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Abstract 

Over the past decade, rapid growth of renewable energy technologies has resulted 

in substantial installed wind power capacities around the world. Integrating wind 

production into electricity markets has been a wide-spread challenge due to the 

volatile nature of wind speeds and correspondingly intermittent power output. 

Variable output can cause large imbalances in the system that must be corrected 

for by other generators. As the integration of wind power into existing electricity 

markets becomes more prevalent, wind farms face a growing responsibility to 

reduce these imbalances. Some countries have begun to hold wind farms balancing 

responsible, however the extent of responsibility varies between markets. This 

thesis evaluates the economic impact of a theoretical wind farm operating within 

the Icelandic regulating market. Under the current market structure in Iceland, all 

market participants are treated uniformly, and a dual-pricing strategy is 

administered to correct for the imbalances in the system. This project simulated 

potential power imbalances that would be caused by the theoretical wind farm 

using limited forecast data and modelled the associated financial outcomes that 

arose as a result of failing to uphold scheduled commitments. The economic 

viability of the wind farm was analyzed for three primary scenarios. These 

scenarios involve the wind farm operating in the following capacities: as a 

standalone entity without supplementary balancing, as an entity with access to 

external balancing capacity provided by a hydropower plant, and as an internally 

balanced entity using self-proportioning strategies. It was determined that the 

current market structure in Iceland is not suited to support a standalone wind farm, 

and internal balancing strategies offered only minor improvements. External 

balancing with hydropower proved to drastically reduce imbalancing errors and 

provide a financially positive result for the wind farm, thus demonstrating the best 

operational perspective. Ultimately, it was clear that developing an accurate 

prediction model for a wind farm is critical to perform successfully.  

 

 

Keywords: electricity market, wind power, balance responsibility, balancing 

strategy, imbalance costs
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Efnahagsleg áhrif íslenska raforkumarkaður 

 á vindorkuframleiðanda 

Gaynor McIlraith 

júní 2018 

 
Útdráttur 

Á undanförnum áratug hefur hraður vöxtur endurnýjanlegrar orkutækni leitt til 

aukinnar nýtingu á vindorku í heiminum. Vegna eiginleika vindsins þá er 

vindorkuframleiðsla breytileg og hefur það verið víðtæk áskorun að ná að samlaga 

vindorkuframleiðslu að raforkumarkaðnum.  Breytileg raforkuframleiðsla getur 

valdið óstöðugleika í kerfinu sem þarf að leiðrétta með notkun annara orkugjafa. 

Eftir því sem vindorka verður stærri hluti að núverandi orkumarkaði þá eykst 

mikilvægi þess að lágmarka þau áhrif. Sums staðar í heiminum hefur verið tekið 

upp á því að láta vindorku iðnaðinn bera ábyrgð á framleiðslu stöðugrar orku, en 

það er misjafnt á milli markaða hversu mikil sú ábyrgð er. Í þessari ritgerð voru 

metin þau efnahagslegu áhrif sem fræðilegur vindgarður hefði á íslenska 

eftirlitsmarkaðinn. Núverandi markaðsuppbygging felst í því að allir aðilar að 

markaðnum eru meðhöndlaðir á sama hátt þar sem tvískipt verðlagningstefna er 

notuð til að leiðrétta óstöðugleika í kerfinu. Í þessu verkefni var hugsanlegur 

óstöðugleiki í orkuframleiðslu sem fræðilegur vindgarður gæti haft hermdur ásamt 

gerð líkans sem tók mið af þeim fjárhagslegu áhrifum sem gætu orðið ef ekki tækist 

að viðhalda áætluðum skuldbindingum í orkuframleiðslu. Efnahagsleg hagkvæmni 

vindgarðs var greind í þremum aðalatriðum. Í fyrsta lagi að vindgarðurinn starfi 

sjálfstætt án tilrauna til stöðugleika, í öðru lagi að vindgarður starfi sjálfstætt en 

með aðgang að vatnsaflsvirkjun sem gæti tryggt stöðugleika með ytri 

jafnvægisaðgerðum, að lokun með þróun á eigin aðferðum sem gætu tryggt 

innbyrðis stöðugleika. Niðurstaðan var að núverandi markaðsskipulag á Íslandi sé 

ekki til þess fallin að styðja við sjálfstæða vindgarða og að innbyrðis 

jafnvægisaðgerðir bjóði einungis upp á minnháttar úrbætur. Með notkun á 

vatnsaflsvirkjun sem ytri jafnvægisaðgerð reyndist draga verulega úr óstöðugleika 

í orkuframleiðslu ásamt því að veita fjárhagslegan stöðugleika fyrir vindgarðinn. 

Sú lausn reyndist því sýna bestu rekstrarhorfurnar. Að lokum var ljóst að þróun á 

spálíkani fyrir vindgarða skiptir miklu máli til að ná sem bestum árangri.  
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Chapter 1 

1Introduction 

Electricity has undoubtedly become an integral aspect of societal normality. Today all 

personal, professional and industrial pursuits depend on electricity. Most projections agree 

that as society continues to advance, electricity demand will likely increase in parallel. 

Throughout history as technological innovations have accelerated, the demand for electricity 

has coevolved in tandem. Conventional sources, traditionally depended upon to produce 

electricity, have become controversial due to growing concerns regarding sustainability and 

preserving resources for future generations. As a result, renewable energy sources (RES) 

have been promoted as a solution to accomplishing a low-carbon future and satisfying global 

political targets. This attention has accelerated technological advancement, allowing RES to 

produce wholesale power quantities, integrate into pre-existing infrastructure, and operate 

alongside other resources in established electricity markets.  

Over the past decade, wind energy has become one of the most universal RES used 

worldwide [1], largely due to its ability to exist in any location with favorable wind 

characteristics1. Within 11 years, wind energy grew to the second largest power generator in 

the European Union (following natural gas), showing a 178% increase in installed capacity 

from 41 gigawatts (GW) in 2005 to 154 GW in 2016, as shown in Figure 1.1 [1]. Similar 

positive trends are resembled on a global scale and are expected to continually increase to a 

global output of 792.1 GW by 2020, as stated by the Global Wind Energy Council (2015) 

[2].  

                                                      
1 However, there is often societal resistance against building turbines nearby homes or other buildings – a 

common phenomenon referred to as “not in my backyard”. 
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Figure 1.1 Cumulative power capacity in the European 

Union between 2005-2016 [2]. 

 

Integrating large-scale wind generation into the electrical network can be challenging 

due to the volatile nature of wind speeds that make power output unpredictable. As electrical 

storage in large abundances has not yet become readily affordable, electricity must be 

generated as it is consumed. Most electricity markets designate a submarket to ensure supply 

and demand are equal. This market is commonly referred to as the regulating market. Within 

the regulating market, the transmission system operator (TSO) is typically responsible for 

upholding a balance throughout the transmission system at all times. To accomplish this, the 

TSO delegates responsibility onto the participants in the regulating market. Participants are 

required to either remain responsible for upholding their promised generation quantities 

(named Balancing Responsible Parties), or required to supply electricity in short referral 

durations in order to regain balancing in the system (named Balancing Service Providers) 

[3]. Usually balancing responsible parties represent large, stable entities that can be relied 

upon as a secure resource in the system, whereas balancing service providers are entities that 

provide smaller quantities of electricity without advanced notice. 

The attributes of wind power are well-suited for implementation as a balancing service 

provider. The intermittency of wind speeds requires wind forecasting to be conducted in 

short referral periods. Further, the accuracy of wind speed forecasting improves as the time 

between the forecasted and observed values decrease [4]. Thus, it is common for wind 

energy to participate in this role, where the extent of commitment is dynamic and occurs 

near to the time of delivery [5].  

Yet increasing shares of wind energy necessitate wind farms to take responsibility for 

their production as it is not possible to integrate substantial quantities of wind energy 

efficiently without actively planning the output. Various countries have begun to hold wind 

farms balancing responsible, therefore requiring their generation, consumption and trade to 

align with a pre-arranged schedule. Typically, when a balancing responsible party is unable 

to meet their scheduled activity, penalties arise in order to correct for the imbalances 

imposed on the system. However, in determining an appropriate way to assimilate wind 

energy into this role, there are discrepancies regarding the extent of error the wind farm is 

responsible for [6]–[8]. For instance, some countries offer supporting mechanisms such as 

shared financial responsibility or cost subsidies to the wind farms, whereas other countries 

offer no exceptions. 

In this study, a hypothetical wind farm located in Iceland was used as case study. Despite 
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the undoubtedly strong wind resource in Iceland, there are currently only two test turbines 

that exist within the country. Instead, nearly all electricity is generated by relatively stable 

sources: hydropower and geothermal energy. The existing Icelandic market regulation 

requires each participant to be defined as a balancing responsible party and the errors are 

corrected using balancing service providers in the regulating market. Integrating a wind farm 

into the marketplace as a balancing responsible party will require extremely accurate 

forecasting to successfully schedule the power output and reduce induced errors. If the wind 

farm is unable to meet their scheduled output, not only will the regulating market be more 

actively demanded, but the wind farm may also be faced with significant correction fines.  

There are many aspects that have to be considered in introducing wind power as a major 

market player in the Icelandic system. It must be acknowledged that the current system is 

relatively small and was established to support stable resources. Furthermore, the reserve 

capacity is limited at 40 MW and has proved to be sufficient with current generators, 

however has been proven to be insufficient if a wind farm were to be introduced into the 

energy mix [9]. 

This study investigated if it’s possible for a wind farm operator to survive in the role of 

a balancing responsible party under Iceland’s current market structure. To determine if this 

was feasible, the forecasted and observed power outputs were modelled and analyzed using 

a time series analysis. The residual error was also modelled to demonstrate the extent of 

imbalance imposed by the wind farm. Then, the error was applied to a revenue and cost 

function to simulate the economic standing of the wind farm with regards to the balancing 

outcome.  

This analysis focused on three main balancing scenarios to understand the potential 

outcomes under varying arrangements. The components of each scenario are outlined in 

Figure 1.2.  Scenario 1 considers a standalone wind farm in two environments. The first 

branch illustrates the potential of the wind farm to exist on its own without any additional 

power balancing or access to favorable market regulations. The second branch applies an 

overproduction cap2 to the standalone wind farm to determine how it would perform with 

consideration of Iceland’s market regulations. Scenario 2 evaluates the wind farm with 

access to various quantities of balancing energy from a hydropower plant. The capacities of 

balancing energy considered include: 5%, 10%, 15% and 20% of the hydropower’s yearly 

output. Finally, Scenario 3 assesses the wind farm that is internally-balanced by 

incorporating two divisions of power. The first resembled a 90/10 division, where 90% of 

the park power curve was applied for scheduled production, and 10% was used to reduce 

negative imbalances if an hour demanded it. The second resembled a 70/30 partition, where 

70% was used for scheduled production and 30% was used as potential extra capacity.  

                                                      
2 A maximum limit imposed on positive residuals that can be created by the wind farm each hour (MWh) 
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Figure 1.2 Outline of balancing scenarios applied to wind 

farm participating as a balancing responsible party. 

 

For each scenario, the following sub questions are acknowledged:  

• Are the proposed conditions suitable and/or favorable for the balancing responsible 

party to exist within?  

• What amount of balancing energy is required? 

• What is the net profit after considering all profits and costs, on a yearly basis? 

 

Ultimately, the purpose of this project is to determine if the outlined scenarios are 

suitable to support a wind farm in Icelandic power system as a balancing responsible party, 

or whether supplemental conditions are required for it to be successful. The structure of this 

thesis is as follows:  

Chapter 2 begins with a wholesome overview of electricity markets and the role of wind 

power. An emphasis is directed to the regulating market including its structure, its 

considerable variables, and the participants within it. Finally, balancing responsible parties 

are thoroughly described.  

Chapter 3 provides an overview of wind energy development and its role within 

balancing responsible parties. Furthermore, the regulations throughout various European 

countries to support wind energy with balancing responsibility are discussed. The purpose 

of this chapter is to provide a framework regarding how wind energy could fit into the role 

of a balancing responsible party, potentially with additional regulatory support. 

Chapter 4 sets the boundaries for the case study in this research project. Iceland’s 

regulating market structure is thoroughly explained and a description of the data collection 

site is described. This establishes the basis of the rest of the research project which is 

described in the following chapter. 

Chapter 5 outlines the methodological approach used in this project. The chapter outlines 
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and describes: the forecasting model used, the necessary data formatting, assumptions and 

limitations of the analysis, the conversion between wind energy and electrical power, the 

calculation of residual energy, and finally, the estimations used to evaluate the financial 

outcomes.  

The remaining chapters describe and discuss the results of the analysis with respect to 

each scenario and sub questions. Chapter 6 outlines the quantitative results, Chapter 7 

discusses the limitations of the model, and Chapter 8 provides an overall discussion of the 

methodology, results, and analysis of the project.  

Finally, Chapter 9 provides concluding remarks of the project at hand and suggests areas 

of future research within the scope of the project.  
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Chapter 2 

2Electricity Markets 

An electricity market is defined by two interdependent segments: the physical grid and 

the exchange of money. The physical network refers to the infrastructure that permits the 

flow of electrons from the generator to the consumer. This includes the infrastructure 

relating to electricity generation, electricity-transport systems (both transmission and 

distribution), and consumption. On the other hand, the organized electricity market refers to 

the organized flow of money between participants, i.e. where money is exchanged between 

electricity generators, consumers or third parties, through the acts of selling, buying and 

trading. 

Both segments of electricity markets have experienced sizeable changes due to strong 

historical growth of electricity consumption. However, the (current) lack of large scale 

economically-viable storage solutions forces marketplaces to ensure equalization of supply 

and demand to avoid critical consequences. This proves to be challenging as demand 

fluctuates rapidly and supply can be unpredictable, yet both sides must balance on near-

instantaneous time frames.  

Although the physical grid and the economic marketplace are co-dependent on one 

another, this study will focus on the latter, where money is systematically traded. Thus, when 

this paper refers to the electricity market, is it referring to the economics of the marketplace, 

and not the engineering concepts behind the physical entities. 

The existing electricity market structure is a result of widespread market liberalization 

throughout electricity markets worldwide. Prior to the 1980’s, the electrical industry was a 

vertically integrated structure with organized segments that were either state or privately 

owned and all components of electrical supply (generation, transmission, distribution, and 

retail supply) were bundled together at a price determined by a natural monopoly [10]. The 

current configuration of the physical and economical networks displays the result of 

unbundling the former market structure to promote efficiency and reduce costs. Nowadays, 

regulation only exists through transmission and distribution segments, and generators 

compete to produce the cheapest form of generation to supply consumers with the most 

efficient price possible. RES has added to the competitiveness between generators by 

providing lower costs per megawatt than many conventional resources.  

There are four primary participating roles in the liberalized market structure. The 

transmission system operator3 (TSO) represents the regulated entity that connects the 

physical and economic segments of the electricity market. The TSO is responsible for all 

operational activities within the transmission and distribution system such as ensuring 

system stability, reliability, and by balancing supply and demand between generators and 

consumers. A generator refers to an entity that produces electricity with an intent to sell it 

to a receiving party. Consumers are the end-users of electricity who are charged per quantity 

of consumption. Finally, the electricity market regulator is responsible for overseeing the 

                                                      
3 Grid operators are called different names in different regions. In Europe, they are referred to as TSOs; in 

India, they are called load dispatch centers; in the United States, they are referred to as regional transmission 

organizations (RTOs) or independent system operators (ISOs) [37] 
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functionality of the market, establishing the design characteristics, and ensuring all rules are 

followed.  

2.1 Organized Electricity Markets  

The widespread deregulation and liberalization of electricity markets prompted the 

establishment of competitive wholesale electricity markets. In these marketplaces, 

generators compete under established market regulations to produce electricity. Generally, 

there are two main overarching models of organizational electricity markets: Bilateral 

Contracts Model (decentralized markets) and Power Pools (centralized markets) [11]–[13]. 

Further, intricate submarkets with varying parameters branch from these overarching 

marketplaces to ensure supply and demand are equalized.   

Around the globe, various market structures and strategies are used to accomplish the 

objective of the submarkets. Submarkets exist within the overarching marketplaces to 

address specific requirements pertaining to supply and demand. Each submarket involves a 

contract agreement established between parties that outlines the responsibility of each entity. 

Common examples of the components included within the contract may consist of the 

deliverable amount of electricity, the time of delivery, the time lapse between agreement and 

delivery, and the nature of trade. The ways in which the submarkets are connected and 

interact is commonly referred to as the market design. Common examples of submarkets 

include the intraday market, the day-ahead market, and the regulating market. Each of these 

examples are described in Chapter 2.1.2 in greater detail.  

2.1.1 Bilateral Contracts 

A bilateral contract involves two parties (buyers and sellers) that agree to a contract 

regarding the delivery of electricity [12]. Bilateral trading takes place outside of the power 

exchange, and gives the two parties complete flexibility to negotiate terms to their specific 

desires [4], [12]. However, contract agreements tend to be expensive and time-consuming, 

explaining why bilateral trading typically involves the delivery of large quantities of power, 

for a long period of time [12].  

Over the counter trading is a bilateral trade that exchanges smaller quantities of power 

for shorter, and more standardized demand profiles [12]. Over the counter trades also 

typically involve an agent that acts as mediator between the buyers and sellers [11].  

2.1.2 Power Pool 

In the power pool, electricity is traded through a centralized market where all generating 

companies submit a coupled price-quantity offer for the electricity they can supply [11], 

[12]. The coupled statement the generator submits to the TSO is usually complex, and takes 

into consideration factors such as start-up time, start-up costs, and non-running costs [12]. 

However, there is no guarantee that their bid will be selected by the TSO, because the 

cheapest bid for generation is given priority [11], [12]. 

Submarkets in the power pool are commonly distinguished by the time lapse between 

closing the contract and delivery. Some examples of common submarkets are: 

 

a) Day Ahead Market/Spot Market: The prices and quantities are based strictly on the 
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intersection of supply and demand [4]. The amount of time existing between 

submission and delivery is minor; bids are typically no longer from midnight and 24 

hours ahead of delivery [4]. For example: the former England and Wales Pool.  

b) Intraday Market: The prices are distinguished according to amount of supply and 

demand, and the time lapse exists somewhere in between the spot market and the 

regulating market [4].  

c) The Regulating Market4: The regulating market is responsible for ensuring supply 

can meet demand when generation differs from forecasted production, and provides 

power to the electrical grid to counteract the imbalances in the day-ahead scheduling 

[4].  

 

Each submarket is designed to incorporate every generation resource while maximizing 

the efficiency on the grid in a competitive manor. Although submarkets are designed to 

operate separately, the regulating market plays a primary role in eliminating the unplanned 

differences that occur when supply or demand deviate from the predicted schedule.  

Within the regulating market, there are three main entities (balancing responsible parties, 

balancing service providers and the TSO) that have unique responsibilities to correct for any 

inaccuracies within the overarching marketplaces. This research project focuses on the role 

of wind power as a balancing responsible party in the regulating market, and the economic 

effect of the imbalances it creates. Thus, the regulating market is thoroughly described in 

the subsequent subchapter.  

2.2 The Regulating Market 

The success of the regulating market is closely reflected in the performance of the 

overarching marketplace. The purpose of the regulating market is to ensure supply and 

demand are equalized between generators and consumers. When conducted successfully, 

inefficiencies and congestion on the grid are minimized, and in turn, costs are significantly 

reduced. This research project investigates the ability of a wind farm to bear the role of a 

participant with substantial responsibility in the regulating market. In order to understand 

the entirety of this, a reference design of the regulating market will be utilized to explain the 

main actors and their respective roles, as well as the progression of phases that occur within 

the marketplace structure.  

This subchapter will begin by describing the three main actors in the regulating market: 

the balancing responsible party (BRP), the balancing service provider (BSP), and the TSO. 

Then, a reference model of the regulating market is used to demonstrate the three main 

phases that occur: balance planning, balancing service provision, and balance settlement. 

Finally, the variables within the market structure design are discussed.  

2.2.1 Balancing Responsible Parties 

As previously mentioned, the role regulating market is to ensure supply and demand are 

equalized between producers and consumers at all times. This all-encompassing 

responsibility is typically occupied by the TSO. However, within a marketplace, it is 

common to have large entities that produce, consume or trade a substantial portion of 

electricity relative to the total share of electricity in the market. In these cases, the TSO will 

                                                      
4 Sometimes referred to as the balancing market 
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delegate balancing responsibility onto these entities, and require the party to internally 

manage their own electrical activity. This type of entity is commonly referred to as a BRP.  

A BRP is a party that guarantees to the TSO, through a written agreement, that a balance 

will exist between electricity procurement and electricity disposal (Landsnet, 2009). For 

example, the sum of an entity’s injections, withdrawals and trades must be equalized over a 

given timespan for a given region. This requires BRPs to forecast and schedule their 

electrical activity ahead of time, and subsequently maintain these commitments throughout 

each designated time period. Ultimately, this outsourced responsibility greatly assists the 

TSO in maintaining an equilibrium for a given area within the system [3], [8] 

The TSO also relies on the BRP for a stable resource of electricity that can be depended 

upon to provide safe and secure electricity to consumers. The act of holding BRPs 

responsible provides an incentive to forecast their electrical activity as accurately as 

possible. Usually, a BRP will also account for some flexibility within their profile to account 

for losses or surpluses in order to produce a secure output. This flexibility can be arranged 

any way the BRP wishes to account for its electricity transactions. For example, flexibility 

can be achieved either by internally balancing between multiple power plants, or by 

preplanning balancing abilities before submitting the schedule as a standalone producer. 

Ultimately, attractive traits within a BRP include flexibility, and the ability to control their 

resource in order to provide a secure and optimal output. 

Although the balancing commitment remains true for BRPs around the world, there are 

many different configurations in how they are applied. For example, a BRP may be a stand-

alone generator, be made up of several entities through a virtual power plant, or be internally 

balanced with connection to another producer/consumer [3], [14]. Furthermore, there is not 

one uniform regulating market design that exists throughout nations. Instead, there are many 

different combinations of market variables that attempt to satisfy all energy mixes and 

energy generators in their respective regions. This is explained further with regards to wind 

energy in Chapter 3.  

2.2.2 Balancing Service Providers 

A balancing service provider (BSP)5 is an entity that can provide electrical buffering at 

short notice. BSPs are required when a BRP is unable to meet their scheduled electrical 

activity, thus causing an imbalance in the grid. When imbalances occur, this participant is 

used to correct for these errors and to ensure system stability on short notice [15]. BSPs can 

provide balancing services in two directions: up-regulation or down-regulation. Up-

regulation correlates to a lack of electricity in the system, thus demanding increased 

generation or decreased consumption. On the other hand, down-regulation is required when 

the system exhibits a surplus of energy, thus requiring a reduction of generation or additional 

consumption.  The ways in which BSPs are selected vary depending on the marketplace 

design.  

2.2.3 Transmission System Operators 

Evidently, the TSO performs a fundamental management role to coordinate the 

regulating market. The TSO can be thought of as a mediator between the BRPs and the 

BSPs. As previously mentioned, the BRP must have a written arrangement with the TSO 

                                                      
5 Sometimes referred to as an ancillary service provider 
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and submit a detailed production, trade and consumption schedule ahead of time. Once 

received, the TSO must review each respective schedule to ensure supply and load are 

equally accounted for at all times. As time of delivery approaches, if there are notable 

imbalances at any time, the TSO is responsible for purchasing reserve supply from BSPs to 

maintain balance in the system in a fair and realistic manor [16]. Ultimately, the TSO must 

remain organized and prepared in any situation, to ensure the grid functions properly.  

2.3 Market Reference Model  

The structure of the regulating market encompasses three main phases. Figure 2.1 

illustrates the basic structure of the following reference model described. 

 Firstly, in the balancing planning phase, a BRP will submit a detailed power schedule 

to the TSO. The schedule must outline the electricity production and consumption for a 

scheduled time unit (STU).  In most markets, schedules must be submitted once a week and 

consist of electricity activity for every hour for the next seven days. It is common that BRPs 

are able to amend or revoke their submission after the schedule has been submitted, however 

submissions become binding up to 45 minutes before the hour of delivery [6].   

Similarly, during the balancing service provision phase, BSPs will submit balancing 

service bids that include coupled price-quantity proposal and distinguish a balancing 

direction (upward or downward) for a STU. Once submitted, the TSO organizes the bids by 

price order to secure system balance in the most economically-efficient manner possible [3]. 

At time of delivery, the TSO is responsible for keeping the control areas in balance at all 

times [17].  

Finally, during the balance settlement phase, the performance of a BRP is evaluated. 

BRPs who were unable to uphold their commitment are penalized and activated balancing 

energy from BSPs are compensated. All imbalancing settlements are calculated on an STU 

basis  [17]. Settlement arrangements vary by market design. Generally, BSPs who provided 

upward regulation receive the determined upward regulation price per quantity supplied. 

Similarly, BSPs who provided downward regulation are charged the determined downward 

regulation price per quantity supplied. Classifying the upward or downward regulation price 

is variable between marketplaces, but generally depend on regulation and the imbalancing 

costs realized by the system to make up for the unscheduled differences on the system [3]. 
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Figure 2.1 Reference model for a regulating market ordered 

by time of occurrence and participant. The black arrows 

indicate formation and white arrows indicate money transfer 

[3]. 

2.3.1 Market Design Significance 

 The market design is determined by the ways in which market variables are defined and 

connect to one another. The market design defines the boundaries for each variable, actor, 

and phase within the marketplace. Thus, the boundaries have great significance on the ability 

of each actors’ participation. Significant market design variables include the initial gate 

closure period, the STU, availability and transparency of market information, and minimum 

BRP thresholds permitting their participation in the market. Furthermore, balance settlement 

variables such as allocation of balance capacity and energy costs, imbalancing pricing 

mechanisms and timing of settlements, will influence the intensity of penalties and influence 

the risk associated to imbalances. For example, a market focused on reducing the magnitude 

of BRP errors may instate a later gate closure time to promote better forecasting accuracy. 

On the other hand, a marketplace determined to enhance the participation of BSPs may 

prioritize other market variables. Ultimately, the structure of the regulating market is 

extremely influential on the success of the participant and greatly influences their ability to 

be successful. The following discussion emphasizes BRPs and the marketplace variables 

that impact their ability to uphold their balancing commitment.   

There are various strategies a BRP can take on to uphold their balancing commitment. 

Portfolio balancing is defined as “the BRP activity of balancing the energy portfolio in order 

to minimize imbalance costs, and involves generation and load forecasting, short-term 

market trading, and "internal balancing" (i.e. the real-time adjustment of generation of 

consumption within the BRP portfolio)” [3]. Portfolio balancing promotes balancing 

flexibility and control over the resource in case the original scheduled activity is disrupted. 

This is advantageous in a market where most of the BRPs encompass many units. However, 

this strategy also discourages the incentive to produce precise forecasts, and furthermore 



12  CHAPTER 2: ELECTRICITY MARKETS 

   

requires an organized marketplace to support frequent internal trades. This can also 

complicate matters for the actors depending on the locational segments that define balancing 

zones, and the interconnectivity of the transmission infrastructure. On the other hand, in 

marketplaces where BRPs consist of one or few units, there is a high incentive to forecast 

and schedule electrical activity accurately since there is less opportunity to make up 

miscalculated energy.  

It was discovered by R. Van der Veen & R. Hakvoort (2016) that imbalance pricing 

mechanisms had the greatest impact on the accuracy of balancing conducted by BRPs, 

specifically concluding that single balancing pricing was a vehicle for accurate forecasting 

as it provided an incentive for producers to overproduce rather than under produce their 

electrical activity [3]. Single imbalance pricing is a strategy that applies the same BEP 

regardless if it’s contributing towards upward or downward regulation. Thus, there is a 

potential for producers to generate a revenue from imbalance settlements by providing a 

positive imbalance when the overall system balance is negative.  

Portfolio balancing also has a direct impact on the trade-off between balance planning 

accuracy and market efficiency. For example, an efficient BRP with immense flexibility 

may be inefficient for the market if a BRP chooses to withhold their balancing resources, 

thereby prioritizing internal portfolio balancing and decreasing their risk of imbalancing cost 

penalties. Ultimately, cost allocation efficiency can be affected by prominent imbalance 

prices thus promoting strong balance planning accuracy within BRPs.  

