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ABSTRACT: An Asset Health Index (AHI) is a tool that processes data about asset’s condition. That 
index is intended to explore if  alterations can be generated in the health of the asset along its life cycle. 
These data can be obtained during the asset’s operation, but they can also come from other information 
sources such as geographical information systems, supplier’s reliability records, relevant external agent’s 
records, etc. The tool (AHI) provides an objective point of view in order to justify, for instance, the exten-
sion of an asset useful life, or in order to identify which assets from a fleet are candidates for an early 
replacement as a consequence of a premature aging. This paper develops a model applicable to different 
classes of equipment and industrial sectors. A review of the main cases where the asset health index has 
been applied is included. Likewise, advantages and disadvantages in the application of this kind of tools 
are revealed, providing a guide for a research line related to the general application of this tool.

2 CONCEPT OF AN ASSETS HEALTH 
INDEX

An Asset Health Index (AHI) is an asset score, 
which is designed, in some way, to reflect or char-
acterize the asset’s condition and thus, its perform-
ance in terms of fulfilling the role established by 
the organization.

AHI represent a practical method to quantify 
the general health of a complex asset. Most of 
these assets are composed of multiple subsys-
tems, and each subsystem can be characterized 
by multiple modes of degradation and failure. In 
some cases, it may be considered that an asset has 
reached the end of its useful life, when several sub-
systems have reached a state of deterioration that 
prevents the continuity of service required by the 
business (Hjartarson & Otal 2006). Therefore, the 
health index, based on the results of operational 
observations, field inspections and laboratory 
tests, produces a single objective and quantita-
tive indicator. It may be used as a tool to manage 
assets, to identify capital investment needs and 
maintenance programs (Naderian et al. 2008). In 
addition to condition and operation factors, the 
health index requires also to contain static factors 
linked to its location. That means, when environ-
mental conditions are changed independently of 
the asset itself  or the lack of any other change over 
time (Scatiggio & Pompili 2013).

1 INTRODUCTION

Nowadays, network operators are facing many 
challenges in their assets management. There is an 
increasing trend for stakeholders (safety, reliability, 
environment, and financial impact) while assets 
are aging, increasing the risk of failure. The need 
to estimate the expected time to failure becomes 
more relevant every day, and planning for an opti-
mal replacement or maintenance program to renew 
assets becomes even more essential. By having a 
large amount of assets, the maintenance manager’s 
challenge is to decide which assets require more 
attention and what actions should be taken. The 
complexity of this decision increases because each 
asset class has different failure modes, and each 
failure has different consequences in the asset net-
work (Vermeer et al. 2015).

The objective of this contribution is to highlight 
the most relevant recent studies related to the asset 
health index. The concept of asset health index 
(AHI) and its application appear throughout this 
document. The different models will be divided into 
three parts. The first part deals with data gathering 
and their treatment, the second part corresponds 
to the index composition, and the third part is the 
output of results and recommendations related to 
the index value. As a final part of the contribution, 
limitations of the models and the future scope of 
asset health index are discussed.
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The critical objectives in the formulation of a 
complex Health Index are as follows (Hjartarson &  
Otal 2006):

 The index should be indicative of the asset suit-
ability for a continued service and representative 
of the overall asset health.

 The index should contain objective and verifi-
able measures of asset condition, as opposed to 
subjective observations.

 The index should be understandable and readily 
interpreted.

3 MODELS

Next, four different models from the literature 
(proposed for the calculation of an asset health 
index) will be studied. In general terms, they all 
have inputs to the model that can be data related to 
condition, equipment operation, the availability of 
spare parts used in the maintenance and, in some 
cases, information from the geographic location.

For the algorithms used in the index calculation, 
it will be seen how in the different models, all the 
information sources are integrated by weighting 
factors and depending on the maturity level of the 
model implemented in each sector. Likewise, the 
output study for each model and their recommen-
dations is shown.

The following scheme (Figure 1) represents the 
concept of an AHI. It tries to compile the different 
inputs to the model from the literature consulted, 
and the different outputs for making long-term 
decisions (Azmi et  al. 2017). It is important to 
highlight that this paper is focused on making 
long-term decisions. In any case, there are also 
AHI models that are used as tools in the field of 
Prognostics and Health Management (P.H.M.) 
(Ludovic et  al. 2011) (Abichou et  al. 2012;  
Abichou et al. 2015).

