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MEGAZONE HUBS WHITEPAPER
Andrew P. Hartshorn
February 16, 2004 

I. Introduction

This paper describes some of the features of the Megazone Hub proposal and discusses and develops analytical examples to illustrate the operation of the proposal.

II. Background

The Megazone Hub proposal allows for the trading or settlement of positions to, from or at the hub in three timeframes in the ISO-NE markets: i) in FTR auctions; ii) in the Day-Ahead Market (DAM); and iii) in the Real-Time Market (RTM).
  Megazone Hub trading does not apply to Auction Revenue Rights (ARRs) as the Hub would not be a valid generation or load bus from the perspective of the ARR allocation process.


The Megazone hub in general terms can be viewed as a system-wide load weighted average price where the prices at each load bus on the system are weighted and aggregated to create a single price index.
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where:

i is a member of the set of all ISO-NE load buses;

Li is the load measured at bus i for some reference point or period in time;

(Li / ∑Li) is the weighting applied to the price at load at bus i;

Pi is the price at bus i;


The key feature of the Megazone Hub that varies between the three timeframes is how the load bus weights are determined.


For the FTR auction, the weights are determined using an average of the real-time load weights over the seven days preceding the actual running of the auction.  A single set of weights is applied for each monthly auction period and are modified for each monthly auction.  The weights are not announced in advance of the auction.

Example: If bids into the January monthly auction close at midnight on the evening of December 20th, the load bus weights would be calculated as the average real-time bus weights over the December 14th through December 20th time period.

The six-month auction also uses weights calculated according to this methodology. A single set of weights is applied to the six-month auction.

In the solution of the FTR auction any FTR from location X to the Megazone Hub can be viewed as a set of FTRs from location X to each of the locations represented in the Megazone Hub definition, in proportions consistent with the Megazone Hub weights that applied in the auction. 

Example: If the Megazone Hub is made up of three locations A, B, and C with Megazone Hub bus weights of 60%, 30% and 10% respectively, then a 100 MW FTR from location X to the Megazone Hub is effectively viewed by the auction software as a 60 MW FTR bid from location X to location A, a 30 MW FTR bid from location X to location B and a 10 MW FTR bid from location X to location C.  To the extent that the bids into the auction clear they must clear in the proportion 6:3:1 respectively, for the three component FTRs that make up the Megazone Hub. A 100 MW FTR from the Megazone Hub to location Y receives a similar treatment. The auction would treat this bid as a 60 MW FTR bid from location A to location Y, a 30 MW FTR bid from location B to location Y and a 10 MW FTR bid from location C to location Y. Once again to the extent that the bids into the auction clear they must clear in the proportion 6:3:1 respectively, for the three component FTRs that make up the Megazone Hub.      


For the DAM, the Megazone Hub weights are determined using an average of the real-time load weights over the seven days preceding each DAM run. A single set of weights is applied to each DAM solution. The weights are identical for all 24 hours and are modified daily for each DAM run. The weights will not be announced in advance of the DAM.
Example: The DAM solution run on February 7th for electric day February 8th would use the real-time load weights over the seven-day period from January 31st through February 6th.


A virtual generation offer at the Megazone Hub in the DAM is treated as a simultaneous injection of energy at each of the locations in the Megazone Hub in proportion to the Megazone Hub weights used in the DAM.

Example: If the Megazone Hub is made up of three locations A, B, and C with Megazone Hub bus weights of 60%, 30% and 10% respectively, then a 100 MW virtual generation offer is viewed by the DAM software as a 60 MW offer at location A, a 30 MW offer at location B and a 10 MW offer at location C.  To the extent that the offers into the DAM clear they must clear in the proportion 6:3:1 respectively, at the three locations that make up the Megazone Hub.


A virtual load bid at the Megazone Hub in the DAM is treated as a simultaneous withdrawal of energy at each of the locations in the Megazone Hub in proportion to the Megazone Hub weights used in the DAM.

