CIRED

19t International Conference on Electricity Distribution

Vienna, 21-24 May 2007

Paper 0453

CONDITION ASSESSMENT OF MV TRANSFORMER SUBSTATIONSTO OPTIMIZE THE
INVESTMENT STRATEGY

Carsten Lagemann
RWE Rhein-Ruhr Netservice — Germany
carsten.lagemann@rwe.com

ABSTRACT

Most dectricity distribution grids in the west of Germany —
especially the 110-kV- and Medium-Voltage (MV) grids-
have been extended largely between 1960 and 1975.
Looking especially at the MV (transformer) substations
installed today in the grid operated by RWE Rhein-Ruhr? it
can be recognized that about 35% of these substations have
been ingtalled in this period of time. So taking only the age
of the MV substations into account, a lot of investment in
replacement of components is required during the next
years. Snce the replacement budgets are limited, more
sophisticated investment strategies have to be adopted,
regarding theactual individual condition of each substation
rather than only itsage. Against this background the paper
presents a method to determine the condition of MV
substation basically objective and with a minimal effort. A
unified check-list has been established and is used in the
area of RWE Rhein-Ruhr for two years. In thisperiod of time
about 24.000 MV substations have been examined and
benchmarked from the conditions point of view. Theorder of
the objective condition determination appoints the budget
that is spent in an individual grid area and thus leadsto a
fair distribution of thelimited budget and so to an optimized
investment strategy.

INTRODUCTION

The ongoing deregul ation of the electricity market hascrested
anew regulatory framework for network operators. Whilethe
stated objective is still to safeguard energy supplies, as the
regul ations continueto make marketsincreasingly trangparent
there is a growing need for active measures to be taken and
further optimisation to be achieved. A decisive factor in this
respect is to make the right investment at the right time.
However, competent decisions asto the priority measuresand
their timing can only be taken on the basi s of sound empirical
values. The cost-benefit ratio can only be synchronised and
optimised if there is a sufficient quantity of comparable
information to hand and provided that thisisreliable. One of
the problemsfacing operatorstoday isthat many of the expert
assessmentsthat have to be taken “onthe spot” are becoming
asset-relevant decisions. Most of these decisionsare heurigtic

! RWE Rhein-Ruhr is Germanys largest distribution network
operating company, which operates about 95.000 km of cable und
overhead line grid from Low-voltage to 110-kV in the west of
Germany
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in nature and depend on the individua experience that has
been acquired by the employee in question. In the case of
large network areas requiring alarge body of operating staff
these decisions are often based on different lines of approach
and different sets of assessment parameters.

MAIN PROJECT OBJECTIVES

When the infrastructure of the medium and low-voltage
system comprises some 35,000 MV substations, 5,500
medium voltage (MV) switchgear bays, 50,000 km of
medium voltage /low voltage (LW) cable and 30,000 km of
MV/LV overhead transmission line, which isexactly the set-
up currently managed by RWE Rhein-Ruhr Netservice,
replacement demand (a result of the network extension
programme of the 1960s) makes it absolutely essentia to
switch from an age-dependent to a condition-oriented
investment strategy. It is also important to ensurethat all the
well-known problems associated with the multitude of plant
and equipment of all typesand dates of manufacture that have
been added to the network over the years are included in the
condition assessment. In order to consolidate the exigting
know-how on individual items of equipment and to move on
from a subjective to an objective condition assessment of the
demands of tomorrowv RWE Rhein-Ruhr Netservice has
decided to launch a multi-year project. The fird
comprehensive set of results for the MV substations are
presented below.

The main aim of the project initiated by RWE Rhein-Ruhr
Netservicein January 2005 wastoidentify the procedure used
for the systemati c condition assessment of MV substationsin
particular and for medium-voltage networksin generd. The
god wasto devel op amethod that standardised the procedure
used for carrying out i nspection surveys throughout the entire
RWE Rhein-Ruhr Netservice area. Such asystemwould also
alow the inspection work to be undertaken more efficiently
and —most important- more objective. By exduding subjective
factors by astandardized procedure, for example, it becomes
possibleto draw acomparison between network districtsand
achieve auniform quality standard. By applying asystematic
procedure it is adso possible to establish an integrated
inspection routine. This means that the surveys are not
affected by historicaly acquired factors and are not focussed
on acertain area.

