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MEMORANDUM

TO: 
Jun Yu, Young Li, Dan Woodfin
CC: 
ERCOT Cost-Benefit Liaison Team

FROM: Alex Rudkevich, Ellen Wolfe, Tabors Caramanis & Associates

SUBJECT: MAPS modeling of the ERCOT Base Case

DATE: May 2, 2004, Revised May 31, 2004
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This memo is intended to reflect conversations of April 7 between TCA and ERCOT staff regarding the ERCOT’s intended congestion management procedures to be implemented as part of release 3.  The memo also describes the representation TCA will employ in emulating these procedures as part of the Cost-Benefit Energy Impact Analysis.  Unit Commitment processes are addressed first followed by energy redispatch procedures.  The intent of the memo is to confirm TCA’s understanding of the ERCOT methods and to obtain ERCOT staff feedback on TCA’s modeling approach. 

Unit Commitment

Under the new software release, unit commitment will be a three-step process:

Step 1.  ERCOT will attempt to supplement the set of self-committed units (based on QSEs’ submitted schedules) in order to 

a) assure sufficient capacity;

b) resolve CSC congestion; and

c) resolve local congestion

In doing so, ERCOT will develop a stack or a queue of generating units such that self-committed units will be at the top of the queue.  .  Next, ERCOT will work with units that are off-line but available and will do the following:

· Take bids’ MW quantities but ignore bid prices, instead using imputed generic costs, where generic costs are comprised start-up costs and minimum energy costs only;

· Use generic start-up costs and minimum energy costs, max capacity and min capacity in resource plan, and actual shift factors to determine the least cost combination of additional generating units required to meet all three sets of above specified requirements (a through c) for the next 24 hours;

· Determine which of these committed units are required to resolve local congestion.  These and only these units will be considered committed as a result of step 1.  These units will be added to the stack.

Step 2.  Given the stack of committed units resulting from Step 1 do the following:

· Maintain the stack carried over from Step 1;

· Take bids as submitted now using bid prices if a unit submitted a bid, and otherwise use generic cost times a factor of ten for those off-line and available
· Using zonal average shift factors and submitted bids/generic cost, determine which units should be committed in order to:

a. assure sufficient capacity;

b. resolve CSC congestion

· The binding/violated local constraints are now considered in this step using actual shift factors;

The ultimate stack of committed units has now been formed.

Step 3.  Determine the capacity price, based on the following payment attributes.

· Resources self scheduled will be paid no commitment payments;

· Resources committed in Step 1 will be paid based on cost-based payments, the total cost of which will be spread to load based on load share;

· Resources committed in step two will be paid the MCPC in each zone based on the marginal unit’s bid price, and costs will be directly recovered from zonal loads that were capacity insufficient and based on zonal capacity insufficiency and the interface’s capacity shadow price).  The MCPC, or the Replacement Reserve clearing price, is equal to the marginal replacement reserve bid in each zone.

The third and final step of the RPRS analysis focuses on calculating the MCPC for each zone and each hour. 

For each hour in the RPRS study interval, a security-constrained zonal dispatch problem is solved as an LP-based optimization problem.  Dual solutions of the LP, i.e. the constraint shadow prices, are used to calculate the zonal MCPCs.   The price is calculated as following:

· Those resources that self-committed or committed in step 1 can be freely moved from those min capacity to max capacity;

· The incremental price of the resources that committed in step 2 will be calculated based on startup cost, minimum energy cost, and the committed hour as follows:
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· A security-constrained zonal economic dispatch problem is formulated to calculate zonal MCPC and CSC shadow price

Dispatch

Dispatch is also a three-step process:

Step 1.  Estimation of zonal congestion and energy balance
Step 2.  Resolution of local congestion, subject to Step 1

Step 3.  Final resolution of zonal congestion and energy balance subject to step 2 and formation of zonal prices

Step 1.  For a given interval, ERCOT will use a zonal model to determine the optimal stack of generating units for that interval.  The optimal stack will be based on portfolio bids, zonal average shift factors and CSC limits.  Although the zonal price will be calculated at this stage, it will not be used for settlement purposes.  The essential output of Step 1 is the estimated dispatch of generating units.
Step 2.  Using the estimated dispatch determined at Step 1, ERCOT would now determine, using actual Resource-specific shift factors, whether that dispatch would overload any local constraints.  

If not, the results of Step 1 become final. 

