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LOLE(Loss Of Load Expectation) Evaluation using Fuzzy Set Theory

B BB

(Jae-Hong Shim * Hyun-Soo Jung * Jin-O Kim)

Abstract - This paper presents a conceptual possibilistic approach using fuzzy set theory to manage the uncertainties in the
given reliability input data of the practical power systems. In this paper, an algorithm is introduced to calculate the
possibilistic reliability indices according to the degree of uncertainty in the given data. The probability distribution function can
be transformed into an appropriate possibilistic representation using the Probability-Possibility Consistency Principle(PPCP)
algorithm. In this algorithm, the transformation is performed by making a compromise between the transformation consistency
and the human updating experience. Fuzzy classification theory is applied to reduce the number of load data. The fuzzy
classification method determines the closeness of load data points by assigning them to various clusters and then determining
the distance between the clusters. The IEEE-RTS with 32-generating units is used to demonstrate the capability of the

proposed algorithm.
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Fig. 3 LOLE distribution curve depicted by probabilistic and
possibilistic function
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possibilistic function



zo} 41
18 |+ 1o.e
16 | fo.s
14 r 10.7
12 b 0.6
10 10.5
a 40 .a
s | {1o0.2
4t 0.2
2r o 1
o (=]
Probability e Possipiity ——----—

a8 6 &8 J4I HX| ZMez CEfd ZEXETIL X9

Fig. 6 LOLE dstribution curve depicted by probabilistic and
possibilistic function

Astel ANz 74 wael B
59 & 6ol Liehsich

2 AUANE AT} FEET) uls}oa W srue

woli Qo dolue] we WLt SAWES W A%

o) 7] L.E # uehln 92 % 4 ok
FIAYRAE Fahsvl QolM Fatel deleE 2 57
FHEES Ael ia*lz}% Z7H710 Eeh wekd ge
Sl ¥3E WA RRs ol AEsd 4L £9 guoz
Z207 5 Qm, ool mek AAAE AAENY F ek 3
4 73 8¢ g0Ne) w3k vlolElE Aele g o) geied 20

I 5 &EFU2
Table 5 Probabilistic intervals for LOLE

2 LEfd SSXIE 21t

E 6 HX|FU22 LiEpH S3X|Z

Table 6 Fuzzy intervals for LOLE

2 i A|

W2 A7
. o T AT
poss1—

DY | srargr | et

R
[

shea | deu

Q C | 072 10.224601|0.302239(0.143234]0.414307

CON | 073 [0.212148{0.316941{0.103005]0.489198

0.172%
L C | 076 |0.176852|0.362991 |0.0163910.776849

Fderdl) 072 10.205805{0.323908(0.075435(0.529208

Trans. KIEE. Vol. 48A, No. 9, SEP. 1999

O 7 20002 dcte2 E&E dolEet a2 A& ol gt
2
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Fig. 8 Distribution for the data and their clusters displayed by
contour lines
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Table 7 LOLE evaluation using fuzzy clustering

Al
R g ( a, as, az, as )
Rgie] 25
o (3179456 6.146443 9562535 15.404794)
107
g7 |7.726813| oAg [ 17.75%
: (4393317 7.955174 11.894039 18.429763)
207
3 7 ]9.792573] oakg ] 424%
H (3970136 7.344825 11.129266 17.474148)
307
bz 9.105151, Qake [ 3.08%
o (4029270 7.466775 11.316435 17.758827)
7
|9.258149[ oAg | 1.44%

(EE0| 2ol oE IFXIF7(HxIel B3t 9.39416)

