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ABSTRACT 

In this paper results and observation from the Danish fault 
statistic on medium voltage (MV) PILC cables and their 
accessories are presented. Focus will be on the fault rate, 
but other observations from the fault statistics will also be 
addressed. The paper will also discuss how results from 
the fault statistics can be used by utilities in the 
management of their MV PILC cable system. In addition, 
the paper will discuss further informations that the Danish 
utilities consider relevant to collect, so that more well-
informed decisions can be made about the cable systems 
in the future. 

INTRODUCTION 

Today most of the MV lines (10 kV, 15 kV and 20 kV) in 
Denmark are underground cable systems (less than 1% is 
overhead lines and are expected to be replaced by cables 
in the coming years). The Danish utilities therefore have 
large values bound in the cable systems. In addition, the 
cable systems are critical for a safe and reliable distribution 
of electricity to customers. Sound management of the MV 
cable systems from both a technically and economically 
point of view is therefore important. 
  
The MV cable systems in Denmark are approximately 2/3 

XLPE cable systems (about 45.000 km) and 1/3 PILC cable 
systems (about 18.000 km). Today it’s the MV PILC cable 
systems that dominates the fault and interruption statistic 
in Denmark. PILC cables and their accessories including 
transition joints accounts for more than 40% of all reported 
faults in the MV systems. Danish utilities therefore have 
focus on the management of MV PILC cable systems. The 
observed fault rate for MV XLPE cable systems are still 
very low. XLPE cables accounts for approximately 12% of 
all faults in the MV distribution systems. MV cable 
systems in general accounts for more than 70% of all faults 
in the MV distribution systems. 
 
Decisions about maintenance and replacement of MV 
PILC cables or PILC cable systems should be done on an 
informed basis. A major problem though is that the utilities 
often only have little or no information about the condition 
of cable systems, which makes it difficult to take informed 
decisions about the management of the cable systems. 
Getting such information are normally difficult and 
expensive, because the cable systems are directly buried in 
the ground. Diagnostic test (e.g. PD test, tan , etc.) can 
give informations about the condition, but due to the large 
number of PILC cable systems, it would be expensive to 
test all cable systems unless a diagnostic program is in 
place that focus on the cable systems that are expected to 

be in the worst condition. 
 
Fault statistics is a tool which can be used to plan 
reinvestments in the MV PILC cable systems. 
Informations from the fault statistics can be used to 
estimate the need for future reinvestments and avoid 
investments backlogs in the future. Informations from fault 
statistics can also be used to select PILC cable systems that 
it could be relevant to include in diagnostic test programs.  
 
In this paper results and observation from the Danish fault 
statistics for MV PILC cables and their accessories are 
presented. 

MV PILC CABLES IN DENMARK 

Figure 1 shows the estimated age distribution of the 
approximately 18.000 km MV PILC cables that are still in 
operation.  
 
The age distribution shows that 47% of the PILC cables 
are 50 years or older and that the number of cables older 
than 50 years will increase significantly in the next 5 – 10 
years. The age of PILC cables suggest that an increase in 
reinvestments in the cable systems will be necessary in the 
coming years and that it therefore is important to have 
management systems ready so that the limited resources 
can be used in optimal way. 
 

 
Figure 1: Estimated age distribution in 2018 for PILC 

cables. 

FAULT RATES FOR MV PILC CABLE 
SYSTEMS 

Since the beginning of 1970’ies most of the Danish utilities 
have participated in a fault statistic [1] for the cable 
systems (and other important network components, e.g.  
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transformers, switchgear, etc.).  
 
The fault rate is the primary reliability indicator calculated 
based on the fault statistic and its normally calculated and 
published on a yearly basis. The failure rate is calculated 
as: 
 

𝐹𝑎𝑖𝑙𝑢𝑟𝑒 𝑟𝑎𝑡𝑒 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑢𝑙𝑡𝑠

𝐶𝑎𝑏𝑙𝑒 𝑙𝑒𝑛𝑔ℎ𝑡 [𝑘𝑚] 𝑖𝑛 𝑟𝑖𝑠𝑘 𝑜𝑓 𝑓𝑎𝑖𝑙𝑖𝑛𝑔
 

 
The fault rate is normally multiplied by 100, so that it’s 
number of faults per 100 km per year. 
 
Faults can be grouped based on cause of faults, e.g. third-
party damage, aging, installation, etc. In case of MV PILC 
cables the faults are grouped into aging related faults, 
faults due to third party damage, other causes of faults and 
unknown causes of fault. It is normally assumed most 
faults with unknown cause are aging related.  

