

country. The representative of Iceland on the Panel is G. Palmason.

A World Survey of High-Temperature Geothermal Energy is being prepared
by New Zealand, also at the request of the Technical Panel on Geothermal
Energy. It was decided convenient by the Panel, for the purpose of these
two surveys, to use 180°C as the base or subsurface temperature dividing
low—_and high-temperature geothermal fields. This temperature does not
necessarily define such fields, it only defines the tasks of New Zealand

and Iceland in preparing the two respective Surveys.

This Note on Iceland describes mainly the utilization of low-temperature
geothermal energy but also the exploration and assessment of the resource.
It is by no means a complete treatise of the subject and should therefore
be viewed as draft material for the World Survey. All staff and money

required for compiling the survey has been provided by Orkustofnun.

Utilization

The main use of geothermal in Iceland is low-temperature energy for

district heating. This type of utilization was initiated in 1930 in



Reykjavik and to~day 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 is also used for
greenhouses, aquaculture, drying etc; A special Note (JSG-GVJ-HeT-80/02)

has been written on "High-Temperature Geothermal Areas in Iceland".

The Reykjavik District Heating Service (RDHS) is probably the world largest

heating system using géothermal waters. It serves the towns of Revkijavik,
Képavogur, Hafnarfjdrdur, Gardabaer and the rural townships of Mosfells-
hreppur and Bessastadahreppur, the last one having been connected only
this year. To discuss in more detail the RDHS the statistics for 1979
will be used. The rural townships of Mosfellshreppur and Bessastadahreppur
are both excluded from the statistics. In Mosfellshreppur there is an
independent district heating service that buys hot water from the RDHS.
The population of Mosfellshreppur is 2,724 but Orkustofnun files show that
2,253 people or 82.7% enjoy geothermal district heating. The water is not
sold through flowmeters but "maximum flow restricters" and amounts to
3,106 litres/minute or 52 1/s in total. In Bessastadahreppur (population
422) there is also an independent district heating service but since it’s
operation started only this year it is not in the 1979 statistics.

At 1979.12.01 the total population of Iceland was 226,724 while the popu-
lation living in the towns served by the RDHS was 113,667 people. The
1979 annual report of the RDHS shows that the system served 98.4% of the
people living in it’s area or 111,905 people amounting to 49.4% of the
total population of Iceland. It should be stated that the RDHS provides
hot water not only for homes but also for all commercial and industrial

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
town of Reykjavik and one at 15-20 km distance in Mosfellssveit. 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 Laugar-—
nes field and 540 tonnes/hour of 97°C water in the Ellidaar field.
(Private communication from A. Gunnarsson). Table 1 shows the corre-
sponding thermal capacity with reference to 0°C, 5°C, 15°C, 35°C and
40°C. In addition thé RDHS has an oil field 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 above quantities of hot water are not delivered to the customers
at the temperatures stated. The temperatures in Table 1 are average
temperatures produced by each field. Individual boreholes produce
waters in the range 60-130°C. All boreholes have down-hole pumps

placed at 100-120 m.

In a report being prepared by the Iceland Research Council on all
aspect of energy in Iceland there is information on the RDHS. On
average the RDHS delivers hot geothermal water at 80°C to the distri-
bution network. To achieve this there are closed systems in some
parts of Reykjavik by which the used (and cooled) water is returﬁed
to the pumping station and blended to the much hotter fluids produced
by the boreholes. A study by the RDHS has shown that on average the
geothermal water is delivered at 75°C to the customers and leaves at

36°C. The customers use therefore on average the thermal energy



associated with a temperature drop of 39°C. Based on Table 1 it
follows that almost 475 MW-thermal were used for district heating in

the Reykjavik area during maximum demand in February 1980.

On the amount of geothermal water produced annually, Table 2 shows

the development from 1967-1976 (table provided by G. Kristinsson),
while Figure 1 is taken from the RDHS 1979 report and shows the same
except over a longer>period 1944-1979. In 1979 the RDHS report shows
that 45,091,000 m3 of‘ hot water was produced from the pumping
stations to the distribution network. As already stated the temperature
of this water is 80°C. However, due to shunting proceedures the amount
of hot water metered at the customers was only 40,450,000 m3 and

adding 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 end points to maintain flow and temperature. A study by

the RDHS has shown that about 10% of the hot water delivered to
customers is used as tap watexr. This fact does affect statistics on
actual thermal use by customers but for:the present purpose it is not

necessary to deal with tap water seperately.

