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ABSTRACT 

For the most part, fossil fuels, mainly coal and natural gas, fuel the power generators of the 

world. On account of concerns over global warming and depleting reserves of fossil fuels, 

power generation has become a focus of reforms.  

Export via sea cable has been under consideration for decades. However, in the last 10 to 

15 years, premises for this project have changed due to outside factors such as rising power 

prices, increased demand for “green power”, foreseeable decommissioning of coal and 

nuclear power plants in Europe, and technical progress in the field of sea cables. Domestic 

factors such as the commissioning of the 690 MW power plant at Karahnjukar have also 

had an effect, and as a consequence, the sea cable project is again up for discussion. 

The purpose of this study is to facilitate understanding of discussions about power and 

power markets with possible export of power from Iceland via sea cable as a focus point.  

By connecting to another power market where the price is much higher, the price of power 

in Iceland will rise as well. The profits made by power generators should be shared most 

obviously through dividends and taxes. Another way is to auction rights to utilise domestic 

energy resources.   

Overall, exporting power via sea cable is a good option given that power can be sold at a 

high enough price and policy makers need to start moulding a framework around the 

ownership, operations and division of profits. 

An additional result of this thesis is that to identify the best market to export to, a much 

more detailed analysis needs to be done identifying power generation prices, including 

whole market area (not only connected country) as well as studying how much, what kind 

and when Iceland would be exporting/importing power.  
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1 INTRODUCTION 

For the most part, fossil fuels, mainly coal and natural gas, fuel the power generators of the 

world. On account of concerns over global warming and depleting reserves of fossil fuels, 

power generation has become a focus of reforms. Policy emphasises the use of renewable 

energy resources and reduction of greenhouse gas emissions. Power generators are hoping 

that green power can be sold with a premium in the near future (Arnarson, 2010a).  

In Iceland, 99% of power generation is based on renewable energy resources, namely 

hydro and geothermal. The cost of generation is lower than the average power plant in 

Europe which in turn translates to much lower power prices in Iceland compared to most 

countries in Europe.  

In addition, the fact that Iceland, with its considerable energy resources, is a small nation 

of only about 300,000 inhabitants means that the country has excess energy. Current power 

consumption, excluding heavy industry, is approximately 4 TWh/year and the energy that 

is technically, economically and environmentally feasible to harness is around 30-

50 TWh/year, which is nearly a tenfold amount of excess energy (excluding current heavy 

industries). 

Together the above points provide a possible profit in power sales by exporting green 

power to Europe where fossil fuels are still dominant.  

Exporting power from Iceland has been discussed on and off with increased intensity for a 

few decades, even before it was technically feasible to do so. A few items must be kept in 

mind during these discussions: 

• The sea cable itself is technically a very complicated project considering the distance 

to export markets and the depth of the sea between Iceland, the Faroe Islands and 

Scotland. Hence, it is likely to be a very expensive project and the participation of 

foreign investors is expected. 

• It is important that a policy on power export is set in advance with cooperation of the 

main interested parties. The policy must cover legal as well as economical aspects, 

such as profit sharing, and cover the project itself, including ownership and operation 

of the sea cable and power sales. 



 

10 

• Mass export is not the optimal arrangement rather exporting at times of peak load 

and using current generation capacity. 

There are two main options for types of power that is for sale. On the one hand, it is 

possible to develop specifically for export. On the other hand, to export excess power 

generation capacity. A connection to another power market would improve the efficiency 

of the power system and increase grid safety.  

In the past there have been studies both of the profitability of a sea cable investment and its 

technical feasibility. At times there seems to be a lack of understanding of power markets 

and the nature of power as a commodity in coverage of these studies and in general 

discussions. Main factors to keep in mind are that power needs to be generated at the same 

time it is used and that the price of power does not have a universal fixed price. As such, 

whenever the profitability of the sea cable investment is calculated there needs to be an 

understanding of power pricing and power markets. 

In 1992 the Icelandic Ministry of Industry, Energy and Tourism looked to Germany, 

Belgium, the Netherlands and Great Britain as the most likely markets to connect to 

(Ministry of Industry, Energy and Tourism, 1992). Currently, Landsvirkjun, Iceland’s 

largest power generator, is looking into the sea cable connection to Germany, the 

Netherlands, Norway or Great Britain (Arnarson, 2010a). Those four power markets will 

be the focus of this study; see Figure 1.1. 

 

 

Figure 1.1 Overview of sea cables in the vicinity of Iceland (Gudnason, 2010). 
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1.1 Thesis statement 

Power is increasingly in the public eye for a number of reasons. The role of power in 

modern society is always growing. Additionally, the contribution of power generation to 

global warming and depleting resources of fossil fuels is forcing us to reconsider our whole 

way of generating power. To facilitate understanding of discussions about power it is 

important that people are aware and informed about the nature of power, including both its 

generation and marketing.  

This study will cover power and power markets in general and go into possible export of 

power from Iceland via sea cable as a focus point.  

To summarise, the study will cover: 

• Power, definition and properties; 

• Power generation in Iceland and possibilities for export; 

• Power markets, definition and properties; specifically in the United Kingdom, 

Norway, the Netherlands and Germany; 

• How does exported power from Iceland tie into the aforementioned power markets? 

This study will, however, neither cover the potential profitability of a sea cable investment 

nor its technical aspects in particular.  
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2 POWER 

2.1 Introduction to basic concepts 

To better understand discussions about power generation here are a few important concepts 

defined: 

• Electric power and electric energy; 

• Blackout; 

• Utility; 

• Grid; 

• Load, baseload, peak load/hours, valley hours; 

• Availability factor; 

• Capacity factor; 

• Greenhouse gases; 

• Global warming; 

• Carbon tax;  

• EU ETS; 

• Green power; 

• Potential terms. 

Electric power is the metered net electrical output of a generator at any given time and 

electric energy is power that flows through a metered point for a given time. The unit of 

power and energy, most frequently used in Europe, is the watt, W, and watthour, Wh, 

respectively.  

A power outage is a loss of the electric power to an area, for example, due to faults at 

power stations, damage to power lines, a short circuit, or the overloading of power mains. 

Power outages are categorized into three different phenomena, relating to the duration and 

effect of the outage: 

• A transient fault is a momentary loss of power typically caused by a temporary fault 

on a power line. Power is automatically restored once the fault is cleared.  

• A brownout or sag is a drop in voltage in power supply. The term brownout comes 

from the dimming experienced by lighting when the voltage sags.  

• A blackout refers to the total loss of power to an area and is the most severe form of 

power outage that can occur. Blackouts which result from or result in power stations 

tripping are particularly difficult to recover from quickly. Outages may last from a 
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few minutes to a few weeks depending on the nature of the blackout and the 

configuration of the electrical network (Wikipedia 2010). 

A public utility (usually just utility) is an organization that maintains the infrastructure for 

a public service such as power, natural gas, water and sewage. In this study, utility refers to 

a company providing power. Public utilities can be privately owned (also called investor-

owned utilities) or publicly owned (municipal utilities or cooperatives). 

A typical electrical power system consists of power generation, transmission and 

distribution; see Figure 2.1. A power grid is an interconnected network for delivering 

power from suppliers to consumers.  

 

 

Figure 2.1 Diagram of a power system (Wikipedia, 2010). 

 

A certain amount of generation capability must always be held in reserve to cushion a grid 

against inevitable disturbances and losses and is referred to as reserve capacity (Wikipedia 

2010). 

Load is used as the moment-to-moment measurement of power requirement in the entire 

system. It can also be used to refer to demand over a given period of time, rather than 

demand at a single moment in time. The industry usually refers to load in three contexts: 

industrial load, commercial load and residential load (Energy dictionary, 2010). Load 

management is the process of balancing the supply of power on the network with the load 

by adjusting or controlling the load rather than the power station output.  

Baseload is the minimum amount of power that a utility or distribution company must 

make available to its customers, or the amount of power required to meet minimum 

demands based on reasonable expectations of customer requirements. Baseload values 

typically vary from hour to hour in most commercial and industrial areas. A baseload 
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power plant is devoted to the production of baseload supply, usually at a low cost relative 

to other production facilities available to the system (Energy dictionary, 2010). 

Peak load is used to denote the maximum power requirement of a system at a given time 

(peak hours), or the amount of power required to supply customers at times when need is 

greatest. It can refer either to the load at a given moment (e.g. a specific time of day) or to 

an averaged load over a given period of time (e.g. a specific day or hour of the day) 

(Energy dictionary, 2010). Periods of lowest system demand are referred to as valley 

hours. 

The net capacity factor (also load factor) of a power plant is the ratio of the actual output 

of a power plant over a period of time and its output if it had operated at full nameplate 

capacity the entire time. Capacity factors vary greatly depending on the type of fuel that is 

used and the design of the plant (Forsund, 2007).  

The availability factor of a power plant is the amount of time that it is able to generate 

power over a certain period, divided by the amount of time in the period. Occasions where 

only partial capacity is available may or may not be deducted. The availability of a power 

plant varies greatly depending on the type of fuel, the design of the plant and how the plant 

is operated. Everything else being equal, plants that are run less frequently have higher 

availability factors because they require less maintenance (Forsund, 2007). 

Greenhouse gas (GHG) is a gas in an atmosphere that absorbs and emits radiation within 

the thermal infrared range. The primary greenhouse gases in the Earth’s atmosphere are 

water vapor, carbon dioxide (CO2), methane (CH4), nitrous oxide (NO2), and ozone (O3) 

(IPCC, 2008). 

Global warming is the increase in the average temperature of Earth’s near-surface air and 

oceans since the mid-20th century and its projected continuation. Most of the observed 

temperature increase since the middle of the 20th century has been caused by increasing 

concentrations of greenhouse gases, which result from human activity such as the burning 

of fossil fuels and deforestation (The National Academy of Sciences, 2008). 

Carbon tax is an environmental tax that is levied on the carbon content of fuels (Hoeller 

and Wallin, 1991) and was introduced in the 1990s. By the year 2000, several EU countries 

(e.g. Germany) were not on track in reducing their carbon emissions by the amount 

required by the Kyoto agreement. Earlier attempts at implementing a carbon tax failed due 

to political opposition and EU ETS (The European Union Emissions Trading Scheme) was 
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chosen as the new policy to reduce GHG emissions (Cowie, 2010). The EU ETS is the 

largest multi-national emissions trading scheme in the world (Ellerman and Buchner, 

2007). 

