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[bookmark: __RefHeading___Toc521813841]Introduction
In Order 2000, FERC has mandated existing and newly forming regional entities to take into account any issues that will impede commercial activities between regions.  This white paper is being developed as a collaborative effort between transmission providers, market participants, existing and newly forming regional organizations.  The intent is to present, analyze and offer solutions to commercial seams[footnoteRef:2] that could potentially exist between regions within the WSCC.  It is recognized that while Commission’s recently stated vision[footnoteRef:3] includes the formation of a West-wide RTO, the authors of this paper intend to address the more near term issues that will face all parties in the west with the more current efforts to develop and implement RTO West and DSTAR in addition to the CAISO within the WSCC. [2:  Definition of Commercial Seams: Any rule, procedure or lack-there-of, that impedes the ability of the WSCC to achieve economic parity across the west.  This does not include, physical transmission congestion, which is a result of “market” optimization of resources.]  [3:  FERC Rulings July 12, 2001, Grid South RT01-74, opening remarks: “[W]e favor the development of one RTO for the Northeast, one RTO for the Midwest, one RTO for the Southeast and one RTO for the West”] 


All parties agree, that reliability region-wide is key and should never be compromised in the face of economics.  With the former stated, it is also recognized that the more seamless and transparent a marketplace like the WSCC operates, the better for all market participants, including those entities focused on reliability.  This can best be demonstrated by examining what it is that the marketplace needs from the transmission supplier and conversely what the transmission supplier can expect from the marketplace and how these two “needs” are not diametrically opposed.

The market needs certainty (as much certainty that can be provided in as dynamic of an environment as a power system).  The market needs information, as with certainty, as much information as possible, to allow participants the ability make informed decisions relating to supplying load from their resources.  The market needs consistency, consistency in rules and transmission products.  Finally, the market needs simplicity.  While simplicity is not always possible working within an environment as complex as a power system, if the designers of the regional markets set this as a goal, we should ultimately develop a process closer to a seamless market than not.

Certainty – a reasonable assurance that the product purchased will supply the service implied.  As contractually possible, all FTRs, RTRs and NTRs should be treated equally within and between regions.

Information – as much data relating to equipment outages, transfer de-ratings and durations, general system conditions and any real-time data.  Markets perform more optimally with as much information disseminated to all participants as possible.  For example, if a major element of the network is planned on being out and this outage would have a significant impact on scheduling capability, the sooner the market is aware of this fact, the sooner the participants can make alternative arrangements.  This would not only make the participants decision making functions easier to manage, it could help alleviate any real-time schedule curtailments the entity responsible for system reliability would have to make.  Other information, like zonal prices, are also key to not only in the short-term, but long-term decisions as well.

Consistency – setting market rules.  Only making changes when absolutely necessary with sufficient stakeholder input and notice.  Unbiased interpretation and application of rules is also essential.  Adopting a best-practices, coordinating group, between RTOs would help facilitate this effort.

Simplicity – minimize the number of transmission products.  Standardize service acquisition, scheduling practices and timelines, billing and settlement rules region-wide, at least as much as possible.  Offer a coordinated auction or release of transmission rights across all regions.  This could be accomplished using a single region-wide “OASIS”.  For scheduling, leveraging the current NERC Electronic Scheduling Collaborative (ESC) forum would be an ideal venue on which to adopt a “best-practices” approach for the region and implement a single scheduling protocol for the market.  As for billing and settlement, adoption of common credit-worthiness requirements, metering and settlement timetables would be ideal.
[bookmark: __RefHeading___Toc521813842]Financial FTR v.s. Physical FTR

FTRs haves different meanings definitions in different ISOs or forming RTOs.  FTR definitions differ with respect to:
· What rights aredo the FTRs offer to owner entitled to (i.e., financial v.s. physical)?
· Are the rights directional, defined on a specific transmission interface or a source-to-sink (point-to-point) pair?

