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1. Introduction

The NAESB Inadvertent Interchange Payback Task Force has discussed the settlement of Inadvertent Interchange in great depth.  From those discussions it is clear that they consider the most important aspect of selecting a settlement method is the settlement risk minimization provided by a balanced settlement alternative.  This paper provides a method that can be used to convert an unbalanced settlement to a balanced settlement without losing the important price signals contained in the settlement prices.
When this method is used to convert an unbalanced settlement alternative to a balanced settlement alternative, it eliminates the need to select a less desirable pricing method with inappropriate pricing signals simply because it provides a balanced settlement.  It enables the Inadvertent Interchange energy pricing method to be selected based solely on price signal quality.  When the selection of the pricing method must apply over different market regions using different market designs, eliminating consideration of balanced settlement can only improve the quality of the settlement selection process.
2. All Settlement is Naturally unbalanced

When evaluating a settlement process, only the settlement of the product prices is usually considered with respect to whether or not the settlement process is balanced.  In fact, all settlement processes are unbalanced to some degree, because the cost of actually performing the settlement must be included as part of the process.  This cost of performing the settlement, payment for the settlement agent services, will unbalance a settlement process based on a balanced settlement of the product settled.
For example, an interconnection develops a settlement process that exactly balances the payments of those using a product to the receipts of those providing that product.  This balanced settlement will be unbalanced by the costs of the settlement agent that performs the service of evaluating the data and calculating the billing amounts for all of the parties.  Even if the base process is balanced, a method must still be developed to collect the funds to compensate the settlement agent.  This is usually done by distributing the costs of providing this service among the participants in the settlement in a fair manner.
3. COnverting an Unbalanced to a Balanced Settlement
In the above example, where the only imbalance in the settlement is the collection of the cost of the billing service provided by the settlement agent, adding the cost of the billing service to the same bills that settle the product converts the naturally unbalanced process to a balanced process.  When all of the bills have been paid, there is no residual for the settlement process to manage.  The compensation for the settlement agent is included explicitly in the process from the beginning.  In addition, the incremental (marginal) price signals for the product are unaffected by this addition to the settlement because these costs are distributed among the participants based on, for example, participant size or contribution to the need for settlement.
By including the cost of the billing services two of the pricing alternatives previously considered can be converted to balanced pricing.  This will result in a two or three part bill for the energy component of the Inadvertent Interchange.  The first part will be the settlement for the energy at market prices, the second part will be an adder for settlement of the cost of the billing services, and the third part will be an adjustment for the imbalance in the energy at market prices.
Example Settlement Alternatives Converted to Balanced Settlement:
Example billing for a Single Priced and Native Market Priced alternatives are shown in Appendix 1.  These two pricing alternatives are:

1. Highest energy price plus an adder to insure that the bad contributors are penalized.  This alternative has a naturally balanced energy settlement.
2. Each party using its own hourly market price plus a frequency dependent adder.  This alternative has a naturally unbalanced energy settlement.
An example cost of settlement has been added to each alternative to demonstrate the full consequence of performing the conversion to balanced settlement.  The results from the examples in Appendix 1 were further analyzed to determine the price per MWh that a BA would pay or receive for Inadvertent Interchange.  The results from the examples calculated in Appendix 1 indicate that distributing the additional settlement cost and the cost of unbalanced settlement in proportion to some arbitrary variable, such as sized, fails to maintain the relative settlement price differentials.  Not only is the energy price important, but the relative magnitude of the energy prices is also important because it is this relative difference that carries the price signal associated with the transmission congestion, and therefore, transmission reliability.  This is shown in the summary Table 1. – Uplift Based On BA Size presented at the end of the discussion.  Therefore this method of distributing settlement costs fails to support transmission reliability fully.  

4. Maintaining Relative Inadvertent Interchange Prices
Additional investigation distributed the uplift costs in proportion to the Inadvertent Interchange amount.  The calculations for these examples are presented in Appendix 2.  The energy prices for these examples are presented in Table 2 – Uplift Based on Inadvertent Interchange.  It can be seen from this table that the price differentials are maintained when the uplift is distributed in proportion to the amount of Inadvertent Interchange.  Therefore, this method of apportionment does a good job of passing through the price signals associated with transmission congestion.

5. Conclusions & Recommendations

This analysis supports a number of conclusions.
· All settlement pricing methods are naturally unbalanced.

· Any settlement pricing method can be converted to a balanced settlement through uplift.

· Different uplift methods yield different price signals in the final settlement.

· Since all settlement pricing methods can be converted to balanced settlement, the revenue balance of the pricing method need not be considered as one of the selection criteria.

There are a number of recommendations that can also result.
· The method used to balance settlement is important because its selection determines the price signals that will be presented to the market.

· An uplift based on Inadvertent Interchange amounts maintains the market price differentials resulting from transmission congestion and therefore supports transmission reliability.
· Further analysis should be done to investigate the marginal price signals that are provided by each of the methods considered.

6. Supporting Summary Tables

Table 1. - Uplift Based On BA Size
	Interconnection
	Billing Liability $ / MWh

	Balancing Authority
	A
	B
	C
	D

	Example 1-1
	$50.30 / MWh
	$50.60 / MWh
	$49.63 / MWh
	$49.57 / MWh

	Example 1-2
	$49.70 / MWh
	$49.40 / MWh
	$50.38 / MWh
	$50.43 / MWh

	Example 1-3
	$25.30 / MWh
	$25.60 / MWh
	$24.63 / MWh
	$24.57 / MWh

	Example 1-4
	$24.70 / MWh
	$24.40 / MWh
	$25.38 / MWh
	$25.43 / MWh

	Example 1-5
	$ 5.30 / MWh
	$ 5.60 / MWh
	$ 4.63 / MWh
	$ 4.57 / MWh

	Example 1-6
	$ 4.70 / MWh
	$ 4.40 / MWh
	$ 5.38 / MWh
	$ 5.43 / MWh

	Example 1-7
	( $4.70 / MWh )
	( $4.40 / MWh )
	( $5.38 / MWh )
	( $5.43 / MWh )

