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1 - Problem Statement
This SIG paper describes the implementation of Flowgate modeling and application processing for NMMS, CRR, EMS and MMS projects.
The ERCOT Nodal Market allows allocation and trading of the following types of CRR products:

· PTP Obligations

· PTP Options and

· Flowgate Rights (FGRs).

This SIG Paper considers allocation, trading and settlements of FGRs within CRR and DAM systems.  The focus is on McCamey Area where FGRs are allocated to Wind Generation Resources (WGRs) that could be traded in annual and monthly CRR Auctions. These FGRs are settled at DAM clearing prices.

The solutions for these issues are designed in the following sections of this Paper. The background information and mathematical formulations are provided in the Appendix.

2 - Solution Design
This section describes the ERCOT implementation of Flowgate modeling and application processing. The appendix provides a generalized framework of Flowgate modeling and can be used as a reference to get a deeper insight.
2.1 Flowgate Definition
a) A Flowgate comprises of a single predefined directional network element.

b) Principle element of a Flowgate is its single network element.

c) The network element could be:

Single branch (transmission line or transformer) or
Transmission generic constraint. 
d) The Flowgate Limit is defined as the maximum allowable MW flow in the predefined direction of the network element.
e) A network element can be part of only one Flowgate 

f) Impact Normalization Factor (INF) for a network element in the Flowgate is defined as the ratio of constraint limit of network element to the normal rating of the principle element (for Nodal projects it is the same as the single network element in the Flowgate).

g) Two Impact Normalization Factors are defined for the single network element in the Flowgate: Base Case and Contingency Case. In both these instances the value is set to 1.0. The INFs for network element constraints determine internal structure of flowgate bundle and they are essential part of flowgate definition. The INFs should be determined before the first CRR Auction. Any change of INFs represents the re-definition of flowgate. 

h) Flowgate Right (FGR) for a given flowgate represents positive power flow on principal element in base case (for Nodal projects it is the same as the single network element in the Flowgate), i.e. power flow on the principal element in base case is equal to flowgate FGR (INF=1.0):
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Where:
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is power flow on principal element p of flowgate f in base case b
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is FGR for flowgate f.


Power flows on principal element for contingency cases are:
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Where:
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is power flow on principal element p of flowgate f in contingency case c
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is INF (note value of INF=1) for principal element p of flowgate f in the contingency case c
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is FGR for flowgate f.
 2.2 FGR Allocation (CRR & MMS Projects)
According to the Nodal Protocol only 90% of the flowgate limit can be allocated to WGRs within McCamey Area. The flowgate limit is equal to normal rating of its principal element (for Nodal projects it is the same as the single network element in the Flowgate) adjusted for flowgate capacity that is already acquired in previous allocations, auctions and bilateral trades.
The FGR allocation assumes maximal power outputs of WGRs in serving system wide load.  The capacity impact of WGRs on loading flowgates is based on WGR Shift Factor relative to ERCOT Load Zone (ELZ) Shift Factor, i.e.: 
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Where:
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is loading of network element in base case
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is WGR Shift Factor in normal case
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is ERCOT Load Zone Shift Factor in normal case
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is WGR maximal power output.

The available flowgate capacity should be allocated to each WGR within McCamey Area (MCA) in capacity weighted proportion of capacity impacts:
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This FGR allocation is specified in Nodal Protocol. The FGR allocation should be performed before any CRR Auction and before SFT function execution in CRR and DAM. 

2.3 FGR Optimization (CRR Project)
The FGRs are optimized only in annual and monthly CRR Auctions based on FGR offers and bids submitted by FGR sellers and buyers. The FGRs can be sold to and bought from the ERCOT system as well. In secondary CRR markets only changes of FGR ownership is performed on bilateral basis without system wide optimization. 

There is no FGR optimization in DAM, i.e. there is no submitted FGR offers and bids to be optimized in DAM clearing process. Only acquired FGRs in CRR Auctions and secondary markets are settled at DAM clearing prices.
The FGR optimization in CRR Auctions minimizes congestion costs based on FGR and PTP offers and bids in respect to normal and contingency constraints of network elements. The constraint limits represent network element ratings in base and contingency cases.
Normal and contingency limits for each network element are enforced according to definition of flowgates. The participation of FGR offers and bids to loading of network elements is determined by INFs for network element constraints. These loadings are considered for each network element individually as addition to loadings caused by PTP transactions. The normal and contingency ratings are enforced as limits on total loading of each network element caused by PTP and FGR offers and bids.

