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Scheduling and Schedule Adjustment Process  


1.0 Executive Summary

As envisioned in the Regional Representative Group’s (RRG) regional proposal, Grid West will be the central scheduling entity for the Grid West Managed Transmission (GWMT) System. As such, Grid West will administer the Day-Ahead scheduling process.  This paper describes the proposed scheduling process for Grid West. 

Highlights of this paper include:

· Pre-existing rights holders continue to submit schedules to their Transmission Owners (TO) that issued the rights;

· TOs combine their customers’ schedules and submit them to Grid West; 

· IWR transmission customers submit their schedules directly to Grid West;  

· Grid West validates submitted schedules against the customers’ rights;

· If necessary, Grid West uses pro-rata curtailments to resolve infeasibility;

· Post day-ahead scheduling changes are evaluated on a first-come first-serve basis;

· Schedules crossing control area boundaries require e-tags; and

· Grid West administers schedule checkout.

2.0 Purpose

The purpose of this white paper is to discuss the following processes of the proposed scheduling design:

· Day-ahead scheduling;

· Day-ahead schedule adjustment;

· Post day-ahead schedule changes;

· Interchange scheduling; and 

· Checkout.  

3.0 Background 

Currently, no single entity has a regional view in day-ahead of the planned use of the Pacific Northwest transmission system
.  The region’s transmission capacity is managed on a “contract path” basis by individual control areas.  Schedules under the contract path methodology do not match the actual physical power flows on transmission grid.  In addition, each transmission provider determines its available transfer capability (ATC) based upon its unique criteria.   Each transmission provider maintains its OASIS and manages its transmission reservations and energy schedules.

From the perspective of transmission customers, transmission service requests are generally processed through the use of a transmission provider's OASIS. The service durations can be divided into long-term and short-term (hourly, daily, weekly and monthly). The short-term service can also have different priorities as firm and non-firm.  

Once the service is granted, most transmission customers submit their schedules to their transmission providers. The transmission providers typically require that all interchange schedules have associated OASIS reservations that support these schedules. However, a transmission customer often can designate a scheduling agent for all aspects of its transmission scheduling. Load Serving Entities (LSE) may need to create e-tags for most schedules impacting net scheduled interchange, although some transmission providers request the provision of e-tags for other types of flows. Lastly, each transmission provider decides on its own curtailment or adjustment procedure to the proposed schedules when transfer capability is insufficient.  

Grid West is expected to become the Transmission Service Provider for the GWMT system, responsible for all the scheduling activities of all TOs signing a Transmission Agreement (TA).  As the Transmission Service Provider for the GWMT, Grid West will not only have a regional view of the transmission system, but also centrally manage transmission capacity as an independent party.  This new scheduling arrangement will honor pre-existing transmission rights, as will be discussed in this paper.  

4.0 Day-Ahead Scheduling

During the day-ahead scheduling process, each IWR holder can submit its proposed and balanced schedules to Grid West. Transmission customers with pre-existing transmission rights will submit their schedules to their transmission owners
 (TO) that issued the rights. The TOs will verify that submitted schedules are consistent with the terms of the pre-existing rights, combine these schedules with the TO’s affiliated merchant’s (or Load Serving Entity’s) non-contract based schedules (e.g., for native load service), and submit them to Grid West. Transmission customers with pre-existing transmission agreements will continue to provide loss obligations to their TOs using their contractual loss factors. Loss obligations for schedules using IWRs will be computed using the applicable loss factor
 and losses schedules to meet these obligations are submitted to Grid West. The proposed process of schedule submission to Grid West is shown in Figure 4.0(1). The proposed schedules will be submitted through the Grid West’s market information system.  

Figure 4.0(1): Day-Ahead Schedule Submission
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A summary of Grid West’s day-ahead scheduling process and activities is presented below in Table 4.0(2) and in Figure 4.0(3).  The timelines shown are illustrative; the actual scheduling timeline will be established in Grid West’s protocols to be developed prior to commencement of actual operations.  