The survey findingsacquired in thisway areto berunthrough

arating schedule consisting of sel ected weighting coefficients
S0 that a useful set of ratios can be calculated. In thisway it
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should be possible not only to use a small set of figures to
compare areas within the Rhein-Ruhr network region but dso
to monitor and assess different types of station and switchgear
units, transformers and other operating equipment associated
with the MV substations.

After severa inspection cycles have been performed, and
sufficient operational experience acquired, the results are to
be used as an indicator for an objective maintenance and
replacement strategy and will also serve asreference datafor
the medium-term planning of network investment and
servicing costs. Consideration is also being given to using
condition assessment as a kind of certification as proof of
performance for the distribution system operator and if
necessary for the regulator too, so that this certification could
then be offered as a service to third parties (municipal
utilities, industry, etc.).

DATA ACQUISITION

For the first phase of the project “Systematic condition
assessment of MV substations” it was necessary to organise
the entire body of operational know-how into a uniform
checklist.

This checklist contains 67 operationally relevant points that
have to be assessed by the field service engineers when
carrying out their inspections. The assessment options
presented in table 1 are available for each assessment point.

Table 1: Assessment options

Assessment option

No deficiency present

Deficiency to be remedied within 2 years
Deficiency to be remedied within half ayear
Deficiency to be remedied immediately

No equipment for inspection

I ngpection not possible on the equipment

Grading

=

OO|~W|IN

During aseriesof fidd trials various eval uation optionswere
tested for the individua inspection points on the checklist.
The assessment method used in practice (see above) wasthat
which displayed the smallest spread of results when the
selected equipment wasinspected by severa users. Therating
schedule not only assesses the condition of the equipment but
also the degree of urgency associated with any remedia
mesasures required; this means that allocation of work to the
relevant departments can be planned more efficiently.

The individual inspection points on the checklist are also
combinesto form main ingpection components, aprocessthat
has no direct influence on the inspection work itself.
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The main inspection components are;

MV substation building - outside
MV substation building - inside
Medium-voltage-switchgear
Low-voltage equipment
Transformers

MV substation accessories

The inspection data are recorded on a mobile laptop
computer; fromtimeto time—when thefield service engineer
reaches his office- they are transferred and stored in the
backend technical information system.

COMPUTATION PROCESS

Thefollowing diagram showsin smplified formtheinterface
between the inspection process (checklist results), the
assessment of each inspection point, the weighting allocated
to each inspection point, the importance of the man
inspection components and the condition index that isderived.

assesment scheme weighting "G " signification " W
"B" per inspection ' per inspection
per inspection point comp onent

Figure 1: Principa condition assessment procedure

In the computation process (compare figure 1) each
inspection point is represented by the index B;. The index
Bmax describes the maximum possible rating that is entered
into the calculation for estimating the condition index.

Each inspection point isalso given aweighting (G;.). Because
of the need for detailed information here (including for
example grid and maintenance planning) field data based on
expert know-how were incorporated for project definition
purposes. Thefollowing classification system was essentialy
used for the weighting system:

. The equipment playsakey rolein themaininspection
component. Breakdown must be avoided.

) The equipment plays an important role in the system
and any mafunction can have serious consequences.

) Equipment breakdown will produce a system failure
but will not have a serious impact on eectricity
supply.

Figure 2 shows as an example the weighting system used for
the individual items that make up the main inspection
component “MV substation building - outside”.
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INSPECTIONPART
allocated and invoiced
amount (B xG)
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Figure 2: Example for the weighting calculation

In order to be ableto cal culate the condition index a any main
inspection component it is necessary to work out the
maximum weighted rating for each individua inspection point
being assessed and then to make a sum total of the findings.
This aso serves to reduce the likdihood of subjective
appraisas being made during the station survey. Other
assessments of the condition index are based on the
“importance’ factor associated with each main inspection
component.

The sum total of the actions required at the main inspection
components represents the condition index C; to be taken at
theMYV substation. Thisisalso represented in summary form
by means of equation 1.

