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These comments propose changes to the proposed Hub Bus list to include only those busses which are on the constrained side of the Panhandle Generation Transmission Constraint (GTC) excluding those which are radial to the system.    ABERNATH is also included due to several proposed transmission projects that all tie the bus back into the system making it non-radial.  Proposed projects and studies include the LP&L Integration, Sharyland South Plains, and the ERCOT Panhandle Roadmap.
This proposed Hub Bus list was discussed at the June 5, 2017 QMWG meeting.
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3.5.2.5
Panhandle 345 kV Hub (Pan 345)

(1)
The Panhandle 345 kV Hub is composed of the following listed Hub Buses:

	
	ERCOT Operations
	

	No.
	Hub Bus
	kV
	Hub

	1
	ABERNATH
	345
	PAN

	
	
	
	

	2
	AJ_SWOPE
	345
	PAN

	3
	ALIBATES
	345
	PAN

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	4
	CTT_CROS
	345
	PAN

	5
	CTT_GRAY
	345
	PAN

	6
	OGALLALA
	345
	PAN

	7
	RAILHEAD
	345
	PAN

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	8
	TESLA
	345
	PAN

	9
	TULECNYN
	345
	PAN

	10
	W_CW_345
	345
	PAN

	
	
	
	

	11
	WHIT_RVR
	345
	PAN

	12
	WINDMILL
	345
	PAN


(2)
The Panhandle 345 kV Hub Price is the simple average of the Hub Bus prices for each hour of the Settlement Interval of the DAM in the Day-Ahead and is the simple average of the time weighted Hub Bus prices for each 15-minute Settlement Interval in Real-Time, for each Hub Bus included in this Hub.

(3)
The Day-Ahead Settlement Point Price of the Hub for a given Operating Hour is calculated as follows: 

DASPP Pan345
=
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S

(HUBDF hb, Pan345 * DAHBP hb, Pan345), if HB Pan345≠0

DASPP Pan345
=
DASPPERCOT345Bus, if HB Pan345=0

Where:

DAHBP hb, Pan345
=
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 (HBDF b, hb, Pan345 * DALMP b, hb, Pan345)
HUBDF hb, Pan345
=
IF(HB Pan345=0, 0, 1 / HB Pan345)

HBDF b, hb, Pan345
=
IF(B hb, Pan345=0, 0, 1 / B hb, Pan345)

The above variables are defined as follows:

	Variable
	Unit
	Definition

	DASPP Pan345
	$/MWh
	Day-Ahead Settlement Point Price(The DAM Settlement Point Price at the Hub, for the hour.

	DAHBP hb, Pan345
	$/MWh
	Day-Ahead Hub Bus Price at Hub Bus(The DAM energy price at Hub Bus hb for the hour.

	DALMP b, hb, Pan345
	$/MWh
	Day-Ahead Locational Marginal Price at Electrical Bus of Hub Bus(The DAM LMP at Electrical Bus b that is a component of Hub Bus hb for the hour.

	HUBDF hb, Pan345
	none
	Hub Distribution Factor per Hub Bus(The distribution factor of Hub Bus hb.  

	HBDF b, hb, Pan345
	none
	Hub Bus Distribution Factor per Electrical Bus of Hub Bus(The distribution factor of Electrical Bus b that is a component of Hub Bus hb.  

	b
	none
	An energized Electrical Bus that is a component of a Hub Bus.

	B hb, Pan345
	none
	The total number of energized Electrical Buses in Hub Bus hb.

	hb
	none
	A Hub Bus that is a component of the Hub.

	HB Pan345
	none
	The total number of Hub Buses in the Hub.