Furthermore, market exploitation is possible if a BRP takes advantage of the market 

structure to manipulate their power output in a favorable way. For example, a BRP could 

purposely over forecast their production to intentionally create a positive power residual and 

generate a positive associated revenue. Similarly, the BRP may intentionally under forecast 

production when it is not optimal to operate, buy cheaper electricity from other sources and 

obtain the remaining financial benefits. To avoid these instances, regulations must be in 

place and activity must be closely monitored by the energy authority to ensure each 

participant is acting appropriately. 

Establishing concrete thresholds that a BRP must operate within can improve the 

performance of a BRP within the marketplace. For example, if a maximum negative residual 

constraint was instated, the BRP would be forced to perform above this boundary. However, 

defining such a constraint may be quite complex in marketplaces where a wide-spectrum of 

generating resources exist. The difficulties associated to instating uniform market 

boundaries pertaining to all resources describes the challenges many markets are facing in 

attempt to consider wind energy with balancing responsibility. Some markets have opted to 

treat wind differently and provide supporting regulation to introduce wind into the 

marketplace. Other markets value a uniform regulatory approach and prioritize transparency 

and fairness between all resources. However, uniform treatment in a marketplace may be 

more inefficient and suffer higher costs imposed on the marketplace as a result. Some 

examples of discriminatory regulations are discussed in Chapter 3.1 and Table 3.1 with 

regards to supporting wind energy as a BRP participant.  
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Chapter 3 

3Wind Energy  

Wind power is produced by converting kinetic energy into electrical electricity using a 

wind turbine. Wind energy is arguably one of the most universal forms of renewable energy 

technologies due to the minimalistic physical conditions it requires to operate. Although 

limited by the Betz limit6, the amount of electricity that can be generated by a wind farm is 

largely determined by the wind speeds. The inherent volatility of wind speeds creates 

challenging conditions for wind park owners to forecast their power output in advance. It is 

argued by Blanco et al. (2012) that accurately predicting the amount of supply that will be 

produced from a wind farm is possible from only 12-36 hours in advance [4]. Resultantly, 

wind power is most commonly sold in markets with short temporal commitments, such as 

the day ahead or intraday market, or used as a balancing service to regulate generation up 

and down at short notice [5]. 

Accelerated growth of wind energy over the past decade has led to substantial 

technological improvements and systematic inclusion of wind energy in global energy 

portfolios. The motivation to actively encompass wind energy can be attributed to many 

factors, including global political commitments to increase RES investment and 

simultaneously decrease carbon dioxide emissions. There are also several economic benefits 

also associated to increasing the shares of wind energy in energy markets. Firstly, it limits 

the exposure of fuel price volatility on the economy and reduces the uncertainties 

surrounding fuel imports from politically unstable areas at volatile and high prices [4]. 

Secondly, wind energy is often sold at prices cheaper than conventional sources, due to 

minimal operating costs, such as fuel. As a result, wind energy is usually first in the merit 

order, thus reducing overall costs for all parties [4]. Furthermore, wind generation does not 

typically vary on a minute-to-minute scale, but rather on an hourly basis which directly 

correlates to electricity demand by consumers [4]. Therefore, as wind power increases in 

shares of total power supply around the world, it not only becomes an important power 

player, but also has a significant influence on the prices realized by the consumers.  

Ultimately, as wind energy continues to quickly develop, the strategies and regulations 

in which electricity markets incorporate these advances are also inherently evolving in 

tandem.  

3.1 The Participation of a Wind Farm as a BRP 

The volatile power output produced by wind turbines has created numerous concerns of 

power system reliability, efficiency and guarantee of supply within marketplaces. Wind 

power’s anticipated uncontrollable and unpredictable output has sparked recent discussions 

of how to best assimilate the resource into the power system. When supply and demand are 

unequal in an electricity network, there are costs associated to correcting these imbalances 

                                                      
6 A theoretical limit that resembles the maximum convertible power from wind energy [38] 
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across the entire power system, regardless of the particular marketplace the imbalances exist 

in [18]. Although completely dependent on the market at hand, there is generally a positive 

correlation between the quantitative amount of imbalance and the imbalance costs, i.e. the 

greater the imbalance, the greater the costs [19]. By introducing increasingly larger 

quantities of wind energy in the power system, it is expected that the system may become 

progressively more imbalanced, thereby fostering higher costs across the network. However, 

the magnitude of these effects is completely dependent on the market at hand. For example, 

markets that portray robust power flexibility can usually adapt more easily to imbalances in 

the network and therefore are generally less impacted by the introduction of errors in the 

system. 

The widespread growth and support of wind technologies across the globe has affected 

marketplaces to include wind power supply, although the manner at which this is conducted 

is not uniform. Various regulatory approaches have encompassed a wide range of balancing 

responsibility (the obligation of a power generator to produce its forecasted electrical output 

in real time) pertaining to wind energy production. For instance, some countries implement 

specific supporting mechanisms exclusively for a wind power producer (WPP), while others 

endorse uniform treatment across generation technologies. Table 3.1 summarizes the 

balancing responsibility of WPP across various countries with significant wind energy 

penetration in Europe.  

As Table 3.1 illustrates, most countries already obligate WPPs financially and/or legally 

to generate the amount of power they have previously forecasted and scheduled. This 

demonstrates that despite unpredictable output concerns, most countries require wind farms 

to produce what has been scheduled. This is likely because the Guidelines on State aid for 

environmental protection and energy 2014-2020 require RES with large output quantities to 

be self-balanced when participating in markets with an operating regulating market [20]. 

The countries that have established recent regulatory changes to support WPPs have also 

been recognized and highlighted in the table.  

Determining a suitable balancing cost structure proves to be variable across national 

regulations. There are many European countries that do not offer WPPs special financial 

treatment in their contracts. In fact, nine out of fourteen member states surveyed by the 

European Wind Energy Association, including: Sweden, Finland, North Ireland, Great 

Britain, Netherlands, Belgium, Spain, Romania and Bulgaria, to treat wind power without 

balancing discrimination [6]. In other words, these countries were found to hold wind energy 

producers equally accountable for their balancing responsibility as other, less volatile, forms 

of electricity production. However, many countries offer discriminatory treatment in some 

regard to support WPP in electrical networks. If a country corresponded to “no” in Table 

3.1, it is indicated that there are specific rules in place for wind energy affecting the 

balancing cost for wind farms.  

Shared responsibility refers to an agreement that includes two or more entities in which 

all electrical activity and penalties are shared. For example, in Belgium, responsibility is 

shared between WPPs and TSO [21].  

If a WPP is exempt from imbalancing costs then no matter the magnitude of imbalancing, 

the WPP is not held responsible. In Denmark, this is true for onshore WPPs if it was built 

before 2003, as the TSO is then held accountable for all imbalances [21]. Similarly, in 

Germany, generation facilities that fall under the feed-in-tariff scheme prior to 2012 are 

completely exempt from imbalancing fees since the TSO completes all forecasting, 

scheduling and balancing [8], [21]. However, it should be noted that Germany is a specific 

case and incentives for WPPs are given to support a progression towards the “Direct  
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Table 3.1 The parameters of balancing responsibility for WPPs across various countries. 

 

    Forms of discrimination impacting WPP imbalancing power outputs and costs 

Country 

Obliged to meet 

forecasted 

output 

Recent changes 

to WPP 

regulations 

Imbalancing 

cost structure 

is uniform 

Shared 

responsibility 

Exempt from 

imbalancing 

penalties 

Tolerance 

bands 

Imbalance 

subsidies 

Priority 

access to 

the grid 

Curtailing 

WPP 

Austria        •  

Belgium •  ◦ •  •  • • 
Bulgaria ◦  •       

Denmark • • ◦  ◦  ◦ •  

Estonia •  •       

Finland •  •       

France   ◦  •     

Germany ◦ • ◦  ◦   • • 
Iceland* •  • ◦      
Ireland   •  •   •  

Italy  •    •  •  

Netherlands •  •       

Romania •  •     •  

Spain •  •     •  

Sweden •  •       

United 

Kingdom •  •       

* Hypothetical regulations assumed due to current market structures 

 No  

• Yes 

◦ More Information Required  
 

Sources: Chaves-Ávila et al., 2014; De Vos & Driesen, 2009; EWEA, 2015; González & Lacal-Arántegui, 2016; R. A C Van Der Veen & Hakvoort, 2009 
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Marketing” scheme7 [6].  

Other forms of imbalancing settlements include subsidizations of imbalancing costs. In 

Denmark, any onshore WPPs that were built after 2003 are held financially responsible but 

receive an imbalancing subsidy of 2.69 EUR/MWh [21].  

Furthermore, tolerance margins8 may be offered to wind farms to be sympathetic of 

uncontrollable wind speeds. The application of a tolerance margin within market regulations 

refers to an agreed upon range of imbalancing errors that are not subject to the imbalancing 

penalties [22]. In Italy, tolerance bands have recently evolved for WPPs. Between 2013-

2014, tolerance bands were offered to wind farms for 20% of the total volume sold into the 

market [6]. In other words, 20% of the total amount of power sold into the market was 

provided to wind farms as an allowable error. However, beginning in January 2015, WPPs 

greater than 10 MW received a 49% tolerance band, and WPPs less than 10 MW were 

calculated at a portfolio level with a tolerance margin of 8% [6]. Furthermore, all new 

variable units receive a six-month grace period before potential penalties are initiated [6]. 

On the other hand, in Belgium, tolerance bands are divided between onshore and offshore 

wind technologies. In 2009, offshore wind generation was accepted into the BRP portfolio 

with a tolerance margin of 30%, however onshore power generation was only granted a 10% 

tolerance band [8].  

Finally, some countries choose to offer WPPs priority or guaranteed access to the grid. 

A WPP may be provided preferential access to the grid for conditions such as the presence 

of a purchase contract with the TSO, or guaranteed access for when generators participate 

in the market. This treatment provides a generator with security of volume sold, otherwise 

indicating revenue generation. For example, in Belgium, a green certificate system 

combined with priority dispatch is used to encourage integration of technologies like wind 

power and ensure maximal output [8]. However, in some cases, the TSO has the ability to 

curtail wind production likely to ensure the grid is stabilized. In Belgium, up to 60% of 

offshore wind power can be curtailed without remuneration, however if this threshold is 

exceeded, the producers are compensated for their expended green certificates [8].  

Ultimately, it is apparent that regulations concerning WPPs and balancing responsibility 

is regarded across a wide spectrum. The allocation of a WPP’s balancing responsibility is 

largely dependent on the active marketplace regulations and the availability of BSP 

balancing resources. Thus, it is not surprising that each country handles imbalances from 

WPPs slightly differently.   

  

                                                      
7 Direct marketing mandates new large wind farms to market their output directly in order to create incentives 

for better forecasting and sales strategies [39] 
8 Often interchanged with tolerance band 
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Chapter 4 

4Case Study: Iceland 

4.1 Icelandic Electricity Market  

The Icelandic electricity market exemplifies a unique market setup in large part due its 

geographical location and abundance of accessible natural resources. Furthermore, there is 

only one prominent transmission line that outlines the circumference of the island without 

the use of any interconnectors across the diameter. Generation technologies are almost 

completely sourced by two RES (hydro and geothermal), and no electricity is imported or 

exported. However, due to technological advancements, widespread potential, and 

increasing electrical demand, wind power has dominated recent conversations amid energy 

experts in Iceland. Yet, wind energy is currently only operational in the form of two research 

turbines situated on the south coast of the country.  

The electricity market adopted its current structure in 2003 when an Electricity Act 

introduced liberalization, stepped up transmission and distribution, and ensured quality and 

security of supply [23]. Since then the TSO, Landsnet, has remained responsible for all 

activities regarding operations, maintenance, and control of the transmission system. 

Moreover, since 2005, Landsnet has also been responsible for operating the electricity 

market in Iceland [24].  

The electricity market is established purely as a regulating market, where BRPs form 

bilateral agreements to ensure supply and demand are equal at all times. The exact role of a 

BRP and their responsibilities can be referred to in Chapter 2.2.1. Intriguingly, the Icelandic 

electricity market does not include a spot market. Thus, all electrical production, 

consumption and trade is organized bilaterally between participants.  

4.2 Icelandic Regulating Market Principles 

As previously mentioned, Iceland’s TSO, Landsnet, is responsible for operating the 

electricity market and ensuring all transmission activities are in order. Thus, a primary task 

Landsnet inherits is ensuring supply and demand are equal at any moment in time. Thus, 

Landsnet is responsible for securing balancing energy and establishing settlements with the 

BRPs [25]. To accomplish this, any participant that generates or consumes over 10 MW of 

electricity is defined as a BRP is held responsible for ensuring their electrical activity is 

internally balanced for a given period of time9. In real time, if a BRP is unable to meet the 

scheduled activity, the balancing energy is provided by the regulating power market where 

generating companies submit bids for either up-generation (increased generation) or down-

generation (reduced generation).   

                                                      
9 BRP’s can also be accounted for according to their zonal location. However, in Iceland, BRP’s are only 

classified by their quantitative electrical activity.   
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Iceland’s electricity market and transmission system are unique from other countries in 

the sense that it consists of one closed loop. Therefore, any imbalance created in any location 

or at any time causes a disruption for the entire system. However, Iceland’s stipulations do 

not require energy to be added into the system in the same location where it was imbalanced. 

For example, if a negative imbalance was created in Northwestern Iceland, the BRP could 

generate the missing electricity on the south coast, and the BRP would regain its balance.  

4.2.1 The Scheduling Phase 

Each week, Landsnet enforces a balance planning period named the scheduling phase, 

where two types of scheduling plans are submitted. BRPs and BSPs must submit a detailed 

weekly schedule of their planned activity no later than Friday at 14:00 GMT, i.e. Saturday 

through Friday. The schedule submitted by the BRP describes how the participant’s planned 

generation of electricity is equivalent to the projected consumption of electricity by their 

customers or by other forms of trade [25]. 

BRPs can also submit bids to participate in the regulating power market as BSP, 

providing they deliver a minimum of 1 MW of capacity and are prepared for up or down-

regulation within 10 minutes of Landsnet’s instruction. The bids are sustained for a 

minimum of one hour and they are accepted in merit order [25]. These bids are submitted 

along with the larger capacity bids and must include the amount of power at a definite price 

and indicate upward or downward regulation supply. Landsnet will also purchase up to 40 

MW of additional supply (reserve capacity) to be used in emergency situations where there 

is a shortage of generation [19]. As an incentive to bidders, all generators that submitted a 

bid for that hour receive a payment based on how much they proposed and in what direction 

of regulation (upward or downward). Although this incentivized payment varies throughout 

a year, downward bids usually receive a reward of 350 ISK per bid MW and upward 

regulation 530 ISK per bid MW, as upward regulation is more valuable to Landsnet. Any 

correction to the proposed schedules may be submitted up to two hours before realized time. 

There is no regulation restricting the amount of variation allowed within the corrections.  

Once the schedules are received, Landsnet conducts a country-wide forecast to compare 

predicted load-demand with the proposed generation schedules, mostly to ensure that 

intended power generation will not cause any likely bottlenecks or other issues [19].  

A WPP should theoretically be able to perform well under these current market design 

regulations, assuming unlimited amendments are able to be applied to the forecast schedule. 

As forecasting accuracy increases as the time before delivery is reduced, the original 

schedule would likely be frequently updated up to the gate closure time. Thus, the more 

distinguishing variable impacting the performance of the WPP is not the schedule 

submission deadline, but rather the gate closure time. 

4.2.2 Balancing Energy and Pricing in Real Time 

In real time, the deviations from the forecast are corrected by spinning reserves and the 

regulating power market. The Icelandic regulating market operates by using BSPs to 

increase or decrease power output to ensure a balance on the grid is sustained in real time. 

The difference between the scheduled and real time power of consumption or supply is 

termed the balancing energy and describes the quantitative power difference existing in the 

system, typically expressed in MWh and referred to as a residual. This is shown in Figure 

4.1 where the calculated power production from measurements are plotted against the 
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calculated power production from the forecast. Figure 4.1A is an example of a situation 

where actual production is less than the scheduled production, thus requiring downward 

regulation. Figure 4.1B shows an example of actual production amounting to less than the 

scheduled production, thus requiring upward regulation. Further information regarding the 

regarding the forecast structure and additional details are explained in Chapter 5.2.2.  

(A) 

 

(B) 

 

Figure 4.1 Example of observed and forecasted power 

production over 8 hours. Error remaining between production 

represents residual that hour. (A) exemplifies consecutive 

hours of overproduction requiring down-regulation whereas 

(B) showcases consecutive example of underproduction 

requiring up-regulation. 

 

The overall balancing energy is calculated by each BRP using Equation 4.1. The 

cumulative sum of each BRPs standing represents the total system balance at the end of each 

hour.  

 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 + 𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 = 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 + 𝑆𝑒𝑙𝑙 (4.1) 

 

If this rule was perfectly met by all the BRPs in the marketplace, then no participation 

of a BSP would be required. However, this is rarely the case. The balancing energy price 

reflects the market price of balancing energy. A positive error in the network indicates a 

system surplus, whereas a negative error is indicative of an error deficit. The market price 

associated to regaining system balance is called the balancing energy price (BEP).  
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Bids for up-regulation are offers by a BSP to increase production, or by a BSP to decrease 

use [25]. If the offer is utilized, Landsnet will pay the participant for this service [25]. This 

service is used when there is an energy deficit in the system. On the other hand, if there is 

an energy surplus in the system, BSPs will submit bids for down-regulation to either reduce 

production or increase consumption [25]. Bids accepted follow a pay-as-cleared structure 

[19]. For up-regulation, the lowest bid is accepted first, and sequentially accepted from 

lowest-highest. On the other hand, down-regulation bids are ordered highest-lowest where 

the highest bid is selected first and accepted until balance is restored in the system. 

The BEP is equal to last offer that was realized for either direction; i.e. the highest-up-

regulation bid that was selected, or the lowest-down-regulation bid that was selected. One 

stipulation that Landsnet has imposed is that the given bid must be actively contributing for 

at least 10 minutes before becoming a basis for selecting the BEP. 

4.2.2.1 The Settlement Phase  

During the settlement phase, each participant is either charged or remunerated based on 

their performance that hour. Suppliers that produce, consume and trade less than what was 

scheduled collect a payment for the surplus energy produced at the BEP. Those producing, 

consuming and trading more than expected are charged for the insufficiency at the same 

price [19]. 

The balancing energy is settled in monthly installments. Ten days after each payment 

period has finished, Landsnet will send an invoice of payment due or a credit with payment 

owed to the entity.  

4.2.3 Case Study Location 

The power output of a wind farm is variable based on specific location characteristics. 

For example, the surrounding terrain, wind speeds, turbulence, directional components vary 

by location. The designated area of research to complete this project is Blanda, located in 

northwestern Iceland, alongside River Blanda and above Blanda Hydro Power Station. The 

data was collected from weather station #3225 Kolka, which is about 20 kilometers south of 

the furthest point of the proposed wind farm location. There is already existing infrastructure 

in the area including Blanda Hydro Power Station and roads F35 and F733. The area is 

approximately 16 km off of main road 1. Two maps of the area have been included and are 

displayed in Figure 4.2 and Figure 4.3.  
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Figure 4.2 Map of Iceland showcasing relative location of 

proposed wind farm (outlined in red). 

 

Figure 4.3 Proximate study area (located in red box) 

located in Northwestern Iceland. Relative distance between 

furthest point of wind farm location and weather collection 

position measured with yellow line (~20 kilometers).  
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The simulated wind park power curve accounts for a maximum production of 105 MW 

in an hour. The park power curve was provided by Landsvirkjun for this location. The park 

power curve was used as a basis to correlate wind speed and wind direction with the resulting 

power output each hour. This conversion is described in greater detail in Chapter 5.5.  
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Chapter 5 

5Methodology 

Incorporating a WPP into the role of a BRP raises immediate concerns within the 

regulating market since output is directly linked to wind characteristics and its volatile 

behavior. This research intends to determine if a WPP is capable of participating as a BRP, 

and if so, how it could be integrated into the marketplace. Using northwestern Iceland as a 

case study location, historical hourly wind speed and wind directional forecasted and 

observed data was obtained and converted to power output. Then, each dataset was modelled 

across a time series to observe the residual differences between the hypothetical forecasted 

and observed power. Next, the residuals were correlated with balancing energy cost data to 

ultimately determine the economic status each hour. Evidently, the resulting imbalances 

were considered across three different scenarios as possible applicable solutions.  

This section explains the methodological approach used to complete these outlined tasks. 

Firstly, the foundation of this project is presented, including explanations of the data 

received, the forecasting model and structure, and raw data adjustments that were necessary. 

Then, the wind-to-power conversion, and methodology developed to quantify the residual 

imbalances are outlined. Finally, the Icelandic regulating market price structure is applied 

to each residual difference.  

5.1 Data Description 

As the Icelandic energy mix contains only test wind turbines, the data utilized and 

manipulated in this study holds a very consequential significance on the results. Thus, the 

details of the data utilized is described in detail in this section.  

The data used in this analysis was supplied by the Icelandic Meteorological Office. The 

time series data consisted of observed and forecasted wind speeds and directions of hourly 

resolution between 2012-2016. Hourly data was chosen as a fitting resolution for this study 

since wind speeds vary on an hourly basis rather than a minute-to-minute timeframe. The 

observed raw data was collected from weather station Kolka (#3225) at 10-meter elevation. 

Forecasted data was created by the Icelandic Meteorological Office using the Harmonie-

Arome forecasting model. Due to the significance of the model outputs and it’s influences 

on the results of this thesis, this section describes the parameters of the forecasting model in 

detail. Furthermore, the forecasting horizon, the functionality, and the assumptions within 

the dataset are explained and discussed.  

5.2 Forecasting Models 

Various types of forecasting methods have been developed to predict how wind power 

will be generated over a specified time unit interval. In general, three steps in wind power 

forecasting remain consistent across all methods [26]. First, the wind speed must be 
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determined from a model [26]. Then, the wind power output forecast is calculated using the 

determined wind speeds [26]. Finally, upscaling or downscaling occurs to integrate the 

forecast into the appropriate region over different time horizons [26]. There are three main 

types of models that are used to forecast wind speeds: physical models, statistical models 

and artificial intelligence models.  

Physical models predict the wind speeds based on physical characteristics of the area 

such as terrain, landscape, pressure and temperature [27]. Typically, these models are used 

as a first approach to estimate future wind speeds and power output, and are often supplied 

as additional information to support statistical models [27]. This model considers 

meteorological information such as formations and features of mountains, obstacles and 

other physical inputs to create long term predictions, but does not show accurate results for 

short term prediction [27]. Ultimately, the results from the physical model are used to reduce 

the error when supporting other models.  

On the other hand, statistical models analyze an abundance of data that links historical 

power production and weather to forecast the future power output, without explicitly 

representing meteorological processes [26]. Model inputs include historical data and 

numerical weather prediction and are based on pattern identification, parameter estimation, 

and model checking [27]. The resultant time series model may include a variety of 

parameters such as variation, probability models, transformations and other tests to evaluate 

the data. Time series models assume that the presented data has internal trends, variations 

or correlations that a statistical model and forecasting methods showcase and explore [28].   

Finally, the learning approach method (also referred to as artificial intelligence models) 

is a tactic that uses a data-driven approach to achieve a result [26]. This approach is 

constantly developing and learning as more historical data is created, to ultimately develop 

an evolving time series model [26]. This requires an abundance information to produce an 

accurate result. Although, this model will not be utilized thoroughly for the scope of this 

paper, it is worth mentioning as it continues to advance and grow as a field in forecasting 

tactics. 

5.2.1 The Harmonie-Arome Model 

The Harmonie-Arome model is used throughout Iceland for all weather prediction 

purposes. The Harmonie model is a collaborative mesoscale model developed between 

Météo-France and ALADIN (Arie Limitée Adaption dynamique Développement 

InterNational). The model combines smaller model constituents together, namely two 

prominent schemes: the upper air physics scheme from AROME (Applications of Research 

to Operations at Mesoscale) and the surface scheme SURFEX (Surface Externalisée).  

The forecast model provided by the Icelandic Meteorological Office was based off of 

the Harmonie-Arome model version 38h1.2. The Harmonie-Arome model, originally based 

on the AROME-France model, is described as a non-hydrostatic convection-permitting 

model [29]. It is designed as a limited area model (i.e. specific to a region, not a global 

model), exhibits 2.5-kilometer resolution, and uses global model (ECMWF) operational 

analyses as initial conditions and at the boundaries [29]–[31].  

The Harmonie model uses both AROME and SURFEX mechanisms when generating an 

output. SURFEX is a set of models used to describe and distinguish between different 

surface types by calculating radiative surface properties, surface fluxes of momentum, 

sensible and latent heat, aerosols, CO2 and other chemical compositions [29]. These 

properties characterize the lower boundary conditions for the upper air model and physics 

scheme for the AROME portion of the model to build on. The main physical 
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parameterizations represented in AROME includes turbulence, radiation, microphysical 

(clouds and precipitation), and shallow convection schemes [29].  

The Harmonie-Arome numerical weather prediction model has been operational in 

Iceland for weather forecasting purposes since 2011. In Iceland, the model produces 500 x 

480 horizontal point and 65 layers of gridded data [30]. The results produced by Harmonie 

have been proven consistent with other accepted models in Iceland’s established wind 

resources literature [30].  

5.2.2 Forecast Structure 

The forecasted data was based off simulated winds from an operational forecast model. 

The Icelandic Meteorological Office’s operational forecasts are run at 0, 6, 12, 18 UTC with 

forecasts lengths of 66 hours. The extended forecast used in this study was a compilation 

individual forecasts by appending forecast hours 7-12. The first six hours of each forecast 

run were ignored due to spin-up issues.  

An example of a 24-hour forecast timeline is illustrated in Figure 5.1, where predictions 

were conducted seven hours in advance for a period of six consecutive hours. Thus, the first 

hour of the forecasted period represents a prediction created seven hours in advance, and the 

last hour in the period represents a forecast created twelve hours in advance. In a given day, 

the first forecast period occurs between 1:00-6:59 which was constructed at D0. At A1 

(midnight), the next forecast run is constructed for 7:00 – 12:59 and at B1 the third forecast 

period is created for 13:00 – 18:59. Finally, at C1, the forecast is constructed from 19:00 to 

following day at 0:59. 

 

Figure 5.1 An example of the forecast method for a 24-hour 

period. Forecast periods, indicated in red, are created from 

prior forecast points, indicated by black boxes and 

corresponding labels. 

 

Ultimately, this study compares the measured wind speeds (converted to power 

production) with the forecasted wind speeds (converted to power production) for a forecast 

that was conducted at least seven hours in advance.  

The Icelandic Meteorological Office confirms that “validation with measurements shows 

that the wind biases are fairly stable over the entire forecast length, with speeds within about 

0.5 m/s and directions within about 5 degrees” [31]. However, the data utilized in this 

analysis indicate a larger variance between wind speeds and wind directions across the five-

year horizon.  
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5.3 Data Provided 

The Icelandic Meteorological Office supported the analysis by providing American 

Standard Code for Information Interchange (ASCII) text files for each year of the analysis. 

Each file consisted of an hourly time-series of 10-meter wind observations at Kolka Station 

(#3225). The observed dataset included measured wind speeds (m/s) and wind directions 

(degrees), amongst other additional weather variables. The measurements were taken each 

hour and were recorded using a 1-24 hour clock. Therefore, 24 UTC on a given day 

correlated to 0 UTC the following day. The 2012 and 2016 datasets showed evidence of 24 

additional observations due to one additional day caused by a leap year.  

The forecasted dataset correlated to the observed dataset formats, showcasing a single 

ASCII text file with hourly time-series of 10-meter winds at Kolka station. The dataset 

contained simulated winds from the operational forecast model at the Icelandic 

Meteorological Office (Harmonie-Arome). The file included an hourly resolution forecast 

of wind speeds in two directions: u/easting and v/northing, both in m/s. 