Fault rate for MV PILC cables 
Figure 2 shows the development in the fault rate from 2005 
to 2017. A slight increase in the fault rate of about 0.5 
faults per 100 km per year can be seen. Figure 3 shows the 
fault rate due to aging related faults and figure 4 shows the 
fault rate due faults with unknown cause. As mentioned, 
it’s normally assumed that faults with unknown cause is 
aging related. Figure 5 therefore shows the development in 
the fault rate for aging related faults plus faults with 
unknown cause. Figure 6 shows the fault rate for faults due 
to third party damage and the group of faults due to other 
causes. 
 

    
Figure 2: Development in fault rate from 2005 to 2017 

[1]. 
 

 
Figure 3: Development in the fault rate for aging 

related faults [1]. 
 

 
Figure 4: Development in fault rate for faults with 

unknown cause [1]. 

 
Figure 5: Development in fault rate for aging related 

faults plus faults with unknown cause [1]. 
 

 
Figure 6: Development in fault rate for faults due to 
third party damage and faults with other causes [1]. 
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An increase in aging related faults and faults with 
unknown cause, which are assumed to be aging related (for 
the most part), is the main reason for the increase in the 
observed fault rate for PILC cables. This fault rate is still 
manageable for the Danish utilities and therefore no cause 
for concern in the short term. What gives rise to some 
concern is the rising trend in the failure rate. Nothing 
suggests that this trend will stop in the coming years.  
 
The fault rate due to third party damage have been 
decreasing since 2008. The reason for this is not well 
understood.  

Fault statistics for cable accessories 
The fault statistic also includes faults on cable accessories 
such as joints. Unfortunately, the number of cable 
accessories are not known, so it is not possibly to calculate 
the fault rate for cable accessories. The cause of faults 
though can be analysed. Figure 7 shows the cause of faults 
for straight joints for MV PILC cables and figure 8 shows 
the cause of faults for transition joints. 
 
In case of straight joints aging is the main cause of faults. 
It is assumed that most of the fault on straight joints with 
unknown cause also is related to aging. The yearly number 
of faults though is not particularly high in Denmark. In 
case of transition joints the primary cause of fault are 
related to the installation, where a joint fail within a short 
time after installation – typically less than a year. 
 
Fault statistic for joints are important when estimating the 
number of future faults in MV PILC cable systems.  
 

 
Figure 7: Cause of faults for straight joints for PILC 

cables [1]. 

 
Figure 8: Cause of faults for transition joints for 

PILC cables [1]. 

Fault rate as a function of age  
A few Danish electric utilities have a good record of 
installations year for their MV PILC cable population. 
These utilities MV PILC cable populations has been used 
to calculate the fault rate as a function of age [2]. The fault 
rate as a function of age is calculated as: 
 

𝐹𝑎𝑖𝑙𝑢𝑟𝑒 𝑟𝑎𝑡𝑒 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑢𝑙𝑡𝑠 𝑜𝑛 𝑐𝑎𝑏𝑙𝑒𝑠 𝑤𝑖𝑡ℎ 𝑎𝑔𝑒 𝑡

𝐶𝑎𝑏𝑙𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑤𝑖𝑡ℎ 𝑎𝑔𝑒 𝑡 𝑖𝑛 𝑟𝑖𝑠𝑘
 

 
The fault rate is only calculated for aging related faults. 
Faults due to third party damages are assumed to be 
independent of the operating time. 
 
Figure 9 shows the estimated fault rate for MV PILC 
cables as a function of age. The fault rate on figure 9 have 
considerable uncertainties because some assumptions 
about the age of the PILC cable population in risk has been 
necessary. Fault data for cables older than approximately 
55 years are also limited, which add to the uncertainties for 
cables with these operating times. 
 
Figure 9 shows that fault rate starts to rise after the cables 
have been in operation for 30 – 35 years. After 50 years in 
operation the fault rate is just over 4 faults per 100 km. It 
will be interesting how the fault rates for cables older than 
50 years will change in the coming years, when more 
cables with these operating times are at risk. 
 

 
Figure 9: Failure rate as function of service time for 

age related failures on PILC cables [2]. 
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Other observation from the fault statistics 
The fault rate is the primary objective of the fault statistics, 
but when an electric utility reports a fault other 
informations about the faulty cable can be described. The 
most common of these observations are [2]. 
 

 The cable has earlier been dug free and possibly 
been moved around in the cable trench   

 The steel armour are gone, broken or heavily 
corroded 

 The fault is located close to where a cable enters 
a pipe 

 The fault is located close to a joint (typically 
within a meter) 

 
These observations could all be related to loss of 
mechanical strength and mechanical stresses that have 
damage the cable and possibly caused the fault. The 
condition of the steel armour in particularly seems an 
important parameter to observe and report. 

USE OF FAULT STATISTIC 

Today the fault statistic is among the best sources for 
information about the MV PILC cable systems in 
Denmark, but the fault statistics does not contain much 
information about the individual cables or cables system. 
Unless a cable or system have failed, the fault statistic 
contains no information about the cable. Still the fault 
statistic can be used in the management of the cable 
systems. Examples of this is given below. 