Green power is the term used to describe sources of power that are considered to be 

environmentally friendly and non-polluting, such as geothermal, wind, solar, and hydro. 

Sometimes nuclear power is also considered a green energy source (Moore, 2006). Energy 

sources are considered “green” if they are perceived to lower carbon emissions and create 

less pollution. 

Potential terms relating to the amount of power generated can be broken down into a few 

terms (Ragwitz, 2009): 

• Theoretical potential is based on the determination of the energy flow. 

• Technical potential is based on technical boundary conditions (i.e. efficiencies of 

conversion technologies and overall technical limitations such as, for example, the 

available land area to install wind turbines). 

• Realisable potential is represented by the maximal achievable potential assuming that 

all existing economic and technical barriers can be overcome and all driving forces 

are active.  

• Economic potential is usually based on what is economically feasible under current 

policies and market conditions. 

General parameters such as market growth rates and planning constraints are taken into 

account in a dynamic context (i.e. the potential has to refer to a certain year), see 

illustration in Figure 2.2. 

 

Figure 2.2 Potential terms of power generation (Ragwitz, 2009). 
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2.2 Power generation 

Electric power, most often just referred to as power, is the rate at which electrical energy is 

transferred by an electric circuit. When an electric current flows in a circuit, it can transfer 

energy to do mechanical or thermodynamic work (Wikipedia 2010). Electric energy is an 

input in most modern day devices providing work, heat, light, sound or chemical changes. 

The extent of the influence of electricity on modern society is immense, the scale of which 

is not often realised until there is a power failure. 

There are two main ways to generate power: using the expansion of water when it 

evaporates (steam) or direct kinetic energy to drive turbines. In recent years photovoltaic 

and fuel cells that directly convert light and chemical energy respectively to power have 

emerged (Dvorak, 2009). Ways to generate steam for power generation are numerous but 

most common is the burning of fossil fuels such as coal, oil, and gas. The diversity of 

power generating options is listed in Table 2-1.  

Although, due to concerns about global warming and depleting reserves of fossil fuels, the 

scale of renewable energy resources used to generate power is increasing. However, the 

vast majority of power generation still depends on fossil fuels, as is apparent in Figure 2.3. 

 

Table 2-1 Various ways to generate power. 

Turbine type Primary energy supply 

Steam turbine Burning of fossil fuels or biomass 

Nuclear reaction 

Geothermal heat 

Solar heat 

Rotary engine Streams 

Wind 

Waves 

Tides  

Osmosis (i.e. where sea water meets freshwater) 

Other Direct light (PV cells) 

Chemical reactions (Fuel cells) 
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       Total 20,181 TWh 

Figure 2.3 Power generation in the world 2008 (IEA, 2010). 

 

Most renewable energy sources are a higher percentage of installed capacity than generated 

power where they are part of the energy mix. This reflects the low capacity factor of many 

renewable energy technologies, a consequence of their intermittency. 

Centralised power generation became possible when it was recognised that alternating 

current power lines can transport power at very low costs and low losses across great 

distances by taking advantage of the ability to raise and lower the voltage using power 

transformers. 

The invention of efficient power transmission in the late nineteenth century meant that 

power could be generated at centralised power stations, where it benefited from economies 

of scale, and then be dispatched relatively long distances to where it was needed 

(Patterson, 1999). This milestone marks the beginning of power markets as this develop-

ment required utilities to determine the setup of power sales (see further in Section 0 on 

power markets). 

2.3 Power as a commodity 

In economic terms, electricity (both power and energy) is a commodity capable of being 

bought, sold and transported. A key limitation in the distribution of power is that electrical 

energy cannot easily be stored in quantities large enough to meet demands on a national 

scale, and therefore it must be generated as it is needed (Patterson, 1999).  This property of 

power, that it cannot be held in stock in its final form, is crucial to understand the 

behaviour of demand and supply for power and distinguishes the power market from other 

conventional commodity markets.  

Coal/peat; 
41%

Oil; 6%Gas; 21%

Nuclear; 
14%

Hydro; 16%

Other; 3%
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The commodities within an electric market generally consist of two types: power and 

energy. Markets for power-related commodities are net generation output for a number of 

intervals usually in increments of 5, 15 and 60 minutes. Markets for energy-related 

commodities required by, managed by (and paid for by) market operators to ensure 

reliability are considered ancillary services and include such names as spinning reserve, 

non-spinning reserve, operating reserves, responsive reserve, regulation up, regulation 

down, and installed capacity (Stoft, 2002). In this study the main focus is on power-related 

commodities. 

Hence, utilities need to make careful predictions of their power loads, and maintain 

constant co-ordination with their power stations. This requires a sophisticated system of 

control and analysis to ensure power generation very closely matches the demand and 

requires a certain amount of reserve capacity. This is especially important to bear in mind 

as generation capacity is not the same as generation demand. The reserve capacity can 

either exist locally or be artificially created with connections to other markets with extra 

capacity.  

If supply and demand are not in balance, generation plants and transmission equipment can 

shut down which can lead to a regional blackout. To enhance grid security transmission, 

networks are interconnected into regional-, national- or continental-wide networks thereby 

providing multiple redundant alternate routes for power to flow in case of localised failure 

(Stoft, 2002). Thus by connecting markets, the efficiency of existing capacity increases as 

well as grid safety. 

Efficient power pricing requires that prices reflect costs by time and location to send 

appropriate signals to users. Generally costs are higher for sparsely populated areas than 

dense ones, for smaller consumers than larger ones, and for peak use than for off-peak 

consumption. However, prices do not always reflect such costs as cross-subsidisation is 

often a fact in many countries (Dahl, 2004).  

Where prices are not subject to competition, they are usually set at average cost. In 

effective markets where there is a possibility for half-hour to hourly bids, at least for large 

customers where hourly metering costs are not prohibitive, prices should reflect marginal 

costs (Dahl, 2004).  The long-term marginal cost of power is  

 

 C  (1) 
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where I is investment cost per kW, α is capital recovery factor, T is full load hours (i.e. the 

number of hours at rated power necessary to produce the actual energy output) and CVar is 

the variable cost per unit, including operation, management and fuel costs (short-term 

marginal cost).   

The capital recovery factor is calculated as  

 

  (2) 

 

where z is the interest rate and LT is the lifetime (depreciation time) of the power plant 

(Ragwitz, 2009). 

Only a part of the price of power is in fact direct generation and transmission costs. 

Distribution, commission and government taxes and fees (often reflecting cost of 

externalities like pollution) are sometimes a significant part of the power price. 

Due to growing concern over global warming and the fact that reserves of fossil fuels are 

limited and rapidly decreasing, power is no longer considered a homogenous commodity. 

The way in which the power is generated plays an increasingly significant role.  

In the past there has not been much incentive to pay more for green power than for its 

“grey” counterpart. However, increased environmental awareness indicates that soon green 

power could have a price premium. The trends in policy and their effects on power price 

will be discussed further in Section 3 on power markets. 
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3 POWER MARKETS  

3.1 Introduction of basic concepts 

To better understand discussions about power markets, here are a few important concepts 

defined: 

• Integrated market design; 

• Separated market design; 

• Market coupling; 

• Spot price pools; 

• Intermittent energy source; 

• Wholesale and retail; 

• Ancillary services; 

• Market clearing price; 

• Uplift; 

• Dispatch; 

• Financial and forwards market; 

• Balancing market; 

• Feed-in tariff; 

• Quota system;  

• Harmonisation. 

The integrated market design corresponds to market designs such as market splitting, zonal 

pricing or nodal pricing, and is implemented in the Northeastern US and Scandinavia. A 

centralised system operator collects location-specific energy bids and then clears the 

market for the entire region according to a well-defined protocol. The allocation of 

transmission rights is implicit. This ensures that different locational markets are 

automatically arbitraged and the network is used efficiently (Ehrenmann and Neuhoff, 

2004). 

The separated market design is currently implemented between many Continental 

European markets. Physical transmission rights are auctioned and traded separately from 

the energy markets. Physical transmission rights are defined between areas and traders 

must own these rights if they want to schedule a transmission between the areas 

(Ehrenmann and Neuhoff, 2004). 
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In contrast with the standard US approach to restructuring that aims at transforming the 

numerous constraints appearing in the power system in specially designed markets, market 

coupling essentially relies on an energy market and leaves it to the transmission system 

operators to take care of most of these constraints through a mix of market and quantitative 

constructs. The result is what economists call an incomplete market where several 

constraints are not priced by the market (Allevi, Oggioni, Schaible and Smerrs, 2010). 

Spot price pools are neutral, independent exchanges set up to facilitate rapid fair-value 

transactions among groups of power generators and consumers. They function similarly to 

spot markets, typically accepting price bids no more than a day in advance for delivery 

periods typically under an hour in length, and transacting energy at market clearing prices 

or highest bid prices. Spot price pools differ from spot markets in that they act as a 

cooperative service and may even be mandatory in some markets (Energy dictionary, 

2010). 

Intermittent energy source is a term usually used to refer to some sources of renewable 

energy, such as wind and solar, (but not to geothermal or hydro), because these sources of 

power generation may be uncontrollably variable or more intermittent than conventional 

power sources in normal operational conditions. Intermittency is a problem related to 

dispatchability, or the ability to match the generated supply of power to actual demand 

(Forsund, 2007). 

Wholesale transactions in power are typically cleared and settled by the market operator or 

a special-purpose independent entity charged exclusively with that function. Or 

transactions can be with bilateral contracts between sales companies or large customers 

and power generators. Retail involves sales of power delivered to the final consumer 

(excluding large uses such as heavy industry). 

For any given level of load, the aggregate supply function determines the market clearing 

price (system marginal price) at the level of demand or the point of intersection with the 

demand curve. In the power market these prices satisfy the “no arbitrage” condition in that 

there are no remaining profitable trades among the market participants (Gribik, Hogan, and 

Pope, 2007). In Figure 3.1, the blue line represents different power generators’ short run 

marginal cost and as demand differs during the day, the price also differs. 
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Figure 3.1 Short-run power market (Gribik, Hogan, and Pope, 2007). 