Table 4.0(2): Day-ahead Scheduling Process and Activities

	Time Period
	Grid West
	Transmission Customer
	Transmission Owner

	By 08:00
	
	· Bilateral trading

· Submit bids and offers to D-RCS
	

	By 09:00
	· Perform DA-RCS
	
	

	By 10:00
	· Compile existing rights inventory

· Update AFC based on the DA-RCS results
	
	

	By 11:00
	
	· Existing Rights Holders submit schedules to TOs
	

	By 12:00
	
	· IWR holders submit valid schedules to Grid West
	· Submit aggregated, valid schedules to Grid West

	By 13:30
	· Validate schedules against rights inventory

· If feasible, Grid West will accept the schedules and publish final schedule

· If infeasible, Grid West will perform curtailment procedures
	
	

	By 14:00
	· Post curtailment notices and publish final schedule
	
	

	By 15:00 
	
	· Obtain final schedule 

· Create E-tags
	Obtain final schedule

	By 16:30
	· Tag Approval
	
	

	By 17:00
	· Day-ahead checkout
	
	

	On-going from 14:00 to 20 minutes before the start of operating hours 
	· Evaluate, accept or deny schedule first come first serve using PUF and AFC
	· Submit schedule change or new request
	· Submit schedule change or new request



Figure 4.0(3) A Summary of Grid West’s Day-Ahead Scheduling Processes 
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5.0 Day-ahead Schedule Adjustment

After combining all proposed day-ahead schedules from transmission customers, Grid West will analyze the transmission usage and identify potential transmission problems. Grid West’s congestion management is a flow-based approach, relaying on the ex ante nature of physical rights. The approach is intended to deal with congestion by preventing energy schedules that would generate congestion, i.e., loading in excess of line (or path) ratings.  If all transmission rights are properly subscribed, the GWMT system should have sufficient transmission capacity to support all right holders’ transactions. However, because there will be inevitable differences between expected conditions when rights are issued and actual conditions, it is possible that the combined schedules may be physically infeasible within system reliability limits even though all schedules are covered by physical transmission rights. This may be due to forced outages, changes in generation conditions or an unexpected loss of diversity for over-subscribed paths. In practice, some limited over-subscriptions are reasonable to further increase the utilization of the transmission systems because not all subscribed contracts will be simultaneously used.
If, for any of these reasons, the proposed schedules are physically infeasible to accommodate all schedule requests simultaneously, a backstop process for schedule adjustment and curtailment will be put in place to reduce proposed usage to satisfy the system reliability limits.  

When transmission problems are present as described above, Grid West will reduce schedules with a methodology that seeks to minimize the curtailment amount and to provide a means for equitable curtailments when they are unavoidable.  

The adjustment procedure will curtail the proposed schedules proportional to their contributions to congestion or infeasibilities, or proportional to their rights amounts on the constrained facilities. Grid West will not distinguish schedules based on IWR or pre-existing rights for curtailments.  All schedules are on equal footing for curtailment purposes
.  The schedule curtailments are not the same as load shedding: curtailed schedules mean reduction of both injection and withdrawal quantities. Transmission customers can still serve loads through other means such as scheduling new resources in the post day-ahead period, just as they do today.  If they fail to provide resources to match their load, they may face imbalance charges.    

Grid West will develop and use pro-rata curtailment with a flowgate specific procedure. This approach is based on the current curtailment procedures in many of the Northwestern utilities. The main procedure is a two-step process:

1. Identify the contributing schedules that cause the infeasibilities (schedules with negligible impacts to the constrained flowgates can be ignored); and 

2. Perform pro-rata reduction of the schedules to resolve infeasibilities.

Specific procedures are to be developed based on off-line analyses and study for specific flowgates by taking the special circumstances around the flowgates
. After identifying the contributing schedules, the pro rata allocation of the desired reduction amount can be based on either the scheduled amount or the contracted entitlement amount. This practice of pro rata reduction varies with different utilities. For example, in BPA’s practice, the allocation of the reduction uses the actually schedule MW on the constrained path. In Avista’s practice, however, the allocation of the reduction is based on the entitlement of the path.

