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ABSTRACT

This paper presents the Danish quality of supply reporting
requirements, which cameinto force 1st January 2006. The
requirementsareentirely related to the continuity of supply
since no voltage quality issues are yet included in the
guidelines. The paper gives a short description of the
background and development of the scheme and how
quality parameterswill be implemented in the regulation.
In addition the special problemsrelated to interruptionsto
supply in meshed LV networks will be addressed.

INTRODUCTION

Like regulators in many other countries, the Danish
Regulatory Authority (DERA) pays great attentionthe
quality of supply and the potential negative conseges
caused by inappropriate incentives in the reguiabaring
the first years of deregulation, the regulator &&xli on
efficiency and cost reduction without any consitierss to
the quality of supply. However the authorities s¢efmave
reconsidered this position and quality of supplythiis be
a part of the future benchmarking.

In order to keep the imposed scheme simple in the
beginning, it was decided to include continuitysopply as

the only quality parameter. This attitude may cleaoger
time, though.

DERA has considered different approaches to thiesids

described in their report about monitoring the oarnty of

supply [1]. The continuity of supply in Denmark is

considered to be at a satisfactory level, so theralv

objective is to maintain the present quality leBdme of

the conclusions in the report, which outlines the

requirements, are mentioned below:

- All voltage levels (i.e. 0.4, 10-20, 30-60, 132-150
and 400 kV) are to be included.

«  The continuity of supply key figures will be basmal
the number of affected end users. Incidents tHataf
a large number of end users add thus more to the ke
figures than incidents that only affect a few.

« Interruptions to supply lasting one minute or lange
are to be recorded.

« Interruptions to supply have to be recorded as from
1% of January 20086.

«  Due to the costs of implementation electricity not
supplied (ENS) and end user costs, will not be
considered.
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In addition to the conclusions listed above, thpore
concluded that it was necessary to prepare a set of
guidelines for the registration. DEFU was subsetjuen
commissioned to develop these guidelines [2]. Tlagm
principles are described below.

REGISTRATION OF INCIDENTS

The objective of the requirements is to make itsfiae to
present a true and fair view of the companies’iooitty of
supply without imposing too rigorous demands. T$isot
easily obtained, since a high degree of justiceraiguires a
very detailed reporting and therefore some compsemi
have to be made.

Based on the high voltage statistics and rulefiafnb it
was estimated that approximately 5-10 % of the
interruptions are caused by low voltage incidedis70 %
by 10-20 kV incidents and the remaining 20-25 % by
incidents at higher voltage levels. Assuming thet¢an be
trusted, it is reasonable to apply most of the uess at
high voltage level, which is also reflected in thedelines.

The guidelines are to be considered as minimum
requirements and the DNO’s can therefore choose to
implement more accurate reporting schemes if thehtfis
appropriate. In the following the most importanhimum
requirements will be described.

For each incident that causes an interruptioneo$tipply to
one or more customers for one minute or longeDIN®
has as a minimum to register e.g.:
» Date and time
e Duration of the interruption
*  Number of disconnected customers
» Disconnected HV reporting points (in case of
incidents in the high voltage grid only)
* Voltage level
e Whether the interruption was a planned outage
or caused by a fault
» Cause of the fault, from a predefined list of 6
causes

A customer is considered to be interrupted if onmore
phases are disconnected.

At present there are 102 DNO’s in Denmark. Sontaerh

operate low voltage networks only; others operatg h
voltage networks at one or several levels and sthgain
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both in high and low voltage networks. The statfsthust
reflect this fact in order to make the collectedtada
comparable. It has therefore been chosen to dithde
statistics into several groups, each representiggod the
high voltage levels of the single company. The lmitage
network will be handled along with the 10-20 kVwmetk in
accordance to the principles described below.

High voltage networks

A reporting point must be defined at the lower agt side
of each transformer as well as at every boundatvyd®n
companies or between company and customers codragcte
high voltage. Every time one or more of these répgr
points are disconnected it must be recorded. Te@wthat

a fault at e.g. 132-150 kV, which causes interamptbf
supply, must be recorded at 132-150 kV as welt 89-#0
kV and 10-20 kV. In addition the number of affected
customers must be recorded at each voltage level.

Itis important to notice that every single HV repw point
must be designated with a unique identificatiorerghs the
individual end users do not need to be identifiableis
makes it possible to keep accurate track of theplgup
interruptions for every single reporting point dogl this
process to some extend also the number of intéongto
supply caused by high voltage incidents for theaasrs
connected to the grid by this reporting point.

The counting of customers connected to every 18\20
reporting point is considered to be a cost effectiray to
handle the low voltage customer interruptions.dsecof a
high voltage interruption the low voltage customars
expected to be interrupted in the same periodrad &is the
feeding transformer. Due to the accurate monitooiidne
designated reporting point, it is also possiblgédb a fair
estimation of the overall consequences for theocnsts.

