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APPENDIX A 

The BESS Operating Result 

  

 

 

Figure A.1 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

22, 25 and 33 in IEEE 33-bus system Scenario 1
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Figure A.2 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

22, 25 and 33 in IEEE 33-bus system Scenario 2 
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Figure A.3 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

22, 25 and 33 in IEEE 33-bus system Scenario 3 
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Figure A.4 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

22, 25 and 33 in IEEE 33-bus system Scenario 4 
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Figure A.5 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

22, 25 and 33 in IEEE 33-bus system Scenario 5 
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Figure A.6 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

22, 25 and 33 in IEEE 33-bus system Scenario 6 
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Figure A.7 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

27, 35, 46 and 50 in IEEE 69-bus system Scenario 1 
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Figure A.8 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

52, 67 and 69 in IEEE 69-bus system Scenario 1 
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Figure A.9 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

27, 35, 46 and 50 in IEEE 69-bus system Scenario 2 
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Figure A.10 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

52, 67 and 69 in IEEE 69-bus system Scenario 2 
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Figure A.11 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

27, 35, 46 and 50 in IEEE 69-bus system Scenario 3 
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Figure A.12 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

52, 67 and 69 in IEEE 69-bus system Scenario 3 
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Figure A.13 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

27, 35, 46 and 50 in IEEE 69-bus system Scenario 4 
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Figure A.14 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

52, 67 and 69 in IEEE 69-bus system Scenario 4 
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Figure A.15 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

27, 35, 46 and 50 in IEEE 69-bus system Scenario 5 
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Figure A.16 Time-Series Profiles of Voltage, Regulation Power and Battery SoC at Bus 

52, 67 and 69 in IEEE 69-bus system Scenario 5 

 



 

  

APPENDIX B 

Energy Profile for Test Simulation 
 

Table B.1 Load profile 

Hour Load (p.u.) Hour Load (p.u.) Hour Load (p.u.) 
1 0.6300 9 0.5132 17 0.5979 
2 0.5864 10 0.5174 18 0.6374 
3 0.5611 11 0.5200 19 0.8881 
4 0.5348 12 0.5330 20 1.0000 
5 0.5404 13 0.5506 21 0.9697 
6 0.5936 14 0.5676 22 0.9192 
7 0.5490 15 0.5897 23 0.8459 
8 0.5139 16 0.5986 24 0.7669 

 

Table B.2 PV profile, rated 0.25 MW 

Hour 
Generation 

(kW) 
Hour 

Generation 
(kW) 

Hour 
Generation 

(kW) 
1 0.0000 9 135.7000 17 14.3000 
2 0.0000 10 172.2000 18 0.0000 
3 0.0000 11 185.2000 19 0.0000 
4 0.0000 12 186.3000 20 0.0000 
5 0.0000 13 175.6000 21 0.0000 
6 0.9000 14 154.4000 22 0.0000 
7 29.1000 15 119.9000 23 0.0000 
8 76.0000 16 70.1000 24 0.0000 
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Table B.3 PV profile, rated 0.50 MW 

Hour 
Generation 

(kW) 
Hour 

Generation 
(kW) 

Hour 
Generation 

(kW) 
1 0.0000 9 271.3000 17 28.5000 
2 0.0000 10 344.4000 18 0.0000 
3 0.0000 11 370.4000 19 0.0000 
4 0.0000 12 372.6000 20 0.0000 
5 0.0000 13 351.2000 21 0.0000 
6 1.8000 14 308.9000 22 0.0000 
7 58.3000 15 239.7000 23 0.0000 
8 152.0000 16 140.3000 24 0.0000 

 

Table B.4 PV profile, rated 0.75 MW 

Hour 
Generation 

(kW) 
Hour 

Generation 
(kW) 

Hour 
Generation 

(kW) 
1 0.0000 9 407.0000 17 42.8000 
2 0.0000 10 516.7000 18 0.0000 
3 0.0000 11 555.6000 19 0.0000 
4 0.0000 12 558.9000 20 0.0000 
5 0.0000 13 526.8000 21 0.0000 
6 2.6000 14 463.3000 22 0.0000 
7 87.4000 15 359.6000 23 0.0000 
8 227.9000 16 210.4000 24 0.0000 
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Table B.5 PV profile, rated 1.00 MW 

Hour 
Generation 

(kW) 
Hour 

Generation 
(kW) 

Hour 
Generation 

(kW) 
1 0.0000 9 542.6000 17 57.1000 
2 0.0000 10 688.9000 18 0.0000 
3 0.0000 11 740.8000 19 0.0000 
4 0.0000 12 745.2000 20 0.0000 
5 0.0000 13 702.4000 21 0.0000 
6 3.5000 14 617.8000 22 0.0000 
7 116.5000 15 479.5000 23 0.0000 
8 303.9000 16 280.6000 24 0.0000 

