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Unit commitment considering alternating current power flow constraints

PAN Zhi-yuan', HAN Xue-shan'* , LIU Chao-nan’
(1. School of Electrical Engineering, Shandong University, Jinan 250061, China;
2. Shandong Electric Power School, Tai’ an 271000, China)

Abstract; With the parallel development of distributed generation technology and large power grid technology, a great
amount of renewable energy generation was introduced to the electrical power grid. Under this circumstance, a unit
commitment model was established by considering the constraints of transmission safety using AC( alternating current )
power flow. This model also involved reactive and voltage constraints, as well as safe operation limits of generators.
According to the Benders decomposition, the model was decomposed into a master problem and a sub-problem. The
master problem could solve the unit commitment without AC constraints, and then the sub-problem could check the AC
constraints according to the result of the master problem. Benders cuts might develop from the sub problem, and the
cuts would form additional associated constraints, which could connect the master problem and the sub problem. Simu-
lation results of modified IEEE-14 buses case proved that the proposed method could effectively solve unit commitment
problems with constraints of AC power flow.
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#z1 4S8
Table 1 Parameters of the Unit
4 a($ - /(S - P/ P_/ / /

z%::”g %'ﬁ%(MVézﬁ)") (MV(V:)") B MW (MW) (lg/llgxar)(l\Q/I:l/"ar) K b5 o/h X/hh £k X
ul 3 0. 004 63 10.694  142.735 155 54 100 -10 200 0 1 5 3 2 2.0
w2 2 0.01433 20.890 118.821 100 25 80 -10 115 0 1 -3 1 1 1.8
u3 3 0. 087 60 13.327  81.136 100 15 65 -10 80 0 1 302 1 2.0
ud 1 0. 089 50 13.354  81.298 76 15 50 -10 8 0 1 302 1 1.8
u5 8  0.006 12 18.100 218.335 60 15 60 -10 100 0 1 -3 2 1 1.8
u6 6  0.014 33 19.327  157.364 50 10 40 -10 80 O 1 3001 1 1.8
u7 6  0.007 12 19.100  230.000 20 4 10 -5 30 0 1 -1 1 1 1.8
u8 2 0.01633 39.890 128.821 20 4 5 0 30 0 1 -1 1 1 1.8
u9 1 0.02436  49.327 187.364 50 10 15 0 70 0 1 3001 1 1.8
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K2 24 MBLARGA D
Table 2 24 h system load

B D/(MW) i B D,/(MW)
1 383. 50 13 451. 81
2 348. 09 14 440. 42
3 325. 31 15 435.37
4 301. 28 16 435.37
5 289. 90 17 458. 13
6 289. 90 18 510. 00
7 301. 28 19 503. 68
8 336.70 20 492.29
9 394. 89 21 475. 84
10 440. 42 22 463. 20
11 451. 81 23 435.37
12 458. 13 24 399. 94

F3 WA DB T AR D
Table 3 Nodal active power distribution factors and
power factors

TS WEA YN TR E A

2 0. 364 0. 980

3 0. 084 0. 863

4 0. 185 0.997

5 0. 029 0.979

6 0.043 0. 831

9 0.114 0. 871

10 0.035 0. 841

11 0.014 0. 889

12 0.024 0.967

13 0.052 0.919

14 0. 058 0. 948

F4 B SE(FR4ME)
Table 4 Parameters of Branches

e own owm TP AP o,
1 0 0.252 0 0 6 5 1 095 1.0
2 0 0.209 0 0 7 4 1 095 1.0
3 0 0.556 0 0 9 4 1 095 1.0
4 0.0189 0.0592 0.0264 1 2 1 1.00 2.0
5 0.0470 0.1980 0.0219 2 3 1 1.00 2.0
6 0.0581 0.1763 0.018 7 2 4 1 1.00 2.0
7 0.0540 0.2230 0.024 6 1 5 1 1.00 2.0
8 0.0570 0.1739 0.017 3 2 5 1 1.00 2.0
9 0.0670 0.1710 0.0173 3 4 1 1.00 2.0
10 0.0133 0.0421 0.006 4 4 5 1 1.00 2.0
11 0 0.176 2 0 7 8 1 1.00 0.7
12 0 0.110 0 0 7 9 1 1.00 0.7
13 0.0318 0.084 5 0 9 10 1 1.00 0.7
14 0.0950 0.1989 0 6 11 1 1.00 0.7
15 0.1229 0.2558 0 6 12 1 1.00 0.7
16 0.0662 0.1303 0 6 13 1 1.00 0.7
17 0.1271 0.270 4 0 9 14 1 1.00 0.7
18 0.0821 0.1921 0 10 11 1 1.00 0.7
19 0.2209 0.1999 0 12 13 1 1.00 0.7
20 0.1709 0.3480 0 13 14 1 1.00 0.7
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Table 5 Results of UC without network constraints MW

i ML G
B
ul u2 u3  ud us u6 u7  u8-u9
1 132 95.2 43.3 53.0 60.0 0 0 0
2 155 0.0 71.7 61.4 60.0 0 0 0
3 155 0.0 54.6 55.7 60.0 0 0 0
4 155 0.0 43.3 42.9 60.0 0 0 0
5 155 0.0 43.3 35.3 56.2 0 0 0
6 155 0.0 43.3 35.3 56.2 0 0 0
7 155 0.0 43.3 42.9 60.0 0 0 0
8 155 0.0 66.0 55.7 60.0 0 0 0
9 155 0.0 71.7 58.2 60.0 50 0 0
10 155 76.4 43.3 55.7 60.0 50 0 0
11 155 87.8 43.3 55.7 60.0 50 0 0
12 155 94.1 43.3 55.7 60.0 50 0 0
13 155 87.8 43.3 55.7 60.0 50 0 0
14 155 76.4 43.3 55.7 60.0 50 0 0
15 155 71.4 43.3 55.7 60.0 50 0 0
16 155 71.4 43.3 55.7 60.0 50 0 0
17 155 94.1 43.3 55.7 60.0 50 0 0
18 155 100.0 71.7 73.3 60.0 50 0 0
19 155 100.0 71.7 67.0 60.0 50 0 0
20 155 100.0 71.6 55.7 60.0 50 0 0
21 155 100.0 55.2 55.7 60.0 50 0 0
22 155 99.2 43.3 55.7 60.0 50 0 0
23 155 71.4 43.3 55.7 60.0 50 0 0
24 155 0.0 71.7 63.3 60.0 50 0 0
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Table 6  Active power output of UC with AC power flow con-
straints and constant Var limits MW
i DL % =
u2 u3 u4 us u6b u7
1 45.2  43.3 53.0 60.0 50 0
2 0 43.3  39.8 60.0 50
8 0 43.3 35.3 60.0 43 0

18 100.0 71.7  57.7  55.7 50 20
19 100.0  63.0 55.7 60.0 50 20
20 100.0  71.7 71.9  43.8 50
21 100.0 58.9 55.7 56.3 50
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Table 7 Active power output of UC with ac power flow con-
straints and variable Var limits MW
Bl S >
B
u2 u3 u4 us u6 u7
1 45.2 43,3 53.0 60.0 50 0
2 0 43.3  39.8 60.0 50 0

18 100.0 71.7 60.7  52.7 50 20
19 100.0 69.0 55.7 54.0 50 20
20 100.0 71.7 70.8  44.8 50 0
21 100.0 58.1 55.7 57.1 50 0
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Table 8 Active transmission limit of branch 12

B 17 18 19 20 21 2
12

“ 0.642 0.637 0.635 0.632 0.650 0.646
(PR 1)
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