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Abstract: A transmission enhancement planning ( TEP) model considering the probabilistic reliability criteria is proposed. The
Monte Carlo simulation is employed to simulate the system components states considering the force outage rates of the genera—
tors and the transmission lines. A DC power flow model is adopted to enhance the accuracy of the amount of load shedding at
load bus so as to obtain the more accurate reliability index. Considering the complexity of calculation process of reliability as—
sessment a constructive heuristic algorithm ( CHA) is used to solve the TEP problem. In addition a novel sensitivity index is
proposed to choose the most effective branch so as to enhance the system reliability. The simulations are carried out on the six
— bus system derived from the Garver’s system and an actual 18 — bus system. The results verify the effectiveness of the pro—
posed model.
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( differential evolution DE) o .6 (1-2 1-4 1
-5 2-3 2-4 3-5) (2-6 4
2 . -6)
4.1 Garver B, 13
Garver 6
’ . 3 .
o 6 7 o
Garver ( 0 )
EENS/( MWh « a™") LOLE/(H+a™") SI le-4
1 6.5 0.38
S, ,=0 SI,_, =0
2 1798 703.6 8 760
SI,_, =0 SI,_, =0
base 4 191 015.6 6 005.43 ‘
SI,_, =0 SI,_, =484.5
5 1261 342.6 8 760
SI,_, =0.45 SI,_,=9511.9
Sys. 3251 068.3 8 165.85
2 1543 117.0 8 760 SI, ,=0 SI,_, =0
. 4 1043.0 33.21 SI, =0 SI,_,=47.6
Line, ¢
5 1 144 277.5 8 760 SL_, =0 SI,_, =9 802.43
Sys. 2 688 437.5 8 198.46 SI, ,=47.2 SI, ,=98.7
2 193 194.2 5 885.92 SI, ,=0 SI_, =0
. 4 340. 0266 8 666. 63 SI, =0 SI, ,=3.5
me, _
20 5 1026 231.3 8 758.64 SI, , =0 SI,_,=425.9
Sys. 1559 691.5 8241.44 SI,_=49.3 SI, ,=9516.8
2 157 635.2 5967.18 SI, ,=0 SI,_, =0
Line 4 3362.3 85.56 SI,_s=0 SI,_,=46.9
e 5 959 520.7 8 744.35 SI, , =0 SI,_,=9749.4
Sys. 1120 518.2 6 386.54 SI, , =54.5 SI,_,=143.4
2 6852.3 278.69 SI, ,=0.43 SI,_, =0.44
. 4 1909.3 58.90 SI, =0 SI,_,=0.2
Line, ¢
5 806 612.2 8 744.28 SI,_, =0 SI,_, =430.5
Sys. 815 373.8 5463.14 SI,_,=9464 SI, ,=98.4
2 221 543.2 5833.17 S, ,=0 SI,_, =0
Line 4 3 648.3 85.33 SI,_s=0 SI, ,=3.9
1 _
i 5 36 738.9 2 279.59 SI, , =45.6 SI, (=9 665
Sys. 261 930.4 2 704.22 SI, =94 SI, ,=183.4
2 6 993.2 250.98 SI,_, = 48.8 SI,_, =44.3
. 4 3740.3 85.57 SI, =47.3 SI,_,=1.3
Line, ¢
5 7365.5 193.56 SL,_,=1.1 SI,_, =515
Sys. 18 099.0 165. 11 SI, ;=99.1 SI, ,=96.7
2 87.59 3.52 SI, ,=48.8 SI,_,=0.8
, 4 2 013.56 59.87 SI,_=47.5 SI, ,=1.3
Line, 4
5 3 669.45 122.51 SL,_,=0.6 SI,_,=92.8
Sys. 5770.6 65.23 SI, , =103.3 SI, ,=102.3
2 106.61 4.0 SI, ,=0.2 SI, ,=0
) 4 2325.24 85.0 SI,_s =4.5 SL,_,=1.5
Line, ;
5 51.90 3.01 SI, ,=0 SI,_,=8.7
Sys. 2 483.75 34.87 SI, ;=0.4 SI, ,=97.7
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0.5% 1%. LOLE,. 50 h/a.
240 G1=1*50 2 18
/MW /MW IMW IMW
1 80 0 10 240 0
2 240 0 11 20 0
3 30 0 12 180 0
4 50 300x4 13 170 0
5 140 0 14 20 2 %330
6 150 0 15 40 0
7 40 0 16 150 0
"_5';:7*100 o 8 40 0 17 60 0
3 Carver 6 9 130 0 18 20 2 %300
CHA 6 3 13
FB TB B/(p.u.) W FOR
! ° 1 2 0.0374 200 2 0.0012
LOLE,,, 1 4 0.3210 1 000 2 0.0015
100 h/a 7 1 5 0.0435 200 1 0.0010
LOLE,,  65.23 h/a I 6  0.0259 200 1 0.0012
1 7. 7 2 6 0.0058 200 1 0.0020
7 (2-6:4  4- 2 11 0.0218 200 1 0.0012
6:2 3-511 ) 4 3 4 0.0233 200 1 0.001 4
o 37 0.0218 250 1 0.0020
5 100 h/a 4 9  0.0162 250 2 0.0025
. 4 10 0.0200 200 2 0.0024
5 16 0.0256 250 1 0.0015
LOLE,, = 100 h/a 6 7  0.0210 200 1 0.0025
( 3-5) 3 6 11 0.0117 200 1 0.0011
1 8 . 7 8 0.0213 200 1 0.0021
7 12 0.0125 200 1 0.0022
7 18  0.0140 200 1 0.0025
. 8 12 0.0246 180 1 0.0014
49 18 9 13 0.0230 200 1 0.0016
) 13 ( 10 14 0.0250 180 1 0.0020
220 kV ) 4 . 10 15  0.0117 200 1 0.0015
L 4 500 kV 220 kV 11 16 0.0215 160 2 0.0012
] ( . ) 11 17 0.0231 200 1 0.0022
5 3 D 5 FB B 12 13 0.0290 200 2 0.0012
B FOR 13 14 0.0209 200 2 0.0015
14 15 0.0462 180 1 0.0010
’ ss 11 15 18  0.0826 200 1 0.0012
17 18  0.0109 180 1 0.0020

80 MW.40 MW 100 MW,
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EENS/(MWh *a™") LOLE/(h*a™") ST le -4
2 9454.9 257.86 SI, ,=8.9
5 559 074.3 8 736.45 SI, s =9 556.1
0 base
10 138.7 2.35 SL,_,, =3.6
sys. 568 667.9 3 563.98 SI,_, =407.0
2 34 320.2 415.90 SI, , = 26.8
5 1674.9 25.34 SI,_5 =18.33
1 Li 10 1005. 1 12.79 Slyp =71
s : ' SL,_,, =209.3
13 101.3 1.55 SIL, , =2.7
sys. 37 101.5 126.87 Slj; 5 =379.6
2 1253.0 15.89
5 552.6 15.99
2 Line,, 10 2344.0 20. 67 g
13 71.5 6.62 o
sys. 4221.1 17.77
R °
16k s Ll I '
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