(4)
The Real-Time Settlement Point Price of the Hub for a given 15-minute Settlement Interval is calculated as follows:

RTSPP Pan345
=
Max [-$251, (RTRSVPOR + RTRDP + 
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 (HUBDF hb, Pan345 * (
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(RTHBP hb, Pan345, y * TLMP y) /           (
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 TLMP y))))], if HB Pan345≠0

RTSPP Pan345
=
RTSPPERCOT345Bus, if HB Pan345=0

Where:

RTRSVPOR 

=
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 (RNWF  y * RTORPA y)

RTRDP                      

=          
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 (RNWFy  * RTORDPAy)

RNWF y

=
TLMP y /
[image: image8.wmf]y

S

 TLMP y
RTHBP hb, Pan345, y
=
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 (HBDF b, hb, Pan345 * RTLMP b, hb, Pan345, y)

HUBDF hb, Pan345
=
IF(HB Pan345=0, 0, 1 / HB Pan345)

HBDF b, hb, Pan345
=
IF(B hb, Pan345=0, 0, 1 / B hb, Pan345)

The above variables are defined as follows:

	Variable
	Unit
	Description

	RTSPP Pan345
	$/MWh
	Real-Time Settlement Point Price(The Real-Time Settlement Point Price at the Hub, for the 15-minute Settlement Interval.

	RTRSVPOR
	$/MWh
	Real-Time Reserve Price for On-Line Reserves(The Real-Time Reserve Price for On-Line Reserves for the 15-minute Settlement Interval.

	RTORPA y
	$/MWh
	Real-Time On-Line Reserve Price Adder per interval(The Real-Time On-Line Reserve Price Adder for the SCED interval y.

	RTRDP
	$/MWh
	Real-Time On-Line Reliability Deployment Price(The Real-Time price for the 15-minute Settlement Interval, reflecting the impact of reliability deployments on energy prices that are calculated from the Real-Time On-Line Reliability Deployment Price Adder.  

	RTORDPA y
	$/MWh
	Real-Time On-Line Reliability Deployment Price Adder(The Real-Time price adder that captures the impact of reliability deployments on energy prices for the SCED interval y. 

	RNWF y
	none
	Resource Node Weighting Factor per interval(The weight used in the Resource Node Settlement Point Price calculation for the portion of the SCED interval y within the Settlement Interval.

	RTHBP hb, Pan345, y
	$/MWh
	Real-Time Hub Bus Price at Hub Bus per SCED interval(The Real-Time energy price at Hub Bus hb for the SCED interval y.

	RTLMP b, hb, Pan345, y
	$/MWh
	Real-Time Locational Marginal Price at Electrical Bus of Hub Bus per interval(The Real-Time LMP at Electrical Bus b that is a component of Hub Bus hb, for the SCED interval y.

	TLMP y
	second
	Duration of SCED interval per interval(The duration of the portion of the SCED interval y within the 15-minute Settlement Interval.

	HUBDF hb, Pan345
	none
	Hub Distribution Factor per Hub Bus(The distribution factor of Hub Bus hb.  

	HBDF b, hb, Pan345
	none
	Hub Bus Distribution Factor per Electrical Bus of Hub Bus(The distribution factor of Electrical Bus b that is a component of Hub Bus hb.  

	y
	none
	A SCED interval in the 15-minute Settlement Interval.  The summation is over the total number of SCED runs that cover the 15-minute Settlement Interval.

	b
	none
	An energized Electrical Bus that is a component of a Hub Bus.

	B hb, Pan345
	none
	The total number of energized Electrical Buses in Hub Bus hb.

	hb
	none
	A Hub Bus that is a component of the Hub.

	HB Pan345
	none
	The total number of Hub Buses in the Hub with at least one energized component in each Hub Bus.


