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ABSTRACT 

Against the background of a common methodology for 
calculating asset risk indices being agreed across DNO’s 
in the UK, this paper examines the history of how asset 
risk indices were developed within the electricity 
distribution sector over the two decades prior to the 
common methodology. Understanding the historical 
context helps with evaluating the strengths and also the 
limitations of moving to a common framework, thereby 
providing a good basis for evaluating where and how the 
framework is best applied whilst minimizing any 
‘modelling risk’ (the risk of the modelling itself 
overlooking certain risks) that commonality can 
introduce if it isn’t carefully managed. 

INTRODUCTION 

When UK electricity distribution network operators were 
asked by their regulator to devise a common framework 
of definitions, principles and calculation methodologies 
for the assessment, forecasting and regulatory reporting 
of asset risk during the period 2016 to 2023 [1], it was 
found that existing areas of commonality across the 
industry in the development of asset health indices and 
condition based risk management techniques provided an 
obvious starting point. Commonality in asset types and 
asset-specific modelling problems; similarity of 
implementation environments in terms of available 
condition monitoring and information technology; shared 
research and development programmes; and shared 
drivers towards smarter asset management of complex 
and ageing asset bases meant that health/risk indices for 
electricity distribution network assets had evolved in a 
certain and recognisable way regardless of license area. 
This paper is concerned with understanding this context 
in which the common framework was developed rather 
than with the detail of the methodology itself. 

DRIVERS FOR ASSET HEALTH INDICES 

Health Indices (HI) began to be introduced into the 
electricity distribution industry in the 1990’s as a means 
of combining all available information and experience 
relating to a particular asset into an overall index. This 
score gave an indication of the current state of health of 
the asset which then provided a basis from which to 
estimate future health and performance, remaining useful 
life and probability of failure.  There were a number of 
drivers for this innovation.  
 
Decision Support for Asset Management 
Firstly the issue of how to manage an ageing asset base 

was becoming a major challenge for the electricity 
distribution companies. Assets installed during the 
unprecedented expansion of the network in the 1950’s 
and 1960’s now had to be maintained and their 
replacement or refurbishment managed in a planned 
fashion. Generally the kinds of asset management models 
in use made time-based reliability based decisions that 
relied largely upon age data and engineering failure curve 
assumptions. This is not surprising when you consider 
that age data was often the only asset-specific data 
available. However these approaches could be costly and 
not all of the asset interventions were necessary. 
Condition information from inspections offered the 
prospect of being able to optimise decisions in an 
efficient, reliable and effective manner by targeting assets 
which genuinely required intervention. 
 
Condition Monitoring Techniques 
Secondly, improved condition monitoring techniques 
increased the scope and scale of condition assessment 
beyond the kinds of results obtained from purely visible 
inspections. A host of tools had become available 
including partial discharge instrumentation, oil analysis, 
ultrasound based diagnostics, and high resolution 
cameras capable of photographing overhead lines from 
helicopter patrols. 
 

 
Figure 1. Technology enablers 

 
IT Advances 
Finally the data processing required for developing health 
indices was being made possible by rapid changes in 
information technology (IT). Increased data storage 
capacity made it possible for the first time to store 
condition histories in electronic databases for large 
numbers of assets. Where condition information was 
already being collected by distribution network operators 
(DNO’s) it had typically been stored previously in the 
form of paper records with only the most recent 
inspection result stored electronically and overwriting 
any previous value in the database. In the 1990s DNO's 
deployed significant resources to transfer paper records to 
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computer-based asset registers and network diagrams [2]. 
   At the same time hand held data capture devices were 
becoming available on the market and together with 
improved data communication protocols offered the 
possibility of being able to record inspection results 
electronically whilst out in the field followed by 
electronic upload onto main central computers. [3] 
   Finally access to data was being transformed by the 
transformation of computer technology from large 
mainframe systems to personal computers. These gave 
asset managers the ability to access this data and use it in 
decision support software. 

