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Abstract 
For technical systems in the electricity and paper and pulp industries, asset management 
is emerging as a new approach addressing how to exploit physical assets with long 
operative lives in the most profitably way. An important problem for asset management 
staff is knowing when to carry out a replacement or renewal. This is a difficult question 
which requires taking into consideration parameters of totally different natures – e.g. 
reliability data, operating costs, condition information from technical systems, the 
environment and rules and regulation. An incorrect estimate of a residual lifetime can 
result in a premature renewal with accompanying high capital costs. If, however, 
renewal is delayed, a breakdown may occur which can cause major damage to technical 
equipment and a loss of income due to outages. This work presents a formal model that 
calculates expected costs of different long-term strategies when managing technical 
systems. It is shown that with relatively few inputs, which in many cases are easy to 
collect or estimate, a good picture can be developed that shows the amount of resources 
a company will need in the future in terms of renewals of their technical systems. The 
foundation for this work is a case study and a literature review; the objective was to 
study what methods and models are in use today when estimating residual lifetime of 
technical systems. Also, aspects that influence long-term asset management were 
investigated. Lessons learned from the case study and literature review were then used to 
develop a dynamic model, the Dynamic Lifetime Analysis model (DLA model). This 
model is based on a probabilistic and dynamic risk analysis of a technical system, 
linking different aspects of risk management strategies to specific characteristics of the 
physical system. Furthermore it is shown how this model, coupled with specific value 
judgments, can be used to design optimal long-term strategies. When taking more than 
one technical system under consideration the model shows that it is not always the most 
effective, from a system viewpoint, to renew it too close to a possible breakdown. If 
there is a period predicted to incur high investment, it can, at times, be better to do an 
early renewal thereby maintaining resources at a constant level. The thesis also describes 
how to work with long-term strategic decisions in a structural manner in order for the 
actors on a deregulated market to stay competitive. 
 
 
 
Key Words: Residual lifetime estimation, Asset management, Maintenance, Technical 
systems in power and pulp- and paper industries, Long terms renewal strategies.    
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Setting the Stage 

1 Introduction 

1.1 Background 
Asset management is emerging as a new approach to how to exploit physical assets in 
the most profitably way. An important problem for asset management staff is when to 
carry out a replacement or renewal. This is a difficult question, which requires weighting 
up several parameters of totally different natures – e.g. reliability data, operating costs, 
condition information from technical systems, the environment and rules and regulation. 
In the energy and pulp- and paper industries, technical systems are highly capital 
intensive. The renewal of a specific technical system can cost tens of millions of euros. 
The specified lifetime of a system varies greatly and includes sub-systems, each of 
which has a varying residual lifetime. Some systems operate for only a few years while 
others can have a lifetime of 50-100 years.  
 
An incorrect estimate of a residual lifetime can result in a premature renewal with 
accompanying high capital costs. If, however, renewal is delayed, a breakdown may 
occur which can cause major damage to technical equipment and a loss of income due to 
outages. For the energy industry a breakdown may also cause problems with the local 
community, which has to be taken into consideration when managing energy systems. 
Most of the electricity supply and production systems in Sweden were built between the 
1940s and 1980s. Some parts of the energy systems are therefore approaching the end of 
their designated lifetime. These energy systems are inherently quite reliable; therefore it 
seems as if the companies made their renewals too early before deregulation to ensure 
that no major breakdowns occurred.  
 
Renewals are normally the result of an intensive process, which takes into account all the 
relevant circumstances. As well as the technical aspects, the internal organisation of the 
company e.g. the availability of personnel or requirements of the dispatch centre, may 
have an influence. The decision on whether to renew is then taken, balancing all these 
facts. As part of a technical system often has to be kept in service, renewal activities are 
carried out during light load periods, if possible. 
 
The power industry is one of the largest civilian industries and unique in terms of its 
influence on society. The goal is satisfactory capacity and reliability to meet the 
demands of society. The general public’s expectation is that the power industry will 
deliver reliable supply of electricity to the lowest price. The management on the other 
hand wants to have the best possible performance and at the same time maximize profit. 
This is the heart of the issue; to use the available resources where it is most effective. In 
order to assist the manager with his decisions many different methods have been 
developed. 
 
In Sweden a lot of the technical systems are nearing the end of its lifetime. This, in 
combination with a deregulated power market leads to a future where it is important to 
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use the allocated resources in the best possible way. Today the energy and pulp- and 
paper companies need to use their capital in an effective manner in order to be 
competitive in the deregulated energy market. The deregulated market has lead to 
increased demands for returns on invested capital and at the same time lower income due 
to lower prices. In situations like this, the companies may postpone renewals and reduce 
maintenance. This can be a very dangerous approach in terms of long-term costs. If a lot 
of the equipment is built during the same time period one can assume that breakdowns 
may occur at about the same time. This can lead to great demand for renewals that can 
be very expensive. 
 
For economic reasons, it is advantageous to operate equipment as long time as possible 
and to plan for renewal at the end of the equipments lifetime. This strategy requires 
lifetime assessment. On the one hand there is the question of the actual condition of the 
component and on the other hand the question of what specific decrease in its condition 
defines “end of lifetime”. 

1.2 Rationale 
The purpose of this work is to develop a model or method that answers the question 
“Can we delay the replacement of this component?” In order to answer that question a 
lot of different aspects must be taken into consideration. Besides the economic, 
environmental and personnel aspects, the technical system is subjected to a host of 
external factors e.g. system events, normal and abnormal loads and human errors. When 
taking all these factors into consideration and adding the amount of technical systems the 
manager is responsible for, it is clear that this is a task that demands a structured 
approach. 
 
The need for a structured approach and a method to cope with this issue is necessary to 
help the manager to deal with decisions on asset management. The method should be 
possible to use when prioritizing between renewals, which to postpone and which to 
carry out. The results of this work are three fold: to increase understanding in the area of 
asset management, to present the methods and models used today and finally to present a 
model that can aid the manager when making decision on the companies’ assets. 
 
This thesis discusses the most important aspects of renewal decision, what the motives 
for renewals are and how to estimate residual lifetime. Lessons learned from that 
discussion lead to the construction of a model that is used to estimate the point in time 
when a renewal should be carried out to minimize the expected cost of a technical 
system during its lifetime. The model presented addresses the problem in direct 
economic terms, and the model is capable of evaluating the consequences of replacing 
today or later, so that the most cost-effective solution can be reached.  

1.3 Research question 
The general research question is to estimate residual lifetime of a technical system or a 
component. Technical systems or components of interest are complex, costs millions 
euros to renew, takes long time to replace (months) and the consequences of a 
breakdown can be substantial in terms of financial, environmental and personnel aspects 



 3

to a utility. Such technical systems can e.g. be components, power- or industrial systems 
or large components in a pulp- and paper mill.  
When trying to answer the general question there are three questions that needs to be 
investigated: 
 

1. What is the demand for decisions support? 
2. Which method can be applicable? 
3. Is a proposed model relevant and valid? 

 
To investigate the demands for decision support a state of the art study and a literature 
review will be carried out. This will not only answer what the demands are for a model 
but it will also reveal what information a manager needs when making decisions on asset 
management. 
 
When investigating what methods can be applicable two major lessons will be learned; 
what outputs are relevant and what inputs are needed to generate valid outputs. With this 
information a first model can be developed. 
 
And the third question will answer if a proposed model is relevant and valid. This will be 
carried out both internally and externally; this is carried out first by describing how the 
model is built and then by a case study.   

1.4 Delimitations 
The technical systems of interest in this research project are the kinds that directly or 
indirectly have a substantial economic, technical or security aspects for the areas they are 
used in. The systems must be very important for the operation of the companies 
business.  The systems are characterized by the fact that they: 
 

• Consists of many components that together provide the functionality needed 
for the business. 

• Are capital intensive 
• Difficult to improve profit by carrying out renewals 
• Have a long life span 
• Are difficult to replace if business operations are changed 

 
Furthermore, the scope of this thesis will not include the development of a technique that 
can in some way measure remaining lifetime in technical systems. This is because it is 
just not possible to apply one general method to any technical system. The methods in 
use today will therefore serve as input for the qualitative judgment that in most cases 
will be adequate to estimate residual lifetime. Aspects such as cash flow, tax-planning 
etcetera is not included in this thesis. 

1.5 Research design 
When working with this project there have been some areas that had to be surveyed 
before developing a model that could be used. First of all, a ‘state of the arts’ study was 
carried out in order to ascertain how the electricity and pulp- and paper industries work 
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with renewals today. The main focus of this study was to learn how the companies work 
with long-term asset management and how they decide when in time a renewal should be 
carried out. The other important part of the research was to chart what similar work has 
been done previously. This was done by studying, books, articles, and by attending 
conferences. The interviews and the reading resulted in the development of a model, the 
DLA model (Dynamic Lifetime Analysis), which can be used when taking long-term 
strategic decisions. The DLA model calculates when in time a renewal should be carried 
out in order to minimize cost during a period of time. The final work is a case study to 
validate the DLA model.    

1.6 Research contribution 
The research contribution from this work is the DLA model and the work with how 
residual lifetime is estimated in six Swedish companies today. It was clear that there is 
today no generally accepted method, which can be used when estimating residual 
lifetime for a technical system. Therefore, it seems like lot of decisions of when a 
renewal should be carried out are made in a unstructured manner and only taking one 
system into consideration. The DLA model is a tool, which can be used as aid when 
deciding when in time a renewal, should be carried out in order to maximize profit and at 
the same time minimize the probability for a breakdown.    
 
Since many companies have many technical systems it can lead to sub-optimization if 
the asset managers do not take all technical systems into consideration when developing 
a long-term strategic plan. It is, however, important for companies to estimate when in 
time a renewal has to be carried out. The reason for renewing is of subordinate 
importance, the focus should be when a renewal has to been carried out in order to 
minimize costs without taking to big risks. A general discussion of lifetime assessments 
will be made in chapter 3.3.  

1.7 Related works 
Today there is no generally accepted method to calculate the residual lifetime of a 
technical system. There are however some methods that can provide a clue as to the 
status of a technical system. The methods can be divided into qualitative and quantitative 
methods. Quantitative methods often include some kind of measuring equipment or 
analysis of e.g. fatigue, erosion or electrical strength in generators, transformers or 
power transmission systems. 
 
Qualitative methods are based on judgments from either people working with 
maintenance, as operators or some kind of experts. These judgments are based on 
experience on similar equipment or on subjective impressions such as vibration, noises, 
heat or decreasing quality or production. 
 
The lack of major breakdowns in the electrical power supply system indicates that 
renewals are either made too early or the motive is not that the equipment is reaching the 
limit of its lifetime. Graine, Fletcher, Röschler, Strnad, Terkelsen [1994] says that the 
motives for renewal are such that normally the replacement will be independent of the 
remaining lifetime of a component; consequently, lifetime assessment will play a less 
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important roll for updating. Chapter 4 of this thesis supports that theory, if lifetime 
assessment equals technical lifetime for a single system. 
 
Östergaard and Jensen [2001] say that one of the major question for management staff in 
the future will be to estimate when a replacement should be carried out in order to 
minimize costs which supports the conclusions in part one and two.  The first two parts 
in this thesis show that it is very difficult to exactly calculate residual lifetime. However, 
they also show that many renewals in the future will be carried out because of age. The 
research shows that companies with short-term thinking can incur enormous investment 
needs in future due to aging assets. The model described in this thesis is used to obtain 
systematic approach that will support the asset management when selecting what 
technical systems that should be renewed and to be able to rank renewals in order of 
importance. 
 
There have been some attempts to develop different qualitative methods that can be used 
for asset management. Many methods use statistics to help the asset manager to answer 
question about different risks or possible events in the future. Most of these methods are 
however static and dynamic analysis is never made. Examples of three of the most 
developed methods are KUMAR described by Stromberg 2000, the PRA model by 
Baron and Paté-Cornell and a model by Östergaard and Jensen that addresses the 
problem in economic terms. One method used by Swedpower is simulation of residual 
lifetime from data collected either by interviews, operational data or from condition 
monitoring. Stromberg 2000 also describes this method.   

1.8 Outline 
This thesis is comprised of five parts: Setting the stage, Part one-three and finally the 
Closing Act.  
 
In Setting the stage the introduction the background and purpose of the thesis are 
introduced and the research context and terminology used in this thesis are described. 
 
Part One deals with the models and methodology applied in six Swedish electric and 
paper and pulp industries. The basis for an understanding of the research area is 
established and other methods that can be used to cope with this issue are presented. The 
purpose, scope and contribution of the research in part one and two are presented.  
 
Part Two describes the framework for the DLA model. When developing the model 
lessons learned from the state of the art study and the literature review was used. This 
model can be used to evaluate management alternatives and assist the manager when 
prioritizing between renewals. To effectively manage a technical system not only the 
short-term costs must be taken into consideration, the whole lifecycle must be taken into 
the calculation in order to avoid optimization. In Part Three of this thesis the results from 
an external validation is described, also a general discussion about the results is made. 
 
Finally in The Closing act, a summary, results and conclusions present the general 
conclusions from the research work as a whole. 
 



 6

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 7

2 Method 
The aim of this chapter is to provide a background for the research approach and 
methods in this project. To estimate residual lifetime for a technical system is very 
difficult. This is because there are numerous variables that are very hard to identify and 
quantify. Many different methods can also be used when trying to predict when in time a 
failure will occur. Traditionally the work has been aimed at finding and isolating 
quantifiable variables that would answer the question of when in time a renewal should 
be carried out. Even if there are many methods today that can be of assistance when 
making strategic decisions concerning renewal strategies, most judgments are made 
objectively. The environment in which the system or component is operating also affects 
the decisions. This is a very complex issue that is not easily dealt with. 
 
This chapter starts with a brief discussion regarding different methods suitable for 
research in asset management and methods used when developing a model. 