3.1 Asset health index calculation model 
by Kinetrics

The model developed by Kinetrics, Canada, 
proposes the overall assessment of transformers 
condition. The inputs to the model are data from 
different variables related to the operation and 
condition of the equipment throughout its useful 
life. The calculations for each variable, as well as 
detailed assessment are used to normalize the val-
ues, weighting them with corresponding weights 
and building a personalized asset health index.

3.1.1 Inputs
The inputs of the model, are the historical data of 
the variables of operation (load, number of opera-
tions, etc.), the results of oil samples labs tests (Oil 
quality, content in dissolved gases, acidity, etc.) and 
on-site tests carried out by technicians, such as insu-
lation tests, thermography, corrosion status, etc.

3.1.2 Index calculation methodology
The methodology proposed for the index calcula-
tion is based on the normalization of each vari-
able into a value between 0 and 4, together with a 
variable weight for the final composition in a single 
indicator.

As an example of standardization for the results 
obtained at a laboratory test, the following chart 
(Table  1) shows the link between concentration of 
dissolved gases in transformer oil and aging. In the 
table, concentrations of different dissolved gases 
are weighted, according to their relationship with 
the aging of the asset. Therefore, gases with greater 
weight are those that appear when the asset has 
reached a certain level of aging (Naderian et al. 2008).

Equation 1 below, calculated from the results of 
gases dissolved in oil, refers to the variable value 
which is one of the inputs to the AHI.
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For the variables, the author proposes a weight 
between 1 and 10. Values close to 1 are assigned 

Figure 1. Concept of the health index within an asset 
management framework.

Table 1. Concentration in ppm of gas dissolved in oil.

Gas

Gas in oil concentration in tap changer

Wippm ppm ppm ppm

CH4 <50  50–150 150–250 ≥250 3
C2H6 <30  30–50  50–100 ≥100 3
C2H4 <100 100–200 200–500 ≥500 3
C2H4 <10  10–20  20–25 ≥25 3

Score (Si) 1   2   3 4
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to variables whose relationship with the aging of 
the equipment is very small or null. On the other 
hand, for variables that take higher values (higher 
than 5 points), they are condition variables that 
more accurately reflect the aging of the equip-
ment. The operating variables, such as the load 
factor of transformers and the power factor, are 
also related to the equipment aging speed, because 
they are good indicators showing when the equip-
ment operates outside the design conditions.

3.1.3 Model outputs
For the model output, the author proposes a com-
position of all normalized variables in a single indi-
cator ranging between 0 and 100. The value of 100 
corresponds to a value of new equipment and the 
value of zero refers to a piece of equipment that 
has reached the end of its useful life, requiring to 
be replaced because it is already out of service. The 
following equation 2 is proposed by the author for 
calculating the health index (Naderian et al. 2008).
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The index value is related to a failure probabil-
ity of the equipment, being divided into different 
ranges with their respective interpretations and 
recommendations. For the different index output 
ranges, some recommendations and measures are 
proposed in order to be taken into account for 
decision making in maintenance management. The 
following Figure 2 shows the relationship between 
the health index and the probability of failure 
(Naderian et al. 2009).

3.2 Asset health index calculation model by DNV 
GL

This model developed by DNV GL, Arnhem, 
the Netherlands, proposes a methodology for the 

calculation of a health index, calculated from the 
maximum admissible failure rates for the business, 
together with the asset criticality, in order to obtain 
an index to prioritize maintenance, overhaul and 
substitutions of parts. It uses as input variables the 
estimated useful life of the equipment, the current 
age and condition variables (load, on-site condi-
tion analysis, maintenance number, etc.). The out-
put of this model is the remaining useful life of the 
equipment in years (Vermeer et al. 2015).

3.2.1 Inputs
The model uses the useful life of the equipment as 
static data; this allows making a first estimation that 
will be corrected later with the information of the 
asset’s condition and, at the same time, with the fail-
ure modes that appear throughout the asset life cycle.

3.2.2 Index calculation methodology
The methodology proposed by the author, is sepa-
rated into three large blocks, depending on the type 
of data entry. The blocks are called as degradation 
function, static function and condition function. 
The model output is the relationship between the 
different functions for determining the health index, 
which is in this case the equipment remaining life.