 

All generators who bid system marginal price or lower will be paid the market clearing 

price plus a capacity charge. The capacity charge signals how much need there is for new 

generation capacity (Dahl, 2004). 

Note that power prices derived from marginal costs do not provide the necessary payments 

for products and ancillary services such as reactive support, black start capability and so 

on. Charges applied to customers to cover these costs are based on reasonable but ad hoc 

rules that often approximate some pro rata allocation across customers. These charges 

applied in addition to energy payments go under the heading of the uplift. The total cost of 

uplift payments is usually relatively small and the effects on market incentives are often 

ignored in formal analysis as being de minims (Gribik, Hogan, and Pope, 2007).  

Dispatch is the process of coordinating the distribution of energy on a moment-to-moment 

basis to meet changing load requirements (Energy dictionary, 2010). Power dispatch is 

made based on the marginal costs and transmission constraints. 

For example, suppose that forecast demand is 100 kW for the next hour. Examples of bids 

from five generators are as follows: 
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Table 3-1 Example of bids in a hypothetical power market for the next hour. 

Generator Bid [per kWh] Amount [kWh] 

Power Co. 0.050 75 

Electro 0.060 25 

The Utility 0.070 50 

P4U 0.075 10 

Generator 0.080 50 

 

There is a current transmission capacity constraint of 65 kW from Power Co. to market but 

no other constraint. In this case 65 kW would be dispatched from Power Co., 35 kW from 

Electro and 10 kW from The Utility. System marginal price for this case is 0.07. 

A financial power market offers trading in derivative contracts and settlement for market 

players in the financial market. Financial power trading involves the buying and selling of 

financial instruments used for risk management and price hedging, without a physical 

delivery of power taking place.  Forward contracts are financial contracts between a buyer 

and seller on a predetermined delivery price for an agreed quantity of power with regard to 

the reference price in the spot market during an agreed delivery period (NVE, 2008).  

As mentioned in Section 2.3 it is a requirement made of transmission systems that the 

power sent or requested from generators or other suppliers is equal to the amount of power 

delivered to customers. Whenever an imbalance occurs between system load and customer 

demand, the system operator needs to be able to draw extra power without notice and 

balance the system very close to or in real time. For that purpose the operator operates a 

balancing market. Generators can either bid into this market or are specially contracted, 

depending on the structure of the respective power market. 

A feed-in tariff is a policy mechanism designed to encourage the adoption of renewable 

energy sources and to help accelerate the move toward grid parity (the point at which 

alternative means of generating power is at least as cheap as grid power). It typically 

includes three key provisions:  

• Guaranteed grid access; 

• Long-term contracts for the power generated; 

• Purchase prices that are methodologically based on the cost of renewable power 

generation and tend towards grid parity.  
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The cost-based prices therefore enable diversity of projects (wind, solar, etc.) to be 

developed and for investors to obtain a reasonable return on renewable energy investments 

(Mendonca, 2007). 

Quota systems usually operate in a liberalised power market. The main objective of a 

legally enforceable quota system is to secure the penetration of a pre-defined amount of 

renewable energy. In general, two different approaches exist: 

• Non-tradable quotas: Renewable portfolio standards and obligations; 

• Tradable quotas: emissions (e.g. CO2) or electricity-based certificates (Ragwitz, 

2009). 

Harmonisation is a top-down implementation of standardised, binding provisions 

concerning the support instruments of renewable energy throughout the EU. Its aims are: 

• Making support systems compatible with each other and with the internal power 

market; 

• Reducing distortions in support conditions across countries; 

• Increasing efficiency of support; 

• Achievement of targets (concerning the share of renewables in total power 

consumption). 

3.2 Power markets in general 

A power market is a system for affecting purchases through bids to buy, sales through 

offers to sell, and short-term trades, generally in the form of financial or obligation swaps. 

Bids and offers use supply and demand principles to set the price of power in a day-ahead 

market. Where the aggregate supply curve intersects with the demand curve, the market 

clears and all participants that are dispatched get the market clearing price. This means that 

power generators with low marginal costs, such as hydro, geothermal and wind, are usually 

dispatched first but still get the market clearing price which often is set by a generator with 

higher marginal cost (depending on the energy mix of a country and the demand curve). In 

Figure 3.2 the supply curve consists of different technologies common in Europe. The 

potential rise in the marginal cost of power generation due to emission trading (EU ETS) is 

illustrated in grey. In this case, the market clearing price is significantly higher than the 

power generation cost for hydro. 
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*CHP: Combined heat and power.  

Figure 3.2 Indicative power supply (marginal cost) and demand curves (Tryggvason, 

2008). 

 

Long-term trades are contracts similar to power purchase agreements and are generally 

considered private bi-lateral transactions between counterparties (Stoft, 2002). 

Textbook microeconomic theory suggests that competition and the profit motive result in 

internal (production) and external (market) efficiency and that the benefits are passed on to 

customers and the economy in the form of lower prices and costs. Liberalisation of the 

power sector is a means to increase competition. However, the process needs to be well 

monitored and followed through for the benefits of deregulation to be realised. 

A liberised market is capable of providing adequate supply although the energy sector may 

occasionally face tighter supply-demand balances under a market-oriented system than 

under command-and-control. While such tightness is likely to lead to temporary price 

spikes, the overall prices seen by consumers in the long run will be less in a market system 

(IEA, 2007). 

The earliest introduction of power market concepts and deregulation to power systems took 

place in Chile in the early 1980s. Since then, the United States and Europe have followed 

with stepwise introduction of privatisation and deregulation in most countries/states, 

focusing mainly on the generation level. Parallel to these developments, the need for 

dispatch and coordination becomes crucial. However, barriers to entry and market power 
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remain a concern. Cross-country trade or integration of markets can be a source of new 

competition and barriers to such trade seem to be falling (Dahl, 2004).  

The power supply industry has important characteristics that shape its optimal regulatory 

design. They involve: 

• Large sunk costs which limit entry possibilities,  

• Vertical stages (generation, transmission, distribution and retailing) of production 

with different optimal scales, and 

• A non-storable good delivered via a network which requires instantaneous physical 

balance of supply and demand at all nodes.  

Liberalisation of such an industry involves the creation of a combination of competitive 

energy and retail markets, and regulated transmission and distribution activities. 

Generally, this involves restructuring the sector by unbundling vertically integrated 

activities and reducing their horizontal concentration. The aim of vertical unbundling is to 

separate potentially competitive generation and supply from the natural monopoly 

activities of transmission and distribution networks. The aim of horizontal separation is to 

create enough effective competition in generation and retailing where economies of scale 

favour competition (Jamasb and Pollitt, 2005).  

Over the last few decades the trend in policy, due to concern over global warming and 

increased environmental awareness, has been to implement carbon taxes and/or cap and 

trade trading systems (such as the EU ETS) and incentives for power generation using 

sustainable energy resources (such as feed-in tariffs and quotas).  

Also, power plants of the world are getting old and cheap prices for fossil fuels seem to no 

longer be a reality. At the same time, there is also a steadily increasing demand for power. 

These factors all translate to higher power prices and that trend is obvious in Figure 3.3. 

However, reduced demand and commodity prices due to the economic crisis have lowered 

power prices in 2009 and 2010. In spite of overall low demand growth, the demand for 

renewables is increasing in the world’s effort to introduce a greener energy system. In 

discussing power prices it is important to note that there are three main components of its 

structure: 

• Power generation; 

• Transmission and distribution; 

• Taxes and fees. 
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A fourth component is emerging, namely carbon price.  

 

Figure 3.3 Development of power prices worldwide (Bjarnason, 2010). 

  

Power generation OECD price

20,000TWh



 

28 

4 ICELAND 

4.1 Power generation 

The Icelandic energy scene has changed dramatically in the last decades. At the beginning 

of the Second World War, imported coal was the main source of energy for power 

generation and heat. Domestic energy sources had only a 6% share in 1939 but in 1989 

their share had increased to 61% of total energy usage, mainly hydro for power generation 

and geothermal energy for space heating. Today, over 99% of power generation in Iceland 

is from renewable energy resources, see Figure 4.1. Hydro still dominates with 75% of 

power generation. However, geothermal energy has increased its share significantly over 

the last few years (Ministry of Industry, Energy and Tourism, 2009). Icelandic hydro 

power generation is not as dependant as many other countries on levels of precipitation as 

a large amount of the water used is due to glacier melting. 

 

   

                                Total 16 TWh                     Total 2.6 GW 

Figure 4.1 Power generation and installed capacity in Iceland 2008 (The National Energy 

Authority, 2010). 

 

It is estimated that around 64 TWh/year is technically feasible to generate from hydro in 

Iceland (TWh = 1000 GWh), of which approximately 30 TWh/year is both economically 

and environmentally feasible. Estimations on geothermal energy are much more 

complicated due to both the nature of the resource and technical progress (e.g. IDDP
1
). A 

                                                 
1
 IDDP is the Iceland Deep Drilling Project. Its aim is to harness geothermal energy at much deeper levels 

than is the current practice. This might mean considerably more energy available from each borehole. 

2
 I am indebted to my official appointed referee for this point and the reasoning that follows. 

3
 International Energy Agency whose members are Australia, Austria, Belgium, Canada, the Czech Republic, 
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rough estimation of realisable potential is approximately 20 TWh/year. Thus, in total, 

around 50 TWh/year might be generated in Iceland economically and without much harm 

to the environment (Ministry of Industry, Energy and Tourism, 1992). As Iceland is a 

closed power system, it needs to have reserve capacity to ensure grid safety.  

The government has been working on a framework programme for the development of 

energy resources in Iceland since 1999. The programme’s goal is to create professional 

premises for the decisions regarding conservation and development of all areas that have 

power generation potential (Ministry of Industry, Energy and Tourism, 2010). Until this 

work is finished there will be much dispute over a number of areas where research of 

power generation potential is underway, and previous assumptions of about 50 TWh/year 

realisable potential may decrease considerably. 