COMMON RESEARCH & DEVELOPMENT 

Early work to develop electricity distribution based 
Health Indices took place as research and development 
(R&D), based on a mix both of programmes funded by 
all of the electricity distribution licenses and of trials set 
in place via private funding arrangements with particular 
licenses. R&D common to all of the DNO’s took the 
form of a series of projects and a couple of PhD’s co-
ordinated under a strategic technology programme (STP) 
sponsored by all the DNO’s.  
Theoretical background work involved looking at how 
other industries with networked assets combined their 
asset information into some kind of overall measure and 
assessing the suitability of those methods for use with 
electrical assets. [4] In particular civil infrastructure asset 
management of road and bridge networks provided a rich 
source of ideas and experience due to their solutions 
already being twenty years in development. In these 
industries maintenance was now being prioritised 
according to overall scores obtained from combining and 
weighting the results of a range of component condition 
measures. These were variously referred to as 
maintenance indices, priority indices, distress ratings, 
overall condition measures and other such names. The 
distinction was also made between the tactical short term 
decisions made on the basis of index priorities and 
strategic longer term decisions made in the context of risk 
based asset management systems. Development in this 
field was also evident in the water industry. 
 
A first proof of concept – current health trial 
An early task for electricity assets was to test ways of 
combining disaggregated asset information into an 
overall index. From studying various examples a 
methodology was developed in an initial STP trial which 
determined the relative importance of each condition 
measure and also determined the significance of each 
possible condition state.  Condition points and condition 
states were both assigned weights and the weighted 
values were aggregated to produce an overall condition 
score. A ready candidate for the overall condition score 
test was found in the rich source of transformer oil data 
available within the industry. Oil condition monitoring 
had been carried out by electricity utilities widely over 

the previous twenty years and therefore there was a lot of 
experience and literature relating to the interpretation of 
results. An expert system had already been devised in 
which oil results were assessed manually by inspection, 
each transformer being classified by applying a set of 
rules based both on the absolute level of the values 
measured and on the combination and ratios of the 
different values. 
   Three indices were calculated this way: an oil condition 
index based on the value of moisture, acidity and 
breakdown strength; a transformer condition index based 
on the results of dissolved gas analysis and a 
Furfuraldehyde measurement; and the third a PCB index.  
 

 
Figure 2. Early trial results 

 
The test was to see if the process could be automated 
using an aggregation and weighting technique described 
in the civil infrastructure papers and still give the same 
results as those assessed by the expert. It proved 
successful and indeed the aggregation method and its 
weightings have survived intact so that they are still in 
use in the common transformer health index methodology 
today [5]. 
 
Forecasting and condition based risk management 
At the same time as DNO’s were grappling with 
implementation issues around determining the current 
health of their assets further theoretical development was 
taking place in the area of how to make use of health 
index measures in a generalised condition based asset risk 
management system [6]. This begged the question of how 
to forecast future health in order to make longer term 
optimal and risk based strategic planning decisions. The 
asset management models looked at in other industries 
generally had similar basic steps consisting of:- 
 
i) Determination of the asset groupings, their 

associated condition measures and states, and 
what useful auxiliary information was also 
available; 

ii)  A methodology for combining condition 
measures and auxiliary information into a 
current overall index or score. 

iii)  Techniques for forecasting future health either 
based on condition state transition probability 
matrices or on degradation curves. 

iv) Understanding the probabilities of failure and 
expected asset lifetimes. 

v) Identification of interventions (actions and 
decisions); 
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vi) Working out the costs associated with taking 
actions for various condition states including 
avoided costs (consequences of failure). 

vii)  Working out what strategic questions need 
answering / what to optimise. 

 
Results from trials in different DNO’s 
As well as the STP work a number of DNO’s were 
involved in stand-alone trials for which a vast array of 
questions needed to be solved. For example asset 
managers needed to know what kinds of inspection 
scripts provided a good basis for calculating an overall 
condition index. How many questions were suitable for 
meaningful combination? How many grades of answer 
were manageable in an automated system? What were the 
key engineering condition measures that revealed 
something about asset condition and how critical were 
each of these? How should the asset model be 
constructed in terms of any sub asset categories and at 
what level of aggregation? Was there any existing 
information available that could be used? What about 
auxiliary information, age, duty, environment? For 
example, corrosion of a metal item may vary depending 
on the corrosivity of the environment and whether the 
item is indoors or outdoors.  Decisions had to be made 
whether to create different models for items classified 
according to their environment, or whether to use 
environmental information as another weighted 
component measure, or whether to use it to change the 
future degradation forecast. The trials covered various 
asset categories from substation plant through to all 
overhead line components. Lessons were learnt from 
these trials and results published at electricity distribution 
conferences [7][8]. 
 
