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Construction of graded backbone grid and its economic assessment

LIN Xiao, LIU Yang. XU Lixiong, MA Chenxiao, ZHU Jiayuan
(School of Electrical Engineering and Information, Sichuan University, Chengdu 610065, P. R. China)

Abstract: Identifying backbone grid is of great significance to the differential planning of power grid in that
it can improve the resistance to natural disasters effectively. The stepwise graded backbone grid based on
the evaluation of both equipment importance and the benefit of disaster resistance can balance disaster
resistance and economy of power grid construction. This paper presents an approach to construct graded
backbone according to the classification of power sources, loads and branches. Based on the life cycle cost
theory, the cost calculation model of the differential construction is established with the grade of
equipment, service life and depreciation value taken into account. The model of customer outage cost is set
up with typical users as representatives, which, together with the benefits of power-generation-side and
transmission-side and the cost calculation model, constitutes a set of economic assessment system. The
feasibility of the method to search for graded backbone grid and the validity of the proposed assessment
system are verified by simulation results of the IEEE 118-bus power system.
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Fig. 1 The realization process of scheme for graded backbone grid
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Fig. 2 Optimal scheme for graded backbone grid
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Table 2 Data of optimal backbone grid scheme
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3% 1975.4 44.88 1908 44.98 1167.4 65.80
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Fig. 3 Suboptimal scheme for graded backbone grid
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Table 3 Data of suboptimal backbone grid scheme

R 1 far 2 %
H T M4
Y%/ MW it/ % )% /MW /% £ B /km di e/ %
1% 688.4 15.65 656 15.46 217.2 12.25
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Table 4 Running state of backbone grids in disasters at different levels
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Table 5 Calculation parameters of disasters at different levels

i i N . - — N 1 2 A 1& 2
KEEHR KEMR FHERE/d KBOAE N/ Tt/ km) 2% 5 4 /a-®) _
/(H 76/km)
3% 104.19 13 2
2% 2/150 2 104.19X 3 22 3
1% 1/100 3 104.19 X5 45 5
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Table 6 Unit outage losses of typical power users

B 45 LR (OT/ kW)
Uik % /%
1 min 20 min l1h 2 h 4 h 8 h
BT ML G 0.220 40.500 85.320 141.410 246.290 434.160 10
1% P2y oA 45.500 75.600 159.980 431.930 826.370 1 300.750 15
TETALHFP 537.300 1243.292 1 625.586 2018.136 2 119.137 2 304.161 75
JNTk 63.401 139.836 247.530 409.071 707.705 1 176.994 60
2 %
[ERI4 1.905 14.845 42.760 90.617 156.585 415.040 40
Rl 0.300 1.715 3.245 5.583 10.320 20.600 20
39
ERA®H 0.005 0.465 2.410 14.613 24.570 78.450 80
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Table 7 Outage loss evaluation model for typical power users
HFP PR 45 R 4T R AR A
83.6xr 4.4 0<x<<1
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T 392.6x+1 233 1<x<<2
\ —
YT 4752419256 2<a<8
2 304.2 8<x
183.3x+67.8 0<<x<<1
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1177 8<x
39.20+3.7 0<<x<<4
il y=064.62—101.9 4<x<8
415 8<x
2.5x+0.6 0<<xr<<8
Ak y=
20.6 s<x
6.6xr—1.3 0<axr<4
JERH y=]13.50—29.3 4<<x<8
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Table 8 Economic evaluation results of various schemes
T 5 A Lec /125t B /Lot N /LT E»
HE1 63 366.6 67 089.9 3723.3 0.058 8
T2 64 914.8 65 864.5 949.7 0.014 6
HE3 54 626.3 55 399.1 772.8 0.014 1
EX 159 742.1 59 343.9 —100 398.2 —0.628 5
FES 231 124.4 97 399.6 —133 724.8 —0.578 6
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