2.1 Research methods 
Research methods are a very extensive area. It touches upon abstract scientific theory 
and methodology with its concrete prescriptions on how a scientist should act in a certain 
investigation. The theory of scientific methods lies in the middle between these two and 
constitutes a link between them. The theory of scientific methods gives the scientist 
knowledge of how to argue in different cases to be able to decide on concrete actions to 
solve a problem in a scientific manner. An investigation is divided into three phases, 
planning, collecting and analyzing information. In the planning phase is method chosen 
so the investigation follows acceptable scientific rules. In this short method chapter of 
the thesis, methods that have been used in this thesis will be described. In the theory of 
scientific methods a distinction is made between quantitative and qualitative 
investigations. Many other distinctions between different methods are also used but will 
not be further discussed in this chapter.    

2.2 Categorizing 
Research methods are normally divided into quantitative and qualitative. The term 
quantitative gives a clue as to what kind of examination this is. Quantitative methods 
examine “how much” or how many”, but to decide this some kind of classification has to 
be made. Quantitative investigations divide values into different classes and quantitative 
questions are asked in these classes. A quantitative research approach is divided into 
three stages, planning, collection and analyzing of data. In every moment some kind of 
scientific justification has to be made in order to conduct a quantitative approach in a 
scientific way. The quantitative method is characterized by an investigation that tries to 
find numerical relationships between two or more qualities. 
  
A qualitative approach tries to find relationships between how e.g. people experience 
their world. The objective of this method is to get results by knowledge instead of 
statistics. Qualitative means that, firstly, a scientist is interested in how something is 
conditioned, i.e. what qualities or nature it has. One example of qualitative work is the 
classification of herbs; they are classified according to the qualities they possess. 
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Secondly, a qualitative approach also tries to include the fact that how many things are 
experienced is a result of previous experiences. A qualitative approach is characterized 
by the scientist trying to get an understanding of the relationship between individuals or 
a group of people.  
 
The difference between qualitative and quantitative methods is that in a quantitative 
approach an investigation tries to find a numerical relationship between measurable 
qualities. One tries to isolate qualities and find quantifiable connections between them. 
In a qualitative approach quantification is not the objective. Instead the objective is to 
get an understanding of the connections between different variables. 
 
The case study is but one of several ways of doing scientific research. Other ways 
include experiments, surveys, histories, and the analysis of archival information. In 
general case studies the preferred strategy is when “how” or “why” questions are being 
posed [Yin 1997].  However, some criticism of case studies is common. Traditionally 
there are three major prejudices against case study research. The first concern is about 
the lack of rigor of the case study. Sometimes the scientist has allowed equivocal 
evidence or biased views to influence the findings and conclusions. A second concern 
about case studies is that they provide little basis for scientific generalizations. The 
answer is not simple, however, there is a great resemblance to experiments. How can one 
generalize for a single experience? In fact, scientific facts are rarely based on single 
experiments; they are usually based on multiple experiments. A third common complaint 
against case studies is that it takes too long, and they result in massive, unreadable 
documents. Despite the fact that these common concerns can be allayed one major lesson 
is still that good case studies are difficult to do [Yin 1997]. Nevertheless, with 
knowledge of these concerns in mind the scientist is better prepared to make the most of 
a case study. Many times this is the only method applicable for some research topics.  

2.3 Interviews  
The idea behind using interviews is that the respondent should describe the qualities a 
scientist is about to examine. A quantitative interview can be conducted in different 
ways; normally interviews are divided into standardization and structuring. The level of 
standardization describes how much the interviewer has decided what questions should 
be asked prior to the interview. If the interviewer has decided all the questions prior to 
the interview the standardization is high. When having a low degree of standardization 
the respondent’s answers will lead to new questions. The form of an interview means 
two things; what questions that should be asked and in what order. The standardization is 
also divided into forms; what questions and in what order they should be asked. A high 
standardization means therefore that the respondents will get exactly the same questions 
asked in the same order. This is done so that the respondents will not interpret the 
questions in different ways.  
 
By structuring is meant to what extent the respondent can freely answer a question. Fully 
structured questions mean that the respondent can only answer by using fixed 
alternatives.  
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2.4 Surveys 
A method where the respondents answer questions in a questionnaire is called a survey. 
Questions can e.g. be answered by yes or no or by grading the answer from one to five. 
The advantage with this approach is that time spent collecting material is very little 
compared with interviews and that the number of people participating can be higher. A 
survey can also have open questions but this will lead to much more work analyzing and 
categorizing the answers. The disadvantage with surveys is that many questions are very 
hard for the respondent to answer; in a survey information about attitudes and how 
respondents react in different situations is hard to capture. 
 
In a semi-structured interview the questions will be prepared prior to the interview. 
However, during the interview some questions can be described to the respondent and 
some of his answers might generate new questions.  
 
What is the reason for using interviews instead of other methods? An interview is 
suitable when collecting information about a subject from people that have good 
knowledge in that specific area. A few examples of areas that are suitable for interviews 
are questions about demography, behavior, attitudes, experiences and knowledge. 
Interviews can also be used to gain knowledge about phenomena that the respondent 
might have knowledge about.  

2.5 Observations 
Observations are in most cases used in two different situations, firstly to provide 
information about behavior and the course of events in both natural- and laboratory 
situations. Secondly it’s used for physiological measurements.       

2.6 Research approach 
This research effort is mainly based on the qualitative case study method. In the first part 
of this work a case study interviews were carried out in order to chart how six different 
companies worked with asset management. The results of this study provided the 
foundation for the development of a mathematical model, the DLA model. When 
developing a model a lot of influences must be taking into consideration, both from the 
companies but also from similar works. When developing a model two major questions 
was thoroughly investigated; what results are useful for a manager and what inputs are 
needed in order to provide desired outputs? To cope with this issue lessons learned from 
the case study and the literature review was used. The last part of this work was a 
validation of the DLA model. The validation was carried out both internally and 
externally; the results are presented in Part Three of this thesis.    

2.7 Research quality 
As with all activities the quality of the work is important. When working with science it 
can many times be hard to evaluate both relevance and quality of the work. Regardless 
of what method one chooses it is important to critically examine the method to be able to 
determine how reliable the results will be. Reliability is a measure of how results from 



 10

identical tests will vary when they are done at different points in time under the same 
conditions. Validity is a more complex conception, it is a measure of how a certain 
question describes what you want it to describe and because the reliability is high it does 
not mean that the validity is high. 
 
When validating a dynamic model there are two approaches, internal and external 
validation. When doing an internal validation one tries to find signs of weakness in the 
logical approach or in program error. If it is possible, a comparison with analytical 
results can be an effective way to internally validate a model. When doing an external 
validation one tries to determine if the model is a good representation of the decision 
model. One way of doing this is by comparing results from using the model with data 
from a real situation. One further way to validate a dynamic model is subjective 
judgment of how realistic the results of a calculation are. 
 
Measuring quality of research can however not be done merely by studying the result of 
the research – the quality of the research process itself is of even greater importance. If 
the right approach has not been adopted to investigate a phenomenon the results will not 
be accurate enough, “A bad start makes a bad end”. 
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3 Asset management terminology  
 
The purpose of this chapter is to describe the terms used in this thesis. The terms are 
briefly described, if a more thorough explanation is needed the reader can read the book 
referred to in this chapter.  

3.1 Complex system   
Definition of a complex system from HICSS 34 Complex System Track: 
 
“A complex system may be large or small in scale. A characteristic, however, is that 
such a system exhibit behaviour under stress that is difficult to predict. This may be 
because models are not well understood (i.e. load models in electric power systems, 
behavioral models in social and economic systems). It may be because the number of 
variables is so large that it is beyond simulation capabilities of current computers, or 
because the relation between a large numbers of variables is so complex that current 
mathematics or simulation methods are inadequate. The electric power system is a 
worthy example of such a system.” 

3.2 Risk 
There is very often a discussion about risk and risk management. Risk is defined as a 
random event with negative consequences. Sometimes the emphasizes is on the 
probability and sometimes on serious the consequences will be of an event. When 
talking about risks in technical systems the emphasis is on the risk of a breakdown 
occurring. One central issue is how long a renewal can be postponed without taking too 
high a risk. Grimvall and Lindgren [1995] describe both probability and consequence as 
part of the term risk. Many times it is one of these that initiates a renewal; either the 
probability or the consequences are regarded as being too high for the company to carry 
on with business without doing anything.  
 
Schematically risks can be divided into the following classes: [Grimvall, Jacobsson and 
Thedéen, 1998]: 
 
Risks of deterministic nature, a good understanding of both probability and consequence. 
Random risks, if the variation in probability is high it is difficult to determine the 
probability. 
Catastrophe has often a very low probability, which is extremely hard to estimate, but 
the consequences are immense but quantifiable.  
Uncertainty, both probability and consequence are impossible to estimate. 
 
This classification also gives a clue as to how to handle the different types of risks. 
Depending on classification the appropriate strategy is applied in order to minimize the 
consequences of an eventual breakdown. 
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3.3 Consequence  
A consequence analysis is made in order to identify what a breakdown might lead to. 
The consequences are divided into three different areas depending on how they affect the 
business [Strömberg, 2000] 
 

• Economy 
• Environment 
• Personal injuries 

 
To be able to compare different consequences a unanimous quantification has to be 
made. One way of doing this is in economic terms; however some consequences can be 
hard to quantify e.g. environmental and personal consequences. The economic 
consequences are easier to quantify in most cases. To estimate e.g. consequential 
damages and losses due to Good Will can be difficult. To quantify production losses and 
mechanical damages is easier.  
 
To economically estimate consequences for the environment is difficult. Knowledge of 
how the environment may be affected by a breakdown is necessary. Are the effects local, 
regional or global and what are the long-term consequences? If it is your own business 
that affects the environment it might lead to high costs due to good will losses. There are 
numerous examples of how this can be very costly; one example is Volvo’s discharge of 
3,000 tons of solvent from the factory in Gothenburg [Johannesson, 1998]. 
 
Personal injuries are also very hard to estimate in financial terms. All companies 
participating in the first case study never hesitated to make a renewal if it could prevent 
personal injuries. Many times the big advantage may be just to have analyzed the 
technical systems and identified where the different dangerous are. When developing a 
long-term asset strategy these incitements can be of great importance when prioritizing 
between renewals.  
 
Why is it of such great importance to do a consequence analysis? In most companies it is 
impossible to carry out all renewals so prioritizing must be done. How many of the total 
amount of possible renewals will be carried out depends on how much financial 
resources there are available for renewals. If a consequence analysis is carried out it can 
be of help when prioritizing.  

3.4 Probability 
Probabilities can be hard to estimate. From a statistical point of view the ideal case is 
when there is long series of data over events. If this is the case ordinary statistical 
method can be applied to develop distributions that describe the probability of something 
happening. Unfortunately most of the complex technical systems are built with different 
techniques and operate under unique situations, no one technical system is like another. 
Breakdown in the form of system collapses are rare and do not provide the data 
necessary to use ordinary statistical tools. 
 



If it is not possible to use this approach some other method must be used. To combine 
knowledge of a logical model of a technical system with data on the components which 
are part of the technical system. By doing so theoretical systems can be built and 
probabilities can be calculated. The third and last method to estimate residual lifetime, if 
it is not possible to use empirical data or logical models, is to rely on expert judgments. 
This is the first step of the approximation stair [Grimvall et al, 1995] shown in figure 
3:1.  
 

Information

Subjective expert 
estimations

Logical modells using  
data from compontnts

Empirical estimations 

 
 
Figur 3:1 Approximation stair

 
It may seem as though there is a lot of guessing when using subjective estimations. But 
even in higher steps of the approximation stair experts must make a choice of model. It 
is very common that much estimation in technical systems is a combination of subjective 
judgment and some data.   

3.5 Asset management 
The asset strategy is the maintenance approach and the plan developed for each item of 
equipment. It determines what planned and programmed maintenance work should be 
carried out and it considers what potential problems may require an unplanned, reactive 
response. [Idhammar, Baker, Wilson, 1999] A big part of asset management is to 
interpret information in order to manage the equipment in the best possible way. To do 
so, a lot of information must be gathered; useful information comes from e.g. customers, 
maintenance- and operating personnel, economy departments, environmental 
considerations, rules and regulations etc. All this information must be dealt with in a 
structural manner in order to make the right decisions. To make these decisions the 
manager must answer questions like: what renewals should be carried out i.e. 
prioritising, what preparedness we need to cope with future incidents like breakdowns or 
major investments needs.   
 
The outcome of the asset strategy is a reasoned case for why each of the options of 
predictive, preventive or corrective maintenance should be carried out on the equipment, 
and whether a combination of types is appropriate. If required, the needs of the 
equipment of highest priority can be determined using a critical analysis. A prioritised 
list of equipment is produced and where the consequences are more serious then more 
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effort is put into evaluating the maintenance needs. The asset strategy will be 
complemented later by the maintenance management strategy, the systems operational 
cost and revenue are directly related to the availability and cost for maintenance and 
refurbishment, or replacement, of systems [Lebow, M. A. Vainberg, M, 1998]. These 
two strategies go hand in hand.  

3.6 Maintenance strategies 
Several maintenance strategies are mainly used in technical systems. The most common 
strategies are; corrective, time-based, condition-based and reliability-centred 
maintenance. [Balzer, Schmitt, Halfmann and Hössle, 2001]. 
 
In a corrective maintenance (CM) strategy replacement or repair is performed only if a 
failure had occurred. It is used in the case of equipment where investment costs are low 
and a fault may result in the lowest overall costs. It is often divided into planned 
corrective maintenance, PCM, and unplanned corrective maintenance, UPCM. [Booth, 
Grinsted and Wilson, 1999]. PCM is defined as maintenance that is planned and 
scheduled not later than the day before it is executed. This approach is only acceptable 
when the consequences of a failure do not necessitate a more preventive, productive or 
reactive response. Planning means that the job is thoroughly prepared with tools, 
drawings, spare parts and materials. UPCM is consequently maintenance work started on 
the same day as it is requested. Whilst all safety precautions and procedures must be 
followed, time is taken to gather the correct tools, spare parts and information. During 
this time the equipment is inactive. As a general rule such failures are two to three times 
more expensive than a planned job and a breakdown is often ten times more expensive 
than being in a position to identify the failure early and correct it in a planned manner. 
 
