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1 - Problem Statement
In order to facilitate Market Operations and ensure power system reliability, the Nodal Systems are required to support the modeling of Combined Cycle Plants (CCP) in two different ways: 

· Logical Representation: Operating CCP configurations are represented as Logical CCP Resources. Logical representation shall be used for DAM, SASM, RUC, SCED and LFC to optimize and control Market Operations. Logical representation is also necessary for controlling the number of CCP configurations and to temper performance issues that may otherwise occur. 

· Physical Representation: The Combined Cycle Units (CCU) are represented as Physical CCU Resources. The physical representation shall be used for Network Power Flow and Security Analysis within CRR, MMS and EMS to ensure accurate reliability assessment, especially related to contingency analysis, transient/dynamic stability and voltage collapse studies.

The series of IDA White Papers and Proposals specify the design decisions needed to support consistent implementation across the various Nodal Systems. In this SIG White Paper there are no proposed additional functionality and design elements, only clarifications and additional details.  The following aspects of CCP modeling will be provided more explicitly:
1. Define Logical Resources for CCP configurations in clear and certain terms. Define the relation between Logical Resources and Physical Units. 
2. Define Settlement Points and calculate Settlement Point Prices for CCPs.

3. Define how to aggregate data to translate from physical to logical representation (where needed)? 
4. Define how to disaggregate data to translate from logical to physical representation (where needed)? 
The contents of previous IDA White Papers and Proposals will be used as a reference without re-stating already taken design decisions. 
2 - Solution Design
2.1 – Definition of CCP Configurations
Logical CCP Resources 

The CCP train can operate in certain arrangements of Combustion Turbines (CT) and Steam Turbines (ST) within CCP train. Different CCP trains operate independently in all aspects. Operational arrangement of CT and ST units within the CCP train represents the CCP configuration. The augmentations are not treated as separate CCP configurations.

Each operational CCP configuration should be registered as a Logical CCP Resource. Physical CCU Resources that are online in that CCP configuration are primary. Offline Physical CCU Resources can be alternate, i.e. they can be treated as online units if an online unit in that CCP configuration is outaged. This means the CCP configuration should be defined as a set of primary and alternate Physical CCU Resources.

Of course, only CT units can be mutually alternate, and only ST units can be mutually alternate, i.e. a CT unit can not be alternate for ST units, and vise versa a ST unit can not be alternate for CT units.
If multiple alternate Physical CCU Resources are specified for a CCP configuration then the following rules are applied sequentially in specified order to replace outaged primary Physical CCU Resources:
1. Select alternate Physical CCU Resource with the highest voltage level of its Connectivity Node

2. Select alternate Physical CCU Resource with the highest capacity

3. Select alternate Physical CCU Resources that is first in database table, i.e. randomly.

These rules apply only for DAM and RUC processes and they do not apply for SCED dispatch.

To illustrate the definition of CCP configurations let us consider the CCP train consisting of four CT units and two ST units that can operate in the following arrangements:

A. CT1 and CT2 are primary with CT3 alternate (2CT configuration)
B. CT1 and ST1 are primary with CT2 and CT4 alternate (1CT + 1ST configuration)

C. CT1, CT2 and CT3 are primary with CT4 alternate (3CT configuration)

D. CT1, CT2 and ST1 are primary with CT3 and CT4 alternate without ST alternate (2CT + 1ST configuration)

E. CT1, CT3 and ST2 are primary with CT2 alternate and ST1 alternate (2CT + 1ST configuration)

F. CT1, CT2, CT3 and ST1 are primary with CT4 alternate and ST2 alternate (3CT + 1ST configuration)

G. CT1, CT2, CT3, ST1 and ST2 are primary and CT4 is alternate (3CT + 2ST configuration)
H. CT1, CT2, CT3, CT4, ST1 and ST2 are all primary (4CT + 2ST configuration).
Each CT unit and each ST unit should be registered as a Physical CCU Resource and each CCP configuration should be registered as a Logical CCP Resource. Primary and alternate CT and ST units should be marked (X-primary; A-alternate). All Resource parameters for both Physical CCU Resources and Logical CCP Resources should be registered as for any other Generating Resource.

The CCP configurations, i.e. Logical CCP Resources and associated primary and alternate CT and ST units, i.e. Physical CCU Resources are illustrated in the following table: 
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Figure 1: Definition of CCP Configurations

The CCP configuration type is determined by the number of primary CT units and the number of primary ST units. For example, the CCP configuration A is a 2CT + 0ST configuration, the CCP configuration B is a 1CT + 1ST configuration, the CCP configuration F is a 3CT + 1ST configuration and the configuration H is the 4CT + 2ST configuration.

