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Abstract 

Landsnet operates the electricity transmission system in Iceland and also takes care of the 

maintenance for that system. Today Landsnet is working under high pressure and when 

problems occur there is little room for errors of judgment, and they have very little time to 

evaluate and come up with the best solution to a problem. This project involves an 

observation and analysis of the time the Control Center has to minimize risk. The timeframe 

in question is a year, down to only minutes or real time, when the Control Center has to 

react immediately. This project will be aimed at coming up with a suitable working method, 

or procedure, for Landsnet to go by when decisions need to be made. A few very helpful 

scientific papers were researched in order to analyze the problem. These papers include 

methods like the Bow-Tie model, risk graph and fault trees.  

 

Keywords: power system, system operations, power transmission, risk and vulnerability.  
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Útdráttur 

Landsnet sér um rekstur raforkuflutningskerfis Íslands. Iðulega þurfa starfsmenn í stjórnstöð  

Landsnets að vinna undir mikilli pressu og þegar vandamál koma upp er lítið pláss fyrir 

mistök og mjög lítill tími gefst í að meta stöðu og finna bestu lausnina. Þetta verkefni felur í 

sér greiningu á þeim aðgerðum sem stjórnstöð Landsnets hefur til að bregðast við 

vandamálum og lágmarka áhættu. Tímaramminn sem um ræðir er frá ári og niður í aðeins 

örfáar mínútur eða rauntíma þar sem stjórnstöð verður að bregðast við tafarlaust. Þessi 

greining miðar að því að byggja upp grundvöll fyrir Landsnet til að koma upp endurbættum 

vinnuaðferðum eða verkferlum þegar ákvarðanir eru teknar. Nokkrar gagnlegar fræðigreinar 

voru nýttar í þetta verkefni. Þessar fræðigreinar innihalda aðferðir á borð við Bow-Tie líkanið, 

líkindatré, áhættugraf ofl. Viðtöl við starfsmenn voru tekin til að fá betri mynd af 

vandamálinu. 

 

 

 

Lykilorð: kerfisstjórnun, orkuflutningskerfi, áhætta og veikleikar. 
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Landsnet’s history & background  

Landsnet operates the electricity transmission system in Iceland and also takes care of the 

maintenance for that system, the following information are taken from the company’s 

website(Heimasíða Landsnets n.d.). Landsnet hf. was founded in 2005 due to new laws set 

by the Icelandic government in 2003. The company’s main agenda is to provide electricity to 

all consumers in Iceland and to maintain the reliability of the supply.  

The board of Directors has members that are independent of other companies, those 

companies that are in the business of distributing or supplying electricity. Landsnet’s 

operation is limited in the way that they can only operate within the boundaries imposed 

upon them by law. Landsnet’s main objective is defined in a special agreement, and must 

follow regulations made by the National Energy Authority. This contract also lays the 

revenue framework for the transmission tariff.  

Landsnet’s policy is to meet the market’s demand in transporting energy today and in the 

future, having the environment’s best interest at heart as well as that of its end-users. The 

policy also includes being up to date with the newest technology, such as the 

implementation of smart grids.  

Landsnet has four main divisions, they are:  

 System Planning  

 Development  

 Operations & Maintenance 

 System Operation & Business Relations  

Apart from these divisions there is also the corporate office and support division. Landsnet is 

the only transmission system operator (TSO) in Iceland, but co-operates with other TSO’s to 

enhance performance and to keep up to date with market developments.  
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Secure delivery of electricity to the Icelandic society contributes to the wellbeing and 

economic growth of the country, therefore Landsnet has a great responsibility to the nation. 

Landsnet has a quality certification under the international quality management standard IST 

EN ISO 9001:2008. This certification covers power transmission, system administration, 

design development, and the operation and maintenance of the electricity system in Iceland.  

Landsnet’s owners are: The national Power Company (Landsvirkjun) who owns 64,73%; The 

Sate Electric Power Works (RARIK) who owns 22,51%; and Reykjavik Energy (Orkuveita 

Reykjavíkur) and The Westfjord Power Company (Orkubú Vestfjarðar) who own 12,76% 

combined. 
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Introduction 

There is always room for improvement and most companies today must focus on improving 

each part of their organization to be able to compete, especially if they want a competitive 

advantage. This may not be relevant because Landsnet is the only electricity transmission 

company in Iceland, but their goal is to aim high. One way to improve the company is to 

focus on small parts and improving them while having the entire company in mind.  

Today Landsnet is working under high pressure and when problems occur there is little room 

for errors of judgment, and they have very little time to evaluate and come up with the best 

solution to a problem. While a problem is occurring, a group of people (emergency control 

group/emergency management) work on coming up with a solution. At this time a person in 

charge of the actions in the control room may have to make decisions without having all the 

required information at hand. This resolves into taking risks that could be avoided.  

Normally, the year is laid out for maintenance work and plans have been made for each day 

of the year. However, a lot of changes are made each week and each day due to the 

unpredictable nature of component failures, weather, and other factors that influence grid 

operation. As such, evaluations are made weekly and the plan is updated.  

This project involves an observation and analysis of the time the Control Center has to 

minimize risk. The timeframe in question is a year, down to only minutes or real time, when 

the Control Center has to react immediately. An analysis will be made of the ways a 

supervisor at the Control Center has to minimize risk or try to avoid it entirely. An extra 

possibility is to take cost for Landsnet and other into account, regarding transmission 

controlling. 