A time-based maintenance (TBM) strategy, featuring predefined intervals based on 
empirical feedback, where components are replaced after a specific period of use, has 
been practiced as the usual maintenance strategy in electric power systems for many 
years. [Strömberg, 2000] This approach generally produces satisfactory results. It will 
not however be the most cost-effective option in all cases, since the equipment will not 
usually remain in operation up to the end of its possible lifetime. 
  
Conditions based maintenance (CBM) tasks are normally applied to items of systems 
that do not fail instantaneously but fail over a period of time and give some early 
indication of an impending failure. The early indication of failure enables the 
consequences of an unexpected breakdown to be avoided. Early signs can be detected by 
the use of condition monitoring equipment or by maintenance inspections. The 
frequency of any inspection schedule depends on the time interval between the early 
signs and failure and the point at which failure occurs. CBM is driven by the technical 
condition of the equipment. When following this approach, all major parameters are 
considered in order to maximize accuracy. For this reason detailed information should be 
available.  
 
The aim of reliability-centred maintenance (RCM) is to include the importance of the 
equipment in the system and the actual condition of the equipment. RCM combines the 
two aspects of condition and importance to be used when developing an asset strategy. 
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Both RCM and CBM strategies require the same data for assessing the condition of the 
equipment. However, with RCM the importance of the equipment for the network as a 
whole must be determined e.g. the influence of equipment failure on the reliability of 
supply. Defining a substations importance and assessing the consequences of a fault 
basically constitute a practical but also a subjectively influenced value. In this context 
there are numerous different parameters to be considered, e.g. failure rate, configuration, 
type of costumer etc.  

3.7 Long-term asset management 
Effective management of the trade-off between productivity and safety is a challenge in 
many industries. The different management strategies are inherently difficult in 
balancing productivity and safety in both the short and long-term. Managers may 
sometimes be forced to focus on short-term results where tradeoffs are most acute. Since 
accidents are rare in most cases, short cuts may seem reasonable in the short-term and 
compromises, such as delayed maintenance or postponed renewals, are generally without 
immediate results. Yet they may weaken the system and increase the probability of 
failure immediately or in the long-term.   
 
Managers of technical systems face strategic decision throughout its lifetime, from 
design to decommissioning. [Steed, 1998] In technical systems availability is an 
important part of industrial life. Inspection and maintenance often require that a sub-
system or the system itself be taken out of service. The cost of system downtime can be 
significant; to minimize interruptions a number of maintenance activities are sometimes 
scheduled within a short period of time.  
 
When managing technical systems with long lifetime these problems are important to 
deal with in a structured manner. It is important to minimize the total cost for a technical 
system during its whole lifetime. When minimizing the total cost, the emphasis should 
be on developing a long-term management strategy for the fixed capital. One major 
question is: “when do we renew a technical system?” Finding this point in time is not 
easy; it’s a trade-off between the consequences of a breakdown and the resources saved 
by postponing a renewal.  
 
This question, and other questions regarding optimal decision-making are becoming 
more and more important concurrent with the increased focus on cost minimisation and 
economic profitability within the electric company sector. One reason for this is the 
deregulated power market in Sweden. The companies must use their capital in the best 
possible way to be able to compete in a deregulated market. However, the type of 
problem dealt with is so complex in nature that the questions are therefore difficult to 
answer in a simple way. The majority of decisions today are therefore based on limited 
calculation and a large amount of subjective assessment is done with great care. 
[Strömberg 2000] 
 
Tools and systematic approaches, as described here, which support asset management 
are therefore needed in the future. The companies that can cope with this complex issue 
and work on developing a long-term asset strategy will have a great advantage in the 
future. The correct allocation of available resources will save a lot of capital and will 
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help the manager and personnel be aware of weak points and the status of their technical 
systems. By using a systematic approach the manager can also develop a strategy for 
abnormal events such as breakdowns in key parts. One way of dealing with this issue is 
to build-in extra redundancy or backup, e.g. transformers are expensive and delivery 
times can be long. 
 
Long-term optimisation concerned with, on the one hand the cost of replacement and on 
the other hand the deterioration of the component. If the replacement is postponed 
replacement cost can be saved, but the company has to live with a more deteriorated 
component for a long time. Another aspect of this question is what exactly is a lifetime? 
Today there are three different kinds of lifetime, technical, physical and economical 
[Kiessling, Johansson, 2000]. The technical lifetime is over when it can no longer meet 
specified technical demands. The economical lifetime is the time when it’s not 
economically justifiable to keep the system or component in operation. The physical 
lifetime is defined as the time a component or system can be running without any regard 
to economical- or technical demands.   
 
For an asset manager it is important to have good knowledge in areas such as technical, 
economical and environmental aspects in combination with an understanding of what 
demands are required by the costumers of the system. Long-term asset management 
includes a variety of aspects that must be taken into consideration. The focus in this 
thesis is when in time a renewal should be carried out in order to minimize costs during a 
period of time. No considerations have been taken to maintenance, retrofitting or 
different types of lifetime definitions, the main focus is when in time the renewal should 
be carried out. Since no technical system is 100 percent guaranteed to work at all times 
there is also a degree of uncertainty in such a decision, a manager can never be 
absolutely sure that a breakdown will occur.  
 
A model must therefore also include some kind of uncertainty in order to accurately 
describe how the probability of a breakdown changes in time if a renewal is postponed. 
It is important to include such an uncertainty when making long-term decisions because 
there are a lot of parameters that include some kind of uncertainty. This is reality for a 
manager and a model must therefore also take this into consideration when calculating a 
result. The result itself will therefore also contain some kind of uncertainty, which is an 
advantage when using models with no dynamic parameters. The result of a dynamic 
model will describe to the decision maker how the risk of a breakdown changes over 
time. From this knowledge the manager can decide how big a risk he is willing to take 
and what consequences a breakdown will lead to.    
 
It is important to understand the differences in what initiates a renewal because it will 
have a big influence on how to work with long-term strategic planning. What initiates a 
renewal and how to deal with these different definitions is explained in part II of this 
thesis.   
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3.8 Residual lifetime estimations 
Residual life analysis of technical systems can play an important role when companies 
seek to safely and economically extend the life of their technical systems. Residual 
lifetime analysis can be divided in various ways; one of the most common distinctions is 
between: quantitative and qualitative approaches, which are further described below.  

3.9 Quantitative approach 
When making a quantitative judgment, some kind of measurement of the technical 
system or component is made. Standard statistical theory precision can perhaps be 
summarized as saying that accuracy in inferences, and hence parameter estimations, will 
improve as relevant information continues to accrue [Leech, Watkins, 1990]. 
Measurement on vibrations, corrosion, temperature, fatigue, performance etc can be used 
when making estimations of residual lifetime [Villian, B. Pitner P and Procaccia, H, 
1997]. Another example is oil samples or isolation measurements on transformers or a 
partial discharge analysis on a generator. The objective of this kind of investigation is to 
get an objective judgment of residual lifetime.  

3.10 Qualitative approach 
This is probably the most common way to estimate the residual lifetime of technical 
systems. When using this method the experience and knowledge of people working with 
the technical system or hired experts is used. They estimate residual lifetime or the 
action necessary by using their own experience, history from this or similar technical 
systems etc. Their opinion will form the basis for the asset manager’s decision. 
[Hänninen, 1991] 
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Part One: Case study and Literature Review  

4 Introduction 
Part one of the thesis describes a case study of how six Swedish companies work with 
renewal strategies with the main focus on how the point in time when a renewal should 
be carried out is estimated. This study is the basis of future work, not only as a state of 
the art study but also as an introduction to long-term asset management; when to carry 
out a renewal and what initiates it. 
 
Part one is the result of a case study where persons working with asset management at 
six Swedish companies have described their point of view. They presented the methods 
used today and their thoughts on future asset management in a deregulated power 
market.  
 
In the power and paper- and pulp industry the technical systems are of great importance. 
The systems planned lifetime varies greatly; some systems hold for only a few years 
while others can have a lifetime of 50-100 years. Renewal of technical systems can cost 
millions of Euros and must be planned years in advance. An incorrect judgment of the 
residual lifetime may cause a too early renewal, which results in high interest costs. If 
the renewal is not done in time a breakdown may occur which can cause great damage to 
technical equipment and non-payment due to the breakdown.  
 
A direct result of lack of capital, increased earning capacity, increased competition and 
the transfer of responsibility for the national power system to Svenska Kraftnät is that 
the power producers try to postpone renewal as much as possible. This means that 
lifetime assessment becomes more important. 
 
This part presents a study of how five energy companies and one paper- and pulp 
industry in Sweden give priority to renewal of technical systems, with the main focus on 
the estimation of residual lifetime. This part shows the theories in use in these industries 
after the deregulation of the power market and the renewal strategies of power 
companies compared to one of the pulp- and paper industry in focus. The case study was 
conducted as interviews and the respondents gave their point of view on the issue.  
 
The market for electricity in Sweden is undergoing major changes due to deregulation. 
Since 1996 production and trade is subject to competition. The market has expanded to 
include not only Sweden but also the other Nordic countries and to some extent even 
Poland and northern Germany. The paper- and pulp industry has faced worldwide 
competition for a long time. To survive on a worldwide market they have to be foremost 
in management of their technical systems.  
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4.1 Participating companies 
The companies participating in the intended paper produce together 85 % of Sweden’s 
150.5 TWh electricity. The companies interviewed for this part are: 
 
Svenska Kraftnät is a company that owns and operates the national electricity grid, 
comprising the country's 400 and 220 kV power lines, as well as stations. Their duties 
include the responsibility for the electricity system being in short-term balance, known 
as the system responsibility.  
 
Birka1 Energy is Sweden’s leading energy company in terms of number of customers, 
and the third largest in terms of production capacity.  
 
Sydkraft Hydroelectric power which produces about 35% of Sydkraft’s electricity. 
Sydkraft’s hydroelectric power is produced by about 100 facilities in Sweden.  
 
Swedpower Group provides services worldwide in all areas of the Energy & Power 
Sector.  
 
SCA has a broad range of high-grade, customized publication papers. Forest Products' 
net sales 1999 amounted to MSEK 11,532 and the number of employees was 3,533 
(average).  
 
HEMAB is a municipal company with their main area of business in electricity and 
district heating. They have about 16,500 customers and on an annual basis they 
distribute 300 GWh electricity and 130 GWh district heating. The results achieved 
through this work and the conclusions reached will be used for future Swedish research 
collaboration on efficient utilization of capital intense technical systems.  

4.2 Method for state of the art study 
The choice of method for the first part was interviews of an open-ended nature [Yin 
1993]. This method was chosen because the respondent’ role in such interviews is more 
that of an informant rather than just a respondent answering questions, he can speak 
more freely around the questions. With this method the interviewer follows a certain set 
of questions but allows the respondent’s answer in some way to affect the following 
questions. This is a method that helps the interviewer to get a better perspective of the 
issue he is about to chart and lets him be influenced by the respondent.  
 
 
 
 
 
 
 
 

 
1 Birka is now renamed to Fortum 



5 Results state of the art study 

5.1 Decision-making process 
From the interviews a general decision-making process was designed. This was made to 
show clearly where the respondent’s answer was in the process. The decision-making 
process is described in figure 5:1, decision-making process. 
 

Internal 
influence

investigationInformation

Decision

yes no Projectbank

External 
influence 

Selection

ProjectbankNoYes

Selection

 
 
Figure 5:1, Decision-making process 
 
Figure 5:1 shows a general flow-charter over the decision-making process in the 
companies. Companies that have large technical systems to manage have a lot of capital 
bound in fixed capital. It is therefore important to make renewals in the systems at the 
right point in time for two main reasons. Firstly, if a company makes a renewal too early, 
the capital cost will be high. Secondly, if a renewal is scheduled too late a breakdown 
may occur resulting in high costs due to breakdowns and outage. There are many factors 
that influence how a company can act when it comes to the renewal of a technical 
system. Therefore, it is very hard to exactly find the best point in time to carry out a 
renewal in order to minimize costs. All interviews clearly showed that it is almost 
impossible to predict when a failure will occur. One of the respondents described a 
renewal that should have been carried out in 1952 where it was said that a power station 
needed a refurbishment soon. Today the same power station with same equipment is still 
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running. This story is not representative for all renewals but it shows how difficult it can 
be to make a good judgment on residual lifetime. 
 
One must also take into consideration the fact that a company has a limited budget each 
year to carry out renewals. Which renewals should be carried out and which should we 
postpone? This is important to have in mind when working with long-term asset 
management, as there may be some years in the future when the need for renewals will 
be substantially higher, both in terms of capital but also in terms of resources.  

5.1.1 External influences 
In the decision-making process the first step is affected by internal or external 
influences. External influences are everything that lie outside the sphere of the 
company/their own organisation. These factors include costumers, ordinances, laws, 
interest groups, lobbyists, politics, business activity, social aspects etc. It is important for 
a company to have a good knowledge of these non-impressionable influences so that 
strategies can be adapted to deal with demands from outside the company. These 
external influences are very difficult for a company to influence, so it is up to the people 
working with asset management to have an awareness of what might affect their 
strategies. Two examples of external influences are the fact that Svenska Kraftnät by law 
cannot have too many breakdowns, and that SCA will lose customers if their paper does 
not satisfy the demands of the customers.  

5.1.2 Internal influences 
Internal influences includes all signals from the companies’ own organization, e.g. 
maintenance- and operating personnel, contractors, external personnel hired for 
inspections, etc. These signals are the most common reason for renewals to be carried 
out. This is because these judgments are from the people that work closest to the 
technical system. But how is the information about the condition of the systems spread? 
Härnösands Energi och Miljös VD has reported that sometimes he gets information from 
personnel during coffee breaks, and that there are signals from everywhere that one has 
to take under consideration. Of course many signals come from other places as well, e.g. 
measurements, age, function, safety, environmental aspects etc. With all signals it is 
important to have an objective decision-making process in order to prioritize which 
signals are the most important ones and which can be screened out. 
 