The details for logical and physical CCP representations and usages across the Nodal Systems can be found in previous IDA White Papers and Proposals. Also, see the Solution Summary Table at the end of this section.
CCP Transition Matrix
Allowed transitions between CCP configurations should be registered as part of definition of CCP configurations. The CCP transition matrix is illustrated by the following table:
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Figure 2: Definition of CCP Transition Matrix

Above the main diagonal of the CCP transition matrix are upward transitions, i.e. the transitions in which at least one Physical CCU Resource is started. Below the main diagonal of CCP transition matrix are downward transitions, i.e. the transitions in which at least one Physical CCU Resource is turned off. If in some CCP transition a unit is started and another unit is shut down than the CCP transition type (upward/downward) depends on Startup Costs. If the difference between Startup Costs between To-Configuration and From-Configuration is positive then that CCP transition should be marked as an upward transition, and if the difference is negative then the CCP transition should be marked as a downward transition.
The CCP configurations in which CCP train can start up are marked in row “From OFF”, while CCP configurations from which entire CCP train can shut down are marked in “To OFF” column. Internally in MMS applications the startup and shutdown CCP configurations are marked with startup and shutdown Y/N flags.
Note that the CCP transition matrix can be non symmetrical, i.e. the CCP train can transit in one direction but it can not transit in the opposite direction, and vice versa. In the above example, the CCP train can transit from configuration A to configuration D, but it can not transit from configuration D to configuration A. There are more similar cases in above example of CCP transition matrix.

There is transition cost associated with each allowed CCP transition. The transition costs are equal to non-negative difference between Startup Cost Offers for To-Configuration and From-Configuration. The Minimum Energy Costs are related to CCP configurations, not to CCP transitions.
Bid/Offer and COP Submission 

A CCP configuration represents a Logical CCP Resource for which Resource-specific Energy and AS Offers can be submitted. In DAM and RUC the Energy and AS Offers can be submitted only for a limited number of Logical CCP Resources within the CCP train for entire study period (currently no more than number of Physical CCU Resources within the CCP train). In SCED only currently operating Logical CCP Resources are dispatched.
The COP data should be submitted for Logical CCP Resources, and not for Physical CCU Resources. The Logical CCP Resources should be represented in COP in the same way as any other Generating Resource. Of course, only one Logical CCP Resource within the CCP train can be shown as online in the COP for an hour. 
2.2 – Definition of CCP Settlement Points
Logical CCP Resource Nodes 

For each CCP train a Logical CCP Resource Node should be defined. All Logical CCP Resources of the CCP train are mapped to the same Logical CCP Resource Node. The Logical CCP Resource Node is not mapped to any Electrical Bus, i.e. it is an abstract network location.
The Logical CCP Resource Node represents the Settlement Point for the CCP train. Only Resource-specific Energy and AS Offers for Logical CCP Resources can be submitted at Logical CCP Resource Nodes. CRR bids and offers, QSE to QSE Trades, DAM Energy Only Offers and DAM Energy Bids can not be submitted at Logical CCP Resource Nodes.
Physical CCU Resource Nodes 

For each CCU within the CCP train a Physical CCU Resource Node should be defined. The Physical CCU Resource Node is mapped to some Electrical Bus. The Physical CCU Resource Nodes are determined by principles and rules applied to all other generating units.

The Physical CCU Resource Node represents the Settlement Point as well. Only non-Resource-specific bids and offers like CRRs, QSE to QSE Trades, DAM Energy Only Offers and DAM Energy Bids can be submitted at Physical CCU Resource Nodes. Resource-specific Energy and AS Offers can not be submitted at Physical CCU Resource Nodes. For more detailed specification of Physical CCU Resource Nodes and Logical CCP Resource Nodes see the WMS proposal Principles for Resource Node Definition. This document can be accessed at http://www.ercot.com/meetings/wms/keydocs/2008/0220/09._PRINCIPLES_FOR_RESOURCE_NODE_DEFINITION_2-19-08_1630.doc 
Settlement Price Calculation 

Resource-specific Energy and AS Offers can be submitted at Logical CCP Resource Nodes and non-Resource-specific CRR bids and offers, DAM Energy Only Offers and DAM Energy Bids can be submitted at Physical CCU Resource Nodes. Therefore, the Settlement Prices should be calculated for both Logical CCP Resource Nodes and Physical CCU Resource Nodes.
The DAM LMPs for Physical CCU Resource Nodes are calculated by DAM Clearing Engine in standard way from system lambda, shadow costs for transmission constraints and correspondent Shift Factors.
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is DAM LMP for Physical CCU Resource Node
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is DAM system lambda
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is shift factor for line for Physical CCU Resource.