If yes, ERCOT will resolve local congestion using the following process:

ERCOT will perform a system optimization to minimize system cost of managing all constraints
.
a) ERCOT will redispatch units from their ERCOT-estimated values based on this cost-minimizing dispatch, using bid premiums.  Units with deployment instructions that have a significant shift factor for any binding local constraints will be considered redispatched for local congestion resolution.  

b) ERCOT will use cost-based bids (by generic unit type, using a single bid over all hours). ERCOT will pay those units with Resource specific deployment instructions on a cost-based bid basis (consistent with the above details).

Step 3.  ERCOT will optimize the system using the zonal model, with average shift factors and with only CSC constraints active
. For this optimization, however, those significant shift factor units redispatched in Step 2 will be constrained in such that the dispatch that occurred in Step 2 can not be “undone”.

ERCOT will then minimize the cost of managing the CSCs using average shift factors.  The results of this step will determine the zonal prices and shadow prices for the CSCs.

Settlement:

Settlement for energy provided in the 3-step process will be as follows:

	Energy
	Payment
	Allocation

	Self-Scheduled Quantity
	No ERCOT settlement
	N/A

	Redispatched Q from Step 2
	· For an incremental dispatch it will be paid max{MCPE, cost} * incremental MW

· For a decremental dispatch it will pay the min {MCPE, cost} * decremental MW


	Total net payments allocated to load across all of ERCOT based on load ratio share

	Redispatched Q from Step 3
	MCPE * Step 3 Q

(Payment for incremental dispatches, charges for decremental dispatches)
	For users of CSCs = shadow price
 * zonal shift factor * Q

For short or long position = MCPE * Qlong or short


Note that the “cost” step 2 redispatch settlement is based on the cost-based bid premiums. 

Modeling Approach

TCA proposes to model the dispatch and unit commitment in the following manner:

1. Perform a pure zonal run.  From the run, extract dispatch by unit by hour D0(j,h).  The purpose of that run is to emulate the self-scheduling process thereby assuming that all self schedules were perfectly rational in the zonal view of the world.  This run would also emulate the self-commitment process.

2. Run the GE MAPS model, make it honor local constraints and CSC constraints.  Determine all binding constraints that are not CSCs.  Determine the list of generators that have significant shift factors for these constraints for each hour using the DFAX analysis by hour.  The DFAX circle around a constraint is a set of generating units with shift factors exceeding in absolute value a pre-set threshold (i.e., 1% or a value consistent with what ERCOT intends to use).  In doing so TCA will:

a) identify local constraints that are violated in each hour

b) for each hour in which there is at least one violated local constraint, draw a DFAX circle around each violated constraint

c) mark generating units within these DFAX circles:  those units define a Local Set for hour h or LS0(h).  All remaining units comprise Zonal Set ZS0(h).

d) From the results of the Nodal run, determine dispatch by unit by hour D(j,h)

e) Compare the dispatch of  D(j,h) of the nodal run with the dispatch D0(j,h) of the zonal run and move some generators from the local set to the zonal set based on the following algorithm:
a. Initialize new Local Sets and Zonal Sets LS(h)= LS0(h); ZS(h)= ZS0(h)

b. If for hour h generator j belongs to the local set LS0(h) but  
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 (i.e., its dispatch in the nodal run in that hour is not materially different from its dispatch in the zonal run using the threshold a) this generating unit will not be considered as relieving local congestion and therefore will be moved from  LS0(h) to ZS(h)

c. When all generators in Local Sets for each hour have been inspected for threshold above, new local and zonal sets are formed;  

f) Identify an ultimate local set 
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: a subset of generators ever used to resolve local congestion.  

g) For each generator j that belongs to the ultimate local set, determine subsets 
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 of consecutive hours in which that unit appears to be relieving at least one local constraint.  

a. By definition, an hour h belongs to a subset 
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if unit j belongs to LS(h); two different hours h1 and h2 belong to the same subset 
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if all hours between h1 and h2 belong to that subset; and intersection of two subsets is null.

b. Denote the largest hour preceding 
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as 
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and the smallest hour following 
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 as 
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h) For each generating unit that belongs to the ultimate local set, define modifiers M(j,h) and outage schedules O(j,h) for the zonal run
 in the following way:

a. For all hours before and equal 
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 set M(j,h)=0  and O(j,h)=.False. (i.e., unit is not intended to resolve zonal congestion, it will be directly dispatched by the zonal model, hence it is not on outage and therefore an hourly modifier for that unit is not needed).