4.2 Power market 

With the implementation of legislation no.65/2003, which distinguished operations in 

competition (namely generation and sales of power) from operations with exclusive 

licenses (district heating, distribution of power), the power market was formally 

deregulated (Ministry of Industry, Energy and Tourism, 2009). Prices, quality and security 

of delivery of the exclusive licence operations are monitored by The National Energy 

Authority (Orkustofnun). Currently, the same company can be in generation, distribution 

and sales as long as it keeps operations separate in the books. 

In spite of deregulation in 2003, most power companies are currently owned by the 

government or municipalities. The largest exception is HS Orka, of which a majority stake 

was recently sold to Magma Energy, a private company in foreign ownership. Whether 

private ownership of power companies is preferable is up for debate in parliament and the 

current government of the Leftist Green Party and Social Democratic Alliance is in fact 

looking into revoking the sale of the stocks. 

Landsvirkjun (owned by the government) is the largest power generator in Iceland with 

approximately 76% of total power generation in 2009. Around 82% of its power sales are 

to heavy industries, see Figure 4.2. Other large companies are Reykjavik Energy 

(Orkuveita Reykjavikur) and HS Orka. 

In Iceland there is only one transmission system, operated by Landsnet, but many 

distribution systems. The transmission system includes all power lines, substations and 
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connected structures and those that transmit power at 66 kV and higher voltages, with a 

few exemptions. Large users, those who use at least 14 MW of power in one place and 

have utilisation of 8,000 hours/year or more, are connected directly to the transmission 

system.  

 

 

Figure 4.2 Share of power generation in Iceland 2009 and power sales of Landsvirkjun 

(Arnarson, 2010a). 

 

Consumers buy power from sales companies based on power purchase agreements and the 

power is delivered by the local distribution company or directly from the transmission grid.  

Currently, arrangement between sales companies and power generators is based on 

bilateral contracts. The aim of Landsnet was to set up an electronic power market, as in for 

example Norway, in November 2008 but these plans were put on hold due to changes of 

Iceland’s economic condition. 

For households, the cost of generation, transmission and distribution is about two thirds of 

the final power price to a general consumer in Iceland, and on top of that are taxes. The 

typical structure of power pricing in Iceland is illustrated in Figure 4.3. In rural areas 

access to geothermal heating is limited. Therefore, distribution and transmission costs of 

power for heating of homes, churches, retirement homes, social clubs and housing of 

rescue services is subsidised (Ministry of Industry, Energy and Tourism, 2009). 

Prices for heavy industry are considerably lower. They are mainly based on long-term 

fixed contracts directly with the power generator, due to the nature of the power purchases 

of these companies (large quantities, high efficiency (high load factor), and long-term 
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customers) and the power is delivered directly from the transmission grid. As a 

consequence, this price does not include distribution and sales costs.  

Some of these contracts have been up for revision and in recent and future negotiations, 

Landsvirkjun has emphasised the decoupling of the power price from the aluminium price 

(aluminium smelters are the majority of heavy industry in Iceland) in order to try to let it 

correlate better to international power prices, see Landsvirkjun’s goal for power prices in 

Figure 4.4. 

 

 
Heavy industries: based on price Jan-Feb 2010.  

Households: average price 2010, a typical 180 m
2
 single-family house in Reykjavik. 

Exchange rate: median currency exchange rate ISK/USD in first quarter 2010. 

Figure 4.3 Typical structure of power price in Iceland (Arnarson, 2010a). 

 

Landsnet also operates a balancing market where it can meet power variations in day-

ahead plans handed in by power generators and sales companies. The price for balancing 

power is the same as the equivalent market power price for each hour. 
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Figure 4.4 Forecasted power price development (Arnarson, 2010a). 

 

Thus it is foreseeable that should Landsvirkjun’s plan succeed, the trend of power prices in 

the Icelandic power market will correlate to international power markets. 

4.3 Power export/import 

The export of power and the development of energy-intensive industries in Iceland are not 

mutually exclusive options. First and foremost, export should be considered as an addition 

to domestic and industrial sales.  

Export via sea cable has been under consideration for decades. It is a complicated and risky 

project as a sea cable as long and to such depths has not been laid before. In the past the 

conclusion has been that it is probably technically feasible but not profitable enough 

(Gudnason 2010). However, in the last 10 to 15 years, premises for this project have 

changed due to outside factors such as rising power prices, increased demand for “green 

power”, foreseeable decommissioning of coal and nuclear power plants in Europe, and 

technical progress in the field of sea cables. Domestic factors such as the commissioning of 

the 690 MW power plant at Karahnjukar have also had an effect, and as a consequence, the 

sea cable project is again up for discussion. 

Most likely, the power available for export would be from hydro. Due to growing concern 

over global warming and environmental issues in Europe markets with a large share of 

fossil fuels, especially coal which is quite polluting, favor power generated from renewable 

energy resources such as hydro. 
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Considering existing renewable energy sources in possible export markets, hydro and wind 

power generation are a favorable mix, not only due to the possibility of controlling hydro 

power generation with reservoirs but the elemental nature of wind and water also 

compensate each other, see Table 4-1.  

 

Table 4-1 Compensative nature of wind and water as an energy resource (Linnet 2010). 

Resource Within a day Within a year 

Wind Variable Even 

Water Even Variable 

 

Being Iceland’s largest power company (and the owner of the largest hydro power plant in 

Iceland at Karahnjukar), Landsvirkjun is most certainly a key player in the possibility of 

the project being realised. The company has stated that it may be a supporting venture for 

its vision for the future. According to Mr. Hordur Arnarson, CEO of Landsvirkjun, the 

company is not considering mass export of power 24 hours a day, but rather to only export 

power when prices are high and possibly import power when prices are low (either for 

direct domestic sales or even pumped storage of hydro power plants).  

In fact, Mr. Arnarson says there are two options. The first is that the owner of the sea cable 

buys power at Icelandic prices and sells it to Europe himself. The second is that 

Landsvirkjun sells power at European prices and pays the owners of the sea cable 

operational costs. Not surprisingly, Landsvirkjun has stated that the second option is 

preferred as the margin between the domestic and European power prices is where the 

actual possibility for a profit lies (Arnarson, 2010c). 

From these statements one can conclude that Iceland’s best option is to connect to a 

variable power price market where the difference between peak load and valley load 

pricing is large and the peak power price is high.  

On account of its low variable cost, hydro can bid very low prices in a bidding market. 

Thus being very likely to get dispatched and receiving the market clearing price, which is 

usually considerably higher. The market clearing price depends on the energy mix on each 

market, as each power generation technology has different variable costs. On the low end 

are hydro (geothermal) and wind and on the high end are gas and oil (see Figure 3.2). 
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Obviously, there needs to be either a growth in total final consumption or a decrease in the 

local supply of power (i.e. because of decommissioning of old power plants). Also, for 

physical delivery there should be minimal congestion on the transmission route from 

Iceland to final consumption. 

An additional advantage of a power sea cable is that it will contribute to better utilisation 

of power plants in Iceland as well as increase energy security, which in turn could help in 

marketing energy-intensive industries. It is important to note that hydro energy is a 

renewable energy resource and as such is not dissipated when harnessed. Thus, if managed 

in a sustainable way, power generation and the export of hydro energy does not affect the 

power supply of future generations. 

Export of power from Iceland could, given high enough power prices, provide foreign 

exchange earnings and create added value domestically. It is important to ensure the 

Icelanders a fair share of the added value with royalties, taxes and other instruments 

available. If Landsvirkjun were to be a main owner of the sea cable or profit from it the 

most, it would of course pay dividends to the government, in addition to taxes. 

Imports are also an option during valley hours abroad. Imported power could be used 

directly for consumption, meaning conservation of energy or raising the water level in the 

reservoirs of hydro power plants in Iceland, or for pumped storage. Buying power for 

pumped storage (to pump water back up into hydro reservoirs) is profitable only if it meets 

the following requirement: 

 ppump  (3) 

 

where ppump is the power price when pumping and pgen is the power price when generating 

and   is the efficiency of the cycle. Typical efficiency for one cycle is between 70-85% 

which then represents how much difference there needs to be between the valley and the 

peak power price (Dvorak, 2009). In the case for Iceland, however, the losses of power due 

to transport via sea cable needs to be taken into account, lowering the efficiency of the 

cycle.  

Increasing the installed capacity of current hydro power plants has many advantages over 

pumped storage
2
: 

                                                 
2
 I am indebted to my official appointed referee for this point and the reasoning that follows. 
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• In years of high levels of water runoff, more power can be generated due to 

possibilities of export as less water is bypassed, currently on averge it amounts to 

around one fifth of water flow. 

• It is considerably cheaper to increase installed capacity of power plants than install 

pumped storage (or build new power plants). 

• Energy storage could still be achieved in valley hours, which occur often at night 

time. By turning power generation off at night (which is simple in the case of hydro) 

and importing power for consumption instead, water can be accumulated in the 

reservoirs for generation the following day at higher prices (and increased capacity). 

Therefore, if connecting to Europe, increasing installing capacity in current hydro 

power plants would increase efficiency of the power system and get more power at 

higher prices.  

Possible markets for exported power from Iceland are mainly believed to be in four 

countries: the United Kingdom, Germany, the Netherlands and Norway; see Figure 4.5. 

For simplicity, these countries are studied individually whereas the connecting countries 

are not, although it might be possible to export to those countries as well.  

 

 

Figure 4.5 Possible connections to European power markets via sea cable (Arnarson, 

2010a). 

 

Policy makers need to construct a framework that addresses points regarding ownership, 
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might be an option at least in part. Policy should therefore provide flexibility of ownership 

and make sure that regardless of the nationality of the owners, a fair share of the profits 

stays in Iceland by setting royalties, fees, taxes and other economical instruments. The 

difference between public ownership of the resources and private ownership of the power 

facilities needs to be clear and well-defined. The government should be cautious about 

providing direct guarantees and rather provide equity or binding sales agreements, etc. 

(Ministry of Industry, Energy and Tourism, 1992). 

Policy makers should consult with main interested parties which include creditors, 

landowners, municipalities, owners of power companies, the Icelandic people and power 

purchasers. 

