ISSN 1975-8359(Print) / ISSN 2287-4364(Online)

The Transactions of the Korean Institute of Electrical Engineers Vol. 66, No. 3, pp. 475~485, 2017

= ER9| ¥aR4

http://doi.org/10.5370/KIEE.2017.66.3.475

Conversion Function and Relationship of Loss of Load Expectation Indices
on Two Kinds of Load Duration Curve
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Abstract - This paper develops a conversion function and method transforming from daily peak load curve used LOLEp [days/
vear] to hourly load curve used LOLEy[hours/year]and describes relationship between LOLEp [days/vear] and LOLEy
[hours/year]. The indices can not only be transformed just arithmetically but also have different characteristics physically
because of using their different load curves. The conversion function is formulated as variables of capacity and forced outage
rate of generator, hourly load daily load factor and daily peak load yearly load factor, etc. Therefore, the conversion function
(’y:gp(.)) can not be simple. In this study, therefore, the function is formulated as linear times of separated two functions.
One is an exponential formed conversion function of daily load factor. Another is formulated with an exponential typed
conversion function of daily peak load yearly load factor. Futhermore, this paper presents algorithm and flow chart for
transforming from LOLEp[days/year] to LOLEy[hours/year]. The proposed conversion function is applied to sample system and
actual KPS(Korea Power System) in 2015. The exponent coefficients of the conversion functions are assessed using proposed
method. Finally, assessment errors using conversion function for case studies of sample system and actual system are evaluated

to certify the firstly proposed method.
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Table 1 Generation system data

No Capacity FOR(q)
#1 30MW 0.01
#2 10MW 0.01

z 2 A% A4 (LOLEyy, LOLEpy 7}
Table 2 Reliability indices (LOLEyq, LOLEpg) evaluation

State | G1| G2 Prob, AC | oc [hiers}fg;y] " dzg;%‘;‘y]

1 | ool os=0ssor |40 o 00 00

2 | O] X| 099x001=00099 |30 | 0 00 00

3 | X| O| 099x001=00099 | 10 | 10 | 10x0.0099=0.099 | 1x0.0099=0.0099
4 | x| x| oor=00001 0 | 20 [24%0.0001=0.0024 | 1x0.0001=0.0001
Total 0.1014[hours/day]| 0.01[days/day]

(Where, AC: Available Capacity[MW], OC: Outage Capacity
=Lp-AC, (0C=0.0 if 0C=0.0))

E 3 AE|% X4(LOLEyy LOLEpy)HEte=0] Al=ALt
Table 3 Coefficient of the conversion function of reliability
indices (LOLEgng, LOLEpg)

TMip LF LOLEyy | LOLEpq &1 &
10 0.7083 0.1014 0.01 24981 2.5
" LOLE'y & C
0.70832.5 0.1013 0.000986 0.9990
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Table 4 Generators data of actual sized model system

ey 5% 9E7] the g2 [MW]
AR} 24 21,716
Coal 53 26,274
3 LNG 77 31,291
0il 22 4218
8t 179 83,499
duka] =8 1E7D 1516
QA e 1E7D 4,700
=35t 89,715
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Fig. 7 HLVC(Hourly load variation curve pattern of KPS (2015)
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Fig. 8 DPLVC(Daily peak load variation curve) pattern of

KPS (2015)
njg] Hsts +dste 2oz Silrh4-11].
a8 7 2 O8] 82 AFTIESHL,)7F 78,790[MW]Q1 2015E

T et AR AIRFRSFHSIA(HLDC, gy())d LE[hHE
SHHEA(DPLDC, gn(h)e [pulHRIE Satet ES Hel A
H I8 9= Ol F /M9 JAE tygoz e SEE
& 2REYEg 2= 17909 HHEVE st FY(loading)sHH
A I8 QERSREIA &, op(0d dy(0E AR Husko]
HQl ZioJt,

J8d O8 9= ©A HWE 06t SHed ARIRIE
AlBtaL S BAISE ZHolH AAE yat A2 42 365Y
8760A1710] BE|TIQE ZH= 7107 BT (@r)e & xolg
ErOh I3EZ 1Y S9st EEHRIE ARESto] §74 HolH

i)

o

o| Fst=4dol| et SSRITAIZITILHRI(LOLE) 2| &5 H

Trans. KIEE. Vol. 66, No. 3, MAR, 2017

[Day] [Hour]