Resource planning 
The fault rates in figure 2 to figure 6 can be used to 
estimate the expected number of faults from year to year 
(perhaps a few years into the future) and are therefore an 
important tool for allocating resources for the maintenance 
of the cable systems, e.g. to find and repair cable faults. 
 
Combined with interruptions statistic (runs as part of the 
failure statistics), e.g. number of customers interrupted and 
duration of interruptions, the failure rate can be used to 
estimate how much the PILC cable system will affect the 
security of supply in the coming years.   

Planning of reinvestments in the cable systems 
The fault rate as a function of age can be used to estimate 
the number of future faults and how replacement plans will 
affect the expected number of future faults. The fault rate 
can therefore be used by the utilities for the long-time 
planning of resources and to avoid investments backlogs 
in the future. This has been one of the main objectives for 
estimating the fault rate as a function of age. Another being 
estimating the life expectancy of the MV PILC cables. 
Unfortunately, there are still too much uncertainty in the 
fault rate to give good estimate of the expected number of 
faults. In particularly the estimated fault rate is not very 

accurate for cables older than 50 – 55 years. In the coming 
years more fault data for cables with operating times over 
55 years are expected due to more cables in risk with these 
operating times.  

Collecting informations about the cable systems 
The decisions about maintenance including replacement of 
cable system or part of it should be taken on the best 
available information. A major problem though is that the 
utilities often only have very little or no information at all 
about the conditions of the cable systems, which makes it 
very difficult to take an informed decision about the 
management of the cable systems. Diagnostic test can give 
informations about the condition of a cable system, but it 
will be very expensive to test all cable systems. 
Observations from the failure statistics for PILC cables can 
help with identifying other information about a PILC cable 
systems it would be relevant to collect, because it could 
say something about the condition of the cable system. 
Such informations could then be used to select, which 
cable systems it could be relevant to test. 

Information which have been identified to be relevant to 
collect and register about MV PILC cables and which 
could be collected without the cable systems have to be 
dug free, are [3]: 

 Previous faults on a cable or in a cable system 
and the time in between faults 

 Informations about previous work near a cable 
system which have required the opening of the 
cable trench and the physical contact with the 
cable by a third party (e.g. in case of road 
construction, water-, central heating- and gas 
pipes work, sewers work, communication lines 
work, etc.) 

 Number of joints in a cable system 
 Does a cable system contain both PILC cables 

and XLPE cables? and can the cable oil flow 
freely to the PILC cables from the oil reservoirs 

 Historical, current and future load profiles of the 
cable systems  

In case a cable or part of the cable is dug free [3]: 

 Visual condition assessment of the steel armour 
(e.g. gone, broken, corroded, in good condition) 

 Visual inspection of the cable trench 
 Outer condition of joints if they are available for 

visual inspection 

In case of a cable fault or if a PILC cable is cut over due to 
e.g. the installation of a new secondary substation [3]: 

 Visual condition assessment of the lead sheath 
 Visual condition assessment of the oil 

impregnated paper insulation 
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Systematic reporting of these informations can be used in 
the future to take more informed decision about the cable 
systems. 

Decisions about replacing a cable or cable system are not 
normally exclusively based on the results of a condition 
assessment of the cables. Strategic and economic criteria 
are normally also considered and will often weights 
heavy in the decisions. Example of such criteria are [3]: 

 Safety concerns 
 How critical the cable system is? 
 Development of the load in the system 
 Cost of cable work (e.g. replacement, repairing a 

fault, etc.) 
 Installation condition (which can have an 

influence on how expensive it is to replace or 
repair a cable) 

 Cost saving 
 Available know-how and spare parts (normally 

not an issue for PILC cables) 

Historical reinvestments in MV cable systems – including 
PILC cable systems – have mainly been driven by some of 
the above-mentioned strategic and economic criterias, but 
in the years to come the conditions of the cable systems 
and how it will affect the fault rates and therefore the 
security of supply are expected to become an increasing 
determining factor for decisions about reinvestments in the 
cable systems.  

CONCLUSION 
Fault statistics are an important source of information 
about MV PILC cables, where only limited or no 
information about a cables condition are known. Results 
from a fault statistic can be used to take more informed 
decisions about the management the cable systems such as: 
 

 Resource planning (short term planning) 
 Planning of reinvestment (long term planning) 
 Identify relevant informations that can be 

collected and used to take more informed 
decisions about the cable systems maintenance 
and replacement 

 
Particularly the fault rate as a function of age is an 
important information from the fault statistic because it 
can used to improve the long-term planning of the aging 
MV PILC cable systems. Unfortunately, the age of MV 
PILC cables is often very difficult to get.   
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