6-bus, 3-unit, 24-hour system

Unit and Network Data
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Fig. 1.   The 6-bus system

table 1 generator data 

	U
	Bus
No.
	Unit Cost Coefficients
	Pmax (MW)
	Pmin (MW)
	Qmax

(MVAR)
	Qmin

(MVAR)
	Ini.

State

(h)
	Min

Off

(h)
	Min

On

(h)
	Ramp

(MW/h)
	Start

Up

(MBtu)
	Fuel

Price

($/

MBtu)

	
	
	a

(MBtu)
	b

(MBtu/

MW)
	c

(MBtu/MW2)
	
	
	
	
	
	
	
	
	
	

	G1
	1
	176.950782
	13.51476415
	0.0004
	220
	100
	200
	-80
	4
	4
	4
	55
	10
	1

	G2
	2
	129.9709568
	32.63061347
	0.001
	100
	10
	70
	-40
	3
	3
	2
	50
	200
	1

	G3
	6
	137.4120219
	17.69711347
	0.005
	20
	10
	50
	-40
	0
	1
	1
	20
	100
	1


  table 2 bus data

	Bus No.
	Voltage-Max (pu)
	Voltage-Min (pu)

	1
	1.15
	0.85

	2
	1.15
	0.85

	3
	1.15
	0.85

	4
	1.15
	0.85

	5
	1.15
	0.85

	6
	1.15
	0.85


table  3 transmission line data

	Line No.
	From Bus
	To Bus
	R (pu)
	X (pu)
	Flow Limit (MW)

	1
	1
	2
	0.0050
	0.170
	200

	2
	2
	3
	0
	0.037
	110

	3
	1
	4
	0.0030
	0.258
	100

	4
	2
	4
	0.0070
	0.197
	100

	5
	4
	5
	0
	0.037
	100

	6
	5
	6
	0.0020
	0.140
	100

	7
	3
	6
	0
	0.018
	100


table  4 hourly load and Ancillary Services

	H
	Real Load (MW)
	Spinning Reserve (MW)
	Non-spinning Reserve (MW)
	Operating Reserve (MW)

	1
	175.19
	1.75
	3.5
	3.57

	2
	165.15
	1.65
	3.3
	3.36

	3
	158.67
	1.59
	3.17
	3.20

	4
	154.73
	1.55
	3.09
	3.14

	5
	155.06
	1.55
	3.1
	3.14

	6
	160.48
	1.6
	3.21
	3.20

	7
	173.39
	1.73
	3.47
	3.94

	8
	177.60
	1.9
	3.81
	4.58

	9
	186.81
	2.06
	4.11
	5.06

	10
	206.96
	2.17
	4.34
	5.12

	11
	228.61
	2.29
	4.57
	5.12

	12
	236.10
	2.36
	4.72
	5.06

	13
	242.18
	2.42
	4.84
	5.06

	14
	243.60
	2.44
	4.87
	5.06

	15
	248.86
	2.49
	4.98
	4.96

	16
	255.79
	2.56
	5.12
	5.01

	17
	256.00
	2.56
	5.12
	5.28

	18
	246.74
	2.47
	4.93
	5.33

	19
	245.97
	2.46
	4.92
	5.33

	20
	237.35
	2.37
	4.75
	5.12

	21
	237.31
	2.37
	4.75
	4.85

	22
	232.67
	2.27
	4.54
	4.42

	23
	195.93
	2.01
	4.02
	3.89

	24
	195.60
	1.97
	3.94
	3.36


Table 5 Bus Load Distribution Profile

	Bus No
	Pd

(%)
	  Qd

(%)

	1
	20
	23

	2
	40
	38.5

	3
	40
	38.5


Table 6 System costs 

	Case
	case without network
	case with network
	case with G3 outage
	case with line 3-6 outage

	Cost ($)
	80747.05
	85308.21
	87593.16
	90972.4


Table 7. Hourly Dispatch for 6-bus System (case without network)