A numerical example of the pro rata allocation is given in Appendix A showing the process and steps of curtailment calculation in a looped network.

6.0 Post Day-Ahead Scheduling

The Post Day Ahead Scheduling period covers the period from the close of day-ahead scheduling to a time close to the ramping period of the operating hour.  During this time period, Grid West will accept both schedule adjustments and new requests for transmission service.  These requests will be submitted through the Grid West’s market information system.  

Each request will be evaluated on a first come first serve basis.  Grid West will perform the following actions for each request:

· Rights validation: Schedule change requests should match their rights.   

· Impact Analysis:  All requests will be analyzed based upon AFC and path utilization factors.  

In the post day-ahead adjustment period, Grid West will assign lower priority to schedules granted through new requests. In case of subsequent curtailments, newly granted schedules will be curtailed first before the curtailments of the approved day-ahead schedules.  

Transmission customers with the new service requests in the adjustment period who have not already met the System Access Requirement, will be required to pay the Regional Revenue Requirement Adjustment (R3A) charges to obtain access to Grid West’ regional Network Service.   

Grid West will use a flow-based approach for evaluating requests for transmission service under the Regional Tariff.  Under a flow-based approach, flows on constrained facilities (flowgates) are computed by using the applicable Path Utilization factors (PUF) and the proposed schedule.  Grid West will ignore those flowgates on which the impact of the requests is minimal.  Grid West will establish a threshold for measuring this impact. 

When the effect of the transmission service change or new request results in a loading that exceeds the AFC’s on any of the constrained and potentially constrained flowgates (excluding those constraints to which the impact calculated below is deemed minimal, say below 1 MW), the transmission service schedule change or new request cannot be approved.

Under OATT, transmission customers can request to modify point of delivery (POD) and point of receipt (POR) without being obligated to pay any additional costs. Grid West will treat the redirect as a change request to the original schedule. The same procedure to process a change request applies.   Transmission redirect requests are also subject to availability of AFCs on the applicable paths. The tracking of redirects and notice to the original transmission provider needs to be considered in system development.  The treatment of redirects will comply with the NAESB WEQ redirect standards.
7.0 Interchange Scheduling

The GWMT system may be composed of several balancing authorities, including the consolidated control area (CCA) and several non-CCA balancing authorities.  Grid West will classify schedules as either: 1) interchange, or 2) internal as described in Table 7.1.  An interchange schedule is a schedule between balancing authorities.   An internal schedule is a schedule within a single balancing authority.

Table 7.1: Grid West Schedule Classification Example

	Schedule Instance
	Schedule Classification

	POD (or POR)
	POR (or POD)
	

	CCA 
	CCA
	Internal schedule

	Non-CCA
	The same non-CCA 
	Internal schedule

	CCA
	Non-CCA 
	Interchange schedule

	CCA 
	Non-GWMT
	Interchange schedule

	Non-GWMT 
	Non-GWMT

	Interchange schedule

	Non-CCA 
	A different Non-CCA 
	Interchange schedule

	Non-CCA 
	Non-GWMT
	Interchange schedule


In compliance with NERC Policy 3, Grid West will require tags to be submitted for all interchange schedules between balancing authorities, which will be generated by the PSE LSEs. Grid West can also create the necessary tags on behalf of the transmission customers
.  Grid West will comply with NERC’s tag timing requirements. Tags may be used to compute net schedule interchange for the balancing areas, which is needed for AGC operations. Grid West can also compute net schedule interchange (NSI) for Balance Authorities not in the CCA if such an arrangement is made between Grid West and these Balance Authorities. Transactions within the CCA balancing authority or within the same non-CCA balancing authority will not need to be tagged.

