
  

 

 
 

 

 

 

 

 

 

 

 

 

Leigjendavandinn: The Tenant Problem in Geothermal 

Leasing 

Christopher Mathews 

Thesis of 60 ECTS credits 

Master of Science (M.Sc.) in Sustainable Energy 

Science 

  June 2017



ii 

 



  

 

 
 

 

Leigjendavandinn: The Tenant Problem in Geothermal 

Leasing 

 
Thesis of 60 ECTS credits submitted to the School of Science and Engineering 

at Reykjavík University in partial fulfillment of 
the requirements for the degree of 

Master of Science (M.Sc.) in Sustainable Energy 

Science 

 

June 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Supervisors: 

Dr. Guðni A. Jóhannesson 

Director-General, National Energy Authority, Iceland 

 

Eiríkur Elís Þorláksson 

Professor of Law, Reykjavík University, Iceland 

 

Examiner: 

Harpa Þórunn Pétursdóttir 

Attorney, BBA, Iceland 



iv 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright 

Christopher Mathews  

June 2017 

 

 

 



vi 
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Christopher Mathews 

June 2017 

 
Abstract 

Iceland is heavily reliant on the efficient use of geothermal energy.  Two-thirds of 

the nation’s current energy needs are met by geothermal resources, and if properly 

utilized geothermal energy can power Iceland for centuries to come.  The division 

between ownership and control of the resources has caused concern among 

Icelandic policymakers that private companies with temporary rights to use 

geothermal resources may focus on short-term exploitation to the detriment of the 

long-term public interest. This issue is called leigjendavandinn, the tenant problem.  

Iceland developed a statutory solution for the tenant problem in 2008; but European 

authorities contend the law violates international agreements and have demanded 

it be changed.  This paper looks at geothermal power and the dispute over Iceland’s 

answer to the tenant problem, and proposes an alternative approach to the problem 

consistent with both Icelandic and European law. 

Keywords: geothermal, leasing, tenant, policy, leigjendavandinn
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Leigjendavandinn: The Tenant Problem in Geothermal Leasing 

Christopher Mathews 

júní 2017 

 
Útdráttur 

 

Ísland er mjög háð skilvirkri notkun á jarðhita. Tveir-þriðju af orkuþörfum landsins 

er nú mætt með jarðhita, og ef auðlindin er nýtt á skilvirkan hátt getur hún knúið 

landið í aldaraðir. Mögulegt lagalegt bil milli eignar og stjórnar auðlindarinnar 

hefur valdið því að íslensk stjórnvöld eru farin að hafa áhyggjur af því að fyrirtæki 

með tímabundinn nýtingarétt á auðlindinni muni einblína á skammtíma nýtingu 

sem muni skaða langtíma hagmunum almennings. Þessi vandi er kallaður 

leigjendavandinn (e. the tenant problem). Ísland þróaði lögboðna lausn við 

leigjendavandanum árið 2008, en Evrópsk stjórnvöld telja íslensku lögin vera brot 

á alþjóða sáttmálum og krefjast þess að þeim verði breytt. Þessi rannsókn skoðar 

jarðhita og deiluna um lausn Íslands á leigjendavandanum, og leggur fram aðra 

nálgun á vandanum sem er í samræmi við bæði íslensk og evrópsk lög. 

Leitarorð: jarðhiti, leiga, leigjandi, stefna, leigjendavandinn
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Chapter 1 

1Introduction 

No country in the world is more reliant on geothermal energy than Iceland.  (Björnsson, 

2010).  Ninety per cent of the country’s homes are heated using geothermal energy and more 

than a quarter of its electrical power generation comes from geothermal resources.  

(Orkustofnun, 2016a).  Iceland’s abundance of geothermal and hydropower assets enable it, 

despite its relatively small size, to be the world’s largest per-capita producer of electricity.  

(Iceland Chamber of Commerce, 2016).   

The use of geothermal energy is an important part of Icelandic culture and commerce. 

Characterized initially by small, local applications and later by increasingly-complex 

networks, the evolution of modern Icelandic geothermal energy use was largely driven by 

public investment and state-owned utilities.  (Haraldsdóttir, 2010).  With the advent of market 

liberalization policies and an accompanying commitment to dismantling vertically-integrated 

energy undertakings, Iceland now is trying to encourage private investment and competition 

while at the same time working to protect the public interest in sustainable use of geothermal 

energy.  (Jóhannesson G. A., 2016).  Balancing these public and private concerns is 

complicated by leigjendavandinn – the so-called tenant problem. 

The tenant problem stems from the divergence of interests between the owner of an 

asset and the tenant given temporary control of it.  Under Icelandic law, publicly-owned 

geothermal resources cannot be sold to private companies; instead, the resources are made 

temporarily available for development and exploitation.  If efficiently managed for the long-

term, the resources may be productive for hundreds of years (Steingrímsson, Axelsson, & 

Stefánsson, 2005); but strategies for efficient long-term use may not yield the maximum 
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revenue during a private company’s tenancy.  This creates a split incentive in which costs and 

benefits are misallocated: the owner bears the long-term cost or benefit of the tenant’s short-

term behavior.  (Bird & Hernández, 2012).  The risk is that a private tenant company acting in 

its own self-interest will use the resource in a manner detrimental to the public owner’s interest. 

This thesis examines the scientific, historic, and technical aspects of geothermal energy 

use in Iceland and the economic and legal environment in which that energy is used.  Next, it 

examines the value and challenges of promoting sustainable use of geothermal energy in 

Iceland.  The thesis then turns to the tenant problem, including Iceland’s initial effort to deal 

with the problem and the rejection of Iceland’s approach by the European Free Trade 

Association Surveillance Authority (ESA).  Following an assessment of the ESA’s criticism, 

it culminates with a proposal for a new approach – one consistent with existing Icelandic law 

and policy and within the bounds of European law – to promote efficient use of geothermal 

resources and investment in the reliable operation of the wells, infrastructure, and power 

stations (WIPS) built to exploit them. 
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Chapter 2 

2Objectives and Methods 

I became acquainted with the tenant problem during an internship at Orkustofnun, the 

National Energy Authority of Iceland.  My work at the time involved a different project; but 

in discussions with Orkustofnun staff I learned the tenant problem was a matter of increasing 

concern because the ESA had expressed dissatisfaction with rules adopted by Iceland to 

address it.  When I approached the Director General of Orkustofnun about supervising my 

thesis, we agreed the tenant problem would be a good topic for research.   

2.1 Objectives. 

During that research, it became clear there was a strong likelihood existing geothermal 

leasing rules in Iceland might need to be substantially revised or scrapped altogether.  As 

my work progressed, I developed the goals for this thesis outlined below.   

 

 
Figure 1: Thesis objectives. 
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2.2 Methodology. 

 I began with a literature review to understand the nature of the tenant problem.  I 

started with several articles on split incentives in the context of investment in rental 

properties and examined articles on inducing desired behavior in corporations.  I made use 

of information from the public data repository at Orkustofnun to sharpen my understanding 

of scientific, technical, and economic issues relating to geothermal power in general, and 

specifically in Iceland.  I reviewed journal articles in the field of geothermal energy 

development to understand issues relating to overextraction of geothermal fluids and 

maintenance of geothermal energy facilities.  In all, I examined 145 articles and publications, 

as well as hundreds of Internet pages, related to the subject of this work. 

While working on this thesis, I took courses in European energy law and in the 

economics of energy markets to gain a better understanding of the backdrop of the problem.  

I interviewed two economics professors, a former technical manager at the Hellisheiði 

geothermal power station, and a certified public accountant to answer questions suggested 

(but not answered) by the available literature.  Some interview subjects provided documents 

on the tenant problem: most were in Icelandic, and the Orkustofnun staff helped me to 

understand the gist of the key issues.  Orkustofnun engineers, economists, and attorneys all 

gave freely of their time, and my thesis supervisors helped to focus my research by 

answering specific questions regarding policies and procedures in Iceland.  I am grateful for 

their assistance; any remaining gaps in my understanding are my responsibility.  

I studied operative legal documents, including the Constitution and laws of Iceland, 

as well as secondary sources on Icelandic law.  Some Icelandic statutes have been translated 

to English, but the translations are not always up to date: for example, the English version 

of the Ground Resources Act does not contain the critical 2008 amendments, written to 

address the tenant problem.  I found a complete version at the Althingi website, and 

translated it with the assistance of the Orkustofnun staff.  Finally, several ESA documents 
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were not available online; but I made public records requests to obtain the documents, which 

were promptly provided by ESA staff.   

 The first version of this thesis proposal was presented to the Deputy Director of 

Orkustofnun on January 26, 2017, and to the Orkustofnun Director General the following day.  

At the Director General’s suggestion, I prepared a slide presentation concerning the proposal 

for the Ministry of Industry and Innovation, and delivered the presentation to the Ministry’s 

Energy Department Director General on March 16, 2016.  The Prime Minister’s Director of 

Legislative Affairs requested a meeting regarding the proposal, which he attended along with 

representatives of the Ministry of Finance on May 15, 2017.  These meetings were helpful in 

further developing some of the issues and highlighting areas for further research, and I am 

grateful for the time and insights provided by the ministerial staff who participated.  As 

before, however, any errors or omissions in this thesis are solely my responsibility.
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Chapter 3 

3Analysis and Discussion 

3.1 Understanding Geothermal Energy. 

3.1.1 Overview. 

3.1.1.1 The Fire Down Below. 

The Earth is a storehouse of energy.  Volcanoes periodically produce flows of molten 

rock and explosions that wreak havoc on human society but barely hint at the forces beneath 

us.  The total heat flux from the Earth is about 44 terawatts (TW) (4.4x1013 watts), roughly the 

capacity of a million medium-sized electrical power stations.  (U.S. Department of Energy, 

2011).1  Estimates of the temperatures at the planet’s core vary, but range up to 7,000 oC or 

more.  The decay of radioisotopes, principally potassium, thorium, and uranium, is a major 

source of this heat; primordial heat left over from Earth’s formation and retained within the 

core is believed to contribute much of the rest.  (Williams & Lyzenga, 1997).   

Fortunately, the solid rock of the Earth’s crust is an excellent insulator, allowing life to 

flourish on the surface and in the oceans despite the tremendous temperatures that lie below.  

Some of this heat, known as geothermal energy, nonetheless propagates through the rock, and 

as one drills below the surface temperatures increase by an average of 30 oC per kilometer of 

depth.  (DiPippo, 2012).  The Earth’s temperature gradient can vary widely depending on 

location: in Iceland, for example gradients of 150 oC/km can be found.  Steep gradients, where 

the temperature increases more rapidly than average, are typically associated with recent 

                                                      
1 Icelandic power stations, for example, range in capacity from the 13-kilowatt Stuttárvirkjun 
power station in Húsafell to the 690-megawatt Kárahnjúkavirkjun hydropower complex near 
Egilsstaðir.  (Orkustofnun, 2017). 
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shallow intrusions of magma.  (Björnsson, 2010).  Such gradients also mean that higher 

temperatures can be accessed more readily because they are closer to the surface.  The more 

accessible the geothermal energy, the easier it is to harness it.   

 

Figure 2: Key features of a geothermal system.  (Adapted from DiPippo, 2012). 

 

Heat within the Earth sometimes flows through geothermal systems, concentrating in 

pockets of hot rock, water, and steam called geothermal reservoirs.  In a geothermal reservoir, 

ground water from meteoric sources (like rainfall and snow melt) or from the ocean passes 

through permeable rock strata, accumulating and being heated by the surrounding rock.  

(Björnsson, 2010).  In some places, hot water, steam, and gases like carbon dioxide (CO2) and 

hydrogen sulfide (H2S) escape from the reservoir through faults and other fractures in the rock, 

eventually appearing at the surface as hot springs, mud pots, and fumaroles.  Figure 3 depicts 

a geothermal system showing the flow of water and distribution of heat.  Geothermal areas are 

often biologically diverse and beautiful, valued both for their intrinsic qualities and as tourist 

attractions.  (Haraldsdóttir, 2010).  They can provide direct access to a small part of the heat 

beneath the surface, allowing utilization of geothermal energy with little or no need for 

complex infrastructure. 
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Figure 3:  Schematic diagram of a geothermal system.  (Dickson & Fanelli, 2004). 

 

3.1.1.2 The Evolution of Geothermal Energy Use. 

Heated waters from geothermal reservoirs have been prized for thousands of years.  

Prehistoric artifacts and offerings near the hot springs at Bath, England, suggest that ancient 

settlers made use of the springs long before the first written accounts of their discovery.  

(Gallois, 2006).  Etruscan villagers in modern-day Tuscany used hot springs and heated mud 

for therapeutic purposes as early as 1300 B.C.  (Burgassi, 1987).  Indications of similar 

primitive uses can be found throughout the world. 

The natural artesian flow of water at some hot springs is sufficient to pass through pipes 

connected to nearby buildings.  The hot water gives up some of its heat during its journey, 

warming the spaces within the structure.  A heat exchanger, such as the radiator in a residential 

apartment, can increase the efficiency of this process.  More complex networks called district 

heating systems, in which hot water circulates through several buildings in the same area, have 

been in use in central France since at least the 14th Century.  (Stober & Bucher, 2013).  In 

1892, a geothermal district heating system in Boise, Idaho, began providing heat to almost 300 

homes: the system remains in operation today and is one of the oldest continuously-operating 



3.1 UNDERSTANDING GEOTHERMAL ENERGY.

  9  

  

geothermal heating systems in the world.  (Boise Warm Springs Water District, 2017).  

If the reservoir contains water hot enough to boil, or hot enough to boil a working fluid 

when passed through a heat exchanger, it can be used to turn a generator and produce 

electricity.  (DiPippo, 2012).  In 1904, Prince Piero Ginori Conti used steam from the hot 

springs at Larderello, Italy, to generate enough electricity to light five light bulbs.  The 

following year, he developed a prototype power plant2 that could produce 20 kW of electrical 

power (kWe) using steam taken from a well drilled into the reservoir beneath the springs.  By 

1913, the world’s first commercial geothermal power plant was in operation at Larderello: 

using a turbine engine driven by steam at temperatures of 200-250 oC drawn from two nearby 

wells, it could generate up to 250 kWe for local homes and businesses.  (Lund, 2004).   

In general, geothermal power plants extract fluids from the reservoir in the form of hot 

water (often laden with minerals and referred to as brine), steam, or a mixture of the two.  

Water pressure in the reservoir is typically many times greater than at the surface: when the 

fluid is extracted from the reservoir its pressure is reduced, and if the temperature is greater 

than the boiling point of the fluid it flashes into steam, separating into saturated vapor and 

liquid.  The vapor is introduced into a high-pressure steam turbine and expanded: the turbine 

rotates and drives a generator to produce electrical power.  This process is depicted in the 

simplified schematic drawing at Figure 4. 

 

                                                      
2 NOTE: throughout this paper, the term “geothermal energy” is used to refer to heat obtained 
from within the Earth.  The term “geothermal power” means electricity produced using 
geothermal energy. 
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Figure 4: Schematic drawing of a geothermal power plant. (Lund, 2015). 

 

Some power plants collect the liquid fraction produced in the initial stage of the 

operation and reduce the pressure further, allowing it to flash into steam again to drive a lower-

pressure turbine. The remaining fluid may be passed through a heat exchanger to obtain some 

of its residual energy for other applications, such as generating power by heating a different 

working fluid with a lower boiling point.  The energy content of the working fluid can be 

calculated in a more-or-less linear relationship based on its mass flow and specific heat (the 

amount of energy it can store per unit of mass and per Kelvin) and the difference between the 

temperature of the working fluid and the heat sink in the system.  (Tester, et al., 2012).  The 

exergy content of the fluid (the part that can be converted to electrical power or other forms of 

work) increases according to the Second Law of Thermodynamics: the hotter the fluid, the 

greater the proportion of its energy content that can be put to work. (Gundersen, 2009).  Higher 

temperature fluids contain more energy, and all other things being equal, yield more power.  

Additional factors, such as the pressure of the fluid and its mineral and gas content, can 

influence the efficiency with which geothermal energy can be converted to geothermal power.  

Typically, temperatures of 200 oC or greater are desirable because they achieve greater 
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efficiencies (Tester, et al., 2012); but in some instances it is possible to obtain useful amounts 

of electricity from relatively cool fluids, including water below 100 oC, provided the system 

includes an even cooler heat sink.  (Holdmann, 2007).  

3.1.2 A Brief History of Geothermal Energy in Iceland. 

3.1.2.1 The Geothermal Island. 

Iceland lies at the northern end of the Mid-Atlantic Ridge astride the boundary between 

the North American and Eurasian continental plates.  There, the plates pull apart at an average 

rate of two centimeters per year, and the ever-widening gap between them allows molten rock 

to intrude to shallow depths and periodically erupt to the surface.  Iceland also sits atop a 

mantle plume like the one that produced the Hawai’ian island chain, a hot spot of magma 

welling from deep within the Earth.  These features combine to make Iceland one of the world's 

most tectonically-active places, with more than 200 volcanoes in a zone running diagonally 

across the center of the country.  (Björnsson, 2010). 

 

Figure 5:  Known geothermal areas in Iceland.  (Orkustofnun, 2016a). 
 

Precipitation, falling mostly in the Icelandic highlands, percolates through soil and 

porous rock to become groundwater, eventually sinking through fractures in the bedrock to 
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pool in a geothermal reservoir where it encounters hot rock close to shallow intrusions of 

magma.  The water absorbs heat from the rock, becoming less dense in the process; it then 

rises to the surface, carrying some of the heat, in a process called convection.  Water escaping 

to the surface is replenished by additional groundwater as more rain and snow falls and works 

its way into the earth.  (Axelsson, et al., 2010).   

There are 20 geothermal systems in Iceland’s active volcanic zone known to contain 

reservoirs of fluid at 200 oC or more within one kilometer from the surface, and the flanks of 

the active zone contain an additional 250 geothermal areas on with temperatures up to 150 oC.  

See Figure 5.  More than 600 hot springs with temperatures over 20 oC have been identified 

throughout the country.  (Björnsson, 2010).  These features reflect the vast amount of energy 

stored beneath the surface.  At a depth of three kilometers – a typical depth for a geothermal 

well (DiPippo, 2012) – Iceland’s crust contains roughly 100 zettajoules (1023 joules) of energy.  

(Pálmason, et al., 1985). This is 250 times the world’s total energy use in 2014 (International 

Energy Agency, 2016), or a million times greater than the nominal yield of the most powerful 

weapon ever fielded: the former Soviet R-36M Mod 1 ICBM (NATO designation: SS-18 

Satan), which carried an 18-25 megaton warhead.  (Federation of American Scientists, 2000).  

Deeper drilling could yield even more energy.  The Iceland Deep Drilling Project (IDDP) 

recently obtained geothermal fluid at a depth of 4.6 kilometers (IDDP, 2017), and modern 

drilling platforms like the Deepwater Horizon can go as deep as ten kilometers.  (Transocean, 

2010).  At that depth, the energy stored in Iceland’s crust totals 1.2 yottajoules (1.2 x1024 

joules) (Pálmason, et al., 1985), or about 3,000 times the world’s annual energy use.  

(International Energy Agency, 2016). 

3.1.2.2 Making Use of Iceland’s Heat. 

 Icelandic utilization of geothermal energy has followed the same general path seen 

elsewhere, beginning with hot springs for bathing. (Mims, 2008).  Icelanders soon found other 

ways to use geothermal energy for domestic needs, including laundering clothes and cooking. 
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In time, they branched out to agriculture, finding that certain crops grew more readily in 

warmer soil.  (Karlsson, 2006).    

Rather than just complacently using heat where it happened to bubble to the surface, 

Icelandic settlers looked for methods to expand its reach.  The famed 13th Century statesman 

Snorri Sturluson, for example, installed ductwork made of stones and clay to bring hot water 

from a nearby hot spring so he could enjoy a heated pool at his home.  (Laing, 1844).  As 

technology progressed, industrial methods were used to obtain geothermal energy, which was 

in turn was applied to industrial processes.  Drilling wells to increase the natural flow of 

Icelandic hot springs began as early as 1755 (Sveinbjörnsson, 2016), and geothermal heat was 

used to refine salt from seawater in 1773.  (Karlsson, 2006).   

 

Figure 6:  Snorralaug, the geothermal pool built by Icelandic statesman Snorri 

Sturluson.  Note entrance at left of ductwork from the local hot springs.  Photo by Páll 

Stefánsson. (Arnarsdóttir, 2014). 

