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Allocation optimization of spinning reserve and its effect on bulk power systems reliability
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Abstract: The reliability of power system varies with the allocation scheme of spinning reserve (SR). To improve the operational
reliability of bulk power systems, the operational constraints of SR are embedded into the conventional optimal load shedding model
incorporating unit types, ramp rates, component reliability parameters, network typology configuration and transmission capacity
limits. Moreover, a sensitivity formula of the expected demand not supplied (EDNS) with respect to the capacity of SR is deduced
based on the actual physical meanings of Lagrange multipliers in the inequality constraints. Therefore utilizing the ranking of the
sensitivity indices, a heuristic idea is proposed to determine the optimal allocation of SR. Simultaneously, the optimal capacity and
allocation scheme of SR are identified to minimize the total cost (the sum of SR cost and customer interruption cost) by joint
optimization. Finally, the RBTS power systems are evaluated and the simulation results verify its validity.
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Table 1 Parameters of generator units and sensitivity calculation
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GI(1) 40 2 10 08 0.0555
G2(1) 40 30 10 08 0.0555
G3(1) 20 16 5 05 0.0569
GA(l) 10 6 3 03 0.058 3
G5Q) 40 31 10 25 0.0596
G6Q2) 20 17 5 125 0.0605
G70) 20 14 5 125 0.0605
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Gl0Q2) 5 4 ! 025 0.0610
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Table 2 Dispatching results of optimal model

b &AL pt &AL
55 MW 55 MW

1 0 7 6

2 0 2

3 4 6

4 3 10 1

5 0 11 2

6 3

MR 250, REGREHAER=27T MW (/5
RGN 11.25%), % 3 41 T i M
(K4 T AT e 4R dR . Hof PLC (Probability of Load
Curtailments) &7 f71 a7 Il R

#z 3 mIMHETHIR FEHEIERR

Table 3 Reliability indices of the optimal allocation

TR TR
G PLC EDNS/MW G PLC EDNS/MW
1 0 0 5 0.020 6 0.016 4
2 0.020 6 0.0156 6 0.0219 0.043 9
3 0.020 6 0.027 6 RYE 0.0219 0.1247
4 0.020 6 0.0212
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Table 4 Comparison of the calculation results
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Je oy =k
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27 ¥ 749.864 3 0.021 8 0.2099
2 AL E 664.684 5 0.0219 0.1247
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Table 5 Impact of line capacity on optimal allocation of SR

Bl 5 # MW Bl 5 # MW
1 1.71 7 1.32
2 3.71 8 0
3 4 9 1.33
4 3 10 1
5 0 11 2
6 0

RER% RE R=18.07 MW (415 R4 %
PLAR 7.5292%), WEEVESRFR 4 PLC=0.028 6,

EDNS=0.365 5 MW; G J8A 726.886 6 $/h. W.4R,
PEAGILE S5 145 LR AR, (HRZ ST A
ALEEMER T38RI, IR I UE T e 4 ]
A3 B0 M IR R D% 32 R, R SR AL B 22,
Wil ias IR, BIKRZSETE.

AL, SEMEBIAE, T RF R R
bR S50 AR T 0 BN L FIRIGE T 26 %
3 N S T SS ER T, R AR LA I £ HH 2
EilCE 7 AR, B5m U F BE ) TE e R T
W TS S 2B KT

Case 2: YT A /K ML BEFE K0 [a] Py IR
R B ), I S~11 S ML I eI 3 2 45 /)N
5 B 7K LT 3 5 0 B d /N ok
LD o FFHHAT AT, 325N 45 R ik
6 iR

% 6 e R et & AR LB B E0

Table 6 Impact of ramp rate on optimal allocation of SR

Bldign s RJDOEREMW | PLAS S S0 EEMW
1 1.61 7 1.25
2 2.64 8 1.25
3 4 9 1.25
4 3 10 0.25
5 2.5 11 0.25
6 1.25
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Table 7 Impact of failure rate on optimal allocation of SR

Bl 5 # MW Bl 5 # MW
1 0.74 7 0
2 3.26 8 0
3 4 9 0
4 3 10 1
5 0 11 2
6 0
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