In the beginning of this project the plan was to look at two scenarios, two cases, where one 

is a volcano eruption in Vatnajökull and the other is a bad weather forecast. Both cases lead 

to a re-evaluation of the yearly plan, and brainstorming what actions should be taken with 

respect to risk and how this event affects other parties. 'Other parties’ refers to 

stakeholders, such as factories that might lose power for some time, other divisions at 
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Landsnet that might have to adapt to a new schedule, or the general public. Through the 

course of this project there was very little variance between the two cases so the second one 

was dropped.  

The case is a volcanic eruption, and the basic information is sourced from an exercise 

performed by Landsnet last year. Two timeframes are looked at; seven days prior to the 

event and then two days prior. The decisions lie in what preventive actions could be taken, 

estimation of how much risk is involved in each decision, and if the best decision is to do 

nothing.  

Interviews are used as a method of collecting data. Lack of data is the reason interviews are 

the prime source of information in this thesis. In addition to taking interviews, an analysis of 

the problem at hand is made from gathering information and reading articles related to the 

issue.  

Aim  

The aim of this project is to analyze the decision making process at the Control Center 

regarding risk. Decreasing risk is one of the main goals. Also, this project will be aimed at 

coming up with a suitable working method, or procedure, for Landsnet to go by when 

decisions need to be made in a very short time span.  

One of the problems today is that most of the decisions are made from experience and 

therefore it can be difficult to explain and justify that decision to stakeholders, such as 

factories influenced by these decisions. This problem can be avoided with a more detailed 

procedure of making decisions. In November 2013 Landsnet performed an exercise, referred 

here as the practice run. An analysis of the practices run will be made from the practice run 

report. After this analysis has been made the next step will be to look further into risk and 

time controlling.  
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Methodology 

Risk and vulnerability 

Power systems need to be constantly improved for various reasons such as increased 

electricity consumptions or failures related to technical issues. Some technical failures that 

have low probability may have significant consequences, and the society is more vulnerable 

to power interruptions today than before (Doorman et al. 2006). In the Nordic power system 

the decision of how much risk is acceptable regarding electricity transmission will be political 

(Doorman et al. 2006). 

The probability of a problem occurring and the significance of its effects is defined as risk. 

Forming a risk diagram helps to evaluate the risk and consequence but it is important not to 

rely too much on the diagram because some consequences may be unacceptable. Even if the 

probability of the event occurring is very low, taking experts opinion into account is 

extremely important (Gjerde et al. 2011). 

The Bow-Tie model helps address the problem of uncertainty when it comes to unwanted 

events. The model is used to identify and avoid unwanted events. It can be used to visualize 

the probability and consequence of these events. A few steps are taken to formulate the 

model, these steps will be discussed further after figure 1 below (Gjerde et al. 2011).  
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Figure 1: The Bow-Tie model(Gjerde et al. 2011) 

 

 

As seen on the left side of Figure 1, there are four main causes of failure. These events may 

lead to the power system failing despite the barriers put up by the operator. The barriers 

represent the block that companies put up to avoid danger or hazards. Barriers can exist 

both before and after the power system experiences a failure. An example of a barrier after 

the power system fails is the provision of back-up generators. All this then leads to the 

consequences, on the right side. These consequences can be only minor, or potentially major 

or catastrophic events (Gjerde et al. 2011). 

Research show that there simply is not enough to use only one method of risk assessment to 

be able to get the best risk and vulnerability analysis for power systems. So a combination of 

a few methods has been put together, grouped into four different steps which work very 

well together. Figure 2 below lists these steps and methods, and is followed by a discussion 

on each of the four steps. 
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Figure 2: Risk and vulnerability analysis - possible method combinations (Gjerde et al. 2011) 

The methods can be categorized:  

 Identification of threats and unwanted events 

 Casual analysis 

 Consequence analysis 

 Risk and vulnerability evaluation 

 

Identification of threats and unwanted events: This first step involves brainstorming, taking 

interviews, using checklists, inspections and more. This is done to identify threats and events 

that may cause interference to the power system. This is very important to the work ahead 

and is basically the same as collecting data. 

Casual analysis: Casual analysis focuses on finding the cause of the problem occurring. A few 

methods can be used, for example; Markov analysis, fault tree analysis and reliability block 

diagrams. Aside from these methods common sense from experts is an important factor. 

Consequence analysis: In consequence analysis the implication after an incident has 

happened is analyzed. Methods like event trees or discrete event simulation may be used to 

try to understand the consequences. Experts are also used to evaluate what could happen 
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and the consequence since the incidents that might happen are always related to human 

interaction, combined with the system and environment. 

Risk and vulnerability: This step is used to figure out if the barriers already in use are 

sufficient or need to be replaced or improved. Risk matrixes, cost benefit and diagrams are 

used to model the risk and its vulnerability. After modeling and thus evaluating it is clearer 

what are the biggest threats and which barriers need to be improved (Doorman et al. 2006). 

Vulnerability 

The consequences caused by unwanted events may be divided into four different categories; 

health and safety; economy; environment; and reputation. Table 1 below shows a list of 

consequences for the first two categories (Doorman et al. 2006).  

