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ABSTRACT 

During a long technical life grid components can become 

obsolete. Lack of spare parts and maintenance personnel 

for aged assets pose a problem to grid operating 

companies. 

Using the probability density function (pdf) of technical 

failure, the DSO can determine the strategic replacement 

planning of its old assets. To provide a tactical and 

operational planning a more detailed analysis is needed, 

taking into account the results of inspections and 

maintenance. 

This paper uses a combination of pdf and health index to 

improve decisions on replacement or continued operation 

of MV switch gear for which no spare parts are available 

any more. It is shown that the results of inspections used 

in the health index permit modification of the pdf and 

pinpointing of subpopulations with most risk associated. 

It both permits insight in the basic principles and offers a 

practical way of operation for a DSO. 

INTRODUCTION 

Most network operators have built their network over a 

long period of time,  with components added from time to 

time.  Many components in the network have reached a 

considerable age. Some of these components may need 

replacement due to: 

- Technical ageing (decline of materials with 

eventually internal breakdown) 

- Strategic ageing (inability to meet new 

requirements due to changes in the system or 

changes in the business) 

- Economic ageing (higher costs of older 

equipment compared to modern successors) 

On the cross section of economic and technical ageing is 

the problem of maintenance and availability of spare 

parts. 

 

In a highly developed country (the Netherlands) with a 

declining grow rate in electricity consumption, most 

primary equipment is not replaced for strategic reasons 

(i.e. insufficient capacity) anymore. As a result Stedin is 

faced with an increasing proportion of relatively old 

components in its grid. During their long (technical) life, 

the components can become obsolete. Spare parts and 

skilled maintenance personnel may not be available for 

those components. Increasingly, Stedin is faced with the 

lack of spare parts for its old MV components.  

 

RISK ASSESSMENT METHODOLOGY  
 

In accordance with the PAS55 standard [1], Stedin uses  

risk based asset management (AM).  

 

A risk is scored as the product of the effect on a business 

value and the probability of occurrence of the effect. The 

sum of the risk on all business values is the risk value 

associated with the issue. If it is above a given threshold, 

the risk is unacceptable and measures must be taken to 

mitigate the risk. 

The most important effects for the isuue of spare parts 

are: 

- Safety hazards leading to potential injuries for 

operators of poorly maintained equipment; 

- Customer minutes lost due to failures of 

equipment, as part of Quality of supply; 

- High cost of repairs and maintenance, when 

spare parts become scarce and expensive; part of 

the business value Finance. 

More details about the methodology can be found in [2]. 

 

RISK OF AGED ASSETS 

At Stedin assets are classified as “aged” when the 

original equipment manufacturer (OEM) stops the 

support for a certain type of asset. Stopping support 

means that the OEM no longer produces and supplies 

spare parts (a transition period may apply where the spare 

parts are still in stock but are no longer produced) and no 

longer supplies skilled maintenance personnel.  No longer 

supplying spare parts can imply that proper maintenance 

is no longer possible and the remaining lifetime of the 

asset is reduced. 

 

An internal study by Stedin has identified 14 known 

populations of “aged” components in the transport and 

distribution grids. The total risk according to the risk 

assessment methodology exceeds the equivalent of 

1.000.000 euros per year. This was considered an 

unacceptable risk.  

 

For each population the risk and the possibilities to 

mitigate the risk are explored. In this paper we focus on 

Magnefix types of ring main units (RMU) and Coq types 

of switchgear in the distribution grid. These populations 

are  examples of components with preventive 
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maintenance. This type of populations pose a rapidly 

increasing risk, when spare parts are not available. 

 

 
Figure 1: Magnefix RMU type MX 

 

With continued maintenance, the ring main units have a 

very long life expectancy. Manufacturers design 

components used in electricity grids for at least 40 years 

at normal operation conditions. In practical situations 

including low load operation, the life expectancy can be 

much longer, provided that no strategic replacement is 

necessary. 

The technical life expectancy can be determined as the 

modal value of the probability density function (pdf) of 

technical failure in function of age for populations. The 

pdf of Magnefix ring main units is shown in figure 2 [3]. 

 

Figure 2: pdf of Magnefix ring main units 

 

The pdf shown is based on population failure data and 

general maintenance planning. For a specific RMU unit 

with fixed maintenance intervals, a more specific pdf can 

be derived.  

 

It includes a higher failure rate just before maintenance 

and a lower failure rate after replacement of worn parts 

during maintenance. The principle is shown in figure 3. 

 

Economics of maintenance operation ask for a spread of 

maintenance activities on specific RMUs over the years. 

Thus the spikes in figure 3 add up to an average pdf 

shown in figure 2. 

