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Market Operations Bulletin #13 – December 5, 2003

Shadow Price Calculations for 5 Zone, 5 CSC model for 2004

Background
The purpose of this Market Bulletin is to summarize the Shadow Price calculations for 2004 for the 5 Zone, 5 CSC model. 

Currently, ERCOT clears the Balancing Energy Market using a Linear Programming method.  Following is the simplified model for this process. The software system that is used is much more complicated than the model presented below. The detail information is described in ESCA design document “ERCOT MOS Analytical Function Software Specification Document (SSD)”. 

To minimize system cost and maximize system welfare, the following objective function is used to calculate Market Clearing price and Balancing Energy bid deployment.
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Solve this LP, we can obtain shadow prices for all CSC Congestion constraints and shadow price for Power Balance automatically.  Then zonal MCPE can be calculated with the following equation:
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Re-write Equation (2) using matrix, we get Equation (3).
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	(3)


If congestion does not occur on CSC WN, the Shadow Price of CSC WN is zero and the Shadow Prices of the other CSC can be verified by using Equation (4).
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	(4)


If congestion does not occur on CSC SN, the Shadow Price of CSC SN is zero and the Shadow Prices of the other CSC can be verified by using Equation (5).
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	(5)


If congestion does not occur on CSC SH, the Shadow Price of CSC SH is zero and the Shadow Prices of the other CSC can be verified by using Equation (6).
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If congestion does not occur on CSC NH, the Shadow Price of CSC NH is zero and the Shadow Prices of the other CSC can be verified by using Equation (7).
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If congestion does not occur on CSC EN, the Shadow Price of CSC EN is zero and the Shadow Prices of the other CSC can be verified by using Equation (8).
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where:

IP:
A set of QSEs

JZ:
A set of zones

KC:
A set of CSC congestions

NP:
Total number of QSEs

NZ:
Total number of zones

NC:
Total number of CSCs

BEUBPij:
Balancing Energy Up Bid price curve for QSE i in zone j
BEDBPij:
Balancing Energy Down Bid price curve for QSE i in zone j
INSUij:
Deployed amount of Balancing Energy Up Bid from QSE i in zone j
INSDj:
Deployed amount of Balancing Energy Down Bid from QSE i in zone j
Pij:
Total generation schedule of QSE i in zone j
SFj,k:
Shift Factor of zone j to CSC k

TTCk:
Total Transfer Capacity of CSC k

MAXBEUij:
Maximum amount of Balancing Energy Up bid from QSE i in zone j
MAXBEDij:
Maximum amount of Balancing Energy Down bid from QSE i in zone j 

Ramprateij:
Portfolio Balancing Energy ramp rate submitted by the QSE i in zone j 
MCPEj:
Market Clearing Price in zone j
MCPEsystem:
Power Balance Shadow Price, which is the Lagrange Multiplier (() of power balance constraint

SPk:
Shadow Price of CSC k, which is the Lagrange Multiplier (() of CSC k constraint

SFi, k:
Shift Factor of zone i to CSC k

LF:
Load Forecast
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Market Bulletin 13 – Shadow Price Calculations for 5 Zone, 5 CSC model for 2004
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