WECC business practice requires tags to include the transmission segments segregated along Control Area boundaries even though Grid West will be the Transmission Service Provider for their entire region. Because of the regional and flow-based nature of day-ahead schedules, interchange schedules may cross several Control Area boundaries. Within Grid West, the schedules across balancing area boundaries will be based on the flow based effects of the combined Grid West schedules rather than contract paths.  
Grid West will serve as the transmission provider to the GWMT System and balancing authority for the CCA, approving or denying tags as appropriate for these functions.  Grid West’s scheduling system will validate and automatically approve or deny NERC tags that match the final day-ahead schedules. This can be accomplished by comparing the common reference numbers on the tag against the scheduling database. The loss reallocation tag will also be generated and approved in this process. This automation requirement will improve the efficiency and tag processing.

8.0 Checkout Process

To ensure accurate interchange and net scheduled interchange with neighboring interchange authorities, Grid West will conduct checkout for the entire GWMT system.  In accordance with NERC Policy 3 on interchange scheduling, every balancing authority has the responsibility to verify their net interchange with their own neighboring balancing authorities, which can be done after Grid West finalizes all scheduled interchange. 

In a typical checkout process, two adjacent balancing authorities perform the “checkout” based on approved E-tags between them.  The balancing authorities work to resolve any discrepancies that arise in the checkout process. The end result of the checkout process is that all interchange schedules with the adjacent balancing authorities are verified. 

There are three separate checkout processes for a balancing authority:

· Day-ahead checkout;

· Near-real time checkout; and

· After-the-fact checkout.

Grid West will be responsible of the day-ahead, near real-time (before-the-fact), and after-the-fact checkout processes for the CCA.  

The Western Electricity Coordinating Council (WECC) is in the process of implementing an automated tool for the checkout process.  This tool is called the Western Interchange Tool (WIT), which will provide a mechanism for verifying and crosschecking scheduled net interchange values based on tags.  WIT will facilitate adjacent net interchange checkout and provide a single source of information on confirmed interchange.  When this tool is available, Grid West will leverage WIT to reduce costs and improve the efficiency of the checkout process.

9.0 Roles and Responsibilities

9.1. Grid West 

Grid West will:

· Calculate and publish updated AFCs after the close of the RCS market;

· Update the latest inventory of IWR rights after the close of the RCS market;

· Receive and validate submitted day-ahead schedules;

· Perform analysis of submitted day-ahead schedules;

· Perform day-ahead schedule adjustment if necessary;

· Approve interchange schedules and tags for all transactions in the GWMT system; 

· Communicate the final resource schedules and/or NSIs to the balancing authorities within GWMT System and its transmission customers;
· Receive and validate the submitted scheduling change requests after day-ahead;

· Respond to scheduling change requests;
· Approve the request if the flowgate AFCs are available; 

· Manage loss provision;
· Manage the day-ahead and near real-time checkout processes for the CCA;

· Manage the after-the-fact checkout processes on behalf of the CCA. 

· Perform balancing authority responsibilities for the CCA;
9.2 IWR Transmission Customers

IWR transmission customers will:

· Submit proposed day-ahead transmission and loss schedules to Grid West; 

· Resolve any validation issues after receiving notifications from Grid West;

· Create tags for interchange schedules;

· Submit schedule requests consistent with the specification by Grid West;

· Request tag changes or create new tags, if any, from the approved request. 

9.3 Transmission Customers with Pre-existing Rights

Pre-existing rights transmission customers will:

· Submit balanced day-ahead schedules within their rights;
· Schedule the loss obligations to their TOs;
· Create tags for their interchange transactions where they are the LSE;
· Submit proposed day-ahead transmission and loss schedule to their TOs;

· Submit proposed post day-ahead change or new requests to their TOs;

9.4 Transmission Owners

Transmission owners will:

· Combine and submit schedules of transmission customers with Pre-existing Rights, including those of non-contract customers like their affiliated merchants or load serving entities serving native load;

9.5 Balancing Authority Operators

Balancing authority operators will:

· Manage the after-the-fact checkout processes.