Radial low voltage networks

In theory the principle used at high voltage leweuld
apply at low voltage too, and a reporting pointlddhence
be designated to every single end user. Howeiserather
difficult for most companies to keep accurate tratkhe
connectivity of the individual end users.

The minimum requirement is therefore set at fekdet. In
case of a fault that results in disconnection @& kbw
voltage feeder or a part of this, the feeder design, the

frequency at end user level, the designation ofd@hding
reporting point must also be recorded. Combining th
knowledge of interruptions at high and low voltdgeels
makes it possible to make a fair estimation of the
interruption frequency and durations for a paracugnd
user connected at low voltage.
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Figure 1: High and low voltage faults causing interruptions
to supply. The faults are assumed to be non-simultaneous
and the customers are assumed to be equally distributed on
the LV-feeders.

Figure 1 shows a part of a 10 and 0.4 kV networktam
faults causing interruptions to supply. The fiestlf which

is on the 10 kV network, trips the substation pctite and
causes in this way interruption of supply to thel 20
customers. The low voltage fault causes interrumgtito
supply for the 25 customers connected to LV-feédeom
secondary substation 1234. If it is assumed tleanétvwork
also has been interrupted once due to a faultiasnission
level, it is obvious that 25 customers have betarinpted

3 times, while the remaining 176 customers havenbee
interrupted twice.

The suggested estimation will of course not be exaer a
long period of time since the low voltage conndttimay
change, but the only alternative seems to be a full
registration at end user level.

M eshed low voltage networ ks

In some Danish cities the DNO’s operate meshed low
voltage networks. End user connectivity in these/orks is
not as unambiguous as in radial networks, andrtheiples
described above are therefore not necessarily cayhd.
The best solution seems to be voltage measurematerash
end user, but since this would require installatére.g.

outage duration and the number of customers must be automatic metering and in this way impose morerags
recorded. Every customer connected to the feeder is demands on asmall part of the DNO’s, another nuchiaal

assumed to be cut off so long as just one custasner
without supply. The company can choose to make & mo
accurate registration, but this might not be wdintheffort
assuming that only 5-10 % of the end user inteionptare
related to faults and planned outages at low veltagel.

In order to make it possible to estimate the ingtion
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to be suggested.

Figure 2 illustrates a simplified meshed low vo#ag
network. The network is fed by two separate 10 é&tiers
and each low voltage section is protected by fuSegeral
customers are usually connected to each low voltage
section.
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Figure 2: Smplified meshed low voltage network.

In case of interruptions to supply caused by intisién the
low voltage network, the DNO must register the usiq
designations of the disconnected low voltage sesfithe
number of customers connected to each section tend t
designation of the nearest reporting point. It & very
important whether the designated reporting poiin fsct
the nearest as long as the sections are alwaysa@te the
same reporting point.

Due to the interconnectivity most faults at 10-20l&vel
will not cause interruptions to supply for end usser
connected at low voltage. In situations where migtions
to supply is nevertheless caused by faults initjtevoltage
network, great parts of the low voltage net will be
disconnected and the circumstances are not therefit
from faults in 10-20 kV network supplying radialwo
voltage networks. In these situations the DNO rhesice
register the designations of the relevant repoioigts as
well as the duration, the number of affected eretaufor
each reporting point.

In principle this methodology makes it possiblestimate
the interruption frequency for a group of end usesing

the method suggested for radial networks i.e. combi
knowledge of the number of interruptions caused by
incidents at high and low voltage level and thenzation
between high voltage reporting points and low \g#ta
sections.

The accuracy depends indeed on the definitionsowf |
voltage sections. Ideally a section should onlyude
customers that can be disconnected simultane dhistyyill
typically be customers connected between two $étses.
In the extreme case each section can be defineditale
only one single end user and the registration thils be
very accurate. For practical purposes the defieetians
are assumed to include greater areas in ordedt@eethe
work load.

BENCHMARKING

The regulator intention is to keep the benchmagityuof
supply simple without losing the ability to ensargroper
level of supply for all customers.
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The benchmark will thus be based on end user uypgon
frequencies and durations at system level (SAIEIZAIDI
respectively) as well as at end user level. Assa $itep the
regulator intends to:

» Benchmark the individual DNO’s against their
previous performance in order to secure the
preservation of an appropriate level of continuity
of supply.

e Impose minimum requirements for the continuity
of supply at system level.

* Impose minimum requirements for the continuity
of supply at end user level.

e Include only interruptions caused by incidents in
the DNO’s own network.