Table 1: A list of possible consequences (Doorman et al. 2006) 

 

The most effective way to evaluate how unwanted events affect the public is to measure the 

impact in cost. It is helpful to use quantities such as: 

 How many people are affected 

 The duration of the event 

 How much did it cost, in €/MWh 

 How much did it cost for the economy, in Euros 

 How much power was not delivered, in MW or MWh 

In (Doorman et al. 2006) it says, when evaluating these quantities it is not right to estimate 

the number of deaths that could be a result of an unwanted event, but the number of 

people the unwanted event affected. The threats that affect the power system are energy 

shortage, capacity shortage, and power system failure, resulting in unwanted events. 
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The objective of vulnerability analysis is to find out if the system can withstand threats and 

unwanted situations. This is achieved by identifying threats, calculating risk and evaluating 

how stable the system is. The threats can be categorized into lack of energy supply, the 

systems failure, and capacity shortage (Doorman et al. 2006). The vulnerability analysis of a 

system can be analyzed by the methodology shown in figure 3 below.  

 

 

Figure 3: Methodology for vulnerability analysis (Doorman et al. 2006) 

 

Each step shown in the figure is explained below in descending order.  

Identification of unwanted situations: Involves identifying threats. A few different methods 

are used to identify these threats, for example; a survey of previous events and studies, 

simulations or dialog and discussions with the transmission system operators.  

Description of causes and dependencies: This step an event tree is modeled to describe 

possible causes, consequence and dependencies. Determination and evaluation of 

probabilities, from historical data is used to predict the probability of an event happening. 



 

Dagný Dís Magnúsdóttir 10 Reykjavik University 

The events are categorized with a timeframe for each category, as shown in the table below 

(Doorman et al. 2006). 

Table 2: This table shows the probability classification (Doorman et al. 2006) 

 

 

Classification of unwanted situations: Situations are addressed and categorized with respect 

to its effect. The indicators of these unwanted situations are listed and the consequences 

described. The consequences can be looked at from the economy’s point of view as well as 

from health and safety’s point of view. The estimation of the scale of the impact an event 

has is always estimated by an expert, since it is very hard to measure the consequence 

before it has happened. For example, economic indicators are almost only relevant when the 

event affects the price of the electricity, and the duration of the event is more relevant when 

looking at outages. More extreme cases would be when a human life is at risk.  

For example, the unwanted situations can be classified into minor, moderate, major, critical 

and catastrophic situations. Then each category is defined and a description is made to make 

it clear which events belong to each category. Boundaries between categories may be 

difficult to define and depend on expert judgment. 

Risk and vulnerability evaluation: The product of frequency of occurrence and consequence 

is used to describe the risk. A risk matrix, or a risk graph, is used to show this clearly. Figure 4 

below shows an example of a risk matrix. 
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Figure 4: An example of a generic risk graph (Doorman et al. 2006) 

In figure 3 the consequence is on the horizontal axis and the frequency of the event on the 

vertical axis. The risk is a product of the consequences and the frequency. The darkest area is 

the highest risk and the white area lowest risk. The importance of the risk and how 

important it is to react to each stage is up to experts to decide. Each stage is defined as 

shown in the example on the table below. 

Table 3: Definition of risk (Doorman et al. 2006) 

 

 

Identification of barriers to handle and reduce the vulnerability: Barriers need to be set up to 

protect the system. The physical condition of the system is usually the main vulnerability of a 

power system. Barriers are put up to reduce vulnerability to an acceptable level. The 

acceptable level is for experts to decide.  

Identification of possible actions: The possible actions that could reduce the vulnerability of 

the power system can be divided into five main categories:  
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 Improving the possibility to expand the grid;  

 Making the efficiency of the market better; 

 Reducing the ability of events to have major impact/consequence; 

 Increase research and development and improving conditions for investment in 

generation; 

 Improving the conditions for investment (Doorman et al. 2006). 

 

Extraordinary events: understanding sequence, causes and remedies 

An extraordinary event is one that is described by (Johansson et al. 2010) as an event that 

has very low probability but could potentially lead to a high socio-economic cost, such as a 

blackout for example. Attempts have been made to determine the basic reasons for a black 

out, or the sequence of extraordinary events leading to a blackout. The figure below shows 

the sequence of events that experts have identified that lead to a blackout. 
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Figure 5: The process (Johansson et al. 2010) 

 

Based on this figure, the general steps that cause a stable transmission system to reach a 

blackout state are:  

1. An unwanted event happens and triggers the failure. 

2. The system becomes unstable and actions need to be taken to save the system from 

further problems. 

3. If not responded in the right way the system will have more problems that lead to 

more failures. 
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4. After step three failures start to pile up and lead to other failures. 

5. This leads to drastic measures such as system sectioning or disconnecting. 

6. The system is now unbalanced, demand and generation are not in correlation. 

7. At this point the right course of actions is very important, if not the system results in 

a blackout.  

Every step above is related to correct decision making and actions that either lead to a 

failure or success at keeping the system operating correctly. It is important to bear in mind 

that there are cases where this does not apply. 