The FTRs in CAISO include both financial and physical rights. The characteristics of the FTRs of CAISO are as follows:
· The financial right entitles the owner to receive congestion revenues in DA and HA markets. 
· The physical right entitles the owner the second usage priority (next to ETC) in the event of DA administrative curtailment when there are not sufficient adjustment bids.
· Procurement of FTRs in CAISO is voluntary through an ISO facilitated auctioning process.  The FTRs are directional and duration specific.  An SC does not have to have FTRs in order for its schedules to be accepted by the CAISO.  There is also the potential for a secondary market for CAISO FTRs, but to date there is no evidence of any interest on the part of participants for such a market.  Part of the inherent problem and lack of liquidity in a secondary market of financial FTRs is the fact that with the owner is under no obligation to “use” the FTR.  In fact as currently constructed, there is no incentive for the FTR owner to make unused FTRs available to entities that might otherwise want to purchase these congestion hedging instruments.
· CAISO FTRs are used to mitigate financial and curtailment risks.  FTRs are not used to allocate transmission usage.  The Congestion Management mechanism is used to allocate transmission usage in forward markets. 

The FTRs in RTO West and DSTAR areinclude physical “flow based” rights only.  The characteristics of the FTRs ofin RTO West and DSTAR are as follows:
· RTO West and DSTAR use a different definition of physical right than the CAISO. An FTR in RTO West and DSTAR  an FTR is an entitlement to physically schedule one (1) MW of use of a flow path in a specificparticular direction for a specific period of timeparticular hour. 
· Procurement of FTRs is made via periodic auctions run by the RTO or its designated agent acting on its behalf.  There is also markets which provide secondary access to FTRs which may be offered for sale by the primary holders.mandatory;  An SCone has tomay submit matched schedules and FTRs according to the distribution of flows of a matched set of physical transactions within a threshold in order for the schedules to be implemented. accepted. 
· The FTRs are also used in RTO West and DSTAR to allocate transmission usage in forward markets which allows participants to manage future delivery risk and mitigate uncertainty.
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Contract-Path, Flow-Gate, and Point-to-Point are key concepts used to define Firm Transmission Rights (FTR).  Contract-Path and Flow-Gate are similar, in that, conceptually; both define physical rightsFTR on explicit links. Point-to-Point approach defines FTR from sink to source without explicit reference to links. 

The differences and similarities between the Contract-path approach and the Flow-gate approach are as follows:
· Both Contract-Path and Flow-Gate approach define FTRs on a specific link (a transmission line or a group of transmission lines.)
· Difference: Contract-Path rightsFTR is are validated individually per link without regard for actual MW flow.  
· Flow-Gate rightsFTRs are validated simultaneously across the network based on Flow Distribution Factors (FDF)
· Point-to-Point approach defines rightsFTR from sink to source without explicit reference to transmission links.

The debates between the physical Flow-Gate approach and the financial Point-to-Point approach can be found atfrom: 

http://ksgwww.harvard.edu/hepg/flowgate.htm
http://www.stoft.com/x/flowgate/

[bookmark: __RefHeading___Toc521813844]FTR Seams among Western RTOs

The debate between Flow-Gate and Point-to-Point has little to do with the seams among CAISO, RTO West and DSTAR.  because aAll three of these three entities use a link-based FTR definition.  The difference is that the CAISO prefers to retain a Contract-Path approach on inter-regional ties while the other two RTO West and DSTARs are proposing the use of  prefer thea Flow-gate based approach on inter-RTOregional ties. 

Since Historically, the network model that the CAISO has useds is radial, or open-loop approach, there is no practical difference whether the Contract-Path approach or the flow-gate approach is used currently.  The CAISO has contemplated using the flow-gate approach internally when more congestion zones are created.  However, the network model used by the CAISO in forward markets will not include external loops; in other words, the Contract-Path concept will continue to be used on inter-RTO ties. It is assumed that the other two RTOs are planning to include external loops in their network model and use a the Flow-basedgate approach on internal facilities-ties, in the case of RTO West no firm decision has yet be made regarding its position on FTRs, scheduling and what rights will be needed..  Therefore, cCoordination between the Contract-Path FTRs and the Flow-Gate FTRs at tie-points needs to be addressed.	Comment by dperrino: Wouldn’t now be a good time for the CAISO to re-evaluate its position on the network modeling techniques it uses?  Historically, no one else in the region ran models which accounted for where the flows actually were distributed throughout the WSCC for rights assignment.  In light of the fact that the neighboring RTOs are proposing a flow-based approach the time may now be right for the CAISO to become the leader in close-loop flow-based modeling!