Benchmarking of the DNQO'’s against previous perfaroga

is in principle easy as long as there is no mapanges in
the registration principles, but due to the stotibasture of
interruptions to supply, data for several yeaneuired.
This is especially important when comparing small
companies who may experience only one or two 10 kV
faults each year, to larger companies with sevenatireds

of faults per year. The regulator has recognizedahd the
financial incentives will thus be limited in thedi couple of
years.

It may be more complicated to impose fair and ¢iffec
requirements at system and end user level. Detbgitiact
that Danish DNQ's are subject to rather similarragienal
conditions, available statistical material indicatieat quite
significant differences must be expected in theinaity of
supply indices. Customers in rural areas must there
expect 2-3 times as many interruptions to supply as
customers residing in the city. Since these diffees
cannot be explained by good or poor performancg timé
regulator faces the challenge of developing a smpl
benchmark model which accounts for the differerices
operating conditions.

Most Danish DNO’s have reported faults and outames
voluntary basis to DEFU for more than 30 yearsni&ans

of these statistics, DEFU has made a preliminary
investigation of the problem. The work is far from
complete, but it can be ascertained that some ef th
disparities might be reduced by referring the aqarity of
supply level to network or customer volume.

Figure 3 shows estimated SAIFI and a key figure
representing the estimated number of end userupigons
per unit 10-20 kV network for urban and rural based
companies respectively. Relevant data have onln bee
available for half of the companies reporting tee th
statistical survey but additional data are assutoetle
available in the very near future.
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Comparison of key figures
—e— Customer interruptions per 0.01 km netw ork (City)
—a— SAIFI (Rural)
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Figure 3: Comparison of continuity of supply in companies
serving rural and urban areas using two different key
figures (SAIFI and customer interruptions pr. 0.01 km 10
kV network respectively).

The figure above suggests that the differencesdsetwural

and urban based DNO’s are slightly reduced when the
number of customer interruptions is referred tortbisvork
proportions. The method tends to overcompensate
companies operating networks in rural areas, though

It is obvious that more work has to be done, busit
expected that a regression analysis of a greatef sita
can lead to a simple model which can express gigsla
between network volume and customer interruptions.

Financial implications

The exact financial implications are yet not knowat it

has been decided that the incentives will be a qfaithe

price cap regulation and affected customers witdfore
not receive separate payment. This is in line wfta

intentions of the registration guidelines, sinaestihdo not
leave the possibility of keeping accurate track tlod

interruptions to supply for each single end usarlohg as
the statistics provide a true and fair view ofd¢batinuity of

supply and end users do not receive any paymeatndt

necessary to keep accurate track.

Since only interruptions due to fault in the compahown
network are included in the regulation, the riskiisputes
between companies are minimized. This is hardhieae if
payment must be made to the affected end usecs, thiese
cannot be expected to distinguish between inteonpt
caused by faults in different parts of the netwankl will
for this reason expect compensation regardlesshef t
responsibilities of the different DNO's.

PROSPECTS

Some significant changes to the proposed scheméean
anticipated in the future. DERA has chosen nohtdude
ENS due to the expected implementation costs iasag&n
of ENS at especially low voltage level is rathemdi
consuming without metering. However, DERA conclude
that they consider the ENS key figure to be morueste
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than interruption frequency and duration indicdshd it
is therefore not impossible to imagine ENS in aufait
Danish benchmarking.

Even though the regulation of the DNO’s seems todsed
entirely on the benchmark in the first instanceah be
interesting to consider alternative solutions.dme of our
neighbouring countries compensation schemes heaais
been implemented and it is possible that the Danish
regulation to some extend will take this direction. At
present several Danish companies are implememingte
metering of every single end user, and besidesr othe
advantages remote metering can make it easier and m
cost effective to keep track of interrupted endrsis€his
facilitates more accurate key figures but alsqibssibility

to implement a fair compensation scheme in theréutu

There has not yet been a significant focus on geltpality
parameters as benchmarks, but it is likely to confe
Authorities have noted that such parameters caeleeant

for customers and may wish to include them in arut
benchmark. However the empirical basis for thisdkird
benchmark is not sufficient at the moment, since no
nationwide survey has ever been carried out thasefore

not probable that voltage quality will be a partthé
benchmarking in the years to come.

CONCLUSIONS

The Danish Regulatory Authority pays great attentiothe
quality of supply and has thus implemented a simple
reporting scheme in order to facilitate benchmaykifithe
Danish DNO’s on continuity of supply. The regulator
intends to benchmark the companies against theuiqgus
performance and the regulator will add requiremtamtthe
continuity of supply at system and end user level
respectively.

In order to achieve the overall objectives a specia
methodology has been developed. All customer
interruptions caused by incidents at high voltagel are
registered down to and including 10 kV. This infatian
can be combined with similar information for thewlo
voltage network and hence make it possible to estira.g.
the maximum interruption frequency for small groapend
users. The suggested methodology can also to saewde

be used in meshed low voltage networks.
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