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1. Objective
The main objective of DAM Stress Test is to find out the maximal transfer capabilities of ERCOT network. The test data is specified as follows:

· Network model DSV-20

· LDFs from Nodal System trials

· Load Zone bids based on zonal load schedules, cleared LZ LMPs and UBES/DBES offers. LZ bid prices are increased by 50% and MW amounts increased by 30% to make practically unlimited load volume available for DAM clearing
· 3PO offers for the most of resources including maximal CC configurations based on verifiable default costs

· AS offers and requirements form Nodal trials

· There is no virtual bids/offers, PTP obligation bids nor CRR offers

· There is no transmission outages.
2. Test Cases
The following Test Cases has been analyzed:

· Unconstrained Case: The transmission are ignored to find out the maximal energy volume that can be economical cleared in DAM. 
· Constrained Case: All transmission constraints are enforced to find out network transfer capabilities for above submissions.
· Constrained Case with 10% Price Increase: All LZ prices are increased by 10% and all transmission constraints are enforced to find out increase of cleared volume

· 69kV Monitored Constraints Case: All 69 kV transmission constraints are ignored, i.e. not enforced to find out increase of cleared volume

· LDF Adjustment Case: The LDFs are adjusted to reflect peal load conditions and all transmission constraints are enforced.

The test results and comparisons are reported in the following sections.

3. Unconstrained Case vs. Constrained Case
In the Unconstrained Case the DAM cleared energy was above peak load with high cleared prices due to high volume. The transmission constraints has limited the DAM cleared volume below peak load. The clearing prices are reduced due to reduced cleared energy volume.
The hourly clearing summary for the Constrained Case and Unconstrained Case are presented and compared in the following table:
	Hour
	UNCONSTRAINED CASE
	CONSTRAINED CASE
	Delta (MW)

	
	Cleared

Volume (MW)
	System

Lambda ($/MWh)
	Cleared

Volume (MW)
	System

Lambda ($/MWh)
	

	1:00
	61,357.80
	117.68
	50,928.22
	69.6
	10,429.58

	2:00
	62,707.80
	117.85
	52,602.20
	51.69
	10,105.60

	3:00
	63,579.80
	115.68
	52,872.80
	48.36
	10,707.00

	4:00
	63,754.80
	115.51
	53,082.06
	43.19
	10,672.74

	5:00
	65,615.80
	115.41
	55,051.36
	48.04
	10,564.44

	6:00
	65,436.80
	115.83
	55,961.05
	53.35
	9,475.75

	7:00
	65,722.80
	114.64
	58,235.14
	90.29
	7,487.66

	8:00
	65,722.80
	117.26
	58,207.21
	91.54
	7,515.59

	9:00
	66,207.80
	116.48
	57,730.41
	78.27
	8,477.39

	10:00
	66,509.08
	118.35
	57,809.48
	87.1
	8,699.60

	11:00
	66,667.22
	120.83
	57,175.82
	84.9
	9,491.40

	12:00
	66,651.48
	122.85
	56,436.59
	89.54
	10,214.89

	13:00
	66,636.14
	124.88
	56,556.12
	76.39
	10,080.02

	14:00
	67,161.10
	131.38
	56,014.82
	77.44
	11,146.28

	15:00
	67,166.89
	132.61
	55,177.37
	72.47
	11,989.52

	16:00
	67,164.56
	136.61
	53,718.82
	64.46
	13,445.74

	17:00
	67,162.69
	139.18
	53,263.26
	63.12
	13,899.43

	18:00
	67,133.59
	135.29
	53,760.69
	62.37
	13,372.90

	19:00
	67,216.66
	127.05
	54,987.70
	57.56
	12,228.96

	20:00
	67,225.25
	124.88
	55,206.55
	56.91
	12,018.70

	21:00
	67,248.15
	125.67
	55,630.60
	55.8
	11,617.55

	22:00
	66,876.13
	124.77
	54,836.73
	54.19
	12,039.40

	23:00
	66,224.58
	123.77
	54,726.67
	52.34
	11,497.91

	24:00
	64,024.05
	120.5
	53,716.86
	53.67
	10,307.19


Table 1: Unconstrained Case vs. Constraint Case

4. Constrained Case vs. Constrained Case with 10% Price Increase
In the initial Constrained Case all Load Zone energy bid prices are increased and results are analyzed. DAM cleared energy was not changed significantly for any Load Zone. This outcome indicates that transmission network can not serve more load than it is cleared in these Constrained Cases.