The mathematical formulation of optimization model for CRR Auctions is provided in the Appendix 6.4.

2.4 Simultaneous Feasibility Test (CRR & MMS Projects)
The Simultaneous Feasibility Test (SFT) checks simultaneous feasibility of acquired CRRs in respect to network element constraints. The test consists of calculation of loading of network elements caused by acquired CRRs (PTP Obligations, PTP Options and FGRs). The specifics of SFT in respect to FGRs consist of INF based loading of flowgate network elements. This means the total CRR loading of a network element that is included into flowgate should be calculated as follows:
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Where:
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is base case and post-contingency power flow on network element contributed by PTP obligation
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is base case and post-contingency power flow on network element contributed by PTP option
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is Impact Normalization Factor for network element constraint in base and contingency case.

The SFT function in both CRR and DAM uses the INFs that are used in CRR Auctions to calculate loading on network elements. But, feasibility of network element loadings is checked with respect to network element limits specified in CRR and DAM network models.
To check loading feasibility in CRR the SFT function considers the ratings for network elements used for annual and monthly planning purposes. The same network element ratings are used in optimization model for CRR Auctions.

To check loading feasibility in DAM the SFT function considers the Flowgate Limits from EMS ( based on dynamic ratings for a single branch network element or Generic Transmission Limit for generic constraint network element) that are used in DAM optimization model. 
Feasibility of transmission generic constraints in CRR is checked with respect to Generic Transmission Limit.
2.5 FGR Settlements

The FGRs acquired in annual and monthly CRR Auctions are settled on CRR clearing prices for FGR offers and bids.

The acquired FGRs are cashed out at DAM clearing prices for FGRs. 

The FGR clearing prices should be calculated according to flowgate definition in CRR Auctions, DAM clearing and Real Time – SCED (RT) dispatch. In all cases, the FGR clearing prices represent INF weighted shadow costs of biding network element constraints, i.e.:

a) CRR Auction Clearing Prices
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Where:
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is CRR Auction clearing price for FGR of flowgate f
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is INF for base and contingency constraints of network element
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is CRR Auction shadow cost for base and contingency constraints of network element.
b) DAM Clearing Prices
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Where:
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is DAM clearing price for FGR of flowgate f
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is INF for base and contingency constraints of network element
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is DAM shadow cost for base and contingency constraints of network element.

c) Real Time SCED (RT) Dispatch Prices (used when DAM not executed successfully) 
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Where:
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is RT clearing price for FGR of flowgate f
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is INF for base and contingency constraints of network elements for dispatch interval (
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is RT shadow cost for base and contingency constraints of network element for dispatch interval (.
Note that the same INFs should be used in CRR, DAM and RTM clearing price calculations that are used in CRR Auctions.
The mathematical derivation of CRR and DAM clearing prices for FGRs is provided in the Appendix 6.6.
2.5 Solution Summary

The proposed solution design requires changes and enhancements across Nodal systems as it is summarized in the following table:

	Function Name
	Design Decisions

	NMMS
	· Flowgate Modeling
· Define flowgate as separate network object

· Include a single directional network element into flowgates. Network element can be single branch, or transmission generic constraint. Network element can be competitive or non-competitive constraint.
· Specify the principal element of flowgate as the single network element
· Define two INFs for the single network element: Base Case and Contingency Case and set both values to 1.0 

	CRR
	· Implement function to consume Flowgate model data (including INF) produced by NMMS project.

· FGR Allocation
· Determine available flowgate capacity as 90% of flowgate limits within McCamey Area adjusted for already awarded and allocated FGRs

· Allocate available flowgate capacities to WGRs using WGR capacity weighted capacity impacts

· FGR Optimization
· Optimize flowgates that comprise of single individual network elements (branch, or transmission generic constraint)

· CRR Auction Shadow Costs
· Calculate  CRR Auction shadow costs for binding constraints of network elements in base and contingency cases
· Calculate CRR Auction Settlement Prices for FGRs as INF weighted CRR shadow costs for binding constraints (this requires a NPRR for the Nodal Protocol)
· SFT Function
· Execute SFT function before any CRR Auction considering owned flowgate FGRs and network element INFs 

	OS
	· Submit outages for flowgate network elements
· CRR and DAM should consider outages for flowgate network elements properly

	COP
	N/A

	MMS
	· Implement function to consume Flowgate model data (including INF) produced by NMMS project via CIM XML.

