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Today, more than 50 countries use geothermal energy. (Iceland is a country whose 
size is smaller than Kentucky). Its austere land is gradually and continuously being 
reshaped by the very landscape of embedded energy used to power and heat it. 
While Iceland may be ranked 14th in the world for geothermal resources, it is the 
highest per-capita producer of geothermal power.

Energetic Landscape: Hellisheiði Geothermal Power Plant in Hengill, 
an active volcanic ridge in southwest Iceland

Providing 4 terawatt-hours of electricity to the island each year, it fulfills 25% of 
the country’s energy consumption while also providing 95% of its heat and hot 
water needs. In contrast, the U.S.—considered to be ranked number one in the 
world for geothermal resources with an estimated 400 terawatt-hours available 
per year—produces only 14.8 terawatt-hours a year, which amounts to only 0.38 
percent of its overall electricity consumption.
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Geologically one of the youngest countries in the world, Iceland has only emerged 
out of the ocean in the last 20 million years. It sits on top of the Mid-Atlantic Ridge, 
a 10,000-mile long divergent fault line-crack along the ocean floor caused by the 
slow separation of the North American and Eurasian tectonic plates, two of the 
largest within the northern hemisphere. By moving away from each other at a rate 
of 2 cm per year, pressure releases and exposes lava to the sea between them. 

The lava bubbles to the surface and cools, forming new land. It is the only place 
in the world where fire creates new land while ice simultaneously shapes the 
landscape. These geological conditions provide the circumstances in which a 
society may begin to sustain itself by integrating their operations of agriculture, 
aquaculture, industry, and recreation with the heat and electricity generated by 
this resource.

Living Ground: Bubbling mud pots, hot springs, and steaming 
fumaroles in Námafjall, Krafla, north Iceland in the Mývatn region
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Harnessing geothermal energy begins with the drilling of the borehole. Drilling 
technology has been adapted from the petroleum industry to accommodate higher 
temperature fields. Iceland’s biggest drilling company, Jardboranir HF, operates 
both nationally and internationally, with a record of several hundred geothermal 
wells. Wells are drilled for three purposes: research and exploration, exploitation, 
or the extraction of geothermal fluids and steam, and for the reinjection of the 
already used geothermal fluid to stabilize the water table and underground 
pressures in high temperature fields. The drilling process produces residues. 
There are a series of tailing ponds where the drilling material is flushed through 
the system and then  sinks into the bottoms to prevent the released water from 
becoming contaminated. 

Puncturing the Ground: Jardboranir HF drilling a re-injection well at Hellisheidi Power Plant
July 9, 2010

As they are drilling, the well is flushed out continuously with water in order to 
relieve it from the residues. Technology has evolved from drilling straight down 
to now having the ability to drill in angles, increasing the probability of having 
a highly productive geothermal well. Measurements are consistently made in 
collaboration with ISOR Iceland Geosurvey to ensure accuracy in the process. 
Injection wells are short lived. When the hot geothermal fluid is injected back 
into the earth through this well, the rock’s cracks and fissures begin to expand. 
Eventually this consistent expansion leads to lost porosity, preventing the water 
from re-entering the water table.
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The production zone of the borehole varies according to temperature, mineral 
content, and the depth of the water table. Boreholes can be drilled either vertically 
or directionally into the bedrock at depths of hundreds to several thousands of 
meters below the surface. Borehole liquid and steam are pushed up from the hole 
at these localized varying temperatures. This is the energy that is utilized by the 
power station. 

Harnessing Energy: Borehole K-20 at the Krafla Geothermal 
Power Station near Lake Mývatn in north Iceland

Every borehole is equipped with a muffler. When water flowing into the power 
station has to be stopped, the geothermal fluid from the borehole has to be diverted 
into the muffler; otherwise the noise would be at the threshold of pain. Inside the 
muffler, the pressure is lowered in stages, reducing the noise.
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In 2000, a consortium of the three largest Icelandic energy companies called Deep 
Vision launched the Iceland Deep Drilling Project, or IDDP. The purpose of this 
project is to drill up to 5 kilometers deep in order to reach supercritical temperature 
zones that would generate more productive geothermal wells. The first IDDP well  
was drilled at Krafla near Lake Mývatn, one of the hottest high-temperature zones 
in Iceland. 