The hourly clearing summary for above Constrained Case and Constrained Case with 10% increase of Load Zone bid prices are presented and compared in the following table:

	Hour
	CONSTRAINED CASE
	CONSTRAINED CASE with 10% PRICE INCREASE
	Delta (MW)

	
	Cleared

Volume (MW)
	System

Lambda ($/MWh)
	Cleared

Volume (MW)
	System

Lambda ($/MWh)
	

	1:00
	50,928.22
	69.6
	51,141.83
	53.97
	213.61

	2:00
	52,602.20
	51.69
	52,648.22
	51.57
	46.02

	3:00
	52,872.80
	48.36
	52,972.78
	46.76
	99.98

	4:00
	53,082.06
	43.19
	53,143.24
	44.81
	61.18

	5:00
	55,051.36
	48.04
	55,111.71
	51.08
	60.35

	6:00
	55,961.05
	53.35
	55,975.35
	60.17
	14.30

	7:00
	58,235.14
	90.29
	58,230.98
	100.77
	-4.16

	8:00
	58,207.21
	91.54
	58,186.97
	113.22
	-20.24

	9:00
	57,730.41
	78.27
	57,649.13
	91.41
	-81.28

	10:00
	57,809.48
	87.1
	57,768.91
	95.63
	-40.57

	11:00
	57,175.82
	84.9
	57,148.44
	93.68
	-27.38

	12:00
	56,436.59
	89.54
	56,384.62
	98.65
	-51.97

	13:00
	56,556.12
	76.39
	56,473.76
	91.45
	-82.36

	14:00
	56,014.82
	77.44
	55,908.57
	81.78
	-106.25

	15:00
	55,177.37
	72.47
	55,255.05
	80.68
	77.68

	16:00
	53,718.82
	64.46
	53,878.70
	64.86
	159.88

	17:00
	53,263.26
	63.12
	53,427.85
	64.42
	164.59

	18:00
	53,760.69
	62.37
	53,960.71
	63.64
	200.02

	19:00
	54,987.70
	57.56
	55,071.49
	58.65
	83.79

	20:00
	55,206.55
	56.91
	55,343.21
	58.88
	136.66

	21:00
	55,630.60
	55.8
	55,767.81
	59.82
	137.21

	22:00
	54,836.73
	54.19
	54,929.22
	55.84
	92.49

	23:00
	54,726.67
	52.34
	54,792.60
	54.04
	65.93

	24:00
	53,716.86
	53.67
	53,836.09
	56.18
	119.23


Table 2: Constrained Case vs. Constraint Case w/10% Price Increase System Summary
These two constraint cases have almost the same sets of binding transmission constraints as it is specified in the following table:
	
	Binding in both Cases
	Binding in Case1 Only
	Binding in Case 2 Only
	Maximal Shadow Price ($/MW)

	Case1: Constrained Case
	1246
	14
	
	51282

	Case2: Constrained Case with 10% Inc
	1246
	
	18
	59182


Table 3: Constrained Case vs. Constraint Case w/10% Price Increase Constraint Comparison

The Load Zone total awards have not be changed significantly either. The comparison at load Zone level is presented in the following:
	Hour
	LOAD ZONE DELTA (MW)
	Total

Delta

(MW)