10.0 Market Benchmarks

For day-ahead scheduling, Grid West is unique compared to most RTO/ISOs in that physical rights are required and only small and infrequent adjustments are expected. A curtailment process is used as a backstop mechanism to manage congestion when the combined schedules (all covered by valid transmission rights) prove to be infeasible due to unforeseen events. Other RTOs use day-ahead congestion management process to derive the final schedules from the market bids and offers.   However, the proposed schedule adjustment process in the post day-ahead process will be very similar to the current practices of the transmission owners.   Additionally, Grid West’s interchange scheduling and checkout processes are similar to the interchange scheduling practice in many other RTOs.  The main differences for interchange scheduling lie in the specific timing requirements and in the procedures related to Grid West’s unique market structure that involves multiple Balancing Authorities.

Table 10.0 (1) includes a comparison with other RTOs in the schedule adjustment in the day-ahead and post day-ahead periods; and Table 10.0 (2) includes a comparison with other RTOs in interchange and checkout process.  

Table 10.0 (1): A Short Comparison of Scheduling Adjustment Process

	Timing
	Grid West
	ERCOT
	PJM and MISO

	Day-ahead Scheduling Adjustment
	· Use physical rights and pro rata adjustment if necessary
	· Zonal based congestion management using zonal Shift Factor
· Adjust balancing energy to resolve congestion and uplift costs.
	· LMP based on central energy market in the new MISO design

	Post Day-ahead Scheduling Adjustment
	· Flow based and first-come first serve
	· Similar to OATT procedure 
	· PJM allows only interchange schedules, others go to real-time market

· MISO uses real-time market and allow change of physical bilateral Transactions


Table 10.0 (2): Interchange Scheduling and Checkout Benchmark

	Process
	Other RTOs/ISO
	Grid West

	E-tag
	Standard
	Standard

	Schedule Classification
	PJM: External 

MISO: Physical Bilateral and financial
	Internal and interchange



	Loss
	Many uses a marginal or scaled marginal loss price component embedded in the Location Marginal Prices (LMP)
	Not used

	Special Features
	Pool-like and financial transactions 
	CCA and Non-CCA

Bilateral transactions

	Day-ahead checkout
	Standard
	Standard (except no checkout between balancing authorities within GWMT system) 

	Near real-time checkout
	Standard
	Standard (except no checkout between balancing authorities within GWMT system)

	After-fact checkout
	Standard
	Standard


11.0 Technology Solutions

The major components of the scheduling system include
: 

· Market information and OASIS system

· Scheduling system

· Tag applications and interfaces

· AFC update and calculation 

· Day-ahead adjustment application

· Request evaluation application in post day-ahead. 

12.0 Organization Requirements

The following roles have been identified to support the operation and support of scheduling business processes and technologies:

Table 12.0: Organizational Requirements

	Division
	Department
	Role
	Responsibility

	Grid Operations
	Scheduling
	Manager
	· Schedule Operation

	Grid Operations
	Scheduling
	Analysts
	· AFC/PUF Calculation and Posting

· E-tag operation

· Day-ahead scheduling adjustment

· Post-Day-ahead request processing

· Operational support

	Information Technology
	Market Systems
	Analysts
	· Application Support


13.0 Cost Drivers

The primary cost drivers for implementation relate to the required software systems and personnel requirements.  The primary cost drivers are:

· Number of day-ahead and post day-ahead schedules;

· Frequency of schedule infeasibilities and curtailments;

· Number of interchange schedules;

· Number of tagging errors;

· Number of schedules for checkout;

· Number of checkout discrepancies to be resolved; and

· Extent of information to be verified after-the-fact.

The costs may be reduced if Grid West:

· Streamlines the scheduling and interchange process with automated software applications; and

· Leverages the existing system and software for its need in scheduling and the tag management.

14.0 Design Issues for Further Considerations

· Loop flow and outage related curtailments in real-time operation 

· DC lines scheduling

· Phase shifter scheduling 

· Dynamic schedule tagging requirements

· Tagging before day-ahead 
· How exports be treated.
Appendix A:  Schedule Adjustment Examples

This section provides a comprehensive example illustrating the application of adjustment procedures. 

Base Case Situation

The example case has three buses with equal 120 MW total flow capacity (TFC) on each link, as shown In Figure A1. 
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Figure A1: Example System and Base Situation

Assume that in the day-ahead scheduling process, there are 6 submitted schedules as shown in Table A1. The predominant flows are from A to C, and from A to B.  The last three schedules (Schedules 4 to 6) are small and generate some counter flows on the three paths.  