3.5.2.6
ERCOT Hub Average 345 kV Hub (ERCOT 345)

(1)
The ERCOT Hub Average 345 kV Hub price, for both Day-Ahead and Real-Time, is the simple average of four prices from the applicable time period: the North 345 kV Hub price, the South 345 kV Hub price, the Houston 345 kV Hub price, and the West 345 kV Hub price.  The Panhandle 345 kV Hub is not included in the ERCOT Hub Average 345 kV Hub price.
(2)
The Day-Ahead Settlement Point Price for the Hub “ERCOT 345” for a given Operating Hour is calculated as follows: 

DASPP ERCOT345
=
(DASPP North345 + DASPP South345 + DASPP Houston345 + DASPP West345) / 4

The above variables are defined as follows:

	Variable
	Unit
	Definition

	DASPP ERCOT345
	$/MWh
	Day-Ahead Settlement Point Price at ERCOT 345(The DAM Settlement Point Price at ERCOT 345 Hub for the hour.

	DASPP North345
	$/MWh
	Day-Ahead Settlement Point Price at North 345(The DAM Settlement Point Price at the North 345 Hub for the hour.

	DASPP South345
	$/MWh
	Day-Ahead Settlement Point Price at South 345(The DAM Settlement Point Price at the South 345 Hub for the hour.

	DASPP Houston345
	$/MWh
	Day-Ahead Settlement Point Price at Houston 345(The DAM Settlement Point Price at the Houston 345 Hub for the hour.

	DASPP West345
	$/MWh
	Day-Ahead Settlement Point Price at West 345(The DAM Settlement Point Price at the West 345 Hub for the hour.


(3)
The Real-Time Settlement Point Price for the Hub “ERCOT 345” for a given 15-minute Settlement Interval is calculated as follows: 

RTSPP ERCOT345
=
(RTSPP North345 + RTSPP South345 + RTSPP Houston345 + RTSPP West345) / 4

The above variables are defined as follows:

	Variable
	Unit
	Definition

	RTSPP ERCOT345
	$/MWh
	Real-Time Settlement Point Price at ERCOT 345(The Real-Time Settlement Point Price at ERCOT 345 Hub for the 15-minute Settlement Interval.

	RTSPP North345
	$/MWh
	Real-Time Settlement Point Price at North 345(The Real-Time Settlement Point Price at the North 345 Hub for the 15-minute Settlement Interval.

	RTSPP South345
	$/MWh
	Real-Time Settlement Point Price at South 345(The Real-Time Settlement Point Price at the South 345 Hub for the 15-minute Settlement Interval.

	RTSPP Houston345
	$/MWh
	Real-Time Settlement Point Price at Houston 345(The Real-Time Settlement Point Price at the Houston 345 Hub for the 15-minute Settlement Interval.

	RTSPP West345
	$/MWh
	Real-Time Settlement Point Price at West 345(The Real-Time Settlement Point Price at the West 345 Hub for the 15-minute Settlement Interval.


3.5.2.7
ERCOT Bus Average 345 kV Hub (ERCOT 345 Bus)

(1)
The ERCOT Bus Average 345 kV Hub is composed of the Hub Buses listed in Section 3.5.2.1, North 345 kV Hub (North 345); Section 3.5.2.2, South 345 kV Hub (South 345); Section 3.5.2.3, Houston 345 kV Hub (Houston 345); and Section 3.5.2.4,West 345 kV Hub (West 345).  The Panhandle 345 kV Hub is not included in the ERCOT Bus Average 345 kV Hub price.
(2)
The ERCOT Bus Average 345 kV Hub is the simple average of the Hub Bus prices for each hour of the Settlement Interval of the DAM in the Day-Ahead and is the simple average of the time weighted Hub Bus prices for each 15-minute Settlement Interval in Real-Time, for each Hub Bus included in this Hub.