This is where the selection part of the decision-making process starts with a simple 
question; which signals must we examine further and which can we ignore? All 
interviews pointed out the importance of having an effective procedure when dealing 
with these influences. There was however two demands that must be fulfilled for such a 
model to work properly. First of all it must be simple to use when doing the primary 
selection. This is because almost anyone in the organization should be able to work with 
such a model. With such an approach the asset manager will not have to do all selections 
himself and can consequently work more effectively with influences that demand further 
investigation. Secondly, it is desirable that the first selection can be objective. Some of 
the respondents reported that they sometimes felt that the person who was most eloquent 
got most resources for renewals for his business area, thus perhaps postponing more 
important renewals.  
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5.1.3 Imperative renewals 
Of course many renewals imperative e.g. breakdowns, if there is risk for personal 
injuries, breakdowns with major affects on society or on the environment. These kinds of 
renewals are outside the scope of this thesis. 

5.1.4 Second selection 
After the first selection some renewals have to be more thoroughly investigated. How 
this investigation is carried out is for the asset manager to decide. What does he need to 
know to be able to make good long-term decisions and to decide which renewals to carry 
out and which to postpone? In order to be able to make the right decision more 
information must be collected. On the basis of this, the asset manager must then decide 
how to act, do we carry out the renewal or can we postpone it? This is also a question of 
allocated resources in term of both resources and available personnel. Many of the 
respondents reported that it would be helpful if they could in some way predict the 
amount of resources they needed in the future to carry out renewals without peaks in 
demand.  
 
After this second investigation the manager must decide whether to postpone or carry 
out a renewal, a decision must be made. The renewals that are not to be carried out 
immediately will be put into a project bank. Renewals in the project bank are taken 
under consideration once a year. When doing so the manager must decide which 
renewals are the most important to carry out. To make this decision as skillfully as 
possible it is important to have a good structure in order to be able to prioritize between 
renewals. 

5.2 Applied methods in the companies 
During the interviews the respondents explained how their company worked with 
renewals, what different strategies they had and what methods they used. The following 
chapters briefly describe how the companies worked with long-term asset management, 
with the main focus on the estimation of residual lifetime. 

5.2.1 Härnösands Energi och miljö (HEMAB) 
HEMAB is a municipal company with its main sphere of activities in electricity and 
district heating. This is the smallest of the companies that participated in the case study. 
Three respondents were interviewed at HEMAB on separate occasions. 
Business area District Heating 
The district heating operation at HEMAB has two bio-fuelled steam boilers; one of them 
is a combined power and heating plant with a maximum electric power capacity of about 
10 MW. HEMAB district heating also has a few smaller oil boilers and one electric 
boiler located at different places around Härnösand. The total installed heat capacity is 
approximately 60 MW. 
 
For day to day operations and for a small amount of maintenance HEMAB’s District 
Heating has 19 employees. For bigger refurbishments or renewals they hire contractors. 
It is mainly operators that make judgments on the status of the technical systems. Every 
year the manager of the District Heating section proposes to the board the renewals he 
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thinks should be carried out during the next year, along with demands for resources to 
run the daily activities.  For renewals up to 2 million Euros the board can decide whether 
carry out a renewal or not. For larger investments the owners must be informed. In this 
case that is the municipal executive board. This means that it can be quite a long process 
to carry out larger renewals. 
 
Today HEMAB’s District Heating has no general method for estimating the residual 
lifetime of their technical systems; furthermore they don’t have a method of prioritizing 
between renewals. The staff running and maintaining the technical systems make most 
of the judgments on status. Sometimes they hire external experts to make judgments but 
it is not a common procedure. The manager for District Heating makes most of the 
decisions together with maintenance and operational personnel. If larger renewals have 
to be carried out the manager must confer with the managing director on how to proceed. 
In most cases the information that they need to make a decision comes from the 
personnel. 
 
Business area Electricity  
The electricity operation is divided into two different divisions, Sales and Grid. This is 
because in a deregulated power market companies are not allowed to have both sales and 
grid in same division. In this case study the operations manager for HEMAB’s power 
grid was interviewed. 
 
Business area Grid has eight substations, a 10 kV grid in Härnösand, a 45 kV grid in the 
countryside, a total of 600 km high voltage lines and 1500 km of low voltage lines and a 
total of 570 low voltage substations. On an annual basis they sell approximately 300 
GWh to 16000 costumers. 
 
Today the Grid Division hardly carries out any new construction in their power grid. It is 
mostly refurbishments and renewals or upgrading. They have two main strategies for 
their power grid; firstly they try to find the sections in the grid where the most unplanned 
outages occur and renew those parts of the grid. Secondly, they buy a number of new 
low voltage substations every year. How many they buy depends on the amount of 
resources allocated to them by the board every year. Sometimes they also carry out 
larger renewals such as high voltage substations and/or transformers. Since these kinds 
of investments are rather expensive the decision must be made in the same manner as for 
the District Heating Division through the municipal executive board.  
 
When selecting which low voltage substations to renew the personnel who carry out 
maintenance make a judgment of the condition. Their opinion is almost the only 
information the manager of the Electricity Division can rely on when choosing which 
substations to renew. Two other ways are breakdowns and if some substations are 
causing a lot of outages. The same working method is applied to high voltage stations 
and to the power grid.  
 
As with the District Heating Division, Electricity also has a limit on how much a renewal 
can cost without the municipal executive board making the decision. This board consists 
mainly of politicians and they are in most cases laymen. So when it comes to technical 
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aspect of a renewal they have to rely on the opinions by the persons initiating the 
renewal. In some cases an external investigator may have made a judgment which the 
board will take into consideration. However, normal procedure is that operators or 
maintenance personnel initiate an investigation into what must be done. Normally it is 
also someone within their own staff who carries out the investigation, writings the report 
and presents a solution for the manager. The manager discusses the matter with the 
managing director. They then decide together what to do. 
 
The managing director role in renewals has three main aspects; he takes part in the 
debate in the municipal executive board and presents the options. Secondly he allocates 
resources on an annual basis to the different operational areas and thirdly he discusses 
larger renewals with the managers of the different operational areas.   

5.2.2 Swedpower 
Swedpower is a consultant company doing risk assessment on technical systems. They 
do risk assessments in various areas such as financial, technical and environmental 
fields. They try to describe qualitative problems in a quantitative way. The results of 
different analyses can for example be some kind of distribution, which describes 
possible scenarios resulting from different actions or events. This distribution gives the 
people making the decision a view of what the result might be of an event such as e.g. 
higher oil prices or changes in interest rates. Other applications of this method are 
lifetime assessments and assistance when trying to estimate what consequences a 
breakdown may lead to in terms of capital, personnel- and environmental dangers.  
 
This method has been applied many times when trying to predict when in time a renewal 
should be carried out in order to post pone a renewal as far as possible without taking too 
high a risk that a breakdown may occur. One example of this is a lifetime assessment 
made of transformers in Grundfors. These are so-called system transformers that are 
used in the national grid. A breakdown may lead to serious social consequences.  
 
When doing these investigations Swedpower must gather information in order to carry 
out the calculations. They must also adapt the calculation to suit the framework of the 
decision makers. This can be in financial, technical, environmental or social terms. A lot 
of different ways to gather information are used, such as interviews with people working 
with the systems, historical data, maintenance reports, experiences from equivalent 
equipment, costs, technical performance etc. One difficulty when working like this is to 
know when enough information has been gathered to be able to do a calculation that a 
decision maker can use as aid when making decisions. There are three different aspects 
that limit how much information can be gathered. Firstly a financial aspects, there is a 
limit to how much capital that can be spent on gathering information. Secondly, access 
to information; there is simply no more information to use. The third aspect is perhaps 
the most common; how great a standard deviation from the mean value is acceptable for 
a decision maker in order to make a good decision. How much does more information 
affect the mean value and standard deviation of the result? This is not always easy to 
answer and many times it is up to the decision maker to decide when he thinks he has 
enough information. 
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An illustration of how they work with lifetime assessment can start with a simple 
question; “what is the residual lifetime of this generator?” The first answer might be 40 
years. But that is not precise enough; the next step can be to divide the generators into 
three different voltage levels. Normally generators with lower voltages can be used up to 
45 years and those with higher voltage can be used for 35 years. Further investigation 
might reveal differences in quality due to different materials and construction methods. 
With this type of research one can get a pretty good picture of the expected remaining 
lifetime.  

5.2.3 Svenska Kraftnät 
Svenska Kraftnät (SvK) is a company that owns and operates the national electricity 
grid, comprising the country's 400 and 220 kV power lines, as well as stations. Their 
duties include the responsibility for the electricity system being in short-term balance, 
known as the system responsibility. Svenska Kraftnäts technical systems consist of 
approximately 10,000 km 400 kV and 5,000 km 220 kV power lines and a share in 125 
substations. The grid is operated from Rogsta in Stockholm and from Sollefteå. SvK 
have no maintenance personnel of their own so all work must be purchased from 
contractors. Every third years SvK invite tenders for a maintenance work, where 
contractors are invited to participate. The lowest bidder gets a three-year contract for 
maintenance and condition monitoring. Maintenance for substations and the grid are 
bought in a separate purchase.    
 
When purchasing maintenance from contractors SvK separates actions into two different 
categories: basic maintenance and specific renewals. Basis maintenance is what 
contractors carry out and the work mainly consists of clearing vegetation around power 
lines, day-to-day maintenance and general surveys of the grid or substations. What they 
must perform is specified in a handbook or in the contract. Every year power lines and 
poles are investigated from a helicopter. Every seventh year the contractors have to walk 
under the power lines in order to estimate the status of poles, lines, foundations and 
wires holding up poles. Specific renewals are bigger actions when larger components 
have to be renewed e.g. parts of a grid or circuit breakers.  
 
Normally the contractors hired discover something that indicates that action must be 
taken in order to maintain reliability or avoid a break down. They report it to SvK who 
start an investigation. The investigation will result in a report, which is used as support 
when making a decision. Sometimes an investigation shows that a specific power line is 
not needed and can be taken out of service, but this is rare. Normally some action has to 
be taken. One problem that has to be taken into consideration is the time it takes from 
discovery of something that SvK may have to do something about, until the renewal is 
carried out. Sometimes it can take years before a renewal is accomplished. This in 
combination with the importance the national grid has in both social and economical 
terms makes it even more important to avoid breakdowns or unnecessary capital costs 
due to early renewals. 
 
Furthermore, a lot of large renewals during a short period of time may also contribute to 
both extended project time and costs due to shortage of personnel and material. SvK 
have seen the dangers inherent this scenario. Breakdowns due to lack of maintenance are 



not accepted at any time. Therefore it is important to estimate the amount of investments 
during a certain period of time in the future. SvK have made an analysis of their 
technical systems and have estimated remaining lifetimes. This judgment was made in 
order to estimate the amount of resources needed during five-year periods in the future. 
By adopting this approach they hope to avoid peaks in renewal demand and to avoid 
breakdowns due to lack of resources needed to carry out renewals on time. Examples of 
what the SvK age structure of transformers looks like are shown in figure 5:2, age 
structure of transformers.      
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Figure 5:2, Age structure transformers  
  
Figure 5:2 shows the age of transformers that SvK manage. Due to company secrecy are 
the values on the y-axis are not showed. SvK have also calculated similar figures for 
power lines and different parts of substations. By using this information together with an 
estimation of residual lifetime in combination with the cost of renewal, SvK can get a 
picture of investment needs in the future. The results of such an analysis are showed in 
figure 5:3, expected renewal costs. 
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Figure 5:3, Expected renewal costs 
 
The values on the y-axis have also been removed because of company secrecy. From this 
result SvK can see that renewal needs are quite constant except during the years 2011-
2015. With further analysis SvK might carry out renewals before the lifetime has 
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reached its end for some technical systems during the years 2011-2015. With this 
approach they can keep the investment needs at a constant level. This will help them to 
allocate resources in an efficient way.  

5.2.4 SCA Ortviken 
SCA Ortviken is a paper- and pulp factory and net sales of forest products 1999 
amounted to MSEK 11,532 and the number of employees was 3,533. A list of technical 
components shows that they have approximately 9,775 different objects, e.g. 1,048 fans, 
1,007 rollers, together representing a value of 450 million Euros. If one paper machine 
breaks down SCA loses approximately 6,000-8,000 euros every hour. 
 
When trying to prevent breakdowns and consequences, SCA works hard with preventive 
maintenance. Every paper machine is stopped every two or three weeks and an overhaul 
is carried out. The stops normally last about eight to twelve hours and the machine and 
rolls are cleaned and thorough inspections are carried out. At the same time they repair 
things that are not possible to fix while the paper machine is running. Normally it is the 
operators or maintenance personnel that notice these faults during production. Minor 
problems not affecting production are not fixed immediately; instead these problems are 
dealt with during an overhaul.  
 
To prevent breakdowns and to find possible damage in equipment two methods are 
applied. The first is preventive maintenance carried out by personnel and the second is 
by condition monitoring. All data collected is stored in a database in order to be able to 
see trends over time. The whole plant is also described in order to see where different 
parts will be are located and identify what kind of spare parts needed to repair any 
possible breakdown. At the same time SCA has experts whose job is to work with 
inspections. When they inspect a machine they follow a checklist and thoroughly work 
their way through the machine. These inspections are carried out at intervals so it is 
possible to detect trends over time. Along with these inspections carried out by personnel 
a lot of other measures are performed. These normally include variables such as 
vibrations, temperatures, moisture etc. All this collected and measured data is the basis 
of what to repair during the overhauls.  
 
On average, SCA Ortviken spends 15 million euros on maintenance every year. On top 
of that they spend another 4-5 million euros on special investments. These are large 
investments that are planned some time ahead. This allocated resources is spent on 
renewals where they are most needed. No general method is applied when selecting 
between renewals, normally it is the opinion of personnel working with the technical 
systems that provides reasons for renewal.  
 
