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A Study on the Outage Cost Assessment by using Macro Approach

* &
g ATl s

R I RICHR R B R

(Young—-Shin Park - Dong-Hoon Jeon - Jeong-Je Park - Tae-Gon Oh -
Kyeong-Hee Cho * Jae-Seok Choi)

Abstract - Electric power utilities are facing

increasing uncertainties regarding the economic, political,

societal,

environmental constraints under they operate and plan their future systems. The utilities have to integrate consumers’
interruption cost representing reliability worth of electricity into the process of determining the optimum investment level.
In order to do so, the estimated outage cost must be included into quantitative index corresponding to system capital and
operation investment cost to establish an optimal expansion plan. This paper is a study on the outage cost assessment
by using macro approach for calculating IEAR(Interrupted Energy Assessment Rates) and the TRELSS(Transmission
Reliability Evaluation for Large-Scale Systems) program was used to calculate EENS(Expected Energy Not Served).
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Fig. 1 Methods for the outage cost assessment
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Fig. 2 Concept of the macro approach for outage cost

assessment
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IEAR=GDP/EED [91/kWh] (1)
7] A,
IEAR: Interrupted energy assessment rates (&3 <17}
GDP: Gross domestic product [¢] €]

EED: Electrical energy demand [GWh]
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TRELSS(Transmission Reliability Evaluation for
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Table 1 Program dimensions of TRELSS

5 (Buses) 13000
1k 7] B4 (Generator buses) 3250
W 7] (Generator units) 9750
% %14 2 (Branches) 26000
W 9} 7] (Transformers) 5200
©]’47]1(Phase shifters) 100
7} Switchable shunts 2600
H 5 A o1 F X 7| 2 (PCGs) 10000
%72 %<( Transmission areas) 100
$ A0 99 4(Transmission zones) 999
A A A Z(Ties) 1500
A} A} 32(Common mode contingencies) 10000
I A 8- A A AL (Must-run  contingencies) 10000
F’3JAFaL(Total contingencies) 60000
71%71% (Base Cases) 10




TRELSS Z23& 73 dojA+= 2= AFE& o}y
o} Zt}
As A
* FaAFEE
w* A7 FFA A ¥E (occurrences/year)
x A FFAF AEAIE (hours/year)
x 43 FFAF AHAIZE (hours/occurrence)
x* A FFAFHAEZF (MW-Hr./year)
x 43 FFAFHAHEZF (MW-Hr./occurrence)
* A FFAEFHEY (MW/year)
x A3 FFAFHE (MW/occurrence)

FE&7F A5
* AZE 87 T A LA 31 (customer-occurrences/year)
* A3 FFAHY 48715 (customers/occurrence)
x FE&7IE FFAFLA 3 (occurrences/customer)
* AL F87PE FFAG A4 A2 (customer-hours/year)
x 43 FFAFAE A (hours/occurrence)
* 7871 FH5AGFA 4 A7t (hours/customer)
* AHFF 7t g8

st A5
* A7 B3kt oy« (MWH/MWH-year)
* A FFAEGHFY (MW/MW-year)

TRELSS Z&a#e] A#Foa FFAZHAEE
sto] FAE FFAA DI Fako F
4 stk
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Breaker location Modified forced outage rate of Load flow data file
file preparation subpmgram (PSS/E 23 format)
[
Launch file preparation subprogram

Input data files for PCD

Input data files for PCD tion
1. User specified RA data file

2. Network adjustment data file

3. Common mode outage data file
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5. Simulation event data file

1. Circuits or PCG outage data file
2. Generator outage data file

3. Bus characteristics data file

4. Generator data file

Hourly
chronological load

Ok
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Program control file

1. PCD general data

2. Load flow data file

3. Network supplementary data files
4. Outage and load curve data files
5. Study area subgroups

6. Problem identification area

7. Case definitions (load levels)

8. Solution parameters

9. Remedial actions

10. PCG & failure criteria option
11. Dispatch options

12. Islanding options

13. Contingency options

14. Report selection

[ ]
% 3 TRELSS =z EXlz
Fig. 3 Flow chart of TRELSS
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Fig. 4 Flow chart of outage cost assessment

AOC=IEARXEENS (9] (2)
q7|1A,

AOC: Annual outage cost (97F &FHA71]) [¥]

EENS: Expected Energy Not Served [MWh/\]
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Table 2 The results of IEAR estimation by macro approach

