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With restructuring of the electricity
sector into profit oriented business mod-
els, an increasing number of electric util-
ities are adopting Health Indices to mea-
sure and monitor the condition of their
assets. 

The Health Indices represent a novel
way for capturing and quantifying the
results of operating observations, field
inspections, in situ and laboratory testing
into an objective and quantitative picture,
providing the overall health of the assets.
Asset Health Indices become a powerful
tool in managing assets and identifying
investment needs and prioritizing invest-
ments into capital and maintenance pro-
grams. 

When appropriately developed,
Health Indices provide an accurate indi-
cation of the probability of asset failures
and associated risks. Having established
the Asset Health Index under current
conditions, Health Index values in future
can be predicted by taking into account
the impact of environmental and operat-
ing conditions along with the preventa-
tive maintenance practices. This article
describes the techniques to account for
impact of preventative maintenance on
Health Indices and for predicting future
asset condition based on the current

Health Index and maintenance practices. 
The techniques can be used for eval-

uating future risks associated with an
asset or in selecting optimal maintenance
levels that would provide the right bal-
ance between risk and investment costs.
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1. Introduction
Increased demands for improved

financial and technical performance by
electric power companies throughout the
world are resulting in much closer scruti-
ny of capital investments.

There is also significant pressure to
control operating and maintenance costs
while maintaining or improving system
performance. In order to achieve the
optimal balance among capital invest-
ments, asset maintenance costs and oper-
ating performance, there is a need to pro-
vide economic and technical justifica-
tions for engineering decisions and
spending plans. The analysis outlined in
this paper specifically focuses on the
technical justifications for proposed
expenditures.

Electric utility transmission and dis-
tribution systems are made up of a large
number of individual system components
with different characteristics and differ-
ent importance. Assets such as trans-
formers, circuit breakers, reclosers, over-
head lines, underground cables, switches,
rights-of-way, and civil works are a few
typical examples of the type of compo-
nents that make up the asset base of an
electric transmission or distribution utili-
ty. Conventionally, in order to make deci-
sions on the maintenance and replace-
ment needs for such assets, relatively
detailed information on each asset would
be required. This immediately raises a
very significant practical problem.
Firstly, an attempt to gather detailed
information on each individual asset
would be both practically and economi-
cally infeasible. Secondly, there are no
standard interpretations of the various
tests and inspections that may be carried
out on each asset, therefore, requiring
reliance on engineering judgment, which
may be difficult to apply uniformly over
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Table 1
Example of a Health Index for a Distribution Asset
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an entire asset group or for different asset groups. In order to
overcome these problems, a statistical sampling method can be
used which would result in accurate evaluation of the overall
asset class, providing a hierarchical approach to condition
assessment.

2. Asset Degradation and Health Indices
It is important to understand the differences between

defect management and reactive maintenance versus long-term
asset degradation and asset condition assessment. Defects are
usually well defined and associated with failed or defective
components in the ancillary systems that affect operation and
reliability of the asset well before its end-of-life. These defects
do not normally affect the life of the asset itself, if detected
early and corrected. Defects are routinely identified during
inspection and dealt with by corrective maintenance activities
to ensure continued operation of the asset.

Long-term degradation is generally less well defined and it
is not easily determined by routine inspections. The purpose of
asset condition assessment is to detect and quantify long-term
degradation and to provide a means of quantifying remaining
asset life. This includes identifying assets that are at or near
end-of-life and assets that are at high risk of generalized failure
that will require major capital expenditures to either refurbish
or replace the assets.

A good understanding of the asset degradation and failure
processes is vital if condition assessment procedures are to be
effectively applied. It is important to identify the critical modes
of degradation, the nature and consequences of asset failure,
and, if possible, the time remaining until the asset is degraded
to the point of failure. Unless there is a reasonable understand-
ing of the degradation and failure processes, it is impossible to
establish sensible assessment criteria or to define appropriate
end-of-life criteria.

A composite Health Index is a very useful tool for repre-
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Table 2
Design Criteria for Health Index Formulation
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can be assigned appropriate rankings (i.e. poor, fair, good etc.,
as shown in Figure 1).

3. Relationship among Health Index, Asset Condition and
Probability of Failure

The targeted design criteria for assigning asset condition
to a health index range and relating it to the failure probabili-
ty of an asset is shown in Table 2 and illustrated in Figure 2
and Figure 3. This asset is assumed to have a median life
expectancy of 50 years. The life expectancy curves for the
asset are initially developed through careful evaluation of the
design and manufacturing standards for the asset, results of
accelerating aging tests where available and utilizing indus-
try’s collective experience with historic performance and fail-
ure rates through expert judgment. By applying actual condi-
tion data to a large enough population and studying failure
rates over a period of time, the initial formulation can be revis-

senting the overall health of a complex
asset. Transmission and distribution
assets are seldom characterized by a
single subsystem with a single mode of
degradation and failure. Rather, most
assets are made up of multiple subsys-
tems, and each subsystem may be char-
acterized by multiple modes of degra-
dation and failure. Depending on the
nature of the asset, there may be one
dominant mode of failure, or there may
be several independent failure modes.
In some cases, an asset may be consid-
ered to have reached its end-of-life
only when several subsystems have
reached a state of deterioration that pre-
cludes continued service. The compos-
ite Health Index combines all of these
condition factors using a multi-criteria
assessment approach into a single indi-
cator of the health of the asset.