	MMS-DAM
	· FGR Allocation
· Determine available flowgate capacity as 90% of flowgate limits within McCamey Area adjusted for already awarded and allocated FGRs

· Allocate available flowgate capacities to WGRs using WGR capacity weighted capacity impacts

· FGR Optimization
· There is no FGR offers and bids to be optimized in DAM

· DAM Shadow Costs

· Calculate  DAM shadow costs for binding constraints of network element in base and contingency cases
· Calculate DAM Settlement Prices for FGRs as INF weighted DAM shadow costs for binding constraints (INFs are the same as used by CRR Auctions)
· SFT Function
· Execute SFT function before execution of DAM clearing considering owned flowgate FGRs and network element INFs that are used by CRR Auctions

	MMS-SCED
	· RT Settlement Prices (When DAM not run successfully)
· Calculate  SCED shadow costs for flowgate network element binding constraints 

· Calculate  SCED prices for FGRs as INF weighted SCED shadow costs for binding constraints (INFs are the same as used by CRR Auctions)
· Calculate RT Settlement Prices for FGRs as time weighted SCED prices

	MMS-RUC
	· DRUC, HRUC and WRUC must enforce flowgate limits

	EMS
	· Implement function to consume Flowgate model data (including INF) produced by NMMS project via CIM XML

· Flowgate constraints
· Provide constraints for all flowgate network elements for base and contingency cases regardless of their loadings on an hourly basis for the next 168 hours.

	S&B
	· Implement function to consume Flowgate model data (including INF) produced by NMMS project. 
· Settlements for FGRs Awarded in CRR Auctions
· Settle FGRs acquired in CRR Auctions for flowgates using CRR Auction Settlement Prices for flowgate FGRs (this requires a NPRR for the Nodal Protocol)

· The CRR Auction Settlement Prices for flowgate FGRs are provided by CRR

· DAM Payments and Charges for FGRs awarded in CRR Auctions
· Calculate DAM payments and charges for FGRs acquired in CRR Auctions and bilateral trades for flowgates using DAM Settlement Prices for flowgate FGRs
· The DAM Settlement Prices for flowgate FGRs are provided by DAM
· Real Time SCED (RT) Payments and Charges for FGRs awarded in CRR Auctions – Used when DAM not run successfully
· Calculate RT payments and charges for FGRs acquired in CRR Auctions and bilateral trades for flowgates using RT Settlement Prices for FGRs

· The RT Settlement Prices for flowgate FGRs are provided by RT MMS



3 – Implementation Activities
	MS
	Milestone Description
	Assigned to
	Pred’r Task

	1
	NMMS implements modeling of Flowgates as specified in Solution Design and publishes the CIM Schema to all downstream applications
	L. Clarke
	N/A

	2
	NMMS inputs data for Flowgates, tests implementation and provides this data to downstream applications. 
	L. Clarke
	1

	3
	CRR implements function to consume Flowgate model data (including INF) produced by NMMS project. Refer to Solution Design
	B. Garza
	1,2

	4
	CRR implements functionality for FGR allocation/optimization/trading, SFT, Shadow Cost calculations  and interfaces to other ERCOT systems like S&B.
	B. Garza
	Somewhat dependant on 3

	5
	CRR tests implementation of Flowgates
	B. Garza
	4

	6
	MMS implements function to consume Flowgate model data (including INF) produced by NMMS project. Refer to Solution Design
	M. Nixon
	1,2

	7
	MMS implements functionality for FGR allocation, SFT, Shadow Cost calculations (DAM and RT) and interfaces to other ERCOT systems like S&B.
	M. Nixon
	Somewhat dependant on 6

	8
	MMS tests implementation of Flowgates
	M. Nixon
	7

	9
	EMS implements function to consume Flowgate model data (including INF) produced by NMMS project. Refer to Solution Design
	D. Hackett
	1,2

	10
	EMS implements function to provide Flowgate Limits for the next 168 hours.
	D. Hackett
	Somewhat dependant on 9

	11
	EMS tests implementation of flowgates
	D. Hackett
	10

	12
	S&B implements function to consume Flowgate model data (including INF) produced by NMMS project. Refer to Solution Design
	Raj Chudgar
	1,2

