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Sensitivity analysis of multi-area power system reliability based on component’s forced outage rate
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Abstract: Generation system reliability of every single area will be improved by the support from other areas’ generation capacity
through interconnection. The influences of forced outage rates (FORs) of units and tie lines on system reliability is analyzed in this
paper, and sensitivity expressions are put forward based on component forced outage rate. Firstly, sensitivity expressions between
reliability index and component FOR are deduced theoretically, then the influence of units and tie lines FOR uncertainties on
reliability index variance is analyzed, and at last, exponential analytic model is modified based on the presumption that changes in
reserve capacity and in units(and/or tie lines) FOR are independent. In this model, reliabilities can be computed at different reserve
capacity and transfer capability taking the units and tie lines FOR into account, system key segments and weak segments can be
found according to the sensitivity values. Test results show the effectiveness of this modified exponential analytic model.
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Tab.1 Simple two-area system

X A X B

HLEBAE/MW 10 0.02 3.3e-006 | 10 0.02 3.3e-006
FAB(E 15| | 100.02 3.3e-006 | 10 0.02 3.3e-006
RENERE, % | 100.023.3e-006 | 10 0.02 3.3e-006
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Tab.2 Sensitivities of different install capacities

V(R)V(R)

C. /MW BLO_I_,E_A /(hours/yr)
J oR,
2 10.792 4
5 24.2029
10 36.789 2
12 38.9104
15 40.844 0
20 42.146 1
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Tab.3 Comparison between computed values and true values

R, HSEfH WA
0.01 2.0719 2.071 84
0.02 2.480 3 2.480 28
0.03 2.888 8 2.888 72
0.04 3.2972 3.297 16
0.05 3.705 6 3.705 6
0.06 4.114 1 4.114 04
0.08 49310 4.930 92
0.10 5.7478 57478
0.12 6.564 7 6.564 68
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O F A AT SR SR AR R .

a) ARIENAE GNP RBEUNER 4 Fir,
ATAFEE SN A ENIG N, TSR bR N LA
FOR [ R BEE I M.

%4 FTR%XNEBH MR BIE

Tab.4 Sensitivities of different install capacities

C; MW OLOLE, /(hours/yr)
J
5 7.549 1
10 13.8211
15 14.9101

b) C=15 MW BRI SEHFE bR L PRE 5 R B
BN 5 Fin, FIANBESE FOR HEin, HSE{E
S EENREE KR,
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Tab.5 Comparison between computed values and true values

R HEMH A
0.01 1.8306 1.8307
0.02 1.9797 19798
0.03 2.128 8 2.1289
0.04 22778 22780
0.05 24269 24271
0.06 25760 2.5672
0.08 2.8741 2.8744
0.10 3.1723 3.1726
0.12 34704 34708
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Tab.6 Computation of partial derivatives
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GEMW | ok, R, | oR -oR,
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Tab.7 Comparison between computed values and true values

R (Ry) HEE THEME
0.01 1.8724 1.870 884
0.03 23024 2299916
0.05 27486 2741 036
0.06 29777 ©2.967 641
0.10 3.9345 3.914 356
0.12 44371 4.411 892
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Tab.8 Comparison between computed values and true values

R, H3fE WEAE
0.01 42729 5 42.729 54
0.02 429515 42.951 69
0.03 43.1376 43.173 83
0.10 44.7279 44.728 84
0.12 451719 4517313
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Tab.9 Expectation and variance of outage capacity cumulative

probability
iz A& R ATEN I8 R AHIE M
BE
Mw | HEE T W E Ji
0 1 0 1 0
1 0.199 2 3.9539e-002 0.199 269 3.1947e-001
5 0.1141 1.0899¢-003 0.114 158 2.4007¢-002
11 0.0324 1.9085¢-004 0.032 450 1.0754¢-003
15 0.0237 1.7453e-005 0.023 766 1.7453e-005
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Tab.10 Variances of reliability index
Cases 7 % Var(LOLE)

Case 1. FIHRE 2.23436e-003

Case2: /MIAFEAN 0 2.23410e-003

Case3: KHUAHELRH—F 1.93143e-003
Case4: KHAHFELH O 1.62850e-003

Case 5: BREEERTTELH 0 6.05859e-004
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Tab.11 Comparison between computed values and true values

s e
%
&H AR; AR Mt
Casel 203372 16.521 8 1210 15 111107 18.843 02
Case2 7.955 96 6.410 76 1.839 46 111224 9.362 46
Case3 6.159 78 641076 0367 89 0222 14 7.000 79
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