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Abstract

management

The paper deals with current trends of asset managiewithin utilities. On the one side distributiotilities are
motivated to make profit, on the other side theeeraquirements from the customers respectivelylaggry to
ensure reliable and safe electricity supplying.bBomore closely to these two issues it is necedsargalize
comprehensive and sophisticated analyses and agersia optimizations for responsible decision magkiOne
of the ways to get answers for e.g. future findndevelopment influenced by improvement of relidpils to

know condition of grid.

INTRODUCTION

Distribution grid is a system where a very highdl of reliability
is expected nowadays. This issue shows higher amtev in free
market with electricity and controlled business lbggulators.
Distribution grid operators are motivated to reshathe ways how
effectively to achieve qualitative and reliable glymg of electricity
to customers.

Grid operators have clearly to know the structund solume of
grid and try to find out the answer on questionywliability shows
certain level. The sophisticated failure statistioedel is important
here, where detailed information of each event eoring reliability
in network are recorded. Based on these informati@ possible to
undertake decisions for investments assignationrevie invest e.g.
which voltage level is important from which poirft\oew or e.g. to
invest into primary devices to obtain less freqyeoicfailures, or into
secondary devices to improve duration of failuned so on.

Distribution utilities are recognizing that aging distribution
infrastructure is very important parameter withngfigant influence
for the planning and grid development strategieswadl. The
reliability point is also not negligible. In thesgquestions the
sophisticated asset simulation tools can be usefugére various
scenarios can be simulated connected to requiredigebuand
reliability in global and from relevant device pbof view.

Proper maintenance policy seems to be another wayth meet
acceptable reliability level. This issue has mibspectively long-term
impacts. Maintenance has very close relation walalility — it is
only point of analyzes and investigations to eviutand to find out
the assumed levels and influences.

I. ASSET MANAGEMENT

Asset management is used as a synonym for operatgrgup of
assets over the whole technical lifecycle guaramgeg suitable return
and ensuring defined service and security standér@g This means
to focus on sustainability. A major challenge fdstdbution grid
operators is the increasing amount of assets wiaek to be replaced
in the next years due to their age. Therefore, daessia business
environment which undertakes long-dated decisiopgimized and

integrated strategies for replacement and maintenahthe assets arewhere:

needed. In this context it is very important to énar to develop the
ability to analyze the comprehensive dependencietwden
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maintenance and replacement as well as the expeesliand the
supply quality to refer the right decisions. Theiligbto assess
different scenarios for the bulk grid or parts bé tgrid having the
same structure or technology is a major competeinceasset
management. These assessments develop extenswée#ige about
the effects of alternative strategies on the assete. With this
knowledge asset managers can actively developritieugd spend the
money in a way that the long term goals are reacsedell as the
short term budgets.

II. RELIABILITY IN DISTRIBUTION GRID

There are numbers of indices for the reliabilityalenation in
networks. International working groups (IEEE or CHNEC)
recommend general definitions for distribution sys$ indices which
are used in general. Here is important to say afrwipoint of view
the reliability is evaluated. It means that indivadl subjects in
electricity supplying process like regulatory, distition grid operator
or customer could be interested in various relighihdices or levels.

In general, the regulator uses global indices fgresvising and
evaluating reliability in distribution systems. Heeare SAIFI, SAIDI,
CAIDI and others. If equal methods for calculatiare used, then
these indices are usable for comparison several '®S0The
interruptions longer than 3 minutes are considdared following
formulas.

SAIFI (System Average Interruption Frequency Index@ measure
of how many sustained interruptions an average oouwest will
experience over the course of a year.

SAIFI=Z n/ T Ng (1)

SAIDI (System Average Interruption Duration Indéx)a measure
of how many interruption hours an average customikkrexperience
over the course of a year.

