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
	100
	10.00
	0.050
	220
	100
	200
	-80
	4
	4
	4
	55
	100
	1

	G2
	2
	162
	40.66
	0.001
	100
	10
	70
	-40
	2
	3
	2
	50
	200
	1

	G3
	6
	171
	22.06
	0.006
	20
	10
	50
	-40
	-1
	1
	1
	20
	0
	1


  table 2 bus data

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

	1
	1.05
	0.95

	2
	1.15
	0.85

	3
	1.15
	0.85

	4
	1.05
	0.91

	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
	1
	4
	0.0030
	0.258
	100

	3
	2
	4
	0.0070
	0.197
	100

	4
	5
	6
	0.0020
	0.140
	100

	5
	3
	6
	0.0005
	0.018
	100


Table 4 Tap Changing Transformer Data

	Tap-Changing Transformer No.
	From 

Bus
	To 

Bus
	X     

(pu)
	Tap 

Max
	Tap  

Min

	T1
	2
	3
	0.037
	0.98
	0.95

	T2
	4
	5
	0.037
	0.98
	0.95


table 5 hourly load and Ancillary Services

	H
	Real Load

(MW)
	Reactive Load

(MVAR)
	Regulation Down (MW)
	Regulation Up (MW)
	Spinning Reserve (MW)
	Non-spinning Reserve (MW)
	Operating Reserve (MW)

	1
	175.19
	50.37
	0.88
	0.88
	1.75
	3.50
	8.76

	2
	165.15
	47.48
	0.83
	0.83
	1.65
	3.30
	8.26

	3
	158.67
	45.62
	0.79
	0.79
	1.59
	3.17
	7.93

	4
	154.73
	44.49
	0.77
	0.77
	1.55
	3.09
	7.74

	5
	155.06
	44.58
	0.78
	0.78
	1.55
	3.10
	7.75

	6
	160.48
	46.14
	0.80
	0.80
	1.60
	3.21
	8.02

	7
	173.39
	49.85
	0.87
	0.87
	1.73
	3.47
	8.67

	8
	177.60
	51.06
	0.95
	0.95
	1.90
	3.81
	9.52

	9
	186.81
	53.71
	1.03
	1.03
	2.06
	4.11
	10.28

	10
	206.96
	59.50
	1.09
	1.09
	2.17
	4.34
	10.86

	11
	228.61
	65.73
	1.14
	1.14
	2.29
	4.57
	11.43

	12
	236.10
	67.88
	1.18
	1.18
	2.36
	4.72
	11.80

	13
	242.18
	69.63
	1.21
	1.21
	2.42
	4.84
	12.11

	14
	243.60
	70.03
	1.22
	1.22
	2.44
	4.87
	12.18

	15
	248.86
	71.55
	1.24
	1.24
	2.49
	4.98
	12.44

	16
	255.79
	73.54
	1.28
	1.28
	2.56
	5.12
	12.79

	17
	256.00
	73.60
	1.28
	1.28
	2.56
	5.12
	12.80

	18
	246.74
	70.94
	1.23
	1.23
	2.47
	4.93
	12.34

	19
	245.97
	70.72
	1.23
	1.23
	2.46
	4.92
	12.30

	20
	237.35
	68.24
	1.19
	1.19
	2.37
	4.75
	11.87

	21
	237.31
	68.23
	1.19
	1.19
	2.37
	4.75
	11.87

	22
	232.67
	66.89
	1.14
	1.14
	2.27
	4.54
	11.36

	23
	195.93
	56.33
	1.01
	1.01
	2.01
	4.02
	10.05

	24
	195.60
	56.23
	0.98
	0.98
	1.97
	3.94
	9.84


Table 6 Bus Load Distribution Profile

	Bus No
	Pd

(%)
	  Qd

(%)

	1
	20
	23

	2
	40
	38.5

	3
	40
	38.5


Table 7. Hourly Dispatch for 6-bus System (case 2-1)

	Hour
	Generation (MW)
	Regulation Down (MW)