The purpose of obtaining this data was to model the wind farm’s real and forecasted 

power output, relating this data to a wind farm power curve. Thus, the wind speed and wind 

direction data would be used to mode the residuals between each curve for the chosen Blanda 

location. 

5.3.1 Missing Values 

The processing of the data was computed by using the computer software, R and 

Microsoft Excel. Throughout the five-year dataset provided, there were six instances of 

missing data as explained in Table 5.1 below. In most cases, the period of missing data 

consisted only of 1-5 hours, as shown in period 2, 3, 5 and 6. However, longer periods of 

absent information such as period 4 where almost 6 weeks of unrecorded events occurred, 

made the analysis less accurate for that year. 

Table 5.1 Summary of Missing Values in Dataset. 

 Beginning of Period  End of Period 
Total Missing 

Hours 
Period Year Month Day Hour  Year Month Day Hour 

1 2012 02 09 24  2012 02 10 10 11 

2 2012 02 20 15  2012 02 20 18 4 

3 2012 07 11 12  2012 07 11 16 5 

4 2012 08 16 15  2012 09 24 10 932 

5 2014 11 11 16  2014 11 11 16 1 

6 2013 11 13 16  2013 11 13 18 3 

 

For each hour of missing data within the dataset, the missing observation had to be 

recreated in order to conduct a complete analysis of wind power conversion. During the 

periods of missing data, neither the wind speeds nor wind directions were given. Thus, 

recreating the data in the missing period refers to recreating both the wind speed and wind 

direction during that hour.   
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There are many recognized techniques and resources available to recreate data within 

large datasets such as this. For the purpose of this study, the wind speeds were recreated 

using averages during the same time stamp in the preceding years of data where the events 

were accurately recorded. Due to the abundance of data in the subsequent datasets, this was 

perceived as an appropriate solution for recreation of the wind speeds. 

However, the recreating the directional data is a more difficult task because it involves 

many external factors and algorithms. Thus, for hours in which directionality data was 

missing, the average wind farm’s power output for the correlated wind speed was applied. 

This was deemed a satisfactory solution as Iceland’s terrain is very diverse and other 

solutions such as obtaining information from another nearby weather station would be less 

accurate. Furthermore, since the focus of this thesis was for economic purposes and not 

technical purposes, this was also perceived as the most efficient solution. For further details 

surrounding how the power output was selected from a power curve with a given wind speed, 

refer to Chapter 5.4. 

5.3.2 Vector Addition 

The supplied forecast data included a u/easting component and a v/northing component. 

In order to compare this directly with observed data, vector addition was used to convert the 

easting and northing components to a degree. Vector addition is the process of adding two 

vectors together to determine the direction and magnitude of the resultant vector. Therefore, 

by taking the two directional wind speeds, it was possible to determine the resultant speed 

and direction using a simple vector addition process.  

 Firstly, the data was split into easting and northing components. Then, the magnitude 

of the resultant vector was calculated using Pythagorean theorem, as stated in Equation 5.1.  

 

√(𝑎2 + 𝑏2) = 𝑐    (5.1) 
 

In this case, the variable a can be related to the easting component, and variable b, the 

northing component. Variable c represents the resultant vector. Next, the resultant vector 

was analyzed to determine which Cartesian quadrant (1-4) it was in. Then, the angle between 

the northing and easting wind vectors was solved and converted from radians into a degree 

in order to be directly comparable with the observed datasets. This is also shown below in 

Equation 5.2.  

 

𝜃 = |(𝑡𝑎𝑛−1 (
𝑏

𝑎
)) ∗ (

180

𝜋
)| (5.2) 

  

The last step involved in the vector addition was to determine the wind direction relative 

to North, using the previously calculated angle. This was accomplished by first determining 

the quadrant, and then adding or subtracting the angle previously calculated to 90 degrees. 

To illustrate this, the following statements were applied:  

 

• If the resultant vector was in quadrant 1, the wind direction = 90 -  

• If the resultant vector was in quadrant 2, the wind direction = 270 +  

• If the resultant vector was in quadrant 3, the wind direction = (90 - ) + 180 
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• If the resultant vector was in quadrant 4, the wind direction = 90 +  

 

This transformation was applied to every hour of data in the forecasted data in order to 

convert the wind speeds and wind directions into a format directly relatable to the observed 

values. The resultant output generated a wind direction (degrees) and a wind speed (m/s) for 

each hour.  

5.3.3 Wind Shear Adjustments  

As previously mentioned, the data received was extracted from 10-meter height. Wind 

turbines are generally 50-meter in height or greater. Therefore, the wind speed data needed 

to be adjusted in order to accurately showcase the production that would be generated at 

their operational heights. This phenomenon that wind speed increases with height, is 

generally referred to as wind shear [32]. The vertical profile of wind energy is most heavily 

influenced by the air turbulence [32], and thus is directly impacted by the location. The 

theoretical model used to explain this relationship is described in Equation 5.3, where U(z) 

is the wind speed at height z, U(zr) is the reference wind speed a height zr, and  is the power 

law exponent, often times referred to as a wind shear coefficient. In practice,  is a highly 

variable quantity, however previous research has shown that a reference value may equal 

1/7 [32].  

In Iceland, wind shear coefficients may be quite variable due to the quickly changing 

terrain and proximity to oceanic bodies at all times. In 2011, a study was conducted to 

determine the wind shear coefficients in various locations around Iceland. The results 

indicated that wind shear coefficients vary in the easterly and westerly direction, but 

concluded that generally, a wind shear coefficient of 1/7 or ~0.143 is a decent compromise 

[33]. The effects of selecting a wind shear coefficient and the corresponding power output 

is discussed in Chapter 7.4.2.  

 

 
𝑈(𝑧)

𝑈(𝑧𝑟)
= (

𝑧

𝑧𝑟
)

∝

 (5.3) 

 

To correct the data and properly simulate the wind speeds at a higher elevation, Equation 

5.3 was used to adjust every wind speed in the observed and forecasted datasets. The 

reference values inputted were those provided within the original dataset at a height of 10-

meters. Then, using 1/7 as the wind shear coefficient, the adjusted wind speeds were 

calculated using 50-meters as the desired height. Generally, the wind speeds increased by 

about ~79% as a result of the 40-meters elevation change.  

5.4 Wind to Power Conversion and Limitations 

Predicting deliverable wind energy is largely based on the wind speeds in a specific 

location because wind speed and power generated are directly related [27]. Each wind 

turbine has a characteristic power curve that makes it possible to predict the power output 

capabilities of that specific wind turbine [32]. A hypothetical wind turbine curve is 

illustrated Figure 5.2. It can be noted that the function of the turbine is centered around three 

main wind speeds: the cut-in speed, the rated wind speed, and the cut-out speed. The cut-in 
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speed is defined as the minimum wind speed at which the turbine can begin to produce 

usable electricity [32]. Similarly, the cut-out speed is the maximum wind speed in which a 

turbine can continue to produce usable power, and is usually limited by engineering design 

and safety restrictions [32]. Finally, the rated wind speed is the wind speed at which 

maximum power can be produced by the turbine [32]. The turbine manufacturer produces 

the power curve for a given turbine by conducting various standardized field tests [32]. Most 

modern turbines also include features such as storm control that allows the turbine to 

continue to operate in conditions where wind velocities are above the cut-out speed. This 

mechanism slows down the turbine so that it is able to continue to operate, even if not at 

maximum capacity. In a marketplace, this feature provides some stability that guarantees 

some output will be produced, even in unfavorable conditions. The two test turbines that are 

installed in Iceland are both equipped with storm control.  

 

Figure 5.2 Hypothetical power curve for a typical wind 

turbine, adapted from [32]. 

 

The power produced by a single turbine is dependent on the wind velocity. In other 

words, every turbine has a characteristic power performance curve that makes it possible to 

predict the energy production at rated wind speeds. By applying predicted wind speeds to 

the specific turbine power curve, a WPP can estimate the power production at a given time 

(𝑃𝑡) for one turbine using a power conversion formula such as:  

𝑃𝑡 =
1

2
𝜌𝐴𝑣𝑡

3𝐶𝑝𝜂    [𝑊]    (5.4)  
 

where 𝜌 represents the air density (𝜌 = 1.255 kg/m3), A is the rotor area of the turbine 

(𝐴 = (
𝐷

2
)2 𝜋), 𝐶𝑝 is performance coefficient often represented by the Betz Limit (0.59), 𝑣𝑡 

is the wind velocity in time t of the time series, and finally, 𝜂 is the efficiency factor [34].  

A wind park power curve is similar to the curve presented for an individual turbine, 

however considers both wind speed, wind direction, and the array losses within the park 



30  CHAPTER 5: METHODOLOGY 

   

when determining the power output. The extent of turbine interaction, highly influenced by 

the park layout, determines the magnitude of array losses and smoothing amongst turbine 

interaction. Influences of terrain are not included within the power curve as these factors are 

already factored into the wind speed and direction components entering the park. Thus, 

determining a park power curve is more complex than defining a single turbine power curve 

since wind speeds throughout the park are often variable and a directional component is 

additionally considered.   

5.5 Applying the Park Power Curve 

There are many useful applications of a park power curve. For the purpose of this study, 

a park power curve was created by Landsvirkjun, the National Power Company of Iceland, 

for the research site. In such, it was possible to apply the wind speed time series to the park 

power curve and model the power output. This was conducted with the forecasted and 

observed data in order to directly compare the outputs. The park power curve proved to be 

an efficient way to make the connection between wind speed, direction, time, and power. 

The power curve was structured as a large array, listing wind speeds and wind directions 

and their associated power output. Electrical power output information was given in 

accordance to every wind speed and wind direction combination. The range of wind speeds 

included in the power curve spanned from 0.5-29.5 m/s and increased in 1 m/s increments. 

The wind directions were broken down into 30-degree increments, resulting in 12 different 

directional categories, as demonstrated in Table 5.2. Wind direction components are 

important in the park power curve because it allows the user to more accurately account for 

the wake losses, as they vary due to turbine layout. For example, the power output 

considered in the park power curve slightly varies with the different directions and the 

different wake losses correlated. For example, less energy may be produced for the North 

wind direction (>345 to <=15 degrees) than the North northeast (>15 to <=45 degrees) 

direction, when wind speeds are held constant. Furthermore, it is common to have more 

spacing between the turbines in the prevailing wind directions, in order to reduce wake 

losses. 

Table 5.2: Park power curve directional segments. 

N NNE ENE E ESE SSE S SSW WSW W WNW NNW N 

>=0 >15 >45 >75 >105 >135 >165 >195 >225 >255 >285 >315 >345 

<=15 <=45 <=75 <=105 <=135 <=165 <=195 <=225 <=255 <=285 <=315 <=345 <=360 
 

5.5.1 Data Preparation 

In order to make the power curve usable in the analysis, the format of the data needed to 

be adjusted to call upon the proper indices and determine the correct power output at each 

hour. In other words, every direction and velocity increment were labelled with an index, 

that could later be called upon. Each wind direction interval was labelled from 1-12 so that 

North correlated to 1, NNE correlated to 2, ENE correlated to 3, and so on. Similarly, each 

wind speed bracket was also labeled by a numerical index. For example, greater or equal to 

0.5 m/s to less than 1.5 m/s was referred to as 1, greater or equal to 1.5 m/s to less than 2.5 

m/s was referred to as 2, and so on. Therefore, each wind speed and wind direction in a given 
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hour correlated to a specified index, thus enabling the selection of the intersection between 

a row and a column on the park power curve. 

5.5.2 Interpolation 

It was very rare for a recorded wind speed to perfectly match one of the incremental wind 

speeds used in the park power curve. For example, the recorded wind speed may have been 

2.8 m/s, falling between the increments presented on the power curve (2.5 m/s and 3.5 m/s). 

To account for this, the energy production was linearly interpolated using the park power 

curve. 

Linear interpolation is a method of fitting a point on a curve between two defined points. 

It considers the upper and lower boundaries (i.e. the two known points) and estimates where 

the unknown point falls between them. Equation 5.5 demonstrates this relationship where 

Ea represents the estimated energy production at wind speed Wa, P1 represents the predicted 

power linked to wind speed W1 and P2, the predicted power associated to wind speed W2. 

𝐸𝑎 = 𝑃1 + (𝑃2 − 𝑃1) ∗
𝑊𝑎 − 𝑊1

𝑊2 − 𝑊1
 (5.5) 

 

As a result, it was possible to precisely estimate the wind farm’s power output at every 

hour, taking wind direction, wind velocity, and array losses into consideration. Following 

this, the forecasted and the observed power outputs were modelled together. 

5.5.3 Outside the Power Curve Boundaries  

In the dataset, there were values that did not fit within the boundaries of the power curve. 

Firstly, wind speed data outside of the cut-in and cut-out speed were not included. In this 

case, this represented wind speeds below 1.5 m/s or above 29.5 m/s. Although it is possible 

to generate electricity outside of these thresholds, it is very difficult, and the turbines must 

be equipped with storm control mechanisms. Thus, for the purpose of this study, the wind 

speed values that occurred outside of these thresholds were automatically assigned a power 

output of 0 MWh. Secondly, in cases where data was not recorded, wind speed values were 

recreated using relative averages (refer to Chapter 5.3.1), however recreating wind direction 

was not fitting. To address cases where there is a missing wind direction value, an additional 

index value was created to steer these occasions to the average power column of the wind 

farm, using the associated wind speed. The wind farm’s average production column 

represents the average power production of all directional power outputs, for a given wind 

speed. Thus, for hours without directional information, the average power column was used. 

In such conditions, the interpolation took place between average farm outputs, rather than 

between power outputs for a specified wind direction. 

5.6 Quantifying the Residuals 

Residual error refers to the difference between the real and forecasted value at a given 

time. This relationship is described in Equation 5.6 below where the residual error is 

represented by 𝑒𝑡, the observed value by 𝑝𝑡 and the predicted value by �̂�𝑡.  
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𝑒𝑡 = 𝑝𝑡 − �̂�𝑡     (5.6) 

 

The residuals can exemplify a positive or negative value depending if the model was 

over or under forecasted. Forecasting error may be a result of two types of error: Level Error 

and Phase Error. Level error forms inaccurate predictions that are based on by biases, 

random error, or badly configured forecast models; whereas Phase Error suggests the 

forecast was appropriate but could not be correctly matched to the time of occurrence [35]. 

In conducting a forecast, a residual error is expected, however the magnitude of error is 

conditional. With regards to this study and the application of forecasting a volatile variable 

such as wind, it was expected that the residuals would be quite variable within the time 

series. The forecasted and observed values in this study are based on the wind speeds and 

the subsequent forecasted and real power production quantity. Thus, each residual error 

represents an imbalance in the entire electrical network in Iceland. Further, the magnitude 

and direction (i.e. positive or negative) within the error provide important information to all 

other participants in the system in regard to balancing the transmission system and meeting 

demand.   

To quantify and compare the imbalances, the residual errors were calculated for each 

hour within the given year. Then, the total error was calculated by summing each hourly 

error over the course of the month. The purpose of this was to provide of a wholesome 

perspective of the errors introduced by adding wind energy into the network. The results 

indicate the success of the wind farm within the current system, as well as the direction and 

quantity of electricity that would be required to correct the error over the course of five 

years.  

5.7 Applying the Market Structure  

The entire system is affected when an imbalance is introduced to the system. As 

previously mentioned in Chapter 3.1 and demonstrated in Table 3.1, there are many different 

regulations in place to account for such imbalances with regards to wind energy. Icelandic 

regulations require an analysis of several components to determine a suitable balancing 

settlement agreement for the BRP.  

 This study focused on minimizing the negative residual error throughout each scenario. 

To do so, a variety of balancing strategies were applied to reduce the negative residual error, 

illustrated through several scenarios. Yet, the financial application to determine the overall 

economic standing remained constant across each scenario. The application within each 

scenario was according to the current market structure enforced by Icelandic regulation. The 

process developed to establish the quantitative power imbalances and the corresponding 

economic outcome is summarized in Figure 5.3. 

 

Figure 5.3 Methodological process illustrating initial 
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balancing energy quantities and price calculations applied in 

base case scenario. 

 

Firstly, the hourly residuals where calculated to determine the remaining error each hour. 

Then, the residual was classified as a positive (>0 MWh) or a negative (<0 MWh) error. If 

there was residual present in an hour, no further action was taken. The residual was 

multiplied by the BEP of the corresponding date (month and year) and direction (upward or 

downward) to determine the financial standing of the wind farm each hour. A monthly net 

profit was calculated by summing the realized costs and revenues generated each month. 

Ultimately, the results were analyzed and compared to other months within the same 

scenario, as well as to the results of the subsequent scenarios.   

5.7.1 Balancing Energy Prices and Hourly Price Calculations 

Iceland’s balancing energy pricing scheme embodies a two-way mechanism dependent 

on the direction of the imbalance. In Iceland, downward energy prices are commonly less 

than 2000 ISK/MWh and upward BEPs resemble costs greater than 2000 ISK/MWh [19]. 

Aforementioned, the balancing energy cost is determined by a pay-as-cleared system 

where participants submit coupled quantity-price bids which are sorted by Landsnet in merit 

order until the imbalances are fulfilled each hour. The established BEP resembles the last 

bid to be accepted. Generally, higher BEPs suggest more imbalance in the entire system. 

BEPs commonly vary hourly and seasonally.  

The BEPs are made available to the public the following day at 11:00 GMT and are 

continually stored on Landsnet’s online database. The hourly BEPs were extracted from this 

dataset and divided into upward or downward directions using 2000 ISK/MWh as a 

distinguishing threshold. Then, the prices were analyzed to determine the minimum and 

maximum price for each month in each direction through 2012-2016. The resulting monthly 

minimums and maximums represented the BEP for the corresponding months in the 

revenue/cost results. For example, the minimum upward balancing energy cost in January 

2012 was applied to all negative residuals requiring upward regulation throughout January 

2012. Then, the maximum upward balancing energy cost in January 2012 was applied to all 

negative residuals requiring upward regulation. Further, the same process was applied using 

the minimum and maximum BEP in February 2012 to all negative power residuals requiring 

upward regulation in February 2012, and so on. Ultimately, this provided a range of cost 

results that could be possible each month. 

The power residuals were separated into categories depending on what imbalance the 

residual described, i.e. a positive or negative residual. This step was important in classifying 

the direction of the system imbalance which in turn indicates if upward or downward 

regulation is required. The direction indicated by the residual of each hour was multiplied 

by the minimum and maximum BEP of the corresponding direction to determine the range 

of economic standings each hour. This process is described in Equation 5.7 below.  

 𝑁𝑒𝑡 𝑃𝑟𝑜𝑓𝑖𝑡 = 𝐵𝑎𝑙𝑎𝑛𝑐𝑖𝑛𝑔 𝐸𝑛𝑒𝑟𝑔𝑦 ×  𝐵𝐸𝑃 [𝐼𝑆𝐾/𝑀𝑊ℎ] (5.7) 

 

This calculation resembles the resulting profit or expense that the BRP would face during 

each particular hour. If the residual is positive, it indicates a profit to the BRP for 

contributing to the greater energy pool and providing electrical security. If the residual is 

negative, the BRP requires upward regulation and assistance from the regulating market. In 
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this case, the BRP is charged for every MWh it has under produced.  

The upward BEP is higher than the downward BEP because it is more difficult to produce 

electricity than to turn it off in most cases. However, this also indicates that the potential for 

profit is smaller than the cost margin when there are imbalances.  

The revenue and cost of each hour was summed at the end of each month to illustrate the 

economic standpoint of the BRP. A monthly resolution was chosen in order to be consistent 

with the BEPs calculated, and because Landsnet’s regulations state that BRP’s are 

remunerated or charged at the end of each month. This process was conducted uniformly for 

all years within each scenario.  

5.7.2 Scenario 1: The Base Case   

The initial scenario illustrates the circumstance in which a stand-alone wind farm 

participated as a BRP without applying any balancing strategy. This scenario illustrates the 

potential of the wind farm to exist on its own without any additional power balancing or 

access to favorable market regulations. The residuals in this scenario were calculated for 

each hour by simply subtracting the observed value from the forecasted value, as described 

in Section 5.6, without any additional strategy.  

5.7.3 Scenario 1a: Applying an Overproduction Cap 

This scenario continues to consider a wind farm as a stand-alone producer without any 

additional balancing mechanisms. However, in this scenario, after the residuals have been 

divided, the positive residuals are further subcategorized with an overproduction capacity of 

40 MWh to simulate the regulation of the reserve market. This scenario’s methodology is 

shown in Figure 5.4. The orange box demonstrates the addition of the restriction into the 

process. 
 

A 40 MWh power capacity is unified with the reserve market and represents the upper 

boundary at which Landsnet will buy upward regulation at a given time. Thus, unless the 

market structure adapts with the introduction of this wind farm, the potential of over 

production is limited to what Landsnet is willing to buy. Therefore, the 40 MWh 

overproduction cap was enforced in this scenario to determine how the wind farm would 

exist in this condition.  

In this scenario, the magnitude of profit is reduced since the amount of overproduction 

is limited. Any excess electricity produced above this capacity does not provide any 

economic value for the BRP, however the electricity can be used for internal balancing 

purposes or be sold directly to another BRP that has under produced that hour. 

5.7.4 Scenario 2: External Balancing with Hydropower 

It is typical for a BRP to encompass multiple entities in a portfolio to internally balance 

their electrical activity and allow for some flexibility to meet their scheduled power 

accurately. Hydropower is known to be an excellent balancing resource since the reservoirs 

can act as storage, providing the operator with control over the resource. In this scenario, it 

is assumed that the wind farm has access to the pre-existing hydropower plant at this location 

and immediate access to the resource when demanded. The hydropower plant has an 

installed capacity of 150 MW and a generation capacity of 910 GWh p.a, operating at 
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approximately 69% capacity a year. [36].  

This scenario applies balancing energy from the hydropower plant to reduce the 

magnitude of negative residuals and costs on the wind farm. Four percentages of balancing 

energy were calculated from the annual power output of the hydropower plant: 5%, 10%, 

15% and 20%. The additional power output calculated using these quantities were divided 

across the hours when a negative residual was produced, using the results from Scenario 1 

as a foundation of initial conditions. The process to add to these residuals is illustrated in 

Figure 5.5. The orange boxes indicate the strategies applied to the process that differentiate 

from the other scenarios. The blue boxes indicate the methodological procedure common 

between each scenario.  

Firstly, the additional balancing capacity (i.e. 5%-20%) was calculated to determine the 

amount of additional balancing was available to the wind farm for balancing between 2012-

2016. Next, the number of hours demonstrating a negative residual were counted over the 

entire residual dataset between 2012-2016 and divided into the calculated balancing power 

quantity to determine how much balancing energy is available each hour. The balancing 

power was added to the negative residual. Finally, the residual power was added to the 

negative residual to a maximum of zero. BEPs were applied and the range of net profits each 

month were calculated.  

5.7.5 Scenario 3: Internal Balancing  

In attempt to self-balance the wind farm using its own production potential, an internal 

balancing strategy was conducted. This scenario assumes the only balancing opportunity lay 

within the wind farm itself and does not include the use of other balancing resources such 

as hydropower. Instead, by scaling down the park power curve, the wind farm can submit a 

schedule that represents a portion of the wind farm. Thus, if there is an energy deficit within 

an hour, the wind farm has an opportunity to generate additional electricity with the portion 

not originally considered in the scheduled output.  

However, reducing scheduled capacity also reduces the income generated for production. 

Although this is an important factor to consider, the purpose of this study was focused on 

optimal balancing strategies and not optimal income generation. However, it is still 

interesting to explore balancing technique and determine the economic variance with 

different amounts of internal balancing.  

Two different opportunities were explored.  The first resembled a 90/10 division, where 

90% of the park power curve was applied for scheduled production, and 10% was used to 

reduce negative imbalances if an hour demanded it. The second resembled a 70/30 partition, 

where 70% was used for scheduled production and 30% was used as potential extra capacity.  

To complete these sub scenarios, the percentage of scheduled capacity was multiplied 

by the observed and forecasted dataset. Then, the residuals were calculated, multiplied by 

the corresponding BEP to determine the generated revenue or expense each hour. Similarly, 

the additional capacity available was calculated by multiplying the percentage aside for 

balancing by the observed power quantity each hour. The supplementary residual was added 

to the scheduled residual, and adjusted expenses and revenues were calculated. Finally, the 

scheduled cost was subtracted from the adjusted cost after considering the additional 

balancing to determine the amount of cost savings per hour. These results were summed 

over each month. This process is illustrated in Figure 5.6 where the orange boxes indicate 

the balancing tactics applied to the initial state.  
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Figure 5.4 Methodological process illustrating balancing energy quantities and price calculations with over production cap 

instated. Orange box indicates additional method applied to base case scenario. 

 

Figure 5.5 Methodological process illustrating applying external balancing strategy with hydropower. Orange boxes 

indicate adjusted measures from base case scenario to apply strategy. 

 

Figure 5.6 Methodological process illustrating balancing energy quantities and price calculations with internal balancing 

strategies applied. Orange boxes indicate adjusted measures from base case to conduct this strategy
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Chapter 6 

6Results and Analysis 

This section presents the findings of the research for each scenario studied. Each result 

is presented in a yearly resolution to be compared directly amongst each other, however 

specific details and monthly conclusions can be found in Appendix A.  

It must be emphasized that the results of each scenario only pertain to the balancing 

situation and do not consider aspects such as investment costs, trading fees, purchasing costs, 

or revenues generated from selling electricity. The results displayed include costs and 

revenues realized by the wind farm, while showcasing potential perspectives it could take 

on to participate in the role of a BRP.  

The section begins by presenting the calculated BEPs which provide a foundation for the 

cost structure used in this analysis. Following, the results indicating the initial conditions of 

the wind farm with regards to cost and residual quantity are described to set precedent for 

the succeeding scenarios. Next, an overproduction cap is applied to the initial conditions to 

demonstrate the impact of the market design on the initial results. Then, the residual and 

financial results discovered by applying hydropower balancing are presented. Lastly, the 

results from Scenario 3: Internal Balancing are revealed. Throughout the chapter, the factors 

affecting each result are discussed, however a more thorough comparison of the scenarios 

and the factors affecting the results are situated in the discussion chapter following.  

6.1 Balancing Energy Prices 

The BEPs resemble the monthly prices that were held constant when applied to each 

scenario. The BEPs are an influential variable affecting the financial outcome of each hour, 

month, and year. This subsection describes the minimum and maximum BEPs that were 

applied to this analysis in order to provide the reader with a wholesome idea of the economic 

results related to each scenario.  

 The downward BEP resembles the cost per MWh the entities are compensated in 

circumstances where the BRP has provided more electricity than scheduled, or demand was 

lower than predicted. In Iceland, downward BEPs range from a minimum of 100 ISK/MWh 

to a maximum of 2000 ISK/MWh. The results of the calculated minimum and maximums 

for downward BEPs are illustrated on the left side of Figure 6.1. Interestingly, the minimum 

and maximum downward BEPs were equal throughout 2012 and most of 2013. At the end 

of 2013, a noticeable difference is observed between the minimum and the maximum price. 

Following this, notable fluctuations in the downward BEPs are observed in subsequent years 

demonstrating higher maximum downward BEPs throughout 2014-2016. It was most 

common for the minimum downward BEP each month to resemble 750 ISK/MWh. The 

maximum price observed for downward regulation was 2000 ISK/MWh, occurring from 
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February 2014 to May 2014.   

 

Figure 6.1 Minimum and maximum monthly upward and 

downward balancing energy prices 2012-2016. 

 

The noticeable divergence in downward BEPs occurring in October 2013 sparked 

constant deviations between the minimum and maximum BEPs. Following this, the 

minimum and maximum downward BEPs demonstrated a difference of 450 ISK/MWh – 

1200 ISK/MWh between the prices each month. Aforementioned, BEPs are established by 

a pay-as-cleared system where BSPs submit coupled price-quantity and directional (upward 

or downward) bids. A spike in downward BEPs may indicate a reduction of BSPs 

contributing to downward regulation or suggest that the overall network consistently 

portrayed a greater imbalance beginning in October 2013. As a result of this spike and 

generally higher prices resulting afterwards in downward BEPs, it is expected that the 

revenues in 2014 through 2016 should show to be higher than in 2012 and 2013.  

