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Details on the Settlement of Combined Cycle Plants
This paper covers the details on the settlement of Combined Cycle Plants (CCP).  A CCP cannot be a Jointly Owned Unit (JOU).  The details on the settlement of JOU’s are covered in another paper.  Most of the information in this paper came from Haso’s 7-12-07 “ABB paper” and from various emails and discussions.  Many people helped in uncovering the issues and developing and evaluating possible solutions to those issues.  For most of the issues, several different solutions were considered, however this paper deliberately does not review the options discussed ---- but instead is focused on presenting the final approach and the details of the approach that was selected.  
1. CCP Configurations (Mostly from Haso Peljto’s 7-12-07 paper)
Within MMS each CCP configuration is specified as a separate logical generating unit. The NCUC optimization considers these logical resources according to possible transitions between specified CCP configurations. 
For example, the Combined Cycle Plant (CCP) consists of three Gas Turbines (GT) and one Steam Turbine (ST) and it can operate in four configurations only, as follows:

A. 1 GT only
B. 2 GTs without ST
C. 2 GTs with ST

D. 3 GTs with ST.

In this case, it is not economical to run the following configurations:

3 GTs without ST – The CCP is built to operate mainly in combined cycle mode. Single cycle for all 3 GTs can be not reasonable.

1 GT with ST – The ST can be used approximately in a half of total capacity of all online GTs. Only one GT dictates ST to operate at very low output range that may be not efficient.

It is assumed that at lest two GTs must be online for some time before ST starts.
As such, the CCP should be registered as a set of four configurations:

	CCP
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	Configuration

Type
	1GT
	2GTs
	2GTs

+ ST
	3GTs

+ ST


A. 
Any 1 GT (single cycling)
B. 
Any 2 GTs (single cycling)

C. 
Any 2 GTs + ST (combined cycling)

D. 
All 3 GTs + ST (combined cycling).
Each CCP configuration is treated as a generating resource within MMS. Each configuration has its own set of operating parameters, min/max up/down time limits, and Three-Part Supply Offers to be optimized within MMS.
The configurations for the train are provided to ERCOT by the QSE through the RARF.
2. Registration of CC’s in Siebel and NMMS (Mostly from Matt Mereness’s 8-9-07 email)
The following naming convention shall be used.
CC Configuration Id = 14 characters

Generation Site Code- 8 characters  (station/site code name already used in zonal)

Combined Cycle Train- 4 characters (_CC# to differentiate between  multiple trains at a single site)

Configuration- 2 characters (_# to specify the number of the unique configuration)

Example: Lost Pines Combined Cycle Train, 1 site, 3 units, 3 configurations allowed

GenSite Id =      LOSTPI (already in ERCOT system)

Train Id =           _CC1     (only one train onsite, composed of 3 units)

Config/Mode =   _1

 

Since 3 units, can register 3 configurations:

LOSTPI_CC1_1

LOSTPI_CC1_2

LOSTPI_CC1_3

And each unit keeps it’s zonal unit code for nodal:

LOSTPI_LOSTPGT1

LOSTPI_LOSTPGT2

LOSTPI_LOSTPST1

The following will be in Siebel:

LOSTPI_CC1

LOSTPI_LOSTPGT1

LOSTPI_LOSTPGT2

LOSTPI_LOSTPST1
The following will be in NMMS:

LOSTPI_CC1

LOSTPI_CC1_1

LOSTPI_CC1_2

LOSTPI_CC1_3
LOSTPI_LOSTPGT1

LOSTPI_LOSTPGT2

LOSTPI_LOSTPST1
The following will be in S&B (including Data Agg):

LOSTPI_CC1

LOSTPI_CC1_1

LOSTPI_CC1_2

LOSTPI_CC1_3
LOSTPI_LOSTPGT1

LOSTPI_LOSTPGT2

LOSTPI_LOSTPST1
S&B needs each configuration in L* in order to provide verifiable costs for each configuration.
Data Aggregation only needs to provide RTMG at the plant level.
Each CCP will have a “Logical Resource Node” for the plant.  This Logical Resource Node for the plant is where the CCP makes its offers and CRR’s are bought and sold.
NMMS will be the source system for the Logical Resource Node for the CCP.

3. Settlement Point Issues (Mostly from Haso’s 7-30-07 email)

Each CCP will have a “Logical Resource Node”.  This “Logical Resource Node” represents the aggregated Resource Nodes of the physical generating units that compose the CCP.  LMP will be calculated for the CCP at it “Logical Resource Node” using aggregate shift factor.  This aggregate LMP should be used for CCP settlements.
NMMS, MMS and S&B need to work out the details of the modeling and implementation.

