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AMtc, - In distributbn systcm, bus hod
estimation is complicated beeause system load is
unstable data and usually monitorcd at only a

few points. As a rule rcceiving nodes are not
equip@ witt stetbnery mcasuring ingtmmenb
so measurements of loeds ane performed
sporadkrlly. In general, the only informetion
commonly availablc rcgarding loods' othcr than
major distribution substations and equipment
installations, is billing cycle customer klVh
consumption or load in per unit (p.u) term. In
order to model system unccrhinty' inerectnccs,
and rendom neture of customers demand, en
averege rlignpsat epprooch b propoced. Thb
paper prcsents applicetion possibilities of tte
alignment degrees method to the electrical load
modeling. Clustering of load profiles in difrerent
part of system wrr ussd to clessi$ the
substatfons Simulrtion studies have been
pcrformed to demonstrate the efficiency of the
pnopoccd scheme end rn cficct of difiercnt
parametens on its accuracy on the besis ofactual
data obtained et distrlbution system substations.

Keywords: Alignme,nt Degreess Fuzry set theory,
Lmd clustering Power distribution systems.

r.O INTRODUCTION

The knowledge of loads at system buses is
one of the most important requirements for efficient
operation of power distrihrion s),stems tU.
Estimation of loads is the basis for the system state

estimation and for techical and economic
ealculations. This makes possible improvement in
operation and maintenance of elegnical equipment
and in planning of network operating
configurations"

The main difrculties in frc modeling of loads
at receiving buses in distrfbution systems resrlt
fi,om tte random nfrre of loads, diversific*ion of
load shapes on different parts of the system, the

deficiency of measured data ed the fiagmemtry
and uncertain character of information on loads

and customers. In the present stage of development
of power distribution systems, the mathematical
estimdion of the loads at the system buses seems

to be the most realistic shatery due to incomplete
primry informdion on loads md cuslomers. It
demands erlier drtermination of the stable
relations berween bus loads and easier available
data [U. The probabilistic models are widely used
to estimate system loads. In order to develop the
relevant types md pramet€rs of probability
disnibution, large numbers of recorded
con*mption values are required To obtain fre
above data a special measurement project has to be
considered. The use of statistical methods is not
always possible due to occume,nce of a lrge deficit
of measurements. Tho fuzy set thoory is a
corvenient mdrematical tool that allows us
partially to eliminate ureliabitity from input
infcmation md to limit tre influene of deficit of
measurements. The most rcnowned method for
expressing the uncertainty in load models is fuzzy
set theory [2], [3]. For the purpose of simplicity of
mdematical operation the trapezoidal and
triangular forms of ftzz.y numbers are usually
used-

The paper preeents possibilities of aplication
of the fu2ry set theory to electrical load clustering.
The clustering ofthe substations according to daily
load crnves is made on the base of tte average
alignment degrees. The studies have been
performed to demonstrale the efficiency of the
propos€d scheme on lhe basis of achral de
obtained at distibution system substations In
practice the only information commonly available
regarding loads in distribution substations is
consumption in tarm of klVh or in p.u t€rn. In
modeling process other inprn quantities also can be
used such as number of customers, rated power of
trmsformers and installed cryacity.
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2.0 APPLICATION OT ALLIGNMENT
DEGREES TO CLUSTERING

The loads on distribuion transformers are the
instantaneous summdions of the individual
demands of many customers. Since the @ein of
elecfical dsmand of each customer cannot be

determined precisely, it is usually necessary to
calculate system loadings on an estimation basis.

Planning engineers use load modeling to predict the
loads on different parB and ditrerent time of
distibution systems. The load clustering can be

done on fte hsis of the alignment degses method
with customers load profiles [1]. The 24-hour load
curves of the different substation groups show the
characteristic variation for each goup. Example of a
daily load profile for oae substation is shoum in Fig
2. There are three characteristic load values in the
diagram:

. Par-the daily p€akloa4

. Poa- the daily average load,

. Pas- the daily base load.

