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Abstract—The international tendency towards quality regulation 

of power distribution tariffs, along with a generally increased 

pressure of cost efficiency with maintained high reliability, give 

incentives to introduce more advanced analysis methods within 

asset management and project planning. This paper proposes a 

method to compare existing analysis methods with other methods 

or improvements of current method without perform any sharp 

changes in the organization. The approach is to compare recently 

performed risk reducing investments, based on current analysis 

methods used by the company, and then perform a hypothetical 

investment planning process based on more comprehensive 

reliability analysis.  

This paper presents results from a pre-study of a collaborative 

project between the industry and the academy to highlight and 

investigate the art of choosing right detail level of input data used 

within reliability analysis of power distribution. The aim of the 

paper is also to: on one hand provide academic reference 

material from the “reality”, and on the other hand to inspire the 

industry to review their current analysis methods and if needed, 

implement improvements.  

Keywords-input data; power distribution; project planning; 

reliability analysis; risk management 

I.  INTRODUCTION 

The introduction of performance based tariff regulations 
along with higher media and political pressure have increased 
the need for well-performed risk and asset management applied 
to electric power distribution systems (DS) [1], which is an 
infrastructure considered as a natural monopoly [2]. Compared 
to other technical systems, DS have special characteristics 
which are important to consider [3], [4], [5]. Because customer 
therefore cannot choose the supplier with the best reliability in 
comparison to price, the quality of the product must be 
regulated by law [6]. For the distribution system operators 
(DSOs) in Sweden this means that there is a price on outages 
and specifically on long outages [7], [8].  

Every year the regulating authority in Sweden calculates 
SAIFI and SAIDI for the DSO’s outages between 3 minutes 
and 12 hours and, depending on the mean reliability, an 
addition to or reduction of the accepted revenue is calculated. If 
the DSO will have a reduction or an addition is based on 
whether the quality is better or worse than the year before [9]. 
The outages above 12 hours are instead directly input to 
customer compensation regulated by law. Since 2011 there is a 

functional requirement on outages longer than 24 hours, 
meaning that it is illegal to have outages that long – these 
outages can therefore give a “double penalty”, both customer 
compensation and an additional legal risk [6].  

II. PROBLEM FORMULATION 

This paper is largely based on interviews, observation and 

other data received from Fortum Distribution, a distribution 

system operator (DSO) owning several distribution areas in 

e.g. Sweden and Finland [10], [11]. The long outages are 

reported separately to the authority, but when Fortum is doing 

calculations in the grid, like producing SAIDI in an area, the 

mean customer interruption time is most often used. This 

method might miss the long outages when the mean value is 

below twelve hours. In that case the most costly outages are 

overlooked in reliability analyses performed by Fortum and 

hence their risk and asset management not necessarily good 

enough.  

To capture the majority of possible consequences, an 

approach is to divide outages into four categories: 

1. <0.05 hours (3 minutes) 

2. 0.05-12 hours 

3. 12-24 hours  

4. >24 hours 

 

TABLE 1 Consequences of outages deepening on length [6] 
Length [hours] Customer compensation 

[SEK1] 

Minimum comp.4 

[SEK] 

<0.05 hours Reported to the regulator, 

possible to integrate into the 
regulation in the future  

- 

0.05-12 hours input to the tariff regulation - 

12-24 hours 12.5 % of α2 2 % of β3 

24-48 hours 37.5 % of α 4 % of β 

Following 24 
hour periods 

+ 25 % of α + γ5 + 2 % of β 

… … … 

Max 300 % of α + γ - 
1SEK = Swedish crowns, 100 SEK ≈  €11.0 (EUR) or ≈  $14.5 (USD) 
2α = Individual customer’s annual network tariff  
3β = Yearly set base amount (42 400 SEK 2010) 
4Set to even 100 SEK values, rounded up  2 % of β  900 SEK 
5γ = Risk of additional consequences of breaking the law of 24 hour 

functional requirement. 



TABLE 1 summarizes current legal consequences of 

customer outages in Sweden depending on its length. Recent 

years only a minor share (~1 %) of reported outages in Forum 

was above 12 hours. However, a single storm or other events 

can give major impacts and consequently the share of long 

outages can significantly differ between different years. 

Furthermore outages longer than 24 hours are not acceptable 

at all from 2011. Despite the low share of long outages, 

Fortum 2008 estimated [11] that 2/3 of the total outage cost 

related to major storms is related to customer compensation of 

long outages.  