SCA Ortviken works hard with the analysis of unplanned stops. An unplanned stop is 
when an action is taken that was not planned 24 hours or more before the stop. All these 
events are logged and reports are written so that SCA Ortviken’s personnel can analyze 
what caused the breakdown. This is carried out so that similar breakdowns can be 
prevented in the future. SCA Ortviken has developed a systematic approach to work with 
these issues. From this work they have been able to identify what causes breakdowns. It 
was shown that 15 % of all maintenance measures are due to poorly performed repairs, 
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30-40 % are due to incorrect handling of equipment and the rest are problems caused by 
constructional error.  
 
As mentioned earlier, the personnel working with the technical systems in collaboration 
with the managers for the different areas make selections between renewals. The work of 
deciding which renewals to carry out and which to postpone runs all year. The different 
sections of the factory collect information and decide what they need to renew. The SCA 
Ortviken board decides every year how much capital they can afford to spend on 
renewals. When this amount has been set, the work of selecting renewals starts. 
Normally all the managers of the different areas, together with some personnel, discuss 
together and try to agree on what to renew. Everyone must state reasons for why they 
should be granted funds. This method works very well and the personnel are satisfied to 
be a part of the decision making process of what to renew. 
 
SCA Ortviken also works hard to find bottlenecks in production. Both maintenance and 
operators try to find measures that can increase production. One important part in this 
work is to educate the personnel to understand the different processes specific to the 
factory. At the same time they work to increase availability and reliability in order to be 
able to produce more paper without new investments. When working with this complex 
issue there are three different objectives they prioritize, these are production, 
environmental questions and work environment. For each one of these objectives there 
are goals set, which they try to reach.  
 
SCA Ortviken has high demands on availability; they run the factory all year around. 
The whole factory is never stopped except once every third year. With this approach it is 
utterly important that no breakdown occur in an important section of the factory. A 
worst-case scenario is a breakdown that stops the whole factory. One of the most 
important systems is the fresh-water supply. Today a major part of the pipeline is made 
of wood; a breakdown in this pipeline would lead to a total stop. Therefore most of this 
pipeline will be renewed during the next major stop. Another crucial system is the 
production of high-pressure steam. The steam is used to dry the pulp and without it 
production will stop.  
 
When working with such crucial technical systems SCA Ortviken tries to build 
redundancy where it is possible. They simply have to calculate the use of a redundant 
system and compare it with the costs. From this calculation a decision is made.  
 
The normal cause of a renewal is the demands of the market. If the market wants a 
certain product economical calculations are made in order to see if the investment is 
profitable. 

5.2.5 Birka Energy 
Birka Energy is Sweden’s leading energy company in terms of number of customers, and 
the third largest in terms of production capacity. Birka Energy has developed a model 
that is used to objectively choose which renewals to carry out and which to post pone. 
Before the model was developed there were five different factors that decided whether a 
renewal was carried out or not. They are age, breakdowns, inspections, hired personnel’s 
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judgment and own personnel. Incentives from these different areas were the basis for a 
manager’s decision on which renewals to carry out and which to post pone. On many 
occasions age was a very strong argument and many times this lead to early renewals. 
This, in combination with a non-regulated market, resulted in renewals just to make sure 
that no breakdown occurred. 
 
When the power market was deregulated in 1996 the companies faced new conditions. 
The old method was not working properly so Birka energy decided to develop a new 
method to use when deciding which renewals to carry out and which to post pone, they 
starting to develop the KUMAR model. The model is built on a type of risk analysis. 
When working with this model the incentive to start an investigation of some kind of 
technical system starts with signals from personnel, customers, authorities etc. The 
different projects that we want to carry out are gathered and analyzed using the model. 
The biggest advantage of using this model is that when comparing different projects the 
result is objective. It is possible to compare totally different renewals in different 
business areas without any subjective judgments. 
 
When starting the analysis of different renewals the first thing they do is to define the 
project by answering these questions: 
 

• What kind of technical system? 
• What part of the technical system? 
• What measures should be taken? 
• Describe why the renewal should be carried out. 
• Estimate costs for renewal 

 
The next step is to estimate what the consequences a breakdown may be. This is done in 
three different areas, they are: 
 

• Work environment (personal injury) 
• Environment  
• Economical consequences 

 
When grading the consequences a five-step scale is used, for work environment one 
equals no injury and five lethal. With environment, one equals no influence and five 
equals large spreading with long recovery. Economical consequences describe how 
much money a breakdown will cost, calculating with loss of sales, repairs, resulting 
personnel costs etc. 
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The next thing Birka does is to feed this data into the model, the input into the model 
are: 
 

• The number of each project 
• What technical system 
• What part of the system 
• What measures should be taken 
• Consequences of a breakdown 
• Cost of renewal 
• Consequences of personal injury  
• Consequences of environmental damage 
• Economical consequences 

 
After processing this input, the result can be used as an aid when selecting between 
renewals. E.g. it is possible to only look at projects that improve the working 
environment; this gives a good general view of which renewals are most important and 
at the same time be able to estimate resources needed for improving the working 
environment. When the people responsible for renewals know how much capital has 
been is allocated for renewals for a certain year, they can use the result as support when 
selecting which renewals to carry out and which to postpone. The KUMAR model can 
be programmed to show which renewals should be carried out depending on the amount 
of capital allocated. The manager can also program KUMAR to prioritize some specific 
types of renewals e.g. environmental. With this method he can easily prioritize between 
renewals, and can even compare economical consequences with environmental 
consequences. 
 
Because the model is so simple to use, Birka intends to use this model as a tool when 
doing a first selection within a business area. By doing so Birka thinks they can perhaps 
avoid too many renewals that have to be more thoroughly investigated. Only the most 
important ones will be passed on from the business area manager to the people 
responsible at headquarters. Another big advantage is long-term strategic planning. If the 
objective is to avoid breakdowns that can cause personal accidents the model can be 
used to identify which technical systems must be renew. For Birka it is a huge advantage 
to have this model when comparing different business areas and to identify where the 
resources will be of most use.  

5.2.6 Sydkraft Hydropower 
Sydkraft Hydroelectric power produces about 35% of Sydkraft’s electricity. Sydkraft’s 
hydroelectric power is produced by about 120 facilities and 250 generators in Sweden. 
On an annual basis they produce approximately 10 TWh.  
 
When deciding what measures to take, Sydkraft Hydropower started to think about how 
they would cope with this complex issue 20 years ago. At that time a strategy was 
developed which resulted in short periodic overhauls in every facility. Every problem 
that was discovered was fixed and a general estimation was made on the residual 
lifetime. Sydkraft hydroelectric applied this working method until the power market was 
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deregulated in 1996. When the demands for rationalization and effective economies 
increased this working method was simply too expensive.  
 
In general terms all periodic overhauls are done with twice the time in between in 
comparison with before deregulation. What they used to do every second year is now 
done every fourth or fifth year. At the same time Sydkraft hydropower are more willing 
to take higher risks when it comes to breakdowns. They are not so concerned about a 
breakdown; if a power station fails production can be carried out elsewhere in Sydkraft’s 
production facilities. At worst, they calculate on buying electricity on the market if they 
can’t produce the amount they need in order to fulfill contracts. 
 
To do the overhauls and maintenance Sydkraft hydropower hires internal contractors; a 
company within the concern carries out most of the work. The only areas where 
contractors are invited for competition are turbine overhauls. These contractors also 
make the judgment on what to renewal at each facility. They report what they have 
found to Sydkraft hydropower, who in their turn decides what to do. Normally, when it 
is ordinary maintenance the contractors can decide for them selves what to do. Sydkraft 
hydropower does not fear about being dependent on others when the personnel who 
know the systems do not work in the company.                     
 
Sydkraft hydropower has divided maintenance into two different areas, projects and 
normal maintenance. The normal maintenance costs about 9 million euros and projects 
cost about 15 million euros on an annual basis. When prioritizing between renewals 
Sydkraft hydropower uses a model they call STEFF (safety, availability and efficiency). 
Today there are hardly any investments due to efficiency; because of the low price of 
electricity they simply cannot get an investment to pay off. Many investments to 
increasing availability are very hard to carry out in order to make money. Many 
investments today are carried out in order to minimize personal- and environmental 
hazards.  
 
When developing a long-term strategy a group of seven to eight persons representing 
different areas within Sydkraft hydropower sit down together a couple of times every 
year and discuss what should be done. All persons present are responsible for one 
district, normally a geographical region. They all present the renewals that are prioritized 
within their area. After all the presentation and with the knowledge of the amount 
available for renewals in mind, they discuss together which renewals to carry out and 
which to postpone. 
  
Sydkraft hydropower maintains that it is very difficult to use historical data from similar 
equipment. The person responsible for renewals at Sydkraft Hydropower states that one 
can assume that generator windings made by ASEA 1965 are not good. At the same time 
they have generators from other companies built the same year which work perfectly. 
One other example is that generators made by ASEA in 1950 works fine and are in no 
need of renewal. A lesson learned by Roland is that this kind of data is not available 
anywhere else than from people that have been working in this field for a long time. One 
example of how hard lifetime estimations can be is an investigation carried out on two 
power stations in Mörrumsån conducted in 1952. Conclusions from that investigation 
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were that both stations were in bad shape and needed instant refurbishment. Both those 
stations are working today with same equipment they had in 1952.  
 
One other experience he has is from generator renewals. He claims that large suppliers 
of generators and associated equipment have stated reasons for renewing windings in 
generators just to make sure no that breakdown occurs. Since the Swedish power market 
historically has had many small companies that were dependent on their power 
production a lot of them carried out the renewal. Today when companies are much larger 
and fewer due to deregulation, a breakdown is acceptable; Sydkraft hydropower has that 
philosophy. The person responsible on his hand is sure that most generator winding 
renewals was carried out at least 20 years too early. 
 
The policy on long-term asset management is that a breakdown is not serious for almost 
any components except turbines and transformers. On all other production components a 
higher risk is accepted. Generators are one example of equipment which Sydkraft 
hydropower runs closer to an assumed breakdown. Sydkraft hydropower relies on 
protection equipment to prevent major breakdowns. The fact that it is hard to measure 
the condition and to stop the process in time to prevent major damages in combination 
with outage time, makes transformers and turbines more critical.  
 
This policy is shown in the type of renewals carried out during the three last years. They 
have had more than 20 projects where more than 2 million euros have been spent. Most 
of the capital has been spent on electrical equipment, supervision and control systems, in 
substations and protection equipment in generators, transformers and turbines. The 
purpose of which is to minimize damage if a breakdown occurs.   
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6 Conclusions Part One and future work 
This case study has shown how hard it is to estimate remaining lifetime in technical 
systems. This estimation is only one part of the renewal process. There are many factors 
that influence when a renewal should be carried out and the work of developing a model 
must take into consideration many different aspects. What the respondents all agreed on 
was the importance of systematical thinking.  
 
The different companies must have a well-developed strategy and clear objectives in 
order to help managers make the right decisions. Every technical system a company 
operates has its unique function. It is very important to have an awareness of what this 
function is for the operations. With this knowledge the company can develop a method 
for long-term asset management. The different aspects of how the companies works are 
described below. The chapter ends with a short discussion of future work.  

6.1 Contractors or own organization 
During the interviews it was clear that the people who work with the systems such as 
operators, maintenance personnel and contractors stand for most of the status 
information of the technical systems. One question is whether to employ your own 
personnel or hire contractors? If a company is purchasing all overhauls and maintenance 
from a contractor there might be a risk that a lot of knowledge of the technical systems 
not is retained within the company. One way of solving this partially is by developing 
some kind of model for how knowledge should be kept within the company. If the 
company purchases maintenance e.g. every third year there is a possibility that a totally 
new contractor gets the contract. All previous personnel working with the technical 
system will leave the company and take all knowledge with them. The company will 
therefore have persons managing their technical system without experience of this 
particular system.  
 
In contrast to the electricity companies SCA Ortviken works very hard with its own 
organization and uses their experience to a great extent when deciding which renewals to 
carry out and which to postpone. Their experience is that a lot of knowledge exists 
within their own organization. In a paper and pulp industry almost all technical systems 
are under the same roof. This means that it is much easier to have personnel close to the 
technical systems. They can use not only SCADA but also human senses to detect if 
something is not working properly. In most cases electricity companies do not have this 
possibility and have to find other ways to work. Long-term strategies must be adapted to 
the reality experienced by the company.  
   

6.2 Long term strategies 
To facilitate decision making for the managers it is important that the company has 
developed a strategy with clear objectives. This can concern things like: what method to 
apply for maintenance, what kind of renewals should be prioritized and how this should 
be carried out. There are many aspects to consider when developing a long-term 
strategy. 
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One issue that must be considered is what the consequences of a breakdown can be; is it 
absolutely crucial for our business or can we accept a failure? For the electricity industry 
there is one more aspect: social consequences. The cost of power failures for the 
community can be very high and for a company it can be very bad publicity that in the 
worst case can result in customers choosing other companies to do business with.  
 
The interviews clearly showed that the importance of a technical system is a very 
dominant factor when choosing working methods for maintenance and supervision. In 
one –way, SCA Ortviken and Sydkraft hydropower have developed a similar method for 
long-term strategic work. Both companies rely on protection equipment in combination 
with the observations made by the personnel working with the technical system.  
 
To sum up long term strategies there seem to be three different approaches. The first one 
adopted by Birka, Svenska Kraftnät and HEMAB: these companies work to find the 
weak points in their technical systems and try to prevent breakdowns by renewing 
critical components. Sydkraft hydropower relies on protection equipment and the 
experience and judgment of personnel and is willing to take a higher risk. SCA Ortviken 
uses both measurement and the experience and judgment of their personnel in order to 
prevent major breakdowns.  
 