350
8000
300 \ 7000
250 6000

5000

= = lOLED ——IOLEH
4000

3000

2000

1000

[
0 16 2 48 64 80 9% 112 128 144 160 176[NG]

2SR W ARISSIHY 98

I8 9 SREYAEY A =
FSIRIE419] B (20158 &)
Fig. 9 Comparison of ELDCs of daily peak load and hourly

load of korea power system in 2015

180 — — LOLE_D[days/year] ~———LOLE_Hlhours/year] 180

0
158 161 164 167 170 173 176 NG

I8 10 I8 99 137 EEYIRES ELDCES Hlu
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Table 5 Reliability indices of model system

2 8 ZIASS FoidH9 Halo] wE FEE Helge
A9t 8% LOLEy & @&

(2}, EIRpy=1-EENSp,/TDEp,)

E 6 ZEASS Heeol Hoteol AeAS

Table 6 Exponent coefficients of load factor of conversion

function
. . LOLE
&1 & & [hours/year] €
04 36.0326 36 0.01223 0.00522

I 7 Z2 57 LOLE; @ LOLEp
Table 7 LOLEy & LOLEp of model system in last 5 years

vear | LFw LFp, LOLEy LOLEp
[%] [%] [hours/year] [days/year]
2015 76.721 85.235 0.01217 0.17829
2014 74.379 82.368 0.01091 0.00577
2013 75.639 83.667 0.00468 0.00367
2012 T4.627 82.396 0.00468 0.00260
2011 76.736 84.640 0.00580 0.05742
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U2 of7|ME WEASY FRESHE 2015WE9] 2oz o
oA dEsta grist HEASo|EZ U] AA|9H= T}
2ot 1 7 2 ¥ 804 B ZANE AFEAsE HHAE 4
ZOiRst sYEolE E56tal Rol=EA9 FE &, Foted
A GgS Wil ASE L 5 Atk B3], LOLE/t AIRMRSEH
o] ¢iFistgol thoto] vz QEFHECE LOLEn 7t YE|thRsh4d
o] ¥R3Igo| tielo] AuiEloz me IA Yaks dil J8s
SoiokA mtetg 4= ot d2fuk BolsiAl 2012W1t 2013
BHatgo| TiEo: B8l LOLEy 7t SYUsHA Qol&lLt o=
Fololgt AB9 Rolg49 FelEH9 Hral Jidgolr] w2
ol LOLEo] ¥8ks MRE E O Q4 (RAN skewness 2
kurtosis S)[7,10,11]7} Qri= opoj o] 13t ¢if= =}
s MRz g9ch

2=t

o

n o

)2

0f

482

Ly LOLEy, EENSy, ElRpy Table 8 Assessed coefficients and LOLE% and error of
[%] [hours/year] [MWh/year] [pu] model system
76.721 0.01217 478 0.999999991 Vg &F & & [hoi?;l?/:ar] g
&, EIRpy=1-EENSk,/TDEx,
( o S/ TDEs) 2015 | 04 | 360326 | 36 0.01223 0.00493
LFoy LOLEp, EENSo, EIRo, 2014 40 6.99612 7 0.01090 0.00092
(o] [days/year] | [MWD/vear] [oul 2013 | 03 [ 159887 | 16 0.00467 0.00214
85.235 017829 7373 0.999996992 2012 29 8.99396 9 0.00467 0.00214
2011 24 28.9936 29 0.00579 0.00172
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LOLE',=0.3[days/year] x24x0.76721%4x(0.85235%
=0.3%24x0.8994x0.003179=0.0205[hours/year]

2 9 2oLt AR EY]E LOLE 9l LOLEy, S7HHE
Table 9 Conversion Example transformed from Reliability
Criteria LOLE"p, to LOLE™y,

LOLE"D T I R LOLE™;
[days/year] [%] [%] 1 2 [hours/year]
0.3 76.7 85 0.4 36 0.0205
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BRAES] AMFEA$Q LOLE(Loss of Load Expectation)
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E AZHOIT
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