The mean outage time during 2009 used within analyses 

was 2.1 hours and consequences from long outages were not 

captured at all. Since these outages are considerably more 

expensive, calculating the average costs with average of 2.1 

hours might give a “false” value. The aim of this paper is to 

specifically investigate this case and overall give input on the 

art of choosing right level of input data.  

 

III. DETAILS OF RELIABILITY DATA – STRATEGIES 

Good and comprehensive input data are expensive, and 

sophisticated analysis based on detailed data demands even 

more resources. A common solution is to use mean values, 

which is the case in, for example, the calculation of well-

established indices such as SAIDI [12], [13], [14]. However, 

there are significant disadvantages connected to the use of 

mean values in the analysis [15].  

 

TABLE 2 Approaches to handling mean values in 

reliability analyses [8] 

Strategy/approach Advantages Disadvantages 

1. Only use one 

mean value 

Easily manageable and 

well-established 
models. 

Does not consider all 

possible events, only 
the mean value. 

2. Estimate a 

statistical   

distribution 

based on a 

single mean 

value 

Captures all 

consequences, data 
easy available. 

More complex than1; 

the distribution is not 
always a suitable 

description of the real 

behavior. 

3. Dividing the 

failures into 

categories 

Relatively simple, 

easy to adjust the 
complexity according 

to purpose. 

More work with data 

collection and 
processing, discrete 

model, not spanning 

all possible events. 

4. Estimate the 

better suiting 

distribution 

Gives results close to 

the reality. 

Complex, costly and 

time consuming. 

 

 

For example, using mean restoration time does not take into 

account all possible behaviors of a consequence. Four 

different approaches to handling mean values, with advantages 

and disadvantages, are shown in TABLE 2 to illustrate this 

fact. 

 

IV. CURRENT SITUATION  

A. Swedish reliability cost function 

Outages shorter than 0.05 hours have traditionally neither 
been reported nor used by the regulator or in asset management 
at DSOs. Even short outages can cause high impact on certain 
categories of customers and recently the DSOs have to report 
even these, although they are not input to any reliability cost 
function (so far). However, it is possible for the regulator to 
include these in the future.  

Outages between 0.05 and 12 hours are input to the tariff 
regulation. All customers may collectively obtain revised tariff 
levels regardless of the individual reliability. In order not to 
“punish” a DSO twice, outages ≥12 hours are excluded. The 
quality function is limited to not reduce the revenue framework 
more than either 3 % or as much as the compensation for cost 
of restricted capital (i.e. the lowest of these limits is used). A 
template cost used by Fortum [16] based on the regulation is: 

Outage cost ≈ 18*SAIDI*Number of customers [$/year]   (1) 
Consequences of outages above 12 hours are summarized 

in TABLE 1. 

B. Current investment planning method 

Fortum has a list with the 100 lines which are in most need 
of some kind of risk reducing investment [11]. The lines are 
listed after how many customer outage hours they have. 
Customer outage hours is an index used by Fortum which is 
related with SAIDI (≈ SAIDI*[Number of customers]), but only 
looking at one line at time without looking at a system 
perspective (i.e. not consider dependences between lines) [6]. 
The net planners pick an item from the top of the list and 
decide what investments that is adequate for this area.  

The investments are evaluated and the improvement from 
the investment is estimated. If, for example, half of a long 
aerial line is exchanged for underground cable most of the 
faults, due to wind, threes and thunder for example, are 
eliminated. This means that SAIDI can be roughly estimated 
(based on customer outage hours) to drop to half of its original 
value. The net planners can then insert the percentage reduction 
of “SAIDI” into a computer program (excel file) that calculates 
what reduction in customer outage hours this corresponds to 
and, based on the regulation, what savings can be made. The 
cost of investment is also given to the program that calculates if 
the project is profitable. Note that there is no difference made 
between outages between 3 minutes and 12 hours and outages 
above 12 h. Even if a line now and again has very long (i.e. 
very expensive) outages, it might still be overlooked if other 
lines have so many short outages that the total amount of 
costumer outage hours is higher.  

When the cost and revenue of a project has been estimated 
the project is sent to the closest superior of the net planner for 
confirmation. Depending on size, i.e. investment cost, the 
project is either confirmed by the closest superior or forwarded 
higher in the organization. The investment planning at Fortum 
is strongly dependent on the estimates of the net planners. It 
requires skill and experience to be able to estimate the effects 
on SAIDI. 