When it comes to prioritizing there are two different approaches: through mathematical 
models or by discussion. Perhaps Birka Energy’s model is the most developed in to 
making objective judgments on which renewals to carry out in order to use allocated 
resources in the best possible way. The other companies rely more on discussion to try to 
find the best way to use the resources allocated.          

6.3 Risk analysis 
When analyzing the results from the interviews it was clear that the risk is the sum of 
probability for an event and the consequence of that event. A risk analysis is therefore 
carried out to firstly decide which renewal to prioritize and secondly when to develop a 
long-term asset management for a technical system.  
 
When carrying out a risk analysis the work consists of trying to calculate the 
consequences of a breakdown and the probability of a breakdown happening, i.e. try to 
estimate residual lifetime. To do a risk analysis is one of the most common tasks for 
Swedpower; they collect information on both probability and consequences, describe 
these values with a distribution and use a computer to calculate the result of different 
actions taken.  
 
To do a risk analysis is an important part of asset management. When trying to identify 
the consequences and probability of a breakdown, the staff conducting these analyses 
gathers a lot of knowledge. With this knowledge an awareness of the weak points and 
what effect a breakdown can lead to is gained.        
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6.4 Optimum point in time for a renewal 
When should a renewal be carried out then? In this study imperative renewals are 
disregarded because when a breakdown has happened the companies in most cases do 
not have a choice, they just simply have to face the facts and deal with the consequences. 
Normally the best time for a renewal is to carry it out as close to a breakdown as 
possible. This is the case for many renewals, but not always. One example is Svenska 
Kraftnäts approach where they try to estimate what resources will be needed during 
some period of time in the future. The results of such work might show that in order to 
be able to carry out all renewal some of them must be performed early in order to 
balance investments needs over time.  
 
When finding the optimum time for a renewal the residual lifetime has to be estimated. 
All of the companies participating in this case study agreed that it is very hard to 
accurately estimate residual lifetime. To try to make this estimation two different 
methods are used, quantitative and qualitative.    
 
Quantitative 
When making a quantitative judgment, some kind of measurement on the technical 
system or component is made. Measurements of vibrations, corrosion, temperature, 
fatigue, performance etc can be used when making an estimation of residual lifetime. 
Another example is oil samples or isolation measurements of transformers or a partial 
discharge analysis of a generator. The goal of this kind of investigation is to obtain an 
objective judgment of residual lifetime.  
 
Qualitative 
This is probably the most common way to estimate the residual lifetime of technical 
systems. When using this method the experience and knowledge of people working with 
the technical system or hired experts is used. They estimate residual lifetime or take 
necessary action by using their own experience, history from this or similar technical 
systems etc. Their opinion forms the basis for what the asset manager decides to do. 

6.5 Prioritizing 
An important part of renewal strategy is how to prioritize between renewals. This is 
because every company wants to use their resources where it will be most effective. The 
interviews clearly showed that prioritizing is carried out at least two times during the 
renewal process. The first time is when prioritizing which renewal to investigate further 
and the second is after a more thorough investigation has been conducted. 
 
The persons working with the technical system normally do the first prioritizing. They 
are the ones that notice, for example, a decline in productivity or any change in normal 
values etc. The persons noticing these changes must make a decision on what to do. He 
will probably report these signals to the area manager. This manager must decide which 
renewals must be carried out and which to postpone, an initial prioritizing must be done.  
 
When it comes to bigger renewals, the manager cannot decide for him self; more 
investigation is needed. Someone else other than the manager normally carries out 
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further investigations. Normally a senior manager or board of directors must make the 
final decision. It is often necessary for them to prioritize between renewals. 
 
The study showed how important it is to have a structured approach to prioritization. 
There are many different methods of working with this issue and the organizations 
surrounding the renewal process are dependent on the size of the company.     
 
All companies participating in this study clearly stated the importance of everyone 
involved in a renewal being involved in the decision-making process. A dialogue is very 
important so that all factors will be taken into consideration when a decision must be 
made. To be able to have access to good information many co-workers must give their 
point of view. At the same time it can be very time consuming if too much time is spent 
on investigation, it is up to the manager to know when he has enough information to be 
able to make the right decision.          

6.6 Surroundings 
The world around the company influences how they work on all levels. A big difference 
between the power industry and the paper- and pulp industry is that competition is 
relatively new to the power industry. The paper and pulp industry has always been 
subject to competition. The power companies’ new role as part of a deregulated market 
leads to lower incomes and increased competition, which has resulted in decreased 
earning capacity. An electricity company cannot afford to not manage their technical 
systems in an effective way.  
 
To increase revenue an electricity company can either increase income or reduce 
expenses. To increase income is very hard in a deregulated power market. At the same 
time the companies cannot increase income by making investments, one way of 
increasing revenue is to cut costs. One easy way of doing this might be by cutting down 
maintenance. This will probably not lead to any negative consequences during the first 
years but can be very costly in future. An-other way of staying competitive on a 
deregulated market for a long time can be by managing fixed capital at best possible 
way. The results might not come at once but companies that cut costs too much can have 
difficulty in surviving on a deregulated power market if renewal costs increases 
dramatically due to poor maintenance.  

6.7 Renewals not carried out 
How to handle the renewals that are postponed is an important issue. Some of the 
companies participating have developed their own methods and some let all postponed 
renewals be part of the personnel’s judgment the following year. This approach can be 
dangerous if a worker retires or leaves for a new company. He takes all his knowledge 
with him and the technical systems he might have wanted to renew will continue to be 
unattended. It seems that the best way of dealing with this issue is to have some kind of 
project bank so that no renewals are forgotten. It is also important to compare new 
suggestions renewals with older ones in order to carry out the most important renewals.    
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6.8 Future work 
After this study it was quite clear that there is today not any generally accepted method 
to estimate residual lifetime. It is also shown that estimation of residual lifetime is very 
hard to do and the results depend on many factors. At the same time the consequences of 
a breakdown have a great influence on how important lifetime estimation is. It seems 
that possible approach might be some kind of simulation where different variables are 
described as stochastic variables. These distributions, which describe these variables, can 
be developed from either quantitative or qualitative investigations.  
 
It seems that an other important part of this work is how to prioritize between renewals; 
perhaps this can also be done by lifetime estimation combined with consequence 
analysis.    
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Part Two: Framework DLA model 

7 Introduction 
The interviews showed that a model which can handle uncertainties in the future can be 
helpful both when deciding when in time a renewal should be carried out but also when 
prioritizing between renewals. When working with this model a systematic approach on 
asset management is applied. When gathering input for the model a lot of different 
aspects must be taken under consideration e.g. residual lifetime, consequences of a 
breakdown, capital saved by post pone a renewal, the risk taken by post pone a renewal 
etc.    
 
To accurately calculate the residual life of a technical system in the power, and paper 
and pulp industry is absolutely essential. An inaccurate estimate of the working life of 
such a system would necessitate early replacement, which would result in high capital 
expenditure. If the replacement is not installed in time, a breakdown may occur which 
could cause great damage to the technical equipment and result in non-payment. This 
part describes a model that calculates the projected cost for a technical system over a 
time period. The result from using this model answers four questions, what are the 
economic consequences of a breakdown, what is the cost of doing a planned renewal, 
what will the expected cost be for doing a renewal a certain year and what is the 
probability that a breakdown will occur under a certain year.  
 
Today many models use an analytical method, to use such models some restrictive 
assumptions must be made. More complex and realistic models use a simulation. This 
model uses a simulation to calculate the results. Some of the variables used as input in 
the model can be difficult to quantify. Because of this uncertain they are described with a 
distribution. It is important to have accurate distributions as inputs when using this 
model, because of that does this part also describe how to quantify uncertain variables.   

7.1 Method 
To describe the expected cost of a technical system during a period of time many 
different models can be used. Most of these models use an analytical approach to 
calculate the outcome of different strategies. When using such models more or less 
restrictive assumptions have to be made. More complex and realistic models use a 
dynamic approach. To argue for the use of an analytical model as an aid when making 
decisions two assumptions must be made [Edlund et al 1999]: 
 

• The model must be a good representation of the decision-making process 
• It is possible to resolve the model at a reasonable cost 

 
It is hard to fulfill both of these assumptions at the same time. A good representation of 
the decision-making process often demands that very complex connections are 
described. An analytic solution demands that those connections can be described very 
simply. An analytic model cannot solve an equation with stochastic values, something 
that is very common when trying to predict the future mathematically [Dekker, 1995].  
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For structured problems analytic models together with a computer can be very useful. If 
the problem on the other hand is very unstructured and has a lot uncertainty in the form 
of alternatives, judgments and connections, it makes gives an analytic model less 
trustworthy. A simple analytic model has many advantages when presenting knowledge 
of variables and connections that are important for a decision. 
 
Simulation means experimenting with models. The model being experimented with is 
therefore called a simulation model. The purpose of using a simulation model is not 
always to find the optimal solution. Many times it can also be used to find out how 
different variables affect the outcome of different strategies. E.g. to try different 
solutions, or see what might happen if a bigger risk is taken. In contrast to an analytical 
model a simulation model can cope with dynamic courses of action.  
 
As with other models dynamic models are hard to validate, especially when it comes to 
social and economical processes. How can a user be sure that the model describes the 
system one want to study? When validating a dynamic model there are two approaches: 
internal and external validation. When doing an internal validation one tries to find signs 
of weakness in the logical approach or in program error. If it is possible a comparison 
with analytical results can be an effective way to internally validate a model. When 
doing an external validation one tries to determine if the model is a good representation 
of the decision model. One way of doing this is by comparing the results gained by using 
the model with data from a real situation. One further way to validate a dynamic model 
is a subjective judgment of how realistic the results of a calculation are. 
 
When doing a simulation the model uses stochastic values as inputs. These stochastic 
values represent the uncertainty in different inputs when using a simulation model. This 
is suitable when describing a model that deals with many uncertain inputs such as 
residual lifetime, interests, demands, prices etc. At this early stage of developing the 
DLA model a simulation program called @Risk was used. This program is an 
application for Excel. This method has been chosen for two reasons: 
 

1. When using an Excel sheet the model is easy to use and the results are clear. 
2. It takes no advanced programming to build the model. This makes the model 

easy to use and results can easily be checked.  
 
A disadvantage of using an Excel sheet is the problem of handling large models. At this 
early stage of model developing this environment is sufficient to validate the usefulness. 
Future models will probably use some other environment but this is outside the scope of 
this thesis. The method chosen to do the calculation is Monte Carlo simulation. When 
using this method the uncertain input variables are described by a distribution. The type 
of distribution, mean value and standard diversion are developed from either qualitative 
or quantitative data. How to do this is described in chapter 3.3. From this distribution the 
computer randomly selects a number that describes one of the inputs for the model. A 
simulation means repeated calculations, iterations. For each and every one of the 
iterations the computer randomly uses a number from the distribution describing the 
input. The model calculates the result from all iterations. The result of a simulation is the 
average value of all calculations.           
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8 The Dynamic Lifetime Analysis (DLA) model 
When making decisions about the future there is always some amount of uncertainty. It 
is not easy to describe this uncertainty. The general research question is how to estimate 
residual lifetime. There are many types of lifetime e.g. technical, economical and 
physical. The previous study showed that all three of them must be taken into 
consideration when making long-term strategic decisions. Perhaps it is time to talk about 
a new type of lifetime, where all the technical systems managed by a company are dealt 
with in order to minimize costs during a certain period of time without taking too high 
risks.  
 
The DLA model combines the analytical models with the dynamic ones. The model 
calculates the expected cost of a certain decision during a period of time and at the same 
time presents how the risk of breakdown increases in time. Three important inputs 
needed to calculate the expected cost: the density function that describes residual 
lifetime, the economic consequence of a breakdown and the cost of carrying out a 
renewal. The probability of breakdown and the function at a certain point in time are 
multiplied by economic consequences and the cost of a renewal at the same point in 
time. When these costs are added the result is the expected cost for a certain point in 
time. When doing a simulation, a lot of iterations are made; the result shows how much 
the expected cost will be for a technical system at a certain point in time. 
 
In this version of the model, where the main focus is on validating its usefulness, only 
six inputs are used: 
 

1. Length of time period 
2. Technical lifetime 
3. Residual technical lifetime after renewal 
4. Cost of renewal 
5. Cost of breakdown 
6. Interest 

 
The outputs from using the model are: 
 

1. Capitalized value 
2. Distribution of probability of breakdown.  
3. Capital value of expected cost 
4. Capital value of cost of breakdown 
5. Capital value of cost of planned renewal 
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8.1 Input 
All inputs in the model are described below. It is important to know that adding more 
inputs is very simple. In this version the main focus is on validating the results when 
using the model. Inputs are therefore held at a minimum. 

8.1.1 Length of time period 
The length of time period describes how far into the future the technical system is 
analyzed. The furthest point in time where the time period end is used for two things: 
 
1. To calculate the present value 
2. To put a point in time in the future when the technical systems analysis no 

longer is of interest. 
 
Depending on the type of technical system, the length of time of the period will be 
different, from a few years for electrical components up to 50-100 years for large 
mechanical components.  

8.1.2 Technical lifetime 
The technical lifetime describes how long the expected residual lifetime is. When the 
model calculates the technical lifetime it randomly takes a number from some kind of 
distribution. What type, mean value and standard diversion depends on the amount of 
information available. To get information in order to describe the distribution there are 
three different ways to collect it: 
 

1. Empirical 
2. Logical systems 
3. Subjective judgment 

 
Empirical data is collected from similar systems and values can be calculated. This 
approach demands that a lot of stabile data is available. Logical systems are when data 
on different subsystems in the system to be analyzed are available. The information from 
the subsystems is used to calculate e.g. the expected residual lifetime of a technical 
system. Subjective judgment is when little or no data is available. The manager has to 
rely on subjective judgments on e.g. residual lifetime.  
 
When the information is gathered and analyzed the distribution is made to describe the 
residual lifetime. The model for calculating residual lifetime in the iterations then uses 
this distribution. This stochastic value is then compared with the point in time when a 
renewal is planned. If residual lifetime is closer in time than when a renewal should be 
carried out, a breakdown will occur and the cost of a breakdown will be added to the 
result. If the renewal is carried out before the end of the lifetime for the technical system 
a cost for planned renewal will be calculated. All these costs are summed and shown at 
the end of each simulation.  