Sometimes the trigger of a pretty small problem or failure can lead to a relatively large 

problem, resulting in an extraordinary event. The factors that might cause triggering are 

categorized as following: 

 Equipment failure 

 Protective device not working correctly 

 Nature’s influence (e.g. lightning) 

 Mistakes caused by employees 

 Cooperation between TSO’s not good enough (does not apply to Iceland1) 

 Error in the operation related to planning 

 The control system fails 

Even though the list of causes can be long there is most often only one root cause. The root 

cause would be the main reason an unwanted event occurs, such that if someone is able to 

prevent it the unwanted event will not occur. The contributing causes are the reasons an 

event escalates, resulting in a larger problem. This combination creates an extraordinary 

event. Here is a list of a few causes of extraordinary events: 

 The system is not protected well enough 

 Equipment aging 

 Insufficient design and control of the system 

 Changed power flow and system utilization 

 Training and maintenance not in order 

                                                            
1 Iceland is an island and there is only one TSO in Iceland 
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 Not enough monitoring 

 Lack of coordination between TSOs2 

Systematic failures are more typically a root cause and failure of equipment is most often a 

contributing cause. For example, a system failure might lead to the equipment starting to fail 

as well. A problem with extraordinary events is that they have very low probability and thus 

spending a lot of time and money to prevent them is not optimal. By looking at historical 

events it is possible to find and identify weaknesses and to find a way to prevent them 

(Johansson et al. 2010). 

 

START 

In the beginning of 1986 a few electricity companies in Iceland, alongside Orkustofnun, 

formed a group that was to register all disturbances on electricity and find out what these 

disturbances cost the public. This group is called the START group. This group has registered 

disturbances a little over two decades now, thus a large set of data has been formed. The 

group has also worked on collecting information about cost related to disturbances and 

these numbers were summarized and published in 1996. In the report it is noted that if the 

numbers are being used it is important to bear in mind that they are significantly uncertain.  

Electricity is one of the main foundations of modern society and therefore can have a very 

drastic effect if the supply can’t satisfy demand. Currently there are no methods to measure 

exactly what disturbances cost the public, but surveys of the cost for companies have been 

used the past few years. Economic indicators can be used but then it is not possible to 

calculate with respect to time of day or the length of the disturbance.  

The disruption of electricity to homes in Iceland has only been 0.01-0.03% of the year, 

averaged over the last few years. That is only about one to three hours a year, totally. Today 

the public relies on electricity and disruption has a very high impact, causing large financial 

losses. In 2009 the cost of interrupting the service to the public for an hour would cost an 

average of 670 million kr. The cost varies if this would happen on a peak load the cost would 

be much higher, about 1.770 million kr. If the interruption happens during the weekend or at 

                                                            
2 This does not apply in Iceland, for there is only one TSO in Iceland 
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night it costs much less, then the cost would be around 370 million kr. The table below 

shows the cost in total for the years 2004 to 2010. The numbers are in millions of Icelandic 

kroners.  

Table 4: The cost the public experiances (Vilhjálmsson 2012) 

 

The method used in (Vilhjálmsson 2012) to estimate the cost of outages gives one number 

for each field and no indications of how it varies. The numbers show a low average for each 

field, they are the estimated cost from economic figures and electric consumption. Below in 

table 5 cost estimates from 1996 are compared to estimates from 2009.  

Table 5:  Cost estimated from economic figures and electric consumption. Figures from the Icelandic statistics and 
national energy authority for the year 2009 compared with figures from 1996 (Vilhjálmsson 2012) 

 

 

Estimating the value people place on their time without electricity is very difficult; one way is 

to use income numbers from employment as a measurement. So the cost per hour for a 
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person would be the same amount that person is paid for a one hour job. Since disruption is 

very inconvenient, people are likely to want to pay extra to avoid it. Here we can see what 

the estimated cost is for electric power outages in 2009. 

Table 6: Estimated average cost of electric power outages. Price converted to the year 2009 (Vilhjálmsson 2012) 

 

The other tables in (Vilhjálmsson 2012) show the following costs for 2009, 2011 and 2012: 

 Average cost 

 Cost on working hours during the winter 

 Cost outside working hours during the winter 

 Cost on working hours during the summer 

 Cost outside working hours during the summer 

Overall cost for certain areas  

The numbers presented are then used to evaluate blackouts or power eruptions cost the 

public over recent years. When these numbers are summarized they can be used to 

determine the impacts of catastrophic failures on many stakeholders. 

In figure 6 below, the proportional cost for different consumption groups is shown, for the 

year 2009 and of a shortage lasting an hour. In figure 7 the same thing is shown but the 

shortage last for eight hours. During a one hour shortage, 49% of the cost is on commerce, 

but comparing the two figures together it is apparent that if the shortage is eight hours long 

aluminum smelting suffers the most (66%). The figures are in Icelandic, a list of the 

consumption groups, their percentages and the names in Icelandic is in Appendix D. 
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Figure 6: Proportional cost for different consumption groups in the year 2009 for 1 hour shortage 

 

 

Figure 7: Proportional cost for different consumption groups in the year 2009 for 8 hours shortage 

 

The next two figures show the proportion between costs for different areas for a one hour 

shortage and an eight hours shortage, from the year 2009. Figure 8 shows that the capital 
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region (Höfuðborgarsvæði) takes up 51% of the cost and the rest of the country divides 

pretty evenly from 7% up to 11% except for The Westford’s (Vestfirðir) that cover 3% of the 

cost.   