	13
	S&B implements FGR settlement formulas
	Raj Chudgar
	12

	14
	S&B tests implementation of Flowgates
	Raj Chudgar
	13


4 – Comments

Please note that all implementation details will be maintained in the integrated schedule.
5 – Appendix: Generalized Flowgate modeling and processing
The Nodal Protocol determines the framework for congestion management in McCamey Area. Within this framework the following aspects of FGR modeling and processing should be considered into details:

· Flowgate definition as a bundle of network elements

· Selection of network elements to be included into a flowgate

· FGR allocation in CRR and DAM

· FGR optimization in annual and monthly CRR Auctions

· Simultaneous Feasibility Test (SFT) to ensure FGR revenue adequacy

· FGR settlements in CRR and DAM.

6.1 Flowgate Definition

A flowgate represents a predefined directional network element or a predefined bundle of directional network elements. The network element could be:

· Single branch (transmission line or transformer)
· Branch group, or
· Transmission generic constraint. 
A network element can be part of only one flowgate to simplify mapping of network elements to flowgates.

One of network elements incorporated into flowgate must be selected to be the principal element. The principal element is used for definition of FGR for the flowgate. 

In general, any network element incorporated into flowgate bundle can be selected to be the principal element. The network element that is expected to be congested the most of the time, i.e. the network element that is congested the first when system load is increasing, should be selected to be principal element.

The FGR of flowgate represents positive power flow on principal element in base case, i.e. power flow on the principal element in base case is equal to flowgate FGR:
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Where:
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is power flow on principal element p of flowgate f in base case b
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is FGR for flowgate f.


Power flows on principal element for contingency cases are:
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Where:
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is power flow on principal element p of flowgate f in contingency case c
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is INF for principal element p of flowgate f in the contingency case c
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is FGR for flowgate f.
If flowgate incorporates other network elements in addition to the principal element then power flows on these network elements are expressed as flowgate FGR weighted by Impact Normalization Factor (INF), i.e.:
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Where:
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is power flow on network element e of flowgate f in case c (includes both base and contingency cases)
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is INF for network element e of flowgate f in the case c (includes both base and contingency cases)
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is FGR for flowgate f.

The INFs should be specified for each network element including the principal element for all constraints in base and contingency cases. For principal element the INF in base case is equal to one by definition. 

The INFs for network element constraints determine internal structure of flowgate bundle and they are essential part of flowgate definition. The INFs should be determined before the first CRR Auction. Any change of INFs represents the re-definition of flowgate.

The INFs could be calculated in many ways. Two options for INF calculation are specified in the Appendix 6.2: network element rating and capacity impact based INF calculation. The developed NPRR proposes the usage of rating based INFs, i.e. the INFs will be calculated as the ratio of network element constraint limits and normal rating for the principal element of flowgate. Therefore, each network element will have two INFs: one for base case constraint and another for contingency case constraints. Transmission generic constraints will have only one INF for generic constraint limit that is specified in generic constraint definition. Eventual contingency generic constraint limit will be treated as a separate generic constraint.

The flowgate definition represents specification of network elements incorporated into flowgate, selection of the principal element and determination of INFs for each network element constraint. The simplest way is to define separate flowgate for each network element. In this case flowgate consists of a single network element and that element represents the principal element for that flowgate. The flowgates for single branch line, branch group and generic constraint as single network elements are illustrated on the following figure:

· Single Branch Flowgate

[image: image101.jpg]
· Branch Group Flowgate


· Generic Constraint Flowgate


Note that within flowgate for branch group and generic constraint there is only one network element as well. This means that branch group and generic constraint are considered as a single network element without respect of individual transmission lines incorporated into branch group and generic constraint.

In general, the flowgate can represent a bundle of network elements. In this case single brunches, branch groups and transmission generic constraints should be treated equally. Any of these network elements can be selected to be the principal element. A general structure of flowgate bundle is illustrated on the following figure:


The flowgates should be defined to accommodate FGR hedging for some set of PTP transactions from McCamey Area to ERCOT Load Zone. The goal is to identify network elements that are congested in DAM (there is no FGR hedging in real-time) because only binding transmission constraints cause congestion costs. 

The loading of network elements in DAM depends on submitted generation offers and load bids as well as on submitted PTP offers and bids. The congested network elements can be identified from experience only. To start CRR and DAM processes for FGR hedging the initial set of potentially congested network elements should be selected by study analysis of expected conditions in DAM. The framework and principles for this study is provided in the Appendix 6.1.