8.1.3 Residual lifetime after renewal 
The remaining lifetime after a renewal is used to calculate a residual value at the end of 
the time period. This must be done in order not to favor renewals at the end of the time 
period. Depending on how to describe the residual value either a linear och exponential 
decrease in residual value is chosen.  

8.1.4 Cost of renewal      
This is the total cost of carrying out a renewal. All cost should be included from the first 
indications that something has to be done until the renewal is carried out. 

8.1.5 Cost of breakdown 
This describes what economical consequences a breakdown leads to. A breakdown, 
which happens during a period of time, is calculated using formula (8:1). The cost of a 
breakdown is capitalized to be able to compare costs regardless of time. 
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k(h) = cost of breakdown 
ki(t)= nonpayment due to breakdown 
Ti*pki = total personnel costs 
di = spare parts 
si = fines, extra costs etc. 

 

8.1.6 Interest 
The interest shows what demand the company has on yield of the capital spent on 
investments. The interest is also used to make income and expenditure comparable over 
time. There is no simple way to determine the size of the interest; the company has to 
consider the following factors when doing so: 
 

• At which interest a company can obtain a loan. 
• The yield the company demands on invested capital 
• The risk the company takes by making an investment. For nominal economical 

calculations the interest depends on inflation, real interest and the risk 

8.1.7 Present value  
If a renewal is carried out sometime during a chosen time period, the cost depends on 
two factors as well as the amount spent. The first factor is when in time the renewal is 
carried out; for every year a renewal is post-poned capital costs are saved. The second 
factor is what residual value an investment has at the end of the time period. This value 
represents a possible value for the investment at the end of the time period. The 
investments can e.g. have a second hand value and in some cases a scrap value, the sum 
of these values are the residual value. Sometime the residual value can be negative, it 
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can cost money to get rid of some components or tear down buildings. All possible 
residual value is capitalized. In this model the capitalized residual value is described 
using a linear model where residual value (R) is calculated with length of time period 
(h), remaining technical lifetime after renewal (l), cost renewal (k), interest (r) and point 
in time for a renewal (t). The capitalized residual value is then calculated with (8:2) 
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The capitalized present value is a negative cost, which is added to the cost of carrying 
out a renewal or to repair a breakdown. This calculation is a part of the cost of making a 
renewal, therefore is it not an output in the model. 

8.2 Output 
The different outputs are described under separate headings. What the result of a 
simulation is and how the model is built are described in chapter 9, results gained by 
using the DLA model. 

8.2.1 Cumulative distribution function 
To describe a stochastic variable different approaches can be used. The most common 
way is to use the variables’ cumulative distribution function. For a given x the 
probability  that X is less or equal to x. The calculation is made for 
every x and the result is a function, 

(XP ≤
( )xXPxFX ≤=)( , which is defined for every x in 

the interval ∞<<∞− x [Blom 1969). The cumulative distribution function in this 
first model describes the probability of a breakdown at a given point in time. 

8.2.2 Capitalized cost for breakdown 
This cost describes the economical consequences of a breakdown in the future. It is 
calculated by capitalizing the cost of breakdown k (h) (described in chapter 2.1.5 Cost of 
breakdown) in formula 8:3. 
 
(8:3) ( ) ( ) ( ) irhkhK −+= 1*  

K (h) = capitalized cost of breakdown 
r = interest 
i = point in time for renewal 
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8.2.3 Capitalized cost for planned renewal  
The capitalized cost for an investment shows how much a renewal costs to carry out at a 
point of time in the future. The more a renewal can be post pone the more capital is 
saved due to the capital costs of an investment. This cost is calculated by equation 8:4. 
 
(8:4) ( ) ( ) ( ) irpkpK −+= 1*  

K (p) = Capitalized cost of planned renewal 
r = interest 
i = point in time for renewal 

8.2.4 Capitalized cost for expected renewal 
This cost shows the expected cost for carrying out a renewal at a point of time in the 
future. This is calculated by equation 8:5: 
 
(8:5) ( ) ( ) ( ) ( )( ) ( )[ ] ( ) irhkxXPpkxXPfk −+≤−+≤= 1**1*  
 k(f) = capitalized cost for expected renewal 

k (p) = cost of planned renewal 
k (h) = cost of breakdown 
r = interest 
i = point in time for renewal/breakdown 
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9 Results gained by using the DLA model 
When carrying out a simulation the first step is to look at a technical system and examine 
the cost of renewal, breakdown, expected cost and probability of a breakdown. The 
result of a simulation is shown in figure 9:1, result of simulation. 
 

Results from simulation
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Figure 9:1, Result of simulation 

9.1 Cost of renewal 
This line shows how much it costs to make a renewal at a point in time in the future. The 
line that describes the cost of renewal decreases exponentially due to capitalization of 
the cost. In this example, by post poning a renewal from year ten to year fifteen 
approximately 900 000 Euros in capital costs are saved. However, by doing so the 
probability of a breakdown increases from 0,05 to 0,4. With that in mind and the 
knowledge of what consequences a breakdown may have, the manager making the 
decision must decide if he is willing to take that risk.  

9.2 Cost of breakdown  
The cost of a breakdown also decreases exponentially. In this case a very high 
breakdown cost is used to show the difference in cost between renewal and breakdown.  

9.3 Cumulative distribution function 
The cumulative distribution function shows the probability of a breakdown at a certain 
point in time in the future. With this line the manager making the decisions can see how 
the probability evolves over time. With this in mind it can be an aid when deciding when 
in time a renewal should be carried out.  
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9.4 Expected cost 
This cost describe how much it would cost to renewal a technical system in a certain 
year. When carrying out a simulation the computer calculates what would happen if a 
renewal were carried out each year, e.g. to decide what the expected cost would be for 
year fourteen. The model is then programmed so that a renewal is planned to be carried 
out at that point in time. The model then does a number of iterations where residual 
lifetime is randomly selected from a distribution. The data for this distribution is 
collected and analyzed as described previously in this thesis. For an iteration the model 
compares residual lifetime with the point in time when a renewal should be carried out. 
If residual lifetime is close in time to when a renewal should be carried out a breakdown 
will occur and the economic consequences for the actual year is the result. If residual 
lifetime is further away than when a renewal should be carried out, the cost of a renewal 
is the result of the iteration.  
 
After performing a simulation for every year, the average cost will describe the expected 
cost of doing a renewal in a certain year. In the example previously shown the best point 
in time would be to carry out a renewal around year eight. It would cost a little under 
300 000 euros to renew at that point in time. The probability at the same time is also 
quite low. How great a risk a manager is willing to take is very hard to say, it depends on 
what kind of decision he makes. However, if all consequences are properly described in 
economical terms the model will tell the manager what to do. In many cases it is very 
hard to quantify economical consequences. The manager will therefore also rely on his 
judgment.  
 
The result also shows how much capital postponing a renewal can save. E.g. if a renewal 
is postponed from year eight to twelve the cost of renewal is reduced by approximately 
100 000 Euros. At the same time the probability of a breakdown has increased from near 
zero to 0,2. A breakdown would cost the company 650 000 Euros. The question if is the 
manager making the decision willing to take a 0,2 percent risk for a breakdown that 
would result in costs of 650 000 Euros in order to save 100 000 Euros? Perhaps with 
these numbers at hand the manager can feel safer when deciding how to act. 
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10 Conclusions Part Two and future work  
The result of a simulation gives a view of what different strategies will lead to in terms 
of economics. Both when collecting data for input into the model and when performing 
the simulations, there is a lot to be learned. When gathering information on the technical 
systems an awareness and knowledge of both status and importance are gained. This 
information can many times be enough to make the right decision. But in some cases the 
manager might have to analyze further and use the DLA model. With the results from 
both information and the DLA model the manager can increase his chances of making a 
good decisions. The results can also be of use when forming a long-term asset strategy. 
The manager can get an overview of capital needed for renewals and breakdowns. It is 
impossible to never have a breakdown; the important thing if it happens is that a strategy 
is developed in order to cope with environmental, technical and economical aspects. 
 

10.1 Future work 
The next step is to validate the model and experiment with how changes in inputs affects 
the result. In this chapter of the thesis an internal validation has been carried out in order 
to find any weaknesses in programming and logical approach. In the next chapter an 
external validation is carried out. Inputs have been taken from an investigation carried 
out by Svenska Kraftnät. The result of the reference scenario has also been changed in 
order to investigate how changes in input affect the result.  
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Part Three: Validation DLA Model  

11 Introduction external validation 
To perform an external validation of the model a renewal investigation carried out by 
Svenska Kraftnät has been studied. Lifetime estimation was made for a system 
transformer. The result of this investigation has been used as input in the DLA model.  
 
The system transformer in Långbjörn is a combined system- and unit transformer, which 
consist of three one-phase transformers and one reserve unit. The transformer three-
phase capacity is 900/810/2*50 MVA at the current 400, 200 and 11,2 kV. The 
transformer was built in 1961 except the Q-phase, which was built in 1964. 
 
The consequences if one transformer unit should breakdown are acceptable for both 
Svenska Kraftnät and the producers that need the transformer in order to deliver 
electricity. If two one-phase transformers should breakdown the consequences would be 
substantial. First of all the system transformer would be out of order for a long time. This 
would result in huge economical consequences for the producers that are dependant on 
the function of the transformer in order to sell their electricity. Approximately 10 
millions euros worth of production would be lost. Further more, approximately 400 MW 
of power production would be isolated from the power grid and this would affect the 
Swedish power balance in a negative way.  
 
To account for how different inputs affect the result, one simulation from Svenska 
Kraftnät’s investigation is compared with two more where the input has been changed. 
The simulation from Svenska Kraftnät’s investigation is called the reference scenario; 
the other two are called breakdown scenario and residual lifetime scenario. In the two 
simulated scenarios what differs from the reference scenario is, in the breakdown 
scenario the consequence of a breakdown and in the lifetime scenario a new distribution 
describing the residual lifetime choice. These two inputs are changed because they can 
be hardest to estimate. The results of these three simulations will therefore show how 
changes in input will affect the result.  
 
This chapter shows the result from a simulation made from an investigation carried out 
by Svenska Kraftnät. The result from that simulation is compared with two other 
simulations where two inputs have been changed, residual lifetime and consequence of 
breakdown. This is made so a reader will get a picture on how the result is affected by 
different inputs. 
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12 Validation 

12.1 Input 
The differences in input are as previous described consequences of a breakdown and the 
distribution of residual lifetime. An overview of the inputs is presented in table 12:1 
Input values. 
Table 12:1 Input values 
 Lifetime 

after 
renewal 
(years) 

Cost 
renewal 
(Million 
euros) 

Cost of 
breakdown 
(million 
euros) 

Interest 
(%) 
 
 

Time 
limit 

(years) 

Residual 
lifetime 
(distribution) 

Figure 

Reference 
scenario 

50 6,6 17 7 30 Tri(10,20,20) 13:1 

Breakdown 
scenario 

50 6,6 25 7 30 Tri(10,20,20) 13:2 

Lifetime 
scenario 

50 6,6 17 7 30 N(15,3) 13:3 

  
The reference scenario is from Svenska Kraftnäts investigation. In the breakdown 
scenario the only change is the cost of a breakdown. In the breakdown scenario the 
economic consequence of a breakdown is 8 million euros higher than in the reference 
scenario. The distribution describing residual lifetime is triangular with a minimum 
value of ten years, most likely twenty and maximum twenty. The spread of the 
distribution is shown in figure 12:2, triangular distribution. 
 
 Figure 12:2,Triangular distribution 
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With this distribution no breakdown will occur before year ten and no transformer will 
be functioning after year twenty. 
 
When comparing reference scenario with lifetime scenario the residual lifetime is instead 
of a triangular distribution a normal distribution with a mean value of 15 and standard 
diversion of 3, N(15,3). This distribution is shown in figure 12:3, normal distribution. 
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 Figure 12:3, Normal distribution 
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13 Results validation 

13.1 Reference scenario 
The reference scenario, figure 13:1, is the result of a simulation where the input is from 
an investigation Svenska Kraftnät performed at a transformer in Långbjörn. The residual 
lifetime was estimated to between ten and twenty years. Between these two points in 
time, the probability of a breakdown increases in a linear fashion. Used distribution is 
therefore a triangular distribution, described earlier in this thesis.     
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Figure 13:1, Reference scenario 
 
In this scenario the risk starts to increase after year ten (blue line, probability of 
breakdown). On the right axis the probability of breakdown is displayed. After twenty 
years the probability of a breakdown is one, i.e. the transformer will not work after year 
twenty. The dotted line that displays cost of renewal shows the capitalized cost of 
making a renewal in a certain year, e.g. by postponing a renewal from year ten to fifteen 
Svenska Kraftnät saves approximately one million euros in capital costs. The probability 
of a breakdown on the other hand increases from zero to approximately 0,3 during the 
same time. The larger dotted line displays the economical consequences of a breakdown. 
In this scenario a breakdown at year fifteen results in costs of about six million euros. 
The expected cost starts to increase after year twelve; this is because the probability of a 
breakdown increases. In this scenario the best time for a renewal would be around year 
twelve.  
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13.2 Breakdown scenario 
The breakdown scenario shows the result if the economical consequence is 25 million 
euros. All other inputs are the same as in the reference scenario. The result of this 
simulation is shown in figure 13:2, breakdown scenario. 
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Figure 13:2, Breakdown scenario 
 
The differences between the results in the breakdown- and reference scenario are cost of 
breakdown and the expected cost. Since the economical consequences of a breakdown 
are higher than in the reference scenario, the consequence of a misjudgment is also 
higher. The expected cost has its minimum around year ten in this scenario, which means 
that the best point in time to carry out a renewal is approximately two years earlier than 
in the reference scenario.   
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13.3 Lifetime scenario 
In this scenario a normal distribution describing residual lifetime has been used instead 
of a triangular distribution. All other inputs are the same as in the reference scenario. 
The result of a simulation is shown in figure 13:3, lifetime scenario. 
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Figure 13:3,Lifetime scenario 
 
When using a normal distribution with a mean value of fifteen and standard diversion of 
three a breakdown can also occur before year ten. Therefore, the probability increases 
before year ten. The expected cost will due to the same reasons, start to diverge from 
cost of renewal at an earlier stage than in the reference scenario.   
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14 Conclusion Part Three 
The DLA model has been validated both internally and externally. Nothing has been 
discovered which indicates that there are any faults in the model. The results have shown 
what the results of different actions can be. From the three scenarios (reference, lifetime 
and breakdown) a good view of the results has been presented. The two most important 
lessons learned from validating this model have been how to interpret the results and to 
understand how different inputs affect the result. 
 