	Hour Power flow
	Generators
	Power flow

	
	Unit 1
	Unit 2
	Unit 3
	Surplus/Deficiency
	L1.
	L2
	L3
	L4
	L5
	L6
	L7

	1
	178.76
	0
	0
	0.00
	94.54
	65.83
	84.22
	28.71
	41.42
	-30.08
	30.08

	2
	168.51
	0
	0
	0.00
	89.12
	62.06
	79.39
	27.06
	39.05
	-28.36
	28.36

	3
	161.87
	0
	0
	0.00
	85.61
	59.61
	76.26
	26
	37.51
	-27.24
	27.24

	4
	157.87
	0
	0
	0.00
	83.49
	58.14
	74.38
	25.35
	36.58
	-26.57
	26.57

	5
	158.2
	0
	0
	0.00
	83.67
	58.26
	74.53
	25.41
	36.66
	-26.62
	26.62

	6
	163.68
	0
	0
	0.00
	86.57
	60.28
	77.11
	26.29
	37.93
	-27.54
	27.54

	7
	177.33
	0
	0
	0.00
	93.79
	65.31
	83.54
	28.48
	41.09
	-29.84
	29.84

	8
	182.18
	0
	0
	0.00
	96.35
	67.09
	85.83
	29.26
	42.22
	-30.66
	30.66

	9
	191.87
	0
	0
	0.00
	101.48
	70.66
	90.39
	30.82
	44.46
	-32.29
	32.29

	10
	212.08
	0
	0
	0.00
	112.16
	78.1
	99.92
	34.06
	49.14
	-35.69
	35.69

	11
	220
	0
	13.73
	0.00
	114.9
	76.41
	105.1
	38.49
	50.1
	-43.39
	29.66

	12
	220
	10
	11.16
	0.00
	113.64
	82.42
	106.36
	41.23
	51.12
	-45.34
	34.18

	13
	220
	10
	17.24
	0.00
	113
	80.37
	107
	42.62
	50.73
	-48.17
	30.93

	14
	220
	10
	18.66
	0.00
	112.85
	79.9
	107.15
	42.95
	50.64
	-48.83
	30.17

	15
	220
	13.82
	20
	0.00
	112.12
	81.41
	107.88
	44.53
	50.88
	-50.65
	30.65

	16
	220
	20.8
	20
	0.00
	111.05
	85
	108.95
	46.85
	51.48
	-52.84
	32.84

	17
	220
	21.28
	20
	0.00
	110.98
	85.25
	109.02
	47.01
	51.52
	-52.99
	32.99

	18
	220
	12.07
	20
	0.00
	112.39
	80.51
	107.61
	43.95
	50.73
	-50.1
	30.1

	19
	220
	11.3
	20
	0.00
	112.51
	80.12
	107.49
	43.69
	50.66
	-49.86
	29.86

	20
	220
	10
	12.47
	0.00
	113.5
	81.98
	106.5
	41.53
	51.04
	-45.95
	33.48

	21
	220
	10
	12.16
	0.00
	113.54
	82.08
	106.46
	41.46
	51.06
	-45.81
	33.65

	22
	217.09
	10
	10
	0.00
	112.23
	81.73
	104.86
	40.49
	50.52
	-44.32
	34.32

	23
	199.82
	0
	0
	0.00
	105.68
	73.59
	94.14
	32.09
	46.3
	-33.62
	33.62

	24
	198.96
	0
	0
	0.00
	105.23
	73.27
	93.73
	31.95
	46.1
	-33.48
	33.48


Table 8. Hourly Dispatch for 6-bus System (case with network)