	
	AEN
	CPS
	HOUSTON
	LCRA
	NORTH
	RAYBN
	SOUTH
	WEST
	

	1:00
	0
	0
	49.99
	0
	-3.98
	0
	0
	-0.01
	46

	2:00
	0
	0
	108.83
	0
	-8.88
	0
	0
	0
	99.95

	3:00
	0
	0
	61.13
	0
	0.03
	0
	0
	0
	61.16

	4:00
	0
	0
	60.41
	0
	0.04
	0
	0
	-0.01
	60.44

	5:00
	0
	0
	14.33
	0
	-0.02
	0
	-0.01
	0
	14.3

	6:00
	0
	-20.07
	46.51
	0
	-30.56
	0
	0
	0
	-4.12

	7:00
	0
	-15.64
	18.98
	19.91
	-43.46
	0
	-0.01
	-0.01
	-20.23

	8:00
	0
	-7.05
	7.84
	0
	-82.02
	0
	0
	0.01
	-81.22

	9:00
	0
	2.28
	-39.78
	0
	-3.01
	0
	0
	0
	-40.51

	10:00
	0
	-7.17
	-23.37
	0
	3.13
	0
	0
	0.02
	-27.39

	11:00
	0
	-23.07
	-13.66
	0
	-15.2
	0
	0
	0
	-51.93

	12:00
	0
	1.13
	-52.44
	0
	-31.09
	0
	0
	28.4
	-54

	13:00
	0
	0
	-114.95
	0
	8.71
	0
	0
	0
	-106.24

	14:00
	0
	-3.79
	-28.4
	0
	109.85
	0
	-0.01
	0
	77.65

	15:00
	0
	0
	85.81
	34.57
	39.57
	0
	0
	0.02
	159.97

	16:00
	0
	7.63
	41.14
	32.18
	83.67
	0
	0.01
	0
	164.63

	17:00
	0
	24.93
	-16.16
	166.99
	26.02
	0
	-1.77
	-28.39
	171.62

	18:00
	0
	-10.45
	32.25
	75.95
	-13.97
	0
	0.01
	0
	83.79

	19:00
	0
	5.27
	167.03
	-32.18
	-6.58
	0
	3.16
	0.01
	136.69

	20:00
	0
	-12.44
	7.07
	-30.51
	175.91
	0
	-2.82
	0.01
	137.22

	21:00
	0
	20.62
	93.4
	-13.85
	-7.67
	0
	0
	-0.01
	92.49

	22:00
	0
	25.68
	200.43
	-175.91
	16.02
	0
	-0.29
	0
	65.93

	23:00
	0
	1.84
	114.34
	0.15
	-0.06
	0
	-2.79
	5.67
	119.15

	24:00
	0
	-10.3
	904.7
	77.3
	346.07
	0
	-4.52
	5.68
	1318.93


Table 4: Constrained Case vs. Constraint Case w/10% Price Increase Load Zone MW Award Comparison

5. 69 kV Monitored Constraints Case
In the Constrained Case with 10% increase of Load Zone bid prices all 69 kV  transmission constraints are flagged as monitored only, i.e. all 69 kV transmission constraints are ignored. The transformers with high side voltage above 69 kV are still enforced.

In this case the total energy volume awarded in DAM is increased approximately by 10% over all hours. Of course new high voltage constraints become binding.

The results for this relaxed transmission constrained case are compared with enforced transmission constraint case in the following tables:

	Hour
	CONSTRAINED CASE with 10% PRICE INCREASE
	69 kV Monitored

Constraints Case
	Delta (MW)

	
	Cleared

Volume (MW)
	System

Lambda ($/MWh)
	Cleared

Volume (MW)
	System

Lambda ($/MWh)
	

	1:00
	51,141.83
	53.97
	55,385.83
	112.59
	4,244.00

	2:00
	52,648.22
	51.57
	56,999.45
	84.56
	4,351.23

	3:00
	52,972.78
	46.76
	56,460.96
	54.22
	3,488.18

	4:00
	53,143.24
	44.81
	55,805.58
	45.58
	2,662.34

	5:00
	55,111.71
	51.08
	57,221.16
	64.08
	2,109.45

	6:00
	55,975.35
	60.17
	58,631.68
	86.23
	2,656.33

	7:00
	58,230.98
	100.77
	59,381.46
	111.87
	1,150.48

	8:00
	58,186.97
	113.22
	59,435.25
	114.22
	1,248.28

	9:00
	57,649.13
	91.41
	59,074.62
	68.47
	1,425.49

	10:00
	57,768.91
	95.63
	60,073.17
	117.01
	2,304.26

	11:00
	57,148.44
	93.68
	59,232.38
	83.85
	2,083.94

	12:00
	56,384.62
	98.65
	59,978.87
	120.61
	3,594.25

	13:00
	56,473.76
	91.45
	60,040.38
	126.55
	3,566.62

	14:00
	55,908.57
	81.78
	60,084.05
	132.79
	4,175.48

	15:00
	55,255.05
	80.68
	60,182.15
	106.29
	4,927.10

	16:00
	53,878.70
	64.86
	60,184.27
	119.22
	6,305.57

	17:00
	53,427.85
	64.42
	60,712.75
	122.62
	7,284.90

	18:00
	53,960.71
	63.64
	60,483.95
	136.43
	6,523.24

	19:00
	55,071.49
	58.65
	60,580.45
	129.95
	5,508.96

	20:00
	55,343.21
	58.88
	60,723.52
	126.5
	5,380.31

	21:00
	55,767.81
	59.82
	60,867.60
	124.66
	5,099.79

	22:00
	54,929.22
	55.84
	60,956.93
	123.19
	6,027.71

	23:00
	54,792.60
	54.04
	60,176.91
	119.51
	5,384.31

	24:00
	53,836.09
	56.18
	58,153.23
	113.07
	4,317.14


Table 5: Constraint Case w/10% Price Increase vs. 69 kV Monitored Constraints Case   System Summary

A big number of high voltage binding constraints has been introduced when 69 kV constraint have been relaxed, but maximal shadow price (i.e. congestion costs) has been decreased significantly.
	