The primary results of a simulation are: 
 

• The economic relationship between breakdown and planned renewal 
• The probability of a breakdown 
• The expected cost of carrying out a renewal at a certain point of time 

 
Many conclusions can be drawn from these results. The first one, the economic 
relationship between breakdown and planned renewal, is given when comparing the cost 
of a breakdown with the cost of planned renewal. By doing so the manager can estimate 
the economic risk he is taking when deciding when in time a renewal should be carried 
out. It will at the same time give the manager information on what the economic 
consequences will be if a breakdown occurs. E.g. if the renewal is postponed by several 
years the results will show both how much money can be saved in capital costs and what 
a breakdown would cost at that point in time. 
 
If the difference between cost of breakdown and planned renewal is very small the 
system or component can be used until it breaks. If the difference is very large the 
manager might have that in mind when he is deciding when in time a renewal should be 
carried out. A breakdown in a crucial component can be very expensive for the 
company. In such cases a renewal might be done just to make sure no breakdown occurs. 
 
The cumulative distribution function will provide more information for the manager. 
With this information the manager can see how big the probability is of a breakdown 
occurring at a certain point in time in the future. The manager will also get a picture on 
how this probability evolves over time. When combining this information with the cost 
of renewal and breakdown the manager gets an even better picture on how to act. The 
general question the manager must ask is; can I take a calculated risk to save capital 
costs by postponing a renewal? And by doing so, what are the consequences of a 
breakdown and what is the probability that it will occur? These questions have no simple 
answer, the manager must decide how he should act based on the information from a 
simulation together with his own experience. In some cases a higher probability of a 
breakdown can be accepted. 
 
When the point in time for a renewal is selected the expected cost will shows what the 
average cost would be if we have many technical systems of same sort.  The expected 
cost shows how much each technical system would cost the company on average if we 
renew them at that point in time. This cost is therefore nothing that can be used when 
taking only one technical system under consideration. When adding up the expected 
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costs of a lot of renewal projects the sum will indicate approximately how much capital a 
company needs during a certain period of time for renewals.  
 
The work of collecting input and the results of this model should be used when taking 
long-term strategic decisions. The DLA model is only a part of this work and the result 
does not show exactly what to do, it should be more of help when making long-term 
strategic decisions.  
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The Closing act 

15 Discussion 
Today the power companies have problems in knowing what the future will look like. 
Because of deregulation, the rules have changed dramatically. Overnight the asset 
manager went from almost unlimited resources to a strict budget; this has lead to a lot of 
uncertainties regarding fixed capital. It is clear that all companies started to think about 
their fixed capital and how they should manage it. Some questions they may ask are: 
“when should we renew?” and “will a stricter budget lead to a deterioration of our 
technical systems?” 
 
To answer these questions the companies must know how long the lifetime is for each 
component or system. With that knowledge it would be easier to answer both of the 
previous questions. Unfortunately there are no easy answers to these questions; there are 
so many factors and events that predicting them all is impossible. These factors and 
events can be both internal and external. Internal means that something happens to the 
component or the system itself that leads to a breakdown and was caused by e.g. 
overload, deterioration, fatigue et cetera. External events can be lightning, human errors, 
storms et cetera. 
 
One further aspect of these events is that it is impossible to calculate the magnitude of 
the breakdown; can we repair the system or do we have to make a renewal? Since these 
events are impossible to predict and to calculate the consequences of, in many cases the 
best thing a manager can do is to try to identify what might happen and what the 
consequences might be. From this analysis the manager can then decide on suitable 
solutions for each event if it is economically justifiable. Examples of solutions can be to 
build in redundancy, keep spare parts and if the systems/components are expensive one 
idea is to buy one together with other companies.  
 
Does this mean that the asset manager cannot in any way anticipate future needs? No, 
since the power market was deregulated it seems that more and more renewals will be 
carried out due to age or wear and tear. Part one indicated that the asset manager will 
have two main tasks when it comes to renewals, firstly he must have a strategy to deal 
with events that can cause disturbance in the technical systems; how to solve problems 
so that events will not have an unnecessary effect on operations. To identify and 
prioritize between different events RCM can be very effective. 
 
The other main problem for an asset manager is to decide when in time a renewal should 
be carried out, finding the point in time which leads to minimum costs for the company. 
At first this does not seem too hard to do, but there are many variables that influence the 
outcome of different approaches. First of all the manager must form an idea of the 
residual lifetime of the different technical systems. Unfortunately, the answer to residual 
lifetime is not a single point in time. But by gathering information the manager can form 
an idea of residual lifetime, perhaps by comparing it with similar equipment and from 
that information gaining an understanding of residual lifetime. If the information 
collected does not give a concise picture of residual lifetime the manager will have to 
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rely on expert opinion. The combined information can be used to describe residual 
lifetime in terms of a distribution, with mean a value and standard diversion.   
 
If the manager identifies important components or systems and collects information he 
will get a rough picture of the condition of all the equipment and technical systems. If 
the manager collects supplementary details such as the consequences of a breakdown, 
cost of renewal and how long time is needed to renew or repair a damaged component or 
system.  
 
With knowledge of these variables the manager will have a good picture of the asset he 
is responsible for. Every decision will not be perfect but he has increased his chances of 
making better decisions. With the model described in this part the manager will get a 
good picture of the amount of renewals that have to be carried out during different 
periods of time. By knowing this, the manager can allocate resources and avoid peaks in 
renewals. The manager can also predict the capital needs, both to correct any 
breakdowns but also how much capital postponing a renewal can save. The manager can 
also easily show how the investment demands will change if renewals are not carried out 
when intended.  
 
Furthermore, the asset manager can examine how different parameters such as interest, 
residual lifetime and investment costs influence the result of a renewal. It is also a big 
advantage to get a general view over all components and systems to minimize overall 
costs for the company.         
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16 Conclusions 
The first part of this thesis describes how the companies work today with asset 
management and how they estimate residual lifetime. Many lessons can be learnt from 
the first study. The major question was how the different companies work with 
estimations of residual lifetime. The interviews showed that there is no generally 
accepted method for doing this, however, what seems to be of most interest to the 
companies, is how estimations of residual lifetime can be carried out and also what 
different aspects must be taken into consideration when managing fixed capital over a 
long period of time.  
 
It is not sufficient to use only an estimation of residual lifetime; there are too many other 
aspects that must be taken into consideration. The major conflict when dealing with 
technical systems with a long operative lifetime is on one hand to have an acceptable 
reliability and on the other hand reasonable costs. Therefore it seems as though one 
important approach is to minimize costs during a certain period of time and to have 
satisfactory reliability. If a company spends more capital, the reliability will be higher; 
on the other hand if too little capital is spent more failures will probably occur. A model 
must therefore be able to handle these aspects in order to answer a manager’s questions 
on how to manage the company’s fixed capital.  
 
To find the optimal amount to spend therefore seems to be of great importance for a 
company that wants to survive in a deregulated market. When analyzing the amount of 
resources that have to be spent on a technical system a lot of aspects have to been taken 
into consideration. Different approaches must be adopted depending on the importance 
of a technical system and what the consequences of a breakdown will be. 
 
The three most usual reasons for a renewal are: 
 

1. Technical aspects 
2. Environmental aspects 
3. Personnel aspects  

 
When deciding appropriate action an investigation must be carried out to determine the 
technical status and to evaluate what consequences different actions will lead to. At an 
early stage of a renewal process the consequences of carrying out a renewal are 
compared to the consequences of not carrying out a renewal. Secondly, the probability of 
different consequences must be evaluated. This can be a difficult task. However, when it 
comes to fixed capital and non-payment from customers due to the break down the 
economic consequences can be rather easily determined. The difficult part is to 
determine an economical value for the company’s good will if breakdown happens too 
often. It is also difficult to estimate in economic terms the value of environmental and 
personnel accidents. Additionally, a difficult area is to estimate what consequences a 
major power failure that affects a large part of society will have for the company.  
 
It also seemed as though some of the companies had little or no long-term perspectives 
on the amount of renewal that needed to be carried out in the future. A worst case 
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scenario for a company without a long term perspective might be that during a short 
period of time a high amount of renewals must be carried out, which will lead to a very 
high need for resources but also to more breakdowns due to old equipment. If the 
companies conduct such an investigation it can help the manager to decide when in time 
different renewals should be carried out in order to keep demands at a constant level.  
 
One issue that concerned some of the companies was how to prioritize between different 
renewals, which to postpone and which to carry out. It is impossible for a company to 
carry out all of the renewals that they want to; the question is therefore how to select 
between renewals in the most efficient way. The study showed that there are two 
different approaches to this question, a subjective and an objective approach. A 
subjective approach is when someone with good knowledge of the technical system 
gives his opinion on how urgent a renewal is. This judgment will be an important 
argument when the manager selects what to prioritize.  
 
An objective approach concerns some kind of grading according to e.g. consequences, 
technical status, importance etc. One example is the mini risk method; the probability of 
an event occurring is multiplied by the consequence of that event. The renewals with the 
highest result are carried out. This approach assumes that it is possible to evaluate both 
consequences and probability; this can be done in a simple way by using a discrete scale 
from one to five for both inputs. 
 
Since the general question is how to estimate residual lifetime another aspect must also 
be taken under consideration, what is the lifetime of a technical system? The interviews 
and the literature review showed that there are at least three different lifetimes:  
 

1. Technical 
2. Economical  
3. Physical  

 
Each of them alone does not present the whole picture when managing fixed capital with 
a long operative lifetime. It is very hard, if at all possible, to calculate the residual 
technical or physical lifetime of a technical system or component. There are too many 
different aspects that affect the result. Lifetime estimations must include many different 
variables. It seems like a new kind of lifetime should be used, this lifetime describes 
when in time a renewal should be carried out in order to effectively manage fixed capital 
with a long operative lifetime. This lifetime I call Risk Associated Lifetime and it 
describes when a renewal should be carried out in order to minimize costs during a 
period of time, and at the same time consider what risks are associated with different 
strategies. To answer this residual lifetime the DLA model can be used. 
 
The DLA model is an approach to asset management. Many different aspects are put 
together to provide a general view of how to manage fixed capital. There are primarily 
two advantages when working with the DLA model: the result of the simulation and the 
work of gathering information. A calculation from the DLA model gives the manager the 
possibility to test how different inputs (strategies) affect the result. If, for example, the 
economical consequences of a breakdown vary a lot, a simulation will show how 
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different incidents will affect the economical result. Lessons learned from a calculation 
can be used to identify where resources can be used in order to minimize the 
consequences of a breakdown if a renewal is postponed. 
 
When making decisions about the future there is always some amount of uncertainty. 
Therefore was the choice of method stochastic simulation, this in combination with 
economical calculations describes the manager’s dilemma. When combining these two 
aspects with long term assets management the manager get a good overview on how to 
act; both in short terms and in long terms. 
 
The DLA model demands not many inputs and is very easy to work with. It helps a 
manager when dealing with renewal questions and how to use resources in best possible 
way.        
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17 Future work 
So far, the main interest has been to validate if the DLA model can be used, and nothing 
has indicated in this first version that it is not applicable as an aid when making 
decisions. However, if the DLA model is to be useful in a more accurate way, there are 
five areas, which need further work: they are lifetime estimations, uncertain inputs, 
economical consequences, the probability of breakdown after renewal and further case 
studies.  

17.1 Lifetime estimation 
Methods for estimating residual lifetime must be more thoroughly investigated, how to 
interpret information from different sources. A framework on how to collect adequate 
information that can be used as input in the DLA model could be of great use to a 
manager. 

17.2 Uncertain inputs 
In this first DLA model the only uncertain input has been residual lifetime. In future 
versions more of the inputs will be described with some degree of uncertainty. This will 
give more realistic results.  This is because the time period chosen can be many years 
long and a lot of variables will have some degree of uncertainty. 

17.3 Economical consequences 
Many of the economical consequences are easy to calculate e.g. cost of repairs and costs 
due to non-payment because of a breakdown. But how should a company estimate the 
economical consequences of a breakdown when it comes to personnel and social 
aspects? If a company is responsible for a technical system that causes a major 
breakdown in e.g. a city what are the consequences in financial terms? Such a cost 
would be added to the economical consequence of a breakdown input in the DLA model. 
If this cost is substantial it may affect the long-term strategies developed by the manager 
for the technical systems he is responsible for.    

17.4 Probability of breakdown after renewal 
In future models the probability of a breakdown after an eventual renewal must be 
included in the model. In this version it is assumed that no breakdowns occur after a 
renewal has been carried out. Perhaps the probability is minimal but maybe future 
models must have this input as well.  

17.5 Case study 
After this first validation and further development, carrying out more simulations on 
different technical systems must test the DLA model. It would be of interest to 
investigate more technical systems, conduct an investigation to gather information and 
run a simulation, and compare the different results and to use it for prioritizing or long 
time strategic decisions.  
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17.6 Software 
Today the DLA model uses an Excel sheet with an application program called @Risk. 
Future models might have a different environment, but today there is nothing to indicate 
what kind of program would be suitable for this kind of programming. Future work will 
decide both what software to use and what the interface with the user will look like. 
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