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Generator Maintenance Scheduling of System Operator
in Competitive Electricity Markets
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Abstract - In competitive electricity markets, maintenance schedule is submitted by generation companies (GENCOs)
and transmission companies (TRANSCQs), and coordinated by Independent System Operator (ISO) with the adequacy
criterion. This paper presents an alternative coordination procedure by ISO on the maintenance schedule. In this paper, it
is focused on modeling a coordination algorithm by ISO for the maintenance schedule based on the Simulated Annealing
algorithm. The proposed model employs the minimum information such as generator capacity, forced outage rate and
generator maintenance schedules. The objective function of this model represents minimization of adjustment on

schedules submitted by GENCOs.
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Fig. 1 Mechanism of generator maintenance scheduling
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Table 1 Generator maintenance scheduling of 3 generators

 APENANQIR)
Unit#l 0001110000
Unit#2 0000011110
Unit#3 0011111000

E 2 waYl 3yel #

Table 2 Solution of 3 generators

Ay Unit#l Unit#2
& 4 6 3

Unit#3

479



BRPFRE S3A% 83t 2004 8R

HE & 29 2ol BHFoZH LAY AP uA
g3 AT LAY A AYTe Aeold 2HEE 4A
AR F Atk 2AAGAT A AYges VE I
XoE A% 22 WPos AT

42 ME|T(LOLP) ALt
sARes $3Y WANGAS dgAuARCE A3
5

EE Adgd B =&dxs LOLPY AAE AA &
3 2ol 7HFRATH3]

A A7 nFAXNE 1y FHFNAEEA
L i-19A FA7IAAY nFAHA Jg nAT FUH-E
A&Fdo ¥n FHre] SALHE FFHLEHE T
A,

Fx)=p;" Fi\(x)+q; F;_(x— Cap) v

A 7]A,

b; i BRI SHERE(L—¢)

q; DidlA 2Av) e aRAANEE

Cap; : A 2H7)¢] &%F

Fi i 2477449 23 AAE 28

LOLP= F,,(ﬁCapi) @

A714, ne A7) F8 Ve, mepd, 26719
2PRPAE Dl 159 LOLPE g o] FADT

LOLP,=F'( 2y Cap)) ©
714,
K ¢ el 7bEs8e 21 39
LOLP, : t79 33A%%E
F'o Rl A3 A 24718 AdY RE
2H7)e DPHAE nH @ SR AAETA

A3 M =23 Ao 44

Neg de 712 A oz Ayss, A olF ¥
Ax AR A ks Rz AL T HA

480

FHste BU FRES H9) oFo FYHEE VW 2
g5 @ Adar) fla @ Al g Az F
WEA R Wb, BHYSe st

=R

Af: VV, ‘ Cap,;,- M AAdh/ (10)

o} o] AAP B ZAE o)z A AT F gl
o A7IA, dAdj; e B 2ol Addd

AAds, = | PG = PSP~ P = PP 1

4714,
PO nwiA WR 98 Sl AFE HIAYR- o

ol'd wAr|E A AAXE &9 Hlroulette wheel)
& AHgElge 54 2AVE ddslr) dE AFEE
2 Wol fujsl= Fo dYANE AYH TAHAVES ER
33, BFFE TA7EY 37 AYAE SMEXY 5 A
b oj®A 73 Fol d4E Hed AFTHoE A4
FE5¢ ARG /18 F 37 g2 JuAuAgEy G
7} glen 6lA FoA AIAEE 71 Bol fugctn 7}
A3,

x 3 27| MY olF™
Table 3 Example of selecting generators

Unit#l] 100 (0011111000
GenCo#l 06

Unit#2| 50 {0000011100
GenCo#2 0.8 Unit#3] 70 (0011110000
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Table 4 Selecting probability of each generator

Unit#l 60 0.016

0.24 (=0.016/0.066)
Unit#2 30 0.033 0.50 (=0.033/0.066)
Unit#3 56 0.017 0.26 (=0.017/0.066)
Al 0.066
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Table 5 Loads data of each period

1 1340 11 1950
2 1420 12 1910
3 1400 13 1840
4 1440 14 1850
5 1660 15 1600
6 1540 16 1730
7 1630 17 1730
8 1620 18 1500
9 1620 19 1440
10 1830 20 1320
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Table 6 Generators data submitted by each GenCo

Unit#l 0045 0001110000 (0000000000
Unit¥2 | 250 | 0.072 |0000011110 | 0000000000

GenCo
#1

Unit#3 | 150 | 0.072 | 0000000011 | 1000000000
GenCo | Unit#4 | 400 | 0.069 |0011100000 | 0000000000

#2 Unit#5 | 300 | 0.045 |0000000000 | 1111000000
Unit#6 | 250 | 0.030 |0111000000 | 6000000000
GenCo | Unit#7 [ 200 | 0.075 |0000000001 | 1100000000

#3 Unit#d8 | 150 | 0.062 | 0000000000 | 0000000111
Unit#9 | 100 | 0.062 | 0001110000 { 6000000000
Unit#10 | 350 | 0.040 | 0000000000 { 0011110000
Unit#11 | 250 | 0.072 0000001110 | 0000000000
Unit#12 | 100 | 0.054 |0000011100 | 0000000000

GenCo
#4
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Table 7 Reliabiiity of calculated initial scheduling

0.000013

1 075
2 0.004103 12
3 0.003205 A8 0 014154
4 0.096656 1w |
T 0.105715 15 0.003052
6 0.036940 16 0.009545
7 0.024545 17 0.000795
8 0.024545 18 0.000282
9 0.031257 19 0.000167
10 0.027246 20 0.000051
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Table 8 Conclusion of performing the algorithm

0111000000 0000000000
250 ]0.072]0000011110] 0000000000
Unit#3 [ 150 10.072}0000001110] 0000000000
GenCo| Unit#4 | 400 {0.069|0111000000|0000000000

#2 | Unit#5| 300 |0.045]{0000000001 1110000000
Unit#6 { 250 |0.030{0111000000|0000000000
GenCo| Unit#7 | 200 {0.075]0000000000| 0011100000

#3 | Unit#8 | 150 }0.062|0000000000|0000001110
Unit#9 | 100 10.062|0000001110| 0000000000
Unit#10| 350 }0.040{0000000000] 0000011110
Unit#l1| 250 |0.072|0000001110{0000000000
Unit#12| 100 |0.054{0001110000{ 0000000000

GenCo
#4
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Table 9 Reliability based on Table 8

1 0.000013 11 0.036391
2 0.047324 12 0.036391
3 0.032372 13 0.057312
4 0.097711 14 0.007821
5 0.001164 15 0.000941
6 0.002027 16 0.009545
7 0.047184 17 0.030138
8 0.047184 18 0.004050
9 0.047184 19 0.002713
10 0.015898 20 0.000013
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