 

Table B.6 PV profile, rated 1.25 MW 

Hour 
Generation 

(kW) 
Hour 

Generation 
(kW) 

Hour 
Generation 

(kW) 
1 0.0000 9 678.3100 17 71.3390 
2 0.0000 10 861.1150 18 0.0000 
3 0.0000 11 926.0140 19 0.0000 
4 0.0000 12 931.4830 20 0.0000 
5 0.0000 13 877.9420 21 0.0000 
6 4.3820 14 772.2040 22 0.0000 
7 145.6720 15 599.3430 23 0.0000 
8 379.9020 16 350.7060 24 0.0000 
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Table B.7 Wind profile, rated 0.25 MW 

Hour 
Generation 

(kW) 
Hour 

Generation 
(kW) 

Hour 
Generation 

(kW) 
1 138.4000 9 163.5000 17 133.2000 
2 125.2000 10 154.4000 18 172.1000 
3 117.3000 11 135.1000 19 190.4000 
4 113.5000 12 112.7000 20 188.0000 
5 115.0000 13 95.0000 21 182.1000 
6 115.8000 14 90.2000 22 178.3000 
7 135.4000 15 97.5000 23 162.5000 
8 158.2000 16 111.5000 24 148.4000 

 

Table B.8 Wind profile, rated 0.50 MW 

Hour 
Generation 

(kW) 
Hour 

Generation 
(kW) 

Hour 
Generation 

(kW) 
1 276.8000 9 327.0000 17 266.4000 
2 250.4000 10 308.8000 18 344.3000 
3 234.5000 11 270.1000 19 380.8000 
4 226.9000 12 225.5000 20 376.0000 
5 230.0000 13 190.1000 21 364.2000 
6 231.5000 14 180.4000 22 356.5000 
7 270.8000 15 194.9000 23 325.0000 
8 316.5000 16 223.1000 24 296.7000 
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Table B.9 Wind profile, rated 0.75 MW 

Hour 
Generation 

(kW) 
Hour 

Generation 
(kW) 

Hour 
Generation 

(kW) 
1 415.1000 9 490.5000 17 399.5000 
2 375.5000 10 463.2000 18 516.4000 
3 351.8000 11 405.2000 19 571.2000 
4 340.4000 12 338.2000 20 564.0000 
5 345.0000 13 285.1000 21 546.3000 
6 347.3000 14 270.6000 22 534.8000 
7 406.2000 15 292.4000 23 487.5000 
8 474.7000 16 334.6000 24 445.1000 

 

Table B.10 Wind profile, rated 1.00 MW 

Hour 
Generation 

(kW) 
Hour 

Generation 
(kW) 

Hour 
Generation 

(kW) 
1 553.5000 9 654.0000 17 532.7000 
2 500.7000 10 617.6000 18 688.5000 
3 469.1000 11 540.3000 19 761.7000 
4 453.9000 12 450.9000 20 752.0000 
5 460.1000 13 380.2000 21 728.4000 
6 463.0000 14 360.9000 22 713.0000 
7 541.5000 15 389.9000 23 650.0000 
8 633.0000 16 446.1000 24 593.4000 
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Table B.11 Wind profile, rated 1.25 MW 

Hour 
Generation 

(kW) 
Hour 

Generation 
(kW) 

Hour 
Generation 

(kW) 
1 691.8920 9 817.5140 17 665.8940 
2 625.8990 10 771.9730 18 860.6840 
3 586.3450 11 675.3310 19 952.0810 
4 567.3650 12 563.6320 20 939.9630 
5 575.0730 13 475.2160 21 910.5220 
6 578.7850 14 451.0680 22 891.2850 
7 676.9350 15 487.3670 23 812.5470 
8 791.1880 16 557.6670 24 741.7850 

 

 



 
 

  

APPENDIX C 

IEEE 33-bus system test data 
 

1 2 3 4 5 6 7 8 9 10 11 12 14 15 1613 17 18

23 24 25

19 20 21 22

26 27 29 30 3128 32 33

 

Figure C.1 IEEE 33-bus system data 

 

Table C.1 Line parameter of IEEE 33-bus test system 

From Bus To Bus R(p.u.) X(p.u.) 
1 2 0.0575 0.0298 
2 3 0.3076 0.1567 
3 4 0.2284 0.1163 
4 5 0.2378 0.1211 
5 6 0.5110 0.4411 
6 7 0.1168 0.3861 
7 8 1.0678 0.7706 
8 9 0.6426 0.4617 
9 10 0.6489 0.4617 
10 11 0.1227 0.0406 
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Table C.1 Line parameter of IEEE 33-bus test system (Continued) 