The model application requires a previous esti-
mation of the asset average age based on histori-
cal data. This average life becomes a technical life 
average that is later corrected with the specific 
condition data of the asset. In a simple way, the 
model increases or decreases the end of the asset 
technical life, depending on the real asset condition 
at the moment of its analysis, Figure 3, (Vermeer 
et al. 2015).

Figure 2. Asset health index ranges and the relationship 
with the probability of failure.

Figure  3. Estimated remaining life corrected with the 
specific condition data of the asset.
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3.2.3 Model outputs
Once calculated all proposed methodological func-
tions, they are combined in order to provide the 
result of the asset remaining life. In order to make 
the calculation, first, the static function is calculated 
with condition function in series, while the degra-
dation function is calculated in parallel with the 
others. Like the previous model, the index output 
provides an approximated value of the asset health 
status, which is in this case the equipment remain-
ing life. In Figure 4, the combination between the 
different functions is observed for the calculation 
of the asset health index proposed by the author.

3.3 Asset health index calculation model by 
TERNA

This model developed by Terna Rete, Italy, proposes 
the calculation of the equipment health index based 
on static and dynamic parameters. Static param-
eters are associated with the location where the 
equipment is located, which are invariable in time 
and independent of the asset, for example, the recur-
rence of catastrophic phenomena, the probability of 
electrical storm, etc. Dynamic parameters are asso-
ciated to the equipment and can be measured in situ 
by functional and visual tests, as well as in labora-
tory tests by analysis of oil samples, lubricants, etc.

The output of the model is an index between 0 
and 0.5 which refer to the state as new and criti-
cal respectively. That is intended to justify techni-
cally and economically, making decisions for the 
investment of capital in replacement of equipment 
(Scatiggio et al. 2016; Scatiggio & Pompili 2013).

3.3.1 Inputs
The model author proposes static and dynamic 
variables for the model’s inputs. Static variables do 
not depend on the asset itself  but depend on the 
location (lightning frequency, catastrophic events, 
etc.). The dynamic variables proposed depend on 
the asset, and their value changes with the asset 
ages. Therefore, by capturing the change over 
time and comparing the maximum and minimum 

admissible for each kind of equipment, the condi-
tion status can be estimated at each moment of the 
asset life. The following condition parameters are 
those that are taken into account as inputs to the 
model (Pompili & Scatiggio 2015), each parameter 
is known as Health Index (HI).

 HI dielectric: parameters related to dielectric and 
thermal condition, as it may be obtained from 
dissolved gas analysis. These parameters are able 
to provide information on electrical (partial dis-
charges, low energy discharges, arcing) and ther-
mal problems (hot spots, overloads);

 HI thermal: parameters related to pure thermal 
condition of the insulating paper, as they may be 
obtained from the CO2, CO and further periodi-
cal determinations;

 HI mechanical: parameters related to mechani-
cal condition of the transformer, as they may 
be obtained from on-site electrical tests (induct-
ance measurements, Sweep Frequency Response 
Analysis or SFRA, Frequency Domain Spec-
troscopy or PDC/FDS);

 HI oil: parameters related to insulating oil 
condition, as they may be obtained by water 
content, acidity, 50–60  Hz Breakdown Voltage 
(BDV) and Dielectric Dissipation Factor (DDF) 
determinations.

3.3.2 Index calculation methodology
Due to the fact that different condition factors are 
very different from each other, they must first be 
standardized with their corresponding weights. In 
order to transform the value into a non-dimen-
sional number, international guidelines and regula-
tions (IEC, IEEE, CIGRE, etc.) are used.

Once the parameters have been standard-
ized, from the following equation 3, the HI is 
calculated:

HI
HI HI HI HI

HI
dielectric thermal mechanical oil

MAX

=
+ + +  (3)

where HIMAX is a prefixed number and, as a conse-
quence, the HI of each asset may be expressed per 
units (p.u.).

3.3.3 Model outputs
The model output is a HI value between 0 and 0.5. 
Higher and lower HI values are associated, respec-
tively, to lower or higher levels of asset reliability.

In dependence on their HI, assets are classified 
in four classes. In Table 2, assets classified in “very 
good” and “good” condition may be managed fol-
lowing the common and standard maintenance 
practices, assets classified as “fair” or “doubtful” 
need an increase of analysis frequency or a deeper 
investigation (Scatiggio et al. 2016).