E: 8 atg7tez LiEpd ZFXIF 7| x|
Table 8 Probabilistic intervals for LOLE

SEEF S0 FERLFTY AT
Haw® t3gHE
9.39416 -3.979215 22767535 247%

Ir
vy

9 mxpZtez viepld ZSFXIE 7|0

Table 9 Fuzzy intervals for LOLE

ossi.| | BRI AAFE |

Bility | a1

ox

gk | stEgk | ek

3y 072 | 7.46677 | 11.3164 | 4.02927 | 17.7588 |0.206%

6. & =

B eRodE Foixl #84 YolHE WAl WP
o AR A5E AN PEE ANHRAT 7E B
gol it FRAGIUAY A BAAYE TRAhE AS
of FRA WBL LGS WES olesRTh £ mReME
oleig BHA4el HAolge Egstel #A1%F) Max-Min
AN AHSSRT, W Fel FotulolEe] i Al
g Fol7] dste] HARYolRS Fal RalE T AY UE
oz Fustael ol HEHPT =RAH AEHE we
49 RaHolHE WALUHBE o il LUVOE ¥F

! 2
f9o0), oIl $Re AU URGe a9 2h=s @
A

A

¥ 1
R
[T
2(_1‘
pac
o
r}‘m A
fir l°

ALk
o2 Aggtog a1 R84
7t BEAA4E WES A

7V

; &
dolele) A8 FAs RoRME BEA AYH B

AgAo|7 =g

Aol ALY EF =2
nelEe BRAMel EAsE BEH dolbe
B2 A F e P ANstgen],

A Mgl Qe WA AYEAFGE 7Ee
& AYEAFYH Musge e A

S 737 A% HolHt BRUNS Y 3%, &

m[o
x

2 2842 4 Sl Pgemse 2Nt
A4 A %_ha%% A7 5|

& 290, o8 wee dold
A% e ped Ayds Ag
¢ Aoz slusel Wk

1] R. Billinton and G. Hamoud, “"Considerations in Including

{21

(3]

Uncertainty in LOLE Calculations for Practical Systems,”
Paper No. A 79 075-3, IEEE PES Winter Meeting, New
York, NY, Feb. 4-9, 1979.

C. P. Gupta, "A Note on the Transformation of
Possibilistic Information into Probabilistic Information for
Investment Decisions,” Fuzzy Sets and Systems, Vol. 56,
pp.175-182, 1993.

G. Hamoud, R. Billinton, "An Approximate and Practical
Approach to Including Uncertainty Concepts in
Generating Capacity Reliability Evaluation,” IEEE Trans.
on PAS, Vol. 100, No. 3, pp.1253-1265, Mar. 1981.



[41 A D Patton and A. Stasions, "Variance and
Approximate Confidence Limits on LOLP for a Single-
Area System,” IEEE Trans. on PAS, Vol. 94, No. 4,
pp.1326-1336, Jul/Aug. 1975.

[5] D. L. Mon and C. H. Cheng, “Fuzzy System Reliability
Analysis by Interval of Confidence,” Fuzzy Sets and
Systems, Vol. 56, pp.29-35, 1993.

{61 J. M. Ling, C. E. Lin and C. L. Huang, "Investigation of
Fuzzy Real Power Flow Modeling with Probabilistic-
Heuristic Based Information,” Electric Power Systems
Research, Vol. 32, pp.175-186, 1995.

Trans. KIEE. Vol. 48A, No. 9, SEP. 1999

{7 T. J. Ross, Fuzzy Logic with Engineering Applications,
McGraw-Hill, Inc., 1995.

{81 D. L. Mon and C. H. Cheng, “Fuzzy System Reliability
Analysis for Components with Different Membership

Fuzzy Sets and Systems, Vol 64,
pp.145-157, 1994

[9] Roy Billinton and R.N.Allan, Reliability Evaluation of
Power Systems, 2nd Edition, Plenum Press, New
York, 1996.

Functions,”

IR0 )

19699 69 24U4. 19959 FSuigm
A7) gsta £, 19989 8¥ ¥ diEd
A71gsts EAAAD. A 23

1
=5

2 (& &k B
7183 =82 A48A7A #3% A=
Tel : (02) 2290-0347
E-mail @ jokim@email hanyang.ac.kr

2
Gl

HX| HE ol22 0|83 ISXF Jdixlef &4

@ &%

1950 8¥ 13U A 19749 Add A7
T80 £ 19883 FFd dzHd A7)
T EAAHAD. 1999 F digd A
718 ALy

Tel : (02) 2290-0347