 

Figure 8: Proportional cost for different areas in the year 2009 for an hours shortage (Vilhjálmsson,2012) 

 

 

 

Figure 9: Proportional cost for different areas in the year 2009 for 8 hours shortage (Vilhjálmsson, 2012) 
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Results 

Problem description 

The System Operation & Business Relations department operates the system and makes 

plans for the system and its coordination factors. The system needs to run smoothly but 

often weather conditions or other factors make that difficult. In these cases it is mandatory 

to be well prepared and take the right actions to avoid or minimize risk and damages, both 

for the system and those who rely on it. 

The electricity system is controlled from a Control Center at Landsnet’s headquarters in 

Reykjavik and is under a division called System Operations. This division is responsible for the 

system operating efficiently. They make plans throughout the year, update the plans and 

then control the system live, or in real time.   

Their main roles are to maintain balance between electricity generation and consumption, 

constant availability of electricity, make plans for the disconnection of units and do so with 

all parties’ best interest in mind. 

Operations & Maintenance (O&M) is the division that takes care of the maintenance in the 

system, inspections and repairs of the power lines and substations. They make sure to have 

the necessary equipment and human resources to satisfy demand and are based on opposite 

parts of Iceland, in Reykjavík and Egilsstaðir. 

One specific problem is addressed and is a practice run that was made by Landsnet. This 

approach is used to learn from mistakes that might have been made or to improve the 

process by looking at past experience.  

To get a closer view of the work Landsnet is doing, interviews are taken. This helps to get a 

better insight and understanding of problems that might come up.  Lack of written 

documents concerning this part of the work (field) is the reason this approach is taken. 
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The case 

The main agenda of the practice run performed by Landsnet was to train the emergency 

control group at Landsnet to react and make the right decisions in situations similar to the 

one created. The practice run report states that the most important conclusion of the 

rehearsal is that the power plants should work with the team at Landsnet on the procedure 

of making decisions and communicating, to public and others, about curtailment.  

The steps taken, in the practice run, when news of the event was published (Hjálmarsdóttir 

and Ögmundsson 2014): 

 The contingency plan review and plans made to react in the right way. The crew 

gathered and equipment made available. 

 People called in for work 

 Information gathered about backup power, incase needed 

 Telecommunication tested 

 Power plants made aware of the issue and plans coordinated  

 Weather forecast analyzed and the possibility of ash fall if the eruption comes a 

reality3  

 A discussion of weather a meeting with emergency control groups from Orkuveita 

Reykjavíkur, Landsvirkjun and Landsnet should take place. 

 Orkuveita Reykjavíkur prepared for threats to one of its power plants, 

Hellisheiðavirkjun. 

The interviews 

To get a closer view of the work Landsnet is doing, interviews are taken. This helps to get a 

better insight and understanding of problems that might come up.  Lack of written 

documents concerning this part of the work is the reason this approach is taken. 

After taking interviews, observing the workplace and looking at the company’s quality 

manual I was better equipped to present the process graphically in order to understand it 

better and hopefully improve the process in order to minimize risk. 

                                                            
3 At this point in the exercise there is just a possibility of the eruption. 
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The figure below shows the parties that have an effect on the delivery of electricity to the 

public. It shows the overall picture of the electricity transmission from the electricity 

generators to the end consumer. The electricity generators have the ability to control the 

flow of the electricity. Landsnet takes care of the transmission system. That involves 

operating the system and taking care of the maintenance. Then there are the distribution 

system operators and suppliers that deliver the electricity to the end consumer. Any defects 

in this process lead to energy shortages.  

 

Figure 10: Overview of the electricity transmission 

 

The case was looked at with two timeframes; first it was seven days prior to an event that was 

anticipated to occur, and then two days before. Interviews showed that there is almost no difference 

between the reaction to information seven days prior or two days prior to an event. The list below 

states actions that one might take when information related to the case discussed earlier on are 

presented. The list is in no way complete, but it is based upon suggestions that came from 

interviewing Landsnet employees.  

 Change maintenance operations 

 Request a change in flow of electricity from generators 

 Create islands 

 Restrict a power line 

 … and more  
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Risk and vulnerability 

The Bow-Tie model was used in this thesis to visualize the problem. The model was mainly 

useful as a visual object that was very helpful to understand the project and how threats 

affect the power system. To be able to get the best risk and vulnerability analysis for the 

power systems, the steps from Figure 2 were followed.  

The first step, identification of threats and unwanted events, was to brainstorm and take 

interviews. The brainstorming did not lead very far. An additional option would be to collect 

information and list out events that happened over the past few years, but such data was 

not available. The interviews were taken and are shown in Appendix A, B and C4. In the first 

appendix there is the information and questions sent to the persons interviewed, and in 

appendix B and C there are transcripts of the interviews given by people from Landsnet.  

The second one is a casual analysis. One option is to draw up a fault tree and use the help of 

an expert to make sure the fault tree is realistic.  

The third one, consequence analysis, is irrelevant because this thesis does not cover the 

implications after an event has happened.  

The fourth and last step is risk and vulnerability assessment. General arguments about the 

risk matrix were made in the discussion part of this thesis.  

 

The fault tree 

The red field is represent an event, the yellow dime is when a question needs to be 

answered and the green square is when an action is performed. 