_ [ FeARat
ap | FUEAR | wEsaw (AR
(GDP) [9¥] (EES) [GWh] (91 /kWh]
1970 27,751 7,740 358.54
1971 34,345 8,384 386.61
1972 42,411 9,992 424.43
1973 54,990 12,367 444.66
1974 78,454 14,048 558.47
1975 104,778 16,630 630.04
1976 144,108 19,620 734.48
1977 185,020 22,833 810.31
1978 249,447 27,326 912.84
1979 320,494 31,145 1,029.05
1980 391,096 32,734 1,194.75
1981 493,057 35,424 1,391.85
1982 566,768 37,880 1,496.23
1983 666,851 42,620 1,564.63
1984 765,235 47,051 1,626.39
1985 856,991 50,732 1,689.25
1986 1,002,541 56,309 1,780.42
1987 1,179,382 64,169 1,837.93
1988 1,405,248 74,318 1,890.87
1989 1,586,201 82,193 1,929.85
1990 1,913,828 94,383 2,027.72
1991 2,314,282 104,374 2,217.30
1992 2,639,932 115,244 2,290.73
1993 2,987,616 127,734 2,338.94
1994 3,499,726 146,540 2,388.23
1995 4,096,536 163,270 2,509.05
1996 4,609,526 182,470 2,526.18
1997 5,063,136 200,784 2,521.69
1998 5,010,272 193,470 2,589.68
1999 5,490,050 214,215 2,562.87
2000 6,032,360 239,535 2,518.36
2001 6,514,153 257,731 2,527.50
2002 7,205,390 278,451 2,687.67
2003 7,671,137 293,599 2,612.79
2004 8,268,927 312,096 2,649.48
2005 8,652,409 332,413 2,602.91
2006 9,087,438 348,719 2,605.95
2007 9,750,130 368,605 2,645.14
2008 10,264,518 385,070 2,665.62
2009 10,630,591 394,475 2,694.87
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Fig. 5 The change of annual EES and GDP
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1 19703 =55 20049 =71A] 2] A8 E o] &3te] 20061 %=
FEH 20090d =7 (6 R)e] FUF NS F45te] A5
9} v FEA (Case 1)

2) 1970 =78 19999 =7bA 9] ARE o] &ste] 2000 =
HH 20099 =740 =)0 SFALE FAste] A

¢} vlaitA (Case 2)

5.1.1 2005-20094 = 2| GDP Fd(Case 1)
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Table 3 The coefficient of determination at each order of
regression analysis

13} 27 37 47}
AARY | FARY | AARY | AARY
ARA G 0.9976 0.9983 0.9990 0.9996

y =27.381x 445385
y=9x10"x" +26.632x — 347282
y=—11x10"x> +6x107° x> +18.658x — 221364

y=14x10""x* —=10x107""x* + 2x107* x* + 7.892x — 66822
(3)

E 42 A5 5742 ALB510] 20054 £ F e 20094
TRl FUSYN £

Table 4 GDP estimation from 2005 to 2009 years using
regression analysis

=) % 4 4HGDP)[ ] 91]

BERA
SR =(EES)
1 2 3 4 AZA | [GWh]

2005| 8606,268| 8910,003| 8574,129 9,086,400 | 8,652409| 332,413

2006 9,102,735| 9,419,134 | 8911,982) 984,815 | 9,087438| 348,719

2007| 9647,225| 10,047,011] 9,281,786| 10972,557| 9,750,130| 368,605

2008 10,098,049 10,572,671 9,549,252 12,082,559| 10,264,518 385,070

2009 10,355,560 10,875,281| 9,685,013 12,804,738| 10,630,591] 394,475

AMsel MRyys S Nyl 3
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Table 5 Error rate of estimation at each order

yz QA& (%]
1 2 3 4

2005 0.04 2.98 0.90 5.02

2006 0.17 3.65 1.93 8.44

2007 1.06 3.04 4.80 12.54

2008 1.62 3.00 6.97 17.71

2009 2.59 2.30 8.89 20.45
it 22} 11 3.0 4.7 12.83

25.00

A& (o)

2005 2006 2007 2008 2009
dx
o s )
a8 8 7 ARy M 2x8

Fig. 8 Error rate of estimation at each order
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Table 6 The coefficient of determination at each order of
regression analysis

12 2} 3zt 47}
AARY | HALA | AARY | 3712
AR AT 0.9947 0.9982 0.9994 0.9994

1970 d =78 20049 =7t 9] AR E o] &t =& 4
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y=27.121x - 429229
¥ =30x107°x* +20.803x — 254276
y==33x10"x" +13x107° x* +12.545x —120272

y=3x10"%x* —4x107"°x* +1x107* x> +11.609x — 109815
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E 7 2 ASE 3342 ALESHod 20004 =R EH 20094
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Table 7 GDP estimation from 2000 to 2009 years using
regression analysis

=W ZF A4 (GDP) [¢1 4]

RER
Eh=1 Z(EES)
1 2 3 4 AZA | [GWh]