	Example 1-8
	( $5.30 / MWh )
	( $5.60 / MWh )
	( $4.63 / MWh )
	( $4.57 / MWh )

	

	Example 2-1
	$27.68 / MWh
	$55.35 / MWh
	$31.66 / MWh
	$41.18 / MWh

	Example 2-2
	$27.08 / MWh
	$54.15 / MWh
	$32.41 / MWh
	$42.04 / MWh

	Example 2-3
	$27.68 / MWh
	$55.35 / MWh
	$31.66 / MWh
	$41.18 / MWh

	Example 2-4
	$27.08 / MWh
	$54.15 / MWh
	$32.41 / MWh
	$42.04 / MWh

	Example 2-5
	( $3.20 / MWh )
	$ 8.60 / MWh
	( $2.25 / MWh )
	$ 2.43 / MWh

	Example 2-6
	( $3.80 / MWh )
	$ 7.40 / MWh
	( $1.50 / MWh )
	$ 3.29 / MWh

	Example 2-7
	( $3.20 / MWh )
	$ 8.60 / MWh
	( $2.25 / MWh )
	$ 2.43 / MWh

	Example 2-8
	( $3.80 / MWh )
	$ 7.40 / MWh
	( $1.50 / MWh )
	$ 3.29 / MWh


Table 2. - Uplift Based On Inadvertent Interchange
	Interconnection
	Billing Liability $ / MWh

	Balancing Authority
	A
	B
	C
	D

	Example 1-1
	$50.40 / MWh
	$50.40 / MWh
	$49.60 / MWh
	$49.60 / MWh

	Example 1-2
	$49.60 / MWh
	$49.60 / MWh
	$50.40 / MWh
	$50.40 / MWh

	Example 1-3
	$25.40 / MWh
	$25.40 / MWh
	$24.60 / MWh
	$24.60 / MWh

	Example 1-4
	$24.60 / MWh
	$24.60 / MWh
	$25.40 / MWh
	$25.40 / MWh

	Example 1-5
	$ 5.40 / MWh
	$ 5.40 / MWh
	$ 4.60 / MWh
	$ 4.60 / MWh

	Example 1-6
	$ 4.60 / MWh
	$ 4.60 / MWh
	$ 5.40 / MWh
	$ 5.40 / MWh

	Example 1-7
	( $4.60 / MWh )
	( $4.60 / MWh )
	( $5.40 / MWh )
	( $5.40 / MWh )

	Example 1-8
	( $5.40 / MWh )
	( $5.40 / MWh )
	( $4.60 / MWh )
	( $4.60 / MWh )

	

	Example 2-1
	$28.57 / MWh
	$53.57 / MWh
	$31.43 / MWh
	$41.43 / MWh

	Example 2-2
	$27.77 / MWh
	$52.77 / MWh
	$32.23 / MWh
	$42.23 / MWh

	Example 2-3
	$28.57 / MWh
	$53.57 / MWh
	$31.43 / MWh
	$41.43 / MWh

	Example 2-4
	$27.77 / MWh
	$52.77 / MWh
	$32.23 / MWh
	$42.23 / MWh

	Example 2-5
	( $2.60 / MWh )
	$ 7.40 / MWh
	( $2.40 / MWh )
	$ 2.60 / MWh

	Example 2-6
	( $3.40 / MWh )
	$ 6.60 / MWh
	( $1.60 / MWh )
	$ 3.40 / MWh

	Example 2-7
	( $2.60 / MWh )
	$ 7.40 / MWh
	( $2.40 / MWh )
	$ 2.60 / MWh

	Example 2-8
	( $3.40 / MWh )
	$ 6.60 / MWh
	( $1.60 / MWh )
	$ 3.40 / MWh


7. Common Assumptions Used

Each of the two pricing methods is based on a common set of assumptions.  The assumption(s) are:
Assumptions:

1. Each Balancing Authority has a marginal price available represented by their hourly market price.

2. These marginal prices are consistent with prices that would be observed in an active hourly interchange market.

3. There is a cost associated with performing the billing calculations and issuing the bills for settlement attributable to a settlement agent.

Using only these assumptions, the example methods of settling Inadvertent Interchange on an hourly basis were developed.

Example Interconnection:

For all examples, a four Balancing Authority interconnection is used.  The BAs are labeled A, B, C and D.  It is also assumed that the four BAs are the same size, and therefore, would share equally in compensating for the cost of the settlement agent or other uplifted costs.

Figure 1.  Example Interconnection
Example Prices

Two sets of BA prices were developed for the example.  One set represents the prices that might exist during a peak period.  The other set represents the prices that might exist during a minimum load period.

Peak Period Prices:

It is assumed that the marginal prices during the peak period are high and that there is a transmission constraint between A and B, with losses included in the pricing.  The prices are:  A = $25; B = $50; C = $35; D = $45 per MWh.  These prices are consistent with transmission and loss constraints of $25 / MWh from A to B, $10 / MWh from A to C, $20 / MWh from A to D, $10 / MWh from C to D, $5 / MWh from D to B, and $15 / MWh from C to B.

Minimum Load Prices:

It is assumed that the marginal prices during the minimum load period are low, that there are also transmission constraints, and that in some cases, the price is negative.  These example prices are:  A = $-5; B = $5; C = $0; D = $5 per MWh.  These prices are consistent with transmission and loss constraints of $10 / MWh from A to B, $5 / MWh from A to C, $10 / MWh from A to D, $5 / MWh from C to D, $5 / MWh from C to B, and no constraint from D to B.