	
	Req.
	Unit 1
	Unit 2
	Unit 3
	Req.
	Unit 1
	Unit 2
	Unit 3
	Surplus/

Deficiency

	1
	175.19
	165.19
	10.00
	0.00
	0.88
	0.88
	0.00
	0.00
	0.00

	2
	165.15
	165.15
	0.00
	0.00
	0.83
	0.83
	0.00
	0.00
	0.00

	3
	158.67
	158.67
	0.00
	0.00
	0.79
	0.79
	0.00
	0.00
	0.00

	4
	154.73
	154.73
	0.00
	0.00
	0.77
	0.77
	0.00
	0.00
	0.00

	5
	155.06
	155.06
	0.00
	0.00
	0.78
	0.78
	0.00
	0.00
	0.00

	6
	160.48
	160.48
	0.00
	0.00
	0.80
	0.80
	0.00
	0.00
	0.00

	7
	173.39
	173.39
	0.00
	0.00
	0.87
	0.87
	0.00
	0.00
	0.00

	8
	190.40
	190.40
	0.00
	0.00
	0.95
	0.95
	0.00
	0.00
	0.00

	9
	205.56
	205.56
	0.00
	0.00
	1.03
	1.03
	0.00
	0.00
	0.00

	10
	217.20
	207.20
	0.00
	10.00
	1.09
	1.09
	0.00
	0.00
	0.00

	11
	228.61
	198.61
	10.00
	20.00
	1.14
	0.55
	0.00
	0.59
	0.00

	12
	236.10
	206.10
	10.00
	20.00
	1.18
	0.57
	0.00
	0.61
	0.00

	13
	242.18
	212.18
	10.00
	20.00
	1.21
	0.59
	0.00
	0.62
	0.00

	14
	243.60
	213.60
	10.00
	20.00
	1.22
	0.59
	0.00
	0.62
	-0.01

	15
	248.86
	218.86
	10.00
	20.00
	1.24
	0.63
	0.00
	0.62
	0.01

	16
	255.79
	210.29
	25.49
	20.00
	1.28
	0.42
	0.41
	0.45
	0.00

	17
	256.00
	210.05
	25.95
	20.00
	1.28
	0.42
	0.41
	0.45
	0.00

	18
	246.74
	216.74
	10.00
	20.00
	1.23
	0.61
	0.00
	0.63
	0.01

	19
	245.97
	215.97
	10.00
	20.00
	1.23
	0.60
	0.00
	0.63
	0.00

	20
	237.35
	207.35
	10.00
	20.00
	1.19
	0.57
	0.00
	0.61
	-0.01

	21
	237.31
	207.31
	10.00
	20.00
	1.19
	0.57
	0.00
	0.61
	-0.01

	22
	227.14
	207.14
	10.00
	10.00
	1.14
	0.55
	0.00
	0.59
	0.00

	23
	201.05
	201.05
	0.00
	0.00
	1.01
	0.48
	0.00
	0.52
	-0.01

	24
	196.75
	196.75
	0.00
	0.00
	0.98
	0.47
	0.00
	0.51
	0.00


Table 7. Hourly Dispatch for 6-bus System  (case 2-1) (cont.)

	Hour
	Regulation Up (MW)
	Spinning Reserve (MW)

