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Modeling Planned Maintenance Outage of Generators
Based on Advanced Demand Clustering Algorithms

& B &M F
(Jin-Ho Kim - Jong-Bae Park)

Abstract -In this paper, an advanced demand clustering algorithm which can explore the planned maintenance outage
of generators in changed electricity industry is proposed. The major contribution of this paper can be captured in the
development of the long-term estimates for the generation availability considering planned maintenance outage. Two
conflicting viewpoints, one of which is reliability-focused and the other is economy-focused, are incorporated in the
development of estimates of maintenance outage based on the advanced demand clustering algorithm. Based on the
advanced clustering algorithm, in each demand cluster, conventional effective outage of generators which conceptually
capture maintenance and forced outage of generators, are newly defined in order to properly address the characteristic
of the planned maintenance outage in changed electricity markets. First, initial market demand is classified into multiple
demand clusters, which are defined by the effective outage rates of generators and by the inherent characteristic of the
initial demand. Then, based on the advanced demand clustering algorithm, the planned maintenance outages and
corresponding effective outages of generators are reevaluated. Finally, the conventional demand clusters are newly
classified in order to reflect the improved effective outages of generation markets. We have found that the revision of
the demand clusters can change the number of the initial demand clusters, which cannot be captured in the conventional
demand clustering process. Therefore, it can be seen that electricity market situations, which can also be classified into
several groups which show similar patterns, can be more accurately clustered. From this the fundamental characteristics
of power systems can be more efficiently analyzed, for this advanced classification can be widely applicable to other
technical problems in power systems such as generation scheduling. power flow analysis, price forecasts, and so on.

Keywords : Planned Maintenance Outages, Advanced Demand Clustering Algorithms, Long-Term Estimates For The
Generation Availability
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Fig. 3 Revised demand curve definitions
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Table 1 Sample Demand Data (DT=20)

)2 Hour) D[ifrnv%/r}d A} ZHHour] I)[?\?V%;r]ld
1 155.0 11 55.0
2 210.0 12 85.0
3 250.0 13 105.0
4 270.0 14 155.0
5 260.0 15 220.0
6 230.0 16 240.0
7 210.0 17 250.0
8 135.0 18 280.0
9 105.0 19 290.0
10 85.0 20 310.0

E: 3 2 #E 7| oiojg

Table 2 Generator Data

Capacity [ FOR [MOR| Generation
(CHMW]| (p) || (q) |Cost[$/kWh]
Gy Coal| 100 0.05 { 0.07 0.019
G, Coal| 100 0.06 | 0.05 0.020
Gs LNG| 150 0.07 | 0.08 0.040
Gs |LNG| 150 0.05 | 0.06 0.041

* Cost of unserved energy = 0.410 [$/kWh]

Generator| Type

Demand W)

0 . P it N
12345678 91011121514151617131920
Taes [Houtd

O3 4 MEANLHE X3
Fig. 4 Original demand curve in sample systems
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Table 3 Initial demand cluster results

Cluster 1 = Cr{1] Cluster 2 = Crl2]

Cr[1].Upper = 200[MW]
Cr{1].Lower = O[MW]

Crl2).Upper = 500[MW]
Cr{21.Lower = 200{MW]

Cr[1].Peak = 155[MW]

Crl2) Peak = 310[MW]

Cr2].Base = 210[MW]
Cr[2]1DT = 12[Hour]

Crl1]Base = 55[MW]
Crl1)DT = 8[Hourl
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Table 4 Generator outage rates in demand clusters
Generator FOR MOR(q) GOR(17)
(p) |Cluster 1| Cluster 2|Cluster 1|Cluster 2

G 005| 0127 0.032 0.177 0.082
Gz 0.06| 0091 0.023 0.151 0.083
Gs 0.07| 0146 0.036 0.216 0.106
Gy 0.05| 0.109 0.027 0.159 0.077
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Fig. 6 Original, expected effective, revised demand curves
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Table 5 Revised demand clusters resuits

Cluster 1 = Cr[1] Cluster 2 = Cr[2}

Cr{1]}.Upper = 111 [MW]
Cr[1l.Lower = 0 [MW]

Cr[2].Upper = 456 [MW]
Cr[2).Lower = 111 [MW]

Cr{1}.Peak = 105 [MW]
Cr[1].Base = 55 [MW]
Cr[1].DT = 5 [Hour]

Cr{2]).Peak = 310 [MW]
Cr[2]).Base = 180 [MW]
Cr[2].DT = 15 [Hour]
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