There are three alternatives for FTR quantity seams at inter-ties:
· All RTOs use contract-path approach on inter-RTO ties.
· All RTOs use flow-basedgate approach on inter-RTO ties.
· CAISO uses contract-path approach on inter-RTO ties. RTO West and DSTAR use flow-basedgate approach on inter-ties.
Before embarking on the details of the three alternatives, it is beneficial to clarify some concepts and to review the WSCC Un-Scheduled Flow reduction procedure.

[bookmark: __RefHeading___Toc521813845]Terms Related to Schedules

This section clarifies the meanings of Scheduled Flow, Unscheduled Flow, Actual Flow, Real-Time Flow and the USF Reduction Procedure. The physical FTR in RTO West and DSTAR should not be confused with the physical network or real-time flow. Physical FTRs are entitlements to schedule flows on a network model that represents the physical network to a prescribed degree of accuracy. Both Contract-Path model and the Flow-Gate model are simplified network models of the physical network although it is generally accepted that Flow-Gate model is more accurate than the Contract-Path model. The point is that the concept of physical FTR works with the Contract-Path model as well as the Flow-Gate model.

Once a network model is adopted by the RTO, the schedules and the FTRs are validated according to the model regardless of the real-time flows on the physical network. The WSCC Un-Scheduled Flow (USF) Reduction Procedure is used to reduce the discrepancy between the scheduled flow and the actual flow. However, in this procedure, the actual flow is not the real-time flow that one would get from the state estimator; it is calculated based on the power flow distribution factors obtained twice a year using DC power flow equations. In other words, the actual flow is another approximation of the real-time flow. This USF Reduction Procedure is carried out at least 30 min before the operation hour mainly to reduce the unscheduled flow introduced by the Contract-Path model. 

The power flow distribution factors are used in the USF procedure to calculate the incremental flows on lines when schedules are adjusted. The same power flow distribution factors are also used in the Flow-Gate Model. The difference might be that the power flow distribution factors would be updated more often in the Flow-Gate Model than the power flow factors used in the USF Reduction Procedure. If all the RTOs use the Flow-Gate Model and Physical FTR on the ties, there would be no need for the USF Reduction Procedure on the ties. In the following sections, we examine the pros and cons of three approaches. 
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Let us illustrate the contract-path approach using COI as an example. We examine how the un-scheduled flows reduced in this approach. The forward market schedules are validated as follows (Figure 1):

Forward Market Scenario:
· SC x Schedules 100 MW from Malin to NP15
· SC x has 100 MW RTO West FTR on COI (i.e., COB). The schedule is validated and accepted by RTO West.
· CAISO does not require SC x to have CA FTR on COI in order to schedule. The Congestion Management handles curtailment on COI accordingly.
· All 100 MW power is deemed to go through COI. The PDF for COI is 1.0
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Figure 1.  Forward market scenario when Contract-Path FTRs are used on inter-ties for all RTOs

However, in real-time the scheduled 100 MW at COI will cause unscheduled flows on other paths as shown in Figure 2. 

Real-time Scenario:
· 92 MW of the SC x’s 100 MW use the contract-path, i.e., the COI
· SC x’s schedule causes the following unscheduled flows:
· 2 MW on Sumit-NP15
· 1 MW on Cascade
· 1 MW on McCullough-SP15
· 1 MW on Moenkopi-SP15
· 1 MW on Palo Verde-SP15
· 1 MW on Sylmar-SP15
· 1 MW on Victorville-SP15
· According to WSCC Un-Scheduled Flow (USF) Reduction Procedure, unscheduled flows less than 10% of the schedule are not curtailed. Since the largest unscheduled flow is 2% of the schedule, all the unscheduled flows are accommodated.
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Figure 2.  Real-time scenario when Contract-Path FTRs are used on inter-ties for all RTOs

In this scenario, the unscheduled flows happen to be small enough to be accommodated. In general, Contract-Path approach may cause FTRs lose firmness on the contract-path in the event of curtailment of unscheduled flows on non-contract-paths.