On the other hand, the upward BEP resembles the cost per MWh that the entity pays to 

the TSO if the BRP has over forecasted generation. The calculated minimum and maximum 

upward BEPs are illustrated on the right side of Figure 6.1. Upward BEPs range from a 

minimum of 3200 ISK/MWh to a maximum of 19500 MWh. The upward BEPs are 

significantly more volatile than the downward BEPs. The minimum upward BEPs remained 

more neutral and varied on a smaller scale than the maximums each month. With regards to 

the maximum prices observed, large variances occur between months in any given year. It 

is evident the maximum upward BEPs show a large variance and throughout 2012-2015, 

however resemble a more consistent pattern of higher prices throughout 2015 and 2016. 

Furthermore, a slight general seasonal effect can be observed where prices are higher during 

the winter months each year, despite few irregularities in 2013 and 2014. It is not surprising 

to see higher prices in the winter than in the summer because demand for electricity is higher 

and weather patterns are more unpredictable. Therefore, maintaining a balance in the system 

can be more difficult during the winter months.  
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Higher upward BEPs indicate a larger cost to the BRP when negative imbalances are 

present in an hour. Typically, upward BEPs in Iceland range from 2000 ISK/MWh to 17000 

ISK/MWh for the first 40 MW. However, the BEPs observed throughout 2016-2016 and 

used in this analysis ranged from 3200 ISK/MWh to 19500 MWh, as previously mentioned.  

Although the magnitude of the prices observed in both the upward and downward 

direction indicate the extent of balancing within the system, the prices are not necessarily 

correlated to each other. For example, it is possible for a low upward BEP to be observed 

for a given hour, and a high downward BEP to occur the hour following. However, steadily 

low prices in both directions over several hours, indicate strong forecasting accuracy and 

scheduling exhibited by the BRPs.  

In a market dominated by geothermal and hydropower energy, costs were expected to be 

lower during the summer months when hydro resources are typically abundant. This was 

supported by the lowest costs in both directions occurring in April and August of 2012. 

However, interestingly, the highest observed BEP in both the upward and downward 

directions occurred in April and June of 2014. The year of 2014 proved to be relatively 

volatile overall demonstrating exceedingly variable prices. This may indicate changes in the 

electricity network, such as the addition of a new participant in the marketplace or difficult 

forecasting conditions. 

The trends in the upward and downward directions demonstrated that downward BEPs 

resembled a more consistent trend between 2012 and 2013 whereas upward BEPs resembled 

stability between 2015 and 2016. The steadiness observed in downward BEPs in 2012 and 

2013 may indicate that the amount of positive energy in the system was minimized during 

these months. On the other hand, the consistency observed in the upward direction in 2015 

and 2016 merely indicate that on average, the system was consistently in an energy deficit 

by the same quantities.  

6.2 Scenario 1: The Base Case  

This subchapter illustrates the results concluded from the base case scenario, where no 

balancing strategy or supporting regulation was applied to the residuals. The results 

demonstrate the raw quantitative outcomes of the residual errors, in a yearly resolution. 

These results establish the starting point of a wind farm as a BRP in Iceland and showcase 

how the wind farm would exist as a standalone generator. The other scenarios use these 

results as a precedent for improvement. Further monthly breakdowns can be found in 

Appendix A.  

Table 6.1 describes the total quantities of residual error observed each year. The largest 

residual errors are observed in 2012 for both the upward and downward direction.  

Table 6.1 Residual results of Scenario 1: The Base Case 

Year 2012 2013 2014 2015 2016 

Negative Residuals 

(MWh) 
-56,070 -37,092 -45,687 -50,897 -42,693 

Positive Residuals 

(MWh) 
166,887 160,598 151,638 147,305 121,773 

 

It can be observed that positive residuals are in much larger abundance than negative 

residuals, stemming from the frequent underestimation of wind speed velocity in the 

forecasted dataset. This translated to a common underestimation power production and 
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resultantly high positive errors between the actual power production. Incorporating such a 

large magnitude of electricity into the grid when otherwise not planned, will prove to be 

very difficult to the TSO and will likely cause a chain reaction of problems for the other 

participants involved in the marketplace. Similarly, although to a smaller magnitude, 

reestablishing upwards of ~37,000 to ~56,000 MWh per year of missing electricity can have 

adverse effects on the transmission system and BSPs. 

Table 6.2 describes the approximate minimum and maximum costs and revenues that 

occurred as a result of the residuals previously described above. The highest potential 

revenue was realized in 2014 in both the minimum and maximum calculation. The largest 

maximum expense was calculated in 2014. Overall, the best possible financial outcome 

occurred in 2013, and the worst possible financial outcome occurred in 2014.   

Table 6.2 Minimum and maximum financial results of Scenario 1: The Base Case 

Year 

Minimum 

Revenues 

(~MISK) 

Maximum 

Revenues 

(~MISK) 

Minimum 

Expenses 

(~MISK) 

Maximum 

Expenses 

(~MISK) 

Minimum 

Totals 

(~MISK) 

Maximum 

Totals 

(~MISK) 

2012 125.17 125.17 -218.76 -491.46 -93.60 -366.30 

2013 113.00 143.49 -150.18 -600.17 -37.17 -456.68 

2014 151.25 225.50 -201.65 -773.72 -50.40 -548.22 

2015 116.81 188.23 -264.55 -723.32 -147.74 -535.08 

2016 103.46 146.02 -234.20 -616.90 -130.74 -470.88 

 

The preliminary results reveal that due to large prediction errors and high correction 

costs on negative residuals, a standalone wind farm would require support to be financially 

viable. This scenario reveals that a wind farm under these conditions would suffer from 

dramatic costs each year. One factor probably contributing to the sizable magnitude of errors 

observed in this scenario is the amount of output the wind farm is attempting to schedule. 

The proposed wind farm produces an output of 105 MW when fully activated. In hours 

where forecasted production is attempting to schedule a quantity as large as this, any error 

will also be sizable and subsequently, expensive. 

Ultimately, this scenario highlights the importance of accurate forecasting and 

scheduling. It is clear that any magnitude of scheduling error can result in devastating 

economic and technical challenges over the course of a year. It is clear that the residual 

errors must be reduced to improve these base case results.  

6.3 Scenario 1a: Applying an Overproduction Cap 

This scenario was designed as a branch of Scenario 1: The Base Case, to simulate how 

a wind farm would exist under current market regulation in Iceland. The current design of 

Iceland’s electricity market compensates BRPs that generate more than their scheduled 

output. At any time, Landsnet aims to hold an extra 40 MW in the transmission in an “energy 

pool” called the reserve market, that acts like a buffering system in case of emergency on 

the grid. Typically, when a BRP overproduces, Landsnet will allocate that positive energy 

towards the reserve market and in turn, reduce the contribution of the BSPs in that hour. 

However, it should be stressed that the current market structure holds the reserve market at 

a capacity of only 40 MW. Thus, after this quantity has been fulfilled, Landsnet will not 
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accept any more electricity.  

The results observed in the base case scenario considered all positive residuals produced 

and calculated a revenue accordingly. However, unless another direct buyer was contracted 

to purchase this additional electricity, the extent of positive residuals that would be accepted 

into the system would be limited at an absolute maximum of 40 MW. Thus, this scenario 

applies an overproduction limit each hour to simulate the outcome if the wind farm’s output 

was restricted by the capacity of the reserve market. Table 6.3 reveals the breakdown of the 

residuals, where the second column describes the yearly totals of filtered electricity each 

hour. The third column represents the sum of power that was produced but was not accepted 

into the grid because it surpassed 40 MW in an hour. The fourth column describes the total 

negative residuals each year. The negative residuals were not filtered and remain consistent 

from the findings determined in the base case.  

Table 6.3 Residual errors after applying 40 MW overproduction cap. 

Year 
Positive Residuals up to 40 

MWh 

Extra Balancing Energy 

(MWh) 

Negative Residuals 

(MWh) 

2012 126,918 39,969 -56,070 

2013 123,790 36,808 -37,092 

2014 117,617 34,021 -45,687 

2015 114,483 32,822 -50,897 

2016 97,574 24,199 -42,693 

 

Applying an overproduction filter on the positive residuals had a severe influence on the 

financial outcome of a standalone BRP. The base case scenario applied compensation for 

every MW of output produced. By restricting the amount of revenue generating quantity, 

the potential to generate revenue was subsequently limited. The yearly economic standings 

are presented in Table 6.4. In each case, the best possible scenarios (minimum totals) 

increased after adding the overproduction cap.  

Table 6.4 Financial outcomes with overproduction cap applied to residual errors. 

Year 

Minimum 

Revenues 

(~MISK) 

Maximum 

Revenues 

(~MISK) 

Minimum 

Expenses 

(~MISK) 

Maximum 

Expenses 

(~MISK) 

Minimum 

Totals 

(~MISK) 

Maximum 

Totals 

(~MISK) 

2012 95.2 95.2 -218.8 -491.5 -123.6 -396.3 

2013 87.1 110.1 -150.2 -600.2 -63.1 -490.0 

2014 117.3 174.5 -201.6 -773.7 -84.4 -599.2 

2015 90.8 146.3 -264.6 -723.3 -173.7 -577.0 

2016 82.5 116.2 -234.2 -616.9 -151.7 -500.7 

 

Despite the overproduction filter, the positive residuals continue to greatly outnumber 

the negative residuals. Yet, the significant costs associated with the negative residuals 

continue to outweigh the revenues generated. In fact, the economic standing of the wind 

farm as a standalone BRP was worsened when the overproduction filter was applied.  

This result is based on the premise that the leftover balancing energy is not utilized in 
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any way. However, there are many potential scenarios that would optimize the use of this 

output. For example, if there was a direct buyer of the electricity, the wind farm could sell 

the production directly to the consumer. Alternatively, if the wind farm was included in a 

larger BRP portfolio, this excess energy could replace other scheduled output from a more 

stable resource. Otherwise, the energy could be used to supplement power of another entity 

in the BRP that is unable to uphold their scheduled balancing activity in an hour. Ultimately, 

each of these scenarios provide a significant use of the additional energy to be used towards 

and provide a potential to generate an external revenue otherwise not considered in these 

results.  

Despite the apparent flaws in the wind farm’s scheduling ability, Scenario 1 and Scenario 

1a highlight the inability for the market to suitably support a volatile resource as a standalone 

BRP. In both scenarios, the residuals present both non-ideal conditions for the transmission 

system to resolve, and unfavorable economic outcomes realized by the wind farm at the end 

of each year. This highlights the weaknesses in the current structure of the market when a 

less stable resource is introduced as a primary producer in the energy mix. Not only do the 

residuals highlight an inefficient fitting of the resource into the electricity system, but costs 

for all parties involved are likely to rise as a result. This phenomenon is further discussed in 

Chapter 7.2. 

Ultimately, it is clear that a standalone wind farm creates a large magnitude of error and 

would endure subsequently high associated costs, making its participation unviable within 

the current Icelandic marketplace. Thus, further analysis and subsequent scenarios must be 

completed to determine how a wind farm can exist as a BRP in Iceland’s electricity market.   

6.4 Scenario 2: External Balancing with Hydropower  

Internal balancing with another resource by trading electricity between entities is a 

common balancing strategy applied within entities in a BRP portfolios. This scenario 

calculated and applied ranging quantities of balancing energy from the adjacent hydropower 

plant in efforts to reduce the negative residuals. Specifically, 5%, 10%, 15% and 20% of 

Blanda Hydro Power Station’s annual production was applied to the residuals each year. The 

calculated quantities made available to the wind farm each year are shown in Table 6.5.  

Table 6.5 Additional balancing power capacity available each year from hydropower plant. 

Assumed Balancing 

Capacity 
5% 10% 15% 20% 

Balancing Power 

(MWh) 

45500 MWh 

p.a. 

91000 MWh 

p.a. 

136500 MWh 

p.a. 

182000 MWh 

p.a. 

 

The balancing energy was divided evenly amongst the hours where the wind farm’s 

balancing energy was negative. The total number of hours where balancing energy was 

present in each year are described in Table 6.6.  

Table 6.6 Sum of hours with negative balancing energy each year. 

Year 2012 2013 2014 2015 2016 

Total number of hours with negative residuals per year 2110 1955 2329 2304 2643 

 

As a result of allocating balancing energy to the wind farm, significant cost reductions 
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were observed. The effect can be observed in Figure 6.2. The costs obtained in the initial 

conditions without applying balancing energy are represented by the furthest left column in 

each year. The costs observed after applying balancing energy are demonstrated in 

increasing order adjacent to the initial costs calculated. 

 

Figure 6.2 (A) Minimum and (B) maximum costs each year 

after applying various hydropower balancing capacities. 

 

It is clear that significant cost reductions occur as a result of this balancing strategy. As 

anticipated, as more balancing energy was applied, costs were further reduced. Ultimately, 

the lowest magnitude of costs is observed in every year when 20% balancing energy capacity 

is applied. 

The effect of reducing the costs also have a drastic effect on the overall financial outcome 

on the wind farm each year. The net profit each year can be observed in Figure 6.3. As more 

balancing energy is applied to the initial condition, the wind farm’s balancing profile 

becomes increasingly closer to breaking even and showing an overall positive. The first sign 

of profit is observed in 2012 in the 20% scenario and continues to increase throughout the 

succeeding years. In all cases, 5% is not a suitable balancing energy capacity to bring the 

wind farm out of a deficit with regards to the balancing profile. However, it is interesting to 

note that just by using 5% of external balancing from hydropower, the costs are almost 

halved in 2012 and drastically reduced in the following years. It is also observed that the 

wind farm’s economic standing is much more impacted by the costs than the generated 

revenues from balancing power. For example, reducing the costs with external balancing 

from 0%-5% has a much greater impact than increasing from 15%-20%. This confirms that 

the magnitude of negative residuals has a much greater effect on the economic standing of 

the wind farm than the positive residuals.  
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Figure 6.3 (A) Minimum and (B) Maximum yearly net 

profits with incremental balancing energy from hydropower 

applied. 

 

The financial outcomes reveal that applying this balancing strategy is a successful 

method to reduce costs. This indicates the wind farm could successfully participate in the 

marketplace under these conditions.  

However, several assumptions are made that facilitates the trade of electricity between 

Blanda Hydro Power Station and the wind farm. Firstly, this scenario assumes the 

hydropower plant can provide large quantities of balancing energy with short notice. For 

example, in the 20% scenario, up to 93 MW of electricity is available for balancing energy 

in any allocated hour in 2013. For the hydropower plant to accomplish this, it would likely 

need to sacrifice a portion of their own scheduled output. Further, the basis of this allocation 

assumes that the Blanda Hydro Power Station agrees to allocate a designated amount of 

energy each year, and it is in the control of the wind farm to distribute this at any point. The 

capacity of Blanda Hydro Power Station is operating at a current capacity of 69%. If Blanda 

Hydro Power Station was to contribute by offering balancing energy to the wind farm, the 

hydropower plant could choose to either increase their capacity or allot a portion of their 

capacity to the wind farm. Regardless, the current operational state provides a potential to 

share generational capacity with another entity. However, in an hourly resolution, producing 

large amounts of electricity (as assumed is feasible in this scenario) may cause complications 

if the hydropower plant is restricted by other trade commitments or capacity in their 

reservoirs.  

6.5 Scenario 3: Internal Balancing  

This scenario aimed to determine if it was possible for the wind farm to balance itself 

self-sufficiently by using its own output to offset any negative residuals in an hour.  To 
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accomplish this, the wind farm portioned its possible production into “scheduled” and 

“balancing”, to simulate a potential to generate electricity in the hours where the error was 

negative. Two scenarios were explored: a 90/10 partition and a 70/30 partition.  

The 90/10 scenario apportioned 90% of the wind farm to be scheduled production and 

allotted the remaining 10% for buffering ability in case a negative result was present in an 

hour. For this scenario, the total amounts of balancing capacity generated between 2012-

2016 was 32,983 MW and is shown in Table 6.7.  

Table 6.7 Total balancing energy capacities generated by internal balancing strategy each year in 

90/10 scenario. 

 

The yearly costs realized by this partition can be observed in Figure 6.4. It can be seen 

that in each year, marginal savings were present. The greatest improvement is observed in 

2014 for both the maximum and the minimum reduction of costs. However, 2015 also 

demonstrated the largest initial error. This may indicate that scheduled output accounted for 

maximum power many times, however oftentimes produced 0 MW if observed wind speeds 

exceeded the cut-out speeds of turbines. In such, the wind farm may have been left with a 

large residual error as a result. This phenomenon is discussed in greater detail in Chapter 

7.4.3.  

 

Figure 6.4 (A) Minimum and (B) maximum scheduled and 

adjusted yearly costs resulting from internal balancing 90/10 

partition. 

 

After applying the revenues earned through positive errors, the net profit each year for 

the 90/10 division was calculated. The results are shown in Figure 6.5. The results follow a 

Year 2012 2013 2014 2015 2016 

Balancing Power (MWh) 7401 9400 6625 5657 3900 
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very similar shape observed previously in the cost results by this partition. This is largely 

attributed to small cost reductions observed as a result of this balancing tactic that the 

revenues could not override. The changes between the scheduled and adjusted costs 

demonstrate the same magnitude of difference observed between the costs. Thus, although 

the wind farm was able to marginally counteract the negative residuals, large errors still 

remained.  

 

Figure 6.5 (A) Minimum and (B) maximum yearly net 

profit resulting from 90/10 internal balancing scenario.  

 

The results indicate that 2014 demonstrate the largest cost savings when maximal costs 

were assumed, relating a total cost savings of approximately 245 million ISK. When 

minimum costs were assumed, 2013 showed the largest potential of savings with 920 million 

ISK. Monthly economic profits were observed in instances where costs were minimums in 

twenty occurrences, including: April 2012, May 2012, June 2012, July 2012, October 2012, 

December 2012, April 2013, May 2013, June 2013, July 2013, August 2013, October 2013, 

March 2014, April 2014, May 2014, July 2014, August 2014, May 2015, April 2016 and 

September 2016. However, when maximum costs were considered, only two instances of 

monthly profits were calculated, occurring in July 2012 and October 2012. Further details 

pertaining to these results can be found in Appendix A. Ultimately, despite small cost 

improvements and glimpses of economic gains observed, the wind farm would still suffer 

an economic loss at the end of each year if only this 90/10 balancing strategy was applied. 

On the other hand, the 70/30 partition resembled a division of 70% capacity was 

allocated towards scheduled energy, and 30% was used for potential balancing purposes. 

The total additional energy generated between 2012-2016 was 116,308 MW and is displayed 

in Table 6.8.   

Table 6.8 Balancing energy capacities generated by internal balancing strategies each year for 70/30 
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partition 

 

The balancing power in this scenario is much larger than the 90/10 division because a 

larger portion of the wind farm was allocated for balancing potential. Thus, this scenario 

showcased potential for larger magnitudes of savings however smaller magnitudes of 

scheduled costs as illustrated in Figure 6.6. 

 

Figure 6.6 (A) Minimum and (B) maximum yearly costs 

resulting from 70/30 internal balancing scenario. 

  

Results from the 70/30 partition demonstrate much larger cost savings than the 90/10 

scenario. In this case, the largest potential cost savings is noticed in 2013 where a maximum 

potential 133 million ISK in 2014 is possible. This indicates that a substantial of residuals 

could be addressed with the balancing power produced with 30% of the wind farm’s 

potential. Furthermore, the yearly net profit summaries are described in Figure 6.7. 

Year 2012 2013 2014 2015 2016 

Balancing Power (MWh) 25240 31050 23807 20777 15433 
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Figure 6.7 (A) Minimum and (B) maximum yearly net 

profit resulting from 70/30 internal balancing scenario. 

 

The results from this partition indicate a better overall standing than the 90/10 partition 

observed. The differences observed in the financial outcomes continue to mimic the changes 

seen in the cost reductions due to unchanging revenue generation.  

Monthly, the adjustments created a financial gain during several months. When 

minimum costs are considered, overall profits are realized throughout: April 2012, May 

2012, June 2012, July 2012, October 2012, December 2012, April 2013, May 2013, June 

2013, July 2013, August 2013, October 2013, March 2014, April 2014, May 2014, July 

2014, August 2014, September 2014, May 2015, June 2015, July 2015, November 2015, 

and September 2016. When maximum costs are considered, the months resembling a 

positive economic standing include: July 2012, October 2012, April 2013, May 2013, 

October 2013, May 2014, and May 2015. The specific findings are listed in Appendix A. 

However overall, this strategy was unable to provide the wind farm with a positive surplus 

in any year. Thus, a sole balancing mechanism applied to this wind farm, the strategy proved 

to be monetarily unsuccessful.   

A large limitation imposed on the effectiveness of the self-balancing strategy is the 

inability to store electricity for later use. In this scenario, the amount of power available for 

balancing the wind farm was limited by the wind conditions during that hour. For example, 

at a lower wind speed when 10 MW is produced, the 90/10 scenario only accounts for 1 MW 

available for balancing. However, whatever amount of generation produced to assist in 

reducing the residuals was fully absorbed each hour. Typically, when a negative residual 

was present, more balancing energy was required than what the partition allocated. It was 

noticed that this strategy was more affective in hours where power production was very high; 

e.g. fast wind speeds, because it created a greater balancing buffer. Further, the 70/30 

scenario proved to be more effective due to larger quantities of electricity allocated for 

balancing purposes, and a smaller potential error caused by a smaller magnitude of 
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scheduled capacity.  

Ultimately, the internal balancing scenario aims to investigate if reducing the negative 

residuals has a meaningful effect. The scenarios showed that from a balancing perspective 

only, the internal balancing strategy marginally reduced the quantity of negative residuals. 

As expected, the balancing profile of the wind farm improves as a larger portion of the wind 

farm is allocated for balancing capacity. For example, allocating 30% (as in the 70/30 

scenario) of the wind farm for balancing resulted in larger residual reductions than allocating 

10% of the wind farm (seen in the 90/10 scenario). Subsequently, by reducing the negative 

power residuals, the associated correction costs were also decreased.  

However, the overall financial impact of allocating a portion of the farm to balancing is 

outside of the scope of this study. Without considering the revenue earned from selling the 

generated electricity, the consequences on the revenue stream are not considered i.e. the 

effect of adding or subtracting an additional turbine to contribute to self-balancing is 

unknown. If a larger portion of the wind farm is designated for internal balancing, the 

balancing profile of the wind farm improves, however the profitability associated to this 

allocation is unknown. To understand the entirety of the internal balancing strategy, further 

studies investigating optimal allocation proportions should be performed. This would aid the 

understanding of the equilibrium between performing as a balanced entity and maximizing 

revenue from production. 
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Chapter 7 

7Discussion and Limitations 

In many countries around the world, renewable energies are relatively new technologies 

infiltrating the marketplaces. As a result, many supporting regulations have been established 

to support the integration of RES into the marketplaces. On the other hand, Iceland’s 

electricity market allots uniform regulatory treatment amongst the generators. Intriguingly, 

Iceland’s market structure exemplifies many unique characteristics that can be discussed to 

describe the meaning behind the results established in this study. Iceland’s unique wholesale 

regulating market is designed to incorporate the unified transmission infrastructure network, 

isolated location, and access to abundant natural resources. Further, the current market 

design depends on relatively stable output produced from hydropower and geothermal 

energy.  

In seeking to incorporate a wind farm as a BRP into the pre-established structure, the 

primary assumption that wind energy would not receive discriminatory treatment was made. 

As a result, no regulatory exceptions were applied to manipulate the residuals, but instead, 

balancing strategies were applied in attempt to reduce the effect of the residuals within the 

boundaries of the current market structure. 

7.1 BEPs 

The variable proving to have the largest effect on the financial outcome in each scenario 

was the BEP. The magnitude of the BEP describes the extent of stability in the system and 

indicates how much balancing energy is required to bring the system back to neutral. Thus, 

a higher BEP is indicative of a greater imbalance in the network since more bids are required 

to bring the system back to a balanced state, whereas a low BEP is symbolic of a well-

balanced system. BEPs were calculated using monthly minimum and maximums and were 

held constant between the scenarios. However, it is important to note that in reality, BEPs 

are determined in Iceland using a pay-as-cleared system every hour.  

If wind energy was added into the Icelandic network, it would be expected that the BEPs 

increase due to the fluctuating output produced by the wind farm each hour, otherwise 

increasing the instability in the market as a whole. Therefore, it should be noted that the 

BEPs used in this analysis are characteristic of the conditions that occurred at the time and 

does not demonstrate or predict the BEPs if wind energy was resembled magnitudes two to 

four times greater than the negative residuals. Despite this, expenses were often two to four 

times greater than the revenues generated, resulting in a loss in every year analyzed.  

It is important to note that the BEPs indicate the state of the system overall, and not the 

state of the BRPs included in the marketplace. Furthermore, it is possible for a BRP’s 

balancing energy to be negative at the same time there is upwards regulation, and vice versa. 

Similarly, if a BRP is compensated for positive balancing energy, it does not immediately 

indicate that the total error in the system is positive. Regardless of the direction of error 

exhibited by the BRP versus the direction of the system overall, the BRP’s error is always 
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settled using the BEP that hour. For example, if the BRP exhibited a positive balancing 

energy state but the system was overall negative, the BRP would be compensated per MW 

at the upward BEP accepted that hour.  

7.2 Market Design  

Unlike other countries, Iceland does not break down the marketplace into balancing 

zones, but rather utilizes a single grid to comprise one unified system. Further, this design 

allows a BRP with multiple entities to internally balance their activity in any location along 

the grid. For example, if a BRP consisting of multiple entities, including the wind farm 

proposed in this study (located in Northwestern Iceland), was in an energy deficit during an 

hour, the BRP could generate power in the southern part of the country to regain balance. In 

other words, the location that a BRP generates in is unimportant with regards to maintaining 

balance under a BRP. Although this provides internal flexibility for BRPs encompassing 

many entities, it demonstrates inflexibility to the entirety of the grid and the interaction 

between the participants. As the market structure is designed to treat all entities equally, any 

imbalance caused by any participant affects the all participants equally in the marketplace. 

For example, the results in the base case scenario demonstrated the inability for the wind 

farm to efficiently participate in this role. Yet, since Icelandic market regulation requires 

any generator producing more than 10 MW of electricity to be classified as a BRP, not only 

would the wind farm suffer high yearly costs, but the other participants in the market would 

also suffer as a result of a network with large imbalances; without the assistance of 

supporting regulation or the application of a balancing strategy, the large magnitude of 

residuals would cause to BEPs to rise across the entire network. In other countries, regional 

differences can help balance each other through trade to reduce bottlenecks and minimize 

inefficiencies, while also providing other trading options to ensure a lower cost realized by 

the participants. Alternatively, supporting regulations could be instated to support wind 

energy taking on such a role.  

Interestingly, wind energy can be commonly granted with priority dispatch. This 

regulation guarantees that all electricity produced by a wind farm will be accepted into the 

grid, while other scheduled resources are dismissed for the electricity already produced by 

the wind farm. For example, the positive residuals produced by the wind farm would be 

accepted in the grid and a hydropower station may be asked to halt scheduled production in 

a given hour. This is a common mechanism instated in regulations to reduce the volatility of 

imbalance in the grid. Understandably, if this mechanism was applied to the wind farm, the 

resulting outcomes would change drastically.  

Hydropower is a good balancing resource because the source can be stored in the 

reservoir overtime and can be easily turned on or off in short notice. The study considers 

hydropower as a balancing resource that can be activated with short notice. The study uses 

Blanda Hydro Power Station, the adjacent power plant to the proposed location, to provide 

balancing services in short notice to reduce the negative residuals in an hour. However, the 

balancing arrangement between hydropower and a wind farm does not necessarily suggest 

a unidirectional relationship. In fact, sharing electricity between the resources can be 

mutually beneficial to both participants.  

The topic of water has dominated recent conversations as many notable scholars have 

attempted to put a value on the water as a resource.  With respect to a hydropower plant, 

water management can be complicated to ensure output is maximized but the reservoir is 

also suitable for future supply. In many cases, Blanda Hydro Power Station may actually 

prefer another resource to fulfill their scheduled output in hours where the wind farm is 
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producing more electricity than originally scheduled, in order to save the resource for other 

purposes. Furthermore, the during the winter of 2017, the Blanda Hydro Power Station 

reservoir had instances of bareness demonstrating that buying electricity from another 

resource would have been beneficial.  

