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ABSTRACT 
For state-of-the-art electrical devices efficient and 
reliable operation is of particular importance. They must 
execute their function safely, if possible lifelong, and 
must be as economical as possible over their complete 
lifetime. Concerning the assessment of single units like 
circuit breakers, transformers, overhead lines etc. the 
Life-Cycle-Cost method has been used for quite a long 
time. The concept of Life-Cycle-Cost means to take into 
account not only the manufacturing cost, but also to 
consider the operational and disposal costs. In this case 
the method supports the cost assessment of equipment, 
while enabling a comparison of different equipment 
features. 

In principle, this approach related to single devices can 
also be transferred to a complete system consisting of 
overhead lines and substations. The calculation of Life-
Cycle-Costs in this work is performed in accordance to 
IEC 60300-3-3 “Dependability management Part 3-3: 
Application guide – Life cycle costing”.  

In this paper, a Life-Cycle-Cost analysis is performed 
covering a complete 110 kV overhead transmission grid 
with air insulated substations. The results depict the main 
cost-driving or most important elements of the system. On 
this basis, different maintenance strategies have been 
applied and investigated into. Moreover, the Life-Cycle-
Cost method can be used effectively for comparing 
different network topologies and equipment types. In this 
case the method can quickly locate the cost-driving 
elements. Finally, these elements are particularly taken 
into account by a weighted risk analysis. 

INTRODUCTION 
In the last years two topics are often discussed in the field 
of energy supply companies. These topics are, especially 
since the liberalization of the energy market in the late 
90s of the last century, the “Life Cycle Cost (LCC)” and 
the “Risk Management”. 

This paper presents the principle calculation of life cycle 
costs on a complete 110 kV overhead transmission grid 
with air insulated substations. The results depict the main 

cost-driving and most important elements of the system. 
On this basis, different maintenance strategies have been 
applied and investigated into. 

LIFE CYCLE COST ANALYSIS 

The Life-Cycle-Cost Method 
The Method for Life-Cycle Cost calculation in this paper 
is performed in accordance to IEC 60300-3-3 
“Dependability management Part 3-3: Application guide 
– Life cycle costing” [1]. According to IEC 60300-3-3, 
the life cycle of an element will be sub-divided into the 
following six cost-causing phases: 

a) concept and definition; 
b) design and development; 
c) manufacturing; 
d) installation; 
e) operation and maintenance; 
f) disposal. 

In many cases it makes sense to combine the fore 
mentioned different elements of costs into: 

 investment, 
 operating, 
 recycling costs. 

The investment costs (concept/definition, design/de-
velopment, manufacturing, installation) are in return to 
the operating costs (operation, maintenance), costs, 
whose level is visible before the investment is made. In 
case of the installation costs these costs can be counted to 
the investment or the operating costs. 

For a more precise cost assessment, a further distinction 
between operational and maintenance costs has to be 
made. Such a distinction allows an easier benchmarking 
of different maintenance strategies, as these turn out to be 
the main cost drivers for the analysis. 

Definition 
For a better understanding the following definitions are 
used to explain the different expenses 

 Concept/definition: Costs accrue in connection with 
the concept during the specification or planning 
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phase. 
 Design/development: Costs for design, docu-

mentation and engineering are combined. 
 Manufacturing: These costs contain the expenses for 

production and sale of the product on the contractor 
side. Therefore they represent the order value of the 
whole distribution system. The costs for installation 
and getting into operation of the system are not 
included in this part. 

 Installation: Costs generated on site by installation 
before the system goes into operation. 

 Operation: Costs arise to operate and to sustain the 
operation of the whole system. Among other things 
these costs include expenses for power losses of 
overhead lines or transformers, controlling and staff 
training. 

 Maintenance: Calculation of the complete main-
tenance expenditures due to different strategies e.g. 
time based, condition based or corrective. 

 Disposal: Costs for work, material and disposal in 
conjunction with the rebuild of the existing system. 
For example charges for recultivation of overhead 
lines are included. Possible profits in the disposal of 
steel, cooper etc. have to be deducted as credit notes 
of the charges. 

Further data has to be used for the calculation of the life-
cycle-cost, for example: 

 interest rate, 
 inflation rate, 
 useful lifetime of the equipment. 

Data of the 110 kV Network 
The used 110 kV network is fed by a 380 kV system via 
380/110 kV transformers and consists of air insulated 
substations (AIS). The topology of the network represents 
a mixture of countryside and a metropolitan area. The 
components which are taken into consideration are listed 
in Table1. 

Table 1: Number of system components 

Equipment number 

substation 66 
circuit-breaker 334 
power transformer 83 
disconnector 393 
secondary equipment 252 
shunt inductor 5 
instrument transformer 168 
transmission route (km) 523 
steel tower incl. insulators 2.093 
overhead line (km) 1.151 

The Life-Cycle-Cost analysis assumes that the network is 

build newly. That means that all investments of the 
network are invested at the year zero. The investment 
costs used for the calculation can be extracting from 
Table 2. 

Table 2: Investment costs of equipment (exemplary) 

Equipment 
investment 
costs [€] 

substation 558.000
circuit-breaker 34.000
power transformer 675.000
disconnector 19.000
secondary equipment 26.000
shunt inductor 225.000
instrument transformer 17.000
transmission route (km) 198.000
steel tower incl. insulators 65.000
overhead line (km) 26.000

Table 3 represents the hazard rates of the used system 
components. These rates affect substantially the failure 
costs of the components and have been used for the 
calculation of the outage costs per year.  