Even after many years of discussions and studies, there are a lot of issues that need to be 

looked into in more detail before a decision on the sea cable project can be made, such as 

risk analysis and financial modelling. 

To sum up, exporting power via sea cable is a good option given that power can be sold at 

a high enough price and policy makers need to start moulding a framework around the 

ownership, operations and division of profits. Power could be imported for either direct use 

or for use in power plants using pumped storage. 

Optimal properties of a connecting market are: 

• Large share of power generation from fossil fuels (especially coal); 

• If large penetration of renewable then wind is preferred; 

• Much demand for power (growth in final consumption or reduction in supply);  

• Variable power price with high peak load price; 

• No transmission congestion. 

In the next section the profile and trends in the power sector in Europe is discussed 

followed by sections where the power markets which Iceland has a possibility of 

connecting to are covered specifically.  
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5 EU EUROPE 

5.1 Power generation 

Currently, around 60% of power generation in EU Europe uses fossil fuels, mainly coal, 

see Figure 5.1. Traditional 500 MW coal power plants emit 0.90 mio tonnes of CO2/year 

(down to 0.70 with high efficiency plants) and a 500 MW natural gas plant emits around 

0.36 mio tonnes of CO2/year (Department of Trade and Industry, 2006). For comparison, a 

hydro power plant emits close to zero CO2/year. 

Nuclear energy represents 28% of generated power in Europe and due to policy, 

technological advances and increased environmental awareness, renewable energy sources 

have been increasing their share in total power generation. 

However, increased environmental awareness does not only include concerns over 

emissions and depleting resources of fossil fuels but also nuclear waste. The role of nuclear 

power is a hot debate. On the one hand, concerns about nuclear waste and safety as well as 

proliferation have pushed governments to act on decommissioning old nuclear power 

plants and refrain from building new ones. On the other hand, nuclear energy is clean with 

regards to GHG emissions and the global emission targets do not seem realistic without 

nuclear power generation. This fact has been pointed out by the European Commission and 

they have recommended that countries reconsider their policy on phasing out nuclear 

power plants. 

Regardless of the policy on nuclear energy, many power plants in Europe are reaching the 

end of their useful life and need to be replaced or renewed, entailing an inevitable demand 

for new power plants. 

 

        Total 3,373 TWh 

Figure 5.1 Power generation in the EU 2008 (IEA, 2010). 
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5.2 Power market 

Today privatisation and deregulation have taken place, fully or in part, in most countries in 

Europe, particularly at the generation level. These actions aim to increase competition but 

in several countries dominant players still remain and barriers to entry are high. To further 

increase competition the European Commission is not only suggesting cross-country trade 

but full integration of various national markets through the so-called “market coupling” 

approach (European Commission, 2010). Integration has been made realistic due to 

advances in technology, especially in transmission. The integration will affect power 

consumption as well as increase competition. Increased competition translates to increased 

emphasis on sustainability, security, affordability and the uninterrupted physical 

availability of energy products and services on the market (Ministry of Industry, Energy 

and Tourism, 1992). The aim is to also increase transparency and lower barriers to entry. 

Because of this aim of full integration, a new interest for interconnections is growing in the 

European Union. National regulators, as well as the European Commission, seem to be 

favourable to this private initiative to push forward the development of the network. 

Understandibly, regulation concerning merchant interconnectors involves straight forward 

conditions such as that the interconnector must be owned by a person legally separate from 

the transmission system operators and charges must be levied on users of the 

interconnector. And since the start of the European power sector liberalisation, no part of 

the capital or operating costs of the interconnector has been recovered from any component 

of the network tariffs. However, other conditions are much more problematic. Mainly, two 

that tend to overlap: 

• The merchant interconnector should enhance competition in power supply; 

• The exemption is not to the detriment of competition or the effective functioning of 

the internal power market or the efficient functioning of the regulated systems to 

which the interconnector is linked. 

The fact that the interconnecting line should both enhance competition and not be 

detrimental to it, leads to confusion. It seems that design of interconnection regulation, 

remains a challenge for European Commission energy law and regulation (Hautecloque 

and Rious, 2010). 

In 2007 the European Council adopted energy and climate change objectives for 2020 – to 

reduce greenhouse gas emissions by 20%, rising to 30% if the conditions are right, to 
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increase the share of renewable energy to 20% and to make a 20% improvement in energy 

efficiency. Nevertheless, the existing policy is currently unlikely to achieve all the 2020 

targets (European Commission, 2010). 

For companies operating in the power sector in Europe there have been fundamental 

changes in the power market over the last ten years. The market has turned from being a 

buyer’s market with plenty of power to a seller’s market where demand for power 

overpowers supply. Policies have changed due to increased environmental awareness and 

technical advances making privatisation, deregulation, spot markets and market integration 

a possibility. These changes have led to rising and fluctuating power prices (Arnarson, 

2010a).  

In the EU there are several recognisable regional markets: the Nordic, UK-Ireland, Baltic, 

Eastern European, Western European, Southeast European, Iberian, and Italian zonal 

markets. These markets vary in their degree of internal integration. The Nordic market is 

the most advanced in terms of effective international integration (with formal and joint 

market rules and price convergence). The largest regional market is the Western European 

market (including France, Germany, Switzerland, the Netherlands and Belgium) and its 

central geographic position implies that the emergence of a fully integrated European 

power market depends on its development (Jamasb and Pollitt, 2005).  
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6 NORWAY 

6.1 Power generation 

Total power generation in 2008 was 143 TWh, 98% of which was hydro, see Figure 6.1. 

Norway’s hydro resources are relatively well developed, with the majority of the 

remaining potential subject to permanent protection. As a result, the potential for new large 

hydro projects is limited. Wind power is seen as a good match for the hydro resources in 

Norway, and the Norwegian wind resource is significant (IEA, 2005). 

 

 

         Total 143 TWh 

Figure 6.1  Power generation by source in Norway 2008 (IEA, 2010). 

 

The relationship between installed capacity and consumption varies between regions. Most 

of the hydro power is generated in western Norway and Nordland county, whereas in 

eastern Norway, consumption is far higher than local generation. This means power has to 

be transmitted from the west to the east and from north to south. Bottlenecks in the Nordic 

transmission grid are managed by specifying price areas on either side of the bottleneck. 

Nord Pool, the Nordic power market, determines such price areas in addition to the system 

price. Regions with a power surplus have an area price lower than the system price. The 

position is reversed in areas with a deficit. Area prices help to balance supply and demand 

within each area while taking the bottleneck into account (NVE, 2008). 

Various parts of the country are also affected by the exchange with Denmark, Sweden, 

Finland and the Netherlands. Current transmission capacity from Norway to its neighbours 

is more than 5,000 MW. These connections are used for both import and export of energy. 
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A small interconnection with Russia is used only for imports to Norway. The surrounding 

countries are also connected to Germany and Poland, facilitating wider regional trading 

(NVE, 2008).  

One of these interconnections is NorNed, a 580 km long high voltage direct current 

submarine power cable between Feda in Norway and the seaport of Eemshaven in the 

Netherlands, owned by the transmission system operators of both countries. It is the 

longest submarine power cable in the world commissioned on 6 May 2008. In its first two 

months in operation, 1 TWh of Norwegian hydro energy has been imported into the 

Netherlands generating exceptionally high revenues of approximately 50 million euro 

(TenneT, 2008). Sea cables are also planned to between Norway and Germany.  

In certain years, high precipitation and inflow to the reservoirs leads to higher exports than 

imports. In 2008, Norway was a net exporter of 14 TWh (IEA, 2010). However, Norway 

needs to import power in years of low precipitation and the number of these years has been 

increasing from 1990 because consumption has continued to rise while hydro power 

development has been limited (NVE, 2008). 

 

 

Figure 6.2  Norway’s imports and exports of power in the period 1970–2007 (NVE, 2008). 

 

6.2 Power market 

The Norwegian power market has been formally open to competition since 1991, but real 

market access for all the end user groups was not established until 1995 through settlement 

based on the adjusted system load profile (NVE, 2008). In accordance with EU directives, 

generation must be ring-fenced from the distribution for the vertically integrated utility. 
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The Norwegian electricity council and the Norwegian price and cartel board grant licences 

for operation, provide regulatory framework and oversee of the transmission and 

distribution networks. 

Although the deregulation of the power sector has not been accompanied by privatisation 

like in many other countries, Norway is probably only second to the United Kingdom in 

Europe in their move to promote more competition (Dahl, 2004). 

The Norwegian power sector has a relatively fragmented industry structure. Figure 6.3 

summarises the different combinations of activities of the utilities. The overlapping circles 

indicate the extent to which the utilities are engaged in several types of activities. 

Ownership of utilities is mixed in Norway. Local authorities and county councils own 

some 50% of Norway’s generating capacity, while the government owns around 37% 

through Statkraft SF, and private companies own around 13% (NVE, 2008). This mixture 

allows for a yardstick comparison between public and private companies. Thus, the private 

firms which compete with other best practice firms are the yardstick and public 

performance can be compared to these benchmark firms. If the public sector does not do as 

well as the benchmark firms they are pressured to do better. Foreign ownership is limited 

and concentrated in trading activities.  

Eighty-seven percent of the central transmission grid is owned by Statnett, which is wholly 

owned by the government and regulated by the NVE (IEA, 2005).  

 

 

Figure 6.3 Norwegian power utilities classified by activity, 2005 (number of companies) 

(IEA, 2005). 

 

The largest generator is Statkraft, wholly owned by the state, and the second largest is 

Norsk Hydro, a private company. County and municipal governments generate a large 
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share themselves. The vast majority of distribution is by publicly-owned companies (Dahl, 

2004). 

Only the large players in the power market trade directly on the power exchange, Nord 

Pool, or through bilateral power contracts. The transaction costs associated with this kind 

of trading make it unprofitable for smaller consumers.  

The Nord Pool market was created in 1996 as a result of the establishment of the common 

power market of Norway and Sweden. It was owned by the two national grid companies, 

Statnett in Norway and Svenska Kraftnät in Sweden. Finland joined the Nord Pool market 

area in 1998, Western Denmark in 1999 and Eastern Denmark in 2000 (NVE, 2010). 