On the basis of the analysis of the profiles from
different dayn the four characteristic int€rvals
(columns) of the day are distinguished as illustrated
in Fig.2
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The clustering of the substations based on

the average alignment for each column. To avoid
tlre influence of the instantaneous values on power

changes onsumod ftom substations, the average

load of twenty forn hours should be taken as

reference quantity. The average alignmeirt degree

for each column is defind as rdio of the average

load inthe columntothe daily average load:

, Pi,t,. =! Equation(l)" PdA

ufrerc:
c - &ecolumnindex(n, m, 4 e),

Pz - tre average load inthe column c,
Pac - the daily average load.

The load diagralns arc regarded as similar
ones nfren their average alignment degrees for
each cohrmn have similar values [].

The righ selection of the investigating
objects to build the model is an important factor in
load clustering process. The use of daa from
substations that belong to different classes can
cause difficulties in working out a me&od to
practical application.

3. PRG'ECTIMPLEMENTATION

This project was tested on 24 hour load data

for 20 substltions. The aim of this project was to
cluster the substation de into thek belong goup.

The project started by collecting the
suMion load de and using determine the
paramcter such as Po (trc daity peak load), Par
(the daily average load), Pua (the daily base load)
anrd Py ( the aveqge load in the column c) since
this paamet€rs trre needed to perform lhe
alignment de$ees method for electric losd
clustering. The ,taa usd for this project is in per
mit (p.u) nalues.
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START

l,oad
substdion dara

Separate data in
to 4 grouos

Determine PdP,
PdA andPdB

values

Deternine PjA
foreach soup

Tabulate the
values ia thetable

Tabulate the
values in the table

Detcrminc valuc for
/"(column index)

Add more
substation
load data

Tabulate ftc values
in the table

SATISFIED

Plot the data

END

5. Compare the result obtained and plot the
graph with 24 houn load curve of the
substtion-

4 RESULTANDDISCUSSION

This are ttre data obtained from the
simulation that needed to perform the alignment
degrees method.

Table I Valw of Pe(ttedaily peak lod), Pa(he daily
averaee lod)ad Pc(tredailyhse lmd) for
20subsatiom

Subsmions Pm Pm Par

I 0.7201 0.0453 0.3329
2 0.6%4 0.M22 0.3071

0.7082 0.0402 0.2898
4 0.6972 0.0375 0.283E

5 0.6599 0-0325 02705
6 0.6774 0.0333 02667
7 0.6515 0.0265 02561
8 0.6133 0.0249 0.2465
9 0.6126 0.0233 0.2M

0.5823 0.0235 0.2404
ll 0.6933 02459 0.4950
t2 0.6583 0.2994 0.51t4
l3 0.7545 0.3076 0.506E

t4 0.7814 0.3547 0.s179
l5 0.7657 0.3917 0.4979
l6 0.6903 0.2s07 0.49s8
t7 0.7460 0.2343 0.5050
It 0.1(B2 0.0/,22 0.0725
I ) 0.0733 0.02E5 0.0354

02304 0.0067 o.o7t2

Table 2 Valw of average lood in column c for 20 snbscatims

SATISFIED

Fig. 3 Florrchart of the simuldion

3.1 Pmcedure

l. L,osd thc suhtation dm and determine the
value of Po(fte daily pak load), Pa(ffrc
daily average load) and Poa (the daily base
load).

2. Seearde fre dffi into 4 groups moming
afternoon, ev€Nring and night). Determine the
value ofP.i,r ( 6e average load in &e
column c)