	Hour Power flow
	Generators
	Power flow

	
	Unit 1
	Unit 2
	Unit 3
	Surplus/Deficiency
	L1.
	L2
	L3
	L4
	L5
	L6
	L7

	1
	178.76
	0
	0
	0.00
	94.54
	65.83
	84.22
	28.71
	41.42
	-30.08
	30.08

	2
	168.51
	0
	0
	0.00
	89.12
	62.06
	79.39
	27.06
	39.05
	-28.36
	28.36

	3
	161.87
	0
	0
	0.00
	85.61
	59.61
	76.26
	26
	37.51
	-27.24
	27.24

	4
	157.87
	0
	0
	0.00
	83.49
	58.14
	74.38
	25.35
	36.58
	-26.57
	26.57

	5
	158.2
	0
	0
	0.00
	83.67
	58.26
	74.53
	25.41
	36.66
	-26.62
	26.62

	6
	163.68
	0
	0
	0.00
	86.57
	60.28
	77.11
	26.29
	37.93
	-27.54
	27.54

	7
	177.33
	0
	0
	0.00
	93.79
	65.31
	83.54
	28.48
	41.09
	-29.84
	29.84

	8
	182.18
	0
	0
	0.00
	96.35
	67.09
	85.83
	29.26
	42.22
	-30.66
	30.66

	9
	191.87
	0
	0
	0.00
	101.48
	70.66
	90.39
	30.82
	44.46
	-32.29
	32.29

	10
	212.08
	0
	0
	0.00
	112.16
	78.1
	99.92
	34.06
	49.14
	-35.69
	35.69

	11
	204.1538
	14.5762
	15
	0.00
	104.15
	77.64
	100
	41.09
	47.59
	-45.9
	30.9

	12
	201.3202
	19.8398
	20
	0.00
	101.32
	77.63
	100
	43.53
	47.07
	-49.4
	29.4

	13
	198.3935
	28.8465
	20
	0.00
	98.39
	81.18
	100
	46.06
	47.16
	-51.74
	31.74

	14
	197.71
	30.95
	20
	0.00
	97.71
	82.01
	100
	46.65
	47.18
	-52.28
	32.28

	15
	195.2262
	38.5938
	20
	0.00
	95.23
	85.03
	100
	48.79
	47.26
	-54.27
	34.27

	16
	191.8663
	48.9337
	20
	0.00
	91.87
	89.11
	100
	51.69
	47.37
	-56.95
	36.95

	17
	191.6353
	49.6447
	20
	0.00
	91.64
	89.39
	100
	51.89
	47.38
	-57.14
	37.14

	18
	196.0686
	36.0014
	20
	0.00
	96.07
	84.01
	100
	48.06
	47.23
	-53.59
	33.59

	19
	196.4392
	34.8608
	20
	0.00
	96.44
	83.56
	100
	47.74
	47.22
	-53.3
	33.3

	20
	200.6896
	21.7804
	20
	0.00
	100.69
	78.4
	100
	44.07
	47.09
	-49.9
	29.9

	21
	200.8388
	21.3212
	20
	0.00
	100.84
	78.21
	100
	43.95
	47.08
	-49.78
	29.78

	22
	202.5365
	19.5535
	15
	0.00
	102.54
	79.61
	100
	42.48
	47.65
	-47.19
	32.19

	23
	199.82
	0
	0
	0.00
	105.68
	73.59
	94.14
	32.09
	46.3
	-33.62
	33.62

	24
	198.96
	0
	0
	0.00
	105.23
	73.27
	93.73
	31.95
	46.1
	-33.48
	33.48


Table 9. Hourly Dispatch for 6-bus System (case with Generator outage U3)

	Hour Power flow
	Generators
	Power flow

	
	Unit 1
	Unit 2
	Unit 3
	Surplus/Deficiency
	L1.
	L2
	L3
	L4
	L5
	L6
	L7

	1
	178.76
	0
	0
	178.76
	94.54
	65.83
	84.22
	28.71
	41.42
	-30.08
	30.08

	2
	168.51
	0
	0
	168.51
	89.12
	62.06
	79.39
	27.06
	39.05
	-28.36
	28.36

	3
	161.87
	0
	0
	161.87
	85.61
	59.61
	76.26
	26
	37.51
	-27.24
	27.24

	4
	157.87
	0
	0
	157.87
	83.49
	58.14
	74.38
	25.35
	36.58
	-26.57
	26.57

	5
	158.2
	0
	0
	158.2
	83.67
	58.26
	74.53
	25.41
	36.66
	-26.62
	26.62

	6
	163.68
	0
	0
	163.68
	86.57
	60.28
	77.11
	26.29
	37.93
	-27.54
	27.54

	7
	177.33
	0
	0
	177.33
	93.79
	65.31
	83.54
	28.48
	41.09
	-29.84
	29.84

	8
	182.18
	0
	0
	182.18
	96.35
	67.09
	85.83
	29.26
	42.22
	-30.66
	30.66

	9
	191.87
	0
	0
	191.87
	101.48
	70.66
	90.39
	30.82
	44.46
	-32.29
	32.29

	10
	212.08
	0
	0
	212.08
	112.16
	78.1
	99.92
	34.06
	49.14
	-35.69
	35.69

	11
	201.9253
	21.8047
	10
	201.9253
	102.4
	82.22
	99.53
	41.98
	48.02
	-45.47
	35.47

	12
	198.3489
	32.8111
	10
	198.3489
	98.82
	86.56
	99.53
	45.07
	48.13
	-48.33
	38.33

	13
	195.4222
	41.8178
	10
	195.4222
	95.89
	90.12
	99.53
	47.59
	48.23
	-50.67
	40.67

	14
	194.7387
	43.9213
	10
	194.7387
	95.21
	90.95
	99.53
	48.18
	48.25
	-51.22
	41.22

	15
	192.2549
	51.5651
	10
	192.2549
	92.73
	93.97
	99.53
	50.33
	48.33
	-53.2
	43.2

	16
	188.895
	61.905
	10
	188.895
	89.37
	98.05
	99.53
	53.23
	48.43
	-55.89
	45.89

	17
	188.6639
	62.6161
	10
	188.6639
	89.14
	98.33
	99.53
	53.43
	48.44
	-56.07
	46.07

	18
	193.0972
	48.9728
	10
	193.0972
	93.57
	92.94
	99.53
	49.6
	48.3
	-52.53
	42.53