Example: If the Megazone Hub is made up of three locations A, B, and C with Megazone Hub bus weights of 60%, 30% and 10% respectively, then a 100 MW virtual load bid is viewed by the DAM software as a 60 MW bid at location A, a 30 MW bid at location B and a 10 MW bid at location C. To the extent that the bids into the DAM clear they must clear in the proportion 6:3:1 respectively, at the three locations that make up the Megazone Hub.


For the RTM, the weights are determined by the results of the state-estimator solution for each 5 minute dispatch run. They are dynamic and change with each dispatch solution on a five-minute basis. The definition of the Megazone Hub has no impact on the RTM dispatch solution, but the second settlement of Megazone Hub positions taken in the DAM will be impacted by the RTM Megazone Hub bus weights and prices. 

III. Analysis and Discussion

The analysis and discussion focus on two main elements of the Megazone Hub proposal: ISO-NE revenue adequacy and market participant risk management.

A. ISO-NE Revenue Adequacy 

Revenue adequacy in the context of FTRs and the DAM is the assurance that sufficient net congestion rents will be collected from the DAM settlements to fully fund the FTR payment obligations. 


Revenue adequacy is tested through the simultaneous feasibility test. The simultaneous feasibility test for FTRs relative to the DAM applies the injections and withdrawals associated with the set of FTRs to the grid model used to solve the DAM. If no transmission or interface limits are violated by the injections and withdrawals associated with the FTRs then the DAM settlement will be revenue adequate from an FTR settlement perspective. If any transmission or interface limit is violated there is a potential for revenue inadequacy.  


There is a corresponding revenue adequacy criterion for congestion rent collections between the DAM and the RTM that assures that sufficient net congestion rents will be collected from the deviations from day-ahead schedules to pay the congestion price differential to all resources whose real-time schedules deviated from their day-ahead schedules.


A similar revenue adequacy test can be performed between the DAM schedules and the RTM grid representation where the same underlying mathematical relationship applies. If the DAM schedules can be applied to the RTM grid without any line or interface limit violations the RTM settlement will be revenue adequate from a congestion perspective. If any transmission or interface limit is violated there is a potential for revenue inadequacy.


The most common cause of revenue inadequacy between the FTR auction and the DAM or the DAM and RTM are changes in transmission system configuration: line outages, deratings, or modified contingency sets for unanticipated reliability conditions. 


The remainder of this section of the whitepaper will answer three questions:

1. Does the Megazone Hub by its existence alone create revenue inadequacies?

2. Do load bus weighting methodology differences between the FTR auction and the DAM create the potential for revenue inadequacies? 

3. Do load bus weighting methodology differences between the DAM and RTM create the potential for revenue inadequacies?

To answer these questions, a simplified representation of the ISO-NE system as shown in Figure 1 below is used as a framework for a set of examples.


There are three load areas represented: Maine, Connecticut and the Rest of New England. This three load area representation allows illustration of the impacts on both low and high priced regions without having to use a more complicated grid or network model. 


The interface limit between Maine and the Rest of New England is 1,400 MW and for the purpose of these examples all power from Maine flows across this interface to get to either the Rest of New England or Connecticut.


The interface limit between the Rest of New England and Connecticut is 1,850 MW and for the purpose of these examples all power from Maine or the Rest of New England to Connecticut flows across this interface. There is no direct linkage between Maine and Connecticut other than wheeling through the Rest of New England.


For the purposes of the FTR auction the load distribution that establishes the weightings for the Megazone Hub is: Maine 10%; Rest of New England 65% and Connecticut 25%.
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1. Does the Megazone Hub by its existence alone create revenue inadequacies?

