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ABSTRACT

Due to a wave of investment in the 1960’s-70'sargd
amount of switchgear in W-Europe is now 30-45 yelts
The number of ageing phenomena is increasing, and
indicates that for certain types the end of serlifeeis
showing up. Theoretically then, the switchgear $thdne
replaced. In practice, however, service-life extemss an
option to reduce the required investment cost. The
described method is a dedicated life cycle codtitoarder
to compare the economical value of 4 possibleaies:

o Use-up

0  Refurbishment
0 Retrofit

0 Replacement

Lifetime assessment and review of operation stiasegye
important inputs to the decision process. The sisbaet
tool is filled with several default settings, dewdvfrom:
literature, asset management strategies, field sepees,
data mining, and case studies.

The tool facilitates fast and rational decision-rimak by
providing:

0 Total Investment Costs

0  Minimum Long Term Cost of Ownership

0 Net Present Value

0 Return of Additional Investment

Case studies show that the most logical scenarimois
necessarily the most valuable one.

INTRODUCTION

Switchgear represents a significant capital investrim the
grid. A major part of the current electrical inftaucture in
W-Europe is from the 1960's-1970's and will have
exceeded projected service-life within the neaurit The
reliable performance of distribution switchgeamibasic
regulatory requirement. A traditional equipment
management strategy within industrial and eledtrica
companies is to replace switchgear when it hasheshthe
end of its technical lifecycle [1]. This choice pides
maximum equipment lifespan whilst incorporatingldtest
technology and safety features upon replacemerit, bu
usually implies high economic investment. The oattme
required to enable replacement of switchgear mayfino
with delivery commitments. Also this replacemenatggy
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does not necessarily represent the optimal liféecgasts.
Conscious end of life decisions often mean a steuty
balance both minimum investment and life cycle £0Bhe
methodology described in this paper compares severa
solutions for aging switchgear in order to gainrbguired
safety & reliability at consciously chosen optimal
economical conditions.

DRIVERS

Switchgear must safely and reliably fulfill its bas
functionality of closing and opening electricalatiits and
carrying a certain load. Two sorts of drivers azad to the
replacement planning for switchgear:

A. Technical Condition

End of service-life usually means an increasingg 0§
failure in switchgear, such as: does not open @seclon
command, does not break the current, insulatidurés etc.
Signs that reliability & safety of the equipmentiwin out
of control within a relatively short time can beufal
through ‘remaining lifetime assessment’ or by ‘ten
analyzing’. Some populations show typical endfefdigns,
such as ageing plastic. End of life signs can léseelated
to a specific application, such as frequent openatr an
extremely moist environment. End of life is usually
introduced by:

a) Physical ageing effects such as oil leakage, wear o
mechanical parts, cracks or moisture in insulation
materials, dangerous or unreliable situations found
during inspections, or mechanical failures

b) Necessary spare parts or critical maintenance stippo
are not available any more.

B. Grid Optimization

Optimization and modification of the grid operatioan
require increased equipment performance.

a) Old breaker designs are more complicated than newer
designs. Old breakers have no low-maintenance
design, and, for example, a lot of mechanical parts
service. Life extension scenarios can reduce
maintenance intervals and labour cost.

Small populations of differing types of switchgear
cause relative high cost for maintaining knowledge
and spare parts.

Increased availability requirements. Year over year
increasing consumption of electrical power, and
technical improvements in the grid may reduce the
economical lifetime of existing switchgear, as the
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overall outage time of a substation/grid section is
reduced or inspection intervals are less frequent.
Increased load ability requirements due to the
bottlenecking in the grid.

d)

LIFE TIME ASSESSMENT

Before evaluating replacement or any other en@ifice-
life scenario, a lifetime assessment shall be arecBuch
assessment contains the following steps:

a) Required Future Service-Life

Based on the forecasted grid development, the medjui
future reliability should be determined, dependimghow
critical the switchgear is within the grid and inding
prospected future load and requested safety level.

b) Esimated Remaining Life of the Switchgear
The first step is a review if the current generasign is
acceptable according to known future requiremenitsy
regard to safety, reliability & functionality. Tlsecond step
is to review prospected spare part availabilitytfer future.
Thirdly, review the physical health of the switchgeThe
most practical approach to this is to look at fa&ior
problems that specifically occur to a certain papah, and
investigate if there are any reasonable groundsxpect
failures in the extended lifetime.

Following this, the current physical health andreually
ageing trends could be validated by visual inspecti
analysis of maintenance history from proven metlsad$
as visual inspection, tangent delta measuremesthdige
measurement, speed measurement and analysis Btamichi
load indications.

¢) GAPanalyss

The gap between requested and estimated exterfded li
dictates the minimum required investment to reduh t
expected lifetime. The calculation method will shibthe
minimum investment is also the scenario with theelst
total cost of ownership during future service life.