                                                            
4 Appendix A, B and C are partly written in Icelandic 
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Figure 11: Symbols used for fault tree analysis 

 

The power system is monitored as a part of the daily operation. When information arrives 

the control center reacts or prepares for what is expected to happen next. The information 

comes from different parties, a weather expert, national security or other departments 

within Landsnet, for example. One way to handle such information is to prepare a strategy 

so that when information comes, supervisor in the Control Centre categorizes the 

information and assigns it to a case, as shown in figure 12. The cases would be an indication 

of how best to address the problem impending.  

 

Figure 12: Fault tree, when information arrive 
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The process after new information is revealed is to figure out if it is reasonable to take action 

or not. If no action is taken, the situation is monitored. If the decision is to take action the 

next question is what kind of action? After a decision has been made the situation is 

monitored again until the process comes to an end. The process continues as shown in the 

figure below. 

 

Figure 13: After new information is revealed 

 

Cost 

In this research the focus was also on what it would cost the public when an unwanted event 

results in an energy shortage. The START reports are the best way for Landsnet to evaluate 

the overall cost when a disruption occurs. The numbers show that in proportion the cost is 

not high and the cost of the outage is very small compared to other countries.  

When evaluating the difference between figures 6 and 7, earlier in this report, it is important 

to remember that even though the percentages change, the cost does not change 

proportionally to it. The cost could very much be the same or change very little while the 

percentage changes a lot. Figures 6 and 7 earlier in this report show proportional cost for 
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different consumption groups. Figure 6 shows the shortage for an hour and figure 7 shows 

the cost when the duration of a shortage is 8 hours. Another way to present the numbers 

would be as shown in figure 13 and figure 14, below: 

 

Figure 14: Another way to present data, persentages for different consumption groups (1 hour) 

 

 

Figure 15: Another way to present data, persentages for different consumption groups (8 hours) 
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Here is the cost of disruptions over recent years presented graphically. As you can see the 

cost in 2006 was particularly high and the cost in 2004 particularly low. The reason for that is 

unclear but it would be very interesting to find out why. From this graph it looks like 

Landsnet did something in 2007 to stabilize the transmission system.  

 

Figure 16: Estimated annual cost of shortage from 2004 until 2010 
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Conclusion  

As can be seen from previously published work, Landsnet’s operation is very different to the 

other Nordic power systems and there is a lot of information and speculation that does not 

apply for Iceland. It is very important for Landsnet to stay up-to-date with their process and 

to explore if there is anything they can do better and improve.  

Earlier in this report there was a discussion about how aluminum smelting suffers the most if 

a shortage lasts eight hours, but commerce suffers the most if the shortage last only an hour. 

It could be interesting to investigate this further with other consumption groups in mind and 

how the length of the shortage affects them. One possibility would be to create software 

that takes this kind of information and indicates what consumption groups suffer the most 

during certain length of shortages. 

Also one of my suggestions would be to constantly update the risk graph, shown in figure 4, 

on a quarterly basis for example. It could also be helpful to use the risk graph to evaluate risk 

within an unwanted event and use the method described earlier in this thesis, related to the 

risk graph. 

When information arrives about an unwanted event, it does not make much difference 

whether it is seven or two days prior. The employees are at this point informed and start 

preparing and monitor the situation more intensely. Usually no action is taken until an 

emergency comes up.  So the conclusion is that the Control Centre usually takes action in 

real-time. The average duration of a shortage over the last few years has only been around 

one to three hours per year (Vilhjálmsson 2012). If the time of a shortage starts to increase 

the company could consider being more proactive. 
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Appendix A 

The form sent before an interview is conducted: 

 

 

Analysis of time and actions that the Control Center has to react to 

unexpected situations and the procedure followed when analysis 

and decision making takes place at Landsnet 
 

 
 
 

Hér að neðan er hægt að lesa aðeins um verkefnið. 
 

 

The System Operation & Business Relations department at Landsnet operates the system 

and makes plans for the system and its coordination factors. The system needs to run 

smoothly but often weather conditions or other factors make that difficult. In these cases it 

is mandatory to be well prepared and take the right actions to avoid or minimize risk and 

damage, both for the system and those who rely on the system. 

 

Today Landsnet is working under high pressure and when problems occur they need to 

be handled the right away, so that gives very little time to evaluate and come up with 

the best solution to a problem. While a problem is occurring, a group of 

people(emergency control group/emergency management) work on coming up with a 

solution. 

 

The project involves an analysis and observation of the time the Control Center has to 

minimize risk, in a certain timeframe. An analysis will be made of the ways a supervisor 

at the Control Center has to minimize risk or try to avoid it entirely. An extra possibility 

is to take cost for Landsnet and others into account. 

 

Looking at two scenarios, two cases, where one is a volcano eruption and the other one a 

bad weather forecast. Both cases lead to reevaluation of the yearly plan and brainstorming 

what actions should be taken with respect to risk and this affects other parties. 
 

Two timeframes will be looked at, first a week, seven days prior to the event and then 

two days prior.  The decisions lie in what preventive actions could be taken, estimation 

on how much risk is involved in each decision and if the best decision is to do nothing. 
 

Case I is a volcano eruption and the basic information are used from an exercise 

performed by Landsnet last year. Case II is a bad weather forecast in northeastern part of 

Iceland. 
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Interviews 
 
 
 
 

To get a closer view of the work Landsnet is doing, interviews are taken. This helps to get 

a better insight and understanding of problems that might come up.  Lack of written 

documents concerning this part of the work is the reason this approach is taken. 