3. Determine value forratio of the average load
in the column 8o the daily average load (r").

4. Tabulafie all value ob6in above in &e table
and plot graph of;

o lrandL
o l.and /-

3

P,^
Substation Mornins Affemoon Evcning Nicht

I 0.3113 0.4779 0.4542 0-2563
2 0.2804 0.4,40 0.4281 0.2441
3 0-2702 0.3863 0.,1056 0.2343
4 0.2686 0.3765 0.3994 0.2197
5 o.2573 0.369r 0.3768 0.2138
6 0.2438 0.3588 0.3805 0.2143
7 0.2485 0.3648 0.3545 0.19CI
E 0.2317 0.33E9 0.3525 0.18s8
9 0.2374 0.3304 0.3375 0.171I
l0 0.23t8 o.3263 0.3,t45 0.l6EE
ll 0.4332 0.2828 0.4618 o.ffig
t2 0.,1893 0.3831 0.4789 0.6056
l3 0.M52 0.3302 0.4714 0.6731
t4 0.4566 0.37s7 0.4765 0.6705
l5 o.u26 0.4078 0.4338 0.&46
l6 0.4814 0.2901 o.4202 0.@20
t7 o.4272 0.3726 0.,1516 0.6551
l8 0.0599 0.0917 0-0945 0.0659
l9 0.0335 0.0457 0.035 0.0319
20 0.0918 0.1398 0.0875 0.0109
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Table 3 Ratio value of the average load in the column to the daily
average load (/")

l"
Substations Moming Aftemoon Evening Nisht

I 0.9351 1.4356 1.3644 0.7699
2 0.9131 1.3807 1.3940 0.7949
J 0.9324 1.3330 1.3996 0.8085

4 0.9464 r.3266 1.4073 0.7741
5 0.9512 1.3645 r.3930 0.7904
6 0.9144 1.3453 1.4267 0.8035

7 0.9703 1.4244 1.3842 0.76s3
8 0.9400 1.3748 r.4300 0.7538
9 0.9855 1.3715 1.40r0 0.7103

10 0.9642 1.3573 1.4330 0.7022
1l 0.8752 0.5713 0.9329 1.3069

t2 0.9568 0.7491 0.9364 1.1842
l3 0.8785 0.651s 0.9301 1.3281

t4 0.8816 0.7234 0.9201 1.2947

l5 0.8889 0.8190 0.8713 1.2946
t6 0.9700 0.5851 0.8475 1.2949
17 0.8459 0.7378 0.8943 1.3170
l8 0.8262 1.2648 1.3048 0.9641
19 0.9463 1.2910 0.9887 0.9011

20 1.2893 1.9635 1.2289 0.153r

The ratios value in Table 3 was used as the
basis of load clustering in substations. On the
ground of determination of the profiles, average
alignment degrees for each column were calculated,
The clustering of load profiles on the plane l" (the
average alignment degree at the column e --evening)

and l- (the average alignment degree at the column
m - morning) is shown in Fig.4. The clustering of
load profiles on the plane l" (the average alignment
degree at the column n - night) and lu (the average
alignment degree at the column a - afternoon) is
shown in Fig.5.

Fig.5 The clustering ofload profiles on the plane ln and la

From Fig.4 and Fig.5 it can be seen that the
spread of alignment degrees is the difference
between max and min value for each substation. In
accordance with above approach to load profiles
clustering, there are two main clusters. Substations
no. 1 to 10 belongs to Cluster I (B and C) and
substations no. 11, 13, 14, 15 and 17 belong to
Cluster II (A and D). Substation no. 16 belongs to
(D) only and Substation no. 12 belongs to (A)
only. This is because the load diagram had the
same pattern in certain part of the load (it depends
on the alignment degrees). While substation no.
18, 19 and 20 do not belong to any cluster because

they have unique pattern. From the graph it can
prove that the load diagrams are regarded as

similar ones when their average alignment degrees

for each column have almost similar values by
looking at the load diagram of the substations.
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Fig.4 The clustering of load profiles on the plane le and lm
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Fig.6 Load Diagram belong to Cluster II (A and D)
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fig.9 Lcd Dirgram bdmg to (A) anly

Fig9 slrews that subst*bn 13 was not
couoted in a main cluster because the subsutiot
was grolryed in (A) only. This m€ant that the
subcration jus had ffrc same p&rn in sbin psrt
of&e load.
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Fig.7 L.od Dirgram bdory to Ctff€r I (B ad C)