SCENARIOS

A few manufacturers are tending to develop altévaator
complete switchgear replacement. The following aces
and combinations apply at end of service-life:

a) Useup

Use-up means using the equipment until the End of
Economical Service Life; the time from installatiem a
situation where annual maintenance and equipmerstech
outage costs exceed the discounted annual costefor
equipment. Maintenance cost, reliability and salfetye to
be investigated carefully due to old design, ageifigcts
and risk for maintenance-induced failures.

b) Retrofit

In general, Retrofit means that one or more ofrtizn
components of the switchgear are replaced with mmode
equivalents. Components with the highest mainteneost
and failure risk can be targeted specifically. Bigtiof the
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switchgear can take many forms. Retrofit of switchi
devices, where the existing device is replaced byoee
modern equivalent. Retrofit of the switchgear pamwakre
components of the panel are replaced to enhancafety
of the equipment. Retrofit of protection and cohtwhere
protection and control devices are replaced - plinyi
increased functionality, data communication anétyafA
type tested “form fit function” replacement of thieakers
developed by the manufacturer provides a fast
conditioning of switchgear. The outage time is mised,
as the only on-site activities are those of raclong
removing the old breakers and inserting the nerofie.
¢) Refurbishment

Refurbishment of switchgear provides life-extensfon
equipment at a low investment cost. The existiritchegear
is fully overhauled and restored to an ‘as new'dition but
with old technology. This option is especially attive if
there is no need for modernization, but acceptable
performance needs to be maintained over the sbort t
medium term. Refurbishment is possible as longpases
parts, support, services and knowledge of the bg#éar is
available. Complete panel refurbishment, which @& n
applicable in our case studies, provides the pitisgio re-

use panels of disused systems. Switching devioes s
circuit breakers, contactors and switches are &jiyic
candidates for refurbishment. The devices are rechrom

the switchgear, sometimes on a rotational basisder to
maintain continuity of supply, and returned to a
reconditioning centre. Manufacturer specificatioase
required to bring the breaker up to the originasligy
standards.

re-

d) Upgrade
Increased requirements due to new safety aspects,

maodifications in the grid, or changes in operastrgtegy,
are usually not the driver for replacement planniagle
replacement of Control and Protection devices/eqeiy is
in many cases not heavily interruptive to grid onati
However these are important contributing causegHer
selection of the optimal life extension scenario.
Modernization can protect an investment by extendie
equipment lifespan while raising load ability, s@fe
reliability and performance standards. Retrofitsl aew
switchgear are usually well prepared for moderiuisaf he
minimum required functionalities should be includiethe
calculation of all scenarios.

€) Replacement

Replacements can include the entire switchgearer the
entire substation. The investment cost for thisleahuge,
especially if multiple switchgear of the same age to be
replaced at the same time. Replacement has tcabaqd
well. Late replacement induces an increased ris&ilfres
and early replacement can cause unnecessary irem@stm
cost. In case of replacement, the investment aosthie
specifications, quotation review, work instructipasvil
modifications, cable modifications, welds, connes,
secondary installation etc. are far above the obshe
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actual switchgear. Replacement usually requiresng |
outage period, especially if there is a lot of eabl
transferring, or if existing switchgear has to leenoved
because of limited space.

RATIONALIZATION

The investment cost of the above 5 scenarios aen of
compared to each other without accounting for any
significant additional costs, or without weighing the
different lifetimes from each scenario. The totaidstment
cost must contain all necessary expenditures such a
installing, cabling, commissioning, civil modifiéahs and
conversion costs, before a scenario can be chasguick
practical analysis of the possible scenarios pes/idngible
data. Standard values for these costs are ndblestfzough,
because every project is different and an indiMidua
situation.

To prevent us for becoming blinded by technical
recommendations or a focus on minimum investmert; e
of service-life decisions require an economicaidadlon.
Using a definition from current financial litera¢ 2], value
is defined as the sum of all future cash flowscalisited to
today. A cash flow is the difference between incaand
expenditure. This is not the same as the differbeteeen
revenues and costs, as these can be greatly inféddoy
accounting practices. The value of a cash flowlated to
time. The definition of value can be representedthsy
following formula:

PV =X {Ct /(1+r)t}

where: PV = value (present value)
Ci= cash flow in year t (cash flow)
r = discount rate

Our calculation model provides five value drivdrattare
applicable for the review of the financial value of
investments in lifecycle extension of electrical
infrastructure. The influence of every value dridgéfers
for every case and as such should be given a virjgtair
each new review situation. Case studies show maigaty

in the value potential of the five value driverpdading on
individual situations.

a) Valueof Depreciation

Different scenarios can have different life tingeg] for that
reason have different periods for depreciatiorerist to
pay over the book value should also be include@. Tést
value’ is a typical factor that is different foray scenario.
For example 15 years after replacement the switrhgan
have a rest value of 25% but cabling and civil goshich
are often a major part of the investment, haveesbvalue.
Refurbishment has no rest value. For a retrofitéisevalue
of almost the complete investment can be 25% agdsrit
is suitable for use in another substation.
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b) Value of Maintenance Cost

Maintenance cost is dependent on application and
maintenance strategies such as traditional ratiabéntred
maintenance, risk based maintenance and reactive
maintenance. In all case the cost of maintenandeepair

will not be similar for all scenarios. For exampi®dern
replacement and retrofit designs require lower teaiance
effort than existing 30 years old designs and feerg
scenario one should wonder if the required knowdeidg
available within the company, or with a contractor.
According the predicted inspection and maintenance
intervals, the spreadsheet transfers the maintenzost to

the right moments in time.