Transmission Congestion and Losses:

The same sets of flows and prices are used in the four examples developed.  This makes it possible to calculate the costs associated with the transmission congestion and losses in the first two examples, as long as the net flows shown in this example are maintained.

Transmission Congestion and Losses for Example X-1:

The congestion cost associated with the case is a net reduction of $475.

Transmission Congestion and Losses for Example X-2:

The congestion cost associated with the case is a net increase of $475.

Transmission Congestion and Losses for Example X-3:

The congestion cost associated with the case is a net reduction of $475.

Transmission Congestion and Losses for Example X-4:

The congestion cost associated with the case is a net increase of $475.

Transmission Congestion and Losses for Example X-5:

The congestion cost associated with the case is a net reduction of $300.

Transmission Congestion and Losses for Example X-6:

The congestion cost associated with the case is a net increase of $300.

Transmission Congestion and Losses for Example X-7:

The congestion cost associated with the case is a net reduction of $300.

Transmission Congestion and Losses for Example X-8:

The congestion cost associated with the case is a net increase of $300.

Settlement Agent Costs:

Assume that the settlement agent costs are $60 per settlement hour for calculating the settlement amounts and issuing the billing for settlement.  These common costs are distributed in proportion to BA size as an uplift cost for all BAs and included with the Inadvertent Interchange settlement billing.

8. Highest Single Price Plus Bad Contributor Adder

Set the settlement price at the highest price of energy plus an adder to penalize the bad contributors.
Settlement Pricing Rules:

1. If the Frequency Error for the hour is positive, the interconnection frequency is below schedule (low), use the highest hourly price of all BAs to price the settlement.

2. If the Frequency Error for the hour is negative, the interconnection frequency is above schedule (high), use the lowest hourly price of all BAs to price the settlement.

3. The price may be adjusted by an additional penalty on the bad contributor. (Note: an adder is not included in these cases)

4. Any imbalance in the settlement is distributed among the BAs based on size. (Note: Since all BAs are assumed to be the same size, the Settlement Agent Cost is distributed equally.

Example 1-1:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( In )
	( In )
	Out
	Out

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$50 / MWh
	$50 / MWh
	$50 / MWh
	$50 / MWh

	Profit or (Loss) / MWh
	( $25 / MWh )
	$0 / MWh
	$15 / MWh
	$5 / MWh

	Profit or (Loss) Total
	( $ 1,250 )
	$ 0
	$ 600
	$ 175

	Interconnection Position
	$ 2,500
	$ 1,250
	( $ 2,000 )
	( $ 1,750 )

	Billing Breakdown

	Inadvertent Energy
	$ 2,500
	$ 1,250
	( $ 2,000 )
	( $ 1,750 )

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Total Billing Liability
	$ 2,515
	$1,265
	( $ 1,985 )
	( $ 1,735 )

	Billing Liability $ / MWh
	$50.30 / MWh
	$50.60 / MWh
	$49.63 / MWh
	$49.57 / MWh


Example 1-2:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	Out
	Out
	( In )
	( In )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$50 / MWh
	$50 / MWh
	$50 / MWh
	$50 / MWh

	Profit or (Loss) / MWh
	$25 / MWh
	$0 / MWh
	( $15 / MWh )
	( $5 / MWh )

	Profit or (Loss) Total
	$ 1,250
	$ 0
	( $ 600 )
	( $ 175 )

	Interconnection Position
	( $ 2,500 )
	( $ 1,250 )
	$ 2,000
	$ 1,750

	Billing Breakdown

	Inadvertent Energy
	( $ 2,500 )
	( $ 1,250 )
	$ 2,000
	$ 1,750

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Total Billing Liability
	( $ 2,485 )
	( $ 1,235 )
	$ 2,015
	$ 1,765

	Billing Liability $ / MWh
	$49.70 / MWh
	$49.40 / MWh
	$50.38 / MWh
	$50.43 / MWh


Example 1-3:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	In
	In
	( Out )
	( Out )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$25 / MWh
	$25 / MWh
	$25 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$25 / MWh
	( $10 / MWh )
	( $20 / MWh )

	Profit or (Loss) Total
	$ 0
	$ 625
	( $ 400 )
	( $ 700 )

	Interconnection Position
	$ 1,250
	$ 625
	( $ 1,000 )
	( $ 875 )

	Billing Breakdown

	Inadvertent Energy
	$ 1,250
	$ 625
	( $ 1,000 )
	( $ 875 )

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Total Billing Liability
	$ 1,265
	$ 640
	( $ 985 )
	( $ 860 )

	Billing Liability $ / MWh
	$25.30 / MWh
	$25.60 / MWh
	$24.63 / MWh
	$24.57 / MWh


Example 1-4:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( Out )
	( Out )
	In
	In

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$25 / MWh
	$25 / MWh
	$25 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	( $25 / MWh )
	$10 / MWh
	$20 / MWh

	Profit or (Loss) Total
	$ 0
	( $ 625 )
	$ 400
	$ 700

	Interconnection Position
	( $ 1,250 )
	( $ 625 )
	$ 1,000
	$ 875

	Billing Breakdown

	Inadvertent Energy
	( $ 1,250 )
	( $ 625 )
	$ 1,000
	$ 875

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Total Billing Liability
	( $ 1,235 )
	( $ 610 )
	$ 1,015
	$ 890

	Billing Liability $ / MWh
	$24.70 / MWh
	$24.40 / MWh
	$25.38 / MWh
	$25.43 / MWh


Example 1-5:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( In )
	( In )
	Out
	Out

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	$5 / MWh
	$5 / MWh
	$5 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	( $10 / MWh )
	$0 / MWh
	$5 / MWh
	$0 / MWh

	Profit or (Loss) Total
	( $ 500 )
	$ 0
	$ 200
	$ 0

	Interconnection Position
	$ 250
	$ 125
	( $ 200 )
	( $ 175 )