In calculating the load factor of the geothermal district heating system
of Reykjavik and neighbouring towns it will be assumed here that Table 1
shows the maximum capacity while the total amount of hot water produced
by the pumping stations represents the average capacity used. The
maximum amount of water delivered to the Mosfellshreppur system

(3,106 litres/minute = 52 1/s) should really be subtracted from the
RDHS s installed capacity to arrive at a more correct value for the

load factor but this was not considered necessary here. It should

be noted that the former applies to February 1980 while the latter



applies to the whole of 1979. However, by considering the thermal
energy above 40°C the 45,091,000 m3 of 80°C water from the pumping
stations amounts to 239 MW-thermal. The estimated load factor is
therefore 50%. Table 2 shows not only the annual production of

hot water, but also the production each month of the year. For this
10 year period 1967-1976 the minimum monthly production is 29-43% of
the maximum monthly production, the average being 38%. The demand for
hot water in Reykjavik during each 24 hours is variable and experience
shows that the maximum demand is approximately 30% higher than the
average 24 hour demand (see Orkustofnun Notg HThJ-80/01) . However,

there is evidence to suggest that in more recent years the load curve

has flattened out such that the above percentage has become lower.

Other district heating services. In 1979 there were 24 district heating

sexrvices in Iceland. All of these are public services owned by the
local community. In addition there are at least 6 privatelf owned
services and various other systems. Table 3 shows the 24 public district
heating services in Iceland according to the files of Orkustofnun.

As mentioned above, not all of these are in low-temperature geothermal
fields. The Sudurnes system is in the high-temperature field of Svarts-
engi and the Reykjahlid system in the Bjarnarflag field of the Namafijall
high-temperature area. The Hveragerdi system uses geothermal fluids
both above and below 180°C such that it draws on both high- and low-
temperature geothermal waters. The townlof Hveragerdi is in the south
of the Hengill high-temperature area where the Olfusdalur field is
located with lower femperature fluids at its edge. For further details
Note JSG-GYJ-HeT-80/02 should be consulted. 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 volcanic

eruption on the island of Heimaey in 1973. The lava field ran over a



part of the town and is gradually cooling down due to rainfall and sea-
water ingression. The heat of the lava field is harnessed by spraying
fresh water on the surface within a defined area. The water percolates
down into the lava and is heated and turned into steam at the interface
with the still molten material. In some respects this is "hot-dry-rock"
geothermal energy. The steam thus formed rises to the surface and is
collected in large concrete channels (seweyr pipes) and collected to a
heat exchanger where the circulating water of the district heating system
is heated by the low quality steam. At present there are two sites
harnessed with a thermal capacity of 3 MW each and one more will soon be
on stream (private communication M. Karlsson). Some of the older pilot
heat exchangers are also still in operation. The Vestmannaeyjar system
has an oil fired boiler for maximum demand. The district heating system
is still under construction. Because of the inherent ambiguity in using
180°C as the criteria for high- and low-temperature geothermal fields,
the Sudurnes, Reykjahlid, Hveragerdi and Vestmannaeyjar district heating
systems are shown in Table 3 for the sake of completeness. The 24 public
district heating services provide 156,389 people or 69.0% of the population
with geothermal heating. It is estimated that these 24 operational
district heating services will be extended to provide 174,000 people
fincluding Bessastadahreppur mentioned above) with geothermal heating.
Table 4 shows the present and future district heating systems in Iceland
both public and private. It shows that in 1979 157,945 people enjoyed
geothermal district heating or 69.7% of the total population of Iceland.
The Reykjavik District Heating Service with it’s installed capacity of
475 MW-thermal above 40°C served 49.4% of the total population such that
69.7% would correspond to at least 666 MW—-thermal being installed. This
value is only given here for illustration purposes since it is a great

