
Total cost of ownership 
of power transformers
What if the risk matrix  
had a third axis?

ABSTRACT 

Electrical utilities worldwide are tack-
ling the challenge of managing age-
ing power transformer fleets, which 
are critical for network reliability. Re-
liable condition assessment metrics 
and lifecycle decision models are 
emphasised, particularly in light of re-
cent supply chain disruptions. A Total 

Cost of Ownership (TCO) approach is 
advocated to enhance decision-mak-
ing in asset lifecycle management.
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Recent supply chain disruptions reminded us 
again that having reliable condition assessment 
metrics and prioritisation models for lifecycle 
decisions are more important than ever
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ly when it comes down to making major 
investments.

In the current context of the power trans-
formers market and aging fleet profile, 
the prioritisation tools must point us in 
the most optimised and economical di-
rection. Utilities must constantly evaluate 
and improve the performance of their  
decision-making process. From a reli-
ability theory and engineering econom-
ics point of view, we must consider and 
implement the total cost of ownership 
(TCO) approach in the life cycle manage-
ment decision-making process.

A parameter that is often overlooked is a 
thorough assessment of costs related to 
the total life cycle of power transformers, 
from qualifying a new supplier to end of 
life decisions. Utilities recognise the con-
siderable upfront costs that come with 

for any important asset decision, includ-
ing end-of-life. It is a tool for ranking and 
displaying risks by defining ranges for 
consequences and the likelihood of fail-
ure of an asset. Past and recent scientific 
research has pointed out the weaknesses 
and inconsistencies of using risk matri-
ces as a ranking tool and risk criteria to 
make a life cycle decision.[1] The foun-
dation is based on an overly subjective 
character without any scientific princi-
ples. Mathematical analysis shows that 
decisions based on risk matrix ranking 
could be less efficient than those based 
on random ranking. Ranking inconsis-
tencies, instability due to input errors, in-
consistency with the cost of the solution, 
range compression, negative correlation 
of risk acceptance criteria, and ambigu-
ity for non quantitative scales are some 
of the main issues with the risk matrix.
[2] Simple is not always better, especial-

Electrical utilities all around the 
world face important challenges 
in asset management of rapidly 
ageing networks. Ageing power 

transformer fleets represent a particular-
ly significant issue for network reliability. 
Recent supply chain disruptions remind-
ed us again that having reliable condition 
assessment metrics and prioritisation 
models for lifecycle decisions are more 
important than ever.

In the next era of machine learning and 
reliable big data analysis, utilities are in-
vesting in finding the best methodologies 
for automated asset management decision 
recommendations based on predicted 
time to failure and proposed maintenance 
action options with estimated costs. 

The risk matrix is a widely used prioriti-
sation method for many asset managers 

A risk matrix is a widely used tool for identifying, assessing, and prior-
itising risks based on their likelihood of occurrence and the severity of 
their impact on the utility’s operations, infrastructure, safety, environ-
ment, and finances
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purchasing and project overheads but 
may not account for the fact that critical 
energy assets need regular, ongoing, and 
unplanned maintenance. Maintenance 
and labor costs that grow over time. A 
significant portion of maintenance costs 
is a result of interventions during the 
last years of a life of a transformer. If we 
can calculate the TCO at a certain age 
per transformer and correlate the trend 
with the rest of its fleet, we would be able 
to evaluate economical performance of 
a transformer within a fleet. A tailored 
TCO modeling may include all operating 
and maintenance costs, costs associated 
with interruptions and unplanned down-
time, planned condition assessment activ-
ities and carbon footprint costs. 

Successful life cycle management of a large 
fleet of power transformers efficiently in-
volves a combination of strategies to en-
sure reliability, minimise downtime, and 
extend the lifespan of the transformers. 
Life cycle strategies are as good as the utili-
ty’s ability to execute flexible maintenance 
and refurbishment actions within its solu-
tion portfolio.

A maintenance portfolio is a combination 
of predetermined activities based on mul-
tiple parameters. The main types of inter-
ventions are:

The most efficient method of integration of the TCO into the life cycle  
management process would be creating groups or classes of trans
formers in a fleet based on voltage levels, MVA rating, type of cooling 
system and number of phases

Figure 1. A typical risk matrix [3]

•	 Preventive maintenance in scheduled 
condition assessment and mainte-
nance activities based on industry 
standards or utility experience, such as 
routine inspections, oil testing, bush-
ing testing. 

•	 Condition-based maintenance in-
volves performing maintenance ac-
tions based on abnormalities observed 
during inspections, testing or real time 
condition monitoring.