Figure 4. Schematic of how the functions are combined 
to give a health index.
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The models that will be introduced in the paper 
are relevant, among other things, because:

 Asset managers need models to study options 
that maximise the value of an asset as it 
approaches the end of its useful life. Options 
may include (for example) changing the oper-
ating regime, partial asset replacement/refur-
bishment to extend useful life, or an indefinite 
ongoing ‘patch-and-continue’ programme, per-
haps involving suppliers to provide necessary 
parts or services.

 Predicted performance supported by knowledge 
and asset information is available in many com-
panies—normally based on good understanding 
of how assets degrade—but not incorporated in 
formal processes for capital investment. These 
models contribute to the decision process that 
seeks the optimal life cycle value.

4 CHALLENGES OF AHI APPLICATION

Currently, in order to respond the increasingly 
demanding requirements in terms of asset man-
agement, the application of AHI models offer the 
possibility to improve the process of decision mak-
ing in maintenance situations. After a review of the 
literature, the best practices agree that using the 
asset health index offers the following advantages:

 Consolidate all information sources about the 
asset condition in a single integrated view of 
asset health.

 Provide an approaching indication of the asset 
at the end of its useful life.

 Condition assessment and asset performance.
 Report generation for maintenance attention.
 Needs identification at short and medium term 

for the replacement of individual equipment.
 Prediction of long-term needs replacement in 

large volumes of assets, identifying potential 
peaks with investment requirements.

 Identify problems, risks and opportunities for 
maintenance management.

 Provide information on asset deterioration 
trends that do not correspond to the rates of 
natural aging processes, which can be useful for 
planning appropriate maintenance strategies.

 Comparison between the assets condition by 
classes and locations, allowing taking actions in 
the operation and maintenance strategy of the 
organization.

On the other hand, any organization that decides 
to implement this tool in their strategic processes, 
with the purpose to improve its asset management, 
will have to take into account the below-mentioned 
considerations. Depending on the level of maturity 
of the organization, in some cases, they may be a 
challenge to overcome and, in others, an inconven-
ience to avoid or mitigate:

 The collection of data has a high cost. The cap-
ture of certain information requires a field tech-
nician in order to inspect and record the data.

 Uncertainty in evaluating asset conditions can 
create inconsistencies in the collection of data.

 Uncertainty about the return on investment, the 
valuation of costs and the financing of assets 
replacement or renewal, can make difficult to 
determine the information

 The lack of consistent and compatible methods 
to record, store and reference information can 
cause errors in the analytical phase.

Once these advantages and disadvantages have 
been seen, it’s worth investigating the implementa-
tion of the AHI tool. The initial part of capture 
and processing of the data is critical; improving in 
this initial stage the assets management will ensure 
better results. For any organisation that decides 
to apply the AHI tools, its essential to incorpo-
rate in its asset management model, the condition 
study of the asset after replacement promoted by a 
decision based on the asset health. This will allow 
the learning and adjustment of the mathematical 
model based on their own experience, which will 
be benefited in better results in making long-term 
decisions.

5 CONCLUSIONS

Today, the use of tools for decision making about 
long-term renewal and replacement of equipment 
for organizations is quite extended. Thanks to 
Life-Cycle Cost analysis (LCC), it is possible to 
know from an economic point of view, the cost 
of an asset over its useful life and to estimate the 
time for replacement if  needed. The disadvantage 
in many cases, is the large amount of variables that 
must be handled when estimating the real cost of 
an asset over its useful life, generating a scenario 
of high uncertainty (Durairaj et al. 2002). At that 
moment, it is where the AHI comes into play as a 
support tool, having a completely different calcula-
tion methodology, estimated from lab tests in order 
to know the asset condition, visual inspections, 

Table 2. Health Index (HI) evaluation.

Health Index (HI) Condition

0–0,10 Very Good
0,10–0,20 Good
0,20–0,30 Fair
>0,30 Doubtful



1156

operation and maintenance history and the age of 
the equipment and its components.

The roadmap for the definition of an AHI 
model is applicable to different kinds of equip-
ment. It is currently under development and such 
development is generating the need to open new 
lines of research, in parallel to what is currently 
implemented in the field of electrical networks and 
more specifically in electrical transformers.
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