simplification and includes also the systems producing from high-temperature



fields. Table 4 shows the towns of Akranes and Borgarnes with Hvanneyri
(agricultural college) as district heating systems under construction.
Borgarnes and Hvanneyri will be connected this year while Akranes the
next. This will add 6,682 people to the ones enjoying geothermal space
heating. In the next few years it is expected that 5 towns will have
geothermal district heating, adding 2,718 people and rendering the total
as 185,000 or 81,6% of the population. At a later date there are a few
other towns and rural centres where it may prove economic to use geo-
thermal for space heéting but it is not known how many people this will
inQolve. To summarize; at the end of 1979 about 157,945 people in Ice-
land enjoyed geothermal district heating and in a few years this number
will probably increase to 185,000 people, representing 69.7% and 81.6%

of the total population, respectively.

It is not straight foreward to estimate the total utilization of low-
temperature geothermal energy in Iceland nor is it easy to arrive at a
value for the total installed thermal capacity. The statistics for the
Reykjavik District Heating Service are the most comprehensive available
and span a period of about 50 years. The RDHS meters all the water
produced and delivered to the customers who pay for each m3  received.
As a rule most other district heating systems sell the hot water through
"maximum flow restricters" that deliver some maximum flowrate that is
fixed and the customer pays for if he uses it or not. This equipment

is much simpler than rotating flowmeters and it is thought that the load
curve becomes more even with lower peak demand. Table 3 shows the
maximum fixed flowrate (litres/minute) that the various district heating
services sell. The advantages and disadvantages of the two methods of
selling geothermal water are still being debated in Iceland, partly
because limited flowrate data is available and partly because the various

district heating services have different constraints on their operations.



Table 3 shows that 42,853 litres/minute are sold by public district
heating services in Iceland by the méximum flow method or 714 1/s as
compared to the installed flowrate capacity of the RDHS of 7740 tonnes/
hour or 2150 1/s. It follows that the specific installed flowrate require-
ments are 16 and 19 1/s per 1000 people, respectively. This simplification
shows what is claimed for the maximum flowrate method, that it requires
less installed flowrate capacity. These values are only rough estimates

and must be used with caution.

Installed capacity of low-temperature geothermal fields. A compilation

has been made of the installed production capacity of the low-temperature
geothermal fields operated by public district heating services in Iceland.
This compilation excludes therefore the Sudurnes, Reykjahlid and Vest-
mannaeyjar systems as well as sections of Hveragerdi. This exclusion is
necessary because of the frame of reference of this Note being on low-
temperature geothermal energy in Iceland. The Vestmannaeyjar system is
excluded because the temperature of the still molten lava exceeds 1000°cC.
Table 5 shows this compilation. The information presented was obtained
by contacting the district heating services and asking how much water all
connected boreholes could produce and at what temperature. The table
shows therefore the installed production capacity of the low-temperature
geothermal fields used by the public district heating services in Iceland
at present. Based on the total flowrate capacity of 3071 1/s and thermal
capacity of 640.6 MW above 40°C the average temperature becomes 90.0°C.
This temperature represents the average well-head temperature of low-

temperature geothermal water produced by public district heating services.

It should be stressed that Table 5 shows the present installed capacity

of low-temperature geothermal fields serving district heating services



that are public. Table 3, however, shows data for all the 24 public
district heating services in Iceland at the end of 1979. It should

also be stressed that the district heating services provide hot water
not only for homes but also for industrial, commercial, agricultural

and recreational purposes in various amounts. Unfortunately there are
no statistics that show in detail to what purpose the hot water is used.
What is however known is that most of the water is used for home heating.
In Table 4 there are listed 5 private district heating services with 559
inhabitants and it is estimated that all other private systems provide
1000 people with district heating. Many of these systems are in rural
areas with educational, agricultural (greenhouses) and commercial
buildings. The number of inhabitants does therefore not necessarily
reflect the amount of installed geothermal. It was estimated above that
the total installed capacity of all district heating systems in Iceland
serving 157,945 people would be 666 MW-thermal (above 40°C) by simple
proportion with the RDHS. If the same would be done for the private
systems that serve 1,556 people the installed capacity would be 6.6
MW-thermal which is probably far too low. In what follows an attempt
will be made to estimate the installed production capacity of geothermal

fields in rural areas.