From Bus To Bus R(p.u.) X(p.u.) 
11 12 0.2336 0.0772 
12 13 0.9159 0.7206 
13 14 0.3379 0.4448 
14 15 0.3687 0.3282 
15 16 0.4656 0.3400 
16 17 0.8042 1.0738 
17 18 0.4567 0.3581 
2 19 0.1023 0.0976 
19 20 0.9385 0.8457 
20 21 0.2555 0.2985 
21 22 0.4423 0.5848 
3 23 0.2815 0.1924 
23 24 0.5603 0.4424 
24 25 0.5590 0.4374 
6 26 0.1267 0.0645 
26 27 0.1773 0.0903 
27 28 0.6607 0.5826 
28 29 0.5018 0.4371 
29 30 0.3166 0.1613 
30 31 0.6080 0.6008 
31 32 0.1937 0.2258 
32 33 0.2128 0.3308 
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Table C.2 Power parameter of IEEE 33-bus test system 

Bus Type P(MW) Q(MVar) 
1 slack 0.0000 0.0000 
2 PQ 0.1000 0.0600 
3 PQ 0.0900 0.0400 
4 PQ 0.1200 0.0800 
5 PQ 0.0600 0.0300 
6 PQ 0.0600 0.0200 
7 PQ 0.2000 0.1000 
8 PQ 0.2000 0.1000 
9 PQ 0.0600 0.0200 
10 PQ 0.0600 0.0200 
11 PQ 0.0450 0.0300 
12 PQ 0.0600 0.0350 
13 PQ 0.0600 0.0350 
14 PQ 0.1200 0.0800 
15 PQ 0.0600 0.0100 
16 PQ 0.0600 0.0200 
17 PQ 0.0600 0.0200 
18 PQ 0.0900 0.0400 
19 PQ 0.0900 0.0400 
20 PQ 0.0900 0.0400 
21 PQ 0.0900 0.0400 
22 PQ 0.0900 0.0400 
23 PQ 0.0900 0.0500 
24 PQ 0.4200 0.2000 
25 PQ 0.4200 0.2000 
26 PQ 0.0600 0.0250 
27 PQ 0.0600 0.0250 
28 PQ 0.0600 0.0200 
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Table C.2 Power parameter of IEEE 33-bus test system (Continued) 

Bus Type P(MW) Q(MVar) 
29 PQ 0.1200 0.0700 
30 PQ 0.2000 0.6000 
31 PQ 0.1500 0.0700 
32 PQ 0.2100 0.1000 
33 PQ 0.0600 0.0400 

 



 
 

  

APPENDIX D 

  IEEE 69-bus system test data 
 

1 2 3 4 5 6 7 8 9 10 11 12 14 15 1613 17 18 19 21 22 2320 24 25 26 27

53 54 55 56 58 59 6057 61 62 63 64 65

68 69

28 29 31 32 3330 34 35

36 37 39 40 4138 42 43 44 45 46

47 48 49 50

51 52 66 67

 

 Figure D.1 IEEE 69-bus system data 

 

Table D.1 Line parameter of IEEE 69-bus test system 

From Bus To Bus R(p.u.) X(p.u.) 
1 2 3.12e-05 7.487e-05 
2 3 3.12e-05 7.487e-05 
3 4 9.359e-05 0.00022461 
4 5 0.00156605 0.00183434 
5 6 0.02283567 0.01162997 
6 7 0.02377779 0.01211039 
7 8 0.00575259 0.00293245 
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Table D.1 Line parameter of IEEE 69-bus test system (Continued) 

From Bus To Bus R(p.u.) X(p.u.) 
8 9 0.00307595 0.00156605 
9 10 0.05109948 0.01688966 
10 11 0.01167988 0.0038621 
11 12 0.04438605 0.01466848 
12 13 0.0642643 0.02121346 
13 14 0.0651378 0.02152542 
14 15 0.0660113 0.02181243 
15 16 0.01226637 0.00405551 
16 17 0.02335976 0.0077242 
17 18 0.00029324 9.983e-05 
18 19 0.02043979 0.00675711 
19 20 0.01313987 0.00434252 
20 21 0.02131329 0.00704412 
21 22 0.0008735 0.00028701 
22 23 0.00992665 0.00328185 
23 24 0.02160653 0.00714394 
24 25 0.04671953 0.01544215 
25 26 0.01927305 0.00637028 
26 27 0.01080639 0.00356885 
27 28 0.00027453 0.00067384 
28 29 0.00399312 0.00976443 
29 30 0.02481975 0.00820462 
30 31 0.00437996 0.00144751 
31 32 0.02189978 0.00723753 
32 33 0.05234733 0.01756974 
33 34 0.10656644 0.03522682 
34 35 0.09196659 0.03040388 
35 36 0.00027453 0.00067384 
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Table D.1 Line parameter of IEEE 69-bus test system (Continued) 