Table A1:  Proposed Schedule Data for the Base Situation

	Schedules
	POR
	POD
	MW

	1
	A
	C
	150

	2
	A
	B
	90

	3
	B
	C
	60

	4
	C
	B
	15

	5
	C
	A
	6

	6
	B
	A
	9


The line flows resulting from the applications of these schedules are listed in Table A2. The flows from A to B and B to C are within their operational limits. However, the flow on the flowgate between A to C exceeds its limit by 18 MW. Grid West must decide how to adjust the 6 schedules in order to achieve the 18 MW reductions on A to C.    
Table A2:  Line flows of the Base Situation

	From
	TO
	MW

	A
	B
	87

	B
	C
	51

	A
	C
	138


Adjustment Solution using Pro-rata Cut

Given the infeasibility, Grid West decides how to adjust the 6 proposed schedules in order to achieve the 18 MW reductions on A to C.  

This sub-section illustrates the pro rata reduction method. The results of reduction calculation process and resulting flows are listed In Tables A3 and A4.

In order to achieve an expected reduction of 18 MW from A to C, several steps are needed:

Step 1. Grid West first computes the use of A to C by all submitted schedules, as shown in the 3rd column of Table A3. 

Step 2. Grid West then identifies contributing schedules that contribute to the flow from A to C. In this case, the schedules 1- 3 are contributing schedules as flagged in the 4th column of Table A3.

Step 3. The pro rata allocation of required 18 MW reductions from A to C is performed based on the use of A-C.  The results are shown in the 5th column of Table A3.  

Step 4. The required reduction from A to C needs to be reflected to the original proposed schedules. The results of schedule reductions are shown in the 6th column of Table A3.  

The Schedule Reduction * Applicable PUF = Allocated Flow based Reduction

Step 5. The final schedules are the differences of the proposed schedules and the schedule cut, as shown in the 7th column of Table A3.  Note that the total cut of the schedule is 36MW.

Table A3:  Adjusted Schedule Data using Pro Rata Cut

	Column 1
	Column 2
	Column 3
	Column 4
	Column 5
	Column 6
	Column 7

	Schedule
	Proposed MW
	Use of A to C
	Contributing Schedules
	Allocated Cut from A to C
	Schedule Cut
	Final Schedule

	1
	150
	100
	Y
	12
	18
	132

	2
	90
	30
	Y
	3.6
	10.8
	79.2

	3
	60
	20
	Y
	2.4
	7.2
	52.8

	4
	15
	-5
	N
	0
	0
	15

	5
	6
	-4
	N
	0
	0
	6

	6
	9
	-3
	N
	0
	0
	9


Table A4:  Line flows after Pro Rata Cut

	From
	TO
	MW

	A
	B
	76.2

	B
	C
	43.8

	A
	C
	120


� The Pacific Northwest Security Coordinator receives sufficient operational information to provide a comprehensive view of the entire Northwest Power Pool in real-time.


� It is expected that a process will be in place for transmission customers with pre-existing rights to translate their rights to IWRs and schedule directly with Grid West.


� See the white paper on losses for details.


� For schedule change of pre-existing rights, TO will be responsible for submitting the change requests to Grid West.


� Curtailment of dynamic schedules and pseudo ties schedule will be considered along with the typical transmission schedules. Details of this consideration will be investigated in a later time.


� For example, BPA has developed specific curtailment procedures (curtailment calculators) for specific flowgates at Paul – Allston, North of Hanford, West of McNary, and others. 


� A more comprehensive discussion of this issue is given in “Possible Pro Ration Methods for Mid-Hour Curtailments”, John Anasis and Laura Oliver, BPA Transmission Scheduling, TBL Customer Forum, January 21, 2003, //www.bpa.gov.


� i.e., “through and out” wheeling transaction.


� Agreements between Grid West and transmission customers are needed. 


� The identified requirements may overlap with these identified in other white papers.
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