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Two-stage iterative method to optimize tie-line exchange power based on
marginal power generation cost
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(School of Electrical Engineering, Nantong University, Nantong 226019, China)

Abstract: To fully use power transmission capacities of tie-lines and reduce the total operating costs of the power grid, a
two-stage iterative optimization method is proposed to optimize exchange power of the tie-lines based on marginal power
generation cost. The method iteratively optimizes exchange power of the tie-lines by successive two stages, starting from
initial results of Unit Commitment (UC) of each regional power grid and initial exchange power of each tie-line. In the
first stage, the exchange power of the tie-lines is optimized based on the marginal power generation costs of each regional
power grid without changing the results of the UC. Then, the unit whose output power is continuously equal to the
minimum technical outputs and with the highest marginal cost is turned off. After that, the second-stage iterative
optimization of exchange power of the tie-lines is executed. The method can be easily applied to engineering practice
because it is closely related to the actual dispatching process of the power grid, and only needs the regional power grid to
provide the information of the marginal unit operation. This protects the data privacy of each regional power grid. Finally,
a simulation is performed based on a case system of three regional grids and three tie-lines, and the simulation results
verify the method.
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Table 4 Second-stage optimization results (regional network 1)

FTHHLA AL B of LI 28 38 H Ty 248 s /MW
5 3 25(DX 45 LI 2 3t ) X 33 LR 1)
4 25(IX 3 HL Y 2 97T 1) [X 3 L) 1)
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Table 5 Second-stage optimization results (regional network 2)
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Table 6 Second-stage optimization results (regional network 3)
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Fig. 4 Tie-line exchange power after second-stage optimization
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iz 1 XEEW 1 HESH
Table 1 Unit parameters in regional power grid 1

ZH Bl 1 Bl 2 M4 3 HlZH 4 HIZH 5 HIZH 6 M 7 H14H 8 HIZH 9 H14H 10
Pnax/ MW 455 455 130 130 162 80 85 55 55 55
Pin/ MW 150 150 20 20 20 25 10 10 10