4. Transition Matrix (Mostly from Haso’s 7-12-07 paper)
The transitions between configurations can be illustrated as follows:
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Represented configurations and allowed transitions can be specified in a matrix form:
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The transition matrix is a part of Registration/Master File data.

5. Startup Offers
The Startup Offers are submitted for each CCP configuration. The configuration startup offers represent the sum of startup costs for all physical units that are online in that configuration. 
Startup Offers are functions of hot/intermediate/cold state of whole CCP. When the last unit within CCP is shut down the CCP cooling time counter is started. When the first unit is started then cooling time for whole CCP is stopped. The warmth state of whole CCP at that point of time is used to determine Startup Offers for all configurations. The transition costs are determined using the Startup Offers correspondent to warmth state of whole CCP.
The transition costs are defined and optimized as a function of hot/intermediate/cold states. The warmth state is determined by hours at which whole CCP was off-line.

The transition costs for upward transitions are calculated as the difference between startup costs of after and before configurations, i.e.:

Transition Costs (before(after) =
MAX {0; Startup Costs (after) – Startup Costs (before)}

The transition costs for configurations that CCP can start are equal to startup costs for these configurations.

MMS will provide to S&B the warmth state (hot, intermediate or cold) for after CCP configuration for each start and each transition. The above formula will be used by S&B to calculate startup costs.

For example, let the Startup Offers for the CPP configurations equal as follows:

	Startup Offers

	A
	B
	C
	D

	$1000 - hot

$1100 - int 

$1200 - cold
	$2000 - hot

$2200 - int 

$2400 - cold
	$3500 – hot

$4000 – int

$4500 – cold
	$4600 – hot

$5100 – int

$5700 - cold


Note that hot/intermediate/cold states refer to warmth state of whole CCP, i.e. they are the same for all CCP configurations.

Let hot-to-intermediate time for CCP equal 2 hours and intermediate-to-cold time equal 5 hours. If the whole CCP was offline for 3 hours then CCP is in intermediate state. Then the intermediate state is selected for all CCP configurations.
Therefore, the transitions from one configuration to another are optimized using only Startup Offer values correspondent to the intermediate state:
	Optimized Startup Offers

	A
	B
	C
	D

	$1100 – int
	$2200 - int 
	$4000 – int
	$5100 – int


In this case, upward transition costs are constant values and can be calculated as follows:
Transition OFF(A = 

Startup Offer for A - Startup Offer Costs for OFF =

$1000 – $0 = $1000 = Startup costs of GT1
Transition OFF(B = 

Startup Offer for B - Startup Offer Costs for OFF =

$2200 – $0 = $2200 = Startup Costs of GT1&GT2
Transition A(B = 

Startup Offer for B - Startup Offer Costs for A =

$2200 – $1100 = $1100 = Startup Costs of GT2
Transition B(C = 

Startup Offer for C - Startup Offer for B =

$4000 – $2200 = $1800 = Startup Costs of ST

Transition B(D = 

Startup Offer for D - Startup Offer for B =

$5100 - $2200 = $2900 = Startup Costs of GT3 + ST

Transition C(D = 

Startup Offer for D - Startup Offer for C =

$5100 - $4000 = $1100 = Startup Costs of GT3.
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	OFF
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	$1100 GT1int 

+
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	$1100 GT2int
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	$1800 
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	$1100 GT3int
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$1800 Stint
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	$1100 GT3int

	
	D
	
	
	
	


The downward transition costs are equal to zero in all cases.

MMS will provide to S&B the start type (warmth state) for each start and each transition.

Configuration 1 can be made up of different GT’s but still be configuration 1.  The COP for configuration 1 should show the correct HSL and LSL.

Generic costs will be used for CCP’s with no approved verifiable costs on file.   Since there are only two Generic start types for Combined Cycle Plants represented in the Nodal Protocols (Section 4.4.9.2.3, Startup Offer and Minimum-Energy Offer Generic Caps) the following process will be used.  Resource Parameter data is submitted through the RARF for three types of starts (hot, intermediate and cold).  Start types of hot and intermediate (as determined by MMS) will use the generic cost for the entry in the Nodal Protocols for “less than 5 hours offline”.  A cold start type will use the entry for “5 + hours offline”.
The following protocols changes (shown in red) are envisioned.