The definition of general flowgate illustrated above is set as a numerical example in the following table:

	Network

Element
	Principal

Element
	Normal

Rating
	Normal

INF
	Conting.

Rating
	Conting.

INF

	Branch 1
	√
	100
	1.0
	110
	1.1

	Branch 2
	
	50
	0.5
	60
	0.6

	Branch

Group
	
	150
	1.5
	170
	1.7

	Generic 

Constraint
	
	200
	2.0
	200
	2.0


Note that INFs for network element constraints are calculated in respect to normal rating of the principal element. 

The FGR of this flowgate is determined by base power flow of principal element. If 50 MW of FGR is acquired it means that it is owned 50 MW of normal capacity of Branch 1 (principal element), and 55 MW (INF ( FGR = 1.1 ( 50 = 55) of contingency capacity of Branch 1, and 25 MW of normal capacity of Branch 2, and 30 MW of contingency capacity of Branch 2, and 75 MW of normal capacity of Branch Group, and 85 MW of contingency capacity of Branch Group, and 100 MW of normal Generic Constraint and 100 MW of contingency generic constraint. Actually, the 50 MW of FGR represents 50% of normal rating of principal element including 50% of capacity of all network elements for both normal and contingency constraints.

Currently the flowgates for McCamey Area are defined as single network elements with INFs equal to one for all constraints due to limitation of CRR software. There are five flowgates defined for five transmission lines and one flowgate defined for one generic constraint limiting the total generation of twelve WGRs. Each flowgate consists of a single network element and that element represents the principal element for that flowgate.
6.2 Flowgate Modeling

a) Network Representation

The electric power is generated at one network node (source point) and consumed at another network node (sink point). To serve load the generation is distributed over network elements according to physical laws. The participation of generation and load in loadings of network elements are determined by Shift Factors for base and contingency cases:
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Where:
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is power generation at source point g
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is power consumption at sink point l
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is Shift Factor of source point g for network element e for case c
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is Shift Factor of sink point l for network element e for case c
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is power flow on network element e for case c.
If DC network model is considered then impacts of additional generators and loads can be simply summed-up (superposition is applicable), i.e. the power flow on network element is determined as follows:
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The base case (hence the constraint index c is omitted) for this situation is shown on the following figure:


[image: image49]
This approach can be applied to McCamey Area directly. This generation area consists of ten WGRs that are used to serve system wide load. This means that PTP transactions from McCamey Area to ERCOT Load Zone should be considered only. 

b) Generation and Load Aggregation

Aggregation of both WGRs and ERCOT loads should be performed. Aggregated WGR Shift Factor for McCamey Area (MCA) can be calculated as capacity weighted average of Shift Factors of individual WGRs:
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With weights:
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It is expected that all WGRs have mutually similar capacity impact to network elements within McCamey Area. In this case, the aggregated generation is good representation of all WGRs and each individual WGR capacity impact is well represented by aggregated MCA capacity impact. 

Aggregated Shift Factor for ERCOT Load Zone (ELZ) can be calculated using system wide LDFs as weights:
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To serve system wide load, the WGRs participation in loading of network elements within McCamey Area can be expressed in terms of aggregate generation in McCamey Area and ERCOT Load Zone load as follows:
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The PTP transaction with source in McCamey Area and sink at ERCOT Load Zone:
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has participation in loading of network element:
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c) Capacity Impacts
According to above network representation and generation and load aggregation, the loading of network elements by WGR generation can be evaluated using the difference of aggregate Shift Factors for McCamey Area and ERCOT Load Zone:
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This difference represents aggregate capacity impact to network element constraints.

The aggregate capacity impacts provide information of interaction between total generation of WGRs and loading of each network element within McCamey Area. The aggregate capacity impacts indicate the intensity of this interaction, i.e. the network elements with higher aggregate capacity impacts should be considered first as potentially congested network elements. Only capacity impacts higher than a threshold (say higher than 0.05) should be considered. Counter flows, i.e. negative aggregate capacity impacts should not be considered.

The network elements will be the most congested if generators with significant capacity impact operate at maximal power output. The network element loadings can be estimated by system analysis under these maximal generation settings. Of course the other generation should be re-dispatched or system load adjusted to maintain system power balance.