A compilation was made of all the district heating systems (public and
private) in the county of Arnessysla in the south of Iceland. The
information was obtained by asking the operators of the systems. Table 6
shows only the rural district heating systems, the towns of Selfoss,
Hveragerdi and Thorlaksh&éfn are excluded. A comparison with Table 5
shows that the rural towns of Fludir, Laugaras and Brautarholt are
included in both tables such that Table 6 has to be lowered by 21.3 MW-

thermal, for 40°C reference temperature, if it is to be added to Table 5,
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the result being 683.3 Md—-thermal. The values in Table 6 show that the

average temperature of the geothermal water is 90°C as it was in Table 5.

Many rural educational, commercial, industrial and agricultural centres
in Iceland have been built at locations where hot geothermal waters are
to be found. The majority of these are in low-temperature geothermal
fields. Such a rural geothermal centre would typically have one or more
boarding schools (from primary to upper secondary) with all the
associated buildings for teachers and other staff. There are swimming
pools at most of these centres. In more recent years as commercial,
industrial and greenhouse activities have increased, then these have
tended to be built at established eduational centres. While Table 5
shows the installed production capacity in low-temperature geothermal
fields serving public district heating systems and Table 6 shows both
public and private systems in the county of Arnessysla, there are
numerous centres in other parts of Iceland that must be included in the
present survey. A compilation was made of the installed production
capacity at the almost 30 geothermal rural school centres in Iceland.
Table 7 shows the information as obtained from the operators of the
systems or the files of Orkustofnun. As in Table 6 the flowrate stated
represents the amount of geothermal water that is presently harnessed

in each field, although it may not all be used. It is the amount of
water that is presently available and connected to the distribution
system but not what could be available if all hot-springs and boreholes
in the field were connected. Nor does it say anything about the ultimate
potential of each low-temperature geothermal field. Unfortunately there
is limited if any statistics about the maximum amount of water required
by each centre. To arrive at some guess timate would e.g. require a

knowledge of the heated m3 at each centre etc. ; information which is not
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available. Table 7 shows the rural school centres in each county, in-
cluding Arnessysla already shown in Table 6. To arrive at the total
installed capacity then the 14.5 Md-thermal (reference temperature 40°C)
must be subtracted from Table 7 if it is to be added to Table 6. Therefore,
Tables 5, 6 and 7 add up to 734.7 MW-thermal above 40°C. The values in
parenthesis after each location name show the number of students attending
the schools, adding up to more than 2225. Most of the schools are boarding
schools. The number of students is based on 1979 figures while the stated
capacity figures apply to late 1980. The total values in Table 7 were
used to estimate the average temperature of the geothermal waters as 80°C.
There are probably very few if any rural geothermal centres that do not
have a school that is listed in Table 7. It follows that Table 7 shows
probably all the important rural geothermal centres in Iceland. In Table
4 it is estimated that about 1000 people in rural areas enjoyed geothermal
district heating in 1979. This figure includes both people living in
rural centres and individual farms. An examination of Table 7 shows that
the counties of Borgarfjardarsysla and Arnessysla account for more than
1/2 the total installed capacity. It is well known that these are the

two counties where alot of low-temperature geothermal energy is available.
It is therefore likely that a large proportion of the above estimated

1000 people in rural areas live in these two counties. If that is the
case then Tables 6 and 7 must represent a fair number of these people.

For this reason and also because the installed geothermal power associated
with home heating for the remaining people must be limited, probably less
than 1/2% of the total for Iceland, it will not be considered further in

the present Note.
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Swimming pools. There are 84 swimming pools in Iceland using geothermal