Figure 2 illustrates the total number of FTRs from Maine to the Megazone Hub that can be allocated in the absence of any other FTRs or counterflow. The 1,555 MW of FTRs relative to the 1,400 MW interface limit seemingly raises the possibility of a revenue inadequacy associated with the structure of the Megazone Hub.
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However, as illustrated in Figure 3, there are not 1,555 MW of flows across the Maine-to-the Rest of New England interface. Due to the load weightings associated with the Megazone Hub definition, 10% of the FTRs have Maine as their effective destination load area. This 10%, or 155 MW, reduces the potential flow across the Maine-to-the Rest of New England interface down to 1,400 MW consistent with the interface limit.
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Similarly, Figure 4 illustrates the total number of FTRs from the Megazone Hub to Connecticut that can be allocated in the absence of any other FTRs or counterflow. The 2,467 MW of FTRs relative to the 1,850 MW interface limit again seemingly raises the possibility of a revenue inadequacy associated with the structure of the Megazone Hub.
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However, as illustrated in Figure 5, there are not 2,467 MW of flows across the Rest of New England-to-Connecticut interface. Due to the load weightings associated with the Megazone Hub definition, 25% of the FTRs have Connecticut as their effective source load area. This 25%, or 617 MW reduces the flow across the Rest of New England-to-Connecticut interface down to 1,850 MW consistent with the interface limit.
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These examples illustrate that the load area weighting structure of the Megazone Hub does not necessarily create revenue inadequacy. In each example the set of FTRs passes the simultaneous feasibility test on the anticipated DAM grid representation, confirming that no interface limits were violated. This is true so long as the FTR auction software is appropriately allocating the injections and withdrawals associated with FTRs that have the Megazone Hub as their source or destination in a manner consistent with the assumed Megazone Hub bus weightings.   

2. Do load bus weighting methodology differences between the FTR auction and the DAM create the potential for revenue inadequacies?

For these examples the load distribution used in the FTR auction to establish the weightings for the Megazone Hub is: Maine 10%; Rest of New England 65% and Connecticut 25%.


The FTR Auction produces a result that sells 2067 from the Megazone Hub to Connecticut and 1153 MW of FTRs from Maine to the Rest of New England. Both the Maine-to-the Rest of New England interface constraint and the Rest of New England-to-Connecticut interface constraint are binding in the auction. The auction results are shown in Figure 6 below with the Megazone Hub-to-Connecticut FTR broken out into its component pieces and referenced by its injection location.
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Three alternate cases will be considered for Megazone hub weightings used in the DAM.


In the basecase the weights from the FTR auction will be used to determine the DAM Megazone Hub price. In the first sensitivity case the load weighting will be: Maine 9%, Rest of New England 65% and Connecticut 26%. In the second sensitivity case the load weighting will be: Maine 11%, Rest of New England 65% and Connecticut 24%.


In all cases the DAM solution produces the same outcome as shown in Figure 7 below. This will not generally be true. To the extent that the DAM solutions include virtual bids and offers at the Megazone Hub, the DAM solutions will necessarily be different. However for the purpose of this example we have assumed no day-ahead bids or offers are made at the Megazone Hub. 
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Maine

Rest of New

England

Connecticut

Totals

Price ($/MWh)

20.00

$             

 

50.00

$             

 

190.00

$           

 

Generation (MW)

2,400

               

 

6,950

               

 

650

                  

 

10,000

          

 

Paid to Generators ($)

48,000

$           

 

347,500

$         

 

123,500

$         

 

519,000

$      

 

Load (MW)

1,000

               

 

6,500

               

 

2,500

               

 

10,000

          

 

Paid By Loads ($)

20,000

$           

 

325,000

$         

 

475,000

$         

 

820,000

$      

 

Total Net Congestion Collections ($)

301,000

$      

 


The total load dispatched is 10,000 MW and similar to the auction, both the Maine-to-the Rest of New England and the Rest of New England-to-Connecticut interfaces are both binding.


For simplicity, the prices will be calculated excluding the impact of the marginal cost of losses. 


The Megazone Hub prices for the DAM calculated according to the Auction weights (base case) and the two sensitivity cases are shown in Figure 8 below.
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Sensitivity Case 1 which had the highest Connecticut load weight also has the highest Megazone Hub price. Sensitivity Case 2 has the lowest Connecticut load weight and therefore has the lowest Megazone Hub price.