More specifically, the maximal PTP transaction from McCamey Area to ERCOT Load Zone creates the following power flows of network elements:
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If these power flows represent high loading for network elements then it is likely that these network elements will be congested at least at some time. Highly loaded (overloaded) network elements should be selected to be bundled in flowgate. 

This system analysis should provide a set of network elements that will be potentially congested. It is expected that network elements electrically close to WGRs will be selected and bundled into single flowgate. These flowgate network elements can form any network configuration: both radial and with loops.
Congested elements that are not identified in this process can not be hedged (under hedging), while not congested elements that are identified will be hedged unnecessarily (over hedged). It is clear that the set of flowgates and their network elements should be permanently maintained based on operational experience.

The individual WGR capacity impacts can be calculated for each individual WGR as well:
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Analysis of individual WGR capacity impacts and their comparison to aggregated capacity impacts can indicate consistency of grouping of both WGRs and flowgate network elements. If these groupings are consistent then capacity impacts for all individual WGRs should be proportional to aggregate capacity impacts for all considered flowgate network elements, i.e.:
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Otherwise, these WGRs do not belong to the same generation area or these network elements can not be incorporated into the same flowgate. In these cases, the generation area should be reconfigured and/or flowgates redefined.

Note that these principles of flowgate analysis can be applied to all types of network elements: single branches, branch groups and transmission generic constraints.

6.3 INF Calculation

a) Rating Based INF Calculation

One practical way is to calculate INF for a network element as the ratio of normal and contingency ratings of the network element and normal rating of the principal element, i.e.:
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Where:
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is normal rating of principal element p
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Note that there are different INFs for normal and contingency ratings for each network element.
The same approach can be used for the principal element itself:
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Where:
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The rating based INF calculation assumes the proportional loading of network elements. This assumption is simplification of real operational conditions in the sense that actual power flows of network elements can have all variety of arrangements. This means, so formulated flowgate and traded FGRs will have both type of deviations: under hedging and over hedging. 

b) Capacity Impact Based INF Calculation

Another way is to calculate INF for a network element considering capacity impacts of aggregated WGR generation serving ERCOT system load to individual network elements. 

The PTP transaction with source in McCamey Area and sink at ERCOT Load Zone has participation in loading of individual network element:
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The power flow of network element can be expressed in terms of flowgate FGR using INF as well:
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The flowgate FGR is equal to power flow of principal element in base case by definition:
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The power flow of network element is becoming:
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Of course, these two ways of calculating power flow of network element should provide the same result:
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Therefore:
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Based on capacity impact analysis, the network element will be overloaded first with minimal ratio (note the base case is considered):
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This network element can be selected as the principal element.

The capacity impact based INF calculation follows physical lows of network operation assuming proportional dispatch of WGRs. This assumption is more realistic but it still can deviate in both ways: under hedging and over hedging.

6.4 FGR Allocation

FGR owners have rights to collect congestion charges for owned capacities of network elements. Owned FGRs can be traded in annual and monthly CRR Auctions based on FGR offers to sell and FGR bids to buy. The FGRs can be bought from and sold to the system as well based on FGR offers and bids submitted by FGR owners.

The FGR allocation assumes maximal power outputs of WGRs. In this case each WGR will load flowgate according to capacity impact in base case:
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Where CIF is WGR capacity impact:
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 is flowgate capacity available for allocation then this flowgate capacity should be allocated to each WGR in weighted proportion of capacity impacts:
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The FGR allocations are performed before any CRR Auction and before SFT function execution in CRR and DAM allocating only remaining portion of flowgate capacity that is not acquired in previous auctions and bilateral trades.

The FGR allocation assigns to WGRs the ownership of flowgate capacities in McCamey Area. Owned FGRs can be traded trough annual and monthly CRR Auctions and secondary bilateral markets.
6.5 FGR Optimization Model
The FGR optimization in CRR Auction minimizes congestion costs based on FGR and PTP offers and bids in respect to normal and contingency constraints of network elements. The constraint limits represent physical ratings in base and contingency cases.

The optimization objective is minimization of overall benefits of CRR sales and purchases based on CRR offers and bids:
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The terms are self-explainable: the objective is the difference of sums of costs for PTP and FGR offers and bids. All quantities of PTP and FGR offers and bids are non-negative.