SAIDI=X (nj * tJ) /X Ng (2)
n— number of customers interrupted by particuldufei

t;— mean duration of particular failure
Ns— number of customers in distribution system
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These indices consider distribution network likdkbsystem and ageing chain correctly is the key to the successhef model. As
they don't focus in each individual customer or sodevice like part different asset types have different ageing charmtics a chain for
of network. That's the reason they are called dloisices. each asset type is logical.In Figure 2. there awshexample of asset

condition reliability model with 4 different stated asset during its
life cycle. With the red color are shown discretdues of probability
ll. RELIABILITY MODELS AND ASSET CONDITION of failure, blue line is approximated behavior. \Wistribution grid

It is one of base question in reliability modelingich element of ©Perator settles the tool for collection and evadua of asset
distribution grid is to choose for analyzing. lengral for various condition data, these can be used for prognosés too
studies grid is divided to elements such overhéagk]) cable lines,
transformers, circuit breakers and so on. Eachhefd elements
should be researched in technical as well finano@ds.

If we consider the underground cables like nonrepée asset class ~ In the mathematical sense, reliability is measuted the
we can apply ideal bath tube curve. There is shoumnber of failures Probability that a system or a component will wavihout failure
of certain asset segment (partition of MV cablg)atelent on age in during a specified time interval (0, t) under givegrerating conditions
Figure 1. It can be seen that as the cables ameBg older as the and environment. The probablllty P(T>t) that thmedito failure T will
number of failures is rising. It is necessary taentine that these databe greater than a specified time t is given byréi@bility function
are still in collection progress. These discretduem can be R(t) = P(T>t), also referred to as the survival fim. The reliability
approximated by suitable function coming from mathgéical model.  function is a monotonic non-increasing functionyafs unity at the

start of life (R(0) = 1,R¢) = 0). It is linked with the cumulative

IV. MATHEMATICAL MODELS

30 distribution function F(t) of the time to failureybR(t) =1 — F(t):
o Failures Reliability = 1 — Probability of failure. If T is thtime to failure, F(t)
2 T aoproximation . gives the probability P(E t) that the time to failure T will be smaller

than the specified time t, or in other words, tmebgability that the
system will fail before time t [2]. The cumulativ@istribution
function of the time to failure is related to treéldire density function
by

f(t) = dF(t)/ dt (3)

Often used reliability function is the failure inty and it is
defined as laying density function of failure prbibiy to reliability
function [2]. This parameter could be also caladalike portion of
failed devices to all operated devices during @ertiane period, e.g.
number of failures per 100 km of lines and so on.

60

age [y]

Figure 1. Approximated reliability bath tube cubesed on event statistical
evidence. MO = ) /RO @)

It is generally believed that the key to achievitigs lies in
controlling the condition of the assets. This isdmaing increasingly
possible as technological improvements have letheodevelopment
of information systems for the collection of comatitinformation and
improved noninvasive tests for condition.

There are various distribution mathematical modbé&t can be
used for reliability description (normal, lognormalGama,
exponential, Weibull, etc.). Because of reliability a stochastic
phenomenon it is necessary to take care of progderce of each
event which was done in grid. Based on such dais fitossible to
apply some of mentioned mathematical models toatlapid or its

A(status New Normal Aging of | part for asset management purposes.
ti
operation asset Afie ‘ ‘ ‘
lifetime |
B O A(®)
a=2
B=4

Conditior
Figure 2. Approximated reliability bath tube cuhesed on asset condition. f(t)
Hence databases of condition information are si@grto become
available and these will soon become more compsthenand I ‘ ‘
widespread. This trend is in turn driving the depehent of methods
for asset management based on condition measudethese are the
subject of this paper. For asset strategy planniogdeling the asset

Figure 3. Weibull distribution model often useddiability modeling
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V. MAINTENANCE IN DISTRIBUTION GRID

It is task for research to find out if the idealatbtube curve”
mentioned in ,Fig. 1“ deals with maintenance sgas in relevant
devices. However there is tendency to use devitagid without
maintenance almost all types of distribution dewiceequire
inspection, testing and/or maintenance to enswpeguroperation and
minimize the probability of failures. The maintegarstrategy can be
broadly categorized as:

Run-to-failure (RTFM),

Periodic (TBM),

Condition based (CBM),

Reliability centered maintenance (RCM).

After installation, equipment is not inspected aaimtained until a
failure occurs. This is cost effective for non4cal components with
minimal maintenance requirements.

Each of mentioned maintenance form has variousiénttes on
asset condition, related failure probability andlest costs. Run-to-
failure is the simplest maintenance strategy. Usipgriodic
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device aging. There are some assets, like cabldsgrew no
maintenance is assumed. But for the most part niagttalevices are
in distribution grid in reality.