The sign of second term depends on implementation details such as used optimization objective (cost or profit), objective minimization or maximization and on line power flow direction. The correct sign must result in line power flows from lower to higher LMP.
If the Electrical Bus of a Physical CCU Resource Node is de-energized then LMP for that Physical CCU Resource Node is calculated applying the following heuristic rules in specified order:

1. Use average LMP for Electrical Buses within the same station having the same voltage level as de-energized Electrical Bus, if exist

2. Use  average LMP for all Electrical Buses within the same station, if exist

3. Use system lambda.

The DAM LMPs for Logical CCP Resource Nodes represent weighted average of DAM LMPs for Physical CCU Resource Nodes. The calculation of DAM LMPs is performed implicitly through aggregation of Shift Factors for Physical CCU Resource Nodes to calculate Shift Factor for Logical CCP Resource Node. The aggregate Shift Factors for Logical CCP Resource Nodes are calculated using as weights the capacities (HRL) of Physical CCU Resources that are online in committed CCP configuration.
This implies that DAM LMP/SPP will always be calculated at the Logical CCP Resource node irrespective of the status/awards of CCP configurations in DAM. 

In real-time, the operational CCP configuration is unique and known through telemetry. The SCED LMP will be calculated for each Physical CCU Resource Node.

[image: image6.wmf]å

×

±

=

lines

line

CCU

SCED

line

SCED

sys

SCED

CCU

SF

SP

LMP

l


Where:



[image: image7.wmf]SCED

CCU

LMP


is SCED LMP for Physical CCU Resource Node
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is SCED system lambda
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is shift factor for line for Physical CCU Resource.

The sign of second term depends on implementation details such as used optimization objective (cost or profit), objective minimization or maximization and on line power flow direction. The correct sign must result in line power flows from lower to higher LMP.
If the Electrical Bus of the Physical CCU Resource Node is de-energized then the SCED   LMP at the Physical CCU Resource Node is calculated using the same heuristic rules as for DAM LMP. In any case, the SCED LMPs for Physical CCU Resource Nodes will be always calculated even when the CCP is on output schedule. 

The SCED  LMP for a Logical CCP Resource Node is calculated as the weighted average of the SCED  LMPs for the Physical CCU Resource Nodes. The calculation of the SCED  LMPs for the Logical CCP Resource Nodes is performed implicitly through aggregation of Shift Factors for the Physical CCU Resource Nodes. The aggregate Shift Factors for Logical CCP Resource Nodes are calculated using as weights the telemetry power outputs of Physical CCU Resources that are online in the currently operating CCP configuration. The transmission constraints (limits and Shift Factors) for SCED that are provided by EMS should be expressed in terms of Logical CCP Resources.
If all Physical CCU Resource Nodes are de-energized, the LMP for the Logical CCP Resource Node is calculated as the capacity (HRL) weighted average all the Physical CCU Resources (maximal CCP configuration) in the CCP. 

The Real time SPPs should be calculated using the same approach as for regular Resource Nodes (Nodal Protocol - Section 6.6.1.1):

RTSPP
=
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The specifics of Physical CCU Resource Nodes are absence of Base Points for CCU Resources, i.e. BPr,y = 0. In this case, instead of Base Point weighted SPPs the time weighted SPPs will be calculated automatically (due to factor 0.001) using above settlement formula.

The SPPs for Logical CCP Resource Nodes are calculated using the same approach as for regular Resource Nodes. In this case, the Base Point weighted SPPs will be calculated using Base Points for Logical CCP Resources.

This implies that SCED LMP/SPP will always be calculated at both Physical CCU Resource Nodes and the Logical CCP Resource Nodes irrespective of the status/awards of CCP configurations in Real-Time. 

Note that in real-time the aggregate CCP Shift Factor is telemetry weighted average, while in DAM it is capacity (HRL) weighted average. The telemetry weighted average is consistent with financially neutral real-time settlements, while telemetry can not be used in DAM because it is not available. 

.
The CCPs trains are settled in real-time using 15-minute Settlement Prices determined by methodology for Net Metering Schemes (NPRR035 and IDA White Paper for Net Metering Schemes). 