water directly and/or indirectly. The total volume of these pools is
22,427 m3 according to Orkustofnun files, with 18,789 m? or 83.8% outside
and 3,638 m? or 16.2%.inside. At least 4 of these being in the Sudurnes
region (2 inside 305 m3 and 1 outside 105 m31 and Vestmannaeyjar (1 inside
550 m3) should be excluded from the present Note because they are in
non-low-temperature areas. However, it is of some interest to estimate
the total use of geothermal (high- and low-temperature). A rough estimate
was made of the average water requirements of outside and inside swimming
pools in the Reykjavik area. Based on the yearly amount of geothermal
water metered to 4 outside and 3 inside pools, it was estimated that the
former used on average 1 kW/m3 and the latter 0.5 kW/rn3 based on.80°C
inlet and 40°C outlet temperatures. These values are only first estimates
and need to be looked at more carefully. The above estimates are based
on annual usage - the swimming pools served by the RDHS are used all year
round as are most pools in other towns and main rural centres. Table 8
shows the average and specific thermal power requirements of out- and
inside pools and Table 9 shows the total geothermal power needed to supply
the 84 swimming pools in Iceland. There is no information on the likely
load factors of swimming pools. If they have the same load factor as
typic;l district heating systems, which is 50% for the RDHS, the values

in Table 9 have to be doubled to show the installed thermal capacity
required for the 84 geothermal pools. It should be keét in mind that

26°C is considered ideal for normal swimming while 19°C is more appropriate
for competitions. For small children and schools the temperature could
be as high as 30°C. It may therefore be difficult to evaluate the amount
of thermal energy actually used in swimming pools. About 45% (38 pools)
of the 84 swimming pools using geothermal are served by the public

district heating services listed in Table 3. The volume of these pools
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is 12,452 m3 or 56% of the total. Table 10 shows the number and size
of these pools at the end of 1979. Four of the private systems listed

in Table 4 have swimming pools (3 inside 324 m3 and 1 outside 890 m3).

Of the remaining 42 pools there are at least 11 (6 outside 1292 m3 and
5 inside 884 m3) at locations listed in Table 7. This leaves 31 pools

3 (29.4% of total) of which most

not in areas already listed or 6,585 m
are probably outside pools. The associated average thermal power of
these 31 pools becomes 13.2 , 12.4 , 10.7 , 7.4 and 6.6 MWA-thermal for
0° , 5°, 15° , 35° and 40°C , respectively, if they are all assumed
outside type and using Table 8. In other words, these values have to
be added to the installed geothermal production capacities listed in
Tables 5, 6 and 7 to arrive at an estimate for the whole of Iceland.

This addition amounts to 741.3 MW-thermal above 40°C reference tempera-

ture.

Greenhouses. It is estimated (0.V. Hansson) that at the turn of 1979/
1980 thé total area of/commercial greenhouses in Iceland was 145,000 m2.
In addition there are small greenhouses used for home growing. The
majority of these houses are in the south of Iceland as shown in Table 11
indicating the situation late 1978. BAbout 70% of the greenhouses are
used for growing vegetables, mostly tomatoes and cucumbers, and about

30% for flowers such as roses, carnations, chrysanthemums and various
potted plants. The heating requirements for greenhouses in the south

of Iceland are estimated 200-250 kcal/h m? at maximum (6.V. Hansson).
Assuming geothermal water at 80°¢ and taking 250 kcal/h m? (= 0.291 kW/m2)
as the specific thermal power requirements, the 145,000 m? result in

84.4 , 79.1 , 68.6 , 47.5 and 42.2 MA-thermal for 0° , 5° , 15° , 35°

and 40°C , respectively. The load factor of greenhouses is not known,
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but it is recognized that it is lower than for home heating. There is
some growing of vegetables in Iceland in naturally and artifically heated
ground. The total area of soil heating is probably 15,000 m2 most of
which is natural. Recent studies show that for successful growing in
heated soil the heat flux has to be about 1/4 that of greenhouses or

50 kW/mz. An examination of Table 11, although from late 1978, and a
comparison with Tables 5, 6 and 7 will show that most if not all the
indicated greenhouse areas (locations) are within already listed public

and private district heating services or main rural centres.