[bookmark: __RefHeading___Toc521813847]An Example of Flow-Gate Approach

Let us illustrate the flow-gate approach using COI as an example. The forward market schedules are validated as follows (Figure 3):

Forward Market Scenario:
· SC x’s schedule will not be accepted by RTO West and DSTAR unless SC x has obtained the following FTRs:
· 92 MW on COI
· 2 MW on Sumit-NP15.
· 1 MW on Cascade
· 1 MW on McCullough-SP15
· 1 MW on Moenkopi-SP15
· 1 MW on Palo Verde-SP15
· 1 MW on Sylmar-SP15
· 1 MW on Victorville-SP15
· CAISO does not require FTRs for the schedule to be accepted. 
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Figure 3.  Forward market scenario when Flow-Gate FTRs are used on inter-ties for all RTOs

In real-time, since the USF reduction procedure determines unscheduled flows using the same DCLF model that the Flow-Gate uses, no unscheduled flows will be found.

Real-time Scenario:
· The following flows are considered actual flows as shown in Figure 4. 
· 92 MW on COI
· 2 MW on Sumit-NP15.
· 1 MW on Cascade
· 1 MW on McCullough-SP15
· 1 MW on Moenkopi-SP15
· 1 MW on Palo Verde-SP15
· 1 MW on Sylmar-SP15
· 1 MW on Victorville-SP15
· No action needs to be taken to reduce the unscheduled flows unless network topology changes
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Figure 4.  Real-time scenario when Flow-Gate FTRs are used on inter-ties for all RTOs

In the event that the schedule on one of the flow-gate is curtailed by a small amount, the all-flow-gate approach may cause excessive curtailment of schedules on other flow-gates. Specifically, since CAISO does not model external loops in the congestion management, in this COI example, 8 separate schedules need to be submitted; the flows on the above 8 interfaces are subject to independent curtailment. A curtailment of 1MW on Palo Verde by CAISO may result in curtailment of the whole 100MW transaction by RTO West and DSTAR. The all-flow-gate approach will work only if all RTOs use the same network model and the same definitions of FTRs.
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Let us illustrate the hybrid approach using COI as an example. The forward market schedules are validated as follows (Figure 5):
Forward Market Scenario:
· SC x schedules with RTO West and DSTAR using the following FTRs:
· 92 MW on COI
· 2 MW on Sumit-NP15.
· 1 MW on Cascade
· 1 MW on McCullough-SP15
· 1 MW on Moenkopi-SP15
· 1 MW on Palo Verde-SP15
· 1 MW on Sylmar-SP15
· 1 MW on Victorville-SP15
· CAISO does not require FTRs for the schedule to be accepted. The 100 MW are deemed to go through COI during validation and congestion management. 
· After congestion management, CAISO converts the contract-path flow into flow-gate flows according to PDFs to coordinate control-area check-out. 
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Figure 5. Forward market scenario when hybrid FTRs are used on inter-ties among RTOs

In real-time, if SC x’s schedule is not curtailed by CAISO’s congestion management, the 100MW on COI is converted exactly to match the flows on the flow-gates for control area check-out purpose. Suppose a curtailment of 10 MW on COI is translated into 8 pro-rata curtailments according to the PDFs, the scenario is illustrated by Figure 6.

Real-time Scenario:
· Suppose SC x’s 100MW on COI is curtailed by CAISO congestion management to 90MW. The CAISO converts the 90MW on COI into 8 flow-gate values to coordinate control-area checkout with RTO West and DSTAR:
· 82.8 MW on COI
· 1.8 MW on Sumit-NP15.
· 0.9 MW on Cascade
· 0.9 MW on McCullough-SP15
· 0.9 MW on Moenkopi-SP15
· 0.9 MW on Palo Verde-SP15
· 0.9 MW on Sylmar-SP15
· 0.9 MW on Victorville-SP15
· RTO West and DSTAR also curtail SC x’s schedule to 90MW. 
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Figure 6.  Real-time scenario when hybrid FTRs are used on inter-ties among RTOs
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The hybrid FTR approach is an option unless all RTOs in the west are willing to change their individual designs significantly. The FTR seams issues are quantity coordination and timeline coordination. One approach to address these two issues is explained as follows.