V. STUDIED SYSTEM 

A. Choosing a part of a real system to study 

It was decided that two system parts were to be analyzed:  

Line 1: This is a line with historically lot of outages, but 

recently performed risk reducing investments. The purpose is 

to compare a real system before and after risk reducing 

methods where made, based on traditional analysis methods, 

to use as a reference. Many overhead lines in the area have 

been replaced by cables since ~2006. This makes it possible; 

not only to analyze and suggest investments for the grid the 

way it was constructed before 2006 and then compares the 

result to the actual investments made by Fortum, but also to 

see if the project led to any improvements in the area. 

Line 2: The other line was to be a line where risk reducing 

investments had not yet been performed, but were needed, in 

order to test the methods and evaluate the outcome.  

B. General information about choosed system parts 

1) Line 1 – already re-invested area 
A part of a power distribution system was chosen, based on 

discussions with Fortum. The first part was a line from a 
substation situated in Lesjöfors in the Swedish county of 
Värmland. The line, as it was before 2006, consisted mostly of 
overhead lines; except for the south part that was changed to 
underground cables 1994. However, today almost the entire 
system consists of underground cables. The decision to 
perform re-investments was justified based on several long 
outages in the area. SAIDI was more than 13 hours [sic!] 
during one year. At the time of the renovation the DSO was 
running a program to weather-secure large parts of the grid, 
and underground cables were because of that the number one 
priority. In addition, the overhead lines were old and had to be 
replaced in any case. [17] 

The original system part had some weaknesses. For 
instance, the first part of the line was a long overhead line (L1) 
along a lake (see Figure 3). This part of the line was often 
damaged due to beavers that were cutting down trees close to 
the lake. When this part had to be repaired, many customers 
were out of power since the fault was close to the substation. 
Another area that maybe could have been built differently is 
the very long rounded line going south (L3-L5), this line could 
have been electrified from the other way, straight from the 
substation (see Figure 3). The grid has been modeled after what 
it used to look like by letting the computer tool Power Grid 
(PG) draw the demolished lines and secondary substations. 

2) Line 2- to be re-invested 
Line 2 is one of the lines out from a substation situated 

close to Charlottenberg in the Swedish county of Värmland. 
The chosen line consists of 45 secondary substations with 
totally 312 customers. There are three connections to other 
parts of the grid via open disconnectors. They are marked in 
the map with arrows (see Figure 1). The last open point is 
located at the substation entitled “Järpforsen”. There are 8 
remote controlled disconnectors along the line, several 
combined fuse and disconnectors and also several regular 
manual disconnectors.  

 

 

 

 
Figure 1 – a map of the area where Line 2 is situated 

 

C. Creating a reliability model of choosed systems 

 

Figure 2 – illustration of the reliability model of Line 2 
 
Description of how the model was made exemplified by 

Line 2 is provided in this section (for an illustration, see Figure 
2). The model for Line 1 (see Figure 3) was built similarly. 

 Drawing the grid and gathering ”load points” 
separated by sectioning equipment like disconnectors: 

 The 45 substations add up to 24 load points.  

 Different fault situations are identified: 
o Failure of substation: this fault concerns 

only the customers connected to the low 
voltage grid after the substation. 

o Failure of breaker: this fault concerns all 
customers. 

o Failure of disconnector: This fault concerns 
all customers. 

o Failure of lines: 11 lines are identified. 
These are situated on the “main line” 
separated by sectioning equipment. The lines 
are colored in the drawn grid and the length 
and properties of the sections are identified 
and listed in EXCEL.  

o Failure of minor radial lines: These are the 
lines that are not situated on the main line 
and separated by sectioning equipment. 
These are handled separately. 

 

 

Distribution station 

020 Charlottenberg 

Distribution station 

Järpforsen 



 Reliability data like λ, r and connection time are put 
into cells in the data sheet. The data is derived from 
local outage data, see section E. 

o The weighted λ is calculated for all lines: 

                       

      [
        

           
]                       

                  [
        

           
]               

o The weighted “r” is calculated by 
multiplying the percentage of faults due to 
cables with the repair time for cables and 
then adding the same for OH lines. The 
tendency in the studied area is that the repair 
time is close to the repair time for OH lines. 
This is probably a combined consequence of 
very little cable in the area and the much 
lower fault intensity for cables.  

 The unavailability, “U” is calculated by multiplying λ 
with r. 

 The λ, r and U are calculated for the different load 
points by examining what effect every fault situation 
would have on them. 