	19
	193.4679
	47.8321
	10
	193.4679
	93.94
	92.49
	99.53
	49.28
	48.29
	-52.23
	42.23

	20
	197.7183
	34.7517
	10
	197.7183
	98.19
	87.33
	99.53
	45.61
	48.15
	-48.84
	38.84

	21
	197.8675
	34.2925
	10
	197.8675
	98.34
	87.15
	99.53
	45.48
	48.15
	-48.72
	38.72

	22
	200.308
	26.782
	10
	200.308
	100.78
	84.18
	99.53
	43.38
	48.07
	-46.77
	36.77

	23
	199.82
	0
	0
	199.82
	105.68
	73.59
	94.14
	32.09
	46.3
	-33.62
	33.62

	24
	198.96
	0
	0
	198.96
	105.23
	73.27
	93.73
	31.95
	46.1
	-33.48
	33.48


Table 10. Hourly Dispatch for 6-bus System (case with Line outage 3-6)

	Hour Power flow
	Generators
	Power flow

	
	Unit 1
	Unit 2
	Unit 3
	Surplus/Deficiency
	L1.
	L2
	L3
	L4
	L5
	L6
	L7

	1
	178.76
	0
	0
	0.00
	94.54
	65.83
	84.22
	28.71
	41.42
	-30.08
	30.08

	2
	168.51
	0
	0
	0.00
	89.12
	62.06
	79.39
	27.06
	39.05
	-28.36
	28.36

	3
	161.87
	0
	0
	0.00
	85.61
	59.61
	76.26
	26
	37.51
	-27.24
	27.24

	4
	157.87
	0
	0
	0.00
	83.49
	58.14
	74.38
	25.35
	36.58
	-26.57
	26.57

	5
	158.2
	0
	0
	0.00
	83.67
	58.26
	74.53
	25.41
	36.66
	-26.62
	26.62

	6
	163.68
	0
	0
	0.00
	86.57
	60.28
	77.11
	26.29
	37.93
	-27.54
	27.54

	7
	177.33
	0
	0
	0.00
	93.79
	65.31
	83.54
	28.48
	41.09
	-29.84
	29.84

	8
	182.18
	0
	0
	0.00
	96.35
	67.09
	85.83
	29.26
	42.22
	-30.66
	30.66

	9
	191.87
	0
	0
	0.00
	101.48
	70.66
	90.39
	30.82
	44.46
	-32.29
	32.29

	10
	202.08
	0
	10
	0.00
	105.82
	71.06
	96.26
	34.75
	46.19
	-38.65
	28.65

	11
	194.1421
	29.5879
	10
	0.00
	97.09
	83.36
	97.05
	43.32
	46.88
	-46.61
	36.61

	12
	187.254
	43.906
	10
	0.00
	91.26
	88.18
	96
	46.98
	46.51
	-49.95
	39.95

	13
	181.6175
	55.6225
	10
	0.00
	86.48
	92.13
	95.14
	49.97
	46.21
	-52.69
	42.69

	14
	180.3011
	58.3589
	10
	0.00
	85.37
	93.06
	94.94
	50.67
	46.14
	-53.33
	43.33

	15
	175.5175
	68.3025
	10
	0.00
	81.31
	96.41
	94.2
	53.21
	45.88
	-55.65
	45.65

	16
	169.0466
	81.7534
	10
	0.00
	75.83
	100.94
	93.22
	56.64
	45.54
	-58.78
	48.78

	17
	168.6016
	82.6784
	10
	0.00
	75.45
	101.26
	93.15
	56.88
	45.51
	-59
	49

	18
	177.1398
	64.9302
	10
	0.00
	82.69
	95.27
	94.45
	52.34
	45.97
	-54.86
	44.86

	19
	177.8536
	63.4464
	10
	0.00
	83.29
	94.77
	94.56
	51.97
	46.01
	-54.51
	44.51

	20
	186.0396
	46.4304
	10
	0.00
	90.23
	89.04
	95.81
	47.62
	46.45
	-50.54
	40.54

	21
	186.327
	45.833
	10
	0.00
	90.47
	88.83
	95.86
	47.47
	46.46
	-50.4
	40.4

	22
	191.0272
	36.0628
	10
	0.00
	94.45
	85.54
	96.58
	44.97
	46.71
	-48.12
	38.12

	23
	199.82
	0
	0
	0.00
	105.68
	73.59
	94.14
	32.09
	46.3
	-33.62
	33.62

	24
	198.96
	0
	0
	0.00
	105.23
	73.27
	93.73
	31.95
	46.1
	-33.48
	33.48
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