 

By the early 20th Century, the use of geothermal energy in Iceland was pervasive and 

well-organized.  Geothermal resources were first harnessed for residential space heating in 

1908 (Karlsson, 2006); but fossil fuels were still widely used.  Coal prices spiked sharply in 
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World War I, leading the government to consider suspending school during the winter because 

it was too expensive to keep the children warm. (Jóhannesson, et al., 2016).  Not surprisingly, 

the first Icelandic geothermal district heating system, begun in 1930, provided hot water from 

to two primary schools in the capital city, Reykjavík.  The system was later expanded to add a 

swimming pool, a hospital, and 60 homes.  (Loftsdóttir & Thorarinsdóttir, 2006).   

The Reykjavík district heating system was reliable and inexpensive to operate because 

it required no fuel.  This was a popular combination, and soon more homes were connected 

through increasingly-complex networks of pipes.  As the system expanded so did its need for 

water.  By the 1960s, deeper and more productive wells were required to fill that need.  

Whereas the deepest well in 1930 was only 246 meters deep and relied on the natural flow of 

water from the ground, new wells were drilled more than ten times deeper and equipped with 

down-hole pumps to increase the flow of water.  (Axelsson, et al., 2010).  Other communities 

developed their own district heating systems; Icelanders began building long pipelines to bring 

the hot water to distant towns, including a 64-km pipe from the hot springs near Snorri 

Sturluson’s former estate to the city of Akranes.  (Erlingsson & Thorhallsson, 2008).  Despite 

the abundance of energy in the land, however, Icelanders still relied heavily on fossil fuels for 

space heating well into the 1970s, as shown in Figure 7.   

 

Figure 7:  Icelandic space heating by energy type, 1970-2015.  (Orkustofnun, 2016a). 
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The oil shocks of the OPEC oil embargo of 1973-74 and the supply uncertainty 

resulting from the Iran-Iraq war in the 1980s changed Iceland’s energy outlook as fossil fuel 

prices reached record highs.  Because Iceland has no developed deposits of crude oil, oil shale, 

bitumen, natural gas, or uranium, the country turned to its indigenous energy sources: 

hydropower and geothermal energy.  (Petursson, 2016).   

Eliminating dependence on imported oil as a heating source became a national priority, 

leading to a rapid expansion in geothermal district heating throughout Iceland. (Loftsdóttir & 

Thorarinsdóttir, 2006).  The government issued loans for geothermal exploration and drilling, 

converting the loans to grants if the drilling failed to yield viable quantities of geothermal 

energy.  (Björnsson, 2010).  These efforts had their desired effect: today, nine out of ten 

Icelandic homes are geothermally heated.  (Haraldsdóttir, 2010). 

 

 

Figure 8: District heating coverage in the capital region prior to the OPEC embargo. 

(Jóhannesson, Þ., 2016). 
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Figure 9:  District heating coverage in the capital region post-embargo. 

(Jóhannesson, Þ., 2016). 

 

As its use of geothermal energy for space heating expanded, Iceland also turned to the 

Earth for generating electricity: the country’s first geothermal power station, Bjarnarflag, was 

commissioned in 1969.  Built from a mix of old and new parts (its turbine was originally used 

in a sugar refinery) the power station produced 

3.2 megawatts of electrical power (MWe) for 

the northern town of Reykjahlíð and the nearby 

diatomaceous earth works.  (Landsvirkjun, 

2016).  Within a few years, additional power 

plants were under construction, including a 

60 MWe power station at Krafla, just a few 

kilometers from Bjarnarflag, and a combined 

heat and power station at Svartsengi, southwest 

of the capital city.  (Orkustofnun, 2017). 

Figure 10: Exterior of Bjarnarflag power 

station in northern Iceland.  Photo by 

author. 
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Hastened by the energy crisis of the early 70s (construction began while the plant was 

still being designed), Svartsengi is a monument to the evolution of geothermal energy.  At the 

time of its commissioning in 1977, it was the first power plant to utilize a high-temperature 

(>200 oC) geothermal resource to simultaneously produce electricity and hot water for district 

heating.  Spent geothermal fluid – still warm, but not hot enough to efficiently generate 

electrical power – was either reinjected to the 

reservoir or piped to a nearby pond which 

eventually became the Blue Lagoon spa.  

(Thorolfsson, 2005).   

With an initial capacity of 2 MWe and an 

output of 150 liters/second of hot water 

corresponding to 50 MW of thermal energy 

(MWth), the Svartsengi plant was expanded 

several times over the next two decades as 

shown in Table 1.  Some of the technologies incorporated into the station are unique and 

feature hand-made parts, like the triple-pressure turbine in Power Plant 6 whose many steam 

inlet and outlet pipes earned it the nickname “Octopus.”  (Albertsson, et al., 2010). 

Table 1: Svartsengi power station expansion history.  (Adapted from Thorolfsson, et al., 

2005, and Albertsson, et al., 2010). 

 

 
  

 

Figure 11:  The unique triple-pressure 

“Octopus” turbine at Svartsengi power 

station in southwestern Iceland.  Photo 

by author. 
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Today, Iceland operates six geothermal power stations with a combined generating 

capacity of 662.6 MWe.
3  The largest of these is the Hellisheiði power station on the flanks of 

Mount Hengill, roughly 20 km from the capital.  The steam turbines there have a total capacity 

of 303 MWe, nearly 100 times more than the original geothermal power station at Bjarnarflag.   

Table 2:  List of operational Icelandic geothermal power stations. (Orkustofnun, 2017).   

 
 

3.1.3 Iceland’s Geothermal Outlook.  

3.1.3.1 Geothermal Energy and the Economy. 

Geothermal energy is “fundamental to the Icelandic economy as well as Icelandic 

welfare and independence.”  (Ketilsson, et al., 2010).  Geothermal energy can provide a stable 

supply of base load electricity (power available to meet the constant minimum needs of 

consumers), unlike intermittent technologies such as solar and wind power whose output varies 

with the rising of the sun or the weather.  It is also relatively inexpensive: the levelized cost of 

electricity (LCOE) for power produced by geothermal energy is among the lowest of any 

technology.  (U.S. Energy Information Administration, 2016).  Geothermal resources used for 

space heating, industrial process, and electrical power production fulfill almost two-thirds 

(66.3%) of Iceland’s primary energy demand.  (Orkustofnun, 2016b). 

Geothermal energy provides between more than a quarter of Iceland’s electrical power.  

Heavy industries like aluminum and silicon refining consume about eighty percent of the 

                                                      
3 A larger figure of 665 MWe is sometimes seen in literature: this includes a 2 MWe power 
station at Húsavík which operated until 2008, when its main rotor failed.  (Whittaker, 2009).  
The Húsavík power station was purchased in 2011 by an Australian group which announced 
plans to refurbish and recommission it; however, it remains non-operational.  (Richter, 2011). 
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nation’s electricity supply. (Petursson, 2016).  These industries are vital to Iceland’s economy: 

aluminum products, for example, amount to almost 40% of total exports, and aluminum 

exports have steadily expanded as shown in Figures 12 and 13, below.  (Simoes & Hidalgo, 

2016).  Indeed, the aluminum industry would have to scale back or find alternative sources of 

power without the electricity supplied by geothermal energy. 

 

 

 

Iceland’s domestic energy resources save money and help protect the country against 

fluctuations in world commodity prices.  Public officials have calculated that the avoided cost 

of energy from using geothermal power for space heating rather than oil amounted to an 

average of 5.7% of GDP over the years 2010-2014 – an annual per-capita savings of more than 

a quarter-million Icelandic kronur (approximately $2,000 USD).  (Orkustofnun, 2016c).   

Figure 12: Principal Icelandic exports, 2014.  (Simoes & Hidalgo, 2016). 

Figure 13:  Icelandic export trends, 1995-2014.  (Simoes & Hidalgo, 2016). 
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The net savings to consumers in 2009 by using geothermal energy for space heating 

rather than oil was $691 million USD. (Haraldsson, 2014).  The recent economic crisis, which 

led to a 6.8% contraction in Icelandic GDP in 2009 (U.S. CIA, 2017), might well have been 

exacerbated had Iceland been reliant on oil imports for electricity and heat.  Given that the 

price of crude oil increased by 86% that year (Macrotrends LLC, 2017), it would likely have 

been a cold and bitter winter for Icelanders without geothermal district heating.  

Geothermal energy contributes to Iceland’s reputation as an environmentally-friendly 

nation.  The Yale/Columbia University-sponsored Environmental Performance Index ranked 

Iceland second in the world last year, specifically citing the country’s use of geothermal energy 

as a factor in the ranking.  (Hsu, et al., 2016).  Geothermal power plants emit only about 5% 

the amount of CO2 released by oil-fired plants of equivalent capacity, and geothermal district 

heating reduces emissions further: the district heating CO2 savings in Reykjavík alone totals 

about a quarter-million tonnes per year.  The combined annual savings in Icelandic CO2 

emissions from geothermal energy versus oil for power production and space heating averaged 

more than seven million tonnes/year over the years 2010-2014.  (Orkustofnun, 2016d).  If 

Iceland abandoned geothermal energy and returned to fossil fuels, the country’s anthropogenic 

CO2 output would more than double.  (Björnsson, 2010). 

 

Figure 14:  Icelandic GDP growth, reflecting the 2008-2010 financial crisis 

and its aftermath.  (Statistics Iceland, 2017). 
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Figure 15:  CO2 reductions attributable to geothermal space heating.  (Petursson, 2016). 

 

Iceland trades on its green reputation to encourage tourism.  (Visit Reykjavík, 2017).  

Since 2010, foreign tourism has increased more than 20% per annum.  (U.S. CIA, 2017).  This 

trend appears to be accelerating: the number of visitors to Iceland in 2016 was 39% greater 

than in 2015, and the number of visitors entering through Keflavík International Airport for 

the first quarter of 2017 was 54% greater than the same period the year before.  

(Ferðamálastofa, 2017).  Per the Organization for Economic Co-operation and Development 

(OECD), tourism accounted for 8.2% of Icelandic employment in 2014 (OECD, 2016), and 

the London-based World Travel and Tourism Council (WTTC) projects the direct contribution 

of tourism to the Icelandic economy will reach 8% of GDP in 2017.  (WTTC, 2017). 

3.1.3.2 The Future of Icelandic Geothermal Energy.  

 There clearly is room to expand Iceland’s use of geothermal energy.  As noted above, 

Icelandic geothermal energy within reach of modern drilling techniques exceeds the world’s 

primary energy demands many times over.  With today’s technology and prices, it is 
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technically and economically feasible to expand Iceland’s electrical power production capacity 

from geothermal sources more than six-fold, to 4,300 MWe.  (Ketilsson, 2012).  The question 

is whether there would be a market for that energy.   

Because of its geographic isolation in the North Atlantic, Iceland cannot presently feed 

power into an electrical grid extending outside its borders.  This limits the market for sale of 

the country’s power and thus the incentives for its development.  Apart from electricity used 

in aluminum and ferroalloy smelting, Icelandic energy is effectively stranded.  One possible 

solution, dubbed “IceLink,” calls for construction of an underwater 800-1200 MW power 

transmission link connecting Iceland to Scotland and thence to the rest of the European 

electricity grid.  (Landsvirkjun, 2017).   

Expansion of Iceland’s geothermal power production capability for domestic use 

would displace some of the country’s hydropower output, which would be repurposed to 

support IceLink.  Some versions of the plan call for switching all of Iceland’s domestic power 

generation to geothermal.  (Katz, 2013).  The European Union (EU) lists IceLink as an energy 

infrastructure project of “common interest” to Europe; its inclusion may allow IceLink to 

receive benefits such as accelerated planning, permit granting, and financial grants.  

(Landsvirkjun, 2017).  Construction of the IceLink interconnector would allow some of 

Iceland’s vast supply of energy to be sold to Europe, commanding more competitive prices 

than presently possible in Iceland’s comparatively smaller market. 

The future of geothermal energy may also lie in the direction of more efficient, 

cascading uses.  As noted above, geothermal fluids used for power production may still contain 

enough heat to produce hot water for space heating.  With careful planning, geothermal fluids 

can perform multiple tasks, providing thermal energy to an industrial process at one location 

and then flowing on to the next location, carrying the unused “waste heat” from the first so it 

can be used for yet another process, and so on.  With each iteration of processes the fluid 

becomes slightly cooler, but it provides energy for more tasks in a cascading series of uses that 
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maximize the value of geothermal energy extracted from the reservoir as shown in Table 3. 

The HS Orka Resource Park on the Reykjanes peninsula is an example of this concept 

in action.  The companies of the Resource Park use spent geothermal fluid from the Svartsengi 

power station to provide hot water to many different companies.  Svartsengi’s waste heat 

warms the Blue Lagoon spa; provides heat for biotechnology research; and is used in fish 

farming, among other enterprises.  (HS Orka Resource Park, 2017).  Total revenues from the 

park are reported to exceed revenues for the Svartsengi power station (Petursson, 2016), 

suggesting that additional similar parks may add to the role geothermal energy plays in 

Iceland’s economic future. 

Figure 16:  Biotech research, dried fish heads, tourism and more - some of the 

businesses supported by "waste heat" from Svartsengi at the HS Orka Resource Park.  

(Petursson, 2016). 
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Table 3:  Industrial processes by required temperatures in degrees Celsius.  

(Adapted from Líndal, 1973). 

  

 

 

180

•Evaporation of highly concentrated solutions

•Refrigeration by ammonia absorption

170

•Heavy water via hydrogen sulphide process

•Drying of diatomaceous earth

160

•Drying of fish meal

•Drying of timber

150
•Alumina via Bayer's process

140

•Drying farm products at high rates

•Canning of food

130

•Evaporation in sugar refining

•Extraction of salts by evaporation and crystallization

120

•Fresh water by distillation

•Most multiple effect evaporations, concentration of saline solution

110
•Drying and curing of light aggregate cement slabs

100

•Drying of organic materials, seaweeds, grass, vegetables, etc.

•Washing and drying of wool

90

•Drying of stock fish

•Intense de-icing operations

80

•Space heating

•Greenhouses by space heating

70
•Refrigeration (lower temperature limit)

60

•Animal husbandry

•Greenhouses by combined space heating and hotbed heating

50

•Mushroom growing

•Balneological baths

40
•Soil warming

30

•Swimming pools, biodegradation, fermentations

•Warm water for year-around mining in cold climates; de-icing

20
•Hatching of fish; fish farming
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3.2 Geothermal Energy and the Law. 

3.2.1 An Overview of Icelandic Public Law and Its Sources. 

3.2.1.1 The Constitution of Iceland. 

3.2.1.1.1 Structure. 

 

 The Republic of Iceland is a parliamentary democracy.  CONST. Art. 1.  (Republic of 

Iceland, 1944).4  Legislative authority is shared by the President of the Republic as head of 

state, and by the Icelandic parliament, Althingi.5  CONST. Art. 2.  The President is elected by a 

direct vote of the Icelandic people, CONST. Art. 3; the members of Althingi are also popularly 

elected, representing parliamentary districts whose boundaries are defined by law.  CONST. 

Art. 31.  Executive authority is wielded through ministers appointed by the President, including 

a Prime Minister who serves as head of the Icelandic government.  CONST. Arts. 13, 15 and 

17; Act on the Cabinet of Iceland (Cabinet Act) (No. 115/2011).6  As a practical matter, the 

Prime Minister is the leader of the coalition commanding a parliamentary majority of at least 

32 voting members of Althingi.  CONST. Art. 31.  Other public officials are appointed by the 

President.  CONST. Art. 20.  Judicial authority is exercised by appointed judges.  The Icelandic 

judiciary includes a Supreme Court, courts of appellate and limited jurisdiction, and eight 

district courts.  CONST. Arts. 2, 60; Law on the Judiciary (No. 50/2016).   

3.2.1.1.2 Checks and Balances. 

 

 Althingi votes on legislation.  If approved by majority vote, a parliamentary measure is 

signed by a governmental minister and delivered to the President for confirmation.  CONST. 

                                                      
4 The Constitution of the Republic of Iceland is cited throughout the remainder of this thesis 
using the abbreviation “CONST.” followed by the number of the Article referred to, using the 
abbreviation “Art.”  A reference to Article 1 of the Icelandic Constitution would therefore 
appears as “CONST. Art. 1.” 
5 There are several possible English transliterations of the Icelandic word for its parliament.  
This thesis uses the transliteration Althingi because the Icelandic government uses it.  
(Government of Iceland, 2017c). 
6 Icelandic statutes are cited herein by their names in English (which may be shortened for 
brevity’s sake), followed by the provision referenced.  For example, the Lög um rannsóknir og 
nýtingu á auðlindum í jörðu, or Act on the Exploration and Exploitation of Resources in the 
Ground, is referred to as the “Ground Resources Act” or “GRA” for short.  Icelandic statutes 
can be found in the Althingi online library at http://www.althingi.is/lagasafn/.   
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Arts. 16, 18, and 31.  The President’s signature and the countersignature of a minister are 

generally required for legislation to become law.  CONST. Art. 19.  Bills not signed by the 

President become law on an interim basis pending a plebiscite of voters which must be held 

within two weeks.  If rejected by the people, the interim law becomes void.  CONST. Art. 26.  

The President may issue provisional laws when Althingi is not in session; such laws must be 

submitted for approval when Althingi reconvenes, and must be approved within six weeks after 

else the provisional law becomes void.  CONST. Art. 28. 

The President’s authority to choose public officials is subject to rule-making by 

parliament: appointments are permitted “as provided by law.”  CONST. Art. 20.  A President 

has plenary authority to remove any official they appoint, id.; the Prime Minister is obliged to 

recommend to the President removal of any minister in whom Althingi has by resolution 

expressed its lack of confidence, and to resign on behalf of the entire government if the no-

confidence vote extends to the whole government rather than an individual minister.  See e.g., 

Cabinet Act, Art. 1.   

The President may dissolve Althingi.  CONST. Art. 24.  If Althingi is dissolved, new 

elections must be held within 45 days. Id.  Similarly, Althingi can initiate the President’s 

removal by passing a resolution of removal (requiring a 3/4ths majority) which is then 

submitted to a plebiscite.  If a majority of the voters approve the resolution, the President is 

removed; if not, Althingi is dissolved.  CONST. Art. 11.   

Judges are, among other things, empowered to determine the competence of official 

decisions.  CONST. Art. 60.  Unlike common law states, in which court decisions can become 

binding precedent for future cases under the principle of stare decisis, Icelandic judges are 

“guided solely by the law.” CONST. Art. 61.  In the context of the Icelandic Constitution, this 

means statutory law originating from Althingi or interim law from the President rather than 

judicial decisions.  CONST. Art. 28. 

 



3.2 GEOTHERMAL ENERGY AND THE LAW.

  27  

  

3.2.1.1.3 Protected Rights and Freedoms. 

 

  Iceland provides a wide range of substantive and due process guarantees, including 

guarantees of equality under the law, freedom from slavery, and the right to s speedy and public 

trial.  CONST. Arts. 65-70.  Iceland guarantees freedom from interference in privacy, home, 

and family life; freedom of religion; and freedom from religious persecution.  CONST. Arts. 

63, 64, 71.  Private ownership of property is “inviolate”; but expropriation of property to 

promote the public interest is permitted if there is a statutory provision for it and the 

government pays “full compensation” to the expropriated party.  CONST. Art. 72.   

An implicit corollary to the power of expropriation power is the authority to impose 

restrictions on private property when in the public interest.  (Haraldsdóttir, 2010).  The public 

interest in publicly-held property is protected: real property belonging to the Icelandic State, 

for example, cannot be sold or otherwise disposed of without statutory authorization.  Rights 

to use the land are likewise not subject to sale or disposition “except by authority in law.”  

CONST. Art. 40. 

3.2.1.2 Statutes. 

 Other than its limited Article 40 restrictions on sale and use of real estate, the 

Constitution contains no provisions governing natural resources.  Some nations have such 

provisions in their constitutions, and there has been debate over whether Iceland should adopt 

such rules as well; but no consensus on the subject has emerged.  (Haraldsdóttir, 2010).  For 

now, natural resource law is based on legislation and therefore subject to change by Althingi 

and the President.  There are many statutes that directly or indirectly involve geothermal 

energy.  It is beyond the scope of this thesis to attempt to identify every such provision; instead, 

the laws most relevant to the subject matter of the thesis are summarized below. 

3.2.1.2.1 Laws Directly Related to Geothermal Energy.  
 

Energy Law (No. 58/1967):  Although now largely superseded by other legislation 

(including the Ground Resources Act, below), the remaining provisions of the Energy Law 
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reflect Iceland’s commitment to geothermal district heating systems rather than fossil fuels.  

