Maximum Shadow Price

In ERCOT system the constraints will be passed to SCED only after two sets of filtering by DRAP (Dynamic Remedial Action plan) software and ERCOT Operator. The DRAP will pass the constraint to TCM (Transmission Constraint Manager) only if the overload still exists even after implementing SPS, RAPs and generation re-dispatch for 15 minutes time frame. Even if the constraints are pushed to TCM, ERCOT operator could decide not to push the constraint to SCED if the constraint can be neglected. i.e. Only constraints that need to be solved are considered in SCED.
If SCED didn’t resolve a constraint and it is identified as cascading by EMS then ERCOT Operator will review the suggestion plan and change the HDL or LDL of Resources which can help relieve the constraint but are limited due to AS capacity being reserved in that Resource.
Penalty Costs are used to get generation re-dispatch that is economically justifiable to solve transmission constraints. 
For constraint that will result in Voltage Collapse and for Base Case violation we need to resolve the constraint by moving all available Resources. i.e. for moving Resource with Shift Factor of 0.03 even at offer cap the Shadow Price should be 100000 which is 3000/0.03. Similarly 600000 for a Shift Factor cut off of 0.05.
A range for the Shadow Price for Non-Cascading Post Contingency Overloads could be obtained from the Energy Offer Curve Cap, the typical maximum values for Heat Rate, average value for FIP and shift factor cut off.

The system wide Energy Offer Curve Cap is $3000/MW. i.e. the value of lost load (VOLL) is $3000/MW since if the production cost is higher than $3000/MW then energy will not be offered into the market and hence load will not be served. 
If we use the typical maximum heat rate that we have in ERCOT and the average Fuel Index Price, we get that the typical maximum Energy Offer Curve is about 112 which is 16*7.  So if we are willing to move a Resource with 0.03 Shift Factor when the Energy Offer Curve is lower than or equal to $111/MW then the maximum Shadow Price will be 3700. [Note: The value could be calculated every season based on the average FIP]
We could prioritize the transmission elements based on the production cost saving, possibility of voltage collapse and amount of lost load if we loose that element. A simpler way would be to assign default maximum Shadow Price to elements based on voltage level and assign higher or lower priorities based on Operational experience. 

Based on the above arguments we could define the Maximum Shadow Price for Non-Cascading Post Contingency Overloads as
· 69kV        – 2800 which is 112/0.04

· 138 kV     – 3750 which is 112/0.03

· 345 kV     – 5600 which is 112/0.02

· CSC/CRE – 7500 which is 112/0.015
· Base Case – 100000 which is 3000/0.03 or 60000 which is 3000/0.05
· Voltage Collapse – 100000 which is 3000/0.03

If classification based on Voltage level is too simple and the classification based on production cost saving, possibility of voltage collapse, amount of lost load if we loose that element etc is too complicated then they can be classified based on different factors like
· Factors related to Contingency

· Probability of occurrence of the contingency

· Single Circuit or double circuit contingency

· Voltage Level 

· Type of element

· Length of line 

· Age of the equipment

· Criticality of occurrence of the contingency

· Voltage Collapse

· Severity of N-2 overloads

· Factors related to overloaded element

· Voltage Level of overloaded element

· Length of line of overloaded element

· Percentage overload with respect to 15 minute rating
· Probability of overloaded element loss

· Criticality of overloaded element loss 

· Voltage Collapse

· Severity of N-2 overloads

· Other Factors

· Competitive or Non-Competitive Constraint

· Ambient Temperature & weather
· Energy Offer Cap

· Highest Energy Offer
All the factors may not be used if the Market Participants don’t want the value to be changed very often.

If the Penalty costs need to be fixed for a month then the peak load network model with outages used for CRR auction can be used to determine the Criticality of occurrence of the contingency or loss of the overloaded element

If the value can be changed then the factors will be based on the Real Time model. There are methods based on the power flow data to determine the high priority branches or the branches which are critical to the security of the network.
The actual range of values could be determined by the price range / typical minimum Shift Factor. The typical range is 10000 – 3000. Since we are assigning different penalty for each constraint I think we could go even lower.
Section 6.5.7.1.11(2) says that ERCOT will define Max. Shadow Price per contingency. But a single contingency can result in overloading of important and non-important elements and it might not be appropriate to use the same Shadow Price for all of them. To have different values based on contingency and overloaded element a value needs to be entered for each transmission element instead of just at the contingency level. 