Using the three different Megazone Hub prices we can now calculate the payments to the FTR holders as shown in Figure 9 below.
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Using the Auction weights, the payments to the FTR holders exactly match the Total Net Congestion Collections from Figure 7, i.e., a revenue neutral (and revenue adequate) solution.


Sensitivity Case 1 results in payments to the FTR holders that are less than the Total Net Congestion Collections from Figure 7, i.e. a revenue surplus (and revenue adequate) solution.


Sensitivity Case 2 results in payments to the FTR holders that are more than the Total Net Congestion Collections from Figure 7, i.e., a revenue shortfall (and revenue inadequate) solution. 


Given the observations of the example, it is likely that the revenue adequacy of the FTR auction relative to the DAM will exhibit seasonal patterns of revenue shortfall and surplus depending on the extent to which FTRs to and from the Megazone Hub are a part of the FTR auction solutions and the extent to which the load weights developed by the seven day rolling average before each FTR Auction are good predictors of the seven day rolling average load weights used to calculate the Megazone Hub weights in each DAM solution.


Given this design, it is likely that there will be predictable and arbitragable differences between the previous seven days’ load patterns and the expected load patterns for the following month based on expected differences in weather, load level, congestion or fuel prices. If the differences were random and unpredictable there would be more of a chance that the surpluses and deficits generated by the load pattern differences would cancel out. However it seems very likely that differences will not be random or unpredictable and may be exploited, magnifying the potential revenue inadequacy.


All of this discussion is equally applicable to the difference in load weights between the six-month auction and the monthly auctions.

3. Do load bus weighting methodology differences between the DAM and the RTM create the potential for revenue inadequacies?

The lessons learned from the examples in the previous section that compare the FTR auction weights to the DAM weights for calculating Megazone Hub prices and the corresponding impacts on revenue adequacy apply equally to the revenue adequacy conditions between the DAM and the RTM.


The RTM will likely exhibit intra-day revenue shortfalls and surpluses that will depend on the extent to which FTRs to and from the Megazone Hub are a part of the DAM solution and the extent to which the load weights developed by the seven day rolling average before each DAM are good predictors of the RTM load weights used to calculate the Megazone Hub weights in each RTM state estimator solution. The intra-day shortfalls and surpluses will likely exhibit patterns related to differences in the load distribution across ISO-NE over the course of the day. Once again, it is likely that the differences will be predictable and arbitragable.


Revenue inadequacies are created when virtual generation offers or virtual load bids that are accepted in the DAM are settled in real time against Megazone Hub weights that have changed. Figure 10 below illustrates how a 1000 MW virtual generation offer accepted at the Megazone Hub in the DAM with Megazone Hub load weights of 9% Maine, 65% Rest of New England, and 26% Connecticut produces revenue inadequacy when it is settled in real time using different weights to define the second settlement of the Megazone Hub virtual generation transaction.
 In real time the Megazone hub weights on the system are 10% Maine, 65% Rest of New England, and 25% Connecticut as determined by the actual loads observed in real time.


With no change in the level and location of load between the DAM and the RTM and no change in the representation of the transmission system, physical generation must be dispatched up in the RTM consistent with the allocation of the Megazone Hub virtual generation profile from the DAM. However, the second settlement of the Megazone Hub virtual transaction settles according to the Megazone Hub load weights determined in real time. In this example this allows the virtual generation offer at the Megazone Hub to buy out of 10 MW worth of its day-ahead Connecticut obligation at the real-time Maine price, creating a revenue shortfall to the ISO-NE market of $1,700. 

[image: image11.wmf]Figure 10: Revenue Adequacy Between DAM and RTM
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B. Market Participant Risk Management

Market participant risk management concerns can be broadly separated into two areas:

1. Megazone Hub weighting factor uncertainty

2. Sensitivity of the Megazone Hub price to congestion on the most highly congested portions of the grid

1. Megazone Hub Weighting Factor Uncertainty

The differences in calculating the Megazone Hub weighting factors that contributed to creating the potential for revenue inadequacies as described in Sections III A.1 and III A.2 of this paper create an additional potentially undesirable effect.