Startup Cost 

All costs incurred by a Generation Resource in starting up and reaching breaker close in dollars per start.  For units that have a ramp period between breaker close and LSL, the Startup Cost is all costs incurred in starting up and reaching LSL of the configuration. 
Startup Offer  

Represents an offer for all costs incurred by a Generation Resource in starting up and reaching breaker close in dollars per start.  For units that have a ramp period between breaker close and LSL, the Startup Offer represents an offer for all costs incurred in starting up and reaching LSL of the configuration.
The amount of time to start up the Combined Cycle Configuration should be the time required to get to LSL of the configuration.
Lori: The above definition changes fixes the RUC guarantee portion of the Make-Whole Payment calculation.  This equation works by testing the revenue and profits received against the costs needed.  The equations take the energy up to LSL in RUC-committed intervals and the profits above LSL and in QSE clawback hours.  The revenues for the energy generated in ramp hours is not considered in this equation currently.

The following changes are meant to fix this problem.  I suggest creating a third category of time called RUC-ramp intervals (in addition to RUC-committed interval and QSE clawback interval).  Thisleads to clarity in the market and leads to a simple fix in the protocols as shown below:
RUC-Ramp Hour 

An Operating Hour preceding a RUC-Committed Hour where a Resource is ramping between breaker close and LSL.  
RUC-Ramp Interval

A Settlement Interval preceding a RUC-Committed Interval where a Resource is ramping between breaker close and LSL.   
RUC-Committed Hour 

An Operating Hour for which a RUC has committed a Resource to be On-Line.  
RUC-Committed Interval

A Settlement Interval for which there is a RUC instruction to commit a Resource. 

5.7.1
RUC Make-Whole Payment

(2)
ERCOT shall pay to the QSE for the Resource a Make-Whole Payment if the RUC Guarantee calculated in Section 5.7.1.1, RUC Guarantee, is greater than the sum of:

(a)
RUC Minimum-Energy revenue calculated in Section 5.7.1.2, RUC Minimum-Energy Revenue;

(b)
Revenue less cost above LSL during RUC-Committed Hours calculated in Section 5.7.1.3, Revenue Less Cost Above LSL During RUC-Committed Hours; and 

(c)
Revenue less cost during QSE-Clawback Intervals calculated in Section 5.7.1.4, Revenue Less Cost During QSE Clawback Intervals. 

(3)
The RUC Make-Whole Payment to the QSE for each RUC-committed Resource, including RMR units, for each RUC-Committed Hour in an Operating Day is calculated as follows:

RUCMWAMTq,r,h
=
(-1) * Max (0, RUCGq,r,d – RUCMEREVq,r,d – RUCEXRRq,r,d – RUCEXRQCq,r,d) / RUCHRq,r,d
5.7.1.1
RUC Guarantee

(2)
The RUC Guarantee is calculated as follows: 
RUCGq,r,d
=
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(SUPRq,r,s * RUCSUFLAGq,r,s) + 
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(MEPRq,r,i * Min ((LSLq,r,i * (¼)), RTMGq,r,i))
5.7.1.2
RUC Minimum-Energy Revenue

The energy revenue for the Resource’s generation during all RUC-Ramp Hours of the Operating Day and the Resource’s generation up to LSL during all RUC-Committed Hours of the Operating Day is calculated as follows:

RUCMEREVq,r,d
=

[image: image3.wmf]i

S

(RTSPPp,i * Min (RTMGq,r,i, (LSLq,r,i * (¼))))

The above variables are defined as follows:

	Variable
	Unit
	Definition

	RUCMEREVq,r,d
	$
	RUC Minimum-Energy Revenue—The sum of the energy revenues for the Resource’s generation during all RUC-Ramp Hours of the Operating Day and the Resource’s generation up to LSL during all RUC-Committed Hours, for the Operating Day.

	RTSPPp,i
	$/MWh
	Real-Time Settlement Point Price—The Real-Time Settlement Point Price at the Resource Node for the Settlement Interval i.

	RTMGq,r,i
	MWh
	Real-Time Metered Generation—The Resource’s metered generation for the Settlement Interval i.

	LSLq,r,i
	MW
	Low Sustained Limit—The limit established by the QSE, continuously updated in Real Time, that describes the minimum sustained energy production capability of the Resource for the hour that includes the Settlement Interval i.

	q
	none
	A QSE.

	r
	none
	A  RUC-committed Generation Resource.

	d
	none
	An Operating Day containing the RUC-commitment.

	p
	none
	A Resource Node Settlement Point.

	i
	none
	A 15-minute Settlement Interval within the hour that includes a RUC-commitment or a 15-minute Settlement Interval within a RUC-Ramp Hour.