 

Two problems are addressed, Case I is an exercise that was performed by Landsnet in 

November 2013 and the second one Case II is bad weather forecast in northeastern part 

of Iceland, causing concerns. 

 

The reason this timeframe is chosen is because a week before an unwanted event 

Landsnet usually starts the evaluation process, and two days before an event is estimated 

to happen information might have changed so that evaluations and plans must be 

adjusted to the new information. 
 

 
 
 

Markmiðið er að vinna úr spurningunum og myndalista yfir mögulegar ákvarðanir 

sem gætu verið teknar og hverjar afleiðingarnar gætu verið, bæði tveimur vikum fyrir 

atburð og svo tveimur dögum fyrir atburð. 

 

 
 
 

Questions: 
 

    How long have you been working in this position? 
 

    Could you describe your job and your responsibilities? 
 

    Education? 
 

    How would you address each problem? 
 

 Do you look at projects that are scheduled and move them or cancel them to 

prevent collision? 

    How does this affect operation and maintenance (netrekstur)? 
 

    What action would you take? 
 

    When do you take preventive (fyrir) actions and when do you wait and react? 
 

 Is it difficult to explain why you make certain choices to other parties that the 

changes affect? 
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    Looking back at certain events, would you have done anything differently? 
 

    Is there enough information at hand when you make decisions? 
 

    What information is needed? 
 

    Is there something you would like to add? 
 

    Why do you make the decisions you make? 
 
 
 
 
 
 
 

Optional 
 
 
 
 

A list of actions taken one week, seven days, before an event is predicted to 

occur: A list of actions taken two days before an event predicted to occur: 
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Appendix B 

Setja viðtöl inn hér 

 

Fyrst viðtal við Ragna… og svo Guðjón 

 

Muna að biðja um leyfi til að taka upp. 

Muna að útskýra strax mastersverkefnið (hafa texta ready og bæði case-in) 

Hafa markmið í huga þegar ég tek viðtölin, tvö case og fá lista yfir hvað þarf að gera og 

hverjar gætu verið afleiðingarnar. 

Interviews: 

 Write about each person I am interviewing. 

 Three problems, two days in advance 

Questions: 

 How long have you been working in this position? 

 Could you describe your job and your responsibilities? 

 Education? 

 How would you address each problem? 

 Do you look at project that are scheduled and move them or cancel them? 

 How does this affect (netrekstur)? 

 What action would you take? 

 When do you take preventive(fyrir) actions and when do you take …?  

 Preventive (fyrir aðgerðir) og eftir? 

 Is it difficult to explain why you make certain choices to other parties that the 

changes affect?  

 Looking back in this event, would you have done anything differently? 

 Is there enough information at hand when you make decisions? 

 What information is needed? 
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 Is there something you would like to add? 

 Why do you make the decisions you make? 

 

A list of actions taken one week, seven days, before an event is predicted to occur: 

 

A list of actions taken two days before an event predicted to occur: 

 

Viðtal við Ragnar: 

 

Questions: 

 How long have you been working in this position? 

Starfað síðan 2002, first í sem fjargæslumaður, liðaverndarstarf og svo ár yfirmarðu 

stjórnstöðvar 

 Could you describe your job and your responsibilities? 

Yfirumsjón með stýringu og gæslu í stjórnstöð, halda utan um mannskap sem vaktar 

auk annars, samtarfs milli deilda… þróun, nýr búnaður. 14 til 16 manns, í vaktavinnu 

og líka dagvinnu…verkefna vinna einnig. Tvö megin hlutverk, framleiðsu og 

fluttningsvakt. Áætlanagerð alltaf einn maður í dagvinnu, plana allt viðhald. Hann 

pantar töp, flutningstöp. Landsnet kaupir inn töp, rukka svo. Bavaktir, kerfisbakvakt… 

sá maður er viku í senn 24/7 í truflun eða verk sem þarf að fara í með stuttum 

fyrirvara. 

 Education? 

Rafmagnsverkfræðingur sterkstraumsviði. 

 How would you address each problem? 

Veðurstofa islands eða almannavarnir tilkynna, stjórnstöð…skrá á netið. 

Kerfisbakvakt og flutningsvakt. Flutningvakt tekur símafund með kerfisvakt. og skoða 

hljóðtape.  Metið hvenær næsti fundur.  
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 Do you look at projects that are scheduled and move them or cancel them to prevent 

collision? Vika… viðhald frestað.  

 How does this affect operation and maintenance (netrekstur)? 

Fundur haldinn, ákvarðanir teknar í sameiningu. 

 What action would you take? 

 When do you take preventive (fyrir) actions and when do you wait and react? 

 Mjög oft, veður eða eldgos, breyta vinnsluáætun hjá Landsvirkjun, vatnafslvélar…óska 

eftir að breyta framleiðslu til að lágmarka áhrif, minnka framleiðsluna eða auka. Verður 

að vera jafnvægi. Byrja á að lækka í Kárahnjúkum….  

 Is it difficult to explain why you make certain choices to other parties that the changes 

affect? Á tape 

 Looking back at certain events, would you have done anything differently? 

Í tengslum við viðhaldsrekstur þá er það stöðugt mat hversu langt á að ganga í vissum 

aðgerðum. Á sama tíma vill Landsvirkjun vera að flytja mikið á milli. Lært að þegar 

truflanir eiga sér stað þá kemur í ljós… 

 Is there enough information at hand when you make decisions? 