¢) Valueof Availability

Maintenance intervals can cause outages, and occélyi
extra cost for timely power supplies should be waled.
Calculating the cost of unplanned availability barhard to
define. All available information about failure cfts and
MTBF is very situation specific, and generally daning.
Even in the unique situation that there should édalle
historic failure rates for a certain replacemergnstio,
these rates will be valid for the past, but nottfa future.
The practical approach that is used here, is dsigygstion;
Is it most likely that alternative a, b or ¢ wiliase failures
leading to more production losses and possible ganeethe
infra than a replacement would in the foreseen neixte
lifetime? If yes what will the production losse®bpably be.
Unless there is a realistic larger risk of failuxe, use a very
small variety of failure rates from the IEC Goldkoo

d) Valueof Allocations

Inventory management of spare parts can incredse foa a
company. So does standardization and proper kngeled
management. The annual inventory allocation coghast
companies will be about 25% of the inventory valeet
spare parts we look at the total inventory valueafoertain

old type of switchgear and divide it by the numtifethis type

of switchgear that are still in service. Especiddly small
populations reduction of spare parts and knowledge
management can be a value driver.

€) Valueof Safety Health & Environment (SHE)
Similar to unplanned availability, a lack of vergar and
specific information about failure chances and eqasnces
makes it impossible to weigh up the total economica
consequences in every unique end of service lifési.
The practical approach that is used, is again glsim
question: Is it most likely that alternative a,rxavill cause
failures leading to accident/injury/fatally moreesf than a
replacement would in the foreseen extend lifeti@a®ng
to insurance conditions several companies havelaten
economical values for these accidents. Unless tiseee
realistic larger risk on failure, we use a very Bvariety of
failure rates from the IEC Goldbook.
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Fig 1: Input screen of spreadsheet

PRACTICES

A sophisticated spreadsheet (Fig. 1) tool provalesiick
review of the applicable scenarios. Though theeelig of
data and research available, getting the righttimpthe
hardest part of the investigation. For that reatom
spreadsheet contains explanations and default fodata
recognized [4,5,6,7] sources.

It is important to be aware of both investment em&t long
term cost of ownership, however the weight of eaely be
influenced by the companies policy with respe¢htoway
out-of-pocket costs (components, parts, externabua
cost) are weighted against internal costs (intelatadbur
cost, internal overhead cost). Limitations of tineeistment
budget can also influence the decision. For eletri
infrastructure equipment, the Net Present Value\NB
rarely positive, for that reason we propose theimim
necessary investment as a reference value, fromhvtbi
calculate the NPV of additional investment costs do0
eventually more valuable solution. High NPV scoaes
found where there is more then one value driver.

Within different replacement scenarios opportusitien be
found to optimize present value. For example if the
incomers and couplers of a switchgear run outafrigcal
life, but the feeders will last for at least anatbeyears,
both the refurbishment and retrofit scenario atiowelay a
significant part of the investment over 5 years.

However some of the extended life scenarios wileh@on-
identical depreciation periods and different techhi
lifetimes, it is possible to review NPV, initialisstment
and annual cost, in the same timeframe, and clibesaost
valuable scenario.

In general the backbone of the existing switchgsaally
will not bottleneck the extended life time, as lnas and
steel construction are static components. For ioektads
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of bus bar insulation, using plastics, paper ok bill some
suspicion is legitimate, as it is known that theplegul
materials are sensitive to physical ageing. Insigffit
research data about ageing is available.

In general the reliability of retrofits and replagents have

a shorter lifetime compared to the old equipmewiabee
modern design is less oversized mechanically and
electrically.

The best way to review the prospected reliability the
extended service life, is to gather typical protdefmom
older populations using the same technology. Theange
of failure data between users and manufacturensostgpa
reliable condition assessment.

CONCLUSION

Refurbishment and retrofit techniques provide ayeaaf
options for economically improving safety and exlieg
the life of switchgear. The best option dependseveral
parameters. Analytical comparison of the optiolmadrid
managers to identify the most suitable way of inaprgthe
performance of their electrical assets.

Case studies identified important value potentiai f
switchgear and proved that the most logical sceriamot
necessary the most valuable one and as such, diéecy
extension investments should be decided accordingly
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