In Iceland, where water is normally a plentiful resource, this may not be the case very 

often. However, in other parts of the world where access to water is expensive or scarce, it 

may be advantageous to use the overproduction of electricity from another resource. 

Moreover, if a BRP encompasses hydropower and wind energy in their portfolio, it is 

probably beneficial to prioritize the output produced by the wind farm and save the water 

resource for supplementary power resources within the hour. Thus, in a wider sense it may 

be profitable and strategic to utilize electricity from other resources to harness water as a 

resource.  

The current market structure in Iceland allocates 40 MW in the reserve market to 

intervene when the system is out of balance. However, under this condition, it was concluded 

by [9] that this was not a suitable amount of reserve power if wind power was entered into 

the energy mix in Iceland. Scenario 1a: Applying an Overproduction Cap, applied 40 MW 

as a cap on the positive residuals, as theoretically, Landsnet would not buy additional 

capacity over this quantity with respect to its current market regulations. Thus, the results 

from this scenario are largely dependent on the acceptable capacity in the reserve market, as 

well as the potential buyers of the electricity.  

There are many growing industries in Iceland that suggest that electricity consumption 

may increase in the near future. Rapid acceleration in tourism alone has heightened the 

demand for electricity in all industries. Furthermore, conversations surrounding a cable 

connecting Iceland to the UK, and large industrial manufacturers establishing plants in 

Iceland are both realistic potentials for the future. In any case, any increased national demand 

would require the need for extra capacity along the transmission system. If the timing for 

the proposed wind farm aligned with the subsequent electrical growth, the results indicating 

frequent overproduction may turn out as an advantage in the nation.  

7.3 Seasonality and Forecasting 

Variations in the weather are strongly correlated to the accuracy of forecasts, and thus 

magnitude of residuals created. In Iceland, wind speeds are exponentially faster and volatile 

during the winter months. Furthermore, Iceland’s physical island location is susceptible to 

fast changing weather patterns and frequent flash storms. These conditions create a difficult 

setting to produce accurate forecasts within due to the unpredictability over hourly and daily 

resolutions. The aspect of seasonality is directly translated to the magnitude of residuals that 

occur throughout the year. For example, Figure 7.1 illustrates an example of observed and 

forecasted wind speeds across two days for all seasons.  
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Figure 7.1 Example of observed and forecasted wind 

speeds with residuals over two-day periods. Results plotted 

seasonally for a typical year. 

 

The figure reveals the observed and forecasted wind speeds observed throughout the 

year, as well as the resulting residuals. It can be noted that during the winter months the 

wind speeds are the fastest and during the summer months wind speeds are the slowest. The 

fall and summer months demonstrate wind speeds that were relatively moderate. As a result, 

the wind speed residuals exhibit a chaotic character throughout the winter and a stabilized 

variance in the summer.  

The figure exemplifies that the forecasting accuracy is reduced during months where 

wind speeds are faster. During the winter, the wind speed residuals reflect a chaotic 

character, whereas during the summer, a more stabilized variance can be observed. Further, 

during the fall, residuals are greater than during the spring, and a larger variance in residuals 

can be observed.  

These trends were observed in each of the scenarios results. In months where the initial 

residuals were lower, the balancing strategies were more effective and larger cost reductions 

were observed. For example, monthly net profits were only observed in the self-balancing 

scenarios between April and September throughout the five-year span.  

The magnitude of error between the observed and forecasted wind speeds are heightened 

when applied to the park power curve. As previously mentioned, the park power curve is an 

efficient way to estimate the conversion of wind speeds to electrical power at a given time. 

Thus, when the wind speeds were applied to the power curve, it was expected that residual 

error portray a similar shape to the wind speed data showcased in Figure 7.1.  

The park power curve provided for the analysis of this study demonstrates a sharp 

exponential increase as wind speeds increase. Thus, when the wind speeds were applied to 

the curve, even small forecasting errors proved to have a large difference. This is illustrated 

in Figure 7.2 below where the same dates and wind speed data were applied, yet the result 

after power output was calculated is demonstrated.  
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Figure 7.2 Example of observed and forecasted power 

output with residuals over two-day periods. Results plotted 

seasonally for a typical year. 

 

It is clear that applying the power curve to the recorded and forecasted wind speeds had 

an impactful meaning on the residuals in each subplot. The winter plot showcased a variable 

output ranging frequently between minimum and maximum power output. The sharp drops 

in power output from 105 MW to 0 MW indicate the wind speeds rising above the cutoff 

speed included in the power curve, and subsequently entering a condition that is unable to 

produce power. In these conditions, large negative residual errors are realized because 

maximum power output is predicted, yet the park power curve limits the wind speed that the 

farm can operate at. During hours where both the forecast and the observed power output 

are equal, there are no residuals present. This commonly occurs in the winter plot when 

maximum power output is achieved. However, when wind speeds fluctuate below maximum 

power threshold, the residual results are variable.  

The first day displayed in the spring subplot showcase illustrated residuals frequently 

near zero. As observed in Figure 7.1 the wind speeds during the first day resembled relatively 

low velocities. This indicates that the farm was unable to produce power because the wind 

speeds were below the cut-in speed. The second day observed in the spring plot indicated 

more variable power outputs and residuals, as a result of fluctuating wind speeds each hour.  

The summer subplot illustrated the most variable residuals observed between all seasons 

illustrated in the figure. Interestingly, the residuals observed in Figure 7.1 showed the 

smallest magnitude and frequency of residuals for the same wind speeds during the summer. 

This demonstrates the extent of sensitivity that exists between wind speeds and the park 

power curve and shows how small changes in wind speeds can lead to great differences. 

Further, it is indicative of the challenges to create an accurate forecast when wind speeds are 

variable, as opposed to constant conditions and the ability to predict maximum output. 

The fall subplot demonstrated very minor residuals across the 48-hour period. The 

observed and forecasted values resembled maximum power output for the majority of the 

plot. Yet, towards the end of the second day, residuals were more frequent as the wind speeds 
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and associated power output fluctuated.  

These seasonal trends were observed in each of the scenarios results. During months 

where maximum power output was possible, residuals were decreased. Additionally, during 

the summer months where wind speeds exist below the cut-in speed, costs can also be 

negligible. Overall, during months where the initial residuals were lower, the balancing 

strategies were more effective and larger cost reductions were observed. Ultimately, the 

variability of weather patterns observed throughout the year in Iceland was impactful on the 

overall results. If the same study was applied in a setting where wind speeds portrayed a 

more consistent or predictable behavior, it would be expected that a wind farm could 

participate as a BRP more effectively.  

7.4 Data Limitations 

The limitations imposed by the availability of data used in this study had a large influence 

on the ways in which the research was conducted and subsequently the results that were 

presented. Although some limitations and assumptions have been discussed previously, this 

section will clearly describe the restrictions imposed in all aspects of the study.  

7.4.1 Forecast Accuracy  

The residuals determined in the base case scenario established the foundation for this 

analysis. The residuals were calculated from the data provided by the Icelandic 

Meteorological Office that consisted of a compilation of individual forecast runs taking 

place every six hours. As previously described in Chapter 5.2.2, each run creates a forecast 

with a horizon of 7 hours in 6-hour blocks. For example, the forecast produced at 0:00 

predicted the conditions from 7:00-12:00. Thus, although the first hour of the forecast period 

represented a t-5 horizon, the last hour was a product of a t-12 forecast horizon. It is well 

known that the accuracy of wind forecasting improves as the time between forecasting and 

delivery is reduced. If the data was designed to facilitate the integration of a wind farm as a 

BRP, it is expected that continuous forecasting would occur to most accurately update their 

scheduled production. In turn, it is important to highlight that better predictions would 

drastically reduce residuals.  

Ultimately, the limitations imposed on this study due to available data had a significant 

impact on the magnitude of the error observed in the results of each scenario. However, the 

results highlight the importance of accurate forecasting and how devastating the effects can 

be if not conducted. This serves as motivation to the WPPs to prioritize predictions in their 

schedules to avoid facing significant fines on themselves and on the other participants in the 

marketplace.  

To determine the wind speeds that had the highest associated costs, a sum of the net 

profit over the entire forecasted dataset was collected for each associated wind speed. This 

is demonstrated in Figure 7.3. It can be observed that a positive net profit was obtained from 

forecasted wind speeds below 7.5 m/s and above 26.5 m/s. Higher costs can be correlated to 

larger residuals errors. Further, higher forecasted power outputs (obtained from higher wind 

speeds) create a larger magnitude of error when they are not met in reality. Thus, positive 

net profits at wind speeds below 7.5 m/s suggest the costs from negative residuals were 

outweighed by the revenues from the positive residuals. Further, the positive net profit 

obtained from wind speeds above 26.5 m/s can be explained by the maximum power output 

of the power curve. Above this threshold, the maximum power output is generated by the 
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wind farm. Thus, any prediction above 27.5 m/s and below 30 m/s would produce the 

maximum power output, making the forecasted power more flexible than at other wind 

speeds. 

The negative net profits are seen for wind speeds between 7.6 m/s and 26.4 m/s. The 

differences in associated power output between these wind speeds is drastic and can produce 

an impactful error. Aforementioned, due to the shape of the power curve, a prediction error 

of 1 m/s can result in a large power difference and subsequently a high cost. 

 

Figure 7.3 Summation of average net profit and computed 

residual error obtained from forecasted wind speeds across 

dataset. 

 

The resounding negative net profit observed from this figure across the majority of wind 

speeds highlights the importance of accurate predictions. Large negative net profits are 

associated with many of the wind speeds across the profile, demonstrating the need for 

overall better forecasting efforts. Furthermore, if a complete financial analysis was 

conducted for this wind farm, the potential for the wind farm to generate more electricity 

and a larger profit increases with the wind velocity in tandem. Thus, it would be favorable 

for the wind farm to reduce the costs associated with remaining balanced and maximize 

profit obtained from selling power.  

7.4.2 Wind Shear  

The data provided in this study was collected from 10-meters elevation. In reality, the 

hub height of the turbine is at elevations greater than this. Thus, the wind speeds were 

adjusted to an assumed height of 50-meters. Adjusting the wind speed from the reference 

elevation to the desired elevation has a direct effect on the corresponding power output. The 

wind shear coefficient indicates the magnitude of variance that exists between the observed 

height and the adjusted height. A high wind shear coefficient indicates a large difference 

between the reference and adjusted height, whereas a low wind shear coefficient indicates 

less change. Figure 7.4 shows the effect of applying varying wind shear coefficients to the 
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same reference wind speeds and heights. The applied wind speed is indicated with a black 

line and represents the adjustment that was conducted for every hour in this analysis. The 

effects of applying a lower wind shear is demonstrated with the blue line, and a higher wind 

shear the red line.  

 

Figure 7.4 The effects of wind shear coefficients on 

adjusted wind speeds. The coefficient applied to the data 

(black) in this study is compared with a higher (red) and lower 

(blue) coefficient. 

The power output that would be obtained from each adjusted wind speed would be 

variable. Thus, it is important to note that some portion of the volatility observed in the 

residual errors each hour may be a result of the wind shear coefficient applied.  

If the data obtained was from the desired hub height, there would no need to adjust the 

data according to a wind shear coefficient. If the data was collected from a higher reference 

point that was closer to the desired elevation, the magnitude of correction and uncertainty 

would be reduced, thus decreasing the magnitude of volatility, errors and associated costs. 

7.4.3 Storm Control  

The park power curve is an efficient way to connect wind speed (and wind direction) to 

power. The cut-in and cut-out speeds set the boundaries of available power at a given time. 

This study defined any wind speed outside of these boundaries to produce a power output of 

presumably zero. This had a great significance in conditions that surrounded the cut-out 

speed because when the wind speed was only slightly above the cut-out speed, the power 

output fell to zero and resulted in a very large residual error of the maximum power output. 

However, in reality, modern turbines have the ability to scale down the production using a 

storm control mechanism that turns the turbines (reduces rotation speed) to avoid losing 

power generation. Although this was not considered in the analysis due to the park power 
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curve provided, the effect on remaining residuals is substantial.  

To demonstrate the effect of this phenomenon, residuals that demonstrated a value of 

less than -105 MW (otherwise demonstrating the maximum power output in the power 

curve) in the stand-alone scenario, were removed from the negative residual total. This 

illustrated the hours in which the forecasts were roughly 1 m/s more than the actual, and 

power output was automatically equal to 0 MWh, when in actuality, the turbine would 

produce some output due to the storm control feature. These totals were summed each year 

to determine how much lost energy was included in the results due to this limitation in the 

power curve. The cumulative sums each year are shown in Table 7.1.  

Table 7.1 Cumulative residual errors each year indicating a maximum power error. 

Year 2012 2013 2014 2015 2016 

Cumulative power sum (MWh) 19182 12014 12858 16442 10118 

 

By removing these negative power residuals, the wind farm also endured cost savings 

from this experiment which are shown in Table 7.2.  

Table 7.2 Cost savings endured after removing maximum power output error from forecast. 

Year 2012 2013 2014 2015 2016 

Minimum Savings (~MISK) 93.60 37.17 50.40 147.74 130.74 

Maximum Savings (~MISK) 366.30 456.67 548.22 535.08 470.88 

 

The magnitude of residuals each year is a result of the forecasting accuracy and the 

frequency the forecast predicted wind speeds only slightly different than the ability of the 

power curve. The cost savings are a result of the application of BEPs into the scenario.  

This demonstration highlighted the sensitivity of the power curve and forecasting 

accuracy with an error margin of merely 1 m/s. This demonstrates the frequency that storm 

control would be applied, and subsequently where major cost reductions could originate. 

Further, modern power curves would incorporate a smooth and gradual decrease in energy 

to extend the cut-out speed and maximize power generation potential. However, for the 

purpose of this study, the park power curve provided was suitable so long as the limitations 

were recognized.  
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Chapter 8 

8Conclusions 

8.1 General Conclusions  

This research project studied how a wind farm could operate as a Balancing Responsible 

Party under Iceland’s regulating market conditions. It aimed to determine if the errors 

resulting from volatile wind resources and imbalancing penalties made the circumstances 

too great for a wind farm to successfully participate in this role. Using wind data provided 

by the Icelandic Meteorological Office, and a park power curve provided by the National 

Power Company of Iceland, it was possible to model forecasted and observed power 

productions to determine the residual error. Then, the monthly maximum and minimum 

balancing energy prices were applied to determine the economic standing each month of the 

wind farm. Using this basis, different scenarios were created to understand the performance 

of the wind farm with different balancing arrangements.  

The scenarios show that under current market conditions, it would be very expensive for 

a wind farm to operate as a BRP without applying a balancing strategy and reducing the 

negative residual errors. The magnitude of negative errors is much less than the magnitude 

of positive errors, however the cost associated to regaining balance in the upward direction 

is much greater than the downward direction. The results are highly sensitive to the 

composition of the market design and balancing energy prices.  

The most favorable outcome for the wind farm was a result of external balancing activity 

with a hydropower plant, as observed in Scenario 2. Positive results and profits were 

obtained due to the substantial capacity of balancing power available to buffer the negative 

residuals. Profits are accumulated once 10% of the hydropower plants capacity is applied in 

every year studied. However, applying balancing capacities less than 10% still led to 

impactful cost reductions.  

The self-balancing scenario also showed the potential for improvement when a 

meaningful portion of the wind farm was designated for balancing. The magnitude of 

improvement was contingent on the wind speeds and subsequently, the potential for 

balancing generation.  

It is beneficial for all participants within the electricity market if the residual errors are 

minimized in the network. Due to the pay-as-cleared bidding system, balancing energy 

prices are likely to rise as a result of larger imbalances in the system. Thus, though it can be 

concluded that it is possible for a wind farm to participate with a balancing strategy applied, 

it is suggested that the economic market place reconsider its structure if wind production of 

this magnitude was introduced into the network.  

8.2 Market Critique  

The results from this research has indicated that the Icelandic marketplace cannot 

efficiently handle unstable resources. As realized in every scenario, but particularly when 
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the wind farm performed as a stand-alone producer, it was very clear that high costs were 

associated with relatively small imbalances, and imbalances occurred frequently. This 

stresses the need for better prediction models to reduce imbalancing errors wherever 

possible. Further, it indicates that the BSPs in the regulating market would be required in 

much larger magnitudes than their current participation.  

When the overproduction cap was applied to simulate the market restrictions, it was clear 

a lot of generated electricity would be wasted. This indicated two major conclusions. Firstly, 

it is extremely important that a wind farm produce accurate forecasts to minimize the amount 

of wasted electricity and decrease costs. Secondly, the market structure is not designed to 

account for unpredicted energy. If these residuals were present in reality, the market 

structure would have to change to support wind energy by prioritizing their electricity into 

the grid or applying cost reduction protocols. 

8.3 Recommendations for Further Research  

Due to the limitations of the wind speed forecasting data and assumptions presumed with 

regards to the balancing energy prices applied, a more detailed simulation of the residuals 

and associated costs should be calculated to more accurately depict the economic standing 

of each scenario. For example, updating the forecasts hourly to reduce the forecast horizon 

before the real time could drastically change the magnitude of residual error created. 

Further, it is unlikely that a wind farm would only apply one balancing strategy at a time. 

In reality, the wind farm operator would likely take all measures to reduce the residuals and 

be a balancing responsible generator. Thus, a combination of strategies should be applied to 

obtain higher accuracy in the results.  

The results of this study showcased how a wind farm could participate under the current 

market structure and regulations in Iceland. However, it was noted that many other countries 

implement supporting mechanisms to integrate wind farms as balancing responsible parties. 

Thus, further research could analyze the effects of these mechanisms on the wind farm under 

supporting regulations such as tolerance bands. For example, it would be interesting to apply 

a tolerance margin on the residuals to understand the effects it would have on the wind farm 

and highlight what threshold of support is needed. 

Finally, this study only analyzed the economic results that occur due to balancing errors. 

However, in reality, the BRP would also have to account for the finances associated with 

trading electricity between BRPs, selling electricity generated, buying electricity from other 

generators, and revenues from bid placements. Thus, future research could encompass a 

more holistic approach of the wind farm as a BRP, instead of just the balancing aspect to 

obtain a better understanding of the entirety of its performance. 
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Appendix A Monthly Results 

Table 9.1 Maximum BEPs per month for downward (D) and upward (U) regulation (ISK/MWh). 

 2012 2013 2014 2015 2016 

 D U D U D U D U D U 

JAN 750 6700 750 19200 1200 17400 1200 15000 1500 15000 

FEB 750 6700 750 14200 2000 19500 1200 15000 1500 15000 

MAR 750 6700 750 19200 2000 19500 1200 12500 1500 15000 

APR 750 6700 750 11700 2000 19500 1200 15000 1500 15000 

MAY 750 5300 750 13000 2000 17000 1200 15000 1000 12500 

JUN 750 13000 750 10200 1200 17400 1200 15000 1000 12500 

JUL 750 5300 750 19500 1200 14500 1200 15000 1000 10500 

AUG 750 5300 750 11700 1200 9600 1200 15000 1000 17000 

SEP 750 5300 1200 11700 1200 13000 1200 12500 1000 17000 

OCT 750 7700 1200 14500 1200 12500 1500 15000 1000 11000 

NOV 750 19200 1200 19500 1200 19500 1500 15000 1000 17000 

DEC 750 17000 1200 17400 1200 17000 1500 12500 1000 17000 

 

Table 9.2 Minimum BEPs per month for downward (D) and upward (U) regulation (ISK/MWh). 

 2012 2013 2014 2015 2016 

 D U D U D U D U D U 

JAN 750 3650 750 3650 750 6000 750 5200 1000 5500 

FEB 750 5721 750 3650 750 4000 750 5200 1000 5500 

MAR 750 4721 750 3650 2000 4000 750 5200 1000 5500 

APR 750 3400 750 3650 2000 4000 750 5000 1000 5350 

MAY 750 3400 750 3650 750 4000 750 5000 750 5350 

JUN 750 3400 750 3700 750 6000 750 5200 750 5500 

JUL 750 3400 750 3700 750 3300 750 5200 750 5500 

AUG 750 3400 750 3700 750 3300 750 5200 750 5500 

SEP 750 3400 750 3700 750 3300 750 5200 750 5500 

OCT 750 3400 750 5000 750 3200 750 5150 750 5500 

NOV 750 3650 100 5000 1200 5000 1000 5150 750 5500 

DEC 750 3650 750 6000 750 5000 1000 5500 750 5500 
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Table 9.3 Maximum monthly totals of stand-alone wind farm without any balancing strategy applied. 

Date Revenues Expenses Totals 

Jan, 2012 10,686,573 ISK -42,749,708 ISK -32,063,135 ISK 

Feb, 2012 9,544,335 ISK -38,548,820 ISK -29,004,485 ISK 

Mar, 2012 10,863,611 ISK -52,675,813 ISK -41,812,202 ISK 

Apr, 2012 11,039,701 ISK -21,834,680 ISK -10,794,979 ISK 

May, 2012 7,748,203 ISK -12,130,641 ISK -4,382,438 ISK 

June, 2012 6,432,732 ISK -15,802,250 ISK -9,369,518 ISK 

July, 2012 9,391,324 ISK -4,233,021 ISK 5,158,303 ISK 

Aug, 2012 9,146,133 ISK -26,435,604 ISK -17,289,472 ISK 

Sept, 2012 15,668,986 ISK -56,386,930 ISK -40,717,944 ISK 

Oct, 2012 11,170,215 ISK -12,938,141 ISK -1,767,926 ISK 

Nov, 2012 9,431,070 ISK -151,544,359 ISK -142,113,289 ISK 

Dec, 2012 14,057,288 ISK -56,175,813 ISK -42,118,525 ISK 

Jan, 2013 10,069,653 ISK -143,101,049 ISK -133,031,396 ISK 

Feb, 2013 10,652,292 ISK -57,973,778 ISK -47,321,486 ISK 

Mar, 2013 9,020,885 ISK -82,705,345 ISK -73,684,460 ISK 

Apr, 2013 9,369,708 ISK -16,687,250 ISK -7,317,542 ISK 

May, 2013 12,318,840 ISK -19,255,435 ISK -6,936,595 ISK 

June, 2013 9,701,872 ISK -23,296,019 ISK -13,594,147 ISK 

July, 2013 9,469,602 ISK -33,924,272 ISK -24,454,671 ISK 

Aug, 2013 11,425,637 ISK -24,317,794 ISK -12,892,157 ISK 

Sept, 2013 16,024,776 ISK -42,609,380 ISK -26,584,604 ISK 

Oct, 2013 12,050,782 ISK -16,470,776 ISK -4,419,994 ISK 

Nov, 2013 13,772,057 ISK -92,885,182 ISK -79,113,125 ISK 

Dec, 2013 19,614,054 ISK -46,940,843 ISK -27,326,789 ISK 

Jan, 2014 24,463,859 ISK -96,384,745 ISK -71,920,886 ISK 

Feb, 2014 34,348,191 ISK -92,808,795 ISK -58,460,604 ISK 

Mar, 2014 28,262,714 ISK -61,442,503 ISK -33,179,789 ISK 

Apr, 2014 24,725,793 ISK -88,797,740 ISK -64,071,947 ISK 

May, 2014 21,542,826 ISK -29,937,138 ISK -8,394,312 ISK 

June, 2014 11,559,217 ISK -28,141,246 ISK -16,582,029 ISK 

July, 2014 14,260,239 ISK -26,399,000 ISK -12,138,760 ISK 

Aug, 2014 13,515,457 ISK -23,496,419 ISK -9,980,961 ISK 

Sept, 2014 12,200,772 ISK -36,773,432 ISK -24,572,659 ISK 

Oct, 2014 13,337,411 ISK -53,180,621 ISK -39,843,210 ISK 

Nov, 2014 11,531,484 ISK -125,808,306 ISK -114,276,822 ISK 

Dec, 2014 15,737,612 ISK -110,922,465 ISK -95,184,853 ISK 

Jan, 2015 24,463,859 ISK -96,384,745 ISK -71,920,886 ISK 

Feb, 2015 34,348,191 ISK -92,808,795 ISK -58,460,604 ISK 

Mar, 2015 28,262,714 ISK -61,442,503 ISK -33,179,789 ISK 

Apr, 2015 24,725,793 ISK -88,797,740 ISK -64,071,947 ISK 

May, 2015 21,542,826 ISK -29,937,138 ISK -8,394,312 ISK 

June, 2015 11,559,217 ISK -28,141,246 ISK -16,582,029 ISK 

July, 2015 14,260,239 ISK -26,399,000 ISK -12,138,760 ISK 

Aug, 2015 13,515,457 ISK -23,496,419 ISK -9,980,961 ISK 

Sept, 2015 12,200,772 ISK -36,773,432 ISK -24,572,659 ISK 

Oct, 2015 13,337,411 ISK -53,180,621 ISK -39,843,210 ISK 

Nov, 2015 11,531,484 ISK -125,808,306 ISK -114,276,822 ISK 
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Dec, 2015 15,737,612 ISK -110,922,465 ISK -95,184,853 ISK 

Jan, 2016 21,772,001 ISK -56,118,256 ISK -34,346,255 ISK 

Feb, 2016 18,328,278 ISK -47,906,053 ISK -29,577,775 ISK 

Mar, 2016 16,880,024 ISK -88,074,995 ISK -71,194,970 ISK 

Apr, 2016 15,759,987 ISK -32,678,522 ISK -16,918,535 ISK 

May, 2016 8,535,216 ISK -24,987,703 ISK -16,452,488 ISK 

June, 2016 8,432,380 ISK -22,978,767 ISK -14,546,387 ISK 

July, 2016 7,325,307 ISK -18,358,253 ISK -11,032,946 ISK 

Aug, 2016 7,683,920 ISK -31,677,102 ISK -23,993,182 ISK 

Sept, 2016 11,304,945 ISK -25,605,677 ISK -14,300,732 ISK 

Oct, 2016 10,377,809 ISK -92,050,809 ISK -81,673,000 ISK 

Nov, 2016 8,961,287 ISK -64,440,906 ISK -55,479,619 ISK 

Dec, 2016 10,644,689 ISK -112,023,766 ISK -101,379,077 ISK 

 

Table 9.4 Minimum monthly totals of stand-alone wind farm without any balancing strategy applied.  