Viku fyrir óska þeir eftir breytingu. Alltaf kostur að aukaupplýsingar… 

Ef þarf að taka línu úr rekstri, þá geta verið tvær leiðir til að taka  

Ef það er ekki varaafl á einhverjum stað þá væri hægt að nota eitthvað færnalegt varafl 

eins og varðskip.  

Upplýsingar berast frá netrekstir tilkynnt til stjórnstöðvar, stjósnstöð tilkynnir…ákvörðun 

kerfis... og aðal bak með tímasettningar 

Keyra díselafl eða fá inn viðbótardísel afl. Metið í samabandi við dreifiveitu á staðnum, 

hvað er allra  

 What information is needed? 

 Is there something you would like to add? 

Case I og Case II, Case I dramatískara tilfelli þar sem krefst samvinnu ólíkra aðilla, 

nöf hópur Neyðar og öryggisfjarskipti… virkja notkun á tetra..því miðlun upplýsingar 
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er algjört lykilatriði. Ákveðið verklag, almennavarnir virkja NÖF. Bjargir… þeir 

aðilar sem þurfa geta átt samskipti. Þetta hafa þeir verið að vinna í með 

almannavörnum. 

Case II þar er minni skali á þessu, Einar Sveinbjörnss sendir tilkynningu. Hægt að 

kalla til neyðaraðilla eins og Björgvunarsveita.. nota einn tal hóp með Tetra. 

 Why do you make the decisions you make? 
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Appendix C 

Interview with Guðjón Hugberg … an employee at Landsnet. 

Spurningar 

 

To get a closer view of the work Landsnet is doing, interviews are taken. This 

helps to get a better insight and understanding of problems that might come 

up.  Lack of written documents concerning this part of the work (field) is the 

reason this approach is taken. 

Three problems are addressed and are events that have occurred over the last 

year. This approach is used to learn from mistakes that might have been made 

or to improve the process by looking at past experience.  

 

Muna að biðja um leyfi til að taka upp. 

Muna að útskýra strax mastersverkefnið (hafa texta ready og bæði case-in) 

Hafa markmið í huga þegar ég tek viðtölin, tvö case og fá lista yfir hvað þarf 

að gera og hverjar gætu verið afleiðingarnar. 

 

Interviews: 

 Write about each person I am interviewing. 

 Three problems, two days in advance 

 

Questions: 
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 How long have you been working in this position? 

Unnið í tvö ár 

 Could you describe your job and your responsibilities? 

System operator, áætlanagerð, dispatcher and operation planning and 

other projects 

 Education? 

rafmagnsverkfræðingur 

 How would you address each problem? 

 Do you look at project that are scheduled and move them or cancel 

them? 

yes 

 How does this affect (netrekstur)? 

Alltaf í sambandi/samráði, reyna að haga öllum breytingum svo það hafi 

lítil áhrif á netrekstur…  

 What action would you take? 

Case I   

- finna út veika punkta,  á hvaða farmleiðsu og á hvaða línur hefur þetta 

áhrif 

o Hætta við viðhald eða reschedlue 

o Ákvarða líkur á að einhverjar vélar stoppi þarf afleiðandi skerða 

notendur eða auka notendur væntanlega bæði 

o Ef línur er hættu, hvað er maður að flytja mikið á þeirri línu, er 

maður að flytja inn eða út og við endann er…? Skoða tape 

o Búa til neyðaráætlun… færa mannskao og efni nær 

Case II 

o Alltaf bara að lágmarka áhfir ógngnarinnar, allt sama og í Case I 
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o Í þesu tilviki þá þarf að biðja netrekstur að vera tilbúnir 

 When do you take preventive(fyrir) actions and when do you take …? 

o  Kerfinu er almennt still upp þannig að það þoli álög (N-1) ef 

einhver partur fer út þá gerist ekkert 

 Preventive (fyrir aðgerðir) og eftir? 

 Is it difficult to explain why you make certain choices to other parties 

that the changes affect?  

o Almennt skilja þeir aðgerðir  

 Looking back in this event, would you have done anything differently? 

 

 Is there enough information at hand when you make decisions? 

o Yfirleitt veðurtengt eða tilfallandi bilun í búnaði 

 What information is needed? 

 Is there something you would like to add? 

 

 Why do you make the decisions you make? 

 

 

A list of actions taken one week, seven days, before an event is predicted to 

occur: 

 

A list of actions taken two days before an event predicted to occur: 
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Appendix D 

 

Icelandic  Percentage Consumption group 

Annað   0%  Other 

Heimili   15%  Residential 

Landbúnaður  2%  Agriculture 

Iðnaður án stóriðju 13%  Industry excluding energy intensive industries 

Áliðnaður  8%  Aluminum smelting 

Járnblendiiðnaður 0%  FeSi smelting 

Opinber þjónusta 13%  Public service 

 

 

Icelandic  Percentage Consumption group 

Annað   0%  Other 

Heimili   10%  Residential 

Landbúnaður  1%  Agriculture 

Iðnaður án stóriðju 4%  Industry excluding energy intensive industries 

Áliðnaður  66%  Aluminum smelting 

Járnblendiiðnaður 0%  FeSi smelting 

Opinber þjónusta 7%  Public service 

Verslun og viðskipti 12%  Commerce 
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