EXTENDING ASSET LIFE
WITH CONDITION
MONITORING

To understand how to defer asset renewal related expenditure it is worthwhile exploring the
underlying drivers for this class of investment. In short, the business case to replace an asset
is positive when the cost of renewal is less than the future liability of downside risk associated
with refaining the asset in service. So therefore, it may be possible to defer the requirement for
investment if these negative consequences or downside risks can be managed fo tolerable levels.
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oday’s typical electricity distribution network equipment, such

as power transformers and switchgear are high cost, long life

assets. Investment in new assets is largely driven by two inter
related drivers, i) the requirement to provide new capacity or capability,
and ii) the need to maintain existing capability as assets deteriorate
from time and use in service. Uncertainty makes investment decisions
difficult. Should a company invest in a multi-million dollar asset if
the long term future requirement for that asset is uncertain? In such
a business environment the ability to defer investment, particularly
renewal investments where there is no impending capacity or
capability related driver has practical and financial advantages.

If asset renewal replaces an existing capacity or capability then what
is the real driver? The driver is that the investment is needed to prevent
the negative consequences of asset failure. For electricity distribution
assets this can include safety considerations, the impact on customer
service levels of asset failure and ongoing operating costs.

CHANGING THE PROBABILITY OF FAILURE

Risk is commonly defined as the product of consequences and
probability of failure. If the optimal replacement time for an asset is
a function of risk, then it follows life can be extended by influencing
either of these parameters. Changing the probability of failure
requires changing the physical characteristics of the asset, a process
typically known as refurbishment. In this discussion we will however
focus on the other dimension, changing the consequences of failure
through early knowledge of potential asset failure.

DEFERRING REPLACEMENT INVESTMENT

Ageing processes from time, environment and usage produce
deterioration in electrical equipment that increases likelihood of failure.
Failures may be either functional, where the equipment is no longer
capable of performing its intended function, or potential, where a latent
issue exists that requires further time or circumstances to be realised as
a functional failure. In electrical equipment functional failures, especially
those associated with electrical insulation may result in secondary
damage that renders the equipment beyond economic repair, or worse,
may cause hazards to safety, or significant impacts to customer service
levels. Monitoring of asset condition can allow potential failures to be
detected before they escalate, providing an opportunity to manage the
consequences of the failure therefore influencing risk. If risk associated
with life limiting failure modes can be managed to tolerable levels, then
an extension of asset life may be possible.

A MAJOR CAUSE OF FAILURE
Partial discharge activity or PD has long been accepted as a major cause
of failure of HV/MV switchgear. Partial discharge in HV/MV insulation

can be considered to take two forms: i) surface partial discharge
and ii) internal partial discharge. When surface partial discharge is
present, tracking occurs across the surface of the insulation, which
is exacerbated by airborne contamination and moisture leading to
erosion of the insulation. Internal partial discharge occurs within the
bulk of insulation materials and is caused by age, poor materials or poor
quality manufacturing processes. If allowed to continue unchecked,
either mechanism will lead to failure of the insulation system under
normal working stress, potentially resulting in disruptive failure.

Both surface and internal partial discharges may be reliably
detected at early stages of development by hand held partial
discharge detection instruments combining both ultrasonic and TEV
sensors. One example of such an instrument, the UltraTEV Locator is
shown in Figure 1 below. Non-intrusive instruments for the detection
of PD are now widely used by many utilities around the world
with excellent outcomes. One large national distribution company
reported results where the number of outages due to MV switchgear
failure were reduced by 71% over a 5 year period resulting in over
470 fewer failures per year, representing a significant reduction in the
consequences of failure and therefore risk.
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COST AND AVAILABILITY OF LABOUR

While the use of hand held instruments has been shown to be
effective in filtering an asset population for potential failures, this
approach does have a disadvantage in that the sampling frequency
is limited by the cost and availability of labour to perform the
testing. Some life limiting failure modes may progress rapidly,
be intermittent, or dependent upon environmental conditions.
This may mean that a large sampling interval will not provide the
required risk reduction or confidence that safety related risks are
appropriately controlled.
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To overcome this problem, condition monitoring equipment can be
permanently installed for equipment with a high combination of
likelihood and consequences of failure. An example of a continuous
monitoring system is shown in Figure 2 below.

Figure 2 Example of a continuous online monitoring system for
partial discharge in MV switchgear

Installation and ongoing operation of a continuous monitoring system
requires an investment. To establish the business case for such an
investment, the potential benefits in risk reduction that the system
will provide must be understood. EA Technology’s Condition Based
Risk Management (CBRM) provides a methodology to calculate the
condition and failure related risk associated with large populations of
assets by developing calibrated estimates of each assets probability and
consequences of failure. A quantitative estimated probability of failure
(failures /year) is derived from an asset ‘Health Index’ which combines
known information relating to the assets age, design, operating
environment, operating duty and physical observations of condition.

APPLICATION OF APPROPRIATE CRITICALITY FACTORS
Consequences of failure are evaluated at the individual asset
level in financial terms. This is achieved by firstly developing
quantified estimates of the average consequences of failure in
the dimensions of Network Performance (or production impacts),
Safety, Financial, and Environmental impact. These average
consequences are then individualised by scaling up or down
to reflect an individual assets operating context through the
application of appropriate criticality factors.

To explore the potential benefit for the application of online partial
discharge condition monitoring, we have pooled the estimates of
failure related risk for a sample population of approximately 3,400
11 kV metal clad switchgear panels. The sample has been drawn
from a range of operating environments consistent with those
found in both Australia and New Zealand. By pooling data in this
way we are provided with some insight into the spectrum of risk
values presented by metal clad switchgear in the region.

Figure 4 shows a frequency plot of calculated annualised risk
values. It should be noted that in all cases the quantum of risk is
dominated by the effect of loss of supply or network performance
risk which can be highly variable depending on the network
configuration and connected customers.
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Figure 3 Consequence categories for which consequences of failure
are evaluated

The outcome of this process is a measure of asset failure related risk
quantified in financial terms. It should be noted that a significant
part of risk quantification is evaluating the financial value of loss
of electricity supply to customers. For distribution networks this is
approached using a Value of Customer Reliability (VCR) methodology
consistent with methods accepted by regulators in Australia and
New Zealand. Calculating risk in financial terms makes it possible
to use the derived risk values in cost benefit calculations to test the
validity or otherwise of various risk management interventions.
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Figure 4 Histogram of annual risk for a sample population of metal
clad switchgear

Considering Figure 4, it can be seen that the spectrum of risk varies
significantly from relatively low values of less than $500 per year
to some units with very high values of greater than $10,000 per
year. Assets with high calculated risk values are typically ageing oil
type switchgear in critical network locations. While the majority of
assets present low risk values, as should be the case, a significant
proportion of the population present risk at levels where the addition
of continuous online monitoring can be expected to provide a net
positive financial benefit and potentially allow these assets to remain
in service longer than they otherwise may have been allowed.

CONCLUSIONS

In uncertain and challenging business conditions deferral of capital
investment to replace ageing high value long life assets is attractive
as this minimises the likelihood of acquiring assets that may be
stranded or under-utilised. If the optimum time to replace an asset is
when the net present value of tangible and intangible consequences
is less than the cost to replace the asset, then life extension may be
possible if the consequences of asset failure can be appropriately
mitigated. Condition monitoring and in particular continuous online
monitoring can provide such a risk reduction with upfront investment
costs substantially lower than equipment replacement. L)
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