Date Revenues Expenses Totals 

Jan, 2012 10,686,573 ISK -23,289,020 ISK -12,602,447 ISK 

Feb, 2012 9,544,335 ISK -32,902,827 ISK -23,358,492 ISK 

Mar, 2012 10,863,611 ISK -37,116,793 ISK -26,253,182 ISK 

Apr, 2012 11,039,701 ISK -11,094,067 ISK -54,366 ISK 

May, 2012 7,748,203 ISK -7,781,921 ISK -33,717 ISK 

June, 2012 6,432,732 ISK -4,139,451 ISK 2,293,281 ISK 

July, 2012 9,391,324 ISK -2,715,523 ISK 6,675,801 ISK 

Aug, 2012 9,146,133 ISK -16,958,690 ISK -7,812,557 ISK 

Sept, 2012 15,668,986 ISK -36,172,747 ISK -20,503,762 ISK 

Oct, 2012 11,170,215 ISK -5,712,945 ISK 5,457,270 ISK 

Nov, 2012 9,431,070 ISK -28,809,214 ISK -19,378,144 ISK 

Dec, 2012 14,057,288 ISK -12,061,277 ISK 1,996,010 ISK 

Jan, 2013 10,069,653 ISK -27,204,106 ISK -17,134,452 ISK 

Feb, 2013 10,652,292 ISK -14,901,711 ISK -4,249,418 ISK 

Mar, 2013 9,020,885 ISK -15,722,631 ISK -6,701,746 ISK 

Apr, 2013 9,369,708 ISK -5,205,852 ISK 4,163,857 ISK 

May, 2013 12,318,840 ISK -5,406,334 ISK 6,912,506 ISK 

June, 2013 9,701,872 ISK -8,449,682 ISK 1,252,191 ISK 

July, 2013 9,469,602 ISK -6,436,913 ISK 3,032,689 ISK 

Aug, 2013 11,425,637 ISK -7,690,243 ISK 3,735,394 ISK 

Sept, 2013 10,015,485 ISK -13,474,761 ISK -3,459,276 ISK 

Oct, 2013 7,531,739 ISK -5,679,578 ISK 1,852,161 ISK 

Nov, 2013 1,160,902 ISK -23,816,713 ISK -22,655,811 ISK 

Dec, 2013 12,258,784 ISK -16,186,497 ISK -3,927,714 ISK 

Jan, 2014 15,289,912 ISK -33,234,791 ISK -17,944,879 ISK 

Feb, 2014 12,955,068 ISK -19,037,702 ISK -6,082,634 ISK 

Mar, 2014 28,262,714 ISK -12,603,590 ISK 15,659,124 ISK 

Apr, 2014 24,725,793 ISK -18,215,855 ISK 6,509,938 ISK 

May, 2014 8,090,217 ISK -7,044,033 ISK 1,046,184 ISK 

June, 2014 7,224,510 ISK -9,703,878 ISK -2,479,367 ISK 

July, 2014 8,912,650 ISK -6,010,135 ISK 2,902,514 ISK 

Aug, 2014 8,447,161 ISK -8,076,894 ISK 370,267 ISK 

Sept, 2014 7,625,483 ISK -9,334,794 ISK -1,709,312 ISK 
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Oct, 2014 8,335,882 ISK -13,614,256 ISK -5,278,375 ISK 

Nov, 2014 11,531,484 ISK -32,258,540 ISK -20,727,056 ISK 

Dec, 2014 9,836,008 ISK -32,643,883 ISK -22,807,875 ISK 

Jan, 2015 15,289,912 ISK -33,234,791 ISK -17,944,879 ISK 

Feb, 2015 12,955,068 ISK -19,037,702 ISK -6,082,634 ISK 

Mar, 2015 28,262,714 ISK -12,603,590 ISK 15,659,124 ISK 

Apr, 2015 24,725,793 ISK -18,215,855 ISK 6,509,938 ISK 

May, 2015 8,090,217 ISK -7,044,033 ISK 1,046,184 ISK 

June, 2015 7,224,510 ISK -9,703,878 ISK -2,479,367 ISK 

July, 2015 8,912,650 ISK -6,010,135 ISK 2,902,514 ISK 

Aug, 2015 8,447,161 ISK -8,076,894 ISK 370,267 ISK 

Sept, 2015 7,625,483 ISK -9,334,794 ISK -1,709,312 ISK 

Oct, 2015 8,335,882 ISK -13,614,256 ISK -5,278,375 ISK 

Nov, 2015 11,531,484 ISK -32,258,540 ISK -20,727,056 ISK 

Dec, 2015 9,836,008 ISK -32,643,883 ISK -22,807,875 ISK 

Jan, 2016 14,514,667 ISK -20,576,694 ISK -6,062,027 ISK 

Feb, 2016 12,218,852 ISK -17,565,553 ISK -5,346,701 ISK 

Mar, 2016 11,253,350 ISK -32,294,165 ISK -21,040,815 ISK 

Apr, 2016 10,507,037 ISK -11,655,340 ISK -1,148,303 ISK 

May, 2016 6,401,412 ISK -10,707,518 ISK -4,306,106 ISK 

June, 2016 6,324,285 ISK -10,139,924 ISK -3,815,639 ISK 

July, 2016 5,493,980 ISK -9,616,228 ISK -4,122,248 ISK 

Aug, 2016 5,762,940 ISK -10,248,474 ISK -4,485,534 ISK 

Sept, 2016 8,478,709 ISK -8,284,190 ISK 194,519 ISK 

Oct, 2016 7,783,357 ISK -46,018,676 ISK -38,235,319 ISK 

Nov, 2016 6,720,965 ISK -20,848,528 ISK -14,127,563 ISK 

Dec, 2016 7,983,517 ISK -36,242,983 ISK -28,259,466 ISK 

 

Table 9.5 Maximum monthly totals and unused electricity of stand-alone wind farm with 40 MW 

over production cap instated. 

Date Revenues Expenses Totals 

Unused 

Residual 

Energy (MW) 

Jan, 2012 7,781,293 ISK -42,749,708 ISK -34,968,415 ISK 3874 

Feb, 2012 6,868,086 ISK -38,548,820 ISK -31,680,734 ISK 3568 

Mar, 2012 7,888,708 ISK -52,675,813 ISK -44,787,105 ISK 3957 

Apr, 2012 8,947,323 ISK -21,834,680 ISK -12,887,357 ISK 2799 

May, 2012 6,561,268 ISK -12,130,641 ISK -5,569,373 ISK 1583 

June, 2012 5,616,405 ISK -15,802,250 ISK -10,185,845 ISK 1088 

July, 2012 7,806,383 ISK -4,233,021 ISK 3,573,362 ISK 2113 

Aug, 2012 7,683,770 ISK -26,435,604 ISK -18,751,835 ISK 1950 

Sept, 2012 9,638,916 ISK -56,386,930 ISK -46,748,014 ISK 8017 

Oct, 2012 9,021,563 ISK -12,938,141 ISK -3,916,579 ISK 2888 

Nov, 2012 7,129,857 ISK -151,544,359 ISK -144,414,502 ISK 3056 

Dec, 2012 10,260,099 ISK -56,175,813 ISK -45,915,713 ISK 5075 

Jan, 2013 7,451,229 ISK -143,101,049 ISK -135,649,820 ISK 3474 

Feb, 2013 7,971,363 ISK -57,973,778 ISK -50,002,415 ISK 3591 

Mar, 2013 7,262,561 ISK -82,705,345 ISK -75,442,783 ISK 2341 

Apr, 2013 7,574,371 ISK -16,687,250 ISK -9,112,880 ISK 2397 

May, 2013 9,622,710 ISK -19,255,435 ISK -9,632,725 ISK 3595 

June, 2013 7,635,005 ISK -23,296,019 ISK -15,661,014 ISK 2756 
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July, 2013 7,379,718 ISK -33,924,272 ISK -26,544,554 ISK 2787 

Aug, 2013 9,085,004 ISK -24,317,794 ISK -15,232,790 ISK 3121 

Sept, 2013 12,391,460 ISK -42,609,380 ISK -30,217,920 ISK 3028 

Oct, 2013 9,486,471 ISK -16,470,776 ISK -6,984,305 ISK 2137 

Nov, 2013 10,628,700 ISK -92,885,182 ISK -82,256,481 ISK 2619 

Dec, 2013 13,659,624 ISK -46,940,843 ISK -33,281,219 ISK 4962 

Jan, 2014 16,352,231 ISK -96,384,745 ISK -80,032,514 ISK 6760 

Feb, 2014 24,167,369 ISK -92,808,795 ISK -68,641,426 ISK 5071 

Mar, 2014 20,936,930 ISK -61,442,503 ISK -40,505,573 ISK 3682 

Apr, 2014 20,012,404 ISK -88,797,740 ISK -68,785,336 ISK 2357 

May, 2014 18,427,218 ISK -29,937,138 ISK -11,509,921 ISK 1558 

June, 2014 9,453,268 ISK -28,141,246 ISK -18,687,977 ISK 1755 

July, 2014 12,168,649 ISK -26,399,000 ISK -14,230,350 ISK 1743 

Aug, 2014 11,694,277 ISK -23,496,419 ISK -11,802,141 ISK 1504 

Sept, 2014 10,211,063 ISK -36,773,432 ISK -26,562,369 ISK 1671 

Oct, 2014 10,724,524 ISK -53,180,621 ISK -42,456,097 ISK 2177 

Nov, 2014 9,161,331 ISK -125,808,306 ISK -116,646,975 ISK 1975 

Dec, 2014 11,216,613 ISK -110,922,465 ISK -99,705,852 ISK 3767 

Jan, 2015 16,352,231 ISK -96,384,745 ISK -80,032,514 ISK 4607 

Feb, 2015 24,167,369 ISK -92,808,795 ISK -68,641,426 ISK 3254 

Mar, 2015 20,936,930 ISK -61,442,503 ISK -40,505,573 ISK 3683 

Apr, 2015 20,012,404 ISK -88,797,740 ISK -68,785,336 ISK 2736 

May, 2015 18,427,218 ISK -29,937,138 ISK -11,509,921 ISK 3573 

June, 2015 9,453,268 ISK -28,141,246 ISK -18,687,977 ISK 2175 

July, 2015 12,168,649 ISK -26,399,000 ISK -14,230,350 ISK 891 

Aug, 2015 11,694,277 ISK -23,496,419 ISK -11,802,141 ISK 2056 

Sept, 2015 10,211,063 ISK -36,773,432 ISK -26,562,369 ISK 1291 

Oct, 2015 10,724,524 ISK -53,180,621 ISK -42,456,097 ISK 3015 

Nov, 2015 9,161,331 ISK -125,808,306 ISK -116,646,975 ISK 2012 

Dec, 2015 11,216,613 ISK -110,922,465 ISK -99,705,852 ISK 3528 

Jan, 2016 16,342,484 ISK -56,118,256 ISK -39,775,772 ISK 3620 

Feb, 2016 12,669,173 ISK -47,906,053 ISK -35,236,881 ISK 3773 

Mar, 2016 13,521,828 ISK -88,074,995 ISK -74,553,167 ISK 2239 

Apr, 2016 13,319,299 ISK -32,678,522 ISK -19,359,224 ISK 1627 

May, 2016 7,446,094 ISK -24,987,703 ISK -17,541,609 ISK 1089 

June, 2016 6,930,513 ISK -22,978,767 ISK -16,048,254 ISK 1502 

July, 2016 6,596,796 ISK -18,358,253 ISK -11,761,456 ISK 729 

Aug, 2016 6,632,993 ISK -31,677,102 ISK -25,044,109 ISK 1051 

Sept, 2016 9,660,021 ISK -25,605,677 ISK -15,945,656 ISK 1645 

Oct, 2016 7,625,310 ISK -92,050,809 ISK -84,425,499 ISK 2752 

Nov, 2016 7,140,726 ISK -64,440,906 ISK -57,300,181 ISK 1821 

Dec, 2016 8,292,636 ISK -112,023,766 ISK -103,731,130 ISK 2352 
 

Table 9.6 Minimum monthly totals and unused electricity of stand-alone wind farm with 40 MW over 

production cap instated. 

Date Revenues Expenses Totals 

Unused 

Residual 

Energy (MW) 

Jan, 2012 7,781,293 ISK -23,289,020 ISK -15,507,727 ISK 3874 

Feb, 2012 6,868,086 ISK -32,902,827 ISK -26,034,741 ISK 3568 

Mar, 2012 7,888,708 ISK -37,116,793 ISK -29,228,085 ISK 3957 

Apr, 2012 8,947,323 ISK -11,094,067 ISK -2,146,744 ISK 2799 

May, 2012 6,561,268 ISK -7,781,921 ISK -1,220,653 ISK 1583 
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June, 2012 5,616,405 ISK -4,139,451 ISK 1,476,954 ISK 1088 

July, 2012 7,806,383 ISK -2,715,523 ISK 5,090,860 ISK 2113 

Aug, 2012 7,683,770 ISK -16,958,690 ISK -9,274,920 ISK 1950 

Sept, 2012 9,638,916 ISK -36,172,747 ISK -26,533,832 ISK 8017 

Oct, 2012 9,021,563 ISK -5,712,945 ISK 3,308,617 ISK 2888 

Nov, 2012 7,129,857 ISK -28,809,214 ISK -21,679,357 ISK 3056 

Dec, 2012 10,260,099 ISK -12,061,277 ISK -1,801,178 ISK 5075 

Jan, 2013 7,451,229 ISK -27,204,106 ISK -19,752,877 ISK 3474 

Feb, 2013 7,971,363 ISK -14,901,711 ISK -6,930,347 ISK 3591 

Mar, 2013 7,262,561 ISK -15,722,631 ISK -8,460,070 ISK 2341 

Apr, 2013 7,574,371 ISK -5,205,852 ISK 2,368,519 ISK 2397 

May, 2013 9,622,710 ISK -5,406,334 ISK 4,216,376 ISK 3595 

June, 2013 7,635,005 ISK -8,449,682 ISK -814,677 ISK 2756 

July, 2013 7,379,718 ISK -6,436,913 ISK 942,805 ISK 2787 

Aug, 2013 9,085,004 ISK -7,690,243 ISK 1,394,762 ISK 3121 

Sept, 2013 7,744,662 ISK -13,474,761 ISK -5,730,099 ISK 3028 

Oct, 2013 5,929,045 ISK -5,679,578 ISK 249,467 ISK 2137 

Nov, 2013 898,956 ISK -23,816,713 ISK -22,917,757 ISK 2619 

Dec, 2013 8,537,265 ISK -16,186,497 ISK -7,649,232 ISK 4962 

Jan, 2014 10,220,145 ISK -33,234,791 ISK -23,014,647 ISK 6760 

Feb, 2014 9,112,763 ISK -19,037,702 ISK -9,924,938 ISK 5071 

Mar, 2014 20,936,930 ISK -12,603,590 ISK 8,333,340 ISK 3682 

Apr, 2014 20,012,404 ISK -18,215,855 ISK 1,796,549 ISK 2357 

May, 2014 6,921,864 ISK -7,044,033 ISK -122,169 ISK 1558 

June, 2014 5,908,293 ISK -9,703,878 ISK -3,795,585 ISK 1755 

July, 2014 7,605,406 ISK -6,010,135 ISK 1,595,271 ISK 1743 

Aug, 2014 7,308,923 ISK -8,076,894 ISK -767,970 ISK 1504 

Sept, 2014 6,381,914 ISK -9,334,794 ISK -2,952,880 ISK 1671 

Oct, 2014 6,702,827 ISK -13,614,256 ISK -6,911,429 ISK 2177 

Nov, 2014 9,161,331 ISK -32,258,540 ISK -23,097,209 ISK 1975 

Dec, 2014 7,010,383 ISK -32,643,883 ISK -25,633,500 ISK 3767 

Jan, 2015 10,220,145 ISK -33,234,791 ISK -23,014,647 ISK 4607 

Feb, 2015 9,112,763 ISK -19,037,702 ISK -9,924,938 ISK 3254 

Mar, 2015 20,936,930 ISK -12,603,590 ISK 8,333,340 ISK 3683 

Apr, 2015 20,012,404 ISK -18,215,855 ISK 1,796,549 ISK 2736 

May, 2015 6,921,864 ISK -7,044,033 ISK -122,169 ISK 3573 

June, 2015 5,908,293 ISK -9,703,878 ISK -3,795,585 ISK 2175 

July, 2015 7,605,406 ISK -6,010,135 ISK 1,595,271 ISK 891 

Aug, 2015 7,308,923 ISK -8,076,894 ISK -767,970 ISK 2056 

Sept, 2015 6,381,914 ISK -9,334,794 ISK -2,952,880 ISK 1291 

Oct, 2015 6,702,827 ISK -13,614,256 ISK -6,911,429 ISK 3015 

Nov, 2015 9,161,331 ISK -32,258,540 ISK -23,097,209 ISK 2012 

Dec, 2015 7,010,383 ISK -32,643,883 ISK -25,633,500 ISK 3528 

Jan, 2016 10,894,989 ISK -20,576,694 ISK -9,681,704 ISK 3620 

Feb, 2016 8,446,115 ISK -17,565,553 ISK -9,119,438 ISK 3773 

Mar, 2016 9,014,552 ISK -32,294,165 ISK -23,279,613 ISK 2239 

Apr, 2016 8,879,911 ISK -11,655,340 ISK -2,775,428 ISK 1627 

May, 2016 5,584,571 ISK -10,707,518 ISK -5,122,947 ISK 1089 

June, 2016 5,197,884 ISK -10,139,924 ISK -4,942,039 ISK 1502 

July, 2016 4,947,597 ISK -9,616,228 ISK -4,668,630 ISK 729 

Aug, 2016 4,974,744 ISK -10,248,474 ISK -5,273,730 ISK 1051 

Sept, 2016 7,245,016 ISK -8,284,190 ISK -1,039,174 ISK 1645 

Oct, 2016 5,718,983 ISK -46,018,676 ISK -40,299,693 ISK 2752 

Nov, 2016 5,355,544 ISK -20,848,528 ISK -15,492,984 ISK 1821 
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Dec, 2016 6,219,477 ISK -36,242,983 ISK -30,023,506 ISK 2352 
 

Table 9.7 Maximum monthly totals with 5% external hydropower balancing capacity applied. 

Date Revenues Expenses Totals 

Jan, 2012 10,686,573 ISK -28,883,810 ISK -18,197,237 ISK 

Feb, 2012 9,544,335 ISK -23,498,066 ISK -13,953,731 ISK 

Mar, 2012 10,826,446 ISK -36,755,384 ISK -25,928,938 ISK 

Apr, 2012 11,076,866 ISK -7,596,853 ISK 3,480,012 ISK 

May, 2012 7,747,679 ISK -4,463,347 ISK 3,284,331 ISK 

June, 2012 6,433,257 ISK -1,728,491 ISK 4,704,766 ISK 

July, 2012 9,391,324 ISK -453,620 ISK 8,937,704 ISK 

Aug, 2012 9,146,133 ISK -12,049,203 ISK -2,903,070 ISK 

Sept, 2012 15,621,462 ISK -33,113,687 ISK -17,492,226 ISK 

Oct, 2012 11,217,739 ISK -4,761,839 ISK 6,455,901 ISK 

Nov, 2012 9,391,899 ISK -103,579,440 ISK -94,187,542 ISK 

Dec, 2012 14,081,626 ISK -38,723,954 ISK -24,642,329 ISK 

Jan, 2013 10,041,799 ISK -84,565,121 ISK -74,523,322 ISK 

Feb, 2013 10,694,795 ISK -31,045,889 ISK -20,351,094 ISK 

Mar, 2013 8,988,506 ISK -55,105,722 ISK -46,117,215 ISK 

Apr, 2013 9,393,740 ISK -4,974,731 ISK 4,419,009 ISK 

May, 2013 12,324,961 ISK -3,538,053 ISK 8,786,908 ISK 

June, 2013 9,704,283 ISK -8,340,854 ISK 1,363,428 ISK 

July, 2013 9,442,968 ISK -6,193,430 ISK 3,249,538 ISK 

Aug, 2013 11,452,270 ISK -5,322,939 ISK 6,129,331 ISK 

Sept, 2013 16,024,415 ISK -25,895,186 ISK -9,870,771 ISK 

Oct, 2013 12,051,143 ISK -5,072,521 ISK 6,978,622 ISK 

Nov, 2013 13,747,631 ISK -52,920,454 ISK -39,172,824 ISK 

Dec, 2013 19,625,238 ISK -23,133,340 ISK -3,508,102 ISK 

Jan, 2014 24,477,101 ISK -66,298,630 ISK -41,821,529 ISK 

Feb, 2014 34,228,998 ISK -57,596,425 ISK -23,367,428 ISK 

Mar, 2014 28,381,908 ISK -36,476,072 ISK -8,094,164 ISK 

Apr, 2014 24,725,793 ISK -49,331,365 ISK -24,605,572 ISK 

May, 2014 21,496,198 ISK -6,056,638 ISK 15,439,560 ISK 

June, 2014 11,587,930 ISK -4,737,727 ISK 6,850,203 ISK 

July, 2014 14,278,154 ISK -5,399,968 ISK 8,878,186 ISK 

Aug, 2014 13,451,623 ISK -6,952,647 ISK 6,498,976 ISK 

Sept, 2014 12,264,581 ISK -16,409,527 ISK -4,144,946 ISK 

Oct, 2014 13,337,436 ISK -27,252,401 ISK -13,914,964 ISK 

Nov, 2014 11,531,484 ISK -69,613,976 ISK -58,082,492 ISK 

Dec, 2014 15,737,612 ISK -69,989,506 ISK -54,251,894 ISK 

Jan, 2015 19,660,948 ISK -46,406,129 ISK -26,745,181 ISK 

Feb, 2015 13,810,563 ISK -88,842,530 ISK -75,031,967 ISK 

Mar, 2015 16,576,424 ISK -44,062,643 ISK -27,486,219 ISK 

Apr, 2015 13,746,889 ISK -47,352,924 ISK -33,606,034 ISK 

May, 2015 19,611,944 ISK -10,074,818 ISK 9,537,126 ISK 

June, 2015 12,589,265 ISK -12,763,921 ISK -174,656 ISK 

July, 2015 10,487,582 ISK -2,934,459 ISK 7,553,123 ISK 

Aug, 2015 14,814,624 ISK -18,002,609 ISK -3,187,984 ISK 

Sept, 2015 9,607,596 ISK -36,646,528 ISK -27,038,932 ISK 

Oct, 2015 19,343,894 ISK -29,712,039 ISK -10,368,145 ISK 

Nov, 2015 16,969,290 ISK -17,777,278 ISK -807,988 ISK 

Dec, 2015 21,011,835 ISK -41,580,464 ISK -20,568,629 ISK 

Jan, 2016 21,782,599 ISK -32,463,343 ISK -10,680,744 ISK 
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Feb, 2016 18,333,355 ISK -24,978,163 ISK -6,644,807 ISK 

Mar, 2016 16,883,008 ISK -53,830,971 ISK -36,947,964 ISK 

Apr, 2016 15,755,443 ISK -13,148,417 ISK 2,607,026 ISK 

May, 2016 8,539,761 ISK -9,327,962 ISK -788,200 ISK 

June, 2016 8,432,380 ISK -5,669,536 ISK 2,762,843 ISK 

July, 2016 7,325,273 ISK -4,576,559 ISK 2,748,714 ISK 

Aug, 2016 7,679,963 ISK -9,092,222 ISK -1,412,259 ISK 

Sept, 2016 11,308,532 ISK -7,446,265 ISK 3,862,266 ISK 

Oct, 2016 10,378,212 ISK -57,698,021 ISK -47,319,809 ISK 

Nov, 2016 8,961,287 ISK -34,872,120 ISK -25,910,834 ISK 

Dec, 2016 10,644,689 ISK -69,269,295 ISK -58,624,606 ISK 

 

Table 9.8 Minimum monthly Totals with 5% external hydropower balancing capacity applied. 

Date Revenues Expenses Totals 

Jan, 2012 10,686,573 ISK -15,735,210 ISK -5,048,637 ISK 

Feb, 2012 9,544,335 ISK -20,064,543 ISK -10,520,208 ISK 

Mar, 2012 10,826,446 ISK -25,898,831 ISK -15,072,385 ISK 

Apr, 2012 11,076,866 ISK -3,855,120 ISK 7,221,746 ISK 

May, 2012 7,747,679 ISK -2,863,279 ISK 4,884,399 ISK 

June, 2012 6,433,257 ISK -452,067 ISK 5,981,190 ISK 

July, 2012 9,391,324 ISK -291,001 ISK 9,100,323 ISK 

Aug, 2012 9,146,133 ISK -7,729,677 ISK 1,416,455 ISK 

Sept, 2012 15,621,462 ISK -21,242,743 ISK -5,621,281 ISK 

Oct, 2012 11,217,739 ISK -2,102,630 ISK 9,115,109 ISK 

Nov, 2012 9,391,899 ISK -19,690,883 ISK -10,298,985 ISK 

Dec, 2012 14,081,626 ISK -8,314,261 ISK 5,767,365 ISK 

Jan, 2013 10,041,799 ISK -16,076,182 ISK -6,034,383 ISK 

Feb, 2013 10,694,795 ISK -7,980,105 ISK 2,714,690 ISK 

Mar, 2013 8,988,506 ISK -10,475,827 ISK -1,487,321 ISK 

Apr, 2013 9,393,740 ISK -1,551,946 ISK 7,841,794 ISK 

May, 2013 12,324,961 ISK -993,376 ISK 11,331,584 ISK 

June, 2013 9,704,283 ISK -3,025,604 ISK 6,678,679 ISK 

July, 2013 9,442,968 ISK -1,175,164 ISK 8,267,805 ISK 

Aug, 2013 11,452,270 ISK -1,683,322 ISK 9,768,948 ISK 

Sept, 2013 10,015,259 ISK -8,189,076 ISK 1,826,184 ISK 

Oct, 2013 7,531,964 ISK -1,749,145 ISK 5,782,819 ISK 

Nov, 2013 1,145,636 ISK -13,569,347 ISK -12,423,711 ISK 

Dec, 2013 12,265,774 ISK -7,977,014 ISK 4,288,760 ISK 

Jan, 2014 15,298,188 ISK -22,861,596 ISK -7,563,409 ISK 

Feb, 2014 12,835,874 ISK -11,814,651 ISK 1,021,223 ISK 

Mar, 2014 28,381,908 ISK -7,482,271 ISK 20,899,636 ISK 

Apr, 2014 24,725,793 ISK -10,119,254 ISK 14,606,539 ISK 

May, 2014 8,061,074 ISK -1,425,091 ISK 6,635,983 ISK 

June, 2014 7,242,456 ISK -1,633,699 ISK 5,608,757 ISK 

July, 2014 8,923,846 ISK -1,228,958 ISK 7,694,888 ISK 

Aug, 2014 8,407,264 ISK -2,389,973 ISK 6,017,292 ISK 

Sept, 2014 7,665,363 ISK -4,165,495 ISK 3,499,868 ISK 

Oct, 2014 8,335,898 ISK -6,976,615 ISK 1,359,283 ISK 

Nov, 2014 11,531,484 ISK -17,849,737 ISK -6,318,253 ISK 

Dec, 2014 9,836,008 ISK -20,585,149 ISK -10,749,141 ISK 

Jan, 2015 12,288,093 ISK -16,087,458 ISK -3,799,365 ISK 
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Feb, 2015 8,631,602 ISK -30,798,744 ISK -22,167,142 ISK 

Mar, 2015 10,360,265 ISK -18,330,060 ISK -7,969,795 ISK 

Apr, 2015 8,591,806 ISK -15,784,308 ISK -7,192,502 ISK 

May, 2015 12,257,465 ISK -3,358,273 ISK 8,899,192 ISK 

June, 2015 7,868,291 ISK -4,424,826 ISK 3,443,465 ISK 

July, 2015 6,554,739 ISK -1,017,279 ISK 5,537,460 ISK 

Aug, 2015 9,259,140 ISK -6,240,904 ISK 3,018,236 ISK 

Sept, 2015 6,004,748 ISK -15,244,956 ISK -9,240,208 ISK 

Oct, 2015 9,671,947 ISK -10,201,133 ISK -529,187 ISK 

Nov, 2015 11,312,860 ISK -6,103,532 ISK 5,209,328 ISK 

Dec, 2015 14,007,890 ISK -18,295,404 ISK -4,287,514 ISK 

Jan, 2016 14,521,733 ISK -11,903,226 ISK 2,618,507 ISK 

Feb, 2016 12,222,237 ISK -9,158,660 ISK 3,063,577 ISK 

Mar, 2016 11,255,338 ISK -19,738,023 ISK -8,482,684 ISK 

Apr, 2016 10,503,628 ISK -4,689,602 ISK 5,814,026 ISK 

May, 2016 6,404,821 ISK -3,992,368 ISK 2,412,453 ISK 

June, 2016 6,324,285 ISK -2,494,596 ISK 3,829,689 ISK 

July, 2016 5,493,955 ISK -2,397,245 ISK 3,096,710 ISK 

Aug, 2016 5,759,973 ISK -2,941,601 ISK 2,818,371 ISK 

Sept, 2016 8,481,399 ISK -2,409,086 ISK 6,072,313 ISK 

Oct, 2016 7,783,659 ISK -28,849,011 ISK -21,065,351 ISK 

Nov, 2016 6,720,965 ISK -11,282,157 ISK -4,561,192 ISK 

Dec, 2016 7,983,517 ISK -22,410,654 ISK -14,427,138 ISK 

 

Table 9.9 Maximum monthly totals with 10% external hydropower balancing capacity applied. 