Extreme Energy: Borehole IDDP-01 at the Krafla Geothermal 
Power Station near Lake Mývatn in north Iceland, July 14,2010

Drilling began at the start of 2010. The goal was to drill 5 kilometers below the 
earth’s crust. At about 2.5 kilometers into the drilling process, they encountered 
problems with the drill rig. They had reached magma. It is only the second time 
in human history this has happened. Although capped for some time, it quickly 
became highly productive and slightly unstable, releasing intensely dry steam. 
Krafla power plant set up a monitoring station.  As of July 14, 2010, when this 
photo was taken, the condition of the well had just become incredibly active. 
With temperatures over 300°C and climbing 10°C every week, it was on its way to 
becoming one of the hottest boreholes in Iceland.
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A power station’s ability to produce hot water, electricity, or both, is dictated by 
the temperature of the geothermal field. Low-temperature fields versus high-
temperature fields are classified with approximately 200°C as the threshold. Water 
below that temperature is considered to be low-temperature while anything above 
that is deemed high-temperature. In high-temperature zones, not only can one 
produce hot water, but the heat becomes so intense that steam zones develop. 
This steam is the fuel to power electricity producing turbines. 

Although high temperature fields provide the ability to generate electricity, 
the sweltering geothermal fluid cannot be directly utilized. This is due to its 
concentration of dissolved minerals and gases that can precipitate in pipes. 
Instead, the geothermal waters are used to heat up fresh water with the use of heat 
exchangers. They have a double segregated pipe system which prevent these 
waters from mixing with one another. The product is called heating utility water. It 
is sent to the local hot water tank, a reservoir, where it is collected before it is sent 
to consumers.

Power it Up: Krafla Geothermal Power Station producing 60 MW, near Krafla volcano
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Pipelines are the conduit for the heating utility water to travel to consumers. 
Iceland has more than 30 geothermal district heating systems operating in towns, 
villages, and around 200 networks in rural areas. The long distance transmission 
pipeline networks for geothermal waters range between 20-60 kilometers. The 
largest in Iceland is 62 kilometers long, supplying the Akranes and Borgarfjordur 
District heating system (ABDHS).

Geothermal Water Slide: A 23 kilometer ride from Nesjavellir to Reykjavik

The pipeline that supplies a large percentage of the population is for the greater 
Reykjavik area, 183.000 inhabitants. The hot water travels 23 kilometers from the 
Nesjavellir power station. It is Iceland’s largest geothermal combined heat and 
power plant (CHP) and part of the largest and most modern geothermal district 
heating system in the world. Construction began in 1987 and its first stage was 
complete in 1990. It pumps 560 litres per second (2,000 cubic meters per hour) 
of hot water to the towns around Reykjavik such as Kopavogur, Gardabaer, 
Bessastadahreppur, and Hafnarfjordur. 
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1924 was the year Icelandic greenhouses began using geothermal heating for food 
production. Prior to this, naturally warmed soil was used to grow vegetables. In 
2001, there was a total area of about 183.000 square meters under glass. This grew 
to 196.000 square meters in 2008. 50% is used for growing fruits and vegetables, 
26% for cutflowers and potted plants, and 24% are nurseries for bedding and forest 
plants. Use of artificial lighting has continuously increased in the last decade. 
This has doubled the crop yield by allowing year-around production. Government 
subsidies have encouraged this boost on electrical utilization for lighting. CO2 gas 
enrichment in greenhouses has also increased in the last decade during winter 
months. The total geothermal energy used in Icelandic greenhouses is estimated 
to be 744 TJ per year.

Heated Daytime All the Time: A highly productive greenhouse growing tomatoes in Fludir

Fludir, a little town of about 400 people, mostly farmers, is located in the 
southwestern inland area of Iceland. It has developed around its proximity to the 
Hellisholt geothermal field. It is one of the hottest low temperature zones in Iceland 
and supplies the country with 80% of its tomatoes, cucumbers, mushrooms and 
other vegetables. This particular operation mostly grows only tomatoes. They 
use a plant for about 6 months until it peaks in its production. The geothermal 
system and temperature control is entirely computerized. It runs two simultaneous 
geothermal systems coming from different sources—one thread of wrapping pipes 
hug the walls and another runs along the ground, elevated to be near the plants. 
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The aquaculture industry in Iceland has been in fluctuation over the last decade. 
Total production reached about 10,000 tons in 2006, most of which was salmon, 
but then declined to half that number. Close to 50 fish farms were registered in 
2008. The dominating species is currently Arctic Char. Geothermal energy’s major 
role is mostly for juvenile production for char, salmon, and cod. Estimated energy 
used in this sector is 1.900 TJ per year. Silfurstjarnan HF is one of the largest fish 
farms in Iceland. Located in the north, it began as a geothermal experiment in the 
1990s and has now expanded to 70 tanks. 