The Megazone Hub weights used in the FTR auctions are not announced in advance of the auction.  The availability of the Megazone Hub weighting information is important so that the market participants can determine how bids to and from the Megazone Hub will be allocated across the system in the auction and how they should attempt to estimate the value of an FTR to or from the Megazone Hub.


Even if the market participants were furnished with the Megazone Hub weights with sufficient time to prepare their bidding strategies, the exact definition of FTRs bought and sold to and from the Megazone Hub as they will be applied in the DAM settlements is not known. The definition of the Megazone Hub used in each DAM solution will be different based on the rolling average of the real-time load weights of the seven days preceding each DAM solution.  Using the Base Case and sensitivity cases from the previous examples in the Revenue Adequacy discussion, will a 100 MW Megazone Hub-to-Connecticut FTR hedge a position of 24 MWs, 25 MWs or 26 MWs of Connecticut congestion? The broader the hub the more difficult it is for the market participants to fully understand the exposure they might face.


As the market participants submit bids to the FTR Auction on FTRs to or from the Megazone Hub they have to consider both the congestion risks associated with all the interfaces spanned by the Megazone Hub, and the Megazone Hub load weighting factor methodology risks, i.e. what the Megazone Hub weights will be in the Auction and the extent to which the DAM Megazone Hub bus weights will vary from the Auction Megazone Hub bus weights.


In its simplest form, the participants in the auction would be submitting a bid on a product that has not yet been fully defined, because the market outcomes that define the product have not yet occurred.


Similarly, a market participant submitting a virtual generation, virtual load or bilateral transaction to, from or at the Megazone Hub in the DAM that they plan to liquidate or close out in the RTM will be taking on the risks associated with changes in the Megazone Hub weights between the DAM and the RTM. Once again, the market participants will be entering into obligations with an uncertain product definition. The actual RTM Megazone Hub price will be a function of the real-time load distribution and the market participant’s residual risk will vary as the Megazone Hub weighting factors change between the DAM and the RTM.  

IV. Sensitivity And usability of the Megazone Hub Price 

Two concerns related to the definition of the Megazone Hub are: i) whether the allocation of a significant portion of the Megazone Hub to constrained portions of the ISO-NE system will increase the volatility of the hub price and create a more volatile price for those market participants trading within the constrained areas, and ii) whether market participants will be able to use the Megazone Hub as a reasonable trading mechanism given that they will have to manage congestion risks associated with many interfaces that previously did not matter to them.


It is difficult to assess the magnitude or importance of these questions as in every case there are mitigating transactions, strategies or other market responses that would limit or eliminate the concern. Ultimately, the market participants through their actions and participation or lack thereof at the Megazone Hub will answer these questions.

1. Price Volatility In Constrained Areas

Connecticut will have a Megazone Hub load weighting in the order of 20%-25%. Every 100 MW of Megazone Hub transaction imbalance cleared in the DAM will impact the supply/demand balance within the Connecticut area by 20 to 25 MW. Because there is an implied physical aspect or usage of the transmission system from the perspective of the FTR auction or DAM transaction involving the Megazone Hub, every entity on the system that is transacting relative to the Megazone hub will be impacting the availability of transmission into the constrained area.

If the Megazone Hub develops as a liquid trading point in either the FTR auction or the DAM its success may increase the price volatility of the more congested areas of the system or force market participants in the constrained region to either: i) pay more to hedge their positions, i.e., pay a higher price for the FTRs to hedge DAM congestion risks or a higher DAM energy price to hedge RTM energy price risk; or ii) pass more risk forward into later markets, i.e., not purchase FTRs and face a higher level of DAM congestion risks or not purchase DAM energy and face a higher level of RTM energy price risk. However, these potential outcomes would be mitigated by the ability of arbitrageurs to submit counterflow FTRs from the constrained region in the FTR auction or virtual generation offers in the constrained region in the DAM to absorb some of the potential increase in volatility. Whether the actions of the arbitrageurs will be sufficient in all cases particularly when supply is tight and the system is on a steep portion of the supply curve is an open question.