Nord Pool provides a marketplace for financial trading in power and emission allowances 

and emission credits. It organises four markets:  

• Elspot is the market for physical trading of power for delivery the following day. The 

price is determined on the basis of the total quantity of power the participants 

announce that they will be buying and selling. Prices for sales and purchases are 

determined hourly throughout the next day. The system price is the market clearing 

price. Elspot determines the system price (reference price) both for the financial 

market and for the rest of the power market. 

• Elbas is a continuous physical market for balance purposes (i.e. trade in power up to 

two hours before delivery). This market is only available to Swedish and Finnish 

participants, and is not used by the Norwegian system operator, Statnett.  

• Eltermin is a financial market for price hedging and risk management when buying 

and selling power.  

• Eloptions is part of Nord Pool’s financial market and is an important instrument for 

risk management and for forecasting future income and costs related to trade in 

power contracts. Trade in power options gives the right to buy and sell an underlying 

instrument for a specific underlying period.  

In addition, Nord Pool acts as a counterparty in all trades and guarantees correct settlement 

of all the financial contracts in clearing. This reduces the market players’ counterparty risk 

and is a key contributor to the efficiency of the Nordic power market. 

With regard to physical power contracts, about 70% of the power consumption in the 

Nordic countries traded through Nord Pool Spot in 2007, with traded volumes of 291 TWh 
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of value NOK 77bn. The remainder traded bilaterally (NVE, 2008). Often, the prices in 

bilateral contracts are tied to the spot market price.  

Households and other minor consumer categories ordinarily have power agreements with 

power suppliers in the end user market.  

At present, the wholesale price, network charges and taxes (the consumption tax, VAT and 

a levy on the transmission tariff earmarked for the Energy Fund) each account for around 

one-third of the final price for households. 

As in Iceland, household prices are considerably higher than industrial prices, largely 

reflecting the additional cost of distribution charges. Norwegian power prices are among 

the lowest in the IEA (NVE, 2008). In 2009, the power prices were 0.07 and 

0.11 EUR/kWh for industrial and household consumers respectively (Eurostat, 2010). 
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7 THE UNITED KINGDOM 

7.1 Power generation 

The United Kingdom (UK) is a large producer of oil, natural gas and coal. However, 

production is decreasing. In light of these domestic resources, it is no wonder that 

historically coal, oil and gas have played a significant role in UK’s power generation. 

Since 1973, the generation mix has undergone two major shifts. In the first phase (until 

1990), nuclear power displaced oil-fired generation and the second phase (1990 to present) 

was notable for the replacement of coal-fired generation with gas-fired generation. The last 

ten years are also characterised by less stable shares of natural gas and coal, often changing 

substantially from year to year. This is due to the fact that coal and gas use for power 

generation responds dynamically to the relative prices of gas and coal (IEA, 2007).  

Compared to the previous very strong dependence on coal, the fuel mix in UK power 

generation has been more diverse during the last decade. In 2008, the UK generated 

389 TWh in total. Coal represented 33% of total power generated and 45% from gas; see 

Figure 7.1. Industry consumption of power in 2008 was 114 TWh or 33% of total final 

consumption. Total final consumption is projected to grow slightly by 2020, see Figure 

7.2. 

 

 

          Total 389 TWh 

Figure 7.1 Power generation in the United Kingdom 2008 (IEA, 2010). 
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*includes commercial, public service, agricultural, fishing and other non-specified sectors. 

Figure 7.2 Final power consumption in the UK by sector 1973 to 2030 (IEA, 2007). 

 

The UK has modest natural resources for hydro, biomass or solar energy although it does 

have an excellent wind profile and a long coastline for wave and tidal energy. The shares 

of hydro and wind in 2008 were 2% each. However, the share of hydro is decreasing as 

wind and other renewables increase their share; see Figure 7.3.  

While the UK has had historically low levels of renewable energy, current government 

support schemes are increasing renewables production substantially. The government still 

recognises that the UK has a long way to go in achieving the goal of having 20% of power 

generation from renewable sources by 2020. Therefore, it is increasing its efforts to 

incentivize renewables in its energy policy. The Department of Trade and Industry has 

pointed out that one of the three main areas for further enabling the development and 

deployment of renewable energy in the UK is attempting to accelerate access to the grid 

for renewable power generators (Department of Trade and Industry, 2006). 

The government believes that nuclear energy has a role to play in the future UK generating 

mix alongside other low carbon generating options (Department of Trade and Industry, 

2006). However, any new nuclear power stations would be proposed, developed, 

constructed and operated by the private sector, who would also meet full decommissioning 

costs and their full share of long-term waste management costs. 
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Figure 7.3 The contribution of different technologies to the UK’s overall power generation 

from renewable sources (Department of Trade and Industry, 2006). 

 

Around 8 GW of the UK’s coal power stations must close no later than 2015 owing to the 

EU directive limiting emissions for large combustion plants. Based on published lifetimes, 

more than 10 GW of the UK’s nuclear power stations will close by 2023. In total, the UK 

is likely to need around 25 GW of new power generation capacity by 2025, equivalent to 

more than 30% of today’s existing capacity (Department of Trade and Industry, 2006). 

If new power stations do not come onstream in a pattern consistent with the expected 

closure rates of coal and nuclear power stations, the power supply may not be able to meet 

demand during times of very high demand. During these periods, businesses could face 

higher power prices.  

The transmission grid is relatively strong and well developed. In general, generation is 

concentrated in the north while demand is concentrated in the south. Hydro power 

resources in Scotland reinforce this picture and the large wind resources also concentrated 

in Scotland are likely to continue to pose a challenge for the system. Due to this current 

bottleneck in the grid, there is very low opportunities for new generation capacity to  

connect to the grid in the north, see Figure 7.4. However, a number of reinforcements are 

planned to accommodate the level of contracted generation in Scotland that might improve 

these opportunities (National grid, 2010).  
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Figure 7.4 Great Britain generation connection opportunities (National grid, 2010). 

 

In 2008, 12 TWh were imported (IEA, 2010). The United Kingdom currently has directly 

connected external interconnections with France and Northern Ireland. The commissioning 

of a connection with the Netherlands system is planned for 2010/11 (BritNed) and with the 

Republic of Ireland system for 2011/12. 

7.2 Power market 

The UK has been a pioneer in many aspects of energy policy. It was the first country to 

liberalise gas and power markets through privatisation, competition and open access to 

networks. Restructuring in the UK began with the Electricity Act of 1983. Independent 

power producers were allowed open access to the national grid with their power purchased 

by the General Electric Generation Boards. However, low interest rates kept them from 

entering. In 1988, the government began its massive restructuring. It sought to protect its 

nuclear industry and have a successful public share offering synonymous with rising power 

supply industry share prices. It proposed a horizontal and vertical de-integration of the 

industry. On April 1
st
 1990, called Vesting Day, generation went to two new companies, 

National Power and PowerGen, except for pumped storage which went to NGC’s First 

Hydro subsidiary. Nuclear Power was ultimately not privatised but transferred to a new 
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state-owned entity called Nuclear Electric (today British Energy’s nuclear power stations 

in England and Wales). Full retail competition was implemented in 1998 (Dahl, 2004).  

The Electricity Pool of England & Wales was established in April 1990 to direct wholesale 

pricing and trading of power. It was an obligatory trading arrangement that calculated 

dispatch, remunerations and charges. Problems in the trading mechanism and in the 

governing structures led to reforms and in 2001 it was replaced with the New Electricity 

Trading Arrangements (NETA). NETA is a much looser trading platform that allows 

market participants more freedom to make bilateral trading arrangements and contracts 

(IEA, 2007). The Energy Act in 2004 replaced the previous NETA with the British 

Electricity Trading and Transmission Arrangements (BETTA) in England and Wales, and 

the separate arrangements that existed in Scotland and the British Grid System Agreement. 

Northern Ireland was not included in the new trading arrangements but the sector has also 

been privatised and competition has been introduced as required by EU directives (IEA, 

2007). With the introduction of NETA and BETTA, wholesale trade in the power market is 

intended to unfold with a minimum of regulatory interference. 

Since Vesting Day there has been rapid transformation of the generation portfolio which 

implies a wide range of newcomers in the generation market. Some divestitures by the 

largest initial generation companies throughout the 1990s further fragmented the 

ownership of generation assets. Since the launch of NETA, some consolidation has taken 

place, but the ownership still remains fragmented, laying the ground for a competitive 

market structure, see Figure 7.5. Ofgem, the UK energy regulator, is a qualified, 

independent regulator which is recognised as essential components of any competitive 

market (IEA, 2007). 

There is not only much competition on the overall market but also at the retail level, where 

some countries have not yet accomplished successful switching rates. One explanation is 

the establishment of Energywatch which was set up in November 2000 to protect and 

promote the interests of all power and gas consumers. 
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Figure 7.5 Market shares of UK generation companies May 2005 (IEA, 2007). 

 

Under BETTA, market players are free to trade as they see appropriate, subject to financial 

incentives on parties to match their physical and contractual positions in “real time”. This 

can take place through bilateral trading. Trades are reported to the National Grid and are 

only binding from one hour before the moment of operation (gate closure). Under these 

arrangements, generators self-dispatch their plant rather than being centrally dispatched by 

the system operator. The balancing mechanism is the trading arrangement that the National 

Grid uses to balance the system and ensure that all market participants are faced with 

financial incentives that contribute to overall system balance and efficiency (IEA, 2007). 

These three stages to the wholesale market, plus a post-event new settlement process, are 

illustrated in Figure 7.6. 

 

Figure 7.6 Overview of BETTA market structure (National grid, 2010). 
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Participation in the bilateral markets and the balancing mechanism is optional while 

participation in settlements is mandatory. Gate closure is the point in time when market 

participants notify the system operator of their intended final physical position and is set at 

one hour ahead of real time. In addition, no further contract notification can be made to the 

central settlement systems. 

Power retail prices in the UK fell in real terms both for industry and households since the 

introduction of competition in 1991 up to 2003. From 2004 to 2008 prices have continued 

to increase as the result of increasing natural gas and coal prices and the introduction of the 

EU ETS. In 2009, the power prices were 0.11 and 0.14 EUR/kWh for industrial and 

household consumers respectively (Eurostat, 2010). Electricity taxes for households in the 

UK were among the lowest in IEA
3
 member countries (IEA, 2007). 