They grow two types of flat fish, Halibut and Turbot, as well as salmon. 60% of 
their production goes towards the salmon, as well as 90% of their revenue. 99% 
of their salmon is exported to the US. Their contract with Whole Foods is their 
salmon economy. On a Friday, they begin harvesting at 7 AM for the fish to be 
ready for shipment by noon. Around 2 PM a truck arrives to pick up and deliver 
the fish to Keflavik (southwest peninsula of Iceland) where they are to be further 
processed the following day. Next, they fly it over to Boston, to Whole Foods’ 
distribution chain, where the salmon is distributed to be on the U.S.  market by 
Monday/Tuesday.

Geothermal Salmon: Silfurstjarnan HF’s adult salmon tanks in Kópasker, north Iceland
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What was first considered to be an environmental disaster, the Blue Lagoon as a spa 
industry emerged out of geothermal effluent from the Svartsengi power plant—a 
byproduct has become a source of economy. In the late 1970s, when the power 
plant began operating, effluent was being released back out into the landscape of 
lava fields in an attempt to regenerate the water table. These particular geothermal 
waters have a very high mineral and salinity content. Due to the oxidation of the 
minerals in the geothermal water, they began to solidify in the bedrock’s cracks, 
clogging its porosity. 

A lagoon formed and people began bathing in it. One man with psoriasis noticed 
drastic improvements in his skin’s condition and an analysis of these waters 
began. They discovered blue-green algae who die after the temperature cools, 
transforming into silica. Several dozen new bacteria were also discovered. Today, 
the Blue Lagoon has over 400,000 visitors per year, three-quarters of which are 
tourists. They also have a skin care product line created using these resources. A 
human ecology and economy has developed out of geothermal ‘waste’.

Emergent Economies: The Blue Lagoon is now an Icelandic icon 
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Micro-ecologies of flora and fauna can develop around geothermal effluent and its 
temperature gradient.

Emergent Ecologies: Thriving on the warmth of the waters from 
Thorverk Seaweed Processing Plant in Reykholar, north Iceland
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Tapping into a resource dependent upon unpredictable geological conditions 
puts into question how long a specific geothermal well can last for. Currently, the 
average life-span of a borehole for geothermal energy use is approximately 40 
years. Some have lasted for longer, while others did not provide efficient sources 
of energy upon drilling. No matter the circumstance, after the use of these drilled 
wells they become abandoned. The current status of abandoned geothermal wells 
in Iceland is such that there are a number of old wells that the state owns. 

Geothermal Artifact: Abandoned borehole as spectacle

The current status of abandoned geothermal wells in Iceland is such that there 
are a number of old wells that the state owns. They have simply been abandoned 
and improperly plugged. This is causing some problems in some of the fields due 
to the danger of explosion with high pressures in a steam zone at shallow depth. 
This is though being dealt with. There are also wells that have been covered with 
stones and are now a tourist attraction without the tourists really knowing that 
they are looking at an abandoned well.
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Newly opened in May 2006, the Reykjanes power plant is located on the western 
edge of the Reykjanes peninsula situated about 1 KM from the Atlantic Ocean. 
It produces 100 MWh from geothermal steam using two 50 MW turbines. The 
electricity produced provides the energy needed for the aluminum company 
Norðurál in Hvalfirði to operate. 

Effluent IS Energy: Reykjanes Power Plant’s eflluent to be a new economic source

They are able to purify the steam and extract water and minerals from it. The 
steam goes to the turbine to produce electricity for the aluminum company. Water 
effluent is sent down an 800 M long concrete culvert to the Atlantic Ocean. It 
flows at a rate of 4,000 liters per second and at a temperature of approximately 50 
degrees Celsius. There is potential to tap into this lost energy and choreograph 
newly emergent economies and ecologies.
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“Engineering systems are designed from the inside outward, that is, from 
components into a functioning whole. Behavior of a system is a consequence 
of interaction of its parts, parts that themselves must be understood and 
interconnected.” Jay Forrester, System Dynamics
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