The Energy Law authorizes district heating patents covering specific utility areas; requires 

majority public ownership of district heating, either directly or through public companies; and 

places district heating under the regulatory reach of the government.  Energy Law, Arts. 30-

32.  It also authorizes loan guarantees to establish district heating systems and provides for 

expropriation of private property needed for rights-of-way for district heating system pipelines.  

Energy Law, Arts. 33-34. 

Ground Resources Act (GRA) (No. 57/1998): Covering all aspects of energy obtained 

from the earth, the GRA is Iceland’s most comprehensive legislation on geothermal energy.  

GRA, Arts. 1-2.  Under the GRA, ownership of geothermal energy resources generally runs 

with the land: resources found in private land belong to the landowner; resources in public land 

are by default owned by the State.  GRA, Art. 3.  The GRA forbids permanent transfer of 

publicly-owned geothermal energy resources to private parties, and forbids private owners 

from alienating geothermal energy from the land containing it without obtaining governmental 

approval.  GRA, Arts. 3a, 12. 

Private landowners have the right to use their land’s geothermal energy resources 

themselves, or can allow tenants to develop the energy.  GRA Art. 11.  The government can 

transfer geothermal energy resources to companies created to hold such resources, provided 

the companies are wholly owned by the public; the government (or the holding company) can 

issue temporary rights to use the resources to private companies.  GRA, Art. 3a.  Landowners 

are not obliged when the tenancy ends to pay for any structures installed by a tenant to use the 

geothermal energy, except to the extent required for “agricultural or household needs.”  If the 

parties cannot agree on a price in such a situation, one is determined for them in accordance 

with the Tenancy Act (No. 80/2004).  GRA, Art. 11.  The GRA is not specific on what 

procedures must be followed; but the valuation provisions of Tenancy Act, Article 38 et seq., 

appear to be applicable.  These are discussed in later sections of this thesis. 
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Orkustofnun is the licensing authority for Icelandic geothermal energy.  GRA, Art. 6.  

A landowner (or tenant) seeking to use geothermal energy must obtain a license for drilling; 

restrictions may be imposed “for safety or technical reasons, or if it is regarded as probable 

that prospecting or surveying could interfere with … possibilities of later utilization.”  GRA, 

Art. 4.  A license is required for use of geothermal energy exceeding 3.5 MWth; restrictions 

may again be imposed for safety or technical reasons.  GRA, Arts. 6,7, and 10.  Licenses for 

electrical generation are governed by the Electricity Act (No. 65/2003) (discussed below).   

A license can be denied or restrictions imposed if the proposed use of the resource is 

deemed not “efficient from a macro-economic point of view.”  GRA, Art. 17.  As a practical 

matter, this means Orkustofnun assesses the project to determine whether the proposed use is 

a good “fit” for the resource: in other words, whether the proposal is too large or too small to 

utilize the resource in an efficient and sustainable manner.  (Thoroddsen, 2016).  Adverse 

licensure decisions may be appealed to an administrative appeals committee.  GRA, Art. 33.  

When a project is approved for licensure, the license must specify, inter alia, the quantity and 

rate of utilization of the resource; safety and environmental protection measures; and 

provisions for monitoring the resource and its use, as well as covering decommissioning/clean-

up costs at the end of the lease.  GRA, Art. 18.  The GRA requires geothermal energy users to 

maximize long-term efficiency, which “includes not extracting more geothermal energy or 

water than necessary.”  Similarly, drilling must be performed to cause “the minimum possible 

inhibition of further utilisation later.”  GRA, Art. 25.   

Finally, the GRA contains provisions for expropriating private “land, structures, [and] 

facilities for the extraction of the resources … to the extent necessary for the licence” issued 

by Orkustofnun “to be of use.”  GRA, Arts. 26, 28 et seq.  The expropriation price should 

reflect the risk associated with finding the geothermal resource and the costs of exploration 

and production.  GRA, Art. 30. 
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Electricity Act (No. 65/2003):  The Electricity Act liberalizes the Icelandic electricity 

market, providing for unbundling of competitive activities like generation and sales from the 

natural monopolies of transmission and distribution; each activity is covered by a separate 

chapter of the Act, and each chapter requires segregation of revenue and accounting to ensure 

that participation in a natural monopoly activity is not permitted to directly or indirectly 

advantage its activities in a competitive area.  Electricity Act, Arts. 1 7, 8, 16, and 19.  

Geothermal plants like Svartsengi, Nesjavellir, and Hellisheiði, which generate electricity (a 

competitive activity) and hot water for district heating (a natural monopoly) are required to 

segregate these activities into separate business units.  Electricity Act, Art. 41. 

The Electricity Act follows the general trend of Icelandic energy legislation by 

promoting renewable energy resources, including geothermal energy.  Electricity Act, Arts. 1, 

3.  Like the Energy Law’s provision for district heating pipelines and the GRA’s requirement 

for geothermal infrastructure, the Electricity Act requires landowners to surrender rights-of-

way as necessary to install electricity transmission lines and related infrastructure.  Electricity 

Act, Arts. 21-23.  Orkustofnun has responsibility for, inter alia, licensing power stations and 

traders; monitoring their performance and compliance with the statute; and establishing rate of 

return regulations for power utilities.  Electricity Act, Arts. 6, 12, 19, and 24-25.  The statute 

requires any power station with a capacity exceeding 1 MWe (or of any size if it feeds into an 

electricity transmission system) to obtain a license; a license is also required to trade in 

electricity.  Electricity Act, Arts. 4, 18.   

 

 

 

 

 

 



3.2 GEOTHERMAL ENERGY AND THE LAW.

  31  

  

Table 4:  Summary of significant Icelandic geothermal energy laws. 

 

Act on Orkustofnun (National Energy Authority) (OSA) (No. 87/2003):  Orkustofnun 

has been involved in virtually every aspect of energy exploration, generation, transmission, 

sale, and use since the founding of the Republic in 1944.  The OSA makes Orkustofnun advisor 

to the national government on energy matters and assigns it responsibility for planning, 

monitoring, and implementing national energy strategies.  OSA, Art. 2.   

Initially known as the State Electricity Authority, Orkustofnun assumed its present 

name in 1967 with the spinoff of the national power company, Landsvirkjun.  Subsequent 

reorganizations split off geothermal resource research services with the creation of Íslenskar 

Orkurannsóknir (ÍSOR) in 2003, and the transfer of some hydrology research and monitoring 

to the national meteorological service in 2008.  (Einarsson, 2011).  Orkustofnun has authority 

to (i) make contracts on its own behalf; (ii) require companies to provide it with data on their 

activities (or face fines of up to 100,000 ISK per day for non-compliance); and (iii) administer 

the Icelandic Energy Fund, which provides loans and grants to promote energy efficiency, 

domestic energy security, and international cooperation in the energy sector.  OSA, Arts. 2, 8. 
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The Master Planning Act (MPA) (No. 48/2011):  This law creates a framework for 

evaluating Icelandic energy projects in light of other national priorities.  Proposed projects are 

assessed based on their location and source of energy (geothermal, hydropower, etc.) and the 

likely impact of the project on (and the public interest in protecting) the diversity of the site’s 

natural resources, including biodiversity, geology, and landscape features.  MPA, Art. 1.  A 

six-person steering committee evaluates project proposals, relying on expert advice and public 

input to make recommendations to the government minister responsible for the environment 

and natural resources.  The minister, in turn, presents a proposed master plan to Althingi for a 

vote.  (Rammaáætlun, 2017).   

Energy projects are given one of three designations: (i) orkunýtingarflokkur (energy 

utilization category), in which development may proceed to licensure and operation; 

(ii) biðflokkur (hold category), in which further information must be gathered before a final 

decision can be made; or (iii) verndarflokkur (protected category), in which licenses cannot 

issue and development must cease.  MPA, Arts. 4-6.  The last plan, approved in 2013, puts 14 

geothermal energy projects in the “utilization” category; nine in the “on hold” category; and 

nine in the “protected” category.  The protected category includes popular tourist attractions 

like the Geysir geothermal area, and Bitra, an undeveloped geothermal area between Reykjavík 

and Hveragerði.  (Althingi, 2017).  The master planning process is intended to be an ongoing 

one, with a new plan submitted to the parliament every four years.   MPA, Art. 3.   

3.2.1.2.2 Other Laws Relating to Geothermal Energy. 
 

Law on Environmental Impact Assessment (No. 1006/2000:  This goal of this law is to 

minimize and/or mitigate degradation of the natural environment caused by development.  It 

requires parties seeking to carry out certain categories of projects to determine their impact on 

the environment and to seek public input on the project.  Geothermal wells, power stations, 

and other industrial plants using geothermal energy at certain inputs (50 MWth for power 

production, 2.5 MWth for other uses) require an assessment. 
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The Farmland Act (No. 81/2004):  Article 40 of this Act allows the government to sell 

surface rights to public land while retaining rights to the energy resources beneath.  As noted 

earlier, private landowners cannot alienate surface and subsurface rights in this way without 

obtaining government permission.  GRA, Art. 12.  

The Tenancy Act (No. 80/2004): As noted earlier, a landowner need not pay a departing 

tenant for structures built to utilize geothermal resources except to the extent the structures 

were built for household or agricultural needs.  GRA, Art. 11.  In such situations, the GRA 

requires a sale price set in accordance with the Tenancy Act.  Id.  The Tenancy Act implicitly 

allows the landlord and tenant to set their own price; but it also provides that when a landlord 

must purchase improvements to the land but there is no agreed price, a valuation will be 

determined by the government.  The valuation then is set by auditors who consider “the 

benefits of the earth, exploitation, utilization and how its ground has been occupied,” as well 

as the value of the items when new, “depreciation of assets due to age, deterioration, wear and 

tear, obsolescence and reduced usefulness,” including the adequacy of maintenance.  Tenancy 

Act, Art. 38 et seq. 

The Nature Conservation Act (NCA) (No. 60/2013): Like the MPA, the NCA 

establishes a process for evaluating development in light of the cultural, historic, or ecological 

value of the natural environment.  Categories of protected areas include náttúruvé (ecosystems, 

varieties or types and/or geological phenomena that are special or unique on a national, 

European, or global scale, or which are unusually sensitive); national parks; uninhabited 

wilderness; natural sites; nature reserves; and protected landscapes whose cultural or aesthetic 

value, rareness, or “position in the national consciousness” requires preservation.  NCA, Arts. 

45-50.  Areas designated as protected are off limits to development, unless the relevant 

Minister determines that a dire public interest requires lifting the protection.  NCA, Arts. 33-

41, 44.   
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3.2.1.3 Regulations. 

 Some statutes authorize Icelandic ministries or other agencies to issue regulations to 

further the law’s purpose.  The GRA, for example, allows regulations for the enforcement of 

the act, GRA, Art. 33; but no such regulations have been issued.  Orkustofnun for the most 

part relies instead on its authority during the licensure and monitoring process to make specific 

rules.  (Thoroddsen, 2016).  Iceland has no comprehensive general regulations governing 

geothermal energy, such as those contained in Chapter 43 of the U.S. Code of Federal 

Regulations.  (Government of the United States, 2017).   

3.2.1.4 Decisional Law. 

 As noted above, judges are “guided solely by the law” when deciding cases.  CONST. 

Art. 61.  This begs the question of whether judicial decisions are included within the definition 

of “the law.”  The answer is apparently no: the Icelandic constitution is structured so that “law” 

means legislation from Althingi or interim laws issued by the President.  CONST. Art. 28.  As 

a matter of practice, the Icelandic Supreme Court is not obliged to follow its own precedent, 

and the district courts are likewise free to reach their own decisions regardless of prior Supreme 

Court pronouncements.  (Tryggvadóttir & Ingadóttir, 2010).  Even though Iceland does not 

adhere to the principle of stare decisis, however, courts often cite prior decisions to explain 

why some interpretations of the law should be given greater weight than others.  A useful 

paradigm may be that court decisions, while not binding, can nonetheless be persuasive 

authority in subsequent cases. 

3.2.2 Private Law in Iceland. 

In general, contracts between competent parties are enforced by Icelandic courts.  

However, courts cannot enforce a contract provision which violates the law.  See, e.g., Óskar 

Sindri Atlason v. SP-Fjármögnun hf., No. 92/2010 (Supreme Court of Iceland, 2010) (contract 

provisions indexing debt to foreign currency exchange rates invalid because contrary to 

statute) and Lýsing hf. v. Jóhanni Rafni Heiðarssyni et al., No. 153/2010 (Supreme Court of 
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Iceland, 2010) (same).  (Government of Iceland, 2017a).  Bargains not prohibited by law will 

be enforced.  (Þorláksson, 2017).  This usually includes contracts to arbitrate disputes, 

subjecting them to private resolution.  See e.g., Law on Contractual Arbitration (LCA) (No. 

53/1989).  An arbitral decision will be enforced by the Icelandic courts provided, inter alia, 

certain prerequisites are fulfilled.  These include a determination that (i) there was a valid 

agreement to arbitrate; (ii) the arbitrators were qualified; (iii) the arbitral procedure (including 

presentation of evidence and argument) was materially proper and within the scope of the 

arbitral agreement; (iv) the decision is in writing; and (v) the proceedings are not contrary to 

law or public policy.  LCA, Arts. 7-8, 12. 

3.2.3 International Law and Organizations. 

 The President of Iceland concludes treaties on the nation’s behalf, subject to oversight 

by Althingi.  CONST. Art 21.  Iceland is a member of many international organizations and 

party to hundreds of international agreements; a listing is available from the Foreign Affairs 

Ministry.  (Government of Iceland, 2017b).  The organizations and agreements most relevant 

to this thesis are briefly described below and throughout the following sections of this chapter.  

3.2.3.1 EFTA and the EEA Agreement. 

 Iceland is a member of the European Free Trade Association (EFTA) and, along with 

fellow EFTA member states Lichtenstein and Norway, a signatory to the Agreement on the 

European Economic Area (EEA Agreement).  Among other things, the EEA Agreement 

establishes a mechanism to harmonize the laws of the EU and the EFTA states, assuring 

homogeneity of rules within the EEA.  See EEA Agreement, Art. 92 et seq.   

When new EU legislation is adopted, it is reviewed by the EEA Joint Committee to 

determine whether it falls within the scope of the EEA Agreement.  If it does, the legislation 

can be incorporated by reference through listing in the annexes or protocols of the EEA 

Agreement.  If portions of the EU legislation are outside the scope of the EEA Agreement – 

for example, because they involve monetary policy, foreign policy, or other matters covered 
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by EU policy but separate from EFTA policy – the EU rules may be modified so that only the 

applicable parts are incorporated to the EEA Agreement.  (EEA Standing Committee on the 

EFTA States, 2013).  In this way, Iceland shares much of the acquis of the rest of Europe.   

The international obligations undertaken by Iceland constrain its freedom of action in 

many areas, including energy policy.  The energy liberalization directives of the EU Third 

Energy Package, for example, including Directive 2009/72/EC concerning common rules for 

the internal market in electricity (the Electricity Directive), have been made part of the EEA 

Agreement with minor modifications.  EEA Agreement, Annex IV.  Iceland is thus committed 

to follow the European path of liberalization: unbundling electrical generation, distribution, 

and sales, and providing a level playing field for energy enterprises to compete.  (Haraldsdóttir, 

2010).  Similarly, EU Directive 2006/123/EC on services in the internal market (the Services 

Directive), incorporated by EEA Agreement Annex X, contains numerous provisions generally 

eliminating barriers to competition. 

3.2.3.2 The EFTA Surveillance Authority. 

 Art. 108 of the EEA Agreement creates the EFTA Surveillance Authority (ESA), 

whose responsibilities include ensuring each EFTA member state implements and complies 

with the EEA Agreement’s provisions on competition.  EEA Agreement, Art. 53 et seq.  The 

ESA may act on complaints alleging noncompliance or investigate possible violations on its 

own initiative.  EEA Agreement, Art. 55.  The ESA is empowered to bring violations to the 

attention of the offending EFTA member state; to issue reasoned decisions regarding the 

violation; to propose corrective measures; and to bring the matter to the EFTA Court.  EEA 

Agreement, Arts. 55, 108. 
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3.3 Icelandic Geothermal Policy. 

3.3.1 Renewability and Sustainability: The Difficulty with Definitions. 

It is the policy of the Icelandic government to expand the country’s use of geothermal 

energy and other renewable energy resources.  (Ketilsson, et al., 2010).  A key issue in 

implementing this policy is finding ways to use geothermal energy in a sustainable manner.  

Thus, a threshold question is what those terms mean: “renewable” and “sustainable” are often 

used interchangeably, but as discussed below, the concepts are not the same.   

3.3.1.1 Renewable Energy.  

3.3.1.1.1 Icelandic Definitions. 

 

The term “renewable energy” has several definitions in Icelandic law.  Most are derived 

from first principles relying on intrinsic properties of the energy source.  The Electricity Act, 

for example, uses an affirmative definition: renewable energy sources (endurnýjanlegar 

orkulindir) are any “energy sources that can renew themselves continually.”  The statute 

specifies that these include hydropower, geothermal, wind, tidal, and solar energy; but the text 

also makes plain this is not an exhaustive list.  Electricity Act, Art. 3.  Other statutes rely on 

negative definitions: renewable energy sources are ones that do not utilize fossil fuels.  See 

e.g., Act on Renewable Fuels in Transport on Land (Biofuel Act) (No. 40/2013), Art. 2; see 

also Act on the Guarantee of Origin of Electricity Produced from Renewable Energy Sources, 

etc. (No. 30/2008), Art. 2. 

3.3.1.1.2 Definitions from Other Sources. 

 

The U.S. government often relies on lists of technologies to define renewable energy: 

for example, “electric energy generated from solar, wind, biomass, landfill gas, ocean 

(including tidal, wave, current, and thermal), geothermal, municipal solid waste, or new 

hydroelectric generation capacity achieved from increased efficiency or additions of new 

capacity at an existing hydroelectric project.” Title 42 United States Code (U.S.C.) § 15852.  

(Government of the United States, 2017).  Such lists do not provide a convenient way of adding 
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new technologies, though they could be amended through subsequent legislation.  Some U.S. 

states use their own definitions: California has a list similar to the federal one, see California 

Public Resources Code § 25741 (State of California, 2017), while Texas relies on first 

principles to define “renewable energy” as energy derived from “an energy source that is 

naturally regenerated over a short time and derived directly from the sun, indirectly from the 

sun, or from moving water or other natural movements and mechanisms of the environment.”  

Texas Utilities Code § 39.904. (State of Texas, 2017).  

The International Energy Agency (IEA) uses a broader definition incorporating both 

intrinsic and extrinsic characteristics of the energy source: “Renewable energy is energy that 

is derived from natural processes (e.g. sunlight and wind) that are replenished at a higher rate 

than they are consumed.”  (International Energy Agency, 2017).  Unfortunately, this blurs the 

distinction between renewable and sustainable.  Including the rate of consumption makes 

external phenomena such as human behavior a part of the definition, and creates the possibility 

of confusion.  For example, a hydropower reservoir categorized as “renewable” one year might 

not qualify because of increased demand the next; but could suddenly re-qualify if the 

community it services decides to build a coal-fired power station to meet their electricity needs 

– even though the reservoir itself has not changed in any way. 

In the author’s view, the better definition is the one used by Iceland’s Electricity Act: 

“energy sources that can renew themselves continually.” This definition focuses on the energy 

source itself, rather than changes in human behavior (which, as the next section discusses, is a 

proper focus of the term “sustainable”).  The definition is not perfect: some resources are 

replenished so slowly that their renewability is trivial on human timescales.  Fossil fuels fall 

into this category, because their formation is believed to take hundreds of thousands or even 

millions of years.   

It may be helpful to conceptualize resources as rapidly-renewing, replenished in ten 

years or less (following the Leadership in Energy and Environmental Design (LEED) standard 
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on rapid renewal); and slowly-renewing, in which replenishment takes more than ten years.  

(U.S. Green Building Council, 2017).  By these criteria, geothermal reservoirs are slowly-

renewing resources.  Groundwater takes time to percolate into the reservoir to replace steam 

and brine pumped from the ground.  Heat takes time to build up, too: although there are vast 

amounts of energy to replace heat withdrawn from a reservoir the insulating qualities of rock 

slow replenishment. A depleted geothermal reservoir may take 50 years or more to recover to 

pre-utilization levels, although it might be restored to service sooner at reduced levels of 

production.  (Ketilsson, et al., 2010).   