(3)
The Day-Ahead Settlement Point Price of the Hub for a given Operating Hour is calculated as follows: 

DASPP ERCOT345Bus
=
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(HUBDF hb, ERCOT345Bus * DAHBP hb, ERCOT345Bus), if HB ERCOT345Bus ≠0

DASPP ERCOT345Bus
=
0, if HB ERCOT345Bus =0

Where:

DAHBP hb, ERCOT345Bus
=
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S

(HBDF b, hb, ERCOT345Bus * DALMP b, hb, ERCOT345Bus)
HUBDF hb, ERCOT345Bus
=
1 / (HB North345 + HB South345 + HB Houston345 + HB West345)

If Electrical Bus b is a component of “North 345”



HBDF b, hb, ERCOT345Bus
=
IF(B hb, North345=0, 0, 1 / B hb, North345)

Otherwise



If Electrical Bus b is a component of “South 345”




HBDF b, hb, ERCOT345Bus
=
IF(B hb, South345=0, 0, 1 / B hb, South345)

Otherwise




If Electrical Bus b is a component of “Houston 345”

HBDF b, hb, ERCOT345Bus     =
IF(B hb, Houston345=0, 0, 1 / B hb, Houston345)

Otherwise





HBDF b, hb, ERCOT345Bus
=
IF(B hb, West345=0, 0, 1 / B hb, West345)

The above variables are defined as follows:

	Variable
	Unit
	Definition

	DASPP ERCOT345Bus
	$/MWh
	Day-Ahead Settlement Point Price(The DAM Settlement Point Price at the Hub, for the hour.

	DAHBP hb, ERCOT345Bus
	$/MWh
	Day-Ahead Hub Bus Price at Hub Bus(The DAM energy price at Hub Bus hb for the hour.

	DALMP b, hb, ERCOT345Bus
	$/MWh
	Day-Ahead Locational Marginal Price at Electrical Bus of Hub Bus(The DAM LMP at Electrical Bus b that is a component of Hub Bus hb for the hour.

	HUBDF hb, ERCOT345Bus
	none
	Hub Distribution Factor per Hub Bus(The distribution factor of Hub Bus hb.  

	HBDF b, hb, ERCOT345Bus
	none
	Hub Bus Distribution Factor per Electrical Bus of Hub Bus(The distribution factor of Electrical Bus b that is a component of Hub Bus hb.  

	b
	none
	An energized Electrical Bus that is a component of a Hub Bus.

	B hb, North345
	none
	The total number of energized Electrical Buses in Hub Bus hb that is a component of “North 345.”

	B hb, South345
	none
	The total number of energized Electrical Buses in Hub Bus hb that is a component of “South 345.”

	B hb, Houston345
	none
	The total number of energized Electrical Buses in Hub Bus hb that is a component of “Houston 345.”

	B hb, West345
	none
	The total number of energized Electrical Buses in Hub Bus hb that is a component of “West 345.”

	hb
	none
	A Hub Bus that is a component of the Hub.

	HB North345
	none
	The total number of Hub Buses in “North 345.”

	HB South345
	none
	The total number of Hub Buses in “South 345.”

	HB Houston345
	none
	The total number of Hub Buses in “Houston 345.”

	HB West345
	none
	The total number of Hub Buses in “West 345.”


(4)
The Real-Time Settlement Point Price of the Hub for a given 15-minute Settlement Interval is calculated as follows:

RTSPP ERCOT345Bus
=
Max [-$251, (RTRSVPOR + RTRDP + 
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(HUBDF hb, ERCOT345Bus * ([image: image13.wmf]y

S

(RTHBP hb, ERCOT345Bus, y * TLMP y) / ([image: image14.wmf]y

S

TLMP y))))], if HB ERCOT345Bus ≠0

RTSPP ERCOT345Bus
=
0, if HB ERCOT345Bus =0

Where:

RTRSVPOR 
=
[image: image15.wmf]y

S

(RNWF  y * RTORPA y)

RTRDP                      
 =           [image: image16.wmf]y

S

(RNWFy  * RTORDPAy)

RNWF y

=
TLMP y / [image: image17.wmf]y

S

TLMP y
RTHBP hb, ERCOT345Bus, y
=
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(HBDF b, hb, ERCOT345Bus * RTLMP b, hb, ERCOT345Bus, y)

HUBDF hb, ERCOT345Bus
=
1 / (HB North345 + HB South345 + HB Houston345 + HB West345)

If Electrical Bus b is a component of “North 345”