	
	Req.
	Unit 1
	Unit 2
	Unit 3
	Surplus/

Deficiency
	Req.
	Unit 1
	Unit 2
	Unit 3
	Surplus/

Deficiency

	1
	0.88
	0.44
	0.44
	0.00
	0.00
	1.75
	0.87
	0.88
	0.00
	0.00

	2
	0.83
	0.83
	0.00
	0.00
	0.00
	1.65
	1.65
	0.00
	0.00
	0.00

	3
	0.79
	0.79
	0.00
	0.00
	0.00
	1.59
	1.59
	0.00
	0.00
	0.00

	4
	0.77
	0.77
	0.00
	0.00
	0.00
	1.55
	1.55
	0.00
	0.00
	0.00

	5
	0.78
	0.78
	0.00
	0.00
	0.00
	1.55
	1.55
	0.00
	0.00
	0.00

	6
	0.80
	0.80
	0.00
	0.00
	0.00
	1.60
	1.60
	0.00
	0.00
	0.00

	7
	0.87
	0.87
	0.00
	0.00
	0.00
	1.73
	1.73
	0.00
	0.00
	0.00

	8
	0.95
	0.95
	0.00
	0.00
	0.00
	1.90
	1.90
	0.00
	0.00
	0.00

	9
	1.03
	1.03
	0.00
	0.00
	0.00
	2.06
	2.06
	0.00
	0.00
	0.00

	10
	1.09
	0.75
	0.00
	0.34
	0.00
	2.17
	1.10
	0.00
	1.07
	0.00

	11
	1.14
	0.56
	0.58
	0.00
	0.00
	2.29
	1.14
	1.15
	0.00
	0.00

	12
	1.18
	0.57
	0.61
	0.00
	0.00
	2.36
	1.17
	1.19
	0.00
	0.00

	13
	1.21
	0.14
	1.07
	0.00
	0.00
	2.42
	0.61
	1.81
	0.00
	0.00

	14
	1.22
	0.00
	1.22
	0.00
	0.00
	2.44
	0.25
	2.18
	0.00
	-0.01

	15
	1.24
	0.00
	1.24
	0.00
	0.00
	2.49
	0.00
	2.49
	0.00
	0.00

	16
	1.28
	0.21
	1.06
	0.00
	-0.01
	2.56
	0.89
	1.66
	0.00
	-0.01

	17
	1.28
	0.23
	1.05
	0.00
	0.00
	2.56
	0.94
	1.62
	0.00
	0.00

	18
	1.23
	0.00
	1.23
	0.00
	0.00
	2.47
	0.00
	2.47
	0.00
	0.00

	19
	1.23
	0.00
	1.23
	0.00
	0.00
	2.46
	0.00
	2.46
	0.00
	0.00

	20
	1.19
	0.57
	0.62
	0.00
	0.00
	2.37
	1.18
	1.20
	0.00
	0.01

	21
	1.19
	0.57
	0.62
	0.00
	0.00
	2.37
	1.18
	1.20
	0.00
	0.01

	22
	1.14
	0.56
	0.58
	0.00
	0.00
	2.27
	1.13
	1.14
	0.00
	0.00

	23
	1.01
	1.01
	0.00
	0.00
	0.00
	2.01
	2.01
	0.00
	0.00
	0.00

	24
	0.98
	0.98
	0.00
	0.00
	0.00
	1.97
	1.97
	0.00
	0.00
	0.00


Table 7. Hourly Dispatch for 6-bus System  (case 2-1) (cont.)

	Hour
	Non-Spinning Reserve (MW)
	Operating Reserve (MW)