Hybrid FTR Quantity Coordination in DA Market
· Each RTO/ISO validates forward schedules based on their own market rules.
· Each SC who has schedules on inter-ties must meet the individual scheduling requirements of each RTO.
· CAISO will manage congestion based on the adjustment bids on contract-paths; some firm interchange on ties may be curtailed because of congestion on ties or internal interfaces.
· RTO West and DSTAR manage their transmission usage via physical FTRs independently.

Hybrid FTR Timeline Coordination in DA Market 
· By 13:00 CAISO completes DA scheduling process; start to map final contract-path flows to flow-gate flows.
· By 14:00 all RTOs ready to compare schedules on flow gates. The minimum schedule (among the three RTOs) determines the final schedule for the SC.
· By 15:00 all RTOs publish final schedules. Control Area Checkout & Complete Operation Plan, SC submit tags.

Hybrid FTR Quantity Coordination in HA and near Real-Time Market 
· Same as the hybrid FTR quantity coordination in DA market.

Hybrid FTR Timeline Coordination in HA and near Real-Time Market 
· By 60 min before the operating hour, all RTOs complete their normal schedule adjustment process. CAISO completes mapping contract-path flow to flow-gate flows
· By 30 min before the operating hour, all RTOs compare final schedules and make adjustment if necessary.

Since both RTO West and DSTAR define FTR similarly and require physical FTR to validate schedules, it is important for an SC to get FTRs for both RTOs; a uniform auction is highly desirable. In fact, it is preferable to auction the FTR on ties once for both RTO West and DSTAR instead of auction the same product twice.
		
Since CAISO FTRs are different products from RTO West and DSTAR FTRs, a separate auction is necessary. However, it is preferable to have the initial auctions coordinated so that one can make a decision on one product based on the outcome of the other product. Secondary markets may work too. It is difficult to guess how liquid and efficient will the second market be.
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The hybrid approach is not the perfect solution to the FTR seams problem among the RTOs in the west. It is a compromised solution to a difficult problem with many constraints. The ideal solution would be one single RTO in the west applying flow-gate or the contract path method to the entire transmission network. The following pitfalls are discussed here to minimize their potential negative effects:

· An Existing Transmission Contract holder may need to procure FTRs on other paths according to PDFs in RTO West and DSTAR. The hybrid approach allows an ETC holder to schedule as usual in CAISO; however, the schedule may be curtailed before control area check out if the ETC holder does not have matching FTRs in RTO West and DSTAR.
· When the schedule is determined by the minimum schedules among the three RTOs, excessive curtailment may occur. For example, a schedule of 100 MW at COI may be curtailed to 95 MW in CAISO congestion management process believing that all the 100 MW flows through COI. However, during control area check out, it is found that only 92% of the schedule flows through COI; the 92 MW flow on COI would not have caused congestion. Suppose that the schedule of 100 MW is accepted by RTO West and DSTAR; the flow on COI is 92MW. Unfortunately, according to the minimum schedule rule, the final schedule is determined by 95MW. To minimize the problem, SCs with inter-tie schedules should get FTRs in all three RTOs. In addition, when scheduling with CAISO, do not submit adjustment bids on the schedules with CAISO FTR.
To solve the problem mentioned in the second bullet, an alternative method might suggest determining the final schedule by the maximum schedules among the RTOs instead of the minimum schedules among the RTOs. This method will not work because it diminishes the incentive for SCs to get sufficient FTRs from all RTOs. Another alternative method might suggest determining the final schedule by physical FTRs on the RTO West and DSTAR. This method will not work either because it will encourage SCs to submit irresponsible adjustment bids to the CAISO congestion management process.

[bookmark: __RefHeading___Toc521813851]Conclusion

As shown by the examples, the all-contract-path and all-flow-gate approaches have serious problems because of the different treatment of physical and financial rights. The ideal solution to the FTR seams problem is to have one single RTO to operate the entire transmission networks in the western United States.
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