 

 
Figure 3: influence of periodic maintenance on pdf 

 

 

MAINTENANCE AND AGED ASSETS  
 

The effect of non-availability of spare parts on the pdf in 

general can be quite dramatic. This especially applies to 

assets which contain parts that wear out over time and 

need to be replaced several times during the life time of 

the asset, like rubber seals or switching contacts in 

switchgear. These parts are replaced during preventive 

maintenance work. When such parts are not available 

anymore the remaining lifetime of the asset is reduced to 

the remaining life of these parts. 

An example of such a failure mechanism are the rubber 

seals in 50 kV Coq switchgear. The rubber seals in this 

type of switchgear need to be replaced every 10 years 

because of the limited lifetime of these rubbers. When 

these rubber seals are not replaced in time, they will fail. 

When the rubber seals fail, the circuit breaker won’t open 

or close. 

 

 
Figure 4: failed rubber seal of Coq switch gear. 

 

To prevent operational failures, maintenance of RMUs 

and switch gear in medium and intermediate voltage grids 

is carried out every 8 years.  

 

Lack of spare parts makes it impossible to replace worn 

out parts at the maintenance interval. Assuming one 

dominant failure mode with a fatal effect, like the rubbers 

pdf Magnefix RMUs with periodic maintenance 
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in Coq switch gear, the effect on the pdf can be 

calculated. A typical example is shown in figure 5. At 48 

and 56 years preventive maintenance forces the failure 

rate down as worn out components are replaced. At 64 

years of age it is assumed that no spare parts are available 

any more. So the failure probability continues to climb to 

high levels.  

 

 
Figure 5: effect of lack of spare parts 

 

It can be shown that the failure density for ring main 

units (RMUs) and MV switchgear may increase tenfold 

or more during a period of several years after the halt of 

spare part deliveries [2]. The result for the population of 

200 ring main units is shown in figure 6. It shows the 

number of expected failures with spare parts in blue and 

without spare parts in brown. 

 

 
Figure 6: expected failures with and without spare parts  

 

Results of this type of calculations may be used for 

strategic and financial planning. It enables a prediction of 

the number of failures. From this, the budget for 

replacement or economic boundaries for alternative 

solutions are derived. 

In the case of Coq switch gear, the number of necessary 

replacements proved excessive. A combination of long 

term replacement and life-expanding measures was 

chosen. To minimize the risk associated with the rubber 

seals failure mechanism, Stedin has made arrangements 

with the OEM to guaranty the supply of spare parts for 

the next 20 years [4]. 

 

General graphs like figure 6 do not provide information 

on the individual risks of RMUs in the population or on 

the planning which RMU to replace. 

As Ring Main Units and MV switchgear are inspected 

regularly, a health index value can be attached to 

individual units. This enables a further optimization of 

replacements with respect to risk reduction and 

replacement cost.  

PRINCIPLES OF THE HEALTH INDEX 

For asset managers it is important to know the technical 

condition of their assets. With this information the asset 

manager can identify assets with the highest probability 

of failure and optimize the replacement planning. One 

method to assess the technical condition of an asset is the 

Health index.  

 

Applying the health index to a (group of) asset(s) gives 

an estimation of the remaining life of the asset(s) based 

on statistical lifetime data, relevant maintenance and 

inspection data and the age of an asset .  First an 

estimation of the remaining life is made based on the age 

of the asset and statistical lifetime data of comparable 

assets. Subsequently this remaining life is altered based 

on relevant maintenance and inspection data, for example 

indication of leakages.  

 

In the Stedin health index, based on the remaining life, 

the asset is put into one of 4 categories: 

- Poor; Remaining life ≤ 5 years 

- Sufficient; 5 years <  Remaining life ≤ 15 years 

- Good; Remaining life > 15 years 

- As new; Remaining life > 15 years  and Asset 

age ≤ 5 years 

The procedure for a non-aged population is shown in 

figure 7.

Figure 7: calculation of health index. 

HEALTH INDEX IN AGED ASSET 

POPULATIONS 

The older types Magnefix ring main units (types MN, 

MX, MY) are classified as “aged”. The OEM, Eaton 

pdf Magnefix RMUs when maintenance stops 
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Holec, no longer supplies this types nor spare parts. This 

has two major consequences for the health index. 

 

First, no new RMUs of this type enter service. As a result 

the status “as new” will disappear. 

As time continues, some RMUs will fail. The others get 

older, and the failure rate at low age becomes irrelevant. 

To apply the health index to the surviving population,  

the failure distribution of the remaining population must 

be used. This distribution is the conditional probability of 

failure, given survival until the present age. 

This principle is illustrated in figure 8 for a population 

with an expected lifespan of 40 years [5]. After 38 years 

almost 50 % of the units have failed. But the remaining 

half have a good chance of surviving more than 40 years. 

 

 
 

 
Figure 8: expected average failure age in function of 

present age. 

 

In this case, the expected average age of failure for the 

surviving population is about 44 years. 

 

Second, and equally important, the pdf will change. No 

more spare parts are available and wear of parts may 

introduce more fatal failures. 