HBDF b, hb, ERCOT345Bus
=
IF(B hb, North345=0, 0, 1 / B hb, North345)

Otherwise



If Electrical Bus b is a component of “South 345”




HBDF b, hb, ERCOT345Bus
=
IF(B hb, South345=0, 0, 1 / B hb, South345)

Otherwise




If Electrical Bus b is a component of “Houston 345”

HBDF b, hb, ERCOT345Bus      =
IF(B hb, Houston345=0, 0, 1 / B hb, Houston345)

Otherwise





HBDF b, hb, ERCOT345Bus
=
IF(B hb, West345=0, 0, 1 / B hb, West345)

The above variables are defined as follows:

	Variable
	Unit
	Description

	RTSPP ERCOT345Bus
	$/MWh
	Real-Time Settlement Point Price(The Real-Time Settlement Point Price at the Hub, for the 15-minute Settlement Interval.

	RTRSVPOR
	$/MWh
	Real-Time Reserve Price for On-Line Reserves(The Real-Time Reserve Price for On-Line Reserves for the 15-minute Settlement Interval.

	RTORPA y
	$/MWh
	Real-Time On-Line Reserve Price Adder per interval(The Real-Time On-Line Reserve Price Adder for the SCED interval y.

	RTRDP
	$/MWh
	Real-Time On-Line Reliability Deployment Price(The Real-Time price for the 15-minute Settlement Interval, reflecting the impact of reliability deployments on energy prices that are calculated from the Real-Time On-Line Reliability Deployment Price Adder.  

	RTORDPA y
	$/MWh
	Real-Time On-Line Reliability Deployment Price Adder(The Real-Time price adder that captures the impact of reliability deployments on energy prices for the SCED interval y. 

	RNWF y
	none
	Resource Node Weighting Factor per interval(The weight used in the Resource Node Settlement Point Price calculation for the portion of the SCED interval y within the Settlement Interval.

	RTHBP hb, ERCOT345Bus, y
	$/MWh
	Real-Time Hub Bus Price at Hub Bus per SCED interval(The Real-Time energy price at Hub Bus hb for the SCED interval y.

	RTLMP b, hb, ERCOT345Bus, y
	$/MWh
	Real-Time Locational Marginal Price at Electrical Bus of Hub Bus per interval(The Real-Time LMP at Electrical Bus b that is a component of Hub Bus hb, for the SCED interval y.

	TLMP y
	second
	Duration of SCED interval per interval(The duration of the portion of the SCED interval y within the 15-minute Settlement Interval.

	HUBDF hb, ERCOT345Bus
	none
	Hub Distribution Factor per Hub Bus(The distribution factor of Hub Bus hb.  

	HBDF b, hb, ERCOT345Bus
	none
	Hub Bus Distribution Factor per Electrical Bus of Hub Bus(The distribution factor of Electrical Bus b that is a component of Hub Bus hb.  

	y
	none
	A SCED interval in the 15-minute Settlement Interval.  The summation is over the total number of SCED runs that cover the 15-minute Settlement Interval.

	b
	none
	An energized Electrical Bus that is a component of a Hub Bus.

	B hb, North345
	none
	The total number of energized Electrical Buses in Hub Bus hb that is a component of “North 345.”

	B hb, South345
	none
	The total number of energized Electrical Buses in Hub Bus hb that is a component of “South 345.”

	B hb, Houston345
	none
	The total number of energized Electrical Buses in Hub Bus hb that is a component of “Houston 345.”

	B hb, West345
	none
	The total number of energized Electrical Buses in Hub Bus hb that is a component of “West 345.”

	hb
	none
	A Hub Bus that is a component of the Hub.

	HB North345
	none
	The total number of Hub Buses in “North 345.”

	HB South345
	none
	The total number of Hub Buses in “South 345.”

	HB Houston345
	none
	The total number of Hub Buses in “Houston 345.”

	HB West345
	none
	The total number of Hub Buses in “West 345.”
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