	
	Req.
	Unit 1
	Unit 2
	Unit 3
	Surplus/

Deficiency
	Req.
	Unit 1
	Unit 2
	Unit 3
	Surplus/

Deficiency

	1
	3.50
	1.17
	1.17
	1.17
	0.01
	8.76
	2.40
	3.36
	3.00
	0.00

	2
	3.30
	1.64
	0.00
	1.66
	0.00
	8.26
	4.80
	0.00
	3.46
	0.00

	3
	3.17
	1.57
	0.00
	1.60
	0.00
	7.93
	4.80
	0.00
	3.13
	0.00

	4
	3.09
	1.54
	0.00
	1.56
	0.01
	7.74
	4.74
	0.00
	3.00
	0.00

	5
	3.10
	1.54
	0.00
	1.56
	0.00
	7.75
	4.75
	0.00
	3.00
	0.00

	6
	3.21
	1.59
	0.00
	1.62
	0.00
	8.02
	4.80
	0.00
	3.22
	0.00

	7
	3.47
	1.73
	0.00
	1.74
	0.00
	8.67
	4.80
	0.00
	3.87
	0.00

	8
	3.81
	1.90
	0.00
	1.91
	0.00
	9.52
	4.80
	0.00
	4.72
	0.00

	9
	4.11
	2.06
	0.00
	2.06
	0.01
	10.28
	4.80
	0.00
	5.48
	0.00

	10
	4.34
	2.23
	0.00
	2.12
	0.01
	10.86
	4.86
	0.00
	6.00
	0.00

	11
	4.57
	2.28
	2.30
	0.00
	0.01
	11.43
	5.43
	6.00
	0.00
	0.00

	12
	4.72
	2.34
	2.38
	0.00
	0.00
	11.80
	5.80
	6.00
	0.00
	0.00

	13
	4.84
	1.92
	2.93
	0.00
	0.01
	12.11
	5.15
	6.96
	0.00
	0.00

	14
	4.87
	1.35
	3.52
	0.00
	0.00
	12.18
	4.80
	7.38
	0.00
	0.00

	15
	4.98
	0.00
	4.98
	0.00
	0.00
	12.44
	1.14
	11.30
	0.00
	0.00

	16
	5.12
	2.07
	3.05
	0.00
	0.00
	12.79
	6.53
	6.26
	0.00
	0.00

	17
	5.12
	2.08
	3.04
	0.00
	0.00
	12.80
	6.70
	6.10
	0.00
	0.00

	18
	4.93
	0.00
	4.93
	0.00
	0.00
	12.34
	3.26
	9.08
	0.00
	0.00

	19
	4.92
	0.00
	4.92
	0.00
	0.00
	12.30
	4.03
	8.26
	0.00
	-0.01

	20
	4.75
	2.34
	2.40
	0.00
	-0.01
	11.87
	5.87
	6.00
	0.00
	0.00

	21
	4.75
	2.34
	2.40
	0.00
	-0.01
	11.87
	5.87
	6.00
	0.00
	0.00

	22
	4.54
	2.26
	2.28
	0.00
	0.00
	11.36
	5.36
	6.00
	0.00
	0.00

	23
	4.02
	4.02
	0.00
	0.00
	0.00
	10.05
	10.05
	0.00
	0.00
	0.00

	24
	3.94
	3.94
	0.00
	0.00
	0.00
	9.84
	9.84
	0.00
	0.00
	0.00


Table 8. Hourly Dispatch for 6-bus System  (case 2-2)

	Hour
	Generation (MW)
	Regulation Down (MW)