For a typical asset class, a wide
range of diagnostic tests and visual
inspections may be undertaken, either
as part of the ongoing maintenance program or as spe-
cial-purpose Asset Condition Assessment (ACA) sur-
veys. In some cases, a poor condition rating value will
represent a failure of a subsystem, which can be
repaired through replacement of that subsystem, with
no resultant impact on the serviceability of the overall
asset. However, it should be recognized that general-
ized deterioration of many or all of the subsystems
that make up an asset can also be a valid indication of
the overall health of the asset. A composite Health
Index captures generalized deterioration of asset sub-
systems, as well as fatal deterioration of a dominant
subsystem.

In developing a composite Health Index for an
asset, it is very important to understand the function-
ality of the asset, and the manner in which the various
subsystems work together to perform the key asset
functions. With a clear understanding of asset func-
tionality, condition ratings of different asset compo-
nents and subsystems can be combined to create a
composite “score” for the asset, and the continuum of
asset scores can be subdivided into ranges of scores
that represent varying degrees of asset health.

The critical objectives in the formulation of a composite
Health Index are:

- The index should be indicative of the suitability of the
asset for continued service and representative of the overall
asset health

- The index should contain objective and verifiable mea-
sures of asset condition, as opposed to subjective observations

- The index should be understandable and readily inter-
preted

Table 1 shows an example of a combined Health Index for
Voltage Regulators (see previous page).

In this example, the maximum score is 92; Health Index is
therefore (Total Score/92) X 100 (0-100) and provides a mea-
sure of the level and extent of degradation of the asset compo-
nents.

Finally assets with a health index within a specific range
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Figure 1
Actual Health Index Results for a Typical Distribution Asset

Figure 2
Health Index scaling categories as reflected to the age curve
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ited and, if necessary,
adjusted towards the design
criteria.

The asset health scaling
categories would corre-
spond to probability of fail-
ure rates on the asset life
expectancy curve as illus-
trated in Figure 2 and can be
utilized to assess effective
age of the asset based upon
its condition. Similarly,
Figure 3 illustrates the prob-
abilities of failure for these
health scaling categories.

Based on these results,
decisions for this particular
asset can now be made on
the most appropriate level
of investments into mainte-
nance, refurbishment or
replacement over a defined
time period. As such, the
Health Index can be consid-
ered a key performance
indicator (KPI) in a corpo-
rate performance manage-
ment and decision making
setting where its interpreta-
tion takes into account the
nature of the asset being
rated; e.g., end-of-life has a
different meaning for a sub-
station drainage system than
for an distribution wood
pole.

4. Future Asset Health
Condition and Effect of
Maintenance

The scope and frequen-
cy of asset maintenance
activities significantly
impact asset life expectancy and asset health at any time during
asset’s lifespan. Different types of assets require different pre-
ventative maintenance routines, which have varying levels of
impact on asset health and condition and probability of failure.

Figure 4 shows an example of two life curves for the same
type of equipment under two different maintenance scenarios.
If a comprehensive scope of maintenance activities is selected
and these maintenance activities are carried out with greater
frequency, as indicated by “Policy 2” in Figure 4, it would
result in an increase in asset’s life expectancy and the health
index at any particular time (represented as asset value in the
graph) will be higher. On the other hand, if maintenance policy
1 selected, which consists of fewer maintenance activities and
carried out less frequently, it would result in shorter asset life
expectancy and a lower value of health index at any time dur-
ing asset’s life. We can observe that the life curves in Figure 4
are equivalent to those in Figure 2.

The time period over which a certain maintenance policy
is applied is, of course, of equal importance. For example, if the
comprehensive maintenance policy 2 is applied from the begin-

ning, the life
expectancy would be
significantly extend-
ed. However, if
Policy 2 is applied
late in the asset life
cycle, the life exten-
sion may be minimal.

While the curves
in Figure 3 allow
derivation of the cur-
rent effective age of
an asset based on the
present health index,
Figure 4 provides
means of taking into
account the effect of
the current mainte-
nance policy and pre-
dicting expected
aging and deteriora-
tion of the asset in
future years. Thus,
future asset health
and condition can be
predicted. Similarly,
a change in the main-
tenance policy can be
evaluated and its
effect on the overall
asset’s life assessed.

It is important to
note that accurate
depiction of mainte-
nance impacts on
health and condition
of assets and devel-
opment of curves
indicated in Figure 4,
is not a trivial task,
but requires exten-
sive experience and
knowledge in main-

taining and operating assets to determine accurate cause-and-
effect algorithms which are used in deriving these curves.

5. Conclusion
Health Indices provide a basis for assessing the over-

all health of an asset and risk of failure and are, therefore, a key
performance indicator (KPI) on the asset condition. Health
Indices are based on aging and degradation modes of assets and
their subsystems under different environmental and operating
conditions. 

Use of health indices in establishing the level of invest-
ment levels into capital and maintenance activities allows the
selection of optimal risk mitigation initiatives for implementa-
tion. A key factor in such integration is using the information
available to assess the expected asset failure rates and the cor-
responding remaining life. This can be done by utilizing demo-
graphic, performance and condition information through health
index analysis. 

The effect of different maintenance options can then be
analyzed for the optimal life extension of the assets.

Electricity Today22

Figure 4
Two life curves for the same equipment under two different mainte-
nance scenarios (Operating conditions are assumed to be the same)

Figure 3
Health Index scaling categories and probabilities of failure
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