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Marginal energy SETTLEMENT of Inadvertent Interchange

USING NATIVE PRICES

                                   by

                                    Howard F. Illian and Robert Blohm

Introduction

The most important characteristic of the energy revenue or cost from Inadvertent Interchange settlement is the marginal energy revenue or cost for a change of Inadvertent Interchange.  The marginal energy revenue or cost will be the best indicator of the incentive for a BA to change its Inadvertent Interchange energy.

Settlement ASsumption: distribution by bias share of over- or under-collection 

An important assumption is required to calculate the effect of a change in Inadvertent Interchange on the settlement.

Assumption:

Inadvertent Interchange will be distributed across the interconnection in proportion to the Frequency Response of the BAs on the interconnection.

This assumption is required because Inadvertent Interchange is always balanced across an interconnection.  The sum of the Inadvertent Interchange on an interconnection is zero.  If a change is made in the Inadvertent for a BA, which is the Driving Inadvertent Interchange, then there must also be a change in the inadvertent of the remaining BAs on the interconnection to offset that change, and that is the Offset Inadvertent Interchange.

This assumption can be put into equation form as follows:
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Where:
IIi is a marginal Driving unit of Inadvertent Interchange of BA i.



IIk(IIi) are the marginal Offset (sub-)units of Inadvertent Interchange provided by 

                         responding BA k, that is a function of the IIi of BA i .

Marginal REVENUE or cost of inadvertent interchange doesn't aggravate congestion

The marginal revenue or cost can be determined as shown in the following development of the equation to represent the marginal settlement for a unit change in the Inadvertent Interchange of a BA.  If the Inadvertent Interchange for a single BA is changed, then the other BAs will offset that change in proportion to their Frequency Responses, .  This can be put into equation form as follows:
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Where:
IIk(IIi) is the Offset Inadvertent Interchange provide by responding BA k.



k is the Frequency Response of BA k.

The above equations and assumption enable the base interconnection position to be put into equation form.  The first requirement is to express the total base position of the interconnection in dollars.
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Where:
DI(SI1,…Sn) is the net marginal financial position of the interconnection, I, in dollars.



pk(SIk) is the price for BA k, as determined by Scheduled Interchange SIk.



IIk is the unit Driving or (sub-)unit Offset Inadvertent Interchange provided by BA k.

The marginal energy settlement resulting from a unit change in Inadvertent Interchange by a BA, which is the Driving Inadvertent Interchange, can be expressed as follows:
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Where:      R/IIi is the partial derivative of R with respect to IIi or the change in R caused 

                     by a change in IIi.
                 IEMSi is the "Inadvertent Energy Marginal Settlement", which is the marginal energy 

                     revenue or cost from a change in Inadvertent Interchange
Since there are always two components to the II, Driving and Offset, the sum of the absolute values of the Inadvertent Interchange across the interconnection is twice the Driving Inadvertent Interchange.  This is shown in Equation (5).
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Equation (5) reduces to Equation (6).
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The next step is to substitute Equation (3) into Equation (6).
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Equation (2) is then substituted into Equation (8).
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Equation (9) gives the marginal energy revenue or cost that a BA will see for a unit change in its Inadvertent Interchange.  It can be seen from the second and third terms that a BA's marginal energy revenue or cost from his Inadvertent Interchange will always be higher or lower than the weighted average of the products of the Scheduled Interchange price and the change in Inadvertent Interchange of all the other BAs.  This means that the marginal energy settlement from Inadvertent Interchange of a BA with a price for Scheduled Interchange higher than the average for the other BAs will give an incentive to that BA to reduce the Inadvertent Interchange it receives and increase the Inadvertent Interchange it provides.  BAs with prices for Scheduled Interchange lower than the average for the other BAs will get an additional incentive to increase the Inadvertent Interchange they receive and to reduce the Inadvertent Interchange they provide.  This adjustment always provides additional incentive to reduce transmission congestion.

1. Conclusion: no conflict between frequency control and congestion management 

The energy revenue or cost (Inadvertent Energy Settlement or IES) from Inadvertent Interchange to a BA, which is the Driving Inadvertent Interchange, can therefore be expressed as the following function linear in the Driving Inadvertent Interchange:
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In other words, the marginal revenue or cost behaves like a competitive price that is not affected by the amount of driving Inadvertent Interchange.  This is because the "price" is set exclusively by the amount of Scheduled Interchange, not by the amount of Inadvertent Interchange.  While allocating back by bias share to the Balancing Authorities the excess or shortfall from settlements has a beneficial impact on congestion, it does this by incenting BAs to over- or under-schedule to mitigate congestion.  Accordingly, a counter-incentive is definitely required in the form of a frequency-control contribution penalty to mitigate the under- or over-scheduling that the energy settlement is encouraging to relieve congestion, with allocation back by bias share to the BAs of the excess or shortfall from settlements based on native prices.  Congestion mitigation must not come at the expense of frequency.  In other words, inadvertent energy settlement based on native prices with excess or shortfall in settlement allocated by bias-share to the BAs, would encourage frequency to deteriorate in ways that tend not to contribute to congestion, but even to mitigate congestion.  It is certainly beneficial for there to be already built into inadvertent energy settlement based on native prices (with allocation back by bias share to the BAs of the excess or shortfall from settlements) an automatic disincentive against over- or underscheduling when it would also contribute to congestion!      
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