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Maintenance Reserve Capacity Evaluation and Its Application Considering

Wind Power and Maintenance Demand Uncertainty
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China Southern Power Grid, Guangzhou 510080, China)

Abstract: Maintenance reserve capacity is defined as a capacity to assure all units’ maintenance on time.
In order to evaluate the impact of uncertainty of unit maintenance demand (UMD) and the stochastic of
wind power to maintenance reserve capacity evaluation, this paper establishes a model, which considers
UMD uncertainty and the impact of stochastic of wind power, and proposes an index, which is
maintenance reserve not enough probability considering wind (MNEPCW), to evaluate the maintenance
reserve. In the aspect of application, this paper proposes the definition of maintenance probability and uses
it to modify the forced outage rate, which can be used to conduct probabilistic production simulation,
generation system and composite system evaluation, and system risk analysis. Case study uses real data of
one province to evaluate the maintenance reserve and analyses the impact of speed cross-correlation and
wind farm capacity to maintenance reserve evaluation, which shows that maintenance reserve increases with
the cross correlation increases, maintenance reserve decreases with the wind farm capacity increases.

Key words: wind power; cross-correlation; uncertainty of maintenance demand (UMD); maintenance reserve

capacity; maintenance probability
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Table 1 Weibull distribution every ten days

Fit 1] ¢ k Fit 1] ¢ k
1 6.17 2.10 19 421 1.99
2 6.38 2.14 20 4.15 1.95
3 6.58 2.16 21 4.08 1.93
4 7.14 221 22 401 1.92
5 743 2.10 23 4.03 1.93
6 7.59 2.00 24 4.07 1.94
7 8.46 1.82 25 4.10 1.95
8 8.26 1.92 26 475 1.96
9 7.86 1.85 27 5.37 1.97
10 7.22 223 28 5.78 2.00
11 7.00 2.20 29 5.54 1.86
12 6.85 2.13 30 534 1.75
13 6.20 2.10 31 5.13 1.63
14 5.98 1.98 32 6.37 1.67
15 5.56 1.76 33 6.89 1.69
16 5.33 1.62 34 7.20 1.71
17 4.92 175 35 6.89 1.87
18 456 1.86 36 6.51 1.99
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LA (KHBPLA 3),

ARG 8 BN HE M E R UL 5,
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Table 2 Wind farm correlation coefficient matrix

K HL KE37 1 K HL3 2
K1 1.0 0.9
K3 2 0.9 1.0
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Table 3 Wind generation data
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Fig. 2 Load data for every ten days
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Table 4 Maintenance demands of different types of units
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Table 5 New commitment units

R/ o 2/ e
HLEH MW Hizmfal || Pl Feiz it [a]
HlEH 1 1000 2011-02-01 [[HL4H 5 600 2011-06-01
HlEH 2 600  2011-07-01 |[#lZH 6 1086 2011-07-01
Bl 3 600 2011-10-01 ||HL4H 7 300 2011-02-01
Hl4H 4 600  2011-05-01 |[HlZH 8 300  2011-03-01
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Fig. 3 None-correlated wind speed data(R,,=0)
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Fig. 4 Highly-correlated wind speed data(R,=0.9)
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Table 6 Modified FOR of units every ten days

Fit 1] FOR Fit 1] FOR Fit 1] FOR
1 0.031 7 13 0.159 8 25 0.006 0
2 0.031 7 14 00850|] 26  0.1025
3 0.031 7 15 002741 27 01405
4 0.006 0 16 01134 28  0.1978
5 0.006 0 17 01139 29 0.1017
6 0.006 1 18 0.1087 30 01179
7 0.119 9 19 011938 31 0.154 4
8 0.137 3 20 0.1180 32 01583
9 01372 21 0.103 0 33 0.104 1
10 00234| 22 0.0060 34 01277
11 0.082 1 23 0.006 0 35 0.123 5
12 0.1598| 24  0.0060 36 01234

AL, Y3 RALH B AR IR IS | HLA Y538
1B R AR, KB IC) R AH B Y BILEH 5
EAFIE R AR WERMLA KA S 1, WIHLZA
HYERIBAFE RN 1,

W RGNS B R g S e it 20 R 3 B,
B NL=3, W3 7,
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Table 7 Load model
ffar /MW 61 200 58 000 55 000
/RS 0.25 0.50 0.25

B ZE A B ERA RS, FTLUN AR
B P S R0 Al R G he WL il ) ) FEL e
JE.LOLP 5 0.047 6 MW ; EDNS "M 18.607 4 MW,
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7 RN T] X R 3 40 G o A 1 5 FH 45 s 1 5%
W, Ak, RS XU Z [ A OC R R 0.9,
0.5.0 3 FMELL T RGPS R KB 2 145 i, 45
IR 8,

M 8 FTLLE Y, FlZE KU 3 AH OC R B %
%, RGETF LR B & H A MBIk X2 R
LI AHOC R BB, 37 Hh T3 St N | AH)E Y
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Table 8 Results of maintenance reserve capacity under

different correlations

LIPS R 2 A /MW
0.9 775
0.5 765
0.0 740

HEICM AR bR T T B B RS & A )
Z RN B RS & A Y
W AL 75 2% RSN 2EHL 1 500 MW XU 2EHL
3 000 MW XUELIZFIEHL 6 000 MW XUHL1F 3 Ffifd
LT RGVHAG S R RS A A = A5 L3R 9,

®9 FRREENTHRESAEE
Table 9 Results of maintenance reserve capacity under

different wind capacity MW

AL 1 AL 2 ki A
0 0 810
1500 1500 790
3000 3000 775
6 000 6 000 600

M 9 AT LU | B R G LA 3
R, RGPt ZARAE & AR 20, XA
AR RGN 22 B, H X GEECHARA) /N
PRI, Bt XL REATL ARG o, K XU R 2528 A 17 97 A
Jrv | B G Ay 5 HoAy b 074y 1426 FECRER , AL AR ]
S5 FVA AL ] R 22 HE RO R AE 2 s/ |
A 26 FH A R0
4.4 REXHAEIERBIZIE RN

N T E X AME IESR B S IE R 5
TAHIEATEIL T I RGBIERIE 525, WK 10,

® 10 ZRERYAZRABERBSIZEE
Table 10 Modified FOR of units every ten days

Fit 1] FOR Fit 1] FOR Fit 1] FOR
1 0.006 0 13 0.006 0| 25 0.006 0
2 0.006 0 14 00060| 26  0.0060
3 0.006 0 15 0.006 0| 27  0.0060
4 0.006 0 16 0.0060| 28 1.000 0
5 0.006 0 17 0.0060| 29 1.000 0
6 0.006 0 18 0.0060]| 30 1.000 0
7 0.006 0 19 00060 31 0.006 0
8 0.0060|| 20 00060| 32  0.0060
9 0.006 0 || 21 0.006 0| 33 0.006 0
10 00060| 22 00060| 34  0.0060
11 0.006 0| 23 0.006 0| 35 0.006 0
12 00060| 24  00060| 36  0.0060
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SR T ML RE TSR AN E PELL SN
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