3.3.1.2 Sustainable Energy.   

3.3.1.2.1 Icelandic Definitions. 

 

 Icelandic law is replete with references to sustainable (sjálfbær) use of resources.  It is 

less specific on what the term actually means.  The Nature Conservation Act, discussed above, 

describes one key goal as “conservation and sustainable use of natural resources” and calls for 

a “sustainable development agenda” to protect the environment; but it does not define either 

sustainable use or sustainable development.  NCA, Arts. 1, 16.  The Master Planning Act 

likewise says one of its key goals is promoting sustainable development in the energy sector, 

without defining the term.  MPA, Art. 1.  The Law on Strategic Environmental Assessment 

(SEA Law) (No. 105/2006) says its first objective is “to promote sustainable development,” 

but never defines what that means.  SEA Law, Art. 1.  

Some laws leave the definition of “sustainable” to be defined by regulation.  The 

Biofuel Act, for example, authorizes the relevant ministry to issue regulations to determine 

whether biofuel production “is considered sustainable.”  Biofuel Act, Art. 4.  The ministry has 

issued a regulation that says biofuels “produced from waste and residues, with the exception 

of residues from agriculture, aquaculture, fisheries and forestry,” are sustainable, but still does 

not explain what the word “sustainable” is supposed to mean.  See Regulation on Criteria for 

Sustainable Biofuel Production (No. 750/2013), Art. 3. 
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3.3.1.2.2  Definitions from Other Sources. 

 

Descriptions of sustainability sometimes focus on future generations.  One textbook 

definition calls sustainable energy the “living harmony between the equitable availability of 

energy services to all people and the preservation of the earth for future generations.”  (Tester, 

et al., 2012).  The Brundtland Commission defined sustainability in terms of actions that meet 

“the needs of the present without compromising the ability of future generations to meet their 

own needs.”  (World Commission on Environment and Development, 1987).  New Zealand, 

which like Iceland is a nation rich in geothermal energy, also defines sustainability in terms of 

future generations: its Resource Management Act (RMA) refers to “the potential of natural 

and physical resources … to meet the reasonably foreseeable needs of future generations.” 

RMA § 5.  (Government of New Zealand, 2017).  The U.S. Department of Energy’s National 

Renewable Energy Laboratory includes an efficiency analysis: “minimal use of resources 

(energy, materials, water, etc.) and maximum value received from resources used, while 

balancing environmental, economic, and human impacts.”  (NREL, 2003). 

These definitions are problematic.  Explicitly forward-looking, they inexplicably omit 

any guidance on evaluating the energy needs of the future.  The New Zealand definition 

implicitly recognizes this issue when it speaks of “reasonably foreseeable” needs.  RMA § 5 

(emphasis added). Technology sometimes changes faster than language can keep up: it is still 

common, for example, to hear engine work described in terms of horsepower even though 

animal muscles play no part in modern industry.  Another linguistic imprecision is common 

when discussing energy resources: it generally is not the resource that is sustainable or non-

sustainable, but its rate of utilization. 

3.3.2 Sustainable Utilization of Geothermal Energy. 

3.3.2.1 Reservoirs. 

As noted in previous sections of this chapter, the heat energy of the Earth is enormous.  

Iceland alone stores sufficient energy to meet the world’s needs for generations to come. 



3.3 ICELANDIC GEOTHERMAL POLICY.  41  

  

(Pálmason, et al., 1985).  However, a geothermal reservoir must contain both heat and fluid 

(see Figure 2) to be useful; if hot fluids are extracted faster than they are replenished the 

reservoir will eventually be depleted.  How rapidly the depletion occurs, and how long the 

reservoir continues to be useful while it is being depleted, is reflective of the starting conditions 

of the reservoir and the rate at which the fluids are extracted.  Axelsson, et al. (2001) proposed 

the following paradigm for evaluating geothermal resource utilization rates: 

For each geothermal system, and for each mode of production, there exists a 

certain level of maximum energy production, E0, below which it will be 

possible to maintain constant energy production from the system for a very long 

time (100-300 years). If the production rate is greater than E0 it cannot be 

maintained for this length of time. Geothermal energy production below, or 

equal to E0, is termed sustainable production, while production greater than E0 

is termed excessive production. 

 

(Axelsson, et al., 2001). This is expressed graphically in the schematic diagram at Figure 17, 

in which E represents the production7 level needed to support the proposed rate of utilization. 

 

Figure 

17:  

Schematic drawing depicting sustainable utilization of geothermal resources.  

(Stefansson & Axelsson, 2003). 

 

 

Excessive utilization eventually lowers the energy output of a geothermal resource and 

so its economic value.  At The Geysers geothermal field in northern California, for example, 

                                                      
7 Note: in Axelsson’s analysis, the term “energy production” refers to the extraction of energy 
from the reservoir, not creation of energy. 
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power companies trying to take advantage of pricing schemes meant to encourage renewable 

energy embarked on a rapid expansion of drilling and power production between 1982 and 

1987, building new power stations and more than doubling their rate of fluid uptake.  This 

expansion led to a decline in reservoir pressure and steam production even before all the new 

power stations were finished, making it uneconomical to operate all of them; some had to be 

shut down.  Eventually, reduced production and injection of fluids helped to stabilize reservoir 

pressures, but The Geysers was producing steam at only about 60% of its peak. (Table 6).  

Many of the power stations remained closed.  (Barker, 2000).   

Calculating a value for E0 may require an iterative process of trial and error.  It involves 

creating a theoretical model of the reservoir based on indirect methods of measurement, such 

as resistivity and gravity surveys, followed by incremental extraction of fluids to utilize the 

geothermal energy while monitoring the response of the reservoir.  If pressure or temperature 

drop more rapidly or less rapidly than the model predicts, the model should be revised to reflect 

the new data; this will help determine the size of the next extraction increment.  Over time, an 

equilibrium value can be identified to maximize the productive lifespan of the reservoir.  

(Ketilsson, et al., 2010).   

A lifespan measured in centuries (Axelsson, et al., 2001) is both plausible and realistic.  

As noted earlier in this chapter, Icelanders have used naturally-occurring manifestations of 

geothermal energy like hot springs for many hundreds of years, and the district heating system 

drawing on the Laugarnes field reservoir in Reykjavík is approaching the century mark without 

any sign of faltering.  Indeed, the district heating experience in Reykjavík is the model for and 

illustrates the process of incremental inceases in production and subsequent adjustment of 

reservoir models.   
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Table 5: Production and installed generating capacity at The Geysers, 1969-1999.  

(Barker, 2000). 
 

 
 

In 1958, deeper wells and pumps were installed the Laugarnes field to produce a ten-

fold increase in the flow of hot water.  Water levels in the reservoir dropped until the late 

1960s, when they reached a new semi-equilibrium suggesting the inflow of water was ten times 

the natural rate of replenishment calculated prior to introduction of the new wells and pumps.  

(Axelsson, et al., 2010).  In the Reykir-Reykjahlið field, however, after new wells and pumps 

increased production from 120 liters per second to 2,000 liters per second, water levels 

declined steadily until the Nesjavellir power station and its associated hot-water production 

facility came on line.  At that point, production from the field was reduced and water levels 

began to rise.  Figure 18 shows the production level of hot water from 1985-2007 charted 

against water levels in the reservoir: increases in production are immediately followed by 

decreasing water levels, and decreases in production are followed by rising levels.  

(Gunnlaugsson, 2008).  This suggests that at 370 MWth, the field’s output is now at or very 

close to Axelsson et al.’s E0 equilibrium between production and replenishment.   
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Figure 18:  Production vs. water levels at the Reykir field near Reykjavík.  

(Gunnlaugsson, 2008). 

 

 

 Overproduction can be problematic in a number of ways.  Decreasing fluid production 

may require shutting down costly energy facilities, as at The Geysers.  Moreover, because 

falling water levels are associated with decreased pressure within the reservoir leading to an 

increase in the natural rate of water flow, overproduction may also trigger a change in fluid 

chemistry as the reservoir is replenished.  (Axelsson, et al., 2010).   

This can introduce new issues: in geothermal energy, “[m]ost problems start and end 

with chemistry.”  (Thorolfsson, 2005).  Overproduction may mean not just less fluid; the fluid 

in the reservoir may also become more difficult to use.  Fluids with high salinity, for example, 

tend to see increased precipitation of silica which blocks fluid flow and thus reduces the overall 

efficiency of the plant.  When the Laugarnes field was at its production peak, an increase in 

salinity was detected in several wells; in the 1990s, when production was decreased due to the 

availability of hot water from Nesjavellir, salinity subsided to its prior levels.  (Axelsson, et 

al., 2010).  Changes in fluid chemistry can further complicate the problem of overproduction. 
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3.3.2.2 Equipment.  

When properly maintained, the lifespan of geothermal equipment can be measured in 

decades.  The oldest high-temperature wells in Iceland are more than 45 years old, and newer 

wells designed and emplaced with more modern technologies are expected to last even longer.  

(Thorhallsson, 2003).  If properly cared for, power stations may also last decades: the world’s 

oldest currently-operational geothermal power station, New Zealand’s Wairakei, was 

commissioned in November 1958. (Contact Energy Ltd., 2017).  As noted previously, 

Iceland’s oldest power station, Bjarnarflag, has been in operation almost as long. 

Proper maintenance is essential to the longevity of geothermal facilities.  Whether 

designed for electrical power generation or district heating, the facilities must deal with harsh 

conditions including high temperatures, extreme pressures, and fluids with challenging or even 

hazardous chemistry.  Geothermal water and steam may include chemical compounds that can 

damage or destroy a steam turbine; high mineral content in the fluid can lead to precipitation 

and scaling that blocks fluid flow (and thus distribution of energy); and there may be acidic 

liquids and reactive gases that cause corrosion, damaging plant components.  Such damage 

reduces reliability and can render a facility inoperable without repair.  (Atlason, Unnthorsson, 

& Oddsson, 2015).  Taking a geothermal facility offline for repairs means curtailment of 

energy production, inconvenience to customers, and potentially lost revenue.   

Avoiding these issues may be expensive.  Fixed operations and maintenance (O&M) 

costs in geothermal facilities tend to be high compared to other energy sources.  As shown in 

Table 7, annual fixed O&M costs per kilowatt of installed capacity are just over double the 

costs for wind and ten times those for gas.  (U.S. Energy Information Administration, 2017).8  

Thus, maintenance is a larger and likely more tempting target for cost-cutting in a geothermal 

                                                      
8 These costs may be offset by advantages of geothermal power; for example, independence 
from weather that dictates the power output of a wind turbine, and from the cost of natural gas.  
Nonetheless, to the extent geothermal O&M is a large cost component, it can be assumed that 
managers will look for ways to reduce it. 
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power station than in other power plants: if things are working in the moment, there may be 

pressure to minimize maintenance.  Yet the most efficient maintenance requires carefully-

planned schedules based on evaluation of often complex criteria.  (Atlason, Oddsson, & 

Unnthorsson, 2014).  Skipping a maintenance task may help meet quarterly budget goals but 

cost more money in the long run. 

Maintenance decisions are inherently subject to pressure because they are easy to 

portray as arbitrary.  Specific needs vary between facilities based on substantial differences in 

design, complexity, and size of major components tailored to reservoir conditions.  Some 

manufacturers provide maintenance recommendations based on data and algorithms not shared 

with the purchaser.  (Latcovich, et al., 2005).    Maintenance decisions are the responsibility 

of the facility maintenance manager, and in practice, setting maintenance schedules and 

priorities can be a matter of personal preference.  They may be initially based on manufacturer 

input, but many managers “don’t like to rely on manufacturer recommendations,” preferring 

instead to rely on their own judgment and experience.  Managers modify their schedules as 

they see fit, and financial considerations can be part of their decision-making process.  

(Ásbjörnsson, 2017).   
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Table 6: Cost and performance characteristics of new central station electricity 

generating technologies.  (U.S. Energy Information Administration, 2017). 

3.3.3 The Value of Sustainable Use. 

The importance of geothermal energy to Iceland has been described in prior sections 

of this chapter, as has the vast store of energy within reach of today’s drilling rigs.9  These 

resources are not evenly distributed: as shown in Figure 5, the highest-temperature (and thus 

most useful) reservoirs are concentrated in the active volcanic zone that runs across Iceland 

from the Reykjanes Peninsula in the southwest to the outflow of the Jökulsá á Fjöllum river in 

the northeast.  Approximately 70 to 80% of Iceland’s geothermal energy lies in this zone.  

(Pálmason, et al., 1985).  The further one goes to the west or the east, away from the continental 

plate boundary, the less heat is present.  (Loftsdóttir & Thorarinsdóttir, 2006).   

                                                      
9 Based on 100 zettajoules stored to a depth of three kilometers and Iceland’s total primary 
energy use of 261 petajoules in 2015 (Pálmason, et al., 1985; Orkustofnun, 2016b), and 
assuming an efficiency rate of just 10%, the energy in Iceland’s crust to three kilometers would 
still meet the country’s energy needs for tens of thousands of years. 
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Locating new reservoirs requires time-consuming and expensive exploration.  “The 

primary distinction between geothermal energy and other renewables is that a potential 

geothermal project site is extensively explored and confirmed through underground drilling – 

typically a long, costly, and difficult-to-predict expense.  In fact, the total cost of exploration, 

confirmation, and production drilling can be nearly half of the total cost of the project.”  

(Schwabe, 2011).  Figure 19 depicts the risk profile of a typical geothermal project: project 

risk tends to be very high in the early stages of development, dropping sharply once the 

reservoir has been mapped and modeled.  Developing a new power station (including wells, 

pipes, and other equipment) costs in the range of $3-4 million USD per megawatt of capacity.  

(Gunnlaugsson, 2012).  Large geothermal power projects (50 MWe or greater) typically take 

ten years or longer to develop.  (Harvey, 2013).  Wasting the energy in a reservoir through 

overproduction or inefficient use hastens the day when it will become less productive, 

requiring new costs and risks to develop new reservoirs.    

 

Figure 19: Risk profile for a typical geothermal project.  (Schwabe, 2011). 
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Developing new resources may be necessary; but it is not without economic and social 

cost.  Although geothermal energy projects are generally thought to have a smaller 

environmental impact than renewable energy technologies like hydropower (Haraldsdóttir, 

2010), geothermal areas tend to be biologically-diverse sites of exceptional beauty: many are 

important tourist attractions.  This can be a factor in policy-making: as noted before, tourism 

is an increasingly-important driver of the Icelandic economy.  (Organization for Economic 

Cooperation and Development, 2015).  Development can disrupt the appearance of the site, as 

when roads and powerlines are built that destroy the natural vistas; a decline in pressure and 

water level during production can lead to subsidence of the land, cessation of some surface 

manifestations (including the drying up of hot springs or mud pots), and other adverse effects.  

(Mannvit hf, 2013).   

In some instances, new resources may even be off-limits altogether.  Most Icelandic 

high-temperature energy resources are on public land (Baldursson, 2017), including the 

country’s largest geothermal areas at Torfajökull, Hengill, Krafla, Krísuvík and Þeistareykir.  

(Pálmason, et al., 1985).  Some areas have been withdrawn from development in accordance 

with the Master Plan Act because policymakers have determined their environmental, social 

and economic value as undeveloped areas exceeds their value as energy sources.  Presently, 

just 14 of the country’s high-temperature geothermal power projects – fewer than half – are 

slated for development; the rest are either on the protected list (nine) or on hold pending further 

evaluation (nine).  (Althingi, 2017).  Thus, all other things being equal, it is preferable to 

maximize existing resources versus prospecting for new ones.   

Similarly, even when cutting corners on maintenance may save money in the short-

term, it is not necessarily the optimal way to produce reliable energy at low overall cost in the 

long run.  An error in judgment – driven, for example, by imperatives to improve the 

company’s balance sheet – may mean equipment that no longer functions as designed, driving 

up costs … or may mean equipment that ceases to work at all.  When there are no redundancies, 
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as is typically the case in district heating systems, an outage can adversely affect the quality of 

life of thousands of citizens.  (Thorolfsson, 2005).  As discussed in the next section, however, 

private companies may have incentives that lead them away from sustainability and reliability, 

despite the public interest in their favor. 
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3.4 Leigjendavandinn 

3.4.1 Definition and Summary. 

 As this chapter has shown, geothermal energy occupies a key position in Icelandic 

society, providing heat to nine out of ten homes at a per capita savings of more $2,000 USD 

per annum.  Geothermal energy provides the nation with security, drives much of Iceland’s 

heavy industry, and can fuel economic growth for many years to come.  It is, in short, a 

strategic asset of critical importance and recognized as such by Icelandic laws preventing its 

transfer from public to private hands.  GRA, Art. 3a.  At the same time, Iceland is required by 

domestic law and international agreements to liberalize its energy market, encouraging 

competition in power generation and trade.  See e.g., Electricity Act, passim.; Electricity 

Directive; Services Directive.  Iceland is thus committed to keeping long-term ownership of 

its publicly-owned geothermal assets with the public, while at the same time making the assets 

available to private parties.  These dual and dueling imperatives set up the conflict known as 

leigjendavandinn – the tenant problem.   

The tenant problem occurs when control of a resource passes temporarily to a party 

whose interest in maximizing the net benefit from the asset during its occupancy is inconsistent 

with the owner’s interest in using the resource efficiently over a longer (or even indefinite) 

period.  The problem confronting Icelandic policymakers has been that the law requires 

making control of vital national resources available to private companies whose incentive to 

make as much money as possible while they can may diverge from the public interest.  

(Jóhanesson, 2016).    

3.4.2 Theoretical Basis of the Tenant Problem. 

 Economists have long argued that secure, perpetual, and enforceable property rights 

are the keys to inducing efficient resource use.  (Demsetz, 1967).  Where a tenant has 

temporary rights to use a resource and cannot be assured those rights will be extended or 

renewed, its natural incentives are to take as much of the resource as possible during the 
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tenancy without regard to whether doing maximizes long term benefits.  (Costello & Kaffine, 

2007).  Conversely, a tenant has little incentive to perform costly maintenance or upgrades that 

will outlive its tenancy, even if doing so produces the most efficient overall result.  (Bird & 

Hernández, 2012). 

 Temporary and insecure property rights create what are sometimes called temporal 

split incentives, misallocations of burden and benefit that discourage behavior that would 

otherwise maximize efficiency, but only at the expense of a party who will not fully share in 

the rewards.  (Economidou, 2014).  The problem can be expressed in a simple, if inelegant 

question:  why should I bear the cost of good behavior today when someone else will get the 

benefit tomorrow?  

Consider the issues facing a company seeking to build a power station in Iceland10 and 

the impacts on its incentives: 

o First, building power stations requires substantial financial resources.  Even 

disregarding the issue of risk, building a geothermal power station is an expensive 

proposition: costs of nearly $3 million USD per megawatt of generating capacity can 

be expected.  The 303 MWe Hellisheiði power station, for example, cost between $800-

810 million USD.  (Gunnlaugsson, 2012). 

 

o Second, as noted in earlier sections, fixed O&M costs are high.  The overall LCOE of 

geothermal is low and its 24-hour baseload availability makes it an attractive power 

generation option; but these advantages come at a steep price in fixed maintenance 

costs, as would be expected given the Hadean conditions encountered in a geothermal 

reservoir.  Fixed O&M for geothermal power averages more than twice the O&M cost 

of wind and ten times that of gas.  (U.S. Energy Information Administration, 2017). 

 

o Finally, if the resource belongs to the state its ownership will remain with the state and 

the power company is merely a tenant.  At the end of its tenancy, the power company 

has no right to compensation for the resource, or for the wells, infrastructure (pipelines, 

roads, electrical lines, etc.) or power station.  GRA, Art. 11.  These items (collectively 

referred to “WIPS” for the remainder of this thesis) may still be of value, but the law 

is silent as to whether the power company can remove them, as would ordinarily be the 

case with a tenant’s private property, or whether they run with the land as fixtures and 

so must remain.  As a practical matter, however, a geothermal well drilled three 

kilometers into the earth is not portable.  Relocating roads, buildings, pipes, and so on 

may likewise be impractical.  As noted in earlier sections, many items in the power 
                                                      
10 This chapter focuses on the tenant problem as it relates to power generation.  While it is 
possible for the problem to manifest in other important activities like district heating, it is 
ameliorated by the fact that in Iceland district heating utilities are controlled by entities with 
long-term outlooks: national or local governments, or entities wholly controlled by them.  
Energy Law, Art. 30. 
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station are optimized for the expected chemical environment and thus have only scrap 

value if removed from the reservoir they were designed to utilize.   

