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ABSTRACT

This paper describes the possibilities to classify electric
distribution customers into different categories depending
on their individual sensitivity towards supply interruptions.
The sensitivity is regarded from an economical view, i.e. the
relation between the duration of an interruption and the
costs experienced by thmistomer. For a distribution
system operator (DSO) making decisions on network
reinforcements and restoration planning, having
information on the
interruption is very valuable.

INTRODUCTION

Most of studies and sueys on costs due to power
interruptionslook at average costs over a number of
customers within the same group, e.g. residential or
industrial customers.The spread between individual
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The approach of customer classification is to identify some
basic categoriesr classes based on customer surveys. The
different customers are then categorized and the actual cost
as a function of interruption duration can be estimated using
a small number of parameters, i.e. slopes, step sizes and
delays

THE PERFORMED STUDY

The performed study has focused on identifying distribution
customer so sensitivity

mainly industrial to investigate how the customers will be
affected by a power interruptin and what economical
consequences it will result in. Analysis of the result from the
interviews shows two main categories of customers with
characteristic sensitivity towards interruptions, although the
cost/duration relationship is unique for each comgo

The interviewing process

customers in these surveys is very large so that the averagesg oystomersf Vattenfall Eldistribution, 35 in Sweden, 3

value can ertainly not be used as a typical value.
Unfortunately there is only very limited published
information available on the spread among individual
customers. This paper will consider individual customers
and the possibility of gaining knowledge about the
cod/duration relationship for individual customers in an
efficient way.

Different customers have different sensitivity towards
interruptions, where the preferred indicator of sensitivity is
the customer cost. The sensitivity is strongly connected to
type of activity performed. Again referring to earlier
surveys, a linear cost increase with an initial step is often
applied. However, for some customers the-itepincrease

is not initial but delayed in time up to several hours. Some
customers may have sevestps and the slope of the linear
increase may change at certain points in time due to the
characteristics of the activities. A characteristic that cannot
be shown in a single cost/duration plot is how the sensitivity
changes between parts of a day/weekyear. Some
customers may show very low sensitivity towards
interruptions during weekends atrnight Other customers
may be extremely sensitive during a few hours of the week.
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in Poland were selected to participate in the study. Focus
was on industrial customers, to emphasize similarities and
differences in the sensitivity towards interiiopts within

the population. All customers were contacted by the
responsible account manager to be informed about the
interview. Four customers (13 %) choose not to participate
in the study.

The customers were next contacted to book time for a face
to-faceor telephone interview. Some customers were to be
interviewed by email correspondence, hence no booking
was required. Nine customers (24 %) could not be reached.

Using a prepared questionnaire the customers were
interviewed, facedo-face, by telephone dyy email. The
guestionnaire consisted of eight topicawvhich were
discussed during the interview. As a conclusion of each
interview a graph was prepared together with the customer
to show the cost/duration relationshgeé e.gFigure6).

Some customers were unable or reluctant to hand over
information of economical nature. For these customers a
cost/duration relationship was prepared with an ungraded
axis for cost. The character of the sensitivity could still be
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presented.

Interviewresults were obtained from 24 (63 %) of the initial ~ Tablel. Cost due to an interruptioaf different duration.

38 customers. Of these 24 customers, five (20 %) gave none| Duration Cost [kSEK]

or very limited information on actual cost of the time [h] Min. Median Mean Max.

interruption. Initial 0 30 593 5000
i . 2 20 150 1061 7000

Results from the interviews 2 20 550 1363 5000

The main focus of the study has been to identifyccuse r s 6 8 80 450 1975 13000

cost/duration relationship during an outage. Next to this,

interview  methods, ~ possibility of gaining correct oriewed customers varied in size which could cause the

In f. ormation, customerso kn QaWAtiﬁgi@a%solﬁticosE. h‘érefc}reonf)’rllna(l\’lzati%quf’cosfJ S el
questionnaire have also been studied. was performed using annual electric energy consumption

The interviewed customers were mainly indwstri and electric power usage. Figure 3 and Figure 4 the
companies with production. Although the customers were normalized cost for each customer is plottad able2 and

active within the same area the cost/duration relationship Taple3 statisticsare shownNormalization by power usage

were unique for each customer with substantial variations. \yasalso performed for thoseustomers where the actual

In Figure1 andFigure2 each customr 6 s abs ol ufoRer fls&é was kndWhihe variations in normalized cost
plottedas a function on duratiom Figure 2 excluding the are considerablfor all interruption durationsComparing

two highest values at each time instant to increase the ipe figures and tableshows that normalization does not

statistics fo the absolute cost due to an interruption are

presentedas a function of duratioThe variation in cost 04 -
between customers is considerable for any duration
T T T T 0.3 7
X
12000 * g
S % <
E_ 0.2+ % »
x 2 «
— (&}
% 8000 1 X %
2 X 01f « X ¥ i
2 X
Q x
° X % ;% § x
4000 X, X * . % § & %
0 2 4 8
Time [h]
* " K % Figure 3. Cost (SEK/kWh) for customers normalized by annual
) 2 4 8 electric energy consumption, excluding extreme values.

Time [h]
TABLE Il

Table 2. Cost due to an interruptiomf different duration,
normalized by anumel electric energy consumption

Figure 1 Absolute codor all customerss a function of duratian
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Duration Cost [SEK/kWh]
time [h] Min. Median Mean Max.
* Initial 0 0.004 0.036 0.4
1000 - i 2 0.003 0.028 0.144 2.025
< % 4 0.004 0.056 0.170 2.075
£ 8 0.007 0.106 0.227 2.250
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Figure 2. Absolute cost, excluding extreme values
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