  

 
Figure 3 – illustration of the reliability model of Line 1 

 

D. Possible Investments 

The next step in the project, after finishing the models, is to 
decide which investments to make and the effects they will 
have on the reliability of the two lines. Mainly two types of 
investments are considered: 

1) Weather securing lines 
Overhead lines are the cause of many outages since they are 

very vulnerable due to weather [18], [19], [20]. A common 
investment is to change them for underground cables. When 
Fortum calculates the reduction in customer outage time from 
this investment it is generalized that the new cable will have no 
faults. In this project the new SAIFI and SAIDI will be 
estimated to see how much they differ from Fortum’s results.  

2) Sectioning investments 
Long outages are expensive and if SAIDI is reduced, so are 

the costs. Sectioning is a way to shorten the outage time for 
some of the customers. There are several alternatives for 
investments in sectioning equipment and solutions and 
different ones will be used for the two lines in this project. 
Examples of types of investments are: 

 Replacing manual disconnectors with remote 
controlled ones 

 Installing line breakers 

 Adding secondary feeding possibilities 

 Evaluate and improve work practices  
A lot of time can be saved if disconnectors can be remote 

operated and that the fitter already knows at what line segment 
the fault is when reaching the line. If there are more 
disconnectors along the line, the line segment that has to 
checked will be smaller. On the other hand, there would be 
more components that can break [21]. Adding an open point to 
another line will enable feeding from another direction and 
could give the power back sooner to some of the customers. 

A line breaker positioned somewhere along the line would 
disconnect the outer parts of the line if a fault occur and 
customers on the side closer to the substation even noticing it. 
This investment would reduce both SAIFI and SAIDI. It must 
however be installed to have a lower fault tolerance than the 
breaker at the substation. Otherwise they would both break for 
the fault in the outer part. But if the breaker is too sensitive it 
might break even though there is not a fault and instead 
decrease the reliability.  

E. Input Data 

To make the models fit their respective area better, local 

input data can give better analysis results; however this 

approach gives values based on fewer historical events and 

hence more statistical uncertainty, especially for components 

with a low failure rate. The uncertainly is approximately 

proportional to m
-1/2

, where m is number of historical events a 

reliability index is based on [16]. One appropriate measure of 

uncertainty for stochastic variables is the coefficient of 

variation, cV, which is defined as the ratio of standard 

deviation and expected value:       

  
√ 

  
 

   

√ 
   [16]. 

Statistical analysis can be performed, such as, for instance, a 

95 % confidence interval can be calculated as: 

            . 

The goal in this project is to use data from the specific 
system to make them as accurate as possible. Not every single 
component can be modeled of course, so one of the challenges 
with the project is to choose which parts of the grid to include 
and which to not include. This has been done with help from 
network planners, operators and fitters at Fortum. The included 
components and the origin of the data used are summarized in 
TABLE 3. 

All analyses of outage data are made of outages longer than 
3 minutes and on MV level. The exception is fault intensity for 
secondary substations and LV grid where all outages on LV 
level has been put together to form one fault intensity. The long 
outages (>12h) are considered separately, so the values 
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presented in TABLE 3 are hence only based on outages 
between 3 minutes and 12 hours. 

 

TABLE 3 – Input data for Line 2 

Components Fault intensity  Data origin 

Overhead lines 0.3 ± 0.1 

 [faults/km and yr] 

Fortum’s own 

failure statistics 

(only local 

statistic) 

Cables 0.02 ± 0.01 

[faults/km and yr] 

Fortum’s own 

failure statistics 

(from a wider 

area) 

Breaker 0.001 [faults/comp.t 

and year] 

[22] 

Disconnectors 0.05 

faults/comp. and year] 

[22] 

Sec substation 

+ LV grid 

0.08 ± 0.02 

[faults/sec. subs. & yr] 

Fortum’s own 

failure statistics 
 
Overhead lines are often the cause of outages and there 

were 66 outages due to failing overhead lines in this specific 
system part, which made it relevant to use that data. The 
frequency of outages due to cables is a lot lower and the data 
had to be taken from a wider area. In the entire (much larger 
than the specific system part) area there had been 67 outages 
due to cable faults which is enough to produce a statistically 
approved value.  

The faults on the low voltage (LV) level are put together 
into one value. This is motivated by the assumption that 
outages on the LV level do not spread to the MV level because 
of protection equipment in the secondary substations (this 
assumption based on interviews with Fortum [11]).  

A simplification in the project is that it is assumed that 
every secondary substation has the same amount of LV faults a 
year. This is probably not true since some secondary 
substations have a large LV distribution grid with a lot of 
overhead lines and others have just a few short underground 
cables; however MV contributes to about 85 % of SAIDI 
according to Fortum [11] and hence the LV level is not as 
important to model in detail as the MV level. The total number 
of outages on LV level is divided by the number of secondary 
substations.  