	Billing Breakdown

	Inadvertent Energy
	$ 250
	$ 125
	( $ 200 )
	( $ 175 )

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Total Billing Liability
	$ 265
	$ 140
	( $ 185 )
	( $ 160 )

	Billing Liability $ / MWh
	$ 5.30 / MWh
	$ 5.60 / MWh
	$ 4.63 / MWh
	$ 4.57 / MWh


Example 1-6:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	Out
	Out
	( In )
	( In )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	$5 / MWh
	$5 / MWh
	$5 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	$10 / MWh
	$0 / MWh
	( $5 / MWh )
	$0 / MWh

	Profit or (Loss) Total
	$ 500
	$ 0
	( $ 200 )
	$ 0

	Interconnection Position
	( $ 250 )
	( $ 125 )
	$ 200
	$ 175

	Billing Breakdown

	Inadvertent Energy
	( $ 250 )
	( $ 125 )
	$ 200
	$ 175

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Total Billing Liability
	( $ 235 )
	( $ 110 )
	$ 215
	$ 190

	Billing Liability $ / MWh
	$ 4.70 / MWh
	$ 4.40 / MWh
	$ 5.38 / MWh
	$ 5.43 / MWh


Example 1-7:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	In
	In
	( Out )
	( Out )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	( $5 / MWh )
	( $5 / MWh )
	( $5 / MWh )

	Profit or (Loss) / MWh
	$0 / MWh
	$5 / MWh
	( $5 / MWh )
	( $10 / MWh )

	Profit or (Loss) Total
	$ 0
	$ 125
	( $ 200 )
	( $ 350 )

	Interconnection Position
	( $ 250 )
	( $ 125 )
	$ 200
	$ 175

	Billing Breakdown

	Inadvertent Energy
	( $ 250 )
	( $ 125 )
	$ 200
	$ 175

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Total Billing Liability
	( $ 235 )
	( $ 110 )
	$ 215
	$ 190

	Billing Liability $ / MWh
	( $4.70 / MWh )
	( $4.40 / MWh )
	( $5.38 / MWh )
	( $5.43 / MWh )


Example 1-8:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( Out )
	( Out )
	In
	In

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	( $5 / MWh )
	( $5 / MWh )
	( $5 / MWh )

	Profit or (Loss) / MWh
	$0 / MWh
	( $10 / MWh )
	$5 / MWh
	$10 / MWh

	Profit or (Loss) Total
	$ 0
	( $ 250 )
	$ 200
	$ 350

	Interconnection Position
	$250
	$ 125
	( $ 200 )
	( $ 175 )

	Billing Breakdown

	Inadvertent Energy
	$250
	$ 125
	( $ 200 )
	( $ 175 )

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Total Billing Liability
	$265
	$ 140
	( $ 185 )
	( $ 160 )

	Billing Liability $ / MWh
	( $5.30 / MWh )
	( $5.60 / MWh )
	( $4.63 / MWh )
	( $4.57 / MWh )


In all of the examples 1-1 through 1-8 the settlement recovers just enough excess revenue to pay the settlement agent.

9. Native-Market-Price

Set the settlement price at the Native-Market-Price of each BA.
Settlement Pricing Rules:

1. Each BA would use its own Native-Market-Price for settling the Energy Component of Inadvertent Interchange.

2. Any imbalance is the Energy Component is distributed in the same proportions that are used to distribute the Settlement Agent Cost.

3. Any imbalance in the settlement is distributed among the BAs based on size. (Note: Since all BAs are assumed to be the same size, the Settlement Agent Cost is distributed equally.

For all examples 4-1 through 4-8, each BA would use their hourly market price to settle the Inadvertent Interchange.

Example 2-1:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( In )
	( In )
	Out
	Out

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	$ 1,250
	$ 1,250
	( $ 1,400 )
	( $ 1,575)

	Billing Breakdown

	Inadvertent Energy
	$ 1,250
	$ 1,250
	( $ 1,400 )
	( $ 1,575)

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Inadvertent Imbalance
	$ 118.75
	$ 118.75
	$ 118.75
	$ 118.75

	Total Billing Liability
	$ 1,383.75
	$ 1,383.75
	( $ 1,266.25 )
	( $ 1,441.25)

	Billing Liability $ / MWh
	$27.68 / MWh
	$55.35 / MWh
	$31.66 / MWh
	$41.18 / MWh


The Net Interconnection Position is minus $475 and equals the decrease in cost of transmission congestion and losses.  This imbalance is recovered with the Inadvertent Imbalance charge distributed as an uplift charge.
Example 2-2:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	Out
	Out
	( In )
	( In )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	( $ 1,250 )
	( $ 1,250 )
	$ 1,400
	$ 1,575

	Billing Breakdown

	Inadvertent Energy
	( $ 1,250 )
	( $ 1,250 )
	$ 1,400
	$ 1,575

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Inadvertent Imbalance
	( $ 118.75 )
	( $ 118.75 )
	( $ 118.75 )
	( $ 118.75 )

	Total Billing Liability
	( $ 1,353.75 )
	( $ 1,353.75 )
	$ 1,296.25
	$ 1,471.25

	Billing Liability $ / MWh
	$27.08 / MWh
	$54.15 / MWh
	$32.41 / MWh
	$42.04 / MWh


The Net Interconnection Position is plus $475 and equals the increase in cost of transmission congestion and losses.  This imbalance is returned with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-3:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	In
	In
	( Out )
	( Out )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	$ 1,250
	$ 1,250
	( $ 1,400 )
	( $ 1,575)

	Billing Breakdown

	Inadvertent Energy
	$ 1,250
	$ 1,250
	( $ 1,400 )
	( $ 1,575)

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Inadvertent Imbalance
	$ 118.75
	$ 118.75
	$ 118.75
	$ 118.75