Aquaculture. Geothermal water is used in several fish culture stations
in Iceland for/rearing salmon and trout smolts. This has been done for
a number of years and now there is a great interest in salmon farming
yet to be realized on a commercial scale. The prerequisite for all fish

culture operations in Iceland is a plentiful supply of geothermal energy

and fresh water except possibly when rearing salmon from smolt to adult
size in éeawater. Table 12 shows details about the 9 fish culture
stations in Iceland using geothermal water. In total they have the
capacity to raise 610,000 smolts per year. Table 13 shows the estimated
thermal requirements as 1.9 MW above 40°C. It should be noted that the
Ellidaar and Sa;dérkrékur stations obtain thermal water from public
district heating serviceé. The installed geothermal production capacity
not listed in any other tables amounts therefore to 1.6 MW-thermal above

40°C.
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Industrial. The main use of low—-temperature geothermal for industrial
processing is the seaweed (mainly) drying plant at Reykhdlar in West-
Central Iceland. At Reykhdlar there is also a public district heating
service as shown in Table 5. The district heating system uses one bore-
hole while the drying plant uses three boreholes. These three boreholes
produce about 45 1/s in total of 112°C water. The installed thermal
capacity of these two boreholes (field) corresponds therefore to 21.1 ,
20.2 , 18.3 , 14.5 and 13.6 Md-thermal above 0° , 5°, 15°, 35° and 40°C
reference temperature, respectively. The seaweeds produced at Reykhdlar
are used in the alginate industrxy. The dryer has a capacity of 8-10
tonnes/hour of dried seaweeds. The dryer is sometimes used to dry fish

e.g. capelin.

Overview of utilization. There are basically two methods by which the

installed geothermal power in Iceland has been estimated. The first
method assumes that the Reykjavik District Heating Service is typical

and that the total for Iceland is proportional to the population enjoying

geothermal district heating. With minor adjustment this method has
traditionally been used. The second method is based on a survey (com-
pilation) of all boréholes connected to district heating services and
other users. In the present Note an attempt has been made to use the
second method. The survey is however not as detailed as it needs to be
and should therefore be improved. It is perhaps reasonable to ask how
the two methods compare. Based on the information compiled for the
present Note it has been shown above ("survey method") that for reference
temperature 40°C the installed low-temperature geothermal power amounts
to 756.5 MW-thermal. Using the same procedure for other reference

temperatures (0° , 5° , 15° and 35°C) the corresponding values are 1377.8

1298.4 , 1141.2 and 833.8 MW-thermal. This is the total installed low-

temperature geothermal power in Iceland.
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In applying method one it should be noted that the RDHS sold 40,450,000 m3

. of hogfwater for space heating and 726,000 m3 (1.8%) for swimming pools

‘in 1979. It should also be noted in Table 11 that 3.9% of greenhouses

are in Reykjavik and 7.2% in the Mosfellshreppur and Kjalarnes. If it is
assumed that the RDHS serves 10% of greenhouses in Iceland, then 8.4 , 7.9 ,
6.9 , 4.8 and 4.2 MW-thermal must be subtracted in order to show the use
of geothermal by type of utilization. Using the RDHS values in Table 5,
being 831.7 , 787.1 , 697.9 , 519.9 and 475.4 MW-thermal for the standard
reference temperatures, then 1.8% or 15.0 , 14.2 , 12.6 , 9.4 and 8.6
MW-thermal should also be subtracted. The use of geothermal for resi-
dential, commercial and industrial heating becomes therefore 808.3 ,

765.0 , 678.4 , 502.5 and 462.6 MW-thermal, respectively, serving 114,158
people (111,905 + 2,253). For the 157,945 people enjoying district heating
the proportionai values are 1118.3 , 1058.4 , 938.6 , 695.2 and 640.0
MW-thermal. The installed geothermal capacity associated with all swimming
pools and greenhouses and industrial uses have already been estimated
above. Regarding fish culture as shown in Table 13 the Ellidaar and
Saudarkrdkur values should be subtracted from the total district heating
values above, resulting‘in 1117.7 , 1057.9 , 938.3 , 694.9 and 639.7
MW-thermal. Because this Note deals only with low-temperature geothermal
energy the estimated installed capacity of the Sudurnes, Vestmannaeyjar

and Hveragerdi systems should be given special attention as these are not
low-temperature. For simplification (because swimming pools in these

3 locations are included in the total and because there are some green-
houses in the Sudurnes region) the preportional (based on population)
capacity of the Sudurnes region and the town of Vestmannaeyjar was
estimated from the RDHS values in Table 5, resulting in 85.5 , 80.9 ,