2.3 – Definition of CCP Aggregation
Logical and Physical CCP Representation

The CCP configurations are represented as Logical CCP Resources that are used by DAM, SASM, RUC, SCED and LFC to optimize and control Market Operation. On the other side, the Network Power Flow and Security Analysis within MMS (NSM and OS) and EMS (SE, NSA, TCM, VSA, OTS, …) require representation of Physical CCU Resources. The Market Operation is optimized using Energy and AS Offers for Logical CCP Resources while network analysis considers power injections of Physical CCU Resources. The logical and physical CCP representations are different expressions of the same equipment. This means the data models and instances for Logical CCP Resources and Physical CCU Resources must be mutually consistent and convertible from one context to another.
A Logical CCP Resource represents aggregation of Physical CCU Resources. There are needs for conversion between aggregate and individual representations in both directions to coordinate economic optimization and reliability analysis of Market Operation. The most intensive interactions are:
· Disaggregation of energy schedules for Logical CCP Resources optimized by NCUC to power outputs of Physical CCU Resources to be considered by NSM in DAM and RUC
· Aggregation of Shift Factors for Physical CCU Resources calculated by NSM to provide Shift Factors for Logical CCP Resources to be considered by NCUC
· Aggregation of LMPs for Physical CCU Resource Nodes to provide LMP for Logical CCP Resource Node to be used for Settlement Price calculations.
These data translations are specified into more details in the following paragraphs.

Energy Schedule Disaggregation

In DAM and RUC the NCUC optimizes energy offers for Logical CCP Resources. Resulting optimal energy schedules should be disaggregated to power outputs of Physical CCU Resources to be considered by NSM applications. This translation is performed using capacity weights as distribution factors. 
The optimal energy schedule for a Logical CCP Resource (
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 The distribution factors (
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) should be derived from capacities (HRL) of Physical CCU Resources (
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In SCED there is no need to disaggregate Base Points for Logical CCP Resources to power outputs of Physical CCU Resources.
Shift Factor Aggregation

To optimize energy offers for Logical CCP Resources (by NCUC in DAM/RUC and by SCED in RTM) the aggregate Shift Factors are needed. 
In NCUC the capacity (HRL) weighted average of Shift Factors for Physical CCU Resources that are online in that CCP configuration should be used:
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Aggregate Shift Factors should be calculated for all Logical CCP Resources and used accordingly within NCUC optimization process.

For SCED optimization transmission constraints should be expressed in terms of Logical CCP Resources. Aggregate Shift Factors for Logical CCP Resources should be calculated by EMS applications using weights (
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 ) of Physical CCU Resources that are online in currently operating CCP configuration:
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LMP Aggregation

The LMP for a Logical CCP Resource is aggregate LMP for Physical CCU Resources. The aggregate LMP is provided automatically if aggregate Shift Factor for Logical CCP Resource is used. This is by-product of NCUC optimal commitment in DAM and SCED optimal dispatch in RTM. Therefore, there is no need to perform conversion between aggregate and individual LMPs.
The fact that aggregate LMP is automatic outcome from optimization can be proved mathematically if the same weights for LMP aggregation and Shift Factor aggregation are used. Even more, the payment for energy schedules for Logical CCP Resource based on aggregate LMP is equal to the sum of payments for disaggregated power outputs for Physical CCU Resources based on LMPs at Physical CCU Resource Nodes. These results guarantee financial neutrality and mutual consistency of aggregate and individual LMPs.
2.4 – Solution Summary
There is a series of White Papers and Proposal for Combine Cycle Plant modeling and processing. All specified functionality and taken design decisions across Nodal Systems are collected in the following Solution Summary Table:
	Function Name
	Design Decisions

	Registration
	· Register Physical CCU Resources
· Register Logical CCP Resources

· Define mapping between Logical CCP Resources and Physical CCU Resources

· Flag Physical CCU Resources as X-primary or A-alternate in each CCP configuration
· Define CCP Transition Matrix

· Register Resource parameters for both Logical CCP Resources and Physical CCU Resources
· Register reactive capability curves for Physical CCU Resources

	NMMS
	· Model Physical CCU Resources and their parameters
· Model Logical CCP Resources and their parameters
· Model mapping between Logical and Physical Resources

· Model CCP Transition Matrix
· Define Physical CCU Resource Nodes and map them to Electrical Buses

· Define Logical CCP Resource Nodes and do not map them to Electrical Buses

· Define Settlement Points at both Logical CCP Resource Nodes and Physical CCU Resource Nodes

· Define mapping of Logical CCP Resources to EPS meters as Net Metering Scheme

	CRR
	· Use Settlement Points at Physical CCU Resource Nodes as CRR sinks and sources

· Do not use Settlement Points at Logical CCP Resource Nodes as CRR sinks and sources