	Total Billing Liability
	$ 1,383.75
	$ 1,383.75
	( $ 1,266.25 )
	( $ 1,441.25)

	Billing Liability $ / MWh
	$27.68 / MWh
	$55.35 / MWh
	$31.66 / MWh
	$41.18 / MWh


The Net Interconnection Position is minus $475 and equals the decrease in cost of transmission congestion and losses.  This imbalance is recovered with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-4:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( Out )
	( Out )
	In
	In

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	( $ 1,250 )
	( $ 1,250 )
	$ 1,400
	$ 1,575

	Billing Breakdown

	Inadvertent Energy
	( $ 1,250 )
	( $ 1,250 )
	$ 1,400
	$ 1,575

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Inadvertent Imbalance
	( $ 118.75 )
	( $ 118.75 )
	( $ 118.75 )
	( $ 118.75 )

	Total Billing Liability
	( $ 1,353.75 )
	( $ 1,353.75 )
	$ 1,296.25
	$ 1,471.25

	Billing Liability $ / MWh
	$27.08 / MWh
	$54.15 / MWh
	$32.41 / MWh
	$42.04 / MWh


The Net Interconnection Position is plus $475 and equals the increase in cost of transmission congestion and losses.  This imbalance is returned with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-5:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( In )
	( In )
	Out
	Out

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	( $ 250 )
	$ 125
	$ 0
	( $ 175 )

	Billing Breakdown

	Inadvertent Energy
	( $ 250 )
	$ 125
	$ 0
	( $ 175 )

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Inadvertent Imbalance
	$ 75
	$ 75
	$ 75
	$ 75

	Total Billing Liability
	( $ 160 )
	$ 215
	$ 90
	( $ 85 )

	Billing Liability $ / MWh
	( $3.20 / MWh )
	$ 8.60 / MWh
	( $2.25 / MWh )
	$ 2.43 / MWh


The Net Interconnection Position is minus $300 and equals the decrease in cost of transmission congestion and losses.  This imbalance is recovered with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-6:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	Out
	Out
	( In )
	( In )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	$ 250
	( $ 125 )
	$ 0
	$ 175

	Billing Breakdown

	Inadvertent Energy
	$ 250
	( $ 125 )
	$ 0
	$ 175

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Inadvertent Imbalance
	( $ 75 )
	( $ 75 )
	( $ 75 )
	( $ 75 )

	Total Billing Liability
	$ 190
	( $ 185 )
	( $ 60 )
	$ 115

	Billing Liability $ / MWh
	( $3.80 / MWh )
	$ 7.40 / MWh
	( $1.50 / MWh )
	$ 3.29 / MWh


The Net Interconnection Position is plus $300 and equals the increase in cost of transmission congestion and losses.  This imbalance is returned with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-7:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	In
	In
	( Out )
	( Out )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	( $ 250 )
	$ 125
	$ 0
	( $ 175 )

	Billing Breakdown

	Inadvertent Energy
	( $ 250 )
	$ 125
	$ 0
	( $ 175 )

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Inadvertent Imbalance
	$ 75
	$ 75
	$ 75
	$ 75

	Total Billing Liability
	( $ 160 )
	$ 215
	$ 90
	( $ 85 )

	Billing Liability $ / MWh
	( $3.20 / MWh )
	$ 8.60 / MWh
	( $2.25 / MWh )
	$ 2.43 / MWh


The Net Interconnection Position is minus $300 and equals the decrease in cost of transmission congestion and losses.  This imbalance is recovered with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-8:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( Out )
	( Out )
	In
	In

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	$ 250
	( $ 125 )
	$ 0
	$ 175

	Billing Breakdown

	Inadvertent Energy
	$ 250
	( $ 125 )
	$ 0
	$ 175

	Settlement Agent Cost
	$ 15
	$ 15
	$ 15
	$ 15

	Inadvertent Imbalance
	( $ 75 )
	( $ 75 )
	( $ 75 )
	( $ 75 )

	Total Billing Liability
	$ 190
	( $ 185 )
	( $ 60 )
	$ 115

	Billing Liability $ / MWh
	( $3.80 / MWh )
	$ 7.40 / MWh
	( $1.50 / MWh )
	$ 3.29 / MWh


The Net Interconnection Position is plus $300 and equals the increase in cost of transmission congestion and losses.  This imbalance is returned with the Inadvertent Imbalance charge distributed as an uplift charge.

10. Observations and Recommendations

Any imbalance in the settlement of the Inadvertent Interchange can be offset by an adjustment to the uplift charges that provide for compensation of the settlement agent.  This method of balancing the settlement will work on a general basis for any imbalance in the settlement.
11. Common Assumptions Used

Each of the two pricing methods is based on a common set of assumptions.  The assumption(s) are:
Assumptions:

1. Each Balancing Authority has a marginal price available represented by their hourly market price.

2. These marginal prices are consistent with prices that would be observed in an active hourly interchange market.

3. There is a cost associated with performing the billing calculations and issuing the bills for settlement attributable to a settlement agent.

Using only these assumptions, the example methods of settling Inadvertent Interchange on an hourly basis were developed.

Example Interconnection:

For all examples, a four Balancing Authority interconnection is used.  The BAs are labeled A, B, C and D.  It is also assumed that the four BAs are the same size, and therefore, would share equally in compensating for the cost of the settlement agent or other uplifted costs.


Figure 1.  Example Interconnection
Example Prices

Two sets of BA prices were developed for the example.  One set represents the prices that might exist during a peak period.  The other set represents the prices that might exist during a minimum load period.

Peak Period Prices:

It is assumed that the marginal prices during the peak period are high and that there is a transmission constraint between A and B, with losses included in the pricing.  The prices are:  A = $25; B = $50; C = $35; D = $45 per MWh.  These prices are consistent with transmission and loss constraints of $25 / MWh from A to B, $10 / MWh from A to C, $20 / MWh from A to D, $10 / MWh from C to D, $5 / MWh from D to B, and $15 / MWh from C to B.