71.7 , 53.4 and 49.0 for Sudurnes and 12.3 , 11.6 , 10.3 , 7.7 and 7.0

MW-thermal for Vestmannaeyjar. In Hveragerdi the situation is complicated
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because it uses both high- and low-temperature geothermal energy. An
approximation is to assume that each type of field proQides 1/2 the total
requirement and that greenhouses are 1/2 the totél. The estimated total
installed géothermal for greenhouses in Iceland should therefore be low-
ered by 1/2 the Values shown for Hveragerdi in Table 5, and the total
residential, commercial and industrial space heating estimated above
should be lowered by the same value. Table 14 shows the total utilization
of low-temperature geothermal energy in Iceland by type of use as esti-

mated by the "proportional method".

A comparison of Table 14 with the results of the "survey method" of
estimating the installed capacity shows that the latter gives 16-19%
higher values. See Table 15. It is recognized that while the "survey
method" represents all the hot water that is available and connected

to a distribution system, the "proportional method" represents only the
hot water required by a distribution system as demanded by the users.
The excess water is therefore available but not used although installed.
The installed capacity in high-temperature geothermal fields in Iceland
is about 100 MW-thermal abo§e 0°¢ reference temperature (Note JSG-GVJ-

HeT-80/02) .
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Exploration

There is considerable exploration work for geothermal energy carried out
in Iceland as would be expected in view of the great importance the
resource plays in the national economy. This year (1980) the Geothermal
Division of Orkustofnun is conducting exploration work for. about 10
operational district heating services to enable them to meet expected
increases in demand for hot water and also to better secure their present
production capacity. Exploration is also being 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
exploration studies are being performed this year for rural centres and
groups of farms. At the same time several regional geothermal studies
are on the agenda to provide a better understanding of the processes

that give rise to usable geothermal energy.

The Geothermal Division has a staff of about 50 people of which 40 are
geoscientists and engineers. All services (library, drawing office etc.)

are provided by other staff at Orkustofnun.

Drilling for geothermal energy in Iceland is done with 5 main rigs.

They have the following depth capabilities: J&étunn 3600 m , Dofri
1900-2200 m , Narfi 1500-1800 m , Glaumur 800-1200 m and Ymir 400-600 m.
The first two are used to drill in high-temperature areas while the 3
others in low-temperature éreas. The second largest, Dofri, does also
alot of drilling in low-temperature areas, particularily for the RDHS

which owns it 50%. The state owns all the drilling rigs and they are

operated by the Drilling Division at Orkustofnun. All the exploration
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and production drilling for geothermal in Iceland is done by the above

5 rigs, except for gradient holes, which are drilled by smaller rigs.
Assessment

Information on the natural flow and temperature of hot springs in Iceland
has been updated for the purpose of the present survey,f For a number of
years it has been thought that the natural flow of all hot springs in
Iceland amounted to 1500 1/s of 75°C water. This flow has been attributed
to abéut 600 hot springs in 250 locations. In the files of Orkustofnun
there is information about these hot springs to which more accurate
measurements have been é&ded in recent years. This updated information
was used to estimate the total flowrate of hot water in low-temperature
fields as hell as the associated thermal power. Also, the ihformation
has been used to estimate the present flowrate and temperature in the

same fields with the advent of drilling. Table 16 shows the result of
this survey. The flowrate before drilling is the natural water discharge,
while the after drilling values show both the remaining ﬁatural flow and
borehole discharge. The estimated natﬁral flow is now considered 1825 1/s
or 325 1/s (22%) higher than previously thought. The weighted average
temperature of this flow is 67°C. All 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 thermal power above 40°C has increased
from 227 MW-thermal to 785 MW-thermal or by 246%. The greatest increases
in flowrate have been achieved in the low-temperature fields producing
hot water for the Reykjavik District Heating Service: In the county of

Gullbringu- & Kjdsarsysla the flowrate has been increased about 10 times

while the thermal power has increased by about 15 times.
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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 methodalogy have been made 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 present Note. More details are however given in the
Orkustofnun Note (JSG-GVJI-HeT-80/02) on high-temperature geothermal fields
since they are better defined than low-temperature fields. What can be
done here is to summarize the assessment results for all geothermal
energy in Iceland above 5°C (average ambient temperature) in the
terminology of geothermal assessment: Resource Base 0-10 km 1.2x10%4 g

21

024 024 7 , Residual 96.5x10%% g

Inaccessible 1.1x1 J , Accessible 0.1x1

and Useful 3.5x1021 J. The Useful part of the Geothermal Resource Base
has not been divided‘into Economic and Subeconomic as it is related to

various time dependent assumptions.