 

If unrestrained by regulators exercising the police power of the State, a power company 

tenant seeking to maximize its profit could logically decide to pump as much energy-bearing 

fluid as possible during its tenancy without regard for whether the reservoir is capable of 

supporting future power production at the same level – or indeed, any power production at all 

– once the company’s time is up.  The tenant could similarly seek to minimize maintenance 

costs without regard for whether the WIPS continue to function past the end of its tenancy.  

Doing otherwise may result in the tenant leaving profits on the table (or, perhaps, in the ground) 

to protect the landlord’s future interests.  Doubly frustrating from the tenant’s perspective is 

that its good behavior – in conserving the resource and paying for upkeep to the WIPS needed 

to exploit it – may very well redound to the benefit of a successor tenant who is quite likely 

one of the incumbent tenant’s direct competitors. 

A simple thought exercise illustrates the 

problem: imagine a power company faced with 

refurbishing a turbine at a cost of $800 thousand 

USD; the refurbished turbine is expected to 

produce electricity worth $400 thousand USD 

per year, and to last for three years, after which 

time another refurbishment will be required at 

the same price.11  Alternatively, the company could install a new turbine for $2.4 million USD 

producing the same amount of electricity per year for 12 years.  Neglecting discount rates and 

other factors, the first option will produce a net benefit of $1.6 million; the second, a net benefit 

of $2.4 million.  The 50% increase in net benefit makes the second option clearly better – 

unless the power company is near the end of its tenancy, as shown in Table 8. 

                                                      
11 These figures are for illustrative purposes only, and are not meant to represent actual pricing. 

Figure 20:  Refurbishing a steam 

turbine.  Photo by Shiv Sangam 

Engineering Works. 
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Table 7: Simplified option list: refurbishment vs. replacement. 

 

 
 

 A company leaving the premises in two 

years would just break even on option one, but lose 

$1.6 million USD on option two.  Moreover, the 

benefit of the newer turbine’s longer life would 

mostly go to the next tenant, likely a competitor.12  

Choosing the more efficient option would mean 

underwriting the profitability of the competition 

and diminishing one’s own.  This is a particularly 

pernicious example of a positive externality – a 

market failure in which the benefits of a deal fall in 

whole or in part to a stranger to the transaction.  (Jaffe & Stavins, 1994). 

3.4.3 Regulating the Tenant Problem.  

“A fundamental problem for authorities is how to induce compliance with desired 

behavior when individuals have incentives to deviate from such behavior.”  (Nosenzo, et al. 

2010).  Icelandic law contains explicit provisions for regulators to monitor and protect the 

condition of geothermal reservoirs.  Orkustofnun has relied on these provisions to include 

                                                      
12 It is unclear from current Icelandic law what equipment (if any) an outgoing tenant could 
remove from the resource site as personal property, rather than being forced to leave behind as 
fixtures.  The proposal discussed in the following chapter moots this issue.  

Figure 21:  Installing a new steam 

turbine.  Photo by Siemens. 



3.4 LEIGJENDAVANDINN  55  

  

reporting and review requirements in the licenses it issues that require the user to gather data 

on temperature and pressure, check it against the existing reservoir model, and to take steps to 

deal with unexpected variances.  The most recent Icelandic geothermal license, for the 60 MW 

Þeistareykir power station, sets limits on the quantity of fluid and the energy content that can 

be taken from the reservoir.  The license also requires the power company to reduce fluid 

uptake or increase injection of fluid if pressure drops more than 3% per year faster than 

predicted by existing reservoir mathematical models.  (Ketilsson, et al., 2015).  Although it 

may be expensive and create adversarial relationships, the State can protect its geothermal 

reservoirs through diligent exercise of regulation. 

The law is less clear when it comes to maintenance of the WIPS.  Although regulators 

are authorized to promote safety, efficiency and infrastructure investment, GRA, Arts. 3a, 25, 

there is no agency presently tasked with overseeing geothermal power station maintenance.  

Iceland has no system of regulations for doing so: municipalities conduct worker health and 

safety inspections, but nothing more.  (Ásbjörnsson, 2017).  The GRA permits Orkustofnun to 

impose conditions “as necessary for safety or technical reasons,” which could be read to permit 

regulation of maintenance.  But Orkustofnun has in the past been the subject of criticism 

alleging that the agency has too much to do and not enough people or expertise to carry out all 

its tasks.  (Drevdal, Langset, & Espegren, 2011).  Adding new responsibilities would not make 

things better.  An alternative approach might be to hire (or require the power company to hire) 

an independent consulting firm to perform maintenance oversight, but this would add a layer 

of cost and potential inefficiency. 

Dealing with the tenant problem through regulation creates an inherently adversarial 

relationship in which regulators use the power of the State to restrain the behavior of the tenant.  

Their success in doing so will be dependent on the granularity of their oversight: daily 

supervision might provide the best protection, but cost and staffing requirements might prove 

unsustainable.  A better approach would be to change the tenant’s incentives: instead of relying 
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on the policing authority of the regulator, to find a way to make the tenant’s interests more 

aligned with the owner’s, inducing the tenant to in effect police itself. 

3.4.4 Non-Regulatory Approaches to the Tenant Problem. 

3.4.4.1 Eliminating the Tenancy. 

The simplest methods of dealing with the tenant problem involve getting rid of the 

tenancy: make generation of power the sole province of the state, directly or through 

government-controlled businesses.  At the other extreme, the tenant problem could be 

eliminated by selling the geothermal resource to the power company outright.  In both cases, 

there would be no split incentives because there would be no split.    

3.4.4.1.1 The Ascendant State. 

 

The first alternative would yield a familiar result:  the power company would be the 

State.  Icelandic energy utilities have traditionally been publicly-owned (Haraldsdóttir, 2010), 

and heating utilities still must be controlled by public entities.  Energy Law, Art. 30 et seq.  

Although public ownership is no guarantee of good decision-making, it at least tends to 

promote accountability: “downtime means lost votes.”  (Thorolfsson, 2005).   However, this 

alternative runs counter to the both Iceland’s Electricity Act and the EU Third Energy Package 

and for the purposes of this thesis is assumed to be an unacceptable approach. 

3.4.4.1.2 The Company in Command. 

 

The second approach, selling the reservoir to the power company, would not safeguard 

the public interest in a stable, reliable supply of geothermal energy.  Iceland is presently a 

stranded energy market: there is a limit to how much power a company could realistically sell 

even if it decided to suck the reservoir dry, but a company might still choose to maximize its 

share of the limited market.  At that point, the only curb on the tenant’s behavior would be the 

police power of the State, exercised through its regulator, Orkustofnun.  While not a necessarily 

insurmountable problem, assuring the public interest might require more extensive, and 

expensive, oversight.   
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If IceLink and similar (perhaps larger) projects come on line, the opportunities to sell 

could increase as well.  A power company could decide to focus on short-term gains rather 

than long-term efficiency to improve the condition of its balance sheet or in response to 

pressure from shareholders to provide immediate returns rather than worrying about future 

generations.  The public might then be faced with a choice between doing without the power 

produced by the depleted resource, or replacing it with energy from reservoirs previously 

protected from development.  

3.4.4.2 Restructuring the Tenancy. 

In 2007, economists Christopher J. Costello and Daniel Kaffine of the University of 

California at Santa Barbara suggested that while complete property rights (i.e., ownership) are 

generally sufficient to induce economically-efficient use of natural resources, they are not 

always necessary.  Instead, natural resource leases can be engineered to produce what they 

called “stewardship” behavior – utilization like that expected of an owner.  (Costello & 

Kaffine, 2007).  Their description of stewardship, in which the rate of utilization remains at or 

below the renewal rate of the resource, is roughly akin to the E0 paradigm proposed for 

geothermal energy production rates by Axelsson, et al. (2001).   

Their insight was consistent with observations by Icelandic economists: that longer 

contracts tend to promote efficient resource use and to increase the net value of the resource.  

(Baldursson & Fehr, 2015).  As a tenant’s tenure length increases, its interests become more 

like an owner whose right to use the resource is perpetual.  Indeed, an infinite-tenancy lease 

may be thought of as a form of privatization.  A true tenancy, however, is by its nature of fixed 

duration; no matter how long the tenancy lasts, a tenant’s interests eventually diverge from 

those of the owner, as reflected in the turbine hypothetical above.   

Costello & Kaffine suggested end-of-lease problems can be ameliorated by increasing 

the tenant’s probability of renewing its lease.  As the probability of renewal rises, the tenant’s 

interests once again align with those of an owner: the tenant can reasonably expect to use the 
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resource for as long as it likes.  In very extreme cases – for example, where the resource’s 

replenishment rate is very low – the likelihood of renewal might have to increase to 

compensate until reaching virtual certainty.  Costello & Kaffine concluded that probability of 

renewal has a greater effect than duration of tenancy in inducing stewardship: as shown in 

Figure 22, a sufficiently-high probability of renewal will induce stewardship for any length of 

tenancy because the tenant, like an owner, has a stable, perpetual interest in the resource and 

therefore a stake in its well-being.13  Where the probability of renewal is lower, the length of 

tenancy must be increased to compensate; but at a sufficiently-low probability of renewal, 

there will be no tenancy whose duration is sufficient to prevent the tenant from eventually 

harvesting as much of the resource as possible without regard to long-term efficiencies.   

 

Figure 22: The relationship of renewal probability and tenure length in inducing 

stewardship. (Costello & Kaffine, 2007). 
 

In between these extremes, Costello & Kaffine observed, there could still be a 

“plausible” value in regulatory policing.  They did not elaborate, but it is easy to envision a 

tenancy carefully designed to induce stewardship without giving too much to the tenant that 

might, owing to an error in calculations or changed circumstances, unexpectedly provide 

                                                      
13 Shorter tenancies may, however, not be desirable for other reasons, such as increased 
administrative costs associated with the renewal process.  (Baldursson & Fehr, 2015). 
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insufficient rewards to achieve stewardship.  Regulation could serve as a safety net to protect 

the resource from depletion in such situations.   

Costello & Kaffine did not explicitly address the issue of maintenance, but the logic of 

their argument – that a tenant whose right to use the resource is stable, secure, and essentially 

perpetual because of a high likelihood of renewal – suggests that the thought exercise above 

would play out differently.  “If one is going to move relatively soon, or does not know if they 

will move, then a high upfront capital cost investment … is quite risky if a move is possible in 

the next 2-8 years.”  (Bird & Hernández, 2012).  Where the tenancy lasts long enough for the 

tenant to enjoy all the benefit from the more-efficient option (i.e., replacing the turbine), that 

is the option it would more likely select.  

3.4.5 A Legislative Approach: the 2008 Amendments to the GRA.  

In 2007, investors purchased partial ownership of the southwestern Iceland utility 

Hitaveitu Suðurnesja (HS).  (Harðardóttir, 2007).  HS was at the time jointly owned by the 

Republic of Iceland and several local municipalities, Law on Hitaveitu Suðurnesja (No. 

100/1974), Art. 2; more importantly, it owned the Svartsengi and Reykjanes geothermal power 

stations.14 The sale crystallized concerns about privatization of Iceland’s natural resources.  

(Baldursson, 2017).  The following year, Althingi passed legislation to address those concerns.   

Among other things, the Law Amending Some Laws on Natural Resources and Energy 

(2008 amendments) (No. 58/2008) added a new article to the Ground Resources Act that 

forbids the outright sale of public geothermal resources to private parties.  The 2008 

amendments also added new rules on how private parties can acquire temporary rights to use 

publicly-owned resources.15  The new provisions are described below. 

                                                      
14 In 2008, HS spun off its power generation and district heating operations.  HS Orka, which 
took over the power generation business, is today controlled by a Canadian company, Alterra 
Power, which owns a two-thirds interest.  (Alterra Power Corp, 2016).   
15 The 2008 amendments also changed certain provisions of the Water Act (No. 15/1923).  
These changes are consistent with the changes to the GRA, but beyond the scope of this thesis. 
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3.4.5.1 Prohibition on Sale to Private Parties. 

 Prior to 2008, geothermal resources in public lands were by law property of the 

Icelandic State, but there was no specific rule against their transfer or sale: only a general 

requirement that the sale be authorized “in law.”  CONST., Art. 40; GRA, Art. 3.  The 2008 

amendments forbade any permanent transfer, direct or indirect, of publicly-owned geothermal 

resources except to the extent needed for household or agricultural use.  GRA, Art. 3a(1).  The 

2008 amendments also make exceptions for transfers between the state and municipalities, and 

allow for transfers of rights to holding companies specifically established to take ownership of 

the rights to geothermal resources, provided the companies are wholly-owned by the state or 

municipalities.  GRA, Art. 3a(2). 

3.4.5.2 Lengthy Leases, Preferential Extensions. 

 Although permanent transfers to private parties are barred, temporary transfers of 

rights are not.  Government entities or holding companies can issue an afnotaréttur for the 

resource, a utilization right akin to a usufruct.  The afnotaréttur includes the right to use the 

resource for a specified period and enjoy the fruits of its use, including income from generating 

electricity or other uses of the thermal energy in the resource.  GRA, Article 6.  Although not 

explicit on this point, there is nothing in Article 3a suggesting an afnotaréttur circumvents the 

licensing authority of Orkustofnun. 

 An afnotaréttur can last up to 65 years; the holder is “entitled” to negotiate an extension 

when half the agreed period of use expires.  GRA, Art. 3a(3).  Thus, a tenant with a 65-year 

afnotaréttur would have a right to seek an extension after 32 ½ years.  The amendments are 

silent as to the duration of an extension; however, given that an afnotaréttur can last only “up 

to” 65 years, a fair reading would be that the remaining afnotaréttur plus the extension could 

not total more than 65 years, either.  GRA, Art. 3a(3).   
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Figure 23:  Award procedure under GRA Article 3a. 

 

Nothing in the amended law requires an afnotaréttur to be granted for the full 65 years: 

indeed, shorter periods are plainly contemplated by language authorizing rights for “up to” 65 

years.  Likewise, nothing in the law guarantees an extension; but if the government wants to 

extend the afnotaréttur, only the incumbent tenant is entitled to participate in negotiations.  

The law does not expressly provide for changing rent or other terms during the extension talks, 

but there is also no explicit limitation on what can be negotiated. 

3.4.5.3 Efficiency and Rent. 

 Finally, the 2008 amendments call for a nondiscriminatory selection process when 

issuing an afnotaréttur and add a requirement that when choosing between applicants vying 

for an afnotaréttur, the government must give preference to the “efficient utilization of 

resources and investments in structures.”  GRA, Arts. 3a(4) and (5).  The new provisions, 

however, provide no guidance as to how such efficiencies are assessed or compared. 
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3.4.5.4 Assessment of the 2008 Amendments. 

The 2008 amendments to the GRA address the privatization issues raised by the 

unbundling imperatives of the Electricity Act and the EU Energy Packages and highlighted by 

the HS sale.  Publicly-owned geothermal resources cannot be sold, but companies can pay for 

the right to develop and profit from those resources provided they efficiently use the resources 

and invest in WIPS.  The amendments also effectively codify the Costello & Kaffine approach 

to the tenant problem: stewardship behavior on the part of the private party tenant is to be 

structurally induced though a combination of a long tenancy and preferential extensions that 

align the private party’s interests with those of the resource owner – the State.  In case these 

structural provisions are not enough, or there are unforeseen events requiring additional action, 

the State’s direct regulatory power through Orkustofnun to monitor and impose protections for 

the resource becomes critical.   

The rent provisions capture some benefit for the public beyond the jobs from 

construction and operation of the project and collateral benefits from the activities that buy 

electricity.  The provisions are unclear, however, as to whether there is any government right 

to seek better terms during negotiations for an extension (or at any other time).  This, coupled 

with the potentially-lengthy duration of the afnotaréttur, could prevent the public from 

realizing the full benefit of market conditions that might make Iceland’s clean electricity more 

valuable – for example, sales to Europe after building the IceLink interconnector. 

3.4.6 The ESA v. Iceland. 

 As noted in earlier chapters, Iceland is obliged to follow EEA law, including EU law 

incorporated into the EEA Agreement.  Iceland’s compliance is subject to scrutiny by the ESA, 

which reviews the laws and activities of EFTA member states like Iceland.  When it perceives 

a violation of an EFTA member’s obligations, the ESA can propose corrective measures; if 

dissatisfied with the member state’s response, it can sue at the EFTA Court.  The ESA is 

presently in litigation with Iceland over Iceland’s rules on egg and dairy imports, EFTA 
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Surveillance Authority v. Iceland, Case No. E-2/17, and unsuccessfully sued Iceland in the 

wake of the financial crisis in EFTA Surveillance Authority v. Iceland, Case No. E-16/11.  

(EFTA Court, 2017).  In both cases, the ESA alleged Icelandic law was contrary to EU 

directives incorporated into the EEA Agreement. 

3.4.6.1 The ESA Investigates the 2008 Amendments.  

 On 29 March 2011, the ESA informed the Icelandic government it was investigating 

Iceland’s “conditions for the award and renewal of authorisations for the utilisation of 

hydropower and geothermal energy” – specifically, the 2008 amendments to the GRA.  On 16 

February 2012, the ESA advised it had preliminarily concluded the new rules for awarding 

energy authorizations violate EEA law.  On 12 March 2014, the ESA sent Iceland a letter of 

formal notice, alleging Iceland was “in breach of EEA law.”  The ESA claimed Icelandic law 

regarding authorizations violates the EEA Agreement because it: 

o Does not provide “full guarantees of impartiality and transparency” with 

respect to granting energy licenses, including publicity about procedures 

followed and assurances that the process will use objective, transparent, and 

nondiscriminatory criteria set out in advance; 

 

o Allows authorizations of 65 years and does not guarantee such authorizations 

are limited to the duration needed to enable the power company to recoup the 

cost of its investment and make a fair return on the capital invested; and  

 

o Sets up a discriminatory renewal process by entitling the incumbent holder of 

an afnotaréttur to negotiations rather than subjecting the renewed award to an 

impartial and transparent procedure. 

 

The ESA specifically cited GRA Article 3a as the offending geothermal provision.16  See ESA 

Decision No. 107/14/COL (ESA Notice),17 ¶¶ 38, 41, 44, and 48.  On 7 May 2015, the ESA 

issued a reasoned opinion “concerning Iceland’s breach of Directive 2006/123/EC.”  See ESA 

Decision No. 176/15/COL (ESA Opinion).18  The ESA Opinion largely mirrors the ESA 

                                                      
16 As noted above, the ESA also took issue with Iceland’s rules for awarding utilization rights 
for hydropower.  The ESA hydropower concerns largely mirror its concerns about geothermal 
energy, but are beyond the scope of this paper. 
17 The ESA provided a copy of this letter in response to a public access request from the author.  
A copy is included with this thesis as Appendix 1. 
18 The ESA provided a copy of this letter in response to a public access request from the author.  
A copy is included as Appendix 2. 
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notice, but includes additional analysis and conclusions.  It is the subject of the analysis in the 

next section of this thesis. 

3.4.6.2 Analysis of the ESA Opinion. 

 The ESA Opinion begins with the assertion that harnessing geothermal resources on 

public land for power production and heating constitute “services” under EEA law.  The EEA 

Agreement defines services as activities “of an industrial character” or “of a commercial 

character.”  EEA Agreement, Art. 37.  The ESA relies on the “industrial character” definition, 

ESA Opinion, ¶ 25; but to the extent geothermal energy is sold on a market (whether directly 

as heat or after being used to generate electricity), it would fall within the “commercial 

character” definition as well.   

 EU Directive 2006/123/EC on services in the internal market (the Services Directive) 

governs administration of services within the EU and EEA member states.  EEA Agreement, 

Annex X (EFTA, 2017); Services Directive, Art. 2(1) (European Union, 2017).  It applies to 

authorization procedures in which a provider or recipient of services must obtain permission 

from the government (or other similar authority) for exercise of or access to the services.  

Services Directive, Art. 4(6).  This includes, inter alia, the administrative procedures involved 

in the issuing process.  Services Directive, Recital 39.  Thus, the scope of the Services Directive 

encompasses the afnotaréttur procedure of GRA Article 3a. 

 With respect to the specific contentions of the ESA Opinion: 

3.4.6.2.1 Claim: Iceland Does Not Specify Procedures for Granting Energy Licenses That 

Provide Full Guarantees of Impartiality and Transparency. 

 

 The Services Directive provides that where resources are limited such that not all 

interested parties may use them, utilization rights to the resources, if issued, must be granted 

via a transparent, impartial selection procedure.  Services Directive, Art. 12(1).  It further 

provides that selection procedures must be (i) clear; (ii) made public in advance; and 

(iii) processed objectively, impartially, and within a reasonable time.  Services Directive, Art. 