6. Minimum Energy Offers
The Minimum Energy Offers can be submitted for each CPP configuration on hourly basis. These costs represent production costs at LSL of given CCP configuration.

7. Energy Offers

There should be an Energy Offer for each configuration.  SCED will only consider the Energy Offer for the configuration shown in the telemetered resource status.
8. COP
There should be a COP for each configuration.  Only one configuration should be shown in the COP as being on-line when the plant is online.
9. High Level Settlement Issues

All of the Resource level Charge Types will be ultimately calculated for the plant.  Configuration information will have to be used to perform the calculations.  The following will be provided at the plant level:

DAMMWAMT, RUCMWAMT, RUCCBAMT, RUCDCAMT, BPDAMT, EMREAMT, VSSVARAMT, VSSEAMT, BSSAMT, RMRSBAMT, RMREAMT, RMRAAMT, and RMRNPAMT.

Also, the following Data Aggregation cuts will be at the plant level:

RTMG and GSPLITPER.

The telemetered Resource Status  will show the plant’s configuration.  It is assumed that the S&B system will be provided one configuration for each 15 minute interval.  In other words, the transformation of 4 sec data into 15 minute data will be performed upstream to S&B, most likely in EMS.  The rule is that the configuration for the 15 minute interval is the configuration that the plant was in for most of the 15 minute interval.  The telemetered value is limited to only registered configurations.

10. Average Incremental Energy Costs
Settlements will receive an indicator that contains the configuration the Combined Cycle Resource was awarded in the DAM, committed in RUC, or operated in during Real-Time for VSS.

Only one configuration will be valid for any 15-minute Settlement Interval.  Only one configuration is valid for each 15-minute settlement interval within a DAM or RUC-Committed hour.
All submitted offer curves and/or output schedules will be supplied to Settlements.
Every configuration will have a corresponding COP and therefore a corresponding LSL/DALSL and HSL/DAHSL.

AIEC for Combined Cycle Resources will be calculated at a configuration level.
11. Eligibility
Overlapping DAM and RUC-Committed Hours

Eligibility will handle overlapping DAM and RUC commitments for a CCP in the same way it handles overlapping DAM and RUC commitments for non CCP Resources.  
As with non CCP Resources the DAM commitment will always be the earliest issued commitment. In the case of overlapping RUC commitments, the last RUC process that results in a  RUC instruction to a configuration will determine the RUC commitment.
Overlapping RUC and RUC-De-committed Hours

Eligibility will handle RUC-Decommitments that overlap with a DAM commitment or RUC commitment for a CCP the same way it handles the overlap for non CCP Resources.  
If the RUC De-commitment occurred after the RUC commitment was issued, then both the RUCD and the RUC will be altered to <3>, not a valid commitment.  If the RUC commitment occurred after the RUC De-commitment, only the RUCD would be altered to reflect an ineligible commitment.
 Is the CCP  eligible for  Startup compensation?

Eligibility will determine if the CCP  is eligible to receive compensation for a start; (ie if there is valid start, “off-to-on” or a valid transition, “transition from one configuration to another configuration”).  Four flags will be created from Eligibility, DAMSUFLAG, DAMTFLAG, RUCSUFLAG and RUCTFLAG, all at the CCP level.  The RUCSUFLAG and the DAMSUFLAG data will identify eligible “off-to-on” starts. (1=eligible start, 0=no start, or start not eligible).  Eligibility will also provide, for DAM and RUC settlements, a new data element that identifies transitions that are eligible for startup costs. A Plant that receives a DAM or RUC commitment could be eligible for either a SU or a Transition, but not both for the same action. The new data elements will be the DAMTFLAG and the RUCTFLAG, which will designate a Resource eligible for SU transition compensation. This data will be at the CCP level.

Eligibility for RUC Startup

The same rules are applied to CCPs to determine eligibility for startup compensation that are utilized for non CCP Resources. The plant must be on for five minutes in the six hour window prior to the instruction and must generate in the instructed configuration for at least one minute during the commitment period. 

Transitions will be validated by confirming that the plant generated in the committed configuration for at least one minute during the commitment period.
Note:  If a CCP is instructed to go to configuration 2 and never gets there but gets to configuration 1, this is seen as a failed attempt and will not get paid startup.  However, if the QSE comes in (with a dispute) and says they spent x dollars attempting to get to configuration 2, this amount will be considered and reviewed and could be paid.  (See Verifiable Cost Manual).