C = = -0.25(-1.33 Q)

This means as higher the condition index is, asworseis the
condition of the MV substation.

ANALYSISOF RESULTS

Data volume

The data records for further andysis consist of complete
survey reports from the MV substations. These reports were
compiled during 2005 by the various regional technicians
using the software inspection tool and then filed in the
technical backend system at the relevant technical Ste. A tota
of 24,500 data records were available by the end of the first
anadysis phase. In most cases additional specifications were
allocated to these files via the technical site, such as type of
station, activation date and manufacturer.
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The condition index at regional level

In order to establish aninitial “area-wide conditionindex” in
the individual regiona centres the average value was taken
from dl the MV substations in each regiona centre. All the
survey reports were included in the analysis, irrespective of
the type of dation, the switchgear specification and the
transformer manufacturer. These resultswere used to produce
the following grading system (table 2)

Table 2: Grading system for grid districts

MV substations in the regiond grid concerned

Ehl have on average aneed for action of 0 %to4 %

MV substations in the regiond grid concerned
have on average aneed for action of 4 %t0 8 %

MV substations in the regiond grid concerned
have on average a need for action of over 8 %

Yelow

Applying the defined grading system to all of the 24,500
inspection results leads to the regional distribution shownin
figure 3. Figure 3 statesthat the condition of theregiond grids
isquite different. While someareaslikeregion 1 or 8 consist
of MV substations with a rather good condition, there are
others (region 4 or 5) with many MV substations of bad
condition (red columns). Thisoverview isafirg indicationfor
the digtribution of grid investment.

3500

3000

2500

2000 1

1500 4

MV Substations

1000 +

500 4

04

N v &) L & & Kl &

4_390

& = &
F & & &

& =
& £ o8

= =
& 3 Qﬁ

<

Figure 3: MV substation grading for different regions

Here the previous representation only establishes an initial
comparison between thelocationswhere someform of action
or investment is required. For a detailed andysis it is
necessary to draw amore precise distinction betweentheMV
substations on the basis of design. Inthisrespectitispossble
to differentiate between MV compact substations, MV pole
substations and MV building substations.

Even with this form of differentiation it can be assumed that
the quantity of information held is sufficient, since between
3,000 and 5,000 survey reports are available for each
substation type.
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MV compact substations

From the data records it was possible to identify some 5,000
filesdirectly asreferring to MV compact substations. Hereit
has to be recognised that MV compact substations were not
built in any great numbers until the early 1970s and that this
construction programme was mainly associated with network
extenson work. The 1990s also saw an increase in new
construction by way of investment in replacement equipment,
mainly MV building substations.

It was expected that the condition index herewould follow the
same trend as that found for MV pole substations and MV
building substations. In the case of MV compact substations,
however, and unlike the other substation types, the
expectation is for an operating life of some 40 years,
assuming that maintenance and repair work is undertaken
after aperiod of no more than 20 years.
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Figure4: Condition index of MV compact substations

As Figure 4 shows, the condition index trend rises quite
sharply in thefirst few years of service.

However, this rise is not congtant but is interrupted by a
declining trend at two periodsinthe equipment’ slife, namely
between 11 and 15 years and between 26 and 30 years. This
can largely be attributed to repair and maintenance work
undertaken. However, inthe case of MV compact subgtations
the increased potential for absorbing wear and tear does not
appear to be of sustained duration. After a service life of
between 36 and 40 years there is a further sharp rise in the
condition index and replacement isrequired in most cases, as
the curve for the number of MV compact substations shows.

The curves shown in Figure 5 depict the condition index
recorded for main inspection components at MV compact
substations. The sharp rise in the general condition index is
mainly associated with transformers and low-voltage
equipment. After a certain period, as far as the transformer
trend is concerned, thereis no further increase andin fact the
curve suddenly beginstofal. Theremaining maininspection
components are affected by wear and ageing to much the
same degree and usudly reach adefinite maximum operating
life after about 40 yearsin service.
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Figure 5: Condition index for main inspection components

Figure 6 shows the rising trend for condition index which
results when MV substations more than 40 years old are
disregarded. This appearsto be ameaningful exercise, given
that substationswith ahigh condition index arereplaced when
they come to the end of their economically assessed service
life.