13(1), 13(3).  The ESA contends GRA Article 3a(3) violates these requirements because the 
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procedures for granting an afnotaréttur are not specified, and so “interested parties [are not] in 

a position to understand which rules will apply to the authorisation process and which steps 

are going to be followed in order to issue the authorisation.”  ESA Opinion, ¶¶ 32-33. 

 The afnotaréttur process described of the 2008 amendments lacks critical detail.  For 

example, there is no indication of whether rights will be granted pursuant to a public bid, via 

a limited application process, or following a negotiated private selection.  Article 3a(4) 

indicates that applicants must be treated equally; but it also specifies that applications must 

promote efficient use of the resource and investment in structures and there is no explanation 

of what “efficiency” means or how it will be determined.  Further, although the government is 

entitled to charge a rental fee under Article 3a(5), there is no explanation regarding how the 

rent will be calculated or paid.   

The process for extending an afnotaréttur also lacks specificity.  Article 3a(3) doesn’t 

indicate how an application will be evaluated: for example, whether the same criteria as the 

original award are used.  An applicant can infer the process may be different because no other 

parties have a right to participate; but there are no “clear … public” rules as called for by 

Services Directive Article 13(1).  The ESA claims requirements of equal treatment and 

transparency apply to the afnotaréttur renewal procedures as well as the initial grant, and so 

the GRA’s lack of procedural specificity in the renewal process is another violation of the 

Services Directive.  ESA Opinion, ¶ 64.  While it could be argued that an “extension” is not 

the same as a “renewal,” at least one European Court has found the same rules apply to each.  

See Sporting Exchange Ltd v. Minister, ECR Case C-203/08 (2010), ¶¶ 21, 62.   

3.4.6.2.2 Claim: Icelandic Authorizations Are Inappropriately Fixed at 65 Years Instead of 

Only the Time Needed to Recoup Investment Funds and a Fair Return on Capital.  

 

 The ESA Opinion argues “Nothing in Icelandic legislation provides that the competent 

authority is authorised to grant a licence for a duration of less than 65 years.”  ESA Opinion, 

¶ 46.  Article 3a(3) of the GRA, however, provides that an afnotaréttur can last “up to 65 

years” – language which plainly permits a duration of 64 years, or 63, or indeed any number 
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that does not exceed 65.  The ESA Opinion thus misstates the relevant Icelandic law.  Although 

the ESA is correct that the 2008 amendments contain “no requirement that the duration of the 

licence be shorter should less time be sufficient for a given authorization holder to recoup the 

cost of his investment and make a fair return on the capital he has invested,” ESA Opinion, ¶ 

46 (emphasis added), there is no requirement in the Services Directive for such a limitation.   

The Services Directive provides that utilization rights must be granted “for an 

appropriate limited period,” but it does not define “appropriate” or mandate how to do so.  

Services Directive, Art. 12(2).  The Recitals to the Services Directive contain a passage urging 

that an authorization’s length “should be fixed in such a way that it does not restrict or limit 

free competition beyond what is necessary in order to enable the provider to recoup the cost of 

investment and to make a fair return on the capital invested,” Services Directive, Recital 62 

(emphasis added); and the ESA contends this means an authorization “must only be granted … 

in such a way that it does not restrict or limit free competition beyond what is necessary in 

order to enable the provider to recoup the cost of investment and to make a fair return on the 

capital invested.”  ESA Opinion, ¶ 29(3) (emphasis added).  Once again, the ESA’s 

interpretation is not supported by the text of the statute. The relevant language of Recital 62 is 

advisory rather than mandatory, as it uses the word “should” rather than the ESA’s apparently-

preferred formulation “must.”   

Moreover, the ESA’s gratuitous addition of the word “only” – which would forbid 

consideration of anything other than recouping the investment and an undefined “fair return” 

on capital – effectively wipes out Article 12(3), which allows member states to also take into 

account “public health, social policy objectives, the health and safety of employees or self-

employed persons, the protection of the environment, the preservation of cultural heritage and 

other overriding reasons relating to the public interest …”  Services Directive, Art. 12(3).  On 

this point, the ESA Opinion is not only unsupported by the law it purports to vindicate; it is 

contrary to it. 
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3.4.6.2.3 Claim: Icelandic Law Discriminates by Entitling the Incumbent Holder of an 

Afnotaréttur to Negotiations for an Extension. 
 

 The Services Directive forbids “automatic renewal” of an authorization, and likewise 

forbids conferring “any other advantage on the provider whose authorisation has just expired” 

(or any person linked to that provider).  Services Directive, Art. 12(2).  Even if an “extension” 

is taken to be the same as a “renewal,” the 2008 amendments do not provide for an automatic 

extension; only an automatic right to negotiate for an extension.  GRA, Art. 3a(3).  The ESA 

nonetheless contends that the entitlement runs afoul of the Services Directive because it 

“clearly confers advantage on the authorisation holder as concerns the renewal of his 

authorization.”  ESA Opinion, ¶¶ 49-51.   

Once again, the actual language of the statute does not support the ESA position. 

Because the 2008 amendments’ right to negotiate commences at the halfway point of the 

authorization, it does not confer an advantage to anyone “whose authorisation has just 

expired” – the actual prohibition is never violated.  As written, Services Directive Article 12(2) 

does not apply to the extension procedure, even though it may have been intended to require a 

procedure in which the incumbent competes for an extension on a level playing field with new 

applicants.  An expansive interpretation of the directive might conclude it applies to the 

afnotaréttur extension provisions of the GRA; indeed, it could be argued that a literal 

interpretation would render Article 12(2) almost a nullity.  There would likely be few, if any, 

occasions when a government would be so dissatisfied with an incumbent’s performance as to 

let its authorization expire, yet still want to confer an advantage to the now-former incumbent 

as to give them an advantage over the competition.  Nonetheless, a strict textual interpretation 

would find the language of Article 12(2) inapplicable as written and approve the extension 

procedure of Article 3a(3), until the Service Directive is amended to say what the ESA Opinion 

infers that it means.  Because the outcome depends on whether the court would be willing to 

overlook the language of the law and look to its intent, it is unclear whether the ESA would 

prevail.  
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3.4.6.2.4 Other ESA Claims. 

 

 In addition to arguments based on the Services Directive, the ESA Opinion contends 

the 2008 amendments violate the EEA Agreement’s Article 31 guarantee that EU and EFTA 

member states must, for nationals of other member states seeking to set up and manage 

businesses, apply the same rules as for their own nationals.  The ESA contends Article 31 

requires transparency to function; thus, Iceland’s failure to provide transparent authorization 

and renewal procedures is itself a violation of the Agreement even if no actual discrimination 

can be shown.  ESA Opinion, ¶¶ 55-56; 64-66.  To the extent such transparency is required by 

Article 31, the ESA has a strong claim; but because Article 12(1) of the Services Directive is 

much clearer, a court might elect not to reach this argument.  In any event, changes to Icelandic 

law satisfying the Services Directive transparency requirement solve this problem as well. 

The ESA also argues the duration of authorizations under the 2008 amendments 

violates Article 31 because there is no “guarantee that the duration of the authorisation will be 

set in a proportionate manner.”  ESA Opinion, ¶ 67.  The opinion alleges that “the principle of 

proportionality requires” authorizations not last “beyond what is strictly required to ensure that 

the investment is paid off and that there is a reasonable return on invested capital, whilst 

maintaining a risk inherent in economic activities.”  ESA Opinion, ¶ 71.  Significantly, the 

ESA Opinion cites no authority whatsoever supporting this so-called strict requirement; 

presumably if such authority existed, it would have been mentioned.  Finally, the ESA argues 

that Directive 2003/54/EC (the Second Energy Package’s Electricity Directive) does not 

excuse Iceland’s purported violations because it does not include specific language discussing 

authorizations issued based on resource management or price.  ESA Opinion, ¶ 82.  The ESA 

would presumably take the same position as to Directive 2009/72/EC.  

3.4.6.3 Iceland’s Response to the ESA. 

The ESA position is strong in some respects and notably weak in others.  It is by no 

means certain that the ESA would prevail on all, or even most, of its claims. Nonetheless, 
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Iceland has taken a generally conciliatory approach to the dispute: representatives of the ESA 

and the Icelandic government conferred through the end of 2011 but reached no final 

resolution.  The ESA says the Icelandic government proposed a timetable for new procedures 

to be submitted to Althingi by October 2012; but no legislation was introduced.  A subsequent 

proposal for legislation to be submitted in the Spring 2013 parliamentary session likewise went 

without action, and there were no developments following the ESA Notice in March 2014.  

ESA Opinion, ¶¶ 1-9.  

On 11 November 2015, the Icelandic government informed the ESA it had formed a 

working group to address the issues in the ESA Opinion.  On 2 February 2016, the Icelandic 

government provided the ESA with a copy of draft legislation addressing some of the ESA’s 

concerns.  However, no legislation was ever approved.  See ESA Decision No. 075/16/COL 

(ESA Proposal), ¶¶ 133-134.19   

On 6 April 2016, the ESA issued a proposal calling on Iceland to revise various aspects 

of Icelandic law pertaining to energy resources.  The proposal would require amending Article 

3a of the GRA to eliminate codification of the Costello & Kaffine approach to the tenant 

problem.  The ESA gave Iceland until 1 January 2017 to comply.  ESA Proposal, ¶ 137.   As 

of the submission of this thesis, the 2008 amendments have not been rescinded, and no further 

changes to the GRA have been adopted.  A new proposal for dealing with the tenant problem 

is the subject of the next chapter. 

                                                      
19 A copy is attached at Appendix 3. 
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Chapter 4 

4Proposal for Action 

4.1 Demise of the 2008 Amendments. 

A system dividing ownership from the right to use an asset is ripe for split incentives.  

In Iceland, liberalization of the energy sector allowing private parties to gain control of vital 

public resources set the stage for the tenant problem.  Initially the issue was inchoate, because 

power generation remained in the hands of publicly-owned companies like Landsvirkjun and 

Hitaveita Suðurnesja.  The latter’s 2007 sale, however, brought matters to a head.  With 

ownership of the Svartsengi and Reykjanes power stations passing into private hands, Icelandic 

policymakers had cause for concern – especially with the recent example of reckless overuse 

of The Geysers as a cautionary tale.  Finding a way to induce stewardship of the nation’s 

geothermal resources was an important priority.  The 2008 amendments to the GRA, creating 

a system emulating ownership via long tenancy plus preferential extension rights, seemed an 

elegant answer.  As described by Costello & Kaffine, the Icelandic approach should have been 

sufficient (along with the safety net of Orkustofnun regulation) to defeat the tenant problem.   

Unfortunately, as described in the prior chapter, the current solution is at odds with the 

ESA’s interpretation of European law.  There is no way short of trial to know whether the ESA 

position would prevail.  Some of its arguments are strong; some are not.   Some issues, such 

as transparency and clarification of procedures, could be addressed while preserving the basic 

outline of the Costello & Kaffine approach.  Others, like the ESA’s approach to open 

competition issues, see ESA Opinion, ¶ 71, will forever be inimical to it.  Securing the tenant’s 

rights by way of a long tenancy gives the tenant reason to behave more like an owner; but it 

also tends to restrict competition, because the faux owner has no right to sell.  Shorter 
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tenancies, urged by the ESA, require greater assurance of renewal to induce stewardship under 

the Costello & Kaffine analysis; but such assurances of renewal are also contrary to the ESA’s 

view of the law.  In short, without going to court there is no way to save the 2008 amendments.  

4.2 Seeking a New Solution. 

The goal of this thesis has been to devise an alternative approach to the tenant problem 

in case the 2008 amendments cannot stand.  As set forth in Chapter 2, the new proposal must 

(i) be consistent with the existing framework of Icelandic law and be permitted under European 

law as interpreted by the ESA; (ii) promote long-term efficiencies in the use of the geothermal 

resource; and (iii) promote investment in the WIPS to further their reliable operation.  See 

Figure 24.  Additional goals include developing ways to capture additional value for the public 

based on private use of publicly-owned geothermal assets at the beginning of the tenancy and, 

ideally, during its course; and encouraging the development of new market options to expand 

the available pool of revenues for the public and the tenant.  Finally, the thesis seeks ways to 

limit the impact of adverse market changes that could affect security of supply. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24:  Thesis objectives (reprinted from Chapter 2 for convenience). 
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The following proposal was developed with the guidance of the author’s supervisors 

and with input from instructors at Reykjavík University; from Orkustofnun staff members; and 

others.  The author briefed preliminary versions of this proposal to the Deputy Director 

General, and subsequently the Director General of Orkustofnun in January 2017; to the 

Director General of the Department of Energy, Ministry of Industry and Innovation in March 

2017; to attorneys from the Ministry of Finance and to the Director of Legislative Affairs for 

the Office of the Prime Minister in May 2017.  A summary of the issue and the proposal is 

included as part of a paper currently being written for publication in a special issue of 

Geothermics devoted to the topic “Environment and Society.” 

4.2.1 Proposal Outline. 

Rights to public geothermal resources should be awarded by way of public auction.  

Permitting private entities to nominate resources to be auctioned may add some value; but as 

the resources belong to the public, an entity accountable to the public must have the final 

decision on what resources are made available.  The auction should be publicized in Icelandic 

media and in the international geothermal trade press.  Rights should be awarded based on 

compensation for the public that includes both rent and royalties. Non-monetary compensation 

may be considered provided the compensation sought and the method of scoring it are 

publicized in advance of the bidding.   

The duration of the rights awarded at auction should be based on the time needed to 

recoup the investment and make a fair return, along with other public-interest considerations. 

The afnotaréttur or an accompanying agreement should include provisions allowing the 

government the option of retendering the resource rights, including an extension as deemed in 

the public interest by the government, at a suitable, specified point prior to the end of the 

afnotaréttur.  For the purposes of discussion, the midway mark is assumed; but earlier, later, 

or multiple points may also have merit.   

At the retender point, the rights for the remainder of the original afnotaréttur plus the 
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extension should be made available for auction as before.  If a new tenant wins the auction, it 

should take over the resource immediately, allowing for a reasonable transition period from 

the outgoing incumbent; pay the State rent, royalties, and other compensation based on the 

winning bid; and purchase the existing WIPS from the incumbent at a negotiated price between 

the parties or, in the event negotiations are unsuccessful, using pricing formulae based on 

existing law that consider the cost expended and risk undertaken to develop the resource; the 

condition of the WIPS; and the continuing value of the resource as source of energy.    

4.2.2 The Initial Award Procedure. 

4.2.2.1 Auctioning the Resource. 

Public resources should be used to maximize public benefit.  Private negotiation can 

sometimes achieve this goal, but is inconsistent with the Services Directive’s imperatives of 

guaranteed impartiality and transparency, as well as its emphasis on publicity for the selection 

process.  Services Directive, Art. 12(1).  A different way of allocating utilization rights is 

needed. 

Iceland frequently turns to auction-based market competition to achieve the best value 

for the public.  The Public Procurement Act (PPA) (No. 120/2016), for example, uses several 

forms of auctions to purchase public goods; Iceland also uses auctions to award public rights 

to private companies when the rights are limited, letting market determine the price via the 

bidding process.  See e.g., Climate Act (No. 70/2012) (establishing auction system for carbon 

emission allowances).  An auction process can help achieve the highest value for the public at 

the beginning of the tenancy and is consistent with the existing structure of Icelandic law.  

Auctions are also consistent with European law.  The Services Directive is silent as to 

the precise procedure for awarding authorizations, save that they must be impartial and 

transparent.  Services Directive, Art. 12(1).  However, auctions to buy and sell public goods 

are permitted in Europe law, see e.g., Directive 2014/24/EU on public procurement; Directive 

2014/25/EU on procurement by entities operating in the water, energy, transport and postal 
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services sectors; see also Regulation (EU) No. 421/2014 (amending EU ETS Directive 

2003/87/EC to add carbon allowance auction rules).  Although the ESA Opinion offered no 

guidance, the follow-up ESA Proposal stressed the importance of achieving “adequate 

remuneration for the use of public natural resources for electricity generation,” ESA Proposal, 

¶ 136(2), suggesting that an auction method to achieve market value for an afnotaréttur will 

be consistent with the ESA’s interpretation of the law.   

An important caveat should be considered in designing the auction: in some instances, 

achieving the highest immediate price may not be the only (or even the most important) 

consideration.  The concentration of public resources under the control of a small number of 

companies, for example, may have significant effects on competition (Hunt & Nalebuff, 2007); 

these might be of great importance in a relatively-isolated market like Iceland.  Such effects 

should be considered when designing an auction.  Some bidders might be ineligible to 

participate, or might be required to divest certain existing holdings to prevail in an auction. 

4.2.2.2 Selecting Resources for Auction. 

A threshold question is how to decide what resources should be tendered in the auction 

process.  When deciding what resources to auction the government should consider national 

and regional policy objectives, such as security of supply or promotion of regional 

development.  This is consistent with Icelandic and European law: the Icelandic government 

has decided, for example, that the Þeistareykir power station will when completed contribute 

to the economy by supplying power for a silicon metal refinery at the Bakki industrial park on 

the outskirts of Húsavík a project it is supporting through a variety of incentives and 

infrastructure initiatives.  The ESA accepts such actions.  See e.g., ESA Decision No. 

111/14/COL (approving various forms of state aid to support the Bakki project to advance 

regional economic development goals).   

It may be advantageous to auction more than one property at a given time: potential 

bidders might pay a premium for the synergies possible from obtaining multiple rights, as 
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where two reservoirs are needed to guarantee power for a particularly-lucrative project.  A 

nomination procedure, in which a developer selects one or more resources and asks the 

government to auction the right to lease them, could help identify such projects.  Such a system 

is in used in the U.S., see Title 30 United States Code § 1003(a), giving private companies an 

incentive to investigate options for the resource that might not otherwise have been considered. 

A nomination system may bring better value for the public because the project is based on 

market-driven needs.  The U.S. system however, requires the nominated resources to be 

auctioned if available for leasing.  30 U.S.C. § 1003(b).  This may limit the government’s 

discretion to act in the public’s non-monetary interests and may undervalue the null option of 

nondevelopment.  Iceland’s adoption of the MPA suggests a better approach: allowing 

interested parties to nominate public resources for auction only from the list already approved 

for development in the master plan.  

4.2.2.3 Finding Bidders. 

EEA law requires “adequate publicity” regarding the launch, conduct, and completion 

of procedures to award rights authorizations.  Services Directive, Art. 12(1).  Icelandic law 

likewise provides for auctions to be publicized.  PPA, Art. 54.  The auctions should be 

advertised in local media to ensure Icelandic firms have the maximum opportunity to 

participate, either individually or in partnership with other firms, to return as much value to 

the public as possible.  This also will serve to keep the public informed about the intended use 

of public resources.  Advertising in international trade publications will help to encourage 

broad participation in the bidding and thus bring a stronger likelihood of higher prices.  

Iceland sometimes uses public offering auctions in which any company may respond 

to a tender notice, PPA, Art. 34; but the law allows other forms of auctions, including private 

placement and competitive tenders.  PPA, Art. 35 et seq.  Restricted bidding involves a two-

step process in which prospective bidders demonstrate their qualifications for certain types of 

projects; when such projects are auctioned, they are invited to bid.  PPA, Arts. 2, 61, and 78.  
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This can limit the number of bids, but in the context of geothermal energy it can reduce the 

administrative burden of awarding the afnotaréttur and protect the resource by ensuring the 

bidders have the technical, organization, and financial means to use it in an efficient manner.  

Given the importance of Iceland’s geothermal resources, bidding should be restricted to parties 

who prequalify; the rules for prequalifying must be publicized, open, and transparent. 

4.2.2.4 Selecting a Winner. 

Bids should be evaluated based on at least two criteria: rent, paid as a flat fee on a time-

based standard (i.e., annually or monthly) for the right to use the resource; and royalties, based 

on resource utilization.  Rent ensures that the public achieves at least a certain minimum level 

of benefit in exchange for the right to use their resource.  Because it is a flat, time-based fee, 

rent is relatively insulated from fluctuations in the energy market, and will help ameliorate the 

impact on public revenue of any downturn in the market for energy (as might occur in the wake 

of a recession like the one in 2009).  Royalties, on the other hand, help ensure that the public 

shares in the benefit of increased demand.  Royalties should be based on kilowatt hours sold 

or on the net number of joules taken from the reservoir, or some combination thereof.  The 

first approach benefits the public based on improvements in demand for power, but does 

nothing to encourage efficient use of the reservoir.  The second approach encourages efficient 

use, but may result in lower revenue if such efficiencies are achieved.  (Sanyal & Enedy, 2011).   