Date Revenues Expenses Totals 

Jan, 2012 10,686,573 ISK -19,901,215 ISK -9,214,642 ISK 

Feb, 2012 9,544,335 ISK -13,926,128 ISK -4,381,793 ISK 

Mar, 2012 10,826,446 ISK -25,080,579 ISK -14,254,133 ISK 

Apr, 2012 11,076,866 ISK -2,345,995 ISK 8,730,870 ISK 

May, 2012 7,747,679 ISK -2,281,097 ISK 5,466,582 ISK 

June, 2012 6,433,257 ISK -497,253 ISK 5,936,004 ISK 

July, 2012 9,391,324 ISK -138,552 ISK 9,252,772 ISK 

Aug, 2012 9,146,133 ISK -5,108,029 ISK 4,038,103 ISK 

Sept, 2012 15,621,462 ISK -16,742,431 ISK -1,120,970 ISK 

Oct, 2012 11,217,739 ISK -2,509,872 ISK 8,707,868 ISK 

Nov, 2012 9,391,899 ISK -71,012,680 ISK -61,620,781 ISK 

Dec, 2012 14,081,626 ISK -26,424,366 ISK -12,342,740 ISK 

Jan, 2013 10,041,799 ISK -46,877,296 ISK -36,835,497 ISK 

Feb, 2013 10,694,795 ISK -16,282,388 ISK -5,587,593 ISK 

Mar, 2013 8,988,506 ISK -37,788,418 ISK -28,799,912 ISK 

Apr, 2013 9,393,740 ISK -1,861,575 ISK 7,532,165 ISK 

May, 2013 12,324,961 ISK -584,608 ISK 11,740,353 ISK 

June, 2013 9,704,283 ISK -4,071,601 ISK 5,632,682 ISK 

July, 2013 9,442,968 ISK -1,548,884 ISK 7,894,085 ISK 

Aug, 2013 11,452,270 ISK -932,886 ISK 10,519,384 ISK 

Sept, 2013 16,024,415 ISK -15,576,610 ISK 447,805 ISK 

Oct, 2013 12,051,143 ISK -2,374,668 ISK 9,676,475 ISK 

Nov, 2013 13,747,631 ISK -31,498,883 ISK -17,751,252 ISK 

Dec, 2013 19,625,238 ISK -12,039,811 ISK 7,585,427 ISK 

Jan, 2014 24,477,101 ISK -47,357,417 ISK -22,880,316 ISK 

Feb, 2014 34,228,998 ISK -36,423,892 ISK -2,194,894 ISK 

Mar, 2014 28,381,908 ISK -23,107,796 ISK 5,274,111 ISK 
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Apr, 2014 24,725,793 ISK -30,367,906 ISK -5,642,113 ISK 

May, 2014 21,496,198 ISK -1,531,955 ISK 19,964,243 ISK 

June, 2014 11,587,930 ISK -854,904 ISK 10,733,026 ISK 

July, 2014 14,278,154 ISK -877,964 ISK 13,400,190 ISK 

Aug, 2014 13,451,623 ISK -2,368,442 ISK 11,083,181 ISK 

Sept, 2014 12,264,581 ISK -9,172,922 ISK 3,091,659 ISK 

Oct, 2014 13,337,436 ISK -13,820,411 ISK -482,975 ISK 

Nov, 2014 11,531,484 ISK -37,496,526 ISK -25,965,042 ISK 

Dec, 2014 15,737,612 ISK -46,334,806 ISK -30,597,193 ISK 

Jan, 2015 19,660,948 ISK -31,899,371 ISK -12,238,422 ISK 

Feb, 2015 13,810,563 ISK -58,988,128 ISK -45,177,566 ISK 

Mar, 2015 16,576,424 ISK -28,799,789 ISK -12,223,365 ISK 

Apr, 2015 13,746,889 ISK -29,549,901 ISK -15,803,012 ISK 

May, 2015 19,611,944 ISK -4,302,862 ISK 15,309,082 ISK 

June, 2015 12,589,265 ISK -7,147,209 ISK 5,442,056 ISK 

July, 2015 10,487,582 ISK -1,008,757 ISK 9,478,825 ISK 

Aug, 2015 14,814,624 ISK -6,237,320 ISK 8,577,304 ISK 

Sept, 2015 9,607,596 ISK -22,923,957 ISK -13,316,360 ISK 

Oct, 2015 19,343,894 ISK -14,752,299 ISK 4,591,595 ISK 

Nov, 2015 16,969,290 ISK -5,619,400 ISK 11,349,890 ISK 

Dec, 2015 21,011,835 ISK -27,157,911 ISK -6,146,076 ISK 

Jan, 2016 21,782,599 ISK -21,032,194 ISK 750,405 ISK 

Feb, 2016 18,333,355 ISK -16,596,540 ISK 1,736,815 ISK 

Mar, 2016 16,883,008 ISK -35,237,642 ISK -18,354,634 ISK 

Apr, 2016 15,755,443 ISK -6,011,946 ISK 9,743,497 ISK 

May, 2016 8,539,761 ISK -5,030,889 ISK 3,508,873 ISK 

June, 2016 8,432,380 ISK -1,531,269 ISK 6,901,111 ISK 

July, 2016 7,325,273 ISK -1,650,554 ISK 5,674,719 ISK 

Aug, 2016 7,679,963 ISK -3,078,166 ISK 4,601,797 ISK 

Sept, 2016 11,308,532 ISK -1,743,318 ISK 9,565,213 ISK 

Oct, 2016 10,378,212 ISK -34,788,938 ISK -24,410,725 ISK 

Nov, 2016 8,961,287 ISK -20,720,102 ISK -11,758,815 ISK 

Dec, 2016 10,644,689 ISK -42,902,412 ISK -32,257,723 ISK 
 

Table 9.10 Minimum monthly totals with 10% external hydropower balancing capacity applied. 

Date Revenues Expenses Totals 

Jan, 2012 10,686,573 ISK -10,841,707 ISK -155,134 ISK 

Feb, 2012 9,544,335 ISK -11,891,250 ISK -2,346,916 ISK 

Mar, 2012 10,826,446 ISK -17,672,450 ISK -6,846,004 ISK 

Apr, 2012 11,076,866 ISK -1,190,505 ISK 9,886,361 ISK 

May, 2012 7,747,679 ISK -1,463,345 ISK 6,284,333 ISK 

June, 2012 6,433,257 ISK -130,051 ISK 6,303,206 ISK 

July, 2012 9,391,324 ISK -88,882 ISK 9,302,442 ISK 

Aug, 2012 9,146,133 ISK -3,276,849 ISK 5,869,284 ISK 

Sept, 2012 15,621,462 ISK -10,740,427 ISK 4,881,034 ISK 

Oct, 2012 11,217,739 ISK -1,108,255 ISK 10,109,484 ISK 

Nov, 2012 9,391,899 ISK -13,499,806 ISK -4,107,908 ISK 

Dec, 2012 14,081,626 ISK -5,673,467 ISK 8,408,159 ISK 

Jan, 2013 10,041,799 ISK -8,911,569 ISK 1,130,230 ISK 

Feb, 2013 10,694,795 ISK -4,185,262 ISK 6,509,533 ISK 

Mar, 2013 8,988,506 ISK -7,183,736 ISK 1,804,770 ISK 

Apr, 2013 9,393,740 ISK -580,748 ISK 8,812,993 ISK 

May, 2013 12,324,961 ISK -164,140 ISK 12,160,821 ISK 
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June, 2013 9,704,283 ISK -1,476,953 ISK 8,227,329 ISK 

July, 2013 9,442,968 ISK -293,891 ISK 9,149,078 ISK 

Aug, 2013 11,452,270 ISK -295,015 ISK 11,157,255 ISK 

Sept, 2013 10,015,259 ISK -4,925,936 ISK 5,089,323 ISK 

Oct, 2013 7,531,964 ISK -818,851 ISK 6,713,113 ISK 

Nov, 2013 1,145,636 ISK -8,076,637 ISK -6,931,001 ISK 

Dec, 2013 12,265,774 ISK -4,151,659 ISK 8,114,115 ISK 

Jan, 2014 15,298,188 ISK -16,330,144 ISK -1,031,956 ISK 

Feb, 2014 12,835,874 ISK -7,471,568 ISK 5,364,307 ISK 

Mar, 2014 28,381,908 ISK -4,740,061 ISK 23,641,847 ISK 

Apr, 2014 24,725,793 ISK -6,229,314 ISK 18,496,479 ISK 

May, 2014 8,061,074 ISK -360,460 ISK 7,700,614 ISK 

June, 2014 7,242,456 ISK -294,795 ISK 6,947,662 ISK 

July, 2014 8,923,846 ISK -199,813 ISK 8,724,034 ISK 

Aug, 2014 8,407,264 ISK -814,152 ISK 7,593,112 ISK 

Sept, 2014 7,665,363 ISK -2,328,511 ISK 5,336,852 ISK 

Oct, 2014 8,335,898 ISK -3,538,025 ISK 4,797,872 ISK 

Nov, 2014 11,531,484 ISK -9,614,494 ISK 1,916,990 ISK 

Dec, 2014 9,836,008 ISK -13,627,884 ISK -3,791,876 ISK 

Jan, 2015 12,288,093 ISK -11,058,449 ISK 1,229,644 ISK 

Feb, 2015 8,631,602 ISK -20,449,218 ISK -11,817,616 ISK 

Mar, 2015 10,360,265 ISK -11,980,712 ISK -1,620,447 ISK 

Apr, 2015 8,591,806 ISK -9,849,967 ISK -1,258,161 ISK 

May, 2015 12,257,465 ISK -1,434,287 ISK 10,823,178 ISK 

June, 2015 7,868,291 ISK -2,477,699 ISK 5,390,591 ISK 

July, 2015 6,554,739 ISK -349,702 ISK 6,205,036 ISK 

Aug, 2015 9,259,140 ISK -2,162,271 ISK 7,096,869 ISK 

Sept, 2015 6,004,748 ISK -9,536,366 ISK -3,531,618 ISK 

Oct, 2015 9,671,947 ISK -5,064,956 ISK 4,606,991 ISK 

Nov, 2015 11,312,860 ISK -1,929,327 ISK 9,383,533 ISK 

Dec, 2015 14,007,890 ISK -11,949,481 ISK 2,058,409 ISK 

Jan, 2016 14,521,733 ISK -7,711,804 ISK 6,809,928 ISK 

Feb, 2016 12,222,237 ISK -6,085,398 ISK 6,136,839 ISK 

Mar, 2016 11,255,338 ISK -12,920,469 ISK -1,665,130 ISK 

Apr, 2016 10,503,628 ISK -2,144,261 ISK 8,359,368 ISK 

May, 2016 6,404,821 ISK -2,153,220 ISK 4,251,601 ISK 

June, 2016 6,324,285 ISK -673,758 ISK 5,650,526 ISK 

July, 2016 5,493,955 ISK -864,576 ISK 4,629,379 ISK 

Aug, 2016 5,759,973 ISK -995,877 ISK 4,764,095 ISK 

Sept, 2016 8,481,399 ISK -564,015 ISK 7,917,384 ISK 

Oct, 2016 7,783,659 ISK -17,394,469 ISK -9,610,810 ISK 

Nov, 2016 6,720,965 ISK -6,703,562 ISK 17,403 ISK 

Dec, 2016 7,983,517 ISK -13,880,192 ISK -5,896,675 ISK 
 

Table 9.11 Maximum monthly Totals with 15% external hydropower balancing capacity applied. 

Date Revenues Expenses Totals 

Jan, 2012 10,686,573 ISK -12,326,622 ISK -1,640,049 ISK 

Feb, 2012 9,544,335 ISK -7,471,671 ISK 2,072,664 ISK 

Mar, 2012 10,826,446 ISK -14,928,571 ISK -4,102,125 ISK 

Apr, 2012 11,076,866 ISK -396,971 ISK 10,679,894 ISK 

May, 2012 7,747,679 ISK -1,208,156 ISK 6,539,523 ISK 

June, 2012 6,433,257 ISK -78,932 ISK 6,354,325 ISK 

July, 2012 9,391,324 ISK -12,738 ISK 9,378,586 ISK 
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Aug, 2012 9,146,133 ISK -1,568,652 ISK 7,577,481 ISK 

Sept, 2012 15,621,462 ISK -6,023,957 ISK 9,597,504 ISK 

Oct, 2012 11,217,739 ISK -891,291 ISK 10,326,448 ISK 

Nov, 2012 9,391,899 ISK -43,540,054 ISK -34,148,155 ISK 

Dec, 2012 14,081,626 ISK -16,249,198 ISK -2,167,572 ISK 

Jan, 2013 10,041,799 ISK -21,268,890 ISK -11,227,091 ISK 

Feb, 2013 10,694,795 ISK -7,101,784 ISK 3,593,011 ISK 

Mar, 2013 8,988,506 ISK -22,254,071 ISK -13,265,565 ISK 

Apr, 2013 9,393,740 ISK -830,423 ISK 8,563,318 ISK 

May, 2013 12,324,961 ISK -71,933 ISK 12,253,028 ISK 

June, 2013 9,704,283 ISK -1,802,102 ISK 7,902,180 ISK 

July, 2013 9,442,968 ISK -81,901 ISK 9,361,068 ISK 

Aug, 2013 11,452,270 ISK -74,358 ISK 11,377,912 ISK 

Sept, 2013 16,024,415 ISK -8,260,754 ISK 7,763,661 ISK 

Oct, 2013 12,051,143 ISK -1,050,129 ISK 11,001,014 ISK 

Nov, 2013 13,747,631 ISK -16,570,789 ISK -2,823,158 ISK 

Dec, 2013 19,625,238 ISK -5,456,758 ISK 14,168,480 ISK 

Jan, 2014 24,477,101 ISK -31,450,933 ISK -6,973,832 ISK 

Feb, 2014 34,228,998 ISK -22,105,073 ISK 12,123,924 ISK 

Mar, 2014 28,381,908 ISK -14,247,294 ISK 14,134,613 ISK 

Apr, 2014 24,725,793 ISK -18,128,883 ISK 6,596,910 ISK 

May, 2014 21,496,198 ISK -679,991 ISK 20,816,207 ISK 

June, 2014 11,587,930 ISK 0 ISK 11,587,930 ISK 

July, 2014 14,278,154 ISK 0 ISK 14,278,154 ISK 

Aug, 2014 13,451,623 ISK -770,560 ISK 12,681,063 ISK 

Sept, 2014 12,264,581 ISK -4,470,680 ISK 7,793,901 ISK 

Oct, 2014 13,337,436 ISK -7,413,210 ISK 5,924,226 ISK 

Nov, 2014 11,531,484 ISK -16,370,189 ISK -4,838,704 ISK 

Dec, 2014 15,737,612 ISK -28,730,232 ISK -12,992,620 ISK 

Jan, 2015 19,660,948 ISK -19,830,946 ISK -169,998 ISK 

Feb, 2015 13,810,563 ISK -35,649,450 ISK -21,838,887 ISK 

Mar, 2015 16,576,424 ISK -18,129,418 ISK -1,552,994 ISK 

Apr, 2015 13,746,889 ISK -17,193,118 ISK -3,446,228 ISK 

May, 2015 19,611,944 ISK -1,599,566 ISK 18,012,378 ISK 

June, 2015 12,589,265 ISK -4,547,622 ISK 8,041,643 ISK 

July, 2015 10,487,582 ISK -271,444 ISK 10,216,138 ISK 

Aug, 2015 14,814,624 ISK -2,363,255 ISK 12,451,369 ISK 

Sept, 2015 9,607,596 ISK -13,292,954 ISK -3,685,358 ISK 

Oct, 2015 19,343,894 ISK -6,895,856 ISK 12,448,037 ISK 

Nov, 2015 16,969,290 ISK -1,276,913 ISK 15,692,377 ISK 

Dec, 2015 21,011,835 ISK -16,806,561 ISK 4,205,274 ISK 

Jan, 2016 21,782,599 ISK -13,315,330 ISK 8,467,269 ISK 

Feb, 2016 18,333,355 ISK -11,373,139 ISK 6,960,217 ISK 

Mar, 2016 16,883,008 ISK -22,597,851 ISK -5,714,843 ISK 

Apr, 2016 15,755,443 ISK -2,874,001 ISK 12,881,441 ISK 

May, 2016 8,539,761 ISK -2,894,493 ISK 5,645,268 ISK 

June, 2016 8,432,380 ISK -419,522 ISK 8,012,857 ISK 

July, 2016 7,325,273 ISK -313,578 ISK 7,011,695 ISK 

Aug, 2016 7,679,963 ISK -1,348,389 ISK 6,331,574 ISK 

Sept, 2016 11,308,532 ISK -656,442 ISK 10,652,090 ISK 

Oct, 2016 10,378,212 ISK -20,268,629 ISK -9,890,417 ISK 

Nov, 2016 8,961,287 ISK -12,405,567 ISK -3,444,281 ISK 

Dec, 2016 10,644,689 ISK -26,313,430 ISK -15,668,741 ISK 
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Table 9.12 Minimum monthly totals with 15% external hydropower balancing capacity applied. 

Date Revenues Expenses Totals 

Jan, 2012 10,686,573 ISK -6,715,249 ISK 3,971,323 ISK 

Feb, 2012 9,544,335 ISK -6,379,915 ISK 3,164,420 ISK 

Mar, 2012 10,826,446 ISK -10,519,072 ISK 307,374 ISK 

Apr, 2012 11,076,866 ISK -201,448 ISK 10,875,417 ISK 

May, 2012 7,747,679 ISK -775,043 ISK 6,972,636 ISK 

June, 2012 6,433,257 ISK -20,644 ISK 6,412,613 ISK 

July, 2012 9,391,324 ISK -8,172 ISK 9,383,152 ISK 

Aug, 2012 9,146,133 ISK -1,006,305 ISK 8,139,828 ISK 

Sept, 2012 15,621,462 ISK -3,864,425 ISK 11,757,036 ISK 

Oct, 2012 11,217,739 ISK -393,557 ISK 10,824,182 ISK 

Nov, 2012 9,391,899 ISK -8,277,146 ISK 1,114,753 ISK 

Dec, 2012 14,081,626 ISK -3,488,798 ISK 10,592,827 ISK 

Jan, 2013 10,041,799 ISK -4,043,305 ISK 5,998,495 ISK 

Feb, 2013 10,694,795 ISK -1,825,459 ISK 8,869,336 ISK 

Mar, 2013 8,988,506 ISK -4,230,592 ISK 4,757,915 ISK 

Apr, 2013 9,393,740 ISK -259,063 ISK 9,134,677 ISK 

May, 2013 12,324,961 ISK -20,197 ISK 12,304,764 ISK 

June, 2013 9,704,283 ISK -653,704 ISK 9,050,579 ISK 

July, 2013 9,442,968 ISK -15,540 ISK 9,427,428 ISK 

Aug, 2013 11,452,270 ISK -23,515 ISK 11,428,755 ISK 

Sept, 2013 10,015,259 ISK -2,612,375 ISK 7,402,884 ISK 

Oct, 2013 7,531,964 ISK -362,113 ISK 7,169,851 ISK 

Nov, 2013 1,145,636 ISK -4,248,920 ISK -3,103,284 ISK 

Dec, 2013 12,265,774 ISK -1,881,641 ISK 10,384,133 ISK 

Jan, 2014 15,298,188 ISK -10,845,149 ISK 4,453,039 ISK 

Feb, 2014 12,835,874 ISK -4,534,374 ISK 8,301,500 ISK 

Mar, 2014 28,381,908 ISK -2,922,522 ISK 25,459,386 ISK 

Apr, 2014 24,725,793 ISK -3,718,745 ISK 21,007,048 ISK 

May, 2014 8,061,074 ISK -159,998 ISK 7,901,076 ISK 

June, 2014 7,242,456 ISK 0 ISK 7,242,456 ISK 

July, 2014 8,923,846 ISK 0 ISK 8,923,846 ISK 

Aug, 2014 8,407,264 ISK -264,880 ISK 8,142,384 ISK 

Sept, 2014 7,665,363 ISK -1,134,865 ISK 6,530,498 ISK 

Oct, 2014 8,335,898 ISK -1,897,782 ISK 6,438,116 ISK 

Nov, 2014 11,531,484 ISK -4,197,484 ISK 7,334,000 ISK 

Dec, 2014 9,836,008 ISK -8,450,068 ISK 1,385,940 ISK 

Jan, 2015 12,288,093 ISK -6,874,728 ISK 5,413,365 ISK 

Feb, 2015 8,631,602 ISK -12,358,476 ISK -3,726,874 ISK 

Mar, 2015 10,360,265 ISK -7,541,838 ISK 2,818,427 ISK 

Apr, 2015 8,591,806 ISK -5,731,039 ISK 2,860,767 ISK 

May, 2015 12,257,465 ISK -533,189 ISK 11,724,276 ISK 

June, 2015 7,868,291 ISK -1,576,509 ISK 6,291,782 ISK 

July, 2015 6,554,739 ISK -94,101 ISK 6,460,638 ISK 

Aug, 2015 9,259,140 ISK -819,262 ISK 8,439,878 ISK 

Sept, 2015 6,004,748 ISK -5,529,869 ISK 474,879 ISK 

Oct, 2015 9,671,947 ISK -2,367,577 ISK 7,304,370 ISK 

Nov, 2015 11,312,860 ISK -438,407 ISK 10,874,453 ISK 

Dec, 2015 14,007,890 ISK -7,394,887 ISK 6,613,003 ISK 

Jan, 2016 14,521,733 ISK -4,882,288 ISK 9,639,445 ISK 

Feb, 2016 12,222,237 ISK -4,170,151 ISK 8,052,086 ISK 

Mar, 2016 11,255,338 ISK -8,285,879 ISK 2,969,460 ISK 
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Apr, 2016 10,503,628 ISK -1,025,061 ISK 9,478,568 ISK 

May, 2016 6,404,821 ISK -1,238,843 ISK 5,165,978 ISK 

June, 2016 6,324,285 ISK -184,590 ISK 6,139,695 ISK 

July, 2016 5,493,955 ISK -164,255 ISK 5,329,700 ISK 

Aug, 2016 5,759,973 ISK -436,244 ISK 5,323,729 ISK 

Sept, 2016 8,481,399 ISK -212,378 ISK 8,269,021 ISK 

Oct, 2016 7,783,659 ISK -10,134,315 ISK -2,350,655 ISK 

Nov, 2016 6,720,965 ISK -4,013,566 ISK 2,707,399 ISK 

Dec, 2016 7,983,517 ISK -8,513,168 ISK -529,652 ISK 
 

Table 9.13 Maximum monthly totals with 20% external hydropower balancing capacity applied. 

Date Revenues Expenses Totals 

Jan, 2012 10,686,573 ISK -5,515,017 ISK 5,171,556 ISK 

Feb, 2012 9,544,335 ISK -2,825,314 ISK 6,719,021 ISK 

Mar, 2012 10,826,446 ISK -6,337,425 ISK 4,489,021 ISK 

Apr, 2012 11,076,866 ISK -136 ISK 11,076,730 ISK 

May, 2012 7,747,679 ISK -405,854 ISK 7,341,824 ISK 

June, 2012 6,433,257 ISK 0 ISK 6,433,257 ISK 

July, 2012 9,391,324 ISK 0 ISK 9,391,324 ISK 

Aug, 2012 9,146,133 ISK -194,401 ISK 8,951,732 ISK 

Sept, 2012 15,621,462 ISK -848,182 ISK 14,773,280 ISK 

Oct, 2012 11,217,739 ISK -121,980 ISK 11,095,760 ISK 

Nov, 2012 9,391,899 ISK -19,694,961 ISK -10,303,063 ISK 

Dec, 2012 14,081,626 ISK -7,207,388 ISK 6,874,238 ISK 

Jan, 2013 10,041,799 ISK -5,677,308 ISK 4,364,492 ISK 

Feb, 2013 10,694,795 ISK -1,773,980 ISK 8,920,815 ISK 

Mar, 2013 8,988,506 ISK -7,397,973 ISK 1,590,533 ISK 

Apr, 2013 9,393,740 ISK -285,819 ISK 9,107,921 ISK 

May, 2013 12,324,961 ISK 0 ISK 12,324,961 ISK 

June, 2013 9,704,283 ISK -471,397 ISK 9,232,885 ISK 

July, 2013 9,442,968 ISK 0 ISK 9,442,968 ISK 

Aug, 2013 11,452,270 ISK 0 ISK 11,452,270 ISK 

Sept, 2013 16,024,415 ISK -2,645,301 ISK 13,379,114 ISK 

Oct, 2013 12,051,143 ISK -342,447 ISK 11,708,696 ISK 

Nov, 2013 13,747,631 ISK -5,122,661 ISK 8,624,969 ISK 

Dec, 2013 19,625,238 ISK -1,729,892 ISK 17,895,346 ISK 

Jan, 2014 24,477,101 ISK -17,349,775 ISK 7,127,325 ISK 

Feb, 2014 34,228,998 ISK -11,518,898 ISK 22,710,100 ISK 

Mar, 2014 28,381,908 ISK -7,582,724 ISK 20,799,184 ISK 

Apr, 2014 24,725,793 ISK -9,082,488 ISK 15,643,305 ISK 

May, 2014 21,496,198 ISK -96,622 ISK 21,399,576 ISK 

June, 2014 11,587,930 ISK 0 ISK 11,587,930 ISK 

July, 2014 14,278,154 ISK 0 ISK 14,278,154 ISK 

Aug, 2014 13,451,623 ISK -253,500 ISK 13,198,123 ISK 

Sept, 2014 12,264,581 ISK -1,690,688 ISK 10,573,893 ISK 

Oct, 2014 13,337,436 ISK -3,631,197 ISK 9,706,239 ISK 

Nov, 2014 11,531,484 ISK -5,167,455 ISK 6,364,029 ISK 

Dec, 2014 15,737,612 ISK -14,907,390 ISK 830,222 ISK 

Jan, 2015 19,660,948 ISK -10,381,030 ISK 9,279,919 ISK 

Feb, 2015 13,810,563 ISK -17,938,240 ISK -4,127,678 ISK 

Mar, 2015 16,576,424 ISK -9,937,964 ISK 6,638,460 ISK 

Apr, 2015 13,746,889 ISK -8,263,593 ISK 5,483,296 ISK 

May, 2015 19,611,944 ISK -604,115 ISK 19,007,829 ISK 
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June, 2015 12,589,265 ISK -2,254,401 ISK 10,334,864 ISK 

July, 2015 10,487,582 ISK 0 ISK 10,487,582 ISK 

Aug, 2015 14,814,624 ISK -563,675 ISK 14,250,949 ISK 

Sept, 2015 9,607,596 ISK -6,524,517 ISK 3,083,079 ISK 

Oct, 2015 19,343,894 ISK -2,689,049 ISK 16,654,845 ISK 

Nov, 2015 16,969,290 ISK -396,104 ISK 16,573,186 ISK 

Dec, 2015 21,011,835 ISK -8,972,833 ISK 12,039,002 ISK 

Jan, 2016 21,782,599 ISK -7,845,860 ISK 13,936,739 ISK 

Feb, 2016 18,333,355 ISK -7,111,466 ISK 11,221,889 ISK 

Mar, 2016 16,883,008 ISK -12,573,707 ISK 4,309,300 ISK 

Apr, 2016 15,755,443 ISK -1,110,956 ISK 14,644,486 ISK 

May, 2016 8,539,761 ISK -1,722,995 ISK 6,816,766 ISK 

June, 2016 8,432,380 ISK -204,331 ISK 8,228,048 ISK 

July, 2016 7,325,273 ISK 0 ISK 7,325,273 ISK 

Aug, 2016 7,679,963 ISK -523,870 ISK 7,156,093 ISK 

Sept, 2016 11,308,532 ISK -363,782 ISK 10,944,750 ISK 

Oct, 2016 10,378,212 ISK -11,162,966 ISK -784,754 ISK 

Nov, 2016 8,961,287 ISK -7,146,568 ISK 1,814,719 ISK 

Dec, 2016 10,644,689 ISK -15,106,796 ISK -4,462,107 ISK 
 

Table 9.14 Minimum monthly totals with 20% external hydropower balancing capacity applied. 