Theresultisasteeply rising exponential curve. However, itis
not possible to say how far this would continue if the MV
compact substationsin question were to be used beyond their
planned operating life without more intensive maintenance
measures.

In yearsgone by it was normal practice smply to replace the
equipment concerned, with the result that no reference data
are available for MV substations exhibiting signs of extreme
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Figure 6: Condition index with exponential trendline

FUTURE PROSPECTS

Asthe first inspection phase was carried out by alarge body
of field service engineers the results of the survey are still
ligble to subjective influence. However, because of the huge
number of reports produced this subjectivity is reduced to a
large degree. What is more, factors such as grid structure,
physica structure and age continue to have a decisive
influence on the condition index.
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On the basis of the available ingpection reports compiled
according to substation type it was possible to identify
meaningful “conditionindex” trendsfor MV pole substations
and MV building substations. These curvesrise significantly
until repair and maintenance work begins to have an effect.
The trend line for MV compact subgtations, as discussed
above, can aso be explained in this way, though here the
curve rises much more steeply.

When analysing the survey results particular attention was
paid not only to theindividual inspection pointsbut dsotothe
main inspection components “ medium-voltage equipment”
and “transformers’. This operation showed that signs of
ageing, in the form of an increasing condition index, were
present in the case of certain items of equipment and that in
the mgjority of casesthis could be attributed to wear and tear
and specific equipment characterigtics. Variouscriteriacan be
used to distinguish between and andyse medium-voltage
items of equipment (insulating medium, manufacturer and
modd).

Further improvementsin the condition assessment processfor
MV substations will include the introduction of a reference
catalogue for standardising the assessment criteria used for
logging the survey results. This will assist the field service
engineers in making a more objective assessment of any
deficiency encountered and in alocating the assessment
points.

Findly it is important to establish that the extensive survey
data available have been referred to during the investment
planning process at RWE Rhein-Ruhr and that this
information has been incorporated into thefind decison. The
mentioned method has a ready been successfully employed for
severa external customers, who are able to benefit from the
provision of detailed information based on the survey results,
namely:

e |dentification of MV substations with deficiencies and
failure-prone individua inspection points

Grouping of local area MV substations into sectors
Depiction of trends/ calculation of mean values
Condition index per MV substation

Condition index at main inspection components per
MV substation

Average assessment of individua inspection points
Conclusions about repair and maintenance conduct
Conclusions about ageing effects (reversibility)
Assessment of network as regards deficiency arising

The database built up using this approach, which contains
more than 24,000 survey results obtained from a large
collective body of substation types, individua items of
equipment and dates of manufacture, also acts as abasis for
drawing up ageing models and determining failure frequency
rates. Unlike many other research projects[2,3,4], wherethe
fault and damage Statistics used as reference materia are

CIRED2007 Session 5

Paper No 0453

usudly fairly restricted, this system offers red promise of
producing areliable condition assessment of MV subgtations,
especially when it comes to producing ageing models.
Because of these positive resultsthe method isnow aso being
used in connection with overhead line survey work. Thefirst
survey data are now available and will be processed in the
course of the coming months. An attempt will aso bemadeto
use the same approach for the local low-voltage network so
that all forthcoming investment decisionsat RWE Rhein-Ruhr
can in future benefit from an additional source of well-
founded information on the condition of the operating
equipment.

CONCLUSIONS

The paper presented a successful method to determine the
condition of MV substations basically objective and with a
minimal effort.

The unified inspection data of 24.000 MV substations
collected over thelast two yearsisnot only used to spread the
limited budget fair over theindividud grid areas. A powerful
data base has been generated which alowsto analyse severa
different questionslike how the condition of different typesof
substations, of different manufactures, of different transformer
types and so on changes during the years. The paper will
present some of these quite interesting analyses. The long-
term objective of the extensive data collection isto make a
contribution to the still unsolved problem of how components
of electric power grids age. The theory of component ageing
has been described quite often (well known bathtub curve),
but to fill the curve with real data has not been managed yet.
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