•	 Predictive maintenance is also the 
most efficient method of intervention, 
involving execution of specific mainte-
nance actions for specific mechanisms 
of degradation. A certain type of deg-
radation observed in a unit may result 
in a predictive maintenance action 
plan on identical or similar units.

•	 Risk-based maintenance includes all 
maintenance activities that are priori-
tised based on the probability of failure 
and its potential impact on operations 
or the criticality of the transformer. 
Risk management methodologies such 
as the risk matrix help allocate resources 
more effectively, focusing on trans-
formers that pose the highest risk to 
reliability and safety.

•	 Corrective maintenance involves re-
pairing or replacing components as 
issues are detected or failures occur. 
This reactive maintenance is crucial 

for the network resilience. The success 
of the recovery time depends on the 
availability of spare parts and critical 
components.

For utility substation applications, the 
life expectancy of a power transformer 
active part can vary between 70 to 80 
years. However, the average life expec-
tancy of critical components that are es-
sential for the function of a transformer 
is between 30 to 35 years. Thus, an end-
of-life decision is often made due to the 
condition of these components. A com-
plete refurbishment at an optimum time 
in the life of a transformer would not 
only reduce the maintenance costs that 
are much higher after the age of 30 but 
also would maximise the use rate of a re-
liable transformer.

The optimal balance of all these strategies 
depends on factors such as the fleet pro-
file, operational demands and constraints, 
environmental conditions, budget con-
siderations and a reliable prioritisation 
tool that must be tailored to the specific 
needs and context of the transformer 
fleet. The risk-based methodologies of-
fer end users a tool to achieve high reli-
ability and operational efficiency if these 
methodologies can be converted into a 
reliable prioritisation tool. 
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and efficient approaches to optimise all 
life cycle decisions are becoming the focus 
of electrical utilities. Introducing TCO 
trend analysis combined with artificial 
intelligence capabilities may significantly 
reduce the overall cost of ownership.
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could also be considered if carbon foot-
print calculations need to be covered by 
the TCO. Comparing each asset within its 
group would be beneficial to identify cor-
relations and outliers. Each TCO per asset 
must be converted to a unit cost per year 
for trend analysis. In the example shown 
in Figure 2, a targeted intervention is nec-
essary for the outlier unit TrA. The TCO 
of a transformer may also include a fixed 
cost to represent the lack of a reserve or 
logistics if it is in a remote location. Using 
end user’s scaling methodology, the TCO 
performance of an asset can be modeled 
into an existing matrix, evolving it into a 
unit cube. This 3D view would be more 
representative of the fleet profile and the 
real impact of any life cycle management 
decision on an asset.

As transformer purchasing and operating 
costs continuously increase alongside the 
average age of critical infrastructure, new 

Risk based life cycle 
management

A risk matrix is a widely used tool for 
identifying, assessing, and prioritising 
risks based on their likelihood of occur-
rence and the severity of their impact on 
the utility’s operations, infrastructure, 
safety, environment, and finances. The 
two typical axes axis of a risk matrix are 
the probability and the consequence of a 
potential event of operational disruption. 
Each utility has its own tailored method-
ology to calculate the likelihood of a fail-
ure and the impact of such an event evalu-
ated as a level of frequency and severity or 
as a number on a scale (ex. 1 to 5 or 1 to 9).

The intuitive design of risk matrices is 
simple to understand. However, risk ma-
trices have several weaknesses that can 
limit their effectiveness in some contexts, 
especially if not used carefully or supple-
mented with other profiling and prioriti-
sation tools. The main weaknesses of the 
risk matrix methodology are subjectivity, 
oversimplification, resolution limitations, 
neglect of risk interdependencies, false 
sense of precision and, of course, scaling. 
IEC technical committee TC123 working 
group members are currently evaluating 
the very definition of risk of failure and 
the efficiency of the risk matrix method-
ology.

The decision-making process needs to be 
improved, and TCO offers us a starting 
point. The total cost of ownership of a 
power transformer refers to the compre-
hensive calculation of all direct and indi-
rect costs associated with procurement, 
installation, commissioning, operations, 
maintenance, outage time, monitoring, 
diagnostics, asset management, perfor-
mance tracking, refurbishment, upgrade, 
recycling or disposal and environmental 
impact. The advantage of the TCO ap-
proach would be the possibility to project 
the overall life cycle cost of an asset based 
on the unit TCO at a specific age and the 
historical data on identical or similar 
units, therefore identifying possible devi-
ations in the performance of an asset. 

The most efficient method of integration 
of the TCO into the life cycle manage-
ment process would be creating groups 
or classes of transformers in a fleet based 
on voltage levels, MVA rating, type of 
cooling system and number of phases. 
The complexity of the active part weight 
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Figure 2. An example of TCO trend analysis
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