Fig.6 and Fig.7 show all tre substmions that
have been gouped toge$er in one cluster have the
same pattern of load diagart. This are &e two main
clusten

o Cluster I (Substation 1 to 10)
o Cluster II (substation I 1,13,14,15 and 17)

O*y t''!, C{,lB $$etet on 15

-
4

5or

fig. l0 L.oad Dnrytal lht do trot have a dustur

Fig.l0 shows that substation 18, 19 and 20
wer€ not comt€d in a main cluster because the
substation was scdtered frr away from the group
(A, B, C, and D). This meant that the substation
had the unique paftern of load diagram compared
to o&ersuhhtions.

5.0 coNcLUsIoN

This pryer pres€na possibilitis of load
clustering with aligrment dqrees method Tlre
sUdy was aimed to demonstrde the efficiency of
the proposed m€tld. Achievd r€sulb fuw fu
usefulness of these kinds of methods in two
following cases:

o Forrrulation ofthe substation classes.
o Load estimation for substation clusters

such as max peak and min peak load

Taking into account changes of enerry
policy, effective classification 6a6 66(sling tools
could helpful in reorganizing of ariff systems,
price strategies and capaclty plnnning.

,r]
061

Hqlr

fieE Lmd Diagrrn bdong to (D) qrly

Fig.8 shows that substation 16 was not counted
in a main cluster because the substation was
grouped in @) onty. This meant that the substation
just had the same parem in oertain part of the loads.
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The proposed method allows us to estimate
daily peak power demand for several distribution
fansformers during normal state conditions, on the
basis of the energr oonsumption in p.u that is the
most correlated frctorwiththe peak load demand-

The presenred results show that right selection
of investigmd obj€c8 has a large influence on the
accuracy ofproposed method. The specification of
the presentcd approach using day and season load
diagarn make the results more precise. Also the
usage of clustering method pve interesting results.

The presented method may be a useful tool in
supporting planning distribr*im engineers
especialty in deternining lhe rd€d of the
transformer and capacity planning of a substation.

6.0 F'UTTIRE I}EVELOPMENT

For the future developmen( he fiiuy elrp€rt
system approach can be added after clustering drc
electrical load in order to perform load curve
prrediction or peak load estimation in distribution
system substations. This method very useful by
applying fuzzy inference and local firzzy regression
analysis with alignment degrees clustoiag method
to malyzr fte proble,m of load forecasting and load
estimatiotr in power distribution syst€ms

7.0 REFTERENCES

[1] J. Nazarko, Modeling of Electrical Pov'er
Dislribatiot, Systems, Bialystok Technical
University Publisher, Bialystok, 1993.

[2] IVLE. El-ltrawuy, Elearic Power
Application ofFuzzy.Slsrenrs.IEEE
Press, Piscataway, NJ,1998.

[3] J. Nazarko, W. Zalewski, *The Fuzzy
Regression Appoach to P€ak Load
Estimation in Power Distribution
Systems." IEEE Trmsactiotr on Powgr
Systems, Vol.l4, No.3, August 1999, pp.
809-814.

t4l W. Zalewski, *Combination of Fuzzy
Regression Analysis and the Least Squares
Regression Method to lvtsdslling of
ElecEical Loaf, in Proe. The 6th
International Conference on Probabilistic
Methods Applied to Power Slstems
PMAPS '2(M), Funchal, Porhrgal,
Septcmb€r 25-28, 2000.

[5] Zalewski W.: "Application of fiizzy
inference to electric peak load
modelling", in Proc. IEEE International
Conference on Power .tsrens,
Kathnand4 Nepal, 3-5 November, 2 004.

[6] S. Brandt, Statistical and Computational
Methods in Data Analysis, Springer
Verlag, New Yorlq 1997.

[7] Stephen J. Chapman, MATIAB
Progr mming for Engineu Thtrd Edition
International ffior'" 2N4

6

amysuzaima mohd shafiee
Pencil

amysuzaima mohd shafiee
Pencil