2000| 6,067,297 | 6,499,214 | 6,042,372 6,093,391 | 6,032,360 | 239,535

20011 6,560,794| 7,156,942 | 6,369,670| 6,478,033 | 6,514,153 | 257,731

N AA

. 4

1

0.00 :

200 2000 2002 2003 2004 2005 2006 2007 2008 2009
s

a7 9 2 FHX[2 2EtE

Fig. 9 Error rate of estimation at each order

SEA 19709 % 200082 A e A ArE
HPAALAS AAse] FHE F74 () Fakel 2010
ARE 201799 2022959 SWEANS FHsdth A

FIARLN S B 24 FUF A e
2002/ 7,122,739| 7,930,778 | 6,644,047 | 6,855,833 | 7,205,390 | 278,451 Q‘q ?fH e Z“LIHO" Bakak A 43 &
FAGAA A AYFeFe npFoz AN H2y
2003 7,533,573 | 8,513,291 | 6,768,696 | 7,083,561 | 7,671,137 | 293,599 Mo Ea 2010d5E 20174, 2022359 T3 gH @}
2 243590, ¥ 9= o= o]},
2004 8035,237| 9,243,792 | 6,822,749 | 7,320,604 | 8,268,927 | 312,096 & TS & 9% ofF HeEhd Aeld
2005 8,586,261 10,070,503 6,743,698 | 7,507,597 | 8,652,409 | 332,413 )= 27.6x-462156 )
2006 9028501 | 10,752,433 6,564,566 | 7,605,696 | 9,087,438 | 348,719
2007/ 9,567,837| 11,606,289 6,193,256 | 7,663,084 | 9,750,130 | 368,605
E 9 210dERE 2017 T 2022 T B2 EH|
2008(10,014,394 12,331,731| 5,748,306 | 7,659,973 | 10,264,518 385,070 S =5
200910,269,466 12,753,611| 5434,576| 7,633,267 |10,630,591| 394,475 Table 9 IEAR estimation from 2010 to 2017 and 2022
U F A Ak AE Q5 TFA G Et
T 8 2t aes xmxel oS d4x (GDP) (EES) (IEAR)
o= e s [o]9] [GWh] [1/kWh]
Table 8 Error rate of estimation at each order
oae 2010 11,268,453 425,020 2,651
g% S
1 2 3 4 2011 11,647,734 438,762 2,655
2000 0.58 7.74 0.17 1.01
2001 072 087 527 0% 2012 11,952,329 449,798 2,657
2002 1.15 10.07 .79 4385 2013 12,205,809 458,982 2,659
2003 1.79 10.93 11.76 759
2004 283 179 1749 147 2014 12,423,132 466,856 2,661
2005 0.76 16.39 22.06 13.23 2015 | 12,591,769 472,966 2,662
2006 0.65 18.32 27.76 16.31
2007 a7 1904 648 oLal 2016 12,740,009 478,337 2,663
2008 | 244 20.14 44.00 25.37 2017 | 12,869,647 483,034 2,664
2009 3.40 19.97 48.88 28.15
Arod 162 1443 2186 12.99 2022 13,340,450 500,092 2,668
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Table 10 The results of probabilistic reliability indices

% Cont. depth LOLE EENS
iy nt.
« © P [hours/yr] [MWh/yr]
N-1 6.968 2213.218
2009 N-2 6.989 2215.824
N-1 6.968 3259.210
2010 N-2 6.990 3262.458
2011 N-1 4.977 3123.472
N-2 4.999 3126.287
2012 N-1 2.986 1300.397
N-2 3.009 1304.089
N-1 2.986 1338.097
2013 N-2 3.006 1341.223
N-1 1.991 495.278
2014 N-2 2.010 497.163
N-1 0.995 84.952
2015 N-2 1.014 86.728
N-1 0.995 85.387
2016 N-2 1.000 86.545
N-1 1.991 111.399
2017 N-2 2.025 115.132
N-1 0.995 90.379
2022 N-2 1.011 92.145

ch LOLE : Loss of Load Expectation (S&X| 2 &4 7|7t 7|ch x[)

el A3g N-2 4grtna] TAsk= EENSS #s o
&t & stch % 11 2 29 102 v
= 3

Al o

ki3 11 sax&e =82

Table 11 The results of outage cost assessment

A s aEg] o
dx (IEAR) (EENS) .
[49/d]
[¥/kWh] [MWh/]
2010 2,651 3262.458 8,648,776
2011 2,655 3126.287 8,300,292
2012 2,657 1304.089 3,464,964
2013 2,659 1341.223 3,566,312
2014 2,661 497.163 1,322,951
2015 2,662 86.728 230,870
2016 2,663 86.545 230,469
2017 2,664 115.132 306,712
2022 2,668 92.145 245,843
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