	Number of Binding Constraints
	Maximal Shadow Price ($/MW)

	Case1: 69 kV Monitored Constraints Case
	1188
	7943

	Case2: Constrained Case with 10% Inc
	1264
	59182


Table 6: 69 kV Monitored Constraints Case vs. Constraint Case w/10% Price Increase Constraint Comparison

Only some Load Zones (North, West and Houston) have increased awarded MW volumes. This indicates that not only 69 kV transmission constraints are limiting element for clearing peak load volume in DAM.
	Hour
	LOAD ZONE DELTA (MW)
	Total

Delta

(MW)

	
	AEN
	CPS
	HOUSTON
	LCRA
	NORTH
	RAYBN
	SOUTH
	WEST
	

	1:00
	-124.17
	0
	-948.81
	-9.84
	4616.73
	0
	0
	710.08
	4243.99

	2:00
	0
	0
	389.3
	0
	2993.87
	0
	0
	968.06
	4351.23

	3:00
	0
	0
	 332.72
	0
	 2539.18
	0
	0
	 616.23
	 3488.13

	4:00
	0
	0
	 339.93
	0
	 1723.2
	0
	0
	 599.25
	 2662.38

	5:00
	0
	0
	 351.56
	0
	 1342.13
	0
	0
	 415.68
	 2109.37

	6:00
	0
	0
	208.26
	0
	 2555.77
	0
	0
	 308.8
	 2656.31

	7:00
	0
	 80.61
	 314.32
	0
	 371.09
	0
	 0.02
	 384.48
	 1150.52

	8:00
	0
	 43.35
	 247.14
	 20.59
	 404.5
	0
	 0.01
	 532.71
	 1248.3

	9:00
	0
	 76.1
	 24
	0
	 611.84
	0
	 0.02
	 713.5
	 1425.46

	10:00
	0
	 19.98
	 170.37
	0
	 1063.95
	0
	 0.01
	 1049.95
	 2304.26

	11:00
	0
	 7.17
	 68.3
	0
	 1572.4
	0
	0.34
	 436.45
	 2083.98

	12:00
	0
	17.22
	 840.79
	0
	 1575.24
	0
	0.34
	 1195.74
	 3594.21

	13:00
	0
	19.84
	 441.97
	0
	 1762.43
	0
	0.34
	 1354.04
	 3538.26

	14:00
	 -13.1
	0
	 527.01
	0
	 2383.65
	0
	 -3.24
	 1281.11
	 4175.43

	15:00
	0
	 3.79
	 981.62
	0
	 2280.05
	0
	 0.01
	 1661.61
	 4927.08

	16:00
	0
	 -35.18
	 764.1
	 179.44
	 4385.67
	0
	 -0.01
	 1011.53
	 6305.55

	17:00
	0
	 -92.8
	 1163.34
	 223.54
	 4730.35
	0
	 -5.31
	 1265.76
	 7284.88

	18:00
	 -32.11
	 -67.47
	 958.96
	 914.39
	 3988.12
	0
	 -218.72
	 1008.43
	 6551.6

	19:00
	 -189.36
	 -59.59
	 228.8
	 922.91
	 4018.88
	0
	 -0.02
	 587.35
	 5508.97

	20:00
	 -608.68
	 -64
	 348.78
	 1138.36
	 3911.71
	0
	 6.32
	 647.74
	 5380.23

	21:00
	 -494.83
	 -72.49
	 618.93
	 1107.18
	 3616.02
	0
	 12.96
	 312.02
	 5099.79

	22:00
	 -98.84
	 -56.99
	 579.85
	 554.94
	 3424.5
	0
	 -0.02
	 1624.22
	 6027.66

	23:00
	0
	 -28
	 24.61
	 402.07
	 4378.15
	0
	 0.29
	 607.24
	 5384.36

	24:00
	0
	 -7.4
	 195.96
	 -10.74
	 3453.58
	0
	 198.63
	 487.2
	 4317.23


Table 7: 69 kV Monitored Constraints Case vs. Constraint Case w/10% Price Increase Load Zone Summary

6. LDF Adjustment Case
Under analysis. Results will be reported when they are available.
7. Summary of findings
The DAM stress testing has indicated load pockets and LDFs as main factors limiting network transfer capability for given topology, parameters, ratings and contingencies of network model. Here is summary of results and potential approaches to improve DAM clearing process:
· Radial Load Pockets: If transmission constraints can be controlled only by loads then these constraints should not be enforced in DAM. This is typically happening under contingencies when radial load pockets are created. Considering the validity of these contingencies even be valid for DAM.
· Load Distribution Factors: Improper load distribution factors can cause load MW at individual loads after distribution from Load Zone Bids/Offers/PTPsource/PTPSink, etc. to be out of reasonable bounds causing unexpected constraints.