From Bus To Bus R(p.u.) X(p.u.) 
36 37 0.00399312 0.00976443 
37 38 0.00656993 0.00767428 
38 39 0.00189673 0.00221493 
39 40 0.00011231 0.00013102 
40 41 0.04544048 0.0530898 
41 42 0.01934168 0.02260481 
42 43 0.00255809 0.00298236 
43 44 0.00057401 0.00072375 
44 45 0.00679455 0.00856649 
45 46 5.615e-05 7.487e-05 
46 47 0.00021213 0.0005241 
47 48 0.0053096 0.01299636 
48 49 0.01808135 0.04424254 
49 50 0.00512867 0.01254714 
50 51 0.00579003 0.00295117 
51 52 0.02070808 0.00695053 
52 53 0.0108563 0.00552798 
53 54 0.01266568 0.00645139 
54 55 0.01773196 0.0090282 
55 56 0.01755102 0.00894085 
56 57 0.09920412 0.03329889 
57 58 0.04889702 0.01640924 
58 59 0.01897981 0.00627669 
59 60 0.02408976 0.0073124 
60 61 0.03166421 0.01612847 
61 62 0.00607703 0.00309467 
62 63 0.00904692 0.00460457 
63 64 0.04432989 0.02257986 
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Table D.1 Line parameter of IEEE 69-bus test system (Continued) 

From Bus To Bus R(p.u.) X(p.u.) 
64 65 0.06495062 0.03308052 
65 66 0.01255338 0.00381218 
66 67 0.00029324 8.735e-05 
67 68 0.04613304 0.01524873 
68 69 0.00029324 9.983e-05 

 

Table D.2 Power parameter of IEEE 69-bus test system 

Bus Type P(MW) Q(Var) 
1 slack 0.0000 0.0000 
2 PQ 0.0000 0.0000 
3 PQ 0.0000 0.0000 
4 PQ 0.0000 0.0000 
5 PQ 0.0000 0.0000 
6 PQ 0.0026 0.0022 
7 PQ 0.0404 0.0300 
8 PQ 0.0750 0.0540 
9 PQ 0.0300 0.0220 
10 PQ 0.0280 0.0190 
11 PQ 0.1450 0.1040 
12 PQ 0.1450 0.1040 
13 PQ 0.0080 0.0055 
14 PQ 0.0080 0.0055 
15 PQ 0.0000 0.0000 
16 PQ 0.0455 0.0300 
17 PQ 0.0600 0.0350 
18 PQ 0.0600 0.0350 
19 PQ 0.0000 0.0000 
20 PQ 0.0010 0.0006 
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Table D.2 Power parameter of IEEE 69-bus test system (Continued) 

Bus Type P(MW) Q(Var) 
21 PQ 0.1140 0.0810 
22 PQ 0.0053 0.0035 
23 PQ 0.0000 0.0000 
24 PQ 0.0280 0.0200 
25 PQ 0.0000 0.0000 
26 PQ 0.0140 0.0100 
27 PQ 0.0140 0.0100 
28 PQ 0.0260 0.0186 
29 PQ 0.0260 0.0186 
30 PQ 0.0000 0.0000 
31 PQ 0.0000 0.0000 
32 PQ 0.0000 0.0000 
33 PQ 0.0140 0.0100 
34 PQ 0.0195 0.0140 
35 PQ 0.0060 0.0040 
36 PQ 0.0260 0.0186 
37 PQ 0.0260 0.0186 
38 PQ 0.0000 0.0000 
39 PQ 0.0240 0.0170 
40 PQ 0.0240 0.0170 
41 PQ 0.0012 0.0010 
42 PQ 0.0000 0.0000 
43 PQ 0.0060 0.0043 
44 PQ 0.0000 0.0000 
45 PQ 0.0392 0.0263 
46 PQ 0.0392 0.0263 
47 PQ 0.0000 0.0000 
48 PQ 0.0790 0.0564 
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Table D.2 Power parameter of IEEE 69-bus test system (Continued) 

Bus Type P(MW) Q(Var) 
49 PQ 0.3847 0.2745 
50 PQ 0.3847 0.2745 
51 PQ 0.0405 0.0283 
52 PQ 0.0036 0.0027 
53 PQ 0.0043 0.0035 
54 PQ 0.0264 0.0190 
55 PQ 0.0240 0.0172 
56 PQ 0.0000 0.0000 
57 PQ 0.0000 0.0000 
58 PQ 0.0000 0.0000 
59 PQ 0.1000 0.0720 
60 PQ 0.0000 0.0000 
61 PQ 1.2440 0.8880 
62 PQ 0.0320 0.0230 
63 PQ 0.0000 0.0000 
64 PQ 0.2270 0.1620 
65 PQ 0.0590 0.0420 
66 PQ 0.0180 0.0130 
67 PQ 0.0180 0.0130 
68 PQ 0.0280 0.0200 
69 PQ 0.0280 0.0200 
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