Jon Steinar Gudmundsson
Maria Jéna Gunnarsdottir
Rutur Hallddrsson
Kristjan Saemundsson

Hjdrleifur Thor Jakobsson
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TABLE 4

Geothermal district heating in Iceland, 1979 and future

voun/Region = o
Public:
* *
24 systems 156,389 174,000
* %
Private: 1,556 1,600
TLaugarvatn 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
Hvolsvollur - 524
Raudalakur = 4?2
Rural etc. - 618
Total: - 9,400
Grand Total 157,945 (70%) 185,000 (82%)

1) Census 1979.12.01 population 226,724
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TABLE 6

Installed production capacity of low-temperature geothermal fields operated by public and private district heating
services in the county of Arnessysla 1980, excluding Selfoss, Hveragerdi and Thorlékshofn.

District: Capacity  Temperature Installed thermal capacity (MW)

Location (1/s) (°c) >0° >5° > 15° > 35° > 40°

* *

O1fushreppur: 9.4 - 3.8 3.6 3.2 2.5 2.3
Arbaer 2) 4.4 93 1.7 1.6 1.4 1.1 1.0
Hlidardalur 5 100 2.1 2.0 1.8 1.4 1.3

*

Grimsneshreppur: 22 - 7.6 7.2 6.3 4.5 4.0
Reykjanesz) 10 80 3:3 3.1 2.7 1.9 1
Sélheimar 12 87 4.3 4.1 3.6 2.6 2.3

* *

Hraungerdishreppur: 2 - 0.5 0.5 0.4 0.3 0.2
S31lvholt 2 65 0.5 0.5 0.4 0.3 0.2

* *

Skeidahreppur 9.0 - 2.6 2.4 2.0 1.2 1.0
Brautarholtl) 4.6 72 1.4 1.3 1.1 0.7 0.6
Hlemmiskeid ' 0.4 63 0.1 0.1 0.1 0.1 0.0
Hisatoftir 1 70 0.3 0.3 0.2 0.1 0.1
Osabakki 2. 58 0.5 0.4 0.4 0.2 0.2
Reykir 1 69 0.3 0.3 0.2 0.1 0.1

*

Hrunamannahreppur: 79 - 30.0 28.4 25.0 18.6 170
Fludirl) 38 100 15.8 15.0 13.3 10.3 9.5
Midfellshverfi 10 65 2:7 245 2.1 1.2 1.0
Reykjabdl 20 100 8.3 79 7.0 5.4 50
Sydra Langholt 5 67 1.4 1.3 1.1 0.7 0.6
Birtingaholt 4 62 1.0 0.9 0.8 0.5 0.4
Laugar 2 100 0.8 0.8 0.7 0.5 0.5
* *

Biskupstungnahreppur: 118.4 - 47.0 44.5 39.7 29.8 27.5
Audsholt 4 92 1.5 1.4 1.3 0.9 0.9
Efri Reykir 0.4 92 0.2 0.1 0.1 0.1 0.1
Laugarés!) 45 100 18.6 17.7 15.8 12.1 11.2
Reykholt (I\ratunga)z) 14 98 547 5.4 4.8 317 3.4
Sydri Revkir 40 95 15.7 14.9 13.3 9.9 9.1
Skalholt?) 7 97 2.8 2.7 2.4 1.8 1.7
spdastadir 8 74 2.5 2.3 2.0 1.3 1.1

* *

Laugardalshreppur: 62 - 22.4 21.1 18.5 13.4 12.0
Bédmddsstadir 5 100 2.1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>