This objective is minimized in respect to network element normal and contingency constraints. The participation of PTP offers and bids to loading of network elements is determined by Shift Factors in standard way. On the other side, according to definition of flowgates as bundle of network elements, the participation of FGR offers and bids to loading of network elements is determined by Impact Normalization Factors (INFs). 

The loading of flowgate principal element in base case represents the difference of flowgate FGR offers and bids because INF for principal element is equal to one. For other network elements the loading is equal to INF weighted the difference of FGR offers and bids.

These statements can be expressed in mathematical terms as follows:
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From flowgate FGR prospective, any sold FGR represents addition to flowgate capacity available for PTP transactions, and any bought FGR represents reduction of flowgate capacity available for PTP transactions. These additions/reductions of flowgate capacity are allocated to flowgate network element constraints according to their INFs.
Note that separate network element constraints are defined for base and contingency cases.

6.6 Revenue Adequacy
The sufficient condition to maintain revenue adequacy of CRR markets is simultaneous feasibility of acquired CRRs including FGRs in respect to network element constraints. The Simultaneous Feasibility Test (SFT) ensures that enough congestion charges will be collected in DAM based on DAM LMPs to cash out acquired CRRs. This SFT condition is sufficient for revenue adequacy of FGRs as well.

The SFT function checks simultaneous feasibility of acquired CRRs. The test consists of calculation of loadings of network elements caused by acquired CRRs (PTP Obligations, PTP Options and FGRs). The specifics of SFT in respect to FGRs consist of INF based loadings of flowgate network elements:
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This means the total CRR loading of a network element that is included into flowgate should be calculated as follows:
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Where:
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is base case and post-contingency power flow on network element contributed by PTP obligation
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is base case and post-contingency power flow on network element contributed by PTP option
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is Impact Normalization Factor for network element constraint in base and contingency case.

The acquired CRRs are feasible if the total CRR loadings of network elements are lower than constraint limits of network elements. 

6.7 FGR Clearing Prices
a) CRR Auction Prices

The shadow costs are calculated for each formulated network element constraint as optimization byproduct. These shadow costs should be applied to FGR loading of network elements that is determined by INFs for each network element constraints. This means that CRR Auction clearing price for flowgate FGR offers and bids is determined as INF weighted sum of CRR Auction shadow costs for binding network element constraints:
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Where:



[image: image88.wmf]f

FGR

CRRPR


is CRR Auction clearing price for FGR of flowgate f
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are CRR Auction shadow costs for base and contingency constraints of network elements.
Note that CRR Auction clearing price for PTP offers and bids is determined in standard way by Shadow Costs of network elements constraints and correspondent Shift Factors:
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These CRR Auction clearing prices should be used for CRR Auction settlements for PTP and FGR offers and bids.

b) DAM Prices for Acquired FGRs

DAM payments and charges for acquired FGRs are determined by DAM shadow costs for network element constraints considered in DAM optimization.  Even FGRs are not optimized in DAM, the DAM shadow costs will be calculated for binding network element constraints.

The DAM shadow costs should be applied to FGRs acquired in CRR markets. For acquired FGR the owned capacities of network element constraints are determined by flowgate INFs. This means that DAM clearing price for acquired FGRs is determined as INF weighted sum of DAM shadow costs for network element constraints:
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Where:
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is DAM clearing price for FGR of flowgate f
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is DAM shadow cost for base and contingency constraints of network element.
The DAM clearing price for PTP offers and bids is determined as the difference of sink and source DAM LMPs:
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The DAM clearing prices for PTPs are used for DAM settlements for PTP offers and bids and for DAM payments and charges for PTP obligations and options acquired in CRR markets.

b) RT Prices for Acquired FGRs (Used when DAM not executed successfully)
If DAM is not executed then payments and charges for acquired FGRs are determined by RT shadow costs for network element constraints considered by SCED optimization.

The RT shadow costs should be applied to FGRs acquired in CRR markets. For acquired FGR the owned capacities of network element constraints are determined by flowgate INFs. This means that SCED clearing price for acquired FGRs is determined as INF weighted sum of RT shadow costs for network element constraints. The RT Settlement Price for FGR is calculated as time weighted average of SCED shadow costs:
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Where:




[image: image98.wmf]f

FGR

RTPR


is RT clearing price for FGR of flowgate f

[image: image99.wmf]f

c

e

INF

t

,

,


is INF for base and contingency constraints of network elements for dispatch interval (
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is RT shadow cost for base and contingency constraints of network element for dispatch interval (.
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