  

                                                 
3
 International Energy Agency whose members are Australia, Austria, Belgium, Canada, the Czech Republic, 

Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Japan, Korea, Luxembourg, the 

Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom, the 

United States 
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8 NETHERLANDS 

8.1 Power generation 

About three-fourths of the Netherlands’ total installed power generating capacity comes 

from steam turbines and combined heat and power. Significant new generating capacity 

has been proposed to come online from 2008 to 2014. Renewables’ (without waste) share 

in installed capacity (7% in 2006) is more than its share in generated power mainly due to 

their intermittent nature. The most common renewable energy source in the Netherlands is 

biomass. Nuclear energy has a minor share of the total capacity (2% in 2006) but because 

of its high capacity factor, the share of nuclear energy in total generation is higher than that 

of renewables (IEA, 2009). In 2008 the total power generation was 108 TWh and clearly 

dominated by gas; see Figure 8.1.  

 

 

       Total 108 TWh 

Figure 8.1 Power generation by source in the Netherlands 2008 (IEA, 2010). 

 

A net importer, the Netherlands imported 25 TWh in 2008, equivalent to about 23% of 

final consumption (excluding the energy industry’s own use and losses), and exported 

9 TWh via interconnections to Germany (see Table 9-1), Belgium and Norway (via 

NorNed sea cable, see discussion in Section 6.1). An interconnection to England is planned 

for 2010/2011 (BritNed) and research has begun on a sea cable to Denmark (Cobra cable).  

The Netherlands remains active on the joint implementation and clean development 

mechanism market of EU ETS as a buyer in order to meet part of its Kyoto emission target. 
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This is mainly due to the fact that the margin between the country’s realisable potential up 

to 2020 of renewables and its national target is very narrow, see Figure 8.2. 

 

 

Figure 8.2 Twenty percent renewables by 2020 – proposed national targets (Ragwitz, 

2009). 

 

Final power consumption is expected to grow at an average rate of approximately 2% per 

year until 2015, slowing down to about 1.5% per year by 2025-2030 (IEA, 2009). 

8.2 Power market 

Liberalisation of the Dutch power sector began in the late 1990s and the Netherlands’ 

power market has been fully liberalised since 2004. The security of power supply in the 

Netherlands has improved significantly and the volume of domestic supply is expected to 

increase sharply.  

With a goal of ensuring a stable and predictable policy framework for nuclear power, as 

well as enhancing security of supply, the Dutch government has decided to extend the 

operational life of the Borssele nuclear power plant. Initially it was scheduled to be shut 

down in 2013; decommissioning has been extended until 2033 (IEA, 2009). 

The five largest power generators in the Netherlands are Electrabel, Essent, Nuon, E.ON 

Benelux and Delta, which together manage over 70% of the installed capacity. For the 
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remaining generators, a large part of their capacity is in CHP, particularly distributed 

generation.  

There are 39 companies with a licence to supply power to residential customers and small 

and medium-sized enterprises. The three largest companies are Essent, Nuon and Eneco. 

Their market share was 80% in July 2007 and this market share has gone up mainly 

because of a takeover by Eneco of a smaller supplier. These three companies are fully 

owned by provinces and local governments. New entrant Oxxio is the fourth-largest 

supplier; see Figure 8.3. 

 

 

Figure 8.3 The approximate market shares of retail companies in Netherlands 2007 (IEA, 

2009). 

 

Transmission congestion on the Dutch grid is rare; when it does occur, it is resolved by 

grid operators. Congestion on cross-border interconnectors occurs more regularly. As over 

a fifth of domestic consumption is imported, cross-border congestion management is 

critical for operation of the Dutch wholesale market. In general, cross-border congestion 

occurs in the direction of imports (i.e. from Germany or Belgium towards the Netherlands) 

in particular. 

All retail customers are free to choose their own power supplier. Customer switching rates 

are generally at a rate that the government considers low. Switching rates of large 

industrial users are higher. Industrial and residential users are free to choose their own 

contract or pricing scheme. Currently, real-time pricing is only available to industrial users 

but residential users are generally offered only day- and night-time pricing (i.e. profile 

pricing).  
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The power market in the Netherlands is partially or fully integrated with the power markets 

of Belgium, Germany, France and Switzerland (often referred to as the Western European 

power market). Efforts are ongoing to couple to the Nordic and UK market (IEA, 2009; 

TenneT, 2010). 

Traders at local exchanges will announce supply and demand levels based on the available 

transmission capacity in the participating countries. The market coupling system then 

determines the prices to be established in the energy trading zones and the power imports 

and exports between the participating countries.  

The transmission system operators of France (RTE), Belgium (Elia) and the Netherlands 

(TenneT) allocate the available daily capacities through the market coupling mechanism 

which is operated by the power exchanges of France (Powernext), Belgium (Belpex) and 

the Netherlands (APX). 

Recent reform efforts have focused on enhanced metering data processes, partially in an 

effort to ease customer switching and facilitate demand response.  

Wholesale buyers and sellers of power can transact in the bilateral market, over-the-

counter market, the ENDEX forward market and the APX spot market. In addition, there is 

a balancing market for control and reserve power operated by TenneT.  

Producers and suppliers can agree to contract specifications among themselves, including 

the size, duration and term of power supplies. Parties can trade on the exchanges without 

brokers as intermediaries. In the APX electronic trading platform, individual hourly prices 

are established according to an auction (IEA, 2009). 

In 2009, the power prices were 0.09 and 0.14 EUR/kWh for industrial and household 

consumers respectively (Eurostat, 2010).  
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9 GERMANY 

9.1 Power generation 

Total power generation in Germany in 2008 was over 637 TWh. Coal makes up the largest 

share of installed capacity and power generated in Germany. Germany produces 

approximately 70% of its coal supply on an energy-equivalent basis. The share of power 

generated from nuclear energy has remained mostly steady since 1985. However, the 

German government put in place plans to phase out nuclear energy before 2030. However, 

the International Energy Agency (IEA) has recommended for these plans to be revised as 

nuclear power generation emits no greenhouse gases and thus can contribute immensely to 

the lowering of emissions on a pan-European and global scale (IEA, 2008).  

Germany is one of the European countries where policies on renewables and mainly feed-

in tariffs have been a success. Renewables (including biomass, solar, hydro and wind 

energy, and excluding non-renewable waste), especially wind, have shown the largest 

growth in power generation. Their share has grown at an average annual rate of 9% from 

1995 to 2005, rising from 3.9% in 1985 to 4.9% in 1995 and 10.1% in 2005 (IEA, 2008). 

Wind alone accounted for 6% of total power generation in Germany in 2008; see Figure 

9.1. 

In 2008, net exports were 20 TWh through Germany’s many interconnections with 

neighbouring countries.  

 

 

        Total 637 TWh 

Figure 9.1 Power generation in Germany 2008 (IEA, 2010). 
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The largest share of final power consumption, 45%, is used in the industry sector, followed 

by the residential sector and other sectors. Although small increases in the industrial sector 

are expected, small decreases in residential and other sectors cancel them out for the most 

part. Thus the total final consumption of power is expected to hold steady between 2010 

and 2030 (IEA, 2008). 

9.2 Power market  

Germany began the process of liberalising its power market in 1998. In accordance to EU 

requirements, the main features of the new legal framework relate to network access and 

transit fees, and separating network operation from companies’ other activities inside and 

outside the energy sector. Overall, Germany has elected to implement legal unbundling of 

monopoly networks from the competitive sides of the industry (IEA, 2008). 

Four large power companies dominate generation in Germany (E.ON, RWE, EnBW and 

Vattenfall) with three-quarters of generation in the country in 2005. The remainder came 

from independent generators, industry self-generators selling back to the grid and industry 

producing for its own use. The capacity ownership is illustrated in Figure 9.2. 

 

 

Figure 9.2 Capacity ownership in Germany 2005 (IEA, 2008). 

 

Germany has many interconnections to neighbouring countries. Interconnection capacity in 

2005 was 15 to 17 GW, see Table 9-1. However, this capacity is often congested. Cross-

border capacity is congested between 63% and 100% of the time on the borders with 

Denmark, the Netherlands and the Czech Republic (IEA, 2008).  
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The German regulator is the BNetzA which is a public agency under the Federal Ministry 

of Economics and Technology. Its decision-making bodies are ruling chambers with quasi-

judicial independence. 

The BNetzA has recently approved changes that improve the conditions for new entrants, 

including making smaller units for bids possible and lowering the technical requirements 

for participation. Furthermore, a common balancing market for all German control areas 

has been introduced (IEA, 2008). 

 

 Table 9-1 Available transfer capacities between Germany and its neighbours, winter 

2006/2007 (IEA, 2008). 

Available capacities in MW To Germany From Germany 

Austria 1,400 1,600 

Czech Republic 2,230 700 

Switzerland 4,000 2,400 

France 2,850 3,300 

Netherlands 3,000 3,800 

Denmark – West 1,200 800 

Denmark – East  550 550 

Poland 1,100 1,200 

Sweden 600 600 

Total 16, 960 14,950 

Note: Data for Belgium was unavailable. 

 

Germany does not have a single designated market operator for the entire country. Instead, 

load-serving entities and generators buy and sell power either on the European Energy 

Exchange (EEX), where Germany’s power is traded, or contract bilaterally.  

The EEX is the leading energy exchange in continental Europe in terms of turnover, 

second only to Nord Pool (Wikipedia, 2010). It operates market platforms for trading in 

power, natural gas, EU allowances and coal. It also operates a spot market for power which 

can be used to satisfy short-term needs of power or to sell short-term over capacities. 

Participants in the market can buy up to 75 minutes before every hour power for the 

specific hour. This market operates 24/7 without exceptions. The power can be physically 

delivered in Germany and France.  
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Liquidity in this market has been increasing, rising from 150 TWh in 2002 to nearly 

600 TWh in 2006. EEX offers trading in the four transmission zones of Germany, but there 

has never been price separation between the four areas (or Austria). Buyers post bids and 

sellers post offers to the market and EEX clears the market, providing a single price for all 

power bought or sold in that hour (IEA, 2008). 