From research through to development 
By the end of the 1990’s DNO’s were seriously thinking 
about the practicalities of implementing asset health 
indices and the scene was set for their widespread 
development throughout the whole industry during the 
next decade. Following the initial research, health index 
models were developed separately by the different 
DNO’s over the next decade. This took place through 
R&D projects which aimed to answer the engineering 
questions that had been posed by the early research 
through to full scale development. 
   The work carried out during this time formed the basis 
for the asset models, condition points and states, 
aggregation techniques calibrations of weightings, and 
other parameters in use in the common methodology. 
Therefore the fundamental engineering concepts and 
parameters come from the DNO’s shared R&D 
background, although individually calibrated to each 
DNO’s own operating context. Meanwhile, the similarity 
of asset types and available condition monitoring 
techniques also contributed to a lot of common ground. 

ELECTRICAL HEALTH INDEX MODELS 

By the end of the first decade it was becoming clear that 
health indices were developing within electricity 
distribution in a clearly recognisable way that differed 
from their development in other industries. Whilst some 
of the similarity across the DNO’s might be ascribed to 
some R&D work being carried out by the same service 
provider, this was not the whole story. The considerations 
for distributed electricity network assets are clearly 
different to those in the civil infrastructure systems from 
which the early work was borrowed and these differences 
matter in that they may be a constraint on any application 
of the common methodology beyond electricity 
distribution.  
 
Availability of data 
One key difference is in the accessibility and amount of 
data required. Utilities like road networks are more likely 
to have condition points accessible from visual 
inspections than in electricity distribution networks which 
have many buried assets such as underground cables. 
Electricity distribution networks also have a sizeable 
proportion of complex assets which may need more 
condition points and which may also have hidden internal 
components and multiple failure modes. The value put on 
age data is different between the industries too. Roads are 
subject to constant resurfacing so condition is more 
useful than age for making an assessment of overall 
health. For electrical underground cables on the other 
hand, and indeed for other asset categories where the 
collection of condition information is fairly recent, age 
may be more or less the only information available.   
 
Failure versus serviceability 
Major differences also exist between the industries in 
terms of how far through their asset life they are allowed 
to remain operational. In infrastructure models for assets 
such as roads or bridges, serviceability rather than failure 
is usually the key consideration.  The cost of overlaying a 
badly deteriorated road is far greater than the cost of 
overlaying a road that is in reasonable condition and this 
drives the intervention decision rather than concern that 
the road may fail.  A road can still be used even if it is 
badly deteriorated although it may be less able to service 
large traffic flows. With electricity distribution assets the 
need to avoid potentially catastrophic failure means 
assets are removed from the network before end of life.  
These differences affect the amount of data available for 
finding any relationships that there might be between 
condition and age.  
 
Implementation – current health 
The issues of condition, age and failure data in electricity 
distribution networks has had an impact on how HI 
models have been implemented. The civil infrastructure 
models were largely condition based and age, if 
considered at all, was likely to be treated as an auxiliary 
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factor modifying an overall condition index post-
aggregation. 
   However health index models in electricity distribution 
in situations where there was little condition information 
available often took age as the starting point. This was 
used to form a base health index subsequently modified 
by whatever condition information existed. In this kind of 
implementation the base health, determined by the age of 
the asset, was related to expected asset life as developed 
in reliability theory.   
 

 
Figure 3. Reliability theory concepts 

 
Of course there are other implementations too, including 
condition modified by age where the available data for an 
asset type make that possible, but we should not be 
surprised that engineering reliability concepts are never 
far away in any electrical asset implementations. It is 
particularly pertinent to many electrical asset types that 
the degradation of external condition ratings are merely 
an indicator of internal deterioration so that while the 
models may capture observed degradation of condition 
they will be missing unobservable internal processes. 
This makes it more likely that our models will 
incorporate non-condition factors like age. 
   Another factor widely used, in particular in switchgear 
models, is type-based reliability. Reliability judgements 
about our various plant types are regularly updated as 
more information comes through from failure 
investigations, dangerous incident notices and national 
equipment defect reports. These help cover the gap. 
 
