A Comparative Study on Optimal Generation Maintenance Scheduling with

Marginal Maintenance Cost and Levelized Risk Methods
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Abstract - Proper resource allocation is also a very important topic in power system
problems, especially in operation and planning. One such is optimal maintenance
problem in operation and planning. Least cost and highest reliability should be the
subjects to be pursued. A probabilistic operation simulation model developed recently
by authors is applied to the problem of optimal maintenance scheduling. Three
different methods are compared, marginal maintenance cost, levelized risk and
maintenance space. The method by the marginal maintenance costs shows the least
cost, the highest reliability and the highest maintenance outage rates. This latter
characteristics may considerably influence the results of generation planning, because
the usual maintenance outages obtained from the other methods have shown to be

lower.
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Table 1 Characteristics of Power Unit.

No. Loy | EENR R dsvl A5 ape | 29

+ [MW] a b c [day]

1 SR l 587.0 0.0 7.08505 | 0.000354 0.910 65.0

2 AAH 1 650.0 0.0 7.06344 | 0.000353 0.910 65.0

3 A =g 1 679.0 0.0 7.05353 | 0.000353 0.910 65.0

4 A= 6 950.0 0.0 6.96229 | 0.000348 0.910 65.0

5 A= 7 1000.0 0.0 6.95342 | 0.000354 0.910 65.0

6 et 2 531.0 0.0 15.33479 | 0.007956 0.890 49.0

7 fod et 2 500.0 0.0 15.86056 | 0.007859 0.890 49.0

8 frd et 2 280.0 0.0 15.46573 | 0.008024 0.910 53.0

9 ol el 6 550.0 0.0 15.32538 | 0.007988 0.890 49.0

10 A 2 105.0 0.0 34.90354 | 0.031265 0.930 49.0

11 A5 6 200.0 0.0 34.94045 | 0.035448 (.930 49.0

12 A 1 340.0 0.0 33.93927 | 0.032174 0.930 49.0

13 s 3 400.0 0.0 33.68613 | 0.010860 0.930 49.0

14 A 2 162.0 0.0 34.91187 | 0.005668 0.930 49.0

15 A 1 137.0 0.0 34.33434 | 0.041574 0.930 49.0

16 A 1 250.0 f 0.0 34.59723 | 0.006951 0.930 49.0

17 Folel 2 50.0 0.0 39.96656 | 0.007859 0.910 51.0

18 el 1 75.0 0.0 39.87408 | 0.014181 0.910 51.0

19 ol k) 2 60.0 0.0 39.98822 | 0.019345 0.910 51.0

20 Fodel 1 125.0 0.0 39.51010 | 0.031999 0.910 51.0

21 7o gl 4 200.0 0.0 38.90116 | 0.027044 0.910 51.0

22 LNG 2 400.0 0.0 50.43216 | 0.012984 0.948 20.0

23 LNG 2 250.0 0.0 52.32679 | 0.015653 0.948 20.0

24 LNG 2 325.0 0.0 50.50170 | 0.016116 0.948 20.0

25 LNG 4 350.0 0.0 50.50287 | 0.013047 0.948 20.0

26 c/C 2 285.0 0.0 61.23425 | 0.009053 0.970 20.0

27 c/C 4 10.0 0.0 63.90354 | 0.031265 0.970 | 20.0

28 c/C 1 270.0 0.0 61.74211 | 0.010025 0.970 20.0
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Table 2 Seasonal Loads of Sample System

w9 ] u] Asaz | ramw | sae 2

Ul 1224 | 1997912 | 0.019867

o | 1704 | 18392.62 | 0.012417

3 | 2.652 | 18392.62 | 0.003621

1| 90 | 4 | 3.936 | 18302.62 | 0.012654
5 | 4.296 | 17762.66 |  0.022370

| 6 | 4.728 | 16515.97 | 0.006785

| 7 | 5460 | 15740.78 | 0.039510

' 1| 1224 | 2173992 | 0.015180

2 | 1776 | 2072419 | 0.008703

3| 3.024 | 20204.03 | 0.002373

9 |91 | 4 | 4.620 | 20025.48 | 0.013705
5 | 4512 | 19890.98 | 0.021240

6 | 4608 | 18525.04 | 0.011298

7 | 4.23 | 16563.65 | 0.050343

1| 1.0 | 23839.82 | 0.021849

o | 1392 | 2276210 | 0.013970

3| 2184 | 21964.23 | 0.004313

3 | 92 | 4 | 3.792 | 21964.23 | 0.005558
5 | 4608 | 21964.23 | 0.026237

6 | 4.944 | 2065429 | 0.008115

71 6.060 | 19871.42 | 0.054722

1| 1224 | 2216521 | 0.017500

2 | 1224 | 2093210 | 0.010473

3| 2.224 | 20686.09 | 0.002693

4 |9 | 4| 4224 | 20686.09 | 0012356
5 | 4224 | 20228.88 | 0.024066

6 | 4.224 | 18770.41 | 0.007661

7| 4224 | 1732038 | 0.050535
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Table 3 Comparison of Costs
T ¥ LU 27|04 2 A u| & ClI
A B 4mu] B 2.962183 % 10° 2.940723 X 10° ¥0.021460 % 10°
THH& A A4 73 2.962183 x 10° 2.952912%10° ¥0.009271 % 10°
R 2.962183 x 10° - -
A B8] gy 0.364696 x 10° 0.185378 X 10° ¥0.179314 X 10°
Fa A A& A A F 3 0.364696 < 10° 0.208786 % 10° ¥0.155910x10°
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Table 4 Optimal Maintenance Capacity by
Marginal Cost Method ’

No. | @As1% | ¥711 | #72 | 273 | %o
1 A 2} 3435.6011 4063.522 | 3164.499 | 3950.376
2 Frode} 4983.797| 563.020 ) 101.345| 273.838
3 A 3277.031| 147.542 | 112.731 | 123.694
4 Folg} 629.219 66.881 | 273.620 | 250.278
5 LNG 591.588| 416.810 1 1987.329 | 354.169
6 C/C 69.796| 422.440 17.575 | 370.189
7 G/T 0.000| 37.224 7.245 10.532
R
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Table 5 Comparison of Optimal Maintenance Scheduling
i * 7]
F w9 W} 51
1 2 3 4
5 & R 7.497.8 | 3.518.4 | 2,943.3 | 3,304.4
iﬁ%’ﬁ o) A 4 3 s 7,001.1 | 4,091.9 | 26105 | 3.467.9
W47y 6,302.6 | 50754 | 1.556.4 | 4,320.4
]l SRR 25.24 11.84 9.91 11.12
= ?jﬂ‘% 1Y A 2 3 23.87 13.78 8.79 11.67
o A 21.22 17.08 5.24 14.54
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