Minimum Load Prices:

It is assumed that the marginal prices during the minimum load period are low, that there are also transmission constraints, and that in some cases, the price is negative.  These example prices are:  A = $-5; B = $5; C = $0; D = $5 per MWh.  These prices are consistent with transmission and loss constraints of $10 / MWh from A to B, $5 / MWh from A to C, $10 / MWh from A to D, $5 / MWh from C to D, $5 / MWh from C to B, and no constraint from D to B.

Transmission Congestion and Losses:

The same sets of flows and prices are used in the four examples developed.  This makes it possible to calculate the costs associated with the transmission congestion and losses in the first two examples, as long as the net flows shown in this example are maintained.

Transmission Congestion and Losses for Example X-1:

The congestion cost associated with the case is a net reduction of $475.

Transmission Congestion and Losses for Example X-2:

The congestion cost associated with the case is a net increase of $475.

Transmission Congestion and Losses for Example X-3:

The congestion cost associated with the case is a net reduction of $475.

Transmission Congestion and Losses for Example X-4:

The congestion cost associated with the case is a net increase of $475.

Transmission Congestion and Losses for Example X-5:

The congestion cost associated with the case is a net reduction of $300.

Transmission Congestion and Losses for Example X-6:

The congestion cost associated with the case is a net increase of $300.

Transmission Congestion and Losses for Example X-7:

The congestion cost associated with the case is a net reduction of $300.

Transmission Congestion and Losses for Example X-8:

The congestion cost associated with the case is a net increase of $300.

Settlement Agent Costs:

Assume that the settlement agent costs are $60 per settlement hour for calculating the settlement amounts and issuing the billing for settlement.  These common costs are distributed in proportion to Inadvertent Interchange amount as an uplift cost for all BAs and included with the Inadvertent Interchange settlement billing.

12. Highest Single Price Plus Bad Contributor Adder

Set the settlement price at the highest price of energy plus an adder to penalize the bad contributors.
Settlement Pricing Rules:

1. If the Frequency Error for the hour is positive, the interconnection frequency is below schedule (low), use the highest hourly price of all BAs to price the settlement.

2. If the Frequency Error for the hour is negative, the interconnection frequency is above schedule (high), use the lowest hourly price of all BAs to price the settlement.

3. The price may be adjusted by an additional penalty on the bad contributor. (Note: an adder is not included in these cases)

4. Any imbalance in the settlement is distributed among the BAs based on Inadvertent Interchange amount.

Example 1-1:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( In )
	( In )
	Out
	Out

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$50 / MWh
	$50 / MWh
	$50 / MWh
	$50 / MWh

	Profit or (Loss) / MWh
	( $25 / MWh )
	$0 / MWh
	$15 / MWh
	$5 / MWh

	Profit or (Loss) Total
	( $ 1,250 )
	$ 0
	$ 600
	$ 175

	Interconnection Position
	$ 2,500
	$ 1,250
	( $ 2,000 )
	( $ 1,750 )

	Billing Breakdown

	Inadvertent Energy
	$ 2,500
	$ 1,250
	( $ 2,000 )
	( $ 1,750 )

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Total Billing Liability
	$ 2,520
	$1,260
	( $ 1,984 )
	( $ 1,736 )

	Billing Liability $ / MWh
	$50.40 / MWh
	$50.40 / MWh
	$49.60 / MWh
	$49.60 / MWh


Example 1-2:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	Out
	Out
	( In )
	( In )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$50 / MWh
	$50 / MWh
	$50 / MWh
	$50 / MWh

	Profit or (Loss) / MWh
	$25 / MWh
	$0 / MWh
	( $15 / MWh )
	( $5 / MWh )

	Profit or (Loss) Total
	$ 1,250
	$ 0
	( $ 600 )
	( $ 175 )

	Interconnection Position
	( $ 2,500 )
	( $ 1,250 )
	$ 2,000
	$ 1,750

	Billing Breakdown

	Inadvertent Energy
	( $ 2,500 )
	( $ 1,250 )
	$ 2,000
	$ 1,750

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Total Billing Liability
	( $ 2,480 )
	( $ 1,240 )
	$ 2,016
	$ 1,764

	Billing Liability $ / MWh
	$49.60 / MWh
	$49.60 / MWh
	$50.40 / MWh
	$50.40 / MWh


Example 1-3:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	In
	In
	( Out )
	( Out )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$25 / MWh
	$25 / MWh
	$25 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$25 / MWh
	( $10 / MWh )
	( $20 / MWh )

	Profit or (Loss) Total
	$ 0
	$ 625
	( $ 400 )
	( $ 700 )

	Interconnection Position
	$ 1,250
	$ 625
	( $ 1,000 )
	( $ 875 )

	Billing Breakdown

	Inadvertent Energy
	$ 1,250
	$ 625
	( $ 1,000 )
	( $ 875 )

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Total Billing Liability
	$ 1,270
	$ 635
	( $ 984 )
	( $ 861 )

	Billing Liability $ / MWh
	$25.40 / MWh
	$25.40 / MWh
	$24.60 / MWh
	$24.60 / MWh


Example 1-4:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( Out )
	( Out )
	In
	In

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$25 / MWh
	$25 / MWh
	$25 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	( $25 / MWh )
	$10 / MWh
	$20 / MWh

	Profit or (Loss) Total
	$ 0
	( $ 625 )
	$ 400
	$ 700

	Interconnection Position
	( $ 1,250 )
	( $ 625 )
	$ 1,000
	$ 875

	Billing Breakdown

	Inadvertent Energy
	( $ 1,250 )
	( $ 625 )
	$ 1,000
	$ 875

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Total Billing Liability
	( $ 1,230 )
	( $ 615 )
	$ 1,016
	$ 889