Date Revenues Expenses Totals 

Jan, 2012 10,686,573 ISK -3,004,449 ISK 7,682,123 ISK 

Feb, 2012 9,544,335 ISK -2,412,481 ISK 7,131,854 ISK 

Mar, 2012 10,826,446 ISK -4,465,520 ISK 6,360,926 ISK 

Apr, 2012 11,076,866 ISK -69 ISK 11,076,797 ISK 

May, 2012 7,747,679 ISK -260,359 ISK 7,487,319 ISK 

June, 2012 6,433,257 ISK 0 ISK 6,433,257 ISK 

July, 2012 9,391,324 ISK 0 ISK 9,391,324 ISK 

Aug, 2012 9,146,133 ISK -124,710 ISK 9,021,423 ISK 

Sept, 2012 15,621,462 ISK -544,117 ISK 15,077,345 ISK 

Oct, 2012 11,217,739 ISK -53,861 ISK 11,163,878 ISK 

Nov, 2012 9,391,899 ISK -3,744,094 ISK 5,647,804 ISK 

Dec, 2012 14,081,626 ISK -1,547,469 ISK 12,534,157 ISK 

Jan, 2013 10,041,799 ISK -1,079,280 ISK 8,962,519 ISK 

Feb, 2013 10,694,795 ISK -455,988 ISK 10,238,807 ISK 

Mar, 2013 8,988,506 ISK -1,406,386 ISK 7,582,121 ISK 

Apr, 2013 9,393,740 ISK -89,166 ISK 9,304,575 ISK 

May, 2013 12,324,961 ISK 0 ISK 12,324,961 ISK 

June, 2013 9,704,283 ISK -170,997 ISK 9,533,285 ISK 

July, 2013 9,442,968 ISK 0 ISK 9,442,968 ISK 

Aug, 2013 11,452,270 ISK 0 ISK 11,452,270 ISK 

Sept, 2013 10,015,259 ISK -836,548 ISK 9,178,711 ISK 

Oct, 2013 7,531,964 ISK -118,085 ISK 7,413,879 ISK 

Nov, 2013 1,145,636 ISK -1,313,503 ISK -167,867 ISK 

Dec, 2013 12,265,774 ISK -596,514 ISK 11,669,259 ISK 

Jan, 2014 15,298,188 ISK -5,982,681 ISK 9,315,507 ISK 

Feb, 2014 12,835,874 ISK -2,362,851 ISK 10,473,023 ISK 

Mar, 2014 28,381,908 ISK -1,555,430 ISK 26,826,477 ISK 

Apr, 2014 24,725,793 ISK -1,863,074 ISK 22,862,719 ISK 

May, 2014 8,061,074 ISK -22,735 ISK 8,038,340 ISK 

June, 2014 7,242,456 ISK 0 ISK 7,242,456 ISK 

July, 2014 8,923,846 ISK 0 ISK 8,923,846 ISK 
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Aug, 2014 8,407,264 ISK -87,141 ISK 8,320,124 ISK 

Sept, 2014 7,665,363 ISK -429,175 ISK 7,236,188 ISK 

Oct, 2014 8,335,898 ISK -929,586 ISK 7,406,311 ISK 

Nov, 2014 11,531,484 ISK -1,324,988 ISK 10,206,496 ISK 

Dec, 2014 9,836,008 ISK -4,384,527 ISK 5,451,481 ISK 

Jan, 2015 12,288,093 ISK -3,598,757 ISK 8,689,336 ISK 

Feb, 2015 8,631,602 ISK -6,218,590 ISK 2,413,012 ISK 

Mar, 2015 10,360,265 ISK -4,134,193 ISK 6,226,072 ISK 

Apr, 2015 8,591,806 ISK -2,754,531 ISK 5,837,275 ISK 

May, 2015 12,257,465 ISK -201,372 ISK 12,056,093 ISK 

June, 2015 7,868,291 ISK -781,526 ISK 7,086,765 ISK 

July, 2015 6,554,739 ISK 0 ISK 6,554,739 ISK 

Aug, 2015 9,259,140 ISK -195,407 ISK 9,063,733 ISK 

Sept, 2015 6,004,748 ISK -2,714,199 ISK 3,290,549 ISK 

Oct, 2015 9,671,947 ISK -923,240 ISK 8,748,707 ISK 

Nov, 2015 11,312,860 ISK -135,996 ISK 11,176,864 ISK 

Dec, 2015 14,007,890 ISK -3,948,047 ISK 10,059,843 ISK 

Jan, 2016 14,521,733 ISK -2,876,815 ISK 11,644,917 ISK 

Feb, 2016 12,222,237 ISK -2,607,538 ISK 9,614,699 ISK 

Mar, 2016 11,255,338 ISK -4,610,359 ISK 6,644,979 ISK 

Apr, 2016 10,503,628 ISK -396,241 ISK 10,107,387 ISK 

May, 2016 6,404,821 ISK -737,442 ISK 5,667,379 ISK 

June, 2016 6,324,285 ISK -89,906 ISK 6,234,379 ISK 

July, 2016 5,493,955 ISK 0 ISK 5,493,955 ISK 

Aug, 2016 5,759,973 ISK -169,487 ISK 5,590,485 ISK 

Sept, 2016 8,481,399 ISK -117,694 ISK 8,363,705 ISK 

Oct, 2016 7,783,659 ISK -5,581,483 ISK 2,202,176 ISK 

Nov, 2016 6,720,965 ISK -2,312,125 ISK 4,408,840 ISK 

Dec, 2016 7,983,517 ISK -4,887,493 ISK 3,096,024 ISK 
 

Table 9.15 Maximum internal balancing 90/10 partition financial outcomes. 

Date Scheduled Total Adjusted Total Cost Savings 

Jan, 2012 9,617,915 ISK -38,474,737 ISK 7,911,267 ISK 

Feb, 2012 8,589,901 ISK -34,620,448 ISK 5,630,867 ISK 

Mar, 2012 9,743,802 ISK -47,488,204 ISK 7,378,452 ISK 

Apr, 2012 9,969,179 ISK -19,558,681 ISK 7,826,840 ISK 

May, 2012 6,972,911 ISK -11,010,108 ISK 5,584,329 ISK 

June, 2012 5,789,931 ISK -14,206,498 ISK 3,369,138 ISK 

July, 2012 8,452,191 ISK -3,818,833 ISK 7,997,808 ISK 

Aug, 2012 8,231,520 ISK -23,329,153 ISK 6,218,926 ISK 

Sept, 2012 14,059,315 ISK -51,217,540 ISK 10,009,428 ISK 

Oct, 2012 10,095,965 ISK -11,644,327 ISK 8,521,700 ISK 

Nov, 2012 8,452,709 ISK -136,389,924 ISK 2,791,004 ISK 

Dec, 2012 12,673,463 ISK -50,558,232 ISK 10,380,923 ISK 

Jan, 2013 9,037,619 ISK -128,790,944 ISK 770,355 ISK 

Feb, 2013 9,625,315 ISK -52,176,400 ISK 4,222,631 ISK 

Mar, 2013 8,089,656 ISK -74,434,810 ISK 5,527,660 ISK 

Apr, 2013 8,454,366 ISK -15,018,525 ISK 5,433,170 ISK 

May, 2013 11,092,465 ISK -17,329,891 ISK 8,394,828 ISK 

June, 2013 8,733,854 ISK -20,962,072 ISK 6,686,326 ISK 

July, 2013 8,498,672 ISK -30,536,190 ISK 5,450,323 ISK 

Aug, 2013 10,307,043 ISK -21,886,014 ISK 7,169,542 ISK 

Sept, 2013 14,421,973 ISK -38,348,442 ISK 12,224,605 ISK 
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Oct, 2013 10,846,029 ISK -14,823,698 ISK 8,768,985 ISK 

Nov, 2013 12,372,868 ISK -83,596,664 ISK 6,575,431 ISK 

Dec, 2013 17,662,714 ISK -42,246,758 ISK 12,673,011 ISK 

Jan, 2014 22,029,391 ISK -86,737,717 ISK 18,007,342 ISK 

Feb, 2014 30,806,098 ISK -83,536,469 ISK 23,387,029 ISK 

Mar, 2014 25,543,717 ISK -55,288,319 ISK 20,459,862 ISK 

Apr, 2014 22,253,214 ISK -79,900,036 ISK 14,945,274 ISK 

May, 2014 19,346,578 ISK -26,971,289 ISK 15,449,064 ISK 

June, 2014 10,429,137 ISK -25,327,121 ISK 7,529,124 ISK 

July, 2014 12,850,339 ISK -23,742,931 ISK 9,616,241 ISK 

Aug, 2014 12,106,461 ISK -21,162,946 ISK 9,397,260 ISK 

Sept, 2014 11,038,123 ISK -33,096,088 ISK 6,866,601 ISK 

Oct, 2014 12,003,693 ISK -47,823,987 ISK 7,784,802 ISK 

Nov, 2014 10,378,336 ISK -113,266,046 ISK 4,914,198 ISK 

Dec, 2014 14,163,851 ISK -99,494,040 ISK 7,726,239 ISK 

Jan, 2015 17,694,854 ISK -63,700,137 ISK 13,828,969 ISK 

Feb, 2015 12,429,506 ISK -119,063,452 ISK 4,906,459 ISK 

Mar, 2015 14,918,782 ISK -61,831,907 ISK 10,658,153 ISK 

Apr, 2015 12,372,201 ISK -69,326,176 ISK 6,070,030 ISK 

May, 2015 17,650,750 ISK -26,328,460 ISK 13,715,465 ISK 

June, 2015 11,330,339 ISK -26,079,953 ISK 7,905,605 ISK 

July, 2015 9,438,824 ISK -20,215,786 ISK 6,515,518 ISK 

Aug, 2015 13,333,162 ISK -44,898,416 ISK 8,902,053 ISK 

Sept, 2015 8,646,836 ISK -55,961,313 ISK 4,454,706 ISK 

Oct, 2015 17,409,504 ISK -57,792,268 ISK 11,286,692 ISK 

Nov, 2015 15,272,361 ISK -42,920,386 ISK 9,102,578 ISK 

Dec, 2015 18,910,652 ISK -62,865,259 ISK 14,816,972 ISK 

Jan, 2016 19,604,339 ISK -50,506,431 ISK 14,625,463 ISK 

Feb, 2016 16,500,020 ISK -43,115,448 ISK 14,156,812 ISK 

Mar, 2016 15,194,707 ISK -79,267,495 ISK 9,672,382 ISK 

Apr, 2016 14,179,898 ISK -29,410,670 ISK 9,233,030 ISK 

May, 2016 7,685,785 ISK -21,530,347 ISK 4,891,155 ISK 

June, 2016 7,589,142 ISK -21,325,196 ISK 4,902,452 ISK 

July, 2016 6,592,746 ISK -16,836,708 ISK 4,661,816 ISK 

Aug, 2016 6,911,967 ISK -28,509,392 ISK 3,563,694 ISK 

Sept, 2016 10,177,679 ISK -23,045,109 ISK 5,582,401 ISK 

Oct, 2016 9,340,391 ISK -82,811,411 ISK 1,084,135 ISK 

Nov, 2016 8,065,158 ISK -57,962,780 ISK 1,063,946 ISK 

Dec, 2016 9,580,220 ISK -100,889,742 ISK 107,702 ISK 

 

Table 9.16  Minimum internal balancing 90/10 partition financial outcomes. 

Date Scheduled Total Adjusted Total Cost Savings 

Jan, 2012 9,617,915 ISK -20,960,118 ISK 8,688,174 ISK 

Feb, 2012 8,589,901 ISK -29,561,729 ISK 6,063,240 ISK 

Mar, 2012 9,743,802 ISK -33,461,464 ISK 8,077,112 ISK 

Apr, 2012 9,969,179 ISK -9,925,301 ISK 8,882,022 ISK 

May, 2012 6,972,911 ISK -7,063,088 ISK 6,082,123 ISK 

June, 2012 5,789,931 ISK -3,715,546 ISK 5,156,800 ISK 

July, 2012 8,452,191 ISK -2,449,818 ISK 8,160,700 ISK 

Aug, 2012 8,231,520 ISK -14,965,872 ISK 6,940,422 ISK 

Sept, 2012 14,059,315 ISK -32,856,535 ISK 11,461,275 ISK 

Oct, 2012 10,095,965 ISK -5,141,651 ISK 9,400,835 ISK 

Nov, 2012 8,452,709 ISK -25,928,293 ISK 7,376,395 ISK 
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Dec, 2012 12,673,463 ISK -10,855,150 ISK 12,181,241 ISK 

Jan, 2013 9,037,619 ISK -24,483,695 ISK 7,465,978 ISK 

Feb, 2013 9,625,315 ISK -13,411,540 ISK 8,236,597 ISK 

Mar, 2013 8,089,656 ISK -14,150,368 ISK 7,602,610 ISK 

Apr, 2013 8,454,366 ISK -4,685,266 ISK 7,511,857 ISK 

May, 2013 11,092,465 ISK -4,865,700 ISK 10,335,051 ISK 

June, 2013 8,733,854 ISK -7,603,889 ISK 7,991,123 ISK 

July, 2013 8,498,672 ISK -5,794,046 ISK 7,920,267 ISK 

Aug, 2013 10,307,043 ISK -6,921,218 ISK 9,314,842 ISK 

Sept, 2013 9,013,733 ISK -12,127,285 ISK 8,318,839 ISK 

Oct, 2013 6,778,768 ISK -5,111,620 ISK 6,062,546 ISK 

Nov, 2013 1,031,072 ISK -21,435,042 ISK 455,450 ISK 

Dec, 2013 11,039,197 ISK -14,567,848 ISK 9,318,609 ISK 

Jan, 2014 13,768,369 ISK -29,909,558 ISK 12,381,456 ISK 

Feb, 2014 11,552,287 ISK -17,135,686 ISK 10,030,426 ISK 

Mar, 2014 25,543,717 ISK -11,341,194 ISK 24,500,875 ISK 

Apr, 2014 22,253,214 ISK -16,389,751 ISK 20,754,149 ISK 

May, 2014 7,254,967 ISK -6,346,186 ISK 6,337,905 ISK 

June, 2014 6,518,211 ISK -8,733,490 ISK 5,518,206 ISK 

July, 2014 8,031,462 ISK -5,403,564 ISK 7,295,426 ISK 

Aug, 2014 7,566,538 ISK -7,274,763 ISK 6,635,250 ISK 

Sept, 2014 6,898,827 ISK -8,401,315 ISK 5,839,902 ISK 

Oct, 2014 7,502,308 ISK -12,242,941 ISK 6,422,272 ISK 

Nov, 2014 10,378,336 ISK -29,042,576 ISK 6,457,173 ISK 

Dec, 2014 8,852,407 ISK -29,262,953 ISK 6,958,992 ISK 

Jan, 2015 11,059,284 ISK -22,082,714 ISK 9,719,110 ISK 

Feb, 2015 7,768,441 ISK -41,275,330 ISK 5,160,452 ISK 

Mar, 2015 9,324,239 ISK -25,722,073 ISK 7,551,817 ISK 

Apr, 2015 7,732,625 ISK -23,108,725 ISK 5,631,902 ISK 

May, 2015 11,031,719 ISK -8,776,153 ISK 9,719,957 ISK 

June, 2015 7,081,462 ISK -9,041,050 ISK 5,894,221 ISK 

July, 2015 5,899,265 ISK -7,008,139 ISK 4,885,852 ISK 

Aug, 2015 8,333,226 ISK -15,564,784 ISK 6,797,109 ISK 

Sept, 2015 5,404,273 ISK -23,279,906 ISK 3,660,347 ISK 

Oct, 2015 8,704,752 ISK -19,842,012 ISK 6,602,587 ISK 

Nov, 2015 10,181,574 ISK -14,735,999 ISK 8,063,282 ISK 

Dec, 2015 12,607,101 ISK -27,660,714 ISK 10,805,882 ISK 

Jan, 2016 13,069,559 ISK -18,519,025 ISK 11,243,972 ISK 

Feb, 2016 11,000,013 ISK -15,808,998 ISK 10,140,837 ISK 

Mar, 2016 10,129,805 ISK -29,064,748 ISK 8,104,952 ISK 

Apr, 2016 9,453,266 ISK -10,489,806 ISK 7,688,883 ISK 

May, 2016 5,764,339 ISK -9,214,988 ISK 4,568,237 ISK 

June, 2016 5,691,856 ISK -9,383,086 ISK 4,509,713 ISK 

July, 2016 4,944,559 ISK -8,819,228 ISK 3,933,120 ISK 

Aug, 2016 5,183,975 ISK -9,223,627 ISK 4,100,710 ISK 

Sept, 2016 7,633,259 ISK -7,455,771 ISK 6,146,551 ISK 

Oct, 2016 7,005,293 ISK -41,405,705 ISK 2,877,165 ISK 

Nov, 2016 6,048,869 ISK -18,752,664 ISK 3,783,770 ISK 

Dec, 2016 7,185,165 ISK -32,640,799 ISK 4,050,837 ISK 

 

Table 9.17 Maximum internal balancing 70/30 partition financial outcomes. 

Date Scheduled Total Adjusted Total Cost Savings 

Jan, 2012 7,310,524 ISK -29,924,795 ISK 3,531,680 ISK 
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Feb, 2012 6,681,034 ISK -26,927,015 ISK 6,058,235 ISK 

Mar, 2012 7,578,512 ISK -36,935,270 ISK 4,085,277 ISK 

Apr, 2012 7,753,806 ISK -15,212,308 ISK 5,138,083 ISK 

May, 2012 5,423,375 ISK -8,563,417 ISK 2,983,333 ISK 

June, 2012 4,503,280 ISK -11,049,499 ISK 4,818,395 ISK 

July, 2012 6,573,927 ISK -2,970,204 ISK 979,633 ISK 

Aug, 2012 6,402,293 ISK -18,144,897 ISK 4,980,492 ISK 

Sept, 2012 10,935,023 ISK -39,835,865 ISK 10,072,966 ISK 

Oct, 2012 7,852,417 ISK -9,056,699 ISK 3,090,192 ISK 

Nov, 2012 6,574,329 ISK -106,081,052 ISK 11,029,580 ISK 

Dec, 2012 9,857,138 ISK -39,323,069 ISK 4,461,034 ISK 

Jan, 2013 7,029,259 ISK -100,170,734 ISK 18,300,215 ISK 

Feb, 2013 7,486,356 ISK -40,581,645 ISK 11,252,067 ISK 

Mar, 2013 6,291,954 ISK -57,893,741 ISK 5,281,318 ISK 

Apr, 2013 6,575,618 ISK -11,681,075 ISK 5,298,454 ISK 

May, 2013 8,627,473 ISK -13,478,804 ISK 5,663,021 ISK 

June, 2013 6,792,998 ISK -16,303,834 ISK 4,314,853 ISK 

July, 2013 6,610,078 ISK -23,750,370 ISK 5,961,149 ISK 

Aug, 2013 8,016,589 ISK -17,022,456 ISK 6,313,188 ISK 

Sept, 2013 11,217,090 ISK -29,826,566 ISK 4,440,708 ISK 

Oct, 2013 8,435,800 ISK -11,529,543 ISK 4,049,084 ISK 

Nov, 2013 9,623,342 ISK -65,019,627 ISK 11,831,988 ISK 

Dec, 2013 13,737,667 ISK -32,858,590 ISK 9,726,270 ISK 

Jan, 2014 17,133,970 ISK -67,462,669 ISK 8,145,639 ISK 

Feb, 2014 23,960,298 ISK -64,972,809 ISK 15,176,842 ISK 

Mar, 2014 19,867,335 ISK -43,002,026 ISK 9,873,030 ISK 

Apr, 2014 17,308,055 ISK -62,144,472 ISK 14,535,208 ISK 

May, 2014 15,047,339 ISK -20,977,669 ISK 7,809,541 ISK 

June, 2014 8,111,551 ISK -19,698,872 ISK 6,422,226 ISK 

July, 2014 9,994,708 ISK -18,466,724 ISK 6,599,587 ISK 

Aug, 2014 9,416,136 ISK -16,460,069 ISK 6,041,851 ISK 

Sept, 2014 8,585,207 ISK -25,741,402 ISK 7,643,813 ISK 

Oct, 2014 9,336,205 ISK -37,196,435 ISK 8,932,160 ISK 

Nov, 2014 8,072,039 ISK -88,095,814 ISK 29,744,229 ISK 

Dec, 2014 11,016,329 ISK -77,384,254 ISK 12,563,019 ISK 

Jan, 2015 13,762,664 ISK -49,544,551 ISK 8,046,712 ISK 

Feb, 2015 9,667,394 ISK -92,604,907 ISK 15,954,863 ISK 

Mar, 2015 11,603,497 ISK -48,091,483 ISK 8,810,443 ISK 

Apr, 2015 9,622,823 ISK -53,920,359 ISK 10,967,708 ISK 

May, 2015 13,728,361 ISK -20,477,691 ISK 7,318,395 ISK 

June, 2015 8,812,486 ISK -20,284,408 ISK 6,359,636 ISK 

July, 2015 7,341,307 ISK -15,723,389 ISK 6,159,588 ISK 

Aug, 2015 10,370,237 ISK -34,920,991 ISK 10,284,635 ISK 

Sept, 2015 6,725,317 ISK -43,525,466 ISK 9,102,246 ISK 

Oct, 2015 13,540,726 ISK -44,949,542 ISK 12,664,332 ISK 

Nov, 2015 11,878,503 ISK -33,382,522 ISK 12,374,750 ISK 

Dec, 2015 14,708,285 ISK -48,895,201 ISK 8,790,730 ISK 

Jan, 2016 15,247,819 ISK -39,282,779 ISK 9,254,245 ISK 

Feb, 2016 12,833,349 ISK -33,534,237 ISK 5,148,426 ISK 

Mar, 2016 11,818,105 ISK -61,652,496 ISK 12,085,033 ISK 

Apr, 2016 11,028,810 ISK -22,874,966 ISK 10,154,320 ISK 

May, 2016 5,977,833 ISK -16,745,825 ISK 5,539,075 ISK 

June, 2016 5,902,666 ISK -16,586,263 ISK 5,339,887 ISK 

July, 2016 5,127,691 ISK -13,095,217 ISK 4,244,857 ISK 
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Aug, 2016 5,375,974 ISK -22,173,971 ISK 7,013,785 ISK 

Sept, 2016 7,915,972 ISK -17,923,974 ISK 9,036,417 ISK 

Oct, 2016 7,264,749 ISK -64,408,875 ISK 17,659,704 ISK 

Nov, 2016 6,272,901 ISK -45,082,162 ISK 14,072,187 ISK 

Dec, 2016 7,451,282 ISK -78,469,799 ISK 20,339,987 ISK 

 

Table 9.18 Minimum internal balancing 70/30 partition financial outcomes 

Date Scheduled Total Adjusted Total Cost Savings 

Jan, 2012 7,310,524 ISK -16,302,314 ISK 1,923,975 ISK 

Feb, 2012 6,681,034 ISK -22,992,456 ISK 5,173,009 ISK 

Mar, 2012 7,578,512 ISK -26,025,583 ISK 2,878,596 ISK 

Apr, 2012 7,753,806 ISK -7,719,678 ISK 2,607,385 ISK 

May, 2012 5,423,375 ISK -5,493,513 ISK 1,913,836 ISK 

June, 2012 4,503,280 ISK -2,889,869 ISK 1,260,196 ISK 

July, 2012 6,573,927 ISK -1,905,414 ISK 628,444 ISK 

Aug, 2012 6,402,293 ISK -11,640,122 ISK 3,195,033 ISK 

Sept, 2012 10,935,023 ISK -25,555,083 ISK 6,461,903 ISK 

Oct, 2012 7,852,417 ISK -3,999,062 ISK 1,364,500 ISK 

Nov, 2012 6,574,329 ISK -20,166,450 ISK 2,096,769 ISK 

Dec, 2012 9,857,138 ISK -8,442,894 ISK 957,810 ISK 

Jan, 2013 7,029,259 ISK -19,042,874 ISK 3,478,947 ISK 

Feb, 2013 7,486,356 ISK -10,431,197 ISK 2,892,257 ISK 

Mar, 2013 6,291,954 ISK -11,005,841 ISK 1,004,000 ISK 

Apr, 2013 6,575,618 ISK -3,644,096 ISK 1,652,936 ISK 

May, 2013 8,627,473 ISK -3,784,434 ISK 1,590,002 ISK 

June, 2013 6,792,998 ISK -5,914,136 ISK 1,565,192 ISK 

July, 2013 6,610,078 ISK -4,506,480 ISK 1,131,090 ISK 

Aug, 2013 8,016,589 ISK -5,383,170 ISK 1,996,478 ISK 

Sept, 2013 7,010,682 ISK -9,432,333 ISK 1,404,326 ISK 

Oct, 2013 5,272,375 ISK -3,975,704 ISK 1,396,236 ISK 

Nov, 2013 801,945 ISK -16,671,699 ISK 3,033,843 ISK 

Dec, 2013 8,586,042 ISK -11,330,548 ISK 3,353,886 ISK 

Jan, 2014 10,708,732 ISK -23,262,989 ISK 2,808,841 ISK 

Feb, 2014 8,985,112 ISK -13,327,756 ISK 3,113,198 ISK 

Mar, 2014 19,867,335 ISK -8,820,928 ISK 2,025,237 ISK 

Apr, 2014 17,308,055 ISK -12,747,584 ISK 2,981,581 ISK 

May, 2014 5,642,752 ISK -4,935,922 ISK 1,837,539 ISK 

June, 2014 5,069,719 ISK -6,792,714 ISK 2,214,561 ISK 

July, 2014 6,246,692 ISK -4,202,772 ISK 1,501,975 ISK 

Aug, 2014 5,885,085 ISK -5,658,149 ISK 2,076,886 ISK 

Sept, 2014 5,365,754 ISK -6,534,356 ISK 1,940,352 ISK 

Oct, 2014 5,835,128 ISK -9,522,287 ISK 2,286,633 ISK 

Nov, 2014 8,072,039 ISK -22,588,670 ISK 7,626,725 ISK 

Dec, 2014 6,885,205 ISK -22,760,075 ISK 3,695,006 ISK 

Jan, 2015 8,601,665 ISK -17,175,444 ISK 2,789,527 ISK 

Feb, 2015 6,042,121 ISK -32,103,035 ISK 5,531,019 ISK 

Mar, 2015 7,252,186 ISK -20,006,057 ISK 3,665,144 ISK 

Apr, 2015 6,014,264 ISK -17,973,453 ISK 3,655,903 ISK 

May, 2015 8,580,226 ISK -6,825,897 ISK 2,439,465 ISK 

June, 2015 5,507,803 ISK -7,031,928 ISK 2,204,674 ISK 

July, 2015 4,588,317 ISK -5,450,775 ISK 2,135,324 ISK 

Aug, 2015 6,481,398 ISK -12,105,943 ISK 3,565,340 ISK 

Sept, 2015 4,203,323 ISK -18,106,594 ISK 3,786,534 ISK 
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Oct, 2015 6,770,363 ISK -15,432,676 ISK 4,348,087 ISK 

Nov, 2015 7,919,002 ISK -11,461,333 ISK 4,248,664 ISK 

Dec, 2015 9,805,523 ISK -21,513,888 ISK 3,867,921 ISK 

Jan, 2016 10,165,213 ISK -14,403,686 ISK 3,393,223 ISK 

Feb, 2016 8,555,566 ISK -12,295,887 ISK 1,887,756 ISK 

Mar, 2016 7,878,737 ISK -22,605,915 ISK 4,431,179 ISK 

Apr, 2016 7,352,540 ISK -8,158,738 ISK 3,621,707 ISK 

May, 2016 4,483,375 ISK -7,167,213 ISK 2,370,724 ISK 

June, 2016 4,426,999 ISK -7,297,956 ISK 2,349,550 ISK 

July, 2016 3,845,768 ISK -6,859,399 ISK 2,223,497 ISK 

Aug, 2016 4,031,981 ISK -7,173,932 ISK 2,269,166 ISK 

Sept, 2016 5,936,979 ISK -5,798,933 ISK 2,923,547 ISK 

Oct, 2016 5,448,561 ISK -32,204,438 ISK 8,829,852 ISK 

Nov, 2016 4,704,676 ISK -14,585,405 ISK 4,552,766 ISK 

Dec, 2016 5,588,462 ISK -25,387,288 ISK 6,580,584 ISK 
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