Determination of Startup type (hot, intermediate, or cold)
The STARTYPE will be at the CCP level and will be provided to Settlements by MMS, as is the process for non CCP Resources.

Eligibility for RUC De-commitment 

Eligibility provides for RUC-Decommitment settlement, the RUCDFLAG and RUCDSTARTTYPE.  Both of these data elements will be at the CCP level.  

The same rules for other units apply to CCP’s.  In other words, eligibility for decommitment payment is only valid when the plant is shown in the QSE’s COP to be on-line through the end of the day.

For example, if the CCP receives a RUC-Decommitment to go down to configuration 2 from configuration 3, it is entitled the start up cost to go from configuration 2 to 3 at the end of the decommitted period, only if they were planning (and showed in their COP) to be at a configuration higher than 2 through midnight at the time the decommitment was issued.

A Resource that is brought on by a RUC-Commitment is not eligible for a RUC-Decommitment payment.

The method to determine the start-type to be paid to the plant for the de-commitment is consistent with the method used for all other Resources.   The Resource Parameters (or configuration parameters in the case of a combined-cycle plant) and the length of the de-commitment are used to determine the start-type. 

12. Eligibility for DAM Settlement 

The data sent from MMS to settlements for a CCP that has been awarded in the DAM will include which configuration was selected through the DAM process.  Settlements will use the data associated with this configuration in the DAM Make-Whole Settlement calculations.

The same rules are applied to CCPs to determine eligibility for startup compensation that are utilized for non CCP Resources. The plant must be on for five minutes during the adjustment period and must generate in the awarded configuration for at least one minute during the award period. 

Transitions will be validated by confirming that the plant generated at the awarded configuration for at least one minute during the award period.

A CCP will be Eligible for Energy compensation if they generate at the awarded configuration for at least one minute during the hour of the award. Eligibility will provide a DAMWENEFLAG at the CCP level.

13. RUC Settlement
For RUC settlement of CCPs in Make-Whole, Clawback and Decommitment, the following calculations will be calculated for each configuration: VERISU, VERIME, SUPR and MEPR.  All other RUC calculations will be calculated for the plant.

RUC Make-Whole Payment and RUC Clawback Charge 
Assumption:  RUC commitments will be issued to the QSE for the CCP and will state which configuration is committed.  

RUCHR will be calculated at the CCP level by combining all RUC-Commitments for each configuration for the CCP.
RUC calculations that only calculate within RUC-Committed hours (RUCG, RUCMEREV and RUCEXRR) will use the corresponding data for the configuration the CCP is committed to be in, regardless of what is seen in Real-Time.  This configuration data would include SUPR, MEPR, LSL and RTAIEC.  It is expected that Compliance will monitor CCP behavior to insure they follow commitments timely and accurately.

RUC calculations that are calculated only for QSE Clawback intervals (RUCEXRQC) will use the corresponding data for the configuration in which the CCP operates in real-time.  This configuration data would include MEPR, LSL and RTAIEC.

Clawback Factors (RUCCBFR and RUCCBFC) will be based on the CCP, not the configuration.  This means that if any configuration is offered into the DAM for the CCP, then the RUCCBAMT is calculated for the CCP with an offer-submitted status. 

RUCMWAMT and RUCCBAMT will be calculated at the CCP level.

RUC Decommitment Payment

De-commitment is when ERCOT instructs the CCP to go off-line or move to a configuration with a lower LSL.  ERCOT will send out a RUC Decommitment instruction only to maintain the reliability of the ERCOT system as stated in Section 5 of the Nodal Protocols. 

Assumption:  RUC Decommitments will be specific and will state “go completely off” or “go from configuration 3 to configuration 2”. For example: The RUCD should contain <from config>_<to config> or <from config>_<off> in the data element.   This should not be in the comments field.
NCDCHR will be calculated at the CCP level by combining all RUC-Decommitments for each configuration for the CCP.
RUC-Decommitment settlement will use the corresponding data for the decommitted configuration.  This configuration data would include SUPR, MEPR and LSL.
RUCDCAMT will be calculated at the CCP level.

14. Minimum and Maximum Resource Prices to be used in CRR Hedge Value Calculations 
The minimum and maximum Resource Prices to be used in the CRR hedge value calculation at the Logical Resource Node for a CCP shall be determined by considering the all the configurations of the plant.  The size of the CCP is determined by the capacity of the largest simple cycle combustion turbine in the train of all of the configurations shown in registration and submitted in the RARF.  It does not matter which configuration is shown as available or on-line.
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