	
	Req.
	Unit 1
	Unit 2
	Unit 3
	Req.
	Unit 1
	Unit 2
	Unit 3
	Surplus/

Deficiency

	1
	175.19
	165.19
	10.00
	0.00
	0.88
	0.88
	0.00
	0.00
	0.00

	2
	165.15
	165.15
	0.00
	0.00
	0.83
	0.83
	0.00
	0.00
	0.00

	3
	158.67
	158.67
	0.00
	0.00
	0.79
	0.79
	0.00
	0.00
	0.00

	4
	154.73
	154.73
	0.00
	0.00
	0.77
	0.77
	0.00
	0.00
	0.00

	5
	155.06
	155.06
	0.00
	0.00
	0.78
	0.78
	0.00
	0.00
	0.00

	6
	160.48
	160.48
	0.00
	0.00
	0.80
	0.80
	0.00
	0.00
	0.00

	7
	173.39
	173.39
	0.00
	0.00
	0.87
	0.87
	0.00
	0.00
	0.00

	8
	190.40
	190.40
	0.00
	0.00
	0.95
	0.95
	0.00
	0.00
	0.00

	9
	205.56
	205.56
	0.00
	0.00
	1.03
	1.03
	0.00
	0.00
	0.00

	10
	217.20
	207.20
	0.00
	10.00
	1.09
	1.09
	0.00
	0.00
	0.00

	11
	228.61
	198.61
	10.00
	20.00
	1.14
	0.56
	0.00
	0.59
	0.01

	12
	236.10
	206.10
	10.00
	20.00
	1.18
	0.57
	0.00
	0.61
	0.00

	13
	242.18
	212.18
	10.00
	20.00
	1.21
	0.59
	0.00
	0.62
	0.00

	14
	243.60
	213.60
	10.00
	20.00
	1.22
	0.60
	0.00
	0.62
	0.00

	15
	248.86
	218.86
	10.00
	20.00
	1.24
	0.63
	0.00
	0.61
	0.00

	16
	255.79
	210.29
	25.49
	20.00
	1.28
	0.43
	0.41
	0.44
	0.00

	17
	256.00
	210.05
	25.95
	20.00
	1.28
	0.43
	0.41
	0.44
	0.00

	18
	246.74
	216.74
	10.00
	20.00
	1.23
	0.61
	0.00
	0.62
	0.00

	19
	245.97
	215.97
	10.00
	20.00
	1.23
	0.61
	0.00
	0.62
	0.00

	20
	237.35
	207.35
	10.00
	20.00
	1.19
	0.58
	0.00
	0.61
	0.00

	21
	237.31
	207.31
	10.00
	20.00
	1.19
	0.58
	0.00
	0.61
	0.00

	22
	227.14
	207.14
	10.00
	10.00
	1.14
	1.14
	0.00
	0.00
	0.00

	23
	201.05
	201.05
	0.00
	0.00
	1.01
	1.01
	0.00
	0.00
	0.00

	24
	196.75
	196.75
	0.00
	0.00
	0.98
	0.98
	0.00
	0.00
	0.00


Table 8. Hourly Dispatch for 6-bus System (case 2-2) (cont.)

	Hour
	Regulation Up (MW)
	Spinning Reserve (MW)

	
	Req.
	Unit 1
	Unit 2
	Unit 3
	Surplus/

Deficiency
	Req.
	Unit 1
	Unit 2
	Unit 3
	Surplus/

Deficiency

	1
	0.88
	0.40
	0.48
	0.00
	0.00
	1.75
	7.01
	7.01
	0.00
	12.27

	2
	0.83
	0.83
	0.00
	0.00
	0.00
	1.65
	7.17
	0.00
	0.00
	5.52

	3
	0.79
	0.79
	0.00
	0.00
	0.00
	1.59
	7.21
	0.00
	0.00
	5.62

	4
	0.77
	0.77
	0.00
	0.00
	0.00
	1.55
	7.23
	0.00
	0.00
	5.68

	5
	0.78
	0.78
	0.00
	0.00
	0.00
	1.55
	7.22
	0.00
	0.00
	5.67

	6
	0.80
	0.80
	0.00
	0.00
	0.00
	1.60
	7.20
	0.00
	0.00
	5.60

	7
	0.87
	0.87
	0.00
	0.00
	0.00
	1.73
	7.13
	0.00
	0.00
	5.40

	8
	0.95
	0.95
	0.00
	0.00
	0.00
	1.90
	7.05
	0.00
	0.00
	5.15

	9
	1.03
	1.03
	0.00
	0.00
	0.00
	2.06
	6.97
	0.00
	0.00
	4.91

	10
	1.09
	1.09
	0.00
	0.00
	0.00
	2.17
	6.91
	0.00
	5.00
	9.74

	11
	1.14
	0.11
	1.04
	0.00
	0.01
	2.29
	7.89
	8.96
	0.00
	14.56

	12
	1.18
	0.13
	1.05
	0.00
	0.00
	2.36
	7.87
	8.95
	0.00
	14.46

	13
	1.21
	0.13
	1.08
	0.00
	0.00
	2.42
	7.69
	8.92
	0.00
	14.19

	14
	1.22
	0.00
	1.22
	0.00
	0.00
	2.44
	6.40
	8.78
	0.00
	12.74

	15
	1.24
	0.00
	1.24
	0.00
	0.00
	2.49
	1.14
	8.76
	0.00
	7.41

	16
	1.28
	0.19
	1.08
	0.00
	-0.01
	2.56
	7.81
	8.92
	0.00
	14.17

	17
	1.28
	0.20
	1.08
	0.00
	0.00
	2.56
	7.80
	8.92
	0.00
	14.16

	18
	1.23
	0.00
	1.23
	0.00
	0.00
	2.47
	3.26
	8.77
	0.00
	9.56

	19
	1.23
	0.00
	1.23
	0.00
	0.00
	2.46
	4.03
	8.77
	0.00
	10.34

	20
	1.19
	0.13
	1.05
	0.00
	-0.01
	2.37
	7.87
	8.95
	0.00
	14.45

	21
	1.19
	0.13
	1.05
	0.00
	-0.01
	2.37
	7.87
	8.95
	0.00
	14.45

	22
	1.14
	0.53
	0.60
	0.00
	-0.01
	2.27
	6.51
	6.66
	5.00
	15.90

	23
	1.01
	1.01
	0.00
	0.00
	0.00
	2.01
	6.99
	0.00
	0.00
	4.98

	24
	0.98
	0.98
	0.00
	0.00
	0.00
	1.97
	7.02
	0.00
	0.00
	5.05


Table 8. Hourly Dispatch for 6-bus System (case 2-2) (cont.)