In normal service conditions the only maintenance action 

needed for the older type Magnefix RMUs is cleaning of 

the installation and replenishment of the cable 

terminations. The grease used in the terminations is 

commonly available, the same holds for the cleaning 

materials. Thus in normal service conditions regular 

maintenance can be carried out on these RMUs and an 

increase in fatal failures is not to be expected.  

 

Problems however can arise when the RMU is put into 

non-normal service conditions. For the older types 

Magnefix installations a humid environment can cause 

problems. The moist can cause tracking on the cast resin 

isolation of the installation. Also it can cause corrosion of 

the main contacts of the installation. Because of the lack 

of spare parts, these contacts can’t be replaced and the 

lifetime of the installation is reduced.   

 

The lack of spare parts may also result in problems using 

the RMUs. The Magnefix RMU is designed to withstand 

the electrical and mechanical forces when making a short 

circuit by switching on the RMU. This can happen when 

an error is made during the fault restoration process. 

Making a short circuit however may result in damaged 

contacts. These contacts cannot be replaced when spare 

parts are no longer supplied.  

 

The preceding text indicates that several failure 

mechanisms are present in aged RMUs. Some are fatal 

because of the lack of spare parts, like the short circuit 

damage to contacts, others are not. Even without spare 

parts most maintenance can be done. But, because of the 

fatal failure mechanisms, the failure probability will 

increase. 

 

Compared to figure 1, the failure probability increases, 

starting from the present day average age of 40 years. 

Some RMUs fail due to the short circuit damage or 

corrosion of contacts. This reduces the number of 

surviving RMUs and thus reducing the pdf at higher ages. 

But the pdf will not increase as much as figure 2, because 

some failures can be prevented. The principle is shown in 

figure 9. 

 
Figure 9: pdf of RMUs with fatal and non-fatal failure 

mechanisms 

 

Figure 9 assumes that all RMUs are subject to all failure 

modes. It may be possible, however, to split the 

population with regard to the risks. In one part of the 

grid, the short circuit levels may be more severe than in 
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another part. Also, some RMUs may be in a more humid 

surrounding than others, due to climatic differences or 

different types of buildings. In such a case, the population 

can be split: one facing the fatal failure mechanism and 

the other without the fatal mechanism. 

 

Inspections of RMU in adverse situations enables even 

more specific risk assessment for critical situations. As 

mentioned before, problems can arise when the aged 

Magnefix RMUs are operated in a humid environment. 

An indicator for humidity is incorporated into the health 

index. This can be done by performing a humidity 

measurement during inspection and put this measurement 

into the health index. When such a measurement is not 

available, indicators for a humid environment can be put 

into the health index, such as tracking on the cast resin 

isolation or the presence of water in the cellar of an MV 

cabinet. 

 

Thus a scale can be developed that links the amount of 

tracking and the measured humidity to the life 

expectancy. This principle is shown in figure 10.  

 

 
Figure 10: subpopulations based on inspections. 

 

In the Stedin health index a more detailed inspection is 

done and 6 categories of tracking and humidity are 

distinguished. Age and category attribute a value from 

“poor” to “good” to each RMU. 

 

“Poor” RMUs need further attention, to mitigate the risk. 

From the health index, the DSO knows the cause of the 

RMU being put in the “Poor” category. If the RMU is 

“Poor” based on age and is operated under normal service 

conditions, replacement might be the only solution. But 

if, for example, the RMU is put in the “Poor” category 

because of a humid environment the DSO may add 

heating or air condition in a substation to reduce the 

humidity, which is a cheaper solution to mitigate the risk. 

 

CONCLUSION 
 

When assets become obsolete, the grid operator is faced 

with risks related to fatal failures of these assets. Due to 

the lack of spare parts an increase in fatal failures is to be 

expected because parts of the assets that wear out over 

time can’t be replaced anymore. This means that the 

remaining life of these assets is limited by the remaining 

life of these parts and the chance of failure is expected to 

increase (fig. 5).  

 

To calculate the remaining life of aged assets the health 

index methodology can be used. This methodology 

calculates the remaining life based on statistical lifetime 

data, age of the asset and relevant maintenance and 

inspection data.   

 

In the case of the older types Magnefix RMUs, no 

replacement of worn out parts is necessary in normal 

operating conditions. Preventive maintenance can still be 

carried out, because the used materials are commonly 

available. The life expectancy of these RMUs does not 

change by the fact of being “aged”. If however the RMUs 

are operated in non-normal service conditions the life 

expectancy changes. Based on the available maintenance 

and inspection data the RMU is assigned to a 

subpopulation. Each subpopulation has its own life 

expectancy (fig. 10). Based on these life expectancy’s a 

health index is assigned to each individual RMU. For the 

RMUs in the “Poor” category this health index can be 

used to determine the most cost efficient solution to 

mitigate the risk associated with these assets.  
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