Proposal for Initial Nodal Constraint Shadow Price Cap and Power Balance Penalty Factor Values
This document presents proposed values for the initial nodal constraint shadow price caps and power balance penalty factors for discussion at the August 27, 2008 ERCOT CMWG meeting.  It is anticipated that the initial values that are adopted will be used in the Nodal EDS testing environment, which will allow for evaluation of the results and the potential for general (i.e., for a voltage class) or specific (i.e., for a specific constraint) modifications based on experience.  The initial proposed values are as follows:

Constraints:

· Base Case/Voltage:  $5,000/MW

· N-1

· 345 kV:  $4,500/MW

· 138 kV:  $3,500/MW

· 69 kV:  $2,800/MW

Power Balance:

· $3,001/MWh
· ERCOT has indicated that the ability to specify the power balance penalty factor as a curve is being developed, which will require additional discussion and is not addressed in this document.

The objective in establishing the levels of these penalty factor values is to provide an appropriate balance between ensuring reliable system operations, preventing inefficient redispatch, ensuring efficient pricing outcomes during locational or system-wide scarcity conditions, and observing the applicable system-wide offer cap levels.  

Figure 1 is a contour map that shows the relationship between the level of the constraint shadow price cap, the offer price difference of the marginal units deployed to resolve a constraint, and the shift factor difference of the marginal units deployed to resolve a constraint.
  Figure 2 is a projection of Figure 1 onto the x-axis (i.e., looking at it from the top).  These two figures focus on constraint shadow price cap levels, and do not consider the interaction with the power balance constraint penalty factor, which is further discussed in association with Figure 4.

Figure 1
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Figure 2
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Figures 1 and 2 show that:
· For a constraint shadow price cap of $5,000/MW

· Marginal units with an offer price difference of $50/MWh will be deployed to resolve a constraint when the shift factor difference of the marginal units as low as 1%.  
· Marginal units with an offer price difference of $150/MWh will be deployed to resolve a constraint when the shift factor difference of the marginal units is as low as 3%.
· For a constraint shadow price cap of $4,500/MW

· Marginal units with an offer price difference of $45/MWh will be deployed to resolve a constraint when the shift factor difference of the marginal units is as low as 1%.

· Marginal units with an offer price difference of $150/MWh will be deployed to resolve a constraint when the shift factor difference of the marginal units is as low as 3.4%.

· For a constraint shadow price cap of $3,500/MW

· Marginal units with an offer price difference of $35/MWh will be deployed to resolve a constraint when the shift factor difference of the marginal units is as low as 1%.

· Marginal units with an offer price difference of $150/MWh will be deployed to resolve a constraint when the shift factor difference of the marginal units is as low as 4.3%.

· For a constraint shadow price cap of $2,800/MW

· Marginal units with an offer price difference of $28/MWh will be deployed to resolve a constraint when the shift factor difference of the marginal units is as low as 1%.

· Marginal units with an offer price difference of $150/MWh will be deployed to resolve a constraint when the shift factor difference of the marginal units is as low as 5.35%.

Figure 3 shows the maximum offer price difference of the marginal units that will be deployed to resolve congestion with each of the proposed shadow price cap values as a function of the shift factor difference of the marginal units.

Figure 3
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For example, with a shift factor difference of the marginal units of just 2%, the maximum offer price difference of the marginal units that will be deployed to resolve the constraint is $56, $70, $90 and $100/MWh for constraint shadow price cap values of $2,800, $3,500, $4,500 and $5,000/MW, respectively.  Similarly, for with a shift factor difference of the marginal units of 60%, the maximum offer price difference of the marginal units that will be deployed to resolve the constraint is $1,680, $2,100, $2,700 and $3,000/MWh for constraint shadow price cap values of $2,800, $3,500, $4,500 and $5,000/MW, respectively.
Question:  Will these constraint shadow price cap values preclude the deployment of a $3,000/MWh offer (which is within the bounds of allowable offers under PUCT rules)?

Answer:  Yes, in some circumstances.  However, it is not possible in the nodal design to establish constraint shadow price caps at a level that will always accept a $3,000/MWh offer and still produce pricing outcomes that remain within reasonable bounds of the $3,000 offer cap.  For example, taking the case above where the shift factor difference of the marginal units is just 2%, a constraint shadow price cap of $150,000/MW would be required to deploy $3,000/MWh offers to resolve the congestion (assuming an offer price of zero for the marginal constrained-down unit).  In this case, for nodes with a higher shift factor relative to the constraint (regardless of whether the nodes are generation or load nodes), the resulting LMP would be significantly higher than the $3,000/MWh system-wide offer cap if the constraint was unresolvable.  For example, a node with a shift factor of -50% would have an LMP with a congestion component of $75,000/MWh from just this one constraint, and even higher if multiple constraints are binding.  In contrast, with a $5,000/MW shadow price cap, the congestion component of the LMP of the node with a shift factor of -50% would be $2,500/MW for just this one constraint.
Figure 4 ties together the effect of the proposed constraint shadow price caps and the proposed power balance penalty factor.  This figure is shown only for the case of a constraint shadow price cap of $4,500/MW.  The purpose of this figure is to demonstrate the circumstances in which the power balance constraint will be violated prior to violating a transmission constraint.  In other words, when a unit is constrained-down to manage transmission congestion and the only options available to meet power balance are to either (1) violate the power balance penalty, or (2) violate the constraint, under what circumstances will (1) occur vs. (2)?
Figure 4
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Figure 4 shows the following:

· The constraint will be violated prior to violating power balance for offer prices of the constrained-down unit up to $300/MWh in all cases where the shift factor of the constrained-down unit relative to the constraint is less than or equal to 60%.
· Power balance will be violated prior to violating the constraint for offer prices of the constrained-down unit greater than $30/MWh in all cases where the shift factor of the constrained-down unit relative to the constraint is 66% or greater.

Question:  Is it possible for the LMP at an individual node, hub or load zone to exceed the system-wide offer cap?

Answer:  Yes, in some circumstances.  This is most likely to occur when there are one or more unresolvable constraints on the system and when overall dispatchable supply on the system is tight.  Relatively speaking, it is more likely that individual node prices will exceed the system-wide offer cap than hubs or load zones, but it is possible that hub or load zone prices could exceed the system-wide offer cap.  It is not possible in the nodal system to assign constraint shadow price caps and power balance penalty factor values that achieve the desired reliability and efficiency objectives and also ensure that all LMPs remain within the bounds of the system-wide offer caps under all circumstances.
� A distributed load reference bus is assumed in this document, and all shift factor values refer to the flow on a constraint (either pre- or post-contingency) assuming an injection at the location in question and a withdrawal at the reference bus.
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