b. For all hours in S(1,j), M(j,h)=D(j,h) and O(j,h)=.True. (i.e., the unit is needed to resolve local congestion and therefore its dispatch will be fixed for the purpose of zonal modeling.  That is achieved by effectively declaring the unit to be on outage and its dispatch assigned to the modifier)

c. Starting with hour 
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 consider the dispatch D0(j,h) of that unit by the zonal model and identify hour H1 as the first hour in which the zonal model dispatched the unit at zero and that does not belong to any subset in which the unit relieves local congestion.  If no such hour exists, then set H1=8760.  For all hours greater or equal  
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 set O(j,h)=.True. and set the modifier as M(j,h)=D0 (j,h), if j is from ZS(h) and M(j,h)=D (j,h), if j is from LS(h).  (In other words, until the unit appears to be shut down by the zonal model, its dispatched will be fixed at the nodal run level when it is needed to relieve local congestion and at the zonal run level when it is not.  By doing so, we will effectively minimize the problem of unit incurring start-up costs when it will modeled as returning from being on outage whereas in fact it is not and putting it on outage is only a modeling trick. )

d. If H1 < 8760, find if there is a next subset 
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 of hours that are greater than H1.  If no such subset exists, then the unit should be dispatchable from H1 to 8760, i.e. M(j,h)=0  and O(j,h)=.False..  Otherwise, repeat the process starting with step b above and with 
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 instead of S(1,j).

GE MAPS conducts both the unit commitment and dispatch process.  Since it will honor all local constraints, it will choose to commit the optimal mix of generating units that are required to resolve local congestion.  That is consistent with the Step 1 of the unit commitment process, as described above.  The dispatch of those units will be fixed – that is consistent with the Step 2 of the dispatch process.

3.
Run zonal model with these specification and with CSC constraints monitored and get the dispatch and unit commitment from that run. The dispatch would reflect step 3 of the dispatch process. 

Get the final dispatch results DFin(j,h).

This final run of the zonal model will perform unit commitment as required to have sufficient capacity and resolve  CSC congestion, given the set and dispatch of units resolving local congestion.  That is consistent with the Step 2 of the unit commitment process.    

Perform post processing:  

i. Using final dispatch DFin(j,h) calculate correct start-up and running costs for each unit (because of the use of modifiers, the Zonal Model (assuming that we use MAPS as an engine for that) will not produce correct results).

ii. Payments to generators by unit by hour will be calculated according to the following rules:

· If in hour h, unit j was not resolving local congestion (j is from ZS(h) it will be paid ZMCPE(h) * DFin(j,h); 

· If in hour h, unit j was resolving local congestion (j is from LS(h) this units will be paid ZMCPE * D0(j,h) plus

· Max(Cost, ZMCPE(h)) * (DFin(j,h) – D0(j,h)) if DFin(j,h) > D0(j,h) [ ramped up ] or

· Min(Cost, ZMCPE(h)) * (DFin(j,h) – D0(j,h)) if DFin(j,h) < D0(j,h) [ramped down]

Units will also be paid capacity payments based on the payment structure described in the capacity Step 3 payment structure and based on the units MAPS commits in what we have deemed above as the Step 1 and Step 2 commitment solutions.

Calculation of Zonal MCPC

To compute Zonal MCPC, TCA will use postprocessing results to determine the daily dispatch and to calculate capacity costs as specified at the end of the commitment section.

Using that commitment solution, TCA will formulate a dual LP problem to a commitment problem for each day.

By solving the dual problem, TCA will calculate Zonal MCPC prices for each day.

� Note that our discussions of April 7 conveyed that part of this Step 2 objective function was to not  overload the limits  of any of the CSC congestion above that used  in Step 1. 


�  In addition to the three step process, Release 3 project has more features on the balancing energy market such as consideration of ramp rate recall during the clearing process, define OOME as instructed deviation, constraint oscillation management.


� For example, a 150 MW unit that was self-scheduled to 50 MW prior to step 2 and redispatched to 75 MW in step 2, could be dispatched between 75 and 150 MW in step 3 but could not be dispatched below 75 in step 3.


� The shadow price is the Lagrangian multiplier from the linear optimization and it is a by-product of the optimization process.


� In order to do this post-processing TCA will develop a stand-alone model that would take all the load and dispatch data, all shift factors and check each constraint in each hour.  This is a relatively straightforward set of calculations, but will require some programming effort.





� TCA is exploring limitations MAPS may have in the number of allowable modifiers and outage schedules.  TCA will revisit the modeling strategy with ERCOT should MAPS be found incapable of managing the number of modifiers or outage schedules needed in this process.
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