	Billing Liability $ / MWh
	$24.60 / MWh
	$24.60 / MWh
	$25.40 / MWh
	$25.40 / MWh


Example 1-5:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( In )
	( In )
	Out
	Out

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	$5 / MWh
	$5 / MWh
	$5 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	( $10 / MWh )
	$0 / MWh
	$5 / MWh
	$0 / MWh

	Profit or (Loss) Total
	( $ 500 )
	$ 0
	$ 200
	$ 0

	Interconnection Position
	$ 250
	$ 125
	( $ 200 )
	( $ 175 )

	Billing Breakdown

	Inadvertent Energy
	$ 250
	$ 125
	( $ 200 )
	( $ 175 )

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Total Billing Liability
	$ 270
	$ 135
	( $ 184 )
	( $ 161 )

	Billing Liability $ / MWh
	$ 5.40 / MWh
	$ 5.40 / MWh
	$ 4.60 / MWh
	$ 4.60 / MWh


Example 1-6:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	Out
	Out
	( In )
	( In )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	$5 / MWh
	$5 / MWh
	$5 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	$10 / MWh
	$0 / MWh
	( $5 / MWh )
	$0 / MWh

	Profit or (Loss) Total
	$ 500
	$ 0
	( $ 200 )
	$ 0

	Interconnection Position
	( $ 250 )
	( $ 125 )
	$ 200
	$ 175

	Billing Breakdown

	Inadvertent Energy
	( $ 250 )
	( $ 125 )
	$ 200
	$ 175

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Total Billing Liability
	( $ 230 )
	( $ 115 )
	$ 216
	$ 189

	Billing Liability $ / MWh
	$ 4.60 / MWh
	$ 4.60 / MWh
	$ 5.40 / MWh
	$ 5.40 / MWh


Example 1-7:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	In
	In
	( Out )
	( Out )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	( $5 / MWh )
	( $5 / MWh )
	( $5 / MWh )

	Profit or (Loss) / MWh
	$0 / MWh
	$5 / MWh
	( $5 / MWh )
	( $10 / MWh )

	Profit or (Loss) Total
	$ 0
	$ 125
	( $ 200 )
	( $ 350 )

	Interconnection Position
	( $ 250 )
	( $ 125 )
	$ 200
	$ 175

	Billing Breakdown

	Inadvertent Energy
	( $ 250 )
	( $ 125 )
	$ 200
	$ 175

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Total Billing Liability
	( $ 230 )
	( $ 115 )
	$ 216
	$ 189

	Billing Liability $ / MWh
	( $4.60 / MWh )
	( $4.60 / MWh )
	( $5.40 / MWh )
	( $5.40 / MWh )


Example 1-8:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( Out )
	( Out )
	In
	In

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	( $5 / MWh )
	( $5 / MWh )
	( $5 / MWh )

	Profit or (Loss) / MWh
	$0 / MWh
	( $10 / MWh )
	$5 / MWh
	$10 / MWh

	Profit or (Loss) Total
	$ 0
	( $ 250 )
	$ 200
	$ 350

	Interconnection Position
	$250
	$ 125
	( $ 200 )
	( $ 175 )

	Billing Breakdown

	Inadvertent Energy
	$250
	$ 125
	( $ 200 )
	( $ 175 )

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Total Billing Liability
	$270
	$ 135
	( $ 184 )
	( $ 161 )

	Billing Liability $ / MWh
	( $5.30 / MWh )
	( $5.60 / MWh )
	( $4.63 / MWh )
	( $4.57 / MWh )


In all of the examples 1-1 through 1-8 the settlement recovers just enough excess revenue to pay the settlement agent.

13. Native-Market-Price

Set the settlement price at the Native-Market-Price of each BA.
Settlement Pricing Rules:

1. Each BA would use its own Native-Market-Price for settling the Energy Component of Inadvertent Interchange.

2. Any imbalance is the Energy Component is distributed in the same proportions that are used to distribute the Settlement Agent Cost.

3. Any imbalance in the settlement is distributed among the BAs based on Inadvertent Interchange amount.

For all examples 2-1 through 2-8, each BA would use their hourly market price to settle the Inadvertent Interchange.

Example 2-1:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( In )
	( In )
	Out
	Out

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	$ 1,250
	$ 1,250
	( $ 1,400 )
	( $ 1,575)

	Billing Breakdown

	Inadvertent Energy
	$ 1,250
	$ 1,250
	( $ 1,400 )
	( $ 1,575)

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Inadvertent Imbalance
	$ 158.33
	$ 79.17
	$ 126.67
	$ 110.83

	Total Billing Liability
	$ 1,383.75
	$ 1,383.75
	( $ 1,257.33 )
	( $ 1,450.17)

	Billing Liability $ / MWh
	$28.57 / MWh
	$53.57 / MWh
	$31.43 / MWh
	$41.43 / MWh


The Net Interconnection Position is minus $475 and equals the decrease in cost of transmission congestion and losses.  This imbalance is recovered with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-2:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	Out
	Out
	( In )
	( In )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	( $ 1,250 )
	( $ 1,250 )
	$ 1,400
	$ 1,575

	Billing Breakdown

	Inadvertent Energy
	( $ 1,250 )
	( $ 1,250 )
	$ 1,400
	$ 1,575

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Inadvertent Imbalance
	( $ 158.33 )
	( $ 79.17 )
	( $ 126.67 )
	( $ 110.83 )

	Total Billing Liability
	( $ 1,388.33 )
	( $ 1,319.17 )
	$ 1,289.33
	$ 1,478.17

	Billing Liability $ / MWh
	$27.77 / MWh
	$52.77 / MWh
	$32.23 / MWh
	$42.23 / MWh


