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can be calculated as: ܥை = ாೌ଼ ൫ܥ + ௩൯ݐாܥ = ଵ଼ ሺ19 + 54 ∗ 1.5ሻ ை௨௧ܥ (4)  ܴܷܧ	20.3= = ೀଵ.ହ∗ =  (5) ݁ݐݑ݊݅݉/ܴܷܧ	0.22

 
In the first regulatory period the calculated cost for an 
outage should be divided equally between the DSO and 
the customer. This means that the cost is reduced to 0.11 
EUR/min when comparing solutions with LCC. For next 
regulatory period this cost is highly liable to increase, 
therefore a sensitivity analysis was performed with higher 
outage costs.  

Investment alternatives 
The network solutions that were considered for the 
network are: 

0. Alternative 0 Destroying the backup line, 
ML38, i.e. feed Karlsfors radially through 
L203A.  

1. Alternative 1 Changing of most poles and 
expanding of line corridor of ML38, making it 
tree safe. Also ML38 will feed Karlsfors in 
normal operation. 

2. Alternative 2 Destroying ML38 and rebuild it 
as underground cable. Karlsfors will be fed via 
ML38 in normal operation.    

Calculations 
For each alternative the total Customer outage minutes 
can be estimated. In order to calculate the outages times, 
historical data for the specified network reaching three 
years back in time was used, along with general Fortum 
outages data. Table 1 shows outage data for the feeders 
considered. 
 
TABLE 1 – Feeder outage data 

Feeder Outage/year, 
nyearOutage 

Mean repair 
time, trep [hours] 

L203A 3.3 3.9 

ML38 2.3 72 

 
The long reparation time for ML38 is explained by that it 
is a backup line and hence got low priority. The impact of 
the customer compensation law, outages exceeding 12 
hours are not considered in the LCC analysis according to 
the reparation time in table above. Its impact, will 
however be discussed in the conclusion section. In 
alternative 1 and 2, the failure rate is assumed as 0.005 
failures/year and km, regardless if three safe overhead 
line or underground cable is used (template values 
received from Fortum). The failure rate of underground 
cable is probably slightly lower than three save overhead 
line (e.g. less vulnerable to lightning). However, this is 
done due to lack of input data and because this not affect 
the result. If ML38 is rebuilt with overhead lines the 

length will be 30 km, but if underground cable is chosen, 
the length will become 36 km. The outage times for the 
alternatives can be calculated as: 
 ܶ௧ = ݊௦௧௨݊௬ை௨௧ݐ = 788 ∗ 3.3 ∗ 3.9 ≈10	100	ℎ(6) ݏݎݑ ܶ௧ଵ = ݊௦௧௨݊௬ை௨௧ݐ௦௪௧ = 788 ∗ 0.005 ∗30 ∗ 1.5 ≈ 177	ℎ(7) ݏݎݑ ܶ௧ଶ = ݊௦௧௨݊௬ை௨௧ݐ௦௪௧ = 788 ∗ 0.005 ∗36 ∗ 1.5 ≈ 213	ℎ(8) ݏݎݑ 
The time tswitch is the mean time it takes to identify an 
error at ML38, sending a technician to Karlsfors and 
manually switch to feeder L203A. The calculated outage 
times and costs are summarized in TABLE 2: 
 
TABLE 2 – Calculated yearly outage times and costs 
Alt. Outage hours Outage costs [EUR] 

0 10 100 67 000 
1 177 1 200 
2 213 1 400 

RESULTS 

Sensitivity LCC-analyses 
In TABLE 3 the different network solutions are 
compared by applying an LCC-analysis assuming 40 

years economic lifetime and q (1 + ௗ௦௨௧	௧	[%]ଵ ) 

equals 1.052. The Sum of Discount Factors with constant 

discount rate and annual cost over 40 years is 
ଵ.ହଶరబఱ.మభబబଵ.ହଶరబ ≈16.7. 

 
TABLE 3 – The results of LCC calculations 

Present value 
[EUR] Alt 0 Alt 1 Alt 2

Initial cost 55 556 1 068 904 4 232 222

Capital cost 1 174 332 -570 951 -2 858 120
Maintenance 
cost 0 345 120 16 699

Outage cost 1 120 364 19 739 23 686

Total cost 2 350 251 862 812 1 414 488
 
From TABLE 3 it can be seen that alternative 1 has the 
lowest cost in present value. That is rebuilding ML38, 
making it tree safe and feed Karlsfors from ML38 in 
normal operation. A major post in TABLE 3 is the 
Capital cost. In alternative 0 network is destroyed, 
therefore the cost is positive. In the two other alternatives 
network are added leading to a negative cost.  

Sensitivity analyses 
Sensitivity analyses are motivated by future uncertainties 
such as the level of WACC and changes in laws and 
regulation. Sensitivity analyses were performed with 
respect to: 
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