In next Figure 5 there is shown one of expectabipaict on
reliability of realized or not realized maintenance

A(t)

Time
Figure 5. Expected impact of realized and noizedlmaintenance.

CONCLUSION

The approach described in this paper is suitablentdyze
the mid-term and long-term impacts of comprehensasset

maintenance at specific time intervals, certainmesiance proceduresmanagement strategies and scenarios for practaml The targets

are performed on equipment regardless of equiproentlition or
equipment criticality. Condition-based maintenanceonitors
equipment and only requires maintenance when sifdgterioration
become evident. Reliability-centered maintenana@psocess used to
determine maintenance requirements based on equiproeadition,
equipment criticality and cost.
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Figure 4. Maintenance strategies description.

An assumption is that the condition of device afteintenance is
improved. In the real world, maintenance is rapyfect. After each
maintenance effort, device reliability will usualbe a bit worse than
the last time maintenance was performed. A furttmplication is
that the failure rates after maintenance can adfterease temporarily.
This phenomenon is due to the possibility of maiatee crews
causing damage, making errors during re-assembhyirg tools
inside equipment and so on. If the maintained daesgigrvives for a
short period of time, the maintenance was probgtdyformed
properly and failure rates are decreased accordii3githtub curves
are commonly taught in theory, and typically hawer applied to
equipment with moving parts. For network operatirs, welcome to
ask whether this type of failure curve accuratadflects electrical
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from which the strategy is deduced can be asséssedteria points
mostly like budget, number of assets maintainedplaced,
decommissioned, or supply quality. Uncertaintieshi@ asset models
have an impact on the results, but qualitative gumahtitative results
can be achieved if sufficient data are availablechfSmodels and
approaches may not to give accurate numbers bytdde show the
trends of key points in future by applying the agrtstrategy. It will
describe the grid and its development in globahvie

LITERATURE

[1] Forschungsgemeinschatft fiir Elektrische Anlagen Gtmwirtschaft e.
V., “Technischer Bericht 299 Asset-Management von Verteilungsnetzen
- Komponentenverhalten und Analyse des Kostenrisikos, Mannheim,
Februar, 2006.

M. T. Todinov, “Reliability and risk models: 8immgs reliability
requirements,”John Wiley and Sons, ISBN 0-470-09488-5, 2005.
R.E.Brown, ‘Aging didtribution infrastructure at Pacific gas and
electric,” KEMA Inc., Raleigh. NC 27607, July, 2005.

Tama, J., Rusek, S., Martinek, Z., ChemiSinec, In&G®&., ‘Solehlivost

v elektroenergetice,” CONTE s.r.0.CVUT Praha, 2006, pp. 30-33.

G. Balzer, L. Asgarieh, A. Gaul, “Dynamischesg®t Simulation.
Abschéatzung des Investitionsbedarf von Betriebstnitt, EW, Jg. 2007,
pp. 26-30, 2008.

Gerti Jan, Vyrost Marek: Metodoldgia integracie semafélnych a
formélnych Specifikénych prostriedkov, Proceedings of the Annual
Database Conference DATAKON 2003, Brno, October2182003,
Brno, 2003, pp. 205-216, ISBN 80-210-3215-4

Gerti Jan: ADVANCED KNOWLEDGE ASSESSMENT SYSTEM,
International Joint Conferences on Computer, Infdfom, and Systems
Sciences, and Engineering (CISSE 08), Internatidbahference on
Engineering Education, Instructional Technologyséssment, and E-
learning (EIAE 08), University of Bridgeport (USAp.-13.12. 2008,
2008

(2]
(3]
(4]
(5]

(6]

(7]

ADDRESSES OF AUTHORS

Peter Frak, Vychodoslovenska distiiba, a. s., Asset
management/Dispatching, Grid strategy and developn®taniné namestie 1,
KoSice, SK 04210, Slovak Republic, frak_peter@vse.s

Michal Kolcun, Technical University of KoSice, Dafraent of Electric Power
Engineering, Masiarska 74, KoSice, SK 04210, Slové&epublic,
michal.kolcun@tuke.sk

© 2009, Technical University of KoSice