Table 3: Failure rates of different network components 

Equipment 
major 

failure /year 
minor failure 

/year 

substation 0,00218 - 
circuit-breaker 0,00067 0,00407 
power transformer 0,00569 0,01138 
disconnector 0,00035 - 
secondary equipment - 0,00228 
shunt inductor n/a n/a 
instrument transformer 0,00025 - 
transmission route (km) n/a n/a 
steel tower incl. insulators 0,00013 0,00478 

overhead line (km) 0,00051 0,01913 

The hazard rates of the components were determined on 
the basis of the “VDN-Störungs- und Verfügbar-
keitsstatistik – Berichtsjahr 2006” [2] and [3]. The hazard 
rate of the overhead line (in this case steel towers and 
overhead line) is partitioned with a ratio of 20% steel 
towers and 80% overhead line (overhead conductors). 

The repair costs (major as well as minor faults) 
depending on the different components are listed in Table 
4 and these costs present the outage costs. The costs for 
not delivered energy and sales losses of the company 
were not taken into account. 
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Table 4: Repair costs for major and minor failures 
(exemplary) 

Equipment 
major 
costs/a 

minor 
costs/a 

substation 34.800 13.400 
circuit-breaker 12.400 9.400 
power transformer 77.000 29.300 
disconnector 8.300 4.200 
secondary equipment 14.600 3.400 
shunt inductor 61.600 86.400 
instrument transformer  22.400 5.200 
transmission route (km) n/a n/a 
steel tower incl. insulators 75.000 19.000 
overhead line (km) 0 3.000 

Besides the repair costs the expenses for overhauls and 
inspections are taken into account according to Table 5 
and 6. In these tables it is also possible to find the 
different maintenance intervals. 

Table 5: Overhaul intervals and costs 

Equipment interval in a costs in a 

substation 1 6.800
circuit-breaker 5 3.400
power transformer 10 10.000
disconnector 10 2.000
secondary equipment 5 500
shunt inductor 10 2.000
instrument transformer 10 10.000
transmission route (km) n/a n/a
steel tower incl. insulators 1 500
overhead line (km) 6 3.000

Table 6: Inspection intervals and costs 

Equipment interval in a costs in a 

substation 1 2.300
circuit-breaker 2 200
power transformer 2 200
disconnector 2 100
secondary equipment n/a n/a
shunt inductor 2 200
instrument transformer 2 200
transmission route (km) n/a n/a
steel tower incl. insulators 1 100
overhead line (km) 2 200

CALCULATION OF THE PRESENT VALUE 

Basic economic data of the calculation 
The present value is a summary of all payments which 
arise over a fixed time period discounted e.g. for the year 
of the installation. The following data are used for the 
calculation: 

 interest rate 8% 
 inflation rate 1,5% 
 useful life time 20 to 50 years depen- 

  ding on components 
 outage costs table 3 and 4 
 maintenance costs table 5 and 6 
 maintenance interval table 5 and 6 
 calculation time 50 years 

 
Results 
Figure 1 shows the parts of the total present value of the 
complete system (498512,08 k€) related to the different 
components. As in the case of closer consideration gets 
clear, the present value of the whole overhead line has the 
greatest influence on the present value of the complete 
network (59 %). It has to be mentioned that the 
transmission route still exist, and on this reason no permit 
procedure, route planning etc. is necessary and therefore  
these costs are not taken into account calculating the 
present value. Inside the substation the power transformer 
provides the greatest quota, whereas the other 
components have a minor influence on the result (e. g. 
instruments transformers, disconnectors and the 
secondary equipment). 

 
Figure 1: Present value of the 110 kV network 

The present values of two different components are 
exemplarily shown in Figure 2 (steel towers incl. 
insulators 156503,68 k€) and 3 (power transformers 
94027,52 k€). Based on the example of the power 
transformer it becomes transparent, how much the 
operating costs influence the present value this case. 
Figure 3 (power transformers) presents, that the overhaul 
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costs practically do not influence the present value. In the 
case of the steel tower incl. insulators it gets clear that the 
overhaul costs (11%) strengths the effect on the present 
value very much and in consequence of this the outage 
costs are more or less negligible.  

 
Figure 2: Present value of steel towers incl. insulators 

 

 
Figure 3: Present value of power transformers 

The distribution of the outage costs of the network 
(3521,99 k€)can be adopted from Figure 4. This Figure 
shows that steel towers, overhead lines and power 
transformers cause together 83% of the outage costs of 
the complete system. Therefore it only makes sense, to 
install additional equipment for the condition equipment 
to reduce these costs at overhead lines incl. towers and 
power transformers. But in any case the economic 
advantage of the installed monitoring systems has to be 
calculated very carefully, as the additional costs for the 
condition assessment should not exceed the outage costs 
of the equipment group. 

In this case the costs for not delivered energy due to an 
outage are not taken into consideration. These costs 
represent the economic consequence for the consumers 
and can be estimated to about 5 €/kWh which might 

change the results. 

 
Figure 4: Outage Costs for all components 

 

CONCLUSION 
Finally it can be summarized, that the Life-Cycle-Cost 
Analysis is a useful instrument to identify the main cost 
drivers of a network and to take up there appropriate 
actions to reduce the costs. Because it is possible to 
examine the present value of each component, these set 
screws still can be refined. The calculation of the outage 
costs plays a crucial part, if the system operator intends to 
change the maintenance strategy, for example a transition 
from a time based to a condition based maintenance 
strategy. Due to the low failure rate of modern system 
components the benefit for additional condition 
assessment devices has to be calculated very carefully. 
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