In light of EU plans of integration of European power markets, the EEX is cooperating 

with Powernext, based in France, in running EPEX Spot SE which operates short-term 

trading in power for Germany, Austria, France and Switzerland. The joint market structure 

of EPEX Spot leads to more liquidity, transparency, and makes the market more attractive 

for participants, in addition to providing standardisation and harmonisation of the trading 

and clearing processes (Epex, 2010). 

Whether trading via EEX or using bilateral contracts, parties must submit balanced 

schedules for individual hours to one of the four transmission system operators in the 

country a day in advance. 

Intraday trading makes it possible for German market participants to change their 

schedules up to 45 minutes before every quarter-hour in order to be in balance. Generators 

or load are charged the full costs incurred from their schedule deviations. Capacity is 

tendered separately as operational reserves to serve as a back-stop in case of unpredictable 

disturbances. On the other hand, some consider guaranteed capacity payments to be 

necessary to secure supply.  

Currently all customers are free to choose their own suppliers. However, price controls are 

still maintained for the smallest consumers (mostly households). 

Compared to other nearby countries, Germany’s power prices for domestic and industrial 

retail customers are quite high. In 2006, prices were more than 25% above the average 

price for domestic customers in twelve European countries, as well as higher than in the 

Netherlands, Belgium and Denmark (IEA, 2008). In 2009, the power prices were 0.10 and 

0.14 EUR/kWh for industrial and household consumers respectively (Eurostat, 2010). 

For a domestic customer, the largest single cost is the network charges, which make up 

almost 30% of the monthly energy bill. Following network charges, the provision of 

energy takes up about 20% of the total bill. Germany has relatively high fiscally induced 

charges, such as the concession fee, electricity tax, Renewable Energy Sources Act (EEG) 
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and Cogeneration Act. In aggregate, government-mandated taxes and other charges make 

up the largest share (nearly 40%) of the total.  

In order to keep German industries competitive with those of other countries, the 

government has capped the amount that industrial customers must pay for EEG, which 

funds Germany’s renewable feed-in tariff at a maximum of 0.5 eurocents per kWh (IEA, 

2008). 
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10 CONNECTING TO OTHER POWER MARKETS 

Economic theory states that within the same perfect market the price should be the same. 

Thus, it is most likely that by connecting to another power market where the price is much 

higher, the price of power in Iceland will rise as well (Jonsson, 2010). This will not be very 

popular among the Icelandic people who are used to low power prices. However, these 

power price hikes can be looked upon in a positive manner. 

Due to this rise in power prices, power generators will earn significant profits. Power 

generators owned by the government will most likely return those profits to the public 

through dividends as well as taxes. The government can then intervene either by setting 

price caps on power sold to households or by subsidising household consumption of 

power. It could also use the profits for general purposes such as lowering taxes to increase 

the welfare of the public. A committee of the Icelandic parliament has suggested a specific 

resource fee in leasing water and geothermal rights to private parties (Tryggvason, 2010). 

This fee could be set, for example, by the auctioning of these rights. 

Ideally, policy should address how these profits should be shared and how much dividends 

should be paid in advance to both public and privately owned companies. This is crucial 

for the operational environment of power generators in Iceland. 

In addition, by exporting power the increase in export revenue will aid in the recovery of 

the Icelandic currency and the strengthening of the federal currency reserve (Jonsson, 

2010). 

On a practical note, the utilisation of energy resources improves the efficiency of the 

power system. A connection to another power market also increases grid safety. 

On the whole, the effects of power export should be positive.  

10.1 How does exported power from Iceland tie into possible export 

markets? 

Growing concern over global warming and environmental issues favor power generated 

from renewable energy resources such as hydro and geothermal, the two main energy 

resources used in power generation in Iceland. In Germany, the Netherlands and the UK 

renewables still represent only a small fraction of total power generation. Coal power 

generation represents a large share of total generation (almost half in Gemany) so it is 
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foreseeable that these countries will have to reduce their share and increase the share of 

less polluting options if they are to reach the EU emission goals. Importing power from 

Iceland would increase their share of renewables in total final consumption of power and 

help them reach their EU goals. As 98% of generated power in Norway is hydro, the 

“greenness” of Icelandic power supply is not of added value in this case.  

The UK has high potential in onshore and offshore wind and the local wind power sector is 

seeing increased investments. Therefore, it is likely that wind will increase its share from 

its current 2%. In Germany, favorable financial incentives have spurred a huge investment 

in wind power generation, and it already represents 6% of total generated power and 4% in 

the Netherlands. Considering only the compatability of wind and hydro power generation, 

Germany is the most feasible option. 

Many power plants in Europe are getting old and reaching the end of their useful life and 

need to be replaced or renewed. Over the next two decades, the UK will need substantial 

new investment in power generation capacity to replace closing coal, oil and nuclear power 

stations and to meet expected growth in power demand. During this transition, supply 

might not be able to meet demand at peak times. This translates to undesirable price spikes 

unless power is supplied from other than domestic sources (e.g. interconnections). 

Although demand is forecast to remain relatively flat in Germany, there is still demand for 

a new supply of power in order to replace existing plants, particularly nuclear plants slated 

for closure. This power could be provided in part by imports. 

In the Netherlands, there is a proposal for a significant new generating capacity to come 

online as well as new interconnections over the next few years to meet demand and to 

resolve the cross-border congestion. These congestions occur regularly in the direction of 

imports to the Netherlands and pose problems to system operations. An interconnection to 

Iceland could therefore be a good option for the Netherlands in this case. 

Norway is faced by increasing demand for power and decreasing options for additional 

hydro power plants. It needs to look for new generation possibilities to compensate for 

years of low precipitation. It has vast wind potential and its vast net of interconnections 

provide Norway with many import options, not making cross-border congestion a 

significant issue for security of supply.  

Although cross-border congestion is not an issue in the UK, there is a bottleneck in 

transmission from Scotland to England. Hence, Scotland is not a feasible location for a 
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power interconnection but it could possibly be connected to the grid elsewhere to avoid 

this bottleneck. The government’s agenda to accelerate access to the grid for renewable 

power generators works in favor of imported power from Iceland. 

Obviously it is profitable for Iceland to export power when the price at home is lower than 

in the countries it exchanges power with. Power prices in all four markets are considerably 

higher than in Iceland. However, Norway has the most notable low price; see Figure 10.1 

and Figure 10.2. Others are above the EU average power price with similar price for 

households but the UK has a much higher price for its industrial consumers than the 

reference countries. 

 

 

Figure 10.1 Power prices for household consumers (Eurostat, 2010). 

 

 

Figure 10.2 Power prices for industrial consumers (Eurostat, 2010). 
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All the facts above considered (with the optimal properties listed in Section 4.3), the 

Netherlands, Germany and the UK are all feasible markets for export power from Iceland. 

Depending on the weight set on each issue above (e.g. demand, policy, access to grid, 

price, etc.), one could determine a possible best candidate. However, that would require a 

much more detailed analysis. 

Note that Eurostat prices include fiscally induced charges, such as electricity taxes and 

fees. As these charges are different between countries, the comparability to prices between 

countries is limited. To determine the best price for exported power, the generation price 

component would need to be identified. 

In this study, I have mainly focused on the connecting countries. However, Norway, 

Germany and the Netherlands are part of much larger power markets than only their 

domestic ones. As such, connecting to these countries could provide a platform for sales to 

other connecting countries. 
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11 CONCLUSIONS 

A key limitation in the distribution of power is that electrical energy cannot easily be 

stored in quantities large enough to meet demands on a national scale, and therefore it must 

be generated as it is needed. This property of power, that it cannot be held in stock in its 

final form, distinguishes the power market from other conventional commodity markets.  

The commodities within an electric market generally consist of two types: power and 

energy. The power commodity traded is net generation output for a number of intervals. 

A power market is a system for effecting purchases. Bids and offers use supply and 

demand principles to set the price of power in a day-ahead market. Where the aggregate 

supply curve intersects with the demand curve, the market clears and all participants that 

are dispatched get the market clearing price. Power is also often traded with bilateral 

contracts.  

Only a part of the power price is in fact direct generation and transmission costs. 

Distribution, commission and government taxes and fees (often reflecting cost of 

externalities like pollution) are sometimes a significant part of the power price. A fourth 

component, namely carbon price, is emerging. 

The export of power and the development of energy-intensive industries in Iceland are not 

mutually exclusive options. First and foremost, export should be considered as an addition 

to domestic sales. Being Iceland’s largest power company, Landsvirkjun is most certainly a 

key player in the possibility of the project being realised. Policy makers need to construct a 

framework that addresses points regarding ownership, operations and profits.  

An additional advantage of a power sea cable is that it will contribute to better utilisation 

of power plants in Iceland as well as increase energy security. 

The main conclusion of this study is that the Netherlands, Germany and the UK are all 

feasible markets for export power from Iceland considering demand, trends, policy and 

prices among other factors. Norway itself is not a feasible option but perhaps it could be 

when the Nordic market integrates further with other European markets.  

Also, by connecting to another power market where the price is much higher, the price of 

power in Iceland will rise as well. The profits made by power generators should be shared 

most obviously through dividends and taxes. Another way is to auction rights to utilise 

domestic energy resources.   
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Overall, exporting (and importing) power via sea cable is a good option given that power 

can be sold at a high enough price (and bought at low prices) and policy makers need to 

start moulding a framework around the ownership, operations and division of profits. In 

addition, if connecting to Europe, increasing installed capacity in current hydro power 

plants would improve the utilisation of the hydro resource and provide opportunities to 

increase profits by exporting more power at high prices. 

An additional result of this thesis is that to identify the best market to export to, a much 

more detailed analysis needs to be done which identifies power generation prices, 

including whole market area (not only connected country) as well as studying how much, 

what kind and when Iceland would be exporting/importing power.  

Further research is needed before a decision is made about whether or not to export power 

from Iceland via sea cable. For example, risk analysis of different aspects of the project, 

financial modelling and a study into what power plants it is feasible to increase installed 

capcity in. 
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