Implementation – future health 
As well as differences across industries on how best to 
ascertain the current health of an asset, the approaches to 
determining future health for the purpose of making asset 
risk management decisions were also bound to differ. 
There are several ways in which the future health of 
assets can be determined. One is to calculate the 
probabilities of transition from one health index to the 
next (or of the component measures if more appropriate). 
Some companies prefer a probabilistic model for 
portraying road deterioration because the process has 
random features, for example the effect of weather and 
traffic loads on a road’s life is unpredictable; or civil 
assets may have cracking caused by random shocks as a 
key degradation mode. Probabilistic degradation models 
here have the advantage of being able to explain what 
variability might be expected in future conditions.   

   But a key driver behind choosing this kind of approach 
is the availability of good condition histories from which 
transition probabilities though states can be derived. With 
many civil infrastructure road assets there is a rich source 
of condition data covering the asset’s entire lifetime as it 
is not removed from the network before failure. In bridge 
networks, even if data is absent, it is also possible to base 
the transition probabilities on knowledge of underlying 
physical properties by using probabilistic laws of loads 
and resistances to describe the changes in states of a 
structure [9]. Electricity distribution assets do not have 
the same luxury.  
 
Therefore implementations in electricity distribution have 
been dominated by another approach based on simulating 
future health using degradation curves [10]. Some civil 
infrastructure companies also use curve based methods 
but these tend towards the use of curves derived from real 
data. For example some road networks have rich 
condition histories available that provide whole families 
of condition degradation curves [11]. The absence of 
such data in electricity distribution means that the curves 
in use are generally based on reliability theory concepts. 
    
The exponential curve has been widely used for short 
term forecasting in the electricity distribution models. 
This curve is valid in engineering terms because it 
describes a degradation mode true to most of our assets, 
of accelerating degradation rates as health further 
deteriorates. It is also a good curve for implementation 
purposes because its mathematical properties make it 
straightforward to use. For example it is impossible for 
spontaneous improvement to be accidentally modelled, 
and it only relies on two parameters, shape and scale, 
thereby making justifying the inputs more 
straightforward.  
 

 
Figure 4. Exponential degradation curves 

 
In reality there are different deterioration rates for 
different items of the same type such as a particularly bad 
environment that a switch is in or a poor standard of 
manufacture. These “hidden” factors can be 
approximated by giving an item a deterioration rate in 
keeping with its previous pattern of behaviour so after 
inspection some implementations move the asset to a 
different degradation curve path based on experience. 
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Probability & consequence of failure 
Condition based risk management systems in electricity 
distribution was innovative in linking the health index to 
a probability of failure (PoF) calibrated to match either 
condition induced failure rates recorded under the 
national fault interruptions reporting scheme (NAFIRS) 
or a wider definition of functional failures, as is used in 
the common methodology [12].   A reliability curve was 
used to model probability of failure such that it is higher 
and accelerating for more advanced degradation states 
[13]. This has become a standard approach in the absence 
of actual data about the relationship because of its 
inherent engineering strength and transparency and the 
common methodology uses it. 

 
Figure 5. Probability of failure with HI 

 
Commonality was also found in how DNO’s assessed 
consequence of failure and it is now standard under the 
common methodology to assess consequences in terms of 
Network Performance, Safety, Environment and 
Financial repair/ replacement.  

DIVERSITY MATTERS TOO 

The DNO’s have welcomed the common methodology 
for asset risk indices in that it helps them to understand 
their asset risk in relation to that elsewhere in the UK. 
However they also recognise that the use of common 
parameters and calibrations can be at the expense of 
modelling detailed local specific conditions. Therefore 
decision support provided by the common methodology 
needs to be supplemented by DNO specific techniques 
which thoroughly validate candidates for intervention 
using bottom up techniques. One further consideration is 
an awareness of the concept of ‘modelling risk’ which 
has been raised as an issue in the financial world, 
concerned that the use of a common regulatory finance 
model introduces the risk that during periods of market 
uncertainty a single model is less likely to forecast a 
financial crash than would several models each with a 
different range of parameters. [14].  
 
In conclusion where the common methodology is used 
within a DNO rather than comparatively across DNO’s it 
should be regarded as one tool in a suite of decision 
support tools for strategic investment decision making. 
Outputs from the methodology provide investment 
options which need to then be robustly analysed and 
appraised and tests applied from other tools in the suite. 
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