	OS
	· Submit outages for Physical CCU Resources

	COP
	· Submit COP data for Logical CCP Resources

	DAM
	· Consider 3PO, EOC-only and AS offers for Logical CCP Resources 

· Consider CRR Option offers and bids, PTP Obligation Bids, DAM Only Energy Offers and Energy Bids at Settlements Points at Physical CCU Resource Nodes

	RUC
	· Consider 3PO for Logical CCP Resources

· Consider COP for Logical CCP Resources

	NCUC
	· Processing to handle alternate CCUs to replace outaged primary CCUs
· Calculate aggregate Shift Factors for Logical CCP Resources

· Minimize Energy and AS Offers for Logical CCP Resources including Startup and Minimum Energy Costs for Logical CCP Resources

· Respect Logical CCP Resource parameters
· Respect temporal constraints for Logical CCP Resources 

· Consider Transition Matrix and derive transition costs
· Disaggregate energy schedules for Logical CCP Resources to power outputs of Physical CCU Resources

	NSM
	· Consider power outputs of Physical CCU Resources

· Perform contingency analysis for Physical CCU Resources

· Consider reactive capability curves for Physical CCU Resources

· Calculate Shift Factors for Physical CCU Resources

	SCED
	· Consider telemetry for power output, LSL/LASL/LDL/HDL/HASL/HSL for currently operating Logical CCP Resources
· Calculate Mitigated Offer Cap and Floor price for CCP train and use it for all Logical CCP Resources of that CCP train

· Dispatch currently operating Logical CCP Resources

· Provide Base Points for currently operating Logical CCP Resources

	LFC
	· Consider telemetry for power output, LSL/LASL/LDL/HDL/HASL/HSL for currently operating Logical CCP Resources

· Control currently operating Logical CCP Resources

· Provide Regulating Base Points for currently operating Logical CCP Resources

	SE
	· Consider telemetry for power output, LSL/LASL/LDL/HDL/HASL/HSL for currently operating Physical CCU Resources

· Estimate power outputs of currently operating Physical CCU Resources

	TCM
	· Consider power outputs of Physical CCU Resources

· Perform contingency analysis for Physical CCU Resources

· Calculate Shift Factors for Physical CCU Resources
· Calculate aggregate Shift Factors for Logical CCP Resources to be used by SCED

· Express transmission line constraints in terms of power outputs of Logical CCP Resources to be considered by SCED

	VSS
	· Consider MW/MVAR power outputs of Physical CCU Resources

· Consider reactive capability curves for Physical CCU Resources

· In VSA , use  the power outputs of the Logical CCP Resources as input to derive and the express generic constraints to be considered by SCED

	S&B
	· Settle energy for Logical CCP Resources using DAM LMPs at Logical CCP Resource Nodes as Settlement Point Prices
· Settle DAM awards for CRRs, DAM Energy Only Offers, DAM Energy Bids using DAM LMPs at Physical CCU Resource Nodes as Settlement Point Prices

· Use MCPC as Settlement Prices for AS awards 

· Use transition costs for Make Whole Payments for DAM/RUC Commitments 

· Use Net Metering Scheme methodology for RTM Settlements 

· Use mapping of Logical CCP Resources to EPS meters

· Use Base Points of Logical CCP Resources 

· Use 15-minute Settlement Prices for EPS meters

· Use 15-minute Settlement Prices for Logical CCP Resource Nodes


Table 1: Solution Summary Table
3 – Implementation Activities
	MS
	Milestone Description
	Assigned to
	Pred’r Task

	1
	Registration

Confirm all Registration Activities specified above for Combined Cycle Plants are completed.
	Raj Chudgar
	n/a

	2
	NMMS

Confirm tasks identified above are completed for all Combined Cycle Plants
	Linda Clarke
	1

	3
	EMS

a) Implement approach to calculate aggregated shift factor for the Logical Resources as described above.

b) Confirm SCADA values for Data Aggregation are being provided as specified. 


	Dave Hackett
	2

	4
	MMS

Implement approach to calculate aggregate shift factors in NCUC.

Implement approach to handle CCP’s in DAM and RUC.

Implement approach to handle transition of the CCP to various configurations in DAM and RUC.
	Murray Nixon
	2

	5
	CRR

Confirm CRR system is using CCU Resource Nodes as sources and sinks
	Beth Garza
	2

	5
	S&B

Implement approach to calculate Make Whole payments based on transition costs for CCPs and eligibility rules.

Confirm settlement calculations are implemented as described above. 


	Raj Chudgar
	2

	
	
	
	


4 – Comments

.
Please note that all implementation details will be maintained in the integrated schedule.
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