Whether rent or royalties (and the method of assessing royalties) are preferred will 

depend on the importance policymakers place on stability of revenue versus the other benefits 

that can be achieved from royalties.  Additional criteria that might be used in an auction setting 

include infrastructure development (e.g., construction of roads and power lines of general 

benefit to the area); technical innovation (to encourage companies to develop new techniques 

for using the resource); and local improvement (as, for example, where construction of the 

WIPS changes access to nearby recreation sites, requiring new roads to be built).  Weighing 

and evaluating these criteria may be criticized as subjective; but the PPA allows for 
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subjectivity, as when it includes quality as a basis for selecting a winning bid.  PPA, Art. 15.  

All criteria (and their evaluation methods) must be publicized in advance and subject to an 

independent appeal process.  Services Directive Art. 12; PPA, Art. 103 et seq. 

When a winning bid is identified, the government should issue an afnotaréttur based 

on the time needed to recoup the investment and achieve a fair return on investment.  This will 

vary depending on a variety of factors, including inter alia the permitted use, economic 

conditions, and the bidder’s weighted average cost of capital (WACC); nonetheless, a range 

of duration should be specified in the bid solicitation and bidders expected to conform their 

bids to work within it.  The duration should also consider the public policy objectives intended 

when making the resource available for use.  Services Directive, Recital 62 and Art. 12(3).   

The afnotaréttur should incorporate (or be accompanied by) a utilization contract 

specifying the purpose(s) for which the resource can be used, and the rent, royalties, and other 

consideration provided by the tenant.  Finally, the contract should include a provision explicitly 

stating that the government may retender the afnotaréttur at a subsequent auction and terminate 

the existing utilization right and contract on the outcome of that auction. 

4.2.3 Subsequent Procedure: Retendering the Resource. 

Icelandic law currently calls for negotiations between the government and the 

incumbent tenant to extend the use of the resource when half the afnotaréttur has run.  GRA, 

Art. 3a(3).  One benefit of this procedure is that it allows the State uninterrupted occupancy of 

(and energy production from) the resource.  If the incumbent tenant wants to stay, it must arrive 

at terms to do so well before the end of its tenancy; if the tenant wants to leave, the government 

has ample notice and opportunity to find a replacement.  None of the ESA documents take 

issue with these goals: only with the fact that as currently implemented, Icelandic law is unclear 

on the criteria used to award an extension and confers an advantage to the incumbent.   

To satisfy the ESA’s concerns, an open, transparent, and nondiscriminatory procedure 

must be used.  ESA Opinion, ¶ 64.  As discussed previously, an auction meets these 
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requirements.  It is, however, not enough to simply hold a new auction halfway through the 

afnotaréttur.  Even a relatively short tenancy – 40 years, for example, rather than 65 – would 

still have decades left to run at its midway point.  The delay between the auction win and 

starting to perform (and benefit) would likely discourage bidding; it would also violate EEA 

law which forbids selection procedures that “unduly complicate or delay the provision of the 

service.”  Services Directive, Art. 13(2) (emphasis added).   

4.2.3.1 Timing and Performance. 

Under the new proposal, the right to use the resource (plus an extension, if desired) 

becomes available for new bid at the midpoint20 of the afnotaréttur, with allowances for the 

time it takes to run a new auction.  If the afnotaréttur has a duration of 40 years, for example, 

and the auction process is expected to take two years, then the tender should be at Year 18.  

The tender notice should stipulate that new bids must be at least as favorable to the government 

as the original deal in terms of rent and royalties (again insulating the public from momentary 

downturns in the energy market), and may include additional terms – for example, new 

pollution abatement technology or other requirements specified in the tender notice.  If there 

are no bids, the auction is canceled and the incumbent continues to perform under the original 

terms of the afnotaréttur.   

If there are bids, the auction winner takes over the resource for the remaining duration 

of the original afnotaréttur plus the extension immediately (less any necessary transition 

period), under the new terms and conditions reflected in its winning bid, avoiding undue delay 

prohibition of Services Directive Article 13(2).  The new process is depicted at Figure 25. 

                                                      
20 Or some other suitable point, included and made public in the original award.  The midpoint 
is used here merely for the sake of discussion. 
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Figure 25:  Proposed new award procedure.  Compare with existing procedure at 

Figure 23. 
 

4.2.3.2 Further Retenders. 

 The extended afnotaréttur and/or accompanying contract should contain provisions 

allowing an auction midway through the extension, allowing the public to continue the benefit 

of the resource’s uninterrupted use so long as there is a market and their representatives in the 

government deem continued use to be in the public interest.  The further retenders should 

follow the procedures outlined above. 

4.3 Providing Value to Induce Stewardship.  

The proposal outlined to this point meets many of the goals of this thesis (Figure 24): 

it is consistent with Icelandic law and meets the concerns of the ESA by providing an open, 

transparent, and nondiscriminatory process of granting and extending utilization rights.  It 

captures additional value for the public with a competitive auction procedure at the beginning 
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of the afnotaréttur and provides a mechanism of capturing more value with improving energy 

market conditions through kWh-sold royalties.  It can also, if per-joule royalties are charged, 

create incentives for the tenant to make more efficient use of the energy taken from the 

reservoir, providing a new financial incentive to the tenant to use the resource frugally.  Such 

a royalty structure may encourage stewardship, but it does not recreate the structural 

mechanisms emulating ownership suggested by Costello & Kaffine.   

Emulating ownership is not the only way to obtain owner-like behavior.  Instead, this 

proposal gives the tenant actual ownership of a tangible asset whose value will depend on the 

tenant’s stewardship.  As noted earlier, it assumes transferring ownership of publicly-owned 

geothermal resources is undesirable; this it focuses on the WIPS emplaced to utilize the 

resource.    

4.3.1 Incentive Through Ownership. 

Although GRA Article 11 generally does not oblige a landowner to buy structures built 

to utilize geothermal energy (except on a personal or agricultural scale), it does not prohibit 

the landlord from agreeing to buy them.  (Þorláksson, 2017).  If the tenant has a right to be 

compensated for the WIPS at the end of its tenancy, with the price linked to their condition 

and the condition of the reservoir the WIPS draw upon, the tenant will have an incentive to 

keep both in good condition.  Such an incentive does not exist in the current system, where an 

outgoing tenant is entitled to nothing.  Similarly, if the tenant’s compensation also reflects the 

condition of the market it serves – for example, by including a price component based on the 

value of any power purchase agreements that can be transferred to the incoming tenant – it will 

have incentives to develop the market, looking for new electricity customers willing to pay 

better prices.  These principles are discussed in more detail in the sections that follow. 

4.3.1.1 Pre-Bid Pricing: WIPS Only. 

Under this proposal, the tenant owns the WIPS and is entitled to be paid for them when 

it hands over utilization of the resource to a new tenant.  This does not mean the State buys the 
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WIPS: creating a liability for the public to fund would lessen the impact of capturing new 

benefits for the public, and create a situation in which the incoming tenant would have no 

incentive to engage in stewardship because it has no interest in the State-owned WIPS.  At 

best, a public purchase would shift the tenant problem from the first tenancy to the next.  

Instead, the incoming tenant purchases the WIPS from the incumbent.   

During the retender of the afnotaréttur, the government assesses a preliminary value 

using existing rules on expropriation under the GRA: these require assessing the value of the 

“land, structures, facilities for the extraction of the resources and other rights” needed to use 

the resource.  GRA, Art. 29.  The statute provides no specific guidance on valuation, other than 

to say it will be arrived at via an appraisal conducted “subject to general rules,” GRA, Arts. 

28, 30; but a fair valuation of the WIPS would include their current condition, and that would 

necessarily reflect the quality of their maintenance.  This is consistent with other laws, see e.g., 

Tenancy Act, Art. 38 et seq.  To the extent clarifying language is necessary, it can be specified 

in changes to the statute or in a regulation.  Under current law, an expropriation value must 

reflect the risk and expense undertaken to develop the resource. GRA, Art. 30.  This can be 

based on the incumbent’s WACC, prorated value of exploration, and other considerations to 

ensure the tenant receives a fair return on its investment.  Services Directive, Recital 62; ESA 

Opinion, ¶ 71 (providing for a return on investment is included within EEA Agreement Article 

31).   

This preliminary valuation – which represents the price the government would have to 

pay to take the WIPS either for itself or to turn it over to a new license holder – should be made 

available to prospective bidders in the retender process.  If the retender produces a new tenant, 

the preliminary value is the price the outgoing incumbent will receive, absent an adjustment in 

the price following the award.  Such an adjustment may occur by negotiation between the 

parties, or by resort to the price-setting mechanism of the Tenancy Act, as discussed in the 

next section. 
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4.3.1.2 Negotiated Final Pricing: WIPS Plus Going Concern Value. 

The retender, bidding, and award process will likely take several months, and there 

should be a transition between tenants which may last some months as well.  During this time, 

the value of the WIPS will likely change: failure of or damage to components, replacement of 

parts, scheduled upgrades, and other activities that would have been part of the expropriation 

valuation it been calculated later may occur between the time the retender begins and the time 

the new tenant is ready to take over the resource.  A final round of pricing would be required 

to account for such events.  In addition, the total value of the power station may well be greater 

than the sum of its parts: there may be power purchase agreements or similar contracts that 

add value beyond the physical hardware of the WIPS and the resource on which it sits.   

The bid documents must make clear that the preliminary price based on expropriation 

value is just preliminary.  A new tenant will be required to pay the outgoing tenant for the 

WIPS at a final price to be negotiated between them.  Ideally, the price paid by the incoming 

tenant to the outgoing will be based on their negotiated agreement as to the value of the power 

station as a going concern, and paid on such terms as they see fit.  If the tenants cannot agree 

on a price, however, they can resort to the procedure of GRA Article 11, invoked when a tenant 

is entitled to payment at the end of the lease for structures it leaves behind.  If there is no 

agreement as to price, the statute turns to the procedures of the Tenancy Act: auditors perform 

an appraisal that considers the original price, depreciation, maintenance investment, condition 

of the assets, and the benefits conveyed by utilizing the land on which the assets are located.   

Tenancy Act, Arts. 40-41.  The calculation of value and payment terms are less flexible than 

the parties might have negotiated between themselves: thus, they have an incentive to strike 

their own deal. 21 

                                                      
21 This proposal simplifies claiming the WIPS as a capital asset under generally-accepted 
accounting principles. (Rosten, 2017).  It also undoubtedly has tax consequences; but these 
depend in part on how each tenant is organized and on the structure of the deal they strike.  
Each transfer of the WIPS will likely be different from every other transfer; an analysis of tax 
issues raised by each is beyond the scope of this thesis. 
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4.4 Proposed Legislative Changes. 

The ESA has made clear that satisfying its concerns will require amending Icelandic 

law.  ESA Proposal, ¶¶ 28-30.  Accordingly, this proposal suggests the following changes: 

4.4.1 Changes to GRA Article 3a. 

Paragraph 

 

Current text (translated by 

author; no official English 

version exists) 

 

Proposed text Comments 

1 The State, municipalities, 

and companies that are 

wholly owned by them, 

may not directly or 

indirectly assign or 

transfer ownership of 

geothermal energy and 

groundwater owned by the 

State, except for 

household or agricultural 

uses as specified in 

paragraph 1 of Article 10 

and in Article 14. 

The State, municipalities, 

and companies that are 

wholly owned by them, 

may not directly or 

indirectly assign or 

transfer ownership of 

geothermal energy and 

groundwater owned by the 

State, except for 

household or agricultural 

uses as specified in 

paragraph (1) of Article 

10 and in Article 14. 

 

No substantive changes. 

2 Notwithstanding the 

provisions of paragraph 1, 

the State, municipalities, 

and companies that are 

wholly owned by them 

may transfer rights to 

utilize geothermal energy 

and groundwater owned 

by the State to companies, 

wholly owned by the State 

and/or municipalities, that 

have been specifically 

established to take 

ownership of such rights. 

Notwithstanding the 

provisions of paragraph 

(1) of this Article, the 

State, municipalities, and 

companies that are wholly 

owned by them may 

transfer rights to utilize 

geothermal energy and 

groundwater owned by the 

State to companies, 

wholly owned by the State 

and/or municipalities, that 

have been specifically 

established to take 

ownership of such rights. 

 

No substantive changes. 

3 The State, municipalities, 

and companies that are 

wholly owned by them, 

see paragraph 2, may 

grant temporary utilization 

of the rights under 

paragraph 1 for up to 65 

years.  Holders of 

temporary rights of use 

shall be entitled to 

negotiations on the 

extension of rights when 

half agreed period of use 

The State, municipalities, 

and companies that are 

wholly owned by them as 

specified in paragraph (2) 

of this Article, may grant 

rights to temporarily 

utilize geothermal energy 

and groundwater in 

accordance with paragraph 

(4) of this Article, 

provided the grant of such 

rights will further the 

public interest.  

Requires a determination 

that granting a utilization 

will be in the public 

interest.   

 

Removes the 65-year cap 

on duration of a 

utilization right and 

specifies that such rights 

can only endure as 

necessary to further the 

public interest, allow the 

rights holder to make a 
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expires.  

 

Temporary utilization 

rights shall be granted for 

such duration as is 

necessary to achieve the 

public interest goals for 

which they were issued; to 

allow the recipient time to 

recoup their investment 

plus a fair return; or for 

any other lawful purpose.  

The entity granting such 

temporary rights may elect 

to extend them in 

accordance with paragraph 

(4) of this Article, if that 

entity determines such an 

extension will further the 

public interest.  The 

duration of such an 

extension shall be 

determined using the same 

criteria provided in this 

paragraph for setting the 

duration of an initial grant.  

 

fair profit, or “any other 

lawful purpose.” 

 

Specifies that initial 

rights and extensions are 

to be granted using the 

same criteria and 

procedures. 

 

4 A decision on whom to 

granted rights of use shall 

ensure equal treatment. It 

should also be ensured 

that the decision promotes 

efficient use of resources 

and investments in 

infrastructure.  

(a)  Procedures to decide 

who will be granted 

temporary utilization 

rights, and extensions of 

such rights, pursuant to 

paragraph (3) of this 

Article shall guarantee 

that applicants are treated 

equally in accordance with 

Icelandic law and 

international obligations.   

 

(b)  Utilization rights, and 

extensions of such rights, 

shall be granted pursuant 

to a public auction 

process.  The procedures 

for such auctions may be 

specified in a regulation 

issued by the Minister, 

which shall include, inter 

alia, directions on 

evaluating bids based on 

financial and other terms, 

including preservation and 

maintenance of the 

resources and structures 

emplaced to utilize them, 

to provide the best value 

to the public.  Auction 

rules, whether in the form 

Specifies equal treatment 

of applicants under 

Icelandic and 

international law. 

 

Creates a publicized 

public auction process 

conducted under a 

regulation available to 

the public. 

 

Specifies general criteria 

for evaluating bids: 

financial and other terms 

to provide the best value 

to the public, including 

stewardship plans. 

 

Eliminates preferential 

extension of rights. 
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of a regulation or 

otherwise, and 

announcements of 

auctions conducted 

thereunder, shall be 

accessible to the public 

and made available and 

publicized electronically. 

 

5 The Minister in charge of 

negotiations in this area 

should negotiate 

compensation (rent) for 

the use of rights under 

state control under 

paragraph (3). 

Arrangements and 

consideration for the 

exercise of rights on 

public land subject to the 

provisions of law in this 

regard. 

(a)  The Minister shall 

negotiate rent, royalties, 

and other compensation 

for the grant of utilization 

rights under paragraph (3) 

of this Article based on 

the auction process 

provided for in paragraph 

(4), and such other 

provisions of law as may 

be applicable.  

 

(b)  The Minister may 

issue a regulation 

specifying the obligations 

of persons awarded rights 

under paragraph (3) of this 

Article, including, inter 

alia, conditions on 

utilization of geothermal 

energy and groundwater 

resources, preservation of 

the natural environment, 

and preservation of the 

wells and structures 

emplaced to utilize the 

resources. 

 

Makes rent, royalties, 

and “other 

compensation” 

mandatory. 

 

Ties compensation for 

the utilization rights to 

the auction. 

 

Subsection (b) 

incorporates concepts 

and language suggested 

during discussions 

between the Icelandic 

government and the 

ESA.  ESA Proposal, ¶ 

29. 

  

The changes to GRA Article 3a proposed by the Icelandic government call for 

issuance of a regulation on the obligations of tenants.  ESA Proposal, ¶ 29.  This regulation 

does not appear to exist even in draft form; as noted elsewhere in this thesis, while the 

authority to issue them exists, few Icelandic regulations have actually been issued in the 

field of geothermal energy.  The author believes that, to the extent Icelandic authorities 

intend to expand the development of the nation’s geothermal resources, this should change: 

regulations tend to be easier to change and provide more flexibility than statutes.  One 

approach might be a compilation of procedures in a “frequently-asked-questions” format, as 

used by the U.S. government in the geothermal licensing regulations of Chapter 43 of the 
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U.S. Code of Federal Regulations.  (Government of the United States, 2017). 

4.4.2 Changes to GRA Article 11. 

Paragraph Current text (from 

Icelandic government 

English version of text) 

  

Proposed text Comments 

3 If a tenant has exercised 

permission pursuant to 

paragraph 1, a landowner 

is not required, on the 

tenant’s departure, to buy 

any structures erected for 

the purpose of utilising 

geothermal energy for use 

other than household or 

agricultural needs. 

Assessment of the buying 

price shall be subject to 

the Tenancy Act. 

If a tenant has exercised 

permission pursuant to 

paragraph (1) of this 

Article, the landowner is 

not required, on the 

tenant’s departure, to buy 

any structures emplaced to 

utilize geothermal energy, 

except as agreed between 

the tenant and the 

landowner.  An incoming 

tenant seeking to use 

structures emplaced by a 

prior tenant to utilize 

geothermal energy shall 

buy the structures from 

the outgoing tenant. 

Assessment of the buying 

price shall be subject to 

the Article 38 et seq. of 

the Tenancy Act. 

Clarifies existing law to 

make clear landowners – 

while not obliged by law 

to buy WIPS – can agree 

to do so. 

 

Establishes an outgoing 

tenant’s right to be paid 

for the WIPS by an 

incoming tenant. 

 

Clarifies statutory 

authority for pricing a 

required sale. 
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Chapter 5 

5Conclusions  

5.1 Thesis Summary. 

 Geothermal energy is an important part of Icelandic culture and economy.  It is a critical 

national asset, fulfilling a large majority of the nation’s energy needs today and capable of 

meeting the needs of the future with a secure supply of clean, affordable, and sustainable heat 

and power.  Most of Iceland’s geothermal energy resources belong to the public and by law 

will remain in public hands.  Maximizing their value requires diligent stewardship of the 

geothermal reservoirs and the infrastructure built to exploit them.   

Liberalization of the energy sector poses new challenges by dividing immediate control 

and development of the resources from their long-term ownership.  This division is the source 

of the “tenant problem” that has bedeviled Icelandic policy makers for the past decade.  

Iceland’s initial approach to the tenant problem sought to structure the tenancy of power 

companies to emulate ownership of geothermal resources, aligning the incentives of the tenants 

with the public owners by creating long-term, preferentially-renewing rights to use the 

resources.  In so doing, Icelandic law drew on economic theories regarding split incentives to 

induce stewardship akin to the behavior expected of an owner.  With the broad regulatory 

powers of Orkustofnun serving as a backstop, there is reason to believe this approach would 

have been successful. 

The initial solution to the tenant problem ran afoul of European regulators who 

criticized it as lacking transparency and unduly restricting competition.  Transparency issues 

can be addressed without fundamentally altering the structure of the law; but the issues of 

competition restrictions, which stem from long leases and preferential renewal, cannot.  The 
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essence of the initial approach is to emulate ownership, which by its very nature amounts to a 

restriction on competition.  A new approach is needed.   

This thesis has presented such an approach.  A system that auctions the right to use a 

geothermal resource, provides for midterm extensions of those rights via a new auction, and 

allows an outgoing tenant to sell the next tenant the existing wells, infrastructure, and power 

station needed to use the resource meets the concerns of the European regulators.  It provides 

new value for the public, secures stability of supply, the tenant with financial incentives to 

engage in good stewardship.  It is consistent in its approach with existing Icelandic law and 

can therefore form the basis for a new approach to the tenant problem. 