VI. PROPOSED ANALYSIS METHOD 

A. Overwiev 

The outline of the method that will be used has the aim to 
answer the main question: Is it profitable for Fortum to use 
more detailed reliability analysis in their investment planning? 
The proposed analysis method can be summarized as followed: 

 Creating a model of a system part as it was before 
investments were made to be able to compare with the 
outcome from traditional analysis methods. 

 Calculating the current outage costs 

 Suggesting a couple of investments for the grid 
o Replacing OH lines with cables  

o Sectioning investments (adding of breakers, 
upgrading of disconnectors etc.) 

 Calculating the outage costs for the grid if the 
investments are made 

 Prioritizing the investments after which alternative is 
more cost-efficient?  

 Comparing the list of prioritized investments to the 
plans and actual investments in the analysis grid 

 Conclusions on whether Fortum should use more 
detailed methods in the investment planning or not 

 Using the method on a second system that need re-
investments for a sharp test of proposed analysis 
method and evaluate the outcome 

B. Improvments of existing reliability analysis method 

1) Long outages into a separate category 
The long outages (>12 hours) have been modeled 

separately and will be assigned their own fault intensity and 
average outage time. This is because these outages often are a 
lot more costly than shorter (0.05-12 hours). Taking an average 
value of the outage time can lead to incorrect cost estimates 
(see TABLE 1). Long outages are reported separately and this 
data is used in the project. The data had to be collected from a 
wider area since there were too few long outages in specific 
system part analyzed. The data was collected from seven rural 
and sub-rural concession areas owned by Fortum. 

The long outages in the available data did all occur due to 
problems on overhead lines, and the faults are hence modeled 
after the abundance of overhead lines in the studied area. It is 
however possible that other factors influence the length of a 
long outage more. Extreme storms, for example, affect 
overhead lines more than other components, as for example 
underground cables.  The reason for the extraordinary length of 
the outage could however be e.g. lack of resources, in an 
extreme storm many outages normally occur at once and it 
might not be enough workers at hand.  

2) More comprehencive modelling of fault management 
Reliability analysis applied to power distribution often 

assumed only a single time of restoration that includes several 
steps in the reality such as locating where the failure is, 
reaching that area and so on. Hence, the time until the 
customers with a second feeding possibility get the power back 
is assumed to be equal to the time it takes for a fitter to reach 
and open a disconnector or for the operator to open the remote 
controlled disconnectors. This is of course a simplification and 
the time to find the fault through sectioning can sometimes 
vary a lot based on which line segment that is failing. If the 
fault is close to the substation (and if the sectioning begins 
there) it will soon be found. But if it is further out and there are 
a lot of disconnectors to be opened on the way until the fault 
will be isolated, more time will pass before the power is back.  

In this project an effort will be made to try to model the 
outage time more extensively, which is described in another 
paper more in detail. A benefit is that a comprehensive 
description of the real working time including all steps can be 
used to identify improvements that are not as expensive as 
investments in new equipment [23]. 



Sectioning and fault finding are based on experience and 
educated guesses for where to look and can be hard to model. 
There are however a couple of heuristics: 

 Lines with remote controlled disconnectors: Open 
all disconnectors and then close them one at the 
time until the power goes out again. Then isolate 
the failing line segment and close any secondary 
feedings. Send a fitter to the failing segment. 

 Lines with manual disconnectors: Send a fitter to 
the area. Begin the sectioning with a disconnector 
about halfway into the grid to section it in two 
halves. Then section the half where the fault is 
until it is found; one disconnector at the time.  

The latter part, for manual disconnectors, is where the skills 
of the operators and fitters are needed and this is harder to 
model. It cannot be “automatically” done, but for every line the 
best sectioning way has to be determined. In this project, two 
system parts are studied, in the first, sectioning is done by 
remote controlled disconnectors and can follow the first more 
straight-forward method, while the second use manual 
disconnectors.  

VII. CLOSURE 

This paper presents results from a pre-study towards 
investigating the art of choosing right level of input data. This 
is a part of and the beginning of a project; a collaboration 
between a DSO and a research group at a university. 
Nevertheless, this first part provides valuable material 
independently.  

A method to compare existing analysis methods with 
proposed improvements of existing or with new analysis 
methods, without perform any sharp or expensive changes in 
the organization is proposed. The approach is to compare 
recently performed risk reducing investments based on 
traditional reliability methods and then perform a hypothetical 
investment planning process based on more comprehensive 
reliability analysis. The next step, if positive outcome, can be a 
sharp pilot study and after that consider permanent changes. 
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