al(FE /MW 0.000 48 0.000 31 0.002 0.002 11 0.003 98 0.007 12 0.000 79 0.004 13 0.002 22 0.001 73
b/(3&75/IMW) 16.19 17.26 16.6 16.5 19.7 22.26 27.74 25.92 27.27 27.79
(eI 1000 970 700 680 450 370 480 660 665 670
T"/h 8 8 5 5 3 3 1 1 1
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LR 1
S Bl 1 Bl 2 M4 3 Bl 4 HLH 5 HLEH 6 P 7 HLEH 8 HlgH 9 M4 10
Tdown/y 8 8 5 5 6 3 3 1 1 1
SV TG 4500 5000 550 560 900 170 260 30 30 30
SR TG 9000 10 000 1100 1120 1800 340 520 60 60 60
Teold/h 5 5 4 4 4 2 2 0 0 0
BRIRE 8 8 -5 -5 -6 -3 -3 -1 -1 -1
Mizk 2 XMW 2 HlLASH
Table 2 Unit parameters in regional power grid 2
ZH M4 1 B4 2 M4 3 M4 4 ML 5 M4 6 WL 7 M4 8 B9 HlL4H 10
Pmax/MW 60 80 100 120 150 280 320 445 520 550
Pmin/ MW 15 20 30 25 50 75 120 125 250 250
a/(3& 7c/MW?) 0.005 1 0.003 96 0.003 93 0.003 82 0.002 12 0.002 61 0.002 89 0.001 48 0.001 27 0.001 35
b/ (3% 75/MW) 27.034 27.101 27.518 19.966 18.015 16.354 16.643 16.13 15.954 15.285
c/I3ETT 150 250 400 320 290 720 490 820 1050 1000
TU/h 1 1 1 3 3 5 5 8 8 8
Tdown/ly 1 1 1 3 3 5 5 8 8 8
SUESH 100 360 500 700 800 2000 2500 4500 4700 5000
SYZETT 200 720 1000 1400 1600 4000 5000 9 000 9400 10 000
Teoldfh 0 0 0 2 2 4 4 5 5 5
BIERIRAS /M 8 8 8 5 5 3 3 -2 -2 -2
FMizc 3 XM 3 HlLESH
Table 3 Unit parameters in regional power grid 3
B Bl 1 B4 2 Bl 3 M4 4 HI4H 5 HI4H 6 M4 7 H14H 8 HLZH 9 B4 10
Pra/ MW 500 390 300 260 180 180 100 60 60 60
Prin/ MW 200 160 140 80 25 25 20 10 10 10
al(3& T5/MW?) 0.000 78 0.000 91 0.001 0.0015 0.003 4 0.003 5 0.003 8 0.004 1 0.006 4 0.004 9
b/(3& TL/MW) 15.21 15.86 16.16 16.51 19.68 19.24 19.86 27.69 25.98 27.81
c/3ET0 1100 1000 800 780 555 550 500 365 360 340
TU/h 8 8 5 5 3 3 3 1 1 1
Tdown/h 8 8 5 5 3 3 3 1 1 1
SV 4600 4400 2400 2200 1000 1000 600 100 100 100
eSS 9200 8 800 4 800 4 400 2000 2000 1200 200 200 200
Teold/h 5 5 4 4 2 2 2 0 0 0
BIEERE 8 8 -5 -5 -3 -3 -3 -1 -1 -1
Bz 4 SAfar N BiE
Table 4 Load forecasting data
I B X35 1 fif /MW X35 2 F1 4 /IMW XMW || B X5 1 F /MW X3 2 Hiqr /MW X145k 3 ffifa /MW
1 700 2000 800 13 1400 1200 1500
2 750 1980 850 14 1300 1160 1400
3 850 1940 950 15 1200 1140 1300
4 950 1990 1000 16 1050 1160 1200
5 1000 1840 1050 17 1000 1260 1050
6 1100 1870 1100 18 1100 1380 1150
7 1150 1820 1200 19 1200 1560 1250
8 1200 1700 1300 20 1400 1700 1400
9 1300 1510 1350 21 1300 1820 1200
10 1400 1410 1400 22 1100 1900 1100
11 1450 1320 1500 23 900 1955 1000
12 1500 1200 1600 24 800 1990 900
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Table 5 Initial unit output arrangement in regional grid 1
MW
i B Bl 1 Bl 2 ML 3 Bl 4 MIH 5 HLEH 6 WL 7 HLEH 8 BlH 9 Bl 10
1 455 245 0 0 0 0 0 0 0 0
2 455 295 0 0 0 0 0 0 0 0
3 455 370 0 0 25 0 0 0 0 0
4 455 455 0 0 40 0 0 0 0 0
5 455 390 0 130 25 0 0 0 0 0
6 455 360 130 130 25 0 0 0 0 0
7 455 410 130 130 25 0 0 0 0 0
8 455 455 130 130 30 0 0 0 0 0
9 455 455 130 130 85 20 25 0 0 0
10 455 455 130 130 162 33 25 10 0 0
11 455 455 130 130 162 73 25 10 10 0
12 455 455 130 130 162 80 25 43 10 10
13 455 455 130 130 162 33 25 10 0 0
14 455 455 130 130 85 20 25 0 0 0
15 455 455 130 130 30 0 0 0 0 0
16 455 310 130 130 25 0 0 0 0 0
17 455 260 130 130 25 0 0 0 0 0
18 455 360 130 130 25 0 0 0 0 0
19 455 455 130 130 30 0 0 0 0 0
20 455 455 130 130 162 33 25 10 0 0
21 455 455 130 130 85 20 25 0 0 0
22 455 455 0 0 145 20 25 0 0 0
23 455 425 0 0 0 20 0 0 0 0
24 455 345 0 0 0 0 0 0 0 0
Mizk 6 XISER M 2 ¥IaHIE L HRHE
Table 6 Initial unit output arrangement in regional grid 2
MW
i B HlgH 1 B4 2 M4 3 HI4H 4 M4 5 B4 6 M4 7 H14H 8 HIZH 9 Hl4H 10
1 0 0 0 0 50 265 170 445 520 550
2 0 0 0 0 50 245 170 445 520 550
3 0 0 0 0 50 228.75 146.25 445 520 550
4 0 0 0 0 0 228.75 156.25 445 520 550
5 0 0 0 0 0 205 120 445 520 550
6 0 0 0 0 0 228.75 126.25 445 520 550
7 0 0 0 0 0 185 120 445 520 550
8 0 0 0 0 0 1775 120 365 487.5 550
9 0 0 0 0 0 126.25 120 285 428.75 550
10 0 0 0 0 0 75 120 280 385 550
11 0 0 0 0 0 100 0 285 385 550
12 0 0 0 0 0 75 0 205 370 550
13 0 0 0 0 0 75 0 205 370 550
14 0 0 0 0 0 75 0 205 330 550
15 0 0 0 0 0 75 0 205 310 550
16 0 0 0 0 0 75 0 205 330 550
17 0 0 0 0 0 75 0 250 385 550
18 0 0 0 0 0 126.25 0 285 41875 550
19 0 0 0 0 0 126.25 120 311.25 452.5 550
20 0 0 0 0 0 1775 120 365 487.5 550
21 0 0 0 0 0 185 120 445 520 550
22 15 0 0 0 0 228.75 141.25 445 520 550
23 15 0 0 0 0 250 170 445 520 550
24 15 20 0 0 0 270 170 445 520 550
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Table 7 Initial unit output arrangement in regional grid 3
MW
Bt MU 1 ML 2 ML 3 WL 4 ML 5 WL 6 ML 7 HL4H 8 ML 9 #L4H 10

1 500 300 0 0 0 0 0 0 0 0
2 500 325 0 0 0 25 0 0 0 0
3 500 390 0 0 0 50 0 0 0 10
4 500 390 0 0 0 80 0 10 10 10
5 500 390 0 0 0 0 100 10 40 10
6 500 390 190 0 0 0 20 0 0 0
7 500 390 210 80 0 0 20 0 0 0
8 500 390 300 90 0 0 20 0 0 0
9 500 390 300 140 0 0 20 0 0 0
10 500 390 300 190 0 0 20 0 0 0
11 500 390 300 260 0 30 20 0 0 0
12 500 390 300 260 0 1025 375 0 10 0
13 500 390 300 260 0 30 20 0 0 0
14 500 390 300 190 0 0 20 0 0 0
15 500 390 300 110 0 0 0 0 0 0
16 500 390 230 80 0 0 0 0 0 0
17 500 330 140 80 0 0 0 0 0 0
18 500 390 180 80 0 0 0 0 0 0
19 500 390 280 80 0 0 0 0 0 0
20 500 390 300 180 0 0 0 10 10 10
21 500 390 280 0 0 0 0 10 10 10
22 500 390 190 0 0 0 0 10 10
23 500 3325 1475 0 0 0 0 10 10
24 500 380 0 0 0 0 0 10 10
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