This proposal provides ongoing incentives for tenants to engage in stewardship by 

providing them with value for their efficient use of the reservoir, diligent maintenance of 

the WIPS, and development of the power market.  If the reservoir remains productive and 

the WIPS are in good condition, the outgoing tenant will reap a better price.  Ownership of the 

WIPS passes to the new tenant, who will – like the original tenant – reap the benefits of 

efficiency and maintenance enjoyed by an owner at the next cycle of bidding.  

It should be emphasized, however, that just as the system created by the 2008 

amendments did not eliminate the need for regulation, neither does the new proposal.  Both 

push the tenant’s incentives in the direction of stewardship and maintenance, but neither can 

guarantee ideal performance.  As Costello & Kaffine recognized, there may still be times when 

a tenant may find it in their immediate economic interest to aggressively harvest the resource 

without regard for long term efficiency.  Regulation by public entities like Orkustofnun 

therefore remains essential to protecting public property – the geothermal resource itself. 
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5.2 Subjects for Further Inquiry. 

Iceland’s reliance on and widespread use of geothermal energy creates opportunities and 

incentives for study that may benefit Iceland and the rest of the world.  As noted in preceding 

chapters, there are several areas that could be fruitful subjects for further inquiry.  These 

include:  

o A detailed economic analysis of the current and projected Icelandic energy market 

would be useful to ascertain the risk of accumulating market power in the hands of too 

few power producers.  The analysis should examine scenarios, including the continuing 

isolation of the Icelandic energy market and the impact of building the IceLink 

interconnector to Europe.  The analysis should focus on what restrictions, if any, should 

be included in the auction process to avoid damaging competition through excessive 

market concentration. 

 

o Comparative analysis of the geothermal leasing procedures of other countries, 

identifying points of similarity and difference with Icelandic approaches.  The analysis 

should include observations regarding the strengths and drawbacks of each approach; 

the degree to which individual procedures are severable from one another; an 

assessment as to which severable procedures, if any, might improve Icelandic 

procedures; and a review of the legal viability of beneficial procedures under existing 

law in Iceland and in Europe. 

 

o An assessment of options for private-party nomination of resources for auction, 

including nomination procedures.  The assessment should include an analysis of single-

resource nominations, bundling, and timing.  It should also look at issues of vertical 

integration, including ways to mitigate risks in situations where large power consumers 

might seek to take control of resources and foreclose competition by limiting the 

availability of power. 

 

o An analysis of the public value of rent payments versus royalties, including royalties 

based on kilowatt hours sold and energy extracted from the reservoir under differing 

scenarios for the power market in Iceland.    

 

o A review of existing capital asset pricing provisions in Iceland, including assessors’ 

procedures, bank accounting practices, financial regulations, etc. to determine the need 

for (and potential content of) additional regulations clarifying pricing of the WIPS. 

 

o An assessment of issues in preserving the value of geothermal assets on extremely long 

(100-year-plus) time scales, including options for decommissioning, preserving, and 

recommissioning geothermal resources.  This should examine issues in “safe”-ing and 

maintaining wells and other infrastructure, monitoring the resource, including options 

for financing costs while the resource is offline or operating at reduced capacity. 

 
 



90    

   

 

6Bibliography 

Althingi. (2017, April 21). Parliamentary resolution of January 14 2013. Retrieved from Ramma: 

http://www.ramma.is/english/general-information/laws-and-regulations/parliamentary-

resolution-14.-january-2013/ 
Arnarsdóttir, E. S. (2014, October 15). Saga Author Snorri’s Outdoor Bath Damaged. Retrieved from 

Iceland Review On Line: http://icelandreview.com/news/2014/10/15/saga-author-snorris-

outdoor-bath-damaged 

Ásbjörnsson, E. J. (2017, February 8). Professor, Iceland School of Energy; former Technical 

Manager, Reykjavík Energy. (C. Mathews, Interviewer) 

Atlason, R. S., Oddsson, G. V., & Unnthorsson, R. (2014, July 1). Geothermal Power Plant 

Maintenance: Evaluating Maintenance System Needs Using Quantitative Kano Analysis. 

Energies, pp. 4169-4184. 

Atlason, R., Unnthorsson, R., & Oddsson, G. (2015, April 6). Innovation and development in 

geothermal turbine maintenance based on Icelandic experience. Geothermics, pp. 72-78. 

Axelsson, G., Gudmundsson, A., Steingrimsson, B., Palmason, G., Armannsson, H., Tulinius, H., and 

Stefansson, V. (2001, January-March). Sustainable production of geothermal energy: 

suggested definition. IGA-News, pp. 1-2. 

Baldursson, F. M. (2017, March 3). Professor of Economics, Reykjavík University. (C. Mathews, 

Interviewer) 

Baldursson, F. M., & Fehr, N.-H. M. (2015). Natural Resources and Sovereign Expropriation. 

Retrieved from SSRN web site: 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2565336. 

Barker, B. (2000, September/October). The Geysers: Past and Future. Geothermal Resources Council 

Bulletin, pp. 163-171. 

Bird, S., & Hernández, D. (2012). Policy options for the split incentive: increasing energy efficiency 

for low-income renters. Energy Policy, 506-514. 

Björnsson, S. (2010). Geothermal Research and Development in Iceland. Reykjavík: Orkustofnun. 

Boise Warm Springs Water District. (2017, April 21). About the District. Retrieved from Boise Warm 

Springs Water District web site: http://bwswd.com/about-the-district/ 

Contact Energy Ltd. (2017, April 21). Powerstations. Retrieved from Contact: 

https://contact.co.nz/corporate/about/our-company/powerstations 

Costello, C. J., & Kaffine, D. (2007, September 26). Natural resource use with limited-tenure 

property rights. Journal of Environmental Economics and Management. 

Dickson, M. H., & Fanelli, M. (2004, February). What is Geothermal Energy? Retrieved from 

Geothermal Energy: https://www.geothermal-

energy.org/print/what_is_geothermal_energy.html 

DiPippo, R. (2012). Geothermal Power Plants (3rd Ed.). Oxford: Elsevier. 

Drevdal, E. N., Langset, T., & Espegren, N. M. (2011). Appraisal of the Icelandic Electricity Market 

and Regulation. Oslo: Norwegian Water Resources and Energy Directorate. 

Economidou, M. (2014). Overcoming the split incentive barrier in the building sector. Luxembourg: 

Publications Office of the European Union. 

EEA Standing Committee on the EFTA States. (2013, May 23). How EU acts become EEA acts and 

the need for adaptations. Retrieved from EFTA European Economic Area: 

http://www.efta.int/media/documents/eea/1113623-How-EU-acts-become-EEA-acts.pdf 

EFTA Court. (2017, April 21). Cases. Retrieved from EFTA Court: http://www.eftacourt.int/cases/ 

EFTA. (2017, April 21). The EEA Agreement. Retrieved from EFTA: http://www.efta.int/Legal-

Text/EEA-Agreement-1327 

Einarsson, K. (2011, November). Intro to NEA, Water Resources in Iceland, Master Plan for the 

Utilization of Energy Resources & Petroleum Exploration. Reykjavík: Orkustofnun. 

Erlingsson, T., & Thorhallsson, S. (2008). Long Distance Transmission Pipelines for Geothermal 

Waters in Iceland (20-60 km). Tianjin: United Nations University. 

European Union. (2017, April 21). EUR-Lex - 32006L0123 - EN. Retrieved from EUR-Lex: 



   91 

 

  

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32006L0123 

Federation of American Scientists. (2000, July 29). R-36M / SS-18 SATAN. Retrieved from Weapons 

of Mass Destruction: https://fas.org/nuke/guide/russia/icbm/r-36m.htm 

Ferðamálastofa. (2017, April 21). Numbers of Foreign Visitors. Retrieved from Ferðamálastofa - 

Icelandic Tourist Board: https://www.ferdamalastofa.is/en/recearch-and-statistics/numbers-

of-foreign-visitors 

Gallois, R. (2006). The geology of the hot springs at Bath Spa, Somerset. Geoscience in south-west 

England, pp. 168-173. 

Government of Iceland. (2017a). Search. Retrieved from Supreme Court of Iceland: 

https://www.haestirettur.is/# 

Government of Iceland. (2017b). International Relations. Retrieved from Ministry for Foreign 

Affairs: https://www.mfa.is/international-relations/organizations-list 

Government of Iceland. (2017c). How Iceland is governed. Retrieved from Government Offices of 

Iceland: http://www.government.is/constitution/ 

Government of New Zealand. (2017, April 21). Resource Management Act 1991. Retrieved from 

New Zealand Legislation: 

http://www.legislation.govt.nz/act/public/1991/0069/latest/DLM230265.html 

Government of the United States. (2017, April 21). Legal Information Institute. Retrieved from 

Cornell University Law School: : https://www.law.cornell.edu/ 

Gundersen, T. (2009). An Introduction to the Concept of Exergy and Energy Quality. In T. 

Gundersen, Energy and Process Engineering . Trondheim. 

Gunnlaugsson, E. (2008). District Heating in Reykjavík - Past - Present - Future. Reykjavík: United 

Nations University. 

Gunnlaugsson, E. (2012, March 11). The Hellisheidi Geothermal Project – Financial Aspects of 

Geothermal Development. Retrieved from Orkustofnun: http://www.os.is/gogn/unu-gtp-

sc/UNU-GTP-SC-14-12.pdf 

Haraldsdóttir, K. (2010). Introduction to the Legal Environment in Iceland for the Utilisation of 

Geothermal. Journal of Energy / Natural Resources Law, 1-47. 

Haraldsson, I. G. (2014). Economic Benefits of Geothermal Space Heating From the Perspective of 

Icelandic Consumers. Reykjavík: United Nations University. 

Harðardóttir, E. (2007, July 4). Einkavæðing fyrir hvern? (English: Privatization for whom?). 

Fréttablaðid, p. 16. 

Harvey, C. (2013). Geothermal Exploration Best Practices. Bochum: IGA Service GmbH. 

Holdmann, G. (2007). The Chena Hot Springs 400kW Geothermal Power Plant: Experience Gained 

During the First Year of Operation. GRC Transactions, 31. 

HS Orka Resource Park. (2017, April 21). The companies within the Resource Park. Retrieved from 

Resource Park: https://www.resourcepark.is/companies/ 

Hunt, R. E., & Nalebuff, B. (2007, June 11). How should you sell a public good? Retrieved from 

Yale School of Management Insights: http://insights.som.yale.edu/insights/how-should-you-

sell-public-good 

Iceland Chamber of Commerce. (2016). The Icelandic Economy. Reykjavík Iceland: ICoC. 

IDDP. (2017, February 1). The drilling of the Iceland Deep Drilling Project geothermal well at 

Reykjanes has been successfully completed. Retrieved from Iceland Deep Drilling Project: 

https://iddp.is/2017/02/01/the-drilling-of-the-iceland-deep-drilling-project-geothermal-well-

at-reykjanes-has-been-successfully-completed-2/ 

International Energy Agency. (2016). Key world energy statistics 2016. Paris: International Energy 

Agency. 

International Energy Agency. (2017, April 21). Renewables. Retrieved from International Energy 

Agency: http://www.iea.org/topics/renewables/ 

Jaffe, A. B., & Stavins, R. N. (1994). The energy-efficiency gap: What does it mean? Energy Policy, 

804-810. 

Jóhannesson, G. A. (2016, January 20). Director-General, National Energy Authority of Iceland. (C. 

Mathews, Interviewer) 

Jóhannesson, Þ., Chatenay, C., Thorsteinsson, H., Atlason, I., and Albertsson, A. (2016).  How 

policy, technology and innovation can foster geothermal district heating development: An 

Icelandic case study.  European Geothermal Congress, Strasbourg. 

Jóhannesson, Þ. (2016). Geothermal district heating & cooling. Reykjavík: Verkís. 



92    

   

Karlsson, G. (2006, January 27). How did our ancestors make use of geothermal energy? Retrieved 

from The Icelandic Web of Science: https://www.why.is/svar.php?id=5596 

Katz, C. (2013, October 3). Iceland Seeks to Cash In On Its Abundant Renewable Energy. Yale 

Environment 360. 

Ketilsson, J. (2012). Iceland Country Report. Taupo New Zealand: International Energy Agency 

GIA. 

Ketilsson, J., Axelsson, G., Bjornsson, A., Bjornsson, G., Palsson, B., Sveinbjornsdottir, A. E., & 

Saemundsson, K. (2010). Introducing the Concept of Sustainable Geothermal Utilization into 

Icelandic Legislation. World Geothermal Congress. Bali. 

Ketilsson, J., Petursdottir, H. T., Thoroddsen, S., Oddsdottir, A. L., Bragadottir, E. R., 

Gudmundsdottir, M., & Johannesson, G. A. (2015). Legal Framework and National Policy 

for Geothermal Development in Iceland. Proceedings World Geothermal Congress. 

Melbourne. 

Laing, S. (1844). The Heimskringla: Chronicle of the Kings of Norway. London: Longman, Brown, 

Green and Longmans. 

Landsvirkjun. (2016, July 1). Renewal of Bjarnarflag Geothermal Station turbines. Retrieved from 

Landsvirkjun National Power Company of Iceland: 

http://www.landsvirkjun.com/company/mediacentre/news/news-read/renewal-of-bjarnarflag-

geothermal-station-turbines 

Landsvirkjun. (2017, April 21). Overview of IceLink. Retrieved from Landsvirkun - Research & 

Development - Research - Submarine Cable to Europe: 

http://www.landsvirkjun.com/researchdevelopment/research/submarinecabletoeurope 

Latcovich, J., Åstrom, T., Frankhuizen, P., Fukushima, S., Hamberg, H., & Keller, S. (2005). 

Maintenance and Overhaul of Steam Turbines. Moscow: International Association of 

Engineering Insurers. 

Loftsdóttir, A. S., & Thorarinsdóttir, R. I. (2006). Energy in Iceland: Historical Perspective, Present 

Status, Future Outlook. Reykjavík: Orkustofnun. 

Lund, J. W. (2004, September). 100 Years of Geothermal Power Production. GHC Bulletin, pp. 11-

19. 

Lund, J. W. (2015, April 20). Geothermal energy. Retrieved from Encyclopædia Britannica: 

https://www.britannica.com/science/geothermal-energy 

Macrotrends LLC. (2017, April 21). Crude Oil Prices - 70 Year Historical Chart. Retrieved from 

Macrotrends: http://www.macrotrends.net/1369/crude-oil-price-history-chart 

Mannvit hf. (2013). Environmental study on geothermal power. Reykjavík: GeoElec. 

Mims, C. (2008, October 20). One Hot Island: Iceland's Renewable Geothermal Power. Scientific 

American. 

NREL. (2003). Site-Wide Environmental Assessment of the National Renewable Energy Laboratory’s 

South Table Mountain Complex. Golden: NREL. 

OECD. (2016). OECD Tourism Trends and Policies 2016. OECD. 

Organization for Economic Cooperation and Development. (2015). Iceland Policy Brief. OECD. 

Orkustofnun. (2016a). Energy Statistics in Iceland 2015. Reykjavík: Orkustofnun. 

Orkustofnun. (2016b). Primary Energy Use in Iceland 1940-2015. Reykjavík Iceland: National 

Energy Authority of Iceland. 

Orkustofnun. (2016c). Economic benefits of using geothermal energy instead of oil for space heating. 

Reykjavík: Orkustofnun. 

Orkustofnun. (2016d). CO2 savings using geothermal instead of oil. Reykjavík: Orkustofnun. 

Orkustofnun. (2017). Installed electrical capacity and electricity production in Icelandic power 

stations 2015. Reykjavík: Orkustofnun. 

Pálmason, G., Johnson, G. V., Torfason, H., Sæmundsson, K., Ragnars, K., Haraldsson, G. I., & 

Halldórsson, G. K. (1985). Geothermal resource assessment for Iceland. Reykjavík: 

Orkustofnun. 

Petursson, B. (2016, September). ICELAND: A Leader in the Use of Renewable Resources. 

Reykjavík: Orkustofnun. 

Rammaáætlun. (2017, April 21). On the steering committee. Retrieved from Ramma: 

http://www.ramma.is/english/general-information/steering-committee/ 

Republic of Iceland. (1944, June 17). Constitution of the Republic of Iceland. Reykjavík. 

Rosten, M. L. (2017, April 15). Shareholder, PHTK Certified Public Accountants. (C. Mathews, 



   93 

 

  

Interviewer) 

Sanyal, S. K., & Enedy, S. L. (2011). Fifty Years of Power Generation at The Geysers Geothermal 

Field, California - The Lessons Learned. Proccedings of the Thirty-Sixth Workshop on 

Geothermal Reservoir Engineering. Stanford: Stanford University. 

Schwabe, P. (2011, May 2). Drilling Down into the Cost of Geothermal Energy. Retrieved from 

NREL - Renewable Energy Project Finance: 

https://financere.nrel.gov/finance/content/drilling-down-cost-geothermal-energy 

State of California. (2017, April 21). 2011 California Code. Retrieved from Justitia US Law: 

http://law.justia.com/codes/california/2011/prc/division-15/25740-25751/25741 

State of Texas. (2017, April 21). Utilities Code. Retrieved from Texas Constitution and Statutes: 

http://www.statutes.legis.state.tx.us/Docs/UT/htm/UT.39.htm 

Stefansson, V., & Axelsson, G. (2003). Sustainable utilization of geothermal energy resources. 

Reykjavík: United Nations University. 

Steingrímsson, B., Axelsson, G., & Stefánsson, V. (2005). Sustainable Use of Geothermal Energy. 

Naivasha: United Nations University. 

Stober, I., & Bucher, K. (2013). Geothermal Energy: From Theoretical Models to Exploration and 

Development. Cham: Springer International Publishing. 

Sveinbjörnsson, B. M. (2016). Medium Enthalpy Geothermal Systems in Iceland: Thermal and 

Electric Potential. Reykjavík: ÍSOR. 

Thorhallsson, S. (2003). Geothermal well operation and maintenance. Reykjavík: United Nations 

University. 

Þorláksson, E. E. (2017, January 11). Professor of Law, Reykjavík University. (C. Mathews, 

Interviewer) 

Thoroddsen, S. (2016, April 18). Orkustofnun staff attorney. (C. Mathews, Interviewer) 

Thorolfsson, G. (2005). Maintenance History of a Geothermal Plant: Svartsengi Iceland. Proceedings 

World Geothermal Congress (pp. 1-7). Antalya: World Geothermal Congress. 

Tryggvadóttir, R., & Ingadóttir, T. (2010, March). UPDATE: Researching Icelandic Law. Retrieved 

from NYU Law School GlobaLex: http://www.nyulawglobal.org/globalex/Iceland1.html 

U.S. CIA. (2017, January 12). Iceland. Retrieved from The World Factbook: 

https://www.cia.gov/library/publications/the-world-factbook/geos/ic.html 

U.S. Department of Energy. (2011, July 17). What keeps the Earth cooking? Berkeley Lab scientists 

join their KamLAND colleagues to measure the radioactive sources of Earth's heat flow. 

Retrieved from American Association for the Advancement of Science EurekAlert!: 

https://www.eurekalert.org/pub_releases/2011-07/dbnl-wkt071311.php 

U.S. Energy Information Administration. (2016). Levelized Cost and Levelized Avoided Cost of New 

Generation Resources in the Annual Energy Outlook 2016. Washington DC: U.S. Energy 

Information Administration. 

U.S. Energy Information Administration. (2017). Cost and Performance Characteristics of New 

Generating Technologies, Annual Energy Outlook 2017. Washington DC: U.S. Energy 

Information Administration. 

U.S. Green Building Council. (2017, April 21). Rapidly renewable materials. Retrieved from LEED: 

http://www.usgbc.org/credits/new-construction-schools/v2009/mrc6 

Visit Reykjavík. (2017, April 21). Green Energy Travel. Retrieved from Reykjavík Loves: 

http://www.visitreykjavik.is/green-energy-travel 

Williams, Q., & Lyzenga, G. (1997, October 6). Why is the earth's core so hot? And how do scientists 

measure its temperature? Scientific American. 

World Commission on Environment and Development. (1987). Our Common Future. Oxford: Oxford 

University Press. 

WTTC. (2017). TRAVEL & TOURISM: Economic Impact 2017 Iceland. London: World Travel & 

Tourism Council. 

 

 

  



94    

   

 



   95 

 

  

 

 

 

 
 

Appendices 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



96    

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

School of Science and Engineering  

Reykjavík University 

Menntavegur 1 

101 Reykjavík, Iceland 

Tel. +354 599 6200 

Fax +354 599 6201 

www.ru.is 

 

http://www.ru.is/