	Hour
	Non-Spinning Reserve (MW)
	Operating Reserve (MW)

	
	Req.
	Unit 1
	Unit 2
	Unit 3
	Surplus/

Deficiency
	Req.
	Unit 1
	Unit 2
	Unit 3
	Surplus/

Deficiency

	1
	3.50
	0.00
	0.00
	0.00
	-3.50
	8.76
	0.00
	0.00
	0.00
	-8.76

	2
	3.30
	0.00
	0.00
	6.04
	2.74
	8.26
	0.00
	0.00
	0.00
	-8.26

	3
	3.17
	0.00
	0.00
	5.49
	2.32
	7.93
	0.00
	0.00
	0.00
	-7.93

	4
	3.09
	0.00
	0.00
	5.15
	2.06
	7.74
	0.00
	0.00
	0.00
	-7.74

	5
	3.10
	0.00
	0.00
	5.18
	2.08
	7.75
	0.00
	0.00
	0.00
	-7.75

	6
	3.21
	0.00
	0.00
	5.64
	2.43
	8.02
	0.00
	0.00
	0.00
	-8.02

	7
	3.47
	0.00
	0.00
	6.74
	3.27
	8.67
	0.00
	0.00
	0.00
	-8.67

	8
	3.81
	0.00
	0.00
	8.18
	4.37
	9.52
	0.00
	0.00
	0.00
	-9.52

	9
	4.11
	0.00
	0.00
	9.47
	5.36
	10.28
	0.00
	0.00
	0.00
	-10.28

	10
	4.34
	0.00
	0.00
	0.00
	-4.34
	10.86
	2.40
	0.00
	3.06
	-5.40

	11
	4.57
	0.00
	0.00
	0.00
	-4.57
	11.43
	0.00
	1.43
	0.00
	-10.00

	12
	4.72
	0.00
	0.00
	0.00
	-4.72
	11.80
	0.07
	2.00
	0.00
	-9.73

	13
	4.84
	0.00
	0.00
	0.00
	-4.84
	12.11
	0.00
	2.77
	0.00
	-9.34

	14
	4.87
	0.00
	0.00
	0.00
	-4.87
	12.18
	0.00
	4.30
	0.00
	-7.88

	15
	4.98
	0.00
	0.00
	0.00
	-4.98
	12.44
	0.00
	10.01
	0.00
	-2.43

	16
	5.12
	0.00
	0.00
	0.00
	-5.12
	12.79
	1.71
	2.04
	0.00
	-9.04

	17
	5.12
	0.00
	0.00
	0.00
	-5.12
	12.80
	1.76
	2.00
	0.00
	-9.04

	18
	4.93
	0.00
	0.00
	0.00
	-4.93
	12.34
	0.00
	7.72
	0.00
	-4.62

	19
	4.92
	0.00
	0.00
	0.00
	-4.92
	12.30
	0.00
	6.87
	0.00
	-5.43

	20
	4.75
	0.00
	0.00
	0.00
	-4.75
	11.87
	0.17
	2.00
	0.00
	-9.70

	21
	4.75
	0.00
	0.00
	0.00
	-4.75
	11.87
	0.17
	2.00
	0.00
	-9.70

	22
	4.54
	0.00
	0.00
	0.00
	-4.54
	11.36
	0.00
	0.00
	0.00
	-11.36

	23
	4.02
	0.00
	0.00
	9.09
	5.07
	10.05
	0.00
	0.00
	0.00
	-10.05

	24
	3.94
	0.00
	0.00
	8.72
	4.78
	9.84
	0.00
	0.00
	0.00
	-9.84
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