The Net Interconnection Position is plus $475 and equals the increase in cost of transmission congestion and losses.  This imbalance is returned with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-3:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	In
	In
	( Out )
	( Out )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	$ 1,250
	$ 1,250
	( $ 1,400 )
	( $ 1,575)

	Billing Breakdown

	Inadvertent Energy
	$ 1,250
	$ 1,250
	( $ 1,400 )
	( $ 1,575)

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Inadvertent Imbalance
	$ 158.33
	$ 79.17
	$ 126.67
	$ 110.83

	Total Billing Liability
	$ 1,428.33
	$ 1,339.17
	( $ 1,257.33 )
	( $ 1,441.25)

	Billing Liability $ / MWh
	$28.57 / MWh
	$53.57 / MWh
	$31.43 / MWh
	$41.43 / MWh


The Net Interconnection Position is minus $475 and equals the decrease in cost of transmission congestion and losses.  This imbalance is recovered with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-4:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( Out )
	( Out )
	In
	In

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Settlement Price (Negative)
	$25 / MWh
	$50 / MWh
	$35 / MWh
	$45 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	( $ 1,250 )
	( $ 1,250 )
	$ 1,400
	$ 1,575

	Billing Breakdown

	Inadvertent Energy
	( $ 1,250 )
	( $ 1,250 )
	$ 1,400
	$ 1,575

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Inadvertent Imbalance
	( $ 158.33 )
	( $ 79.17 )
	( $ 126.67 )
	( $ 110.83 )

	Total Billing Liability
	( $ 1,388.33 )
	( $ 1,319.17 )
	$ 1,289.33
	$ 1,478.17

	Billing Liability $ / MWh
	$27.77 / MWh
	$52.77 / MWh
	$32.23 / MWh
	$42.23 / MWh


The Net Interconnection Position is plus $475 and equals the increase in cost of transmission congestion and losses.  This imbalance is returned with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-5:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( In )
	( In )
	Out
	Out

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	( $ 250 )
	$ 125
	$ 0
	( $ 175 )

	Billing Breakdown

	Inadvertent Energy
	( $ 250 )
	$ 125
	$ 0
	( $ 175 )

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Inadvertent Imbalance
	$ 100
	$ 50
	$ 80
	$ 70

	Total Billing Liability
	( $ 130 )
	$ 185
	$ 96
	( $ 91 )

	Billing Liability $ / MWh
	( $2.60 / MWh )
	$ 7.40 / MWh
	( $2.40 / MWh )
	$ 2.60 / MWh


The Net Interconnection Position is minus $300 and equals the decrease in cost of transmission congestion and losses.  This imbalance is recovered with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-6:


	Interconnection
	Frequency Low

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	Out
	Out
	( In )
	( In )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	$ 250
	( $ 125 )
	$ 0
	$ 175

	Billing Breakdown

	Inadvertent Energy
	$ 250
	( $ 125 )
	$ 0
	$ 175

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Inadvertent Imbalance
	( $ 100 )
	( $ 50 )
	( $ 80 )
	( $ 70 )

	Total Billing Liability
	$ 170
	( $ 165 )
	( $ 64 )
	$ 119

	Billing Liability $ / MWh
	( $3.40 / MWh )
	$ 6.60 / MWh
	( $1.60 / MWh )
	$ 3.40 / MWh


The Net Interconnection Position is plus $300 and equals the increase in cost of transmission congestion and losses.  This imbalance is returned with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-7:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	In
	In
	( Out )
	( Out )

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	( $ 250 )
	$ 125
	$ 0
	( $ 175 )

	Billing Breakdown

	Inadvertent Energy
	( $ 250 )
	$ 125
	$ 0
	( $ 175 )

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Inadvertent Imbalance
	$ 100
	$ 50
	$ 80
	$ 70

	Total Billing Liability
	( $ 130 )
	$ 185
	$ 96
	( $ 91 )

	Billing Liability $ / MWh
	( $2.60 / MWh )
	$ 7.40 / MWh
	( $2.40 / MWh )
	$ 2.60 / MWh


The Net Interconnection Position is minus $300 and equals the decrease in cost of transmission congestion and losses.  This imbalance is recovered with the Inadvertent Imbalance charge distributed as an uplift charge.

Example 2-8:


	Interconnection
	Frequency High

	Balancing Authority
	A
	B
	C
	D

	Inadvertent Direction (Bad)
	( Out )
	( Out )
	In
	In

	Inadvertent Amount - MW
	50 MW
	25 MW
	40 MW
	35 MW

	Energy Price (Selected)
	-$5 / MWh
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Settlement Price (Negative)
	( $5 / MWh )
	$5 / MWh
	$0 / MWh
	$5 / MWh

	Profit or (Loss) / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh
	$0 / MWh

	Profit or (Loss) Total
	$ 0
	$ 0
	$ 0
	$ 0

	Interconnection Position
	$ 250
	( $ 125 )
	$ 0
	$ 175

	Billing Breakdown

	Inadvertent Energy
	$ 250
	( $ 125 )
	$ 0
	$ 175

	Settlement Agent Cost
	$ 20
	$ 10
	$ 16
	$ 14

	Inadvertent Imbalance
	( $ 100 )
	( $ 50 )
	( $ 80 )
	( $ 70 )

	Total Billing Liability
	$ 170
	( $ 165 )
	( $ 64 )
	$ 119

	Billing Liability $ / MWh
	( $3.40 / MWh )
	$ 6.60 / MWh
	( $1.60 / MWh )
	$ 3.40 / MWh


The Net Interconnection Position is plus $300 and equals the increase in cost of transmission congestion and losses.  This imbalance is returned with the Inadvertent Imbalance charge distributed as an uplift charge.

14. Observations and Recommendations

Not only does this method balance the settlement process, it also maintains the price differentials important to maintaining transmission reliability.
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