Currently, the entities that impact the availability of transmission into the constrained areas from the perspective of the FTR auction and the DAM are those who have physical or financial resources within the area who are looking to hedge portions of their risk, and arbitrageurs. Megazone Hub trading will add to that group any other physical or financial resources from the rest of the ISO-NE market that is attempting to hedge its position through the use of the Megazone Hub in the FTR auction or DAM. It is difficult to assess the potential magnitude of these effects as most scenarios that can be devised for physical and financial entities transacting at the hub typically involve two parties that will often have offsetting injections or withdrawals at the Megazone Hub.

2. Will All Market Participants Be Able to Use the Megazone Hub?

All entities transacting at the Megazone Hub will need to understand and be prepared to face the congestion risk associated with all interfaces spanned by the Megazone Hub or will have to develop hedging strategies that effectively remove that congestion risk from their overall positions. Eliminating those congestion risks effectively involves converting a Megazone Hub transaction to something that relates to the entities’ actual physical or financial location. If the prices at the Megazone Hub are volatile with respect to one or more regions in New England that have high or low prices due to transmission congestion (NEMA, Connecticut, Maine), will the market participants be prepared to undertake the two transactions (a buy or sell at the Megazone Hub along with a transaction to hedge the price differential between the Megazone Hub and their location) that would be necessary to return them to a overall position consistent with their physical or financial location? Or will they instead attempt to enter a contract more closely associated with their own location?  

Conclusions

The dynamic nature of the weights between the FTR auction, DAM and RTM creates uncertainty from a revenue adequacy and market participant risk management perspective. 


If the Megazone Hub proposal is implemented, is that implementation undermined by a more consistent determination of the Megazone Hub weights used across the various timeframes covered in the ISO-NE markets by the FTR auction, DAM and RTM? Use of consistent Megazone Hub bus weights between the six-month Auction and the monthly Auction, and the monthly Auction and the DAM over the period to which those auction results apply would remove the revenue inadequacy issues created by the dynamic weight calculations. Similarly, use of consistent Megazone Hub bus weights between the DAM and the RTM would remove the potential revenue inadequacy and arbitrage associated with the dynamic weights.


The use of consistent Megazone Hub bus weights across the various ISO-NE markets should not undermine the general intent of the Megazone Hub price as an energy price that is reflective of the load conditions over the entire system.

Consistent Megazone Hub bus weights would decrease the uncertainty associated with what weights will apply when market participants prepare the bids made to, or from, the Megazone Hub in the FTR auction and bids and offers made at the Megazone Hub in the DAM. 

Consistent Megazone Hub bus weights would also eliminate the current construct that requires market participants to submit bids in the FTR auction and bids and offers in the DAM on products associated with the Megazone Hub that are not fully defined because elements of their definition occur in the future.

Consistent Megazone Hub bus weights would limit the extent to which the RTM price reflected the actual load pattern on the system, and would cause some delays in modifying the Megazone Hub bus weights associated with buses included or excluded from the hub as those events that occur in real time. Changes associated with transmission configuration and the inclusion or exclusion of specific load buses would be reflected in the next period’s static Megazone Hub bus weights.   

There are also questions as to whether the Megazone Hub definition would adversely impact price volatility within constrained regions of ISO-NE and whether the need for market participants to understand congestion risks across all interfaces spanned by the Megazone hub might limit its usability. These are questions that are not easily answered in advance of implementing the trading hub as in each case there are mitigating strategies or market responses that may limit or eliminate their impact.
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� 	The trading in the RTM is not explicitly through the real-time dispatch schedules and prices as there are no physical resources at the Megazone Hub location. Rather, the trading relates to the second settlement of day-ahead positions taken by market participants, or through two-party bilateral transactions settled by ISO-NE that reference the RTM Megazone Hub price as their trading location.


� 	Note that the Megazone Hub weights are defined prior to running the DAM market. The loads that actually clear in the DAM may be in different proportions.
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