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1 - Problem Statement
There are specific aspects of Combined Cycle Plant dispatch and transmission congestion management in real time operation related to telemetry, dispatch and reliability. Proper processing and mutual consistency should be performed to ensure efficient power system operation and control.
Within MMS/SCED currently operating configuration of Combined Cycle Plant (CCP) is specified as a logical generating unit while within EMS/SE/RTCA/TCM each online Combined Cycle Unit (CCU) is specified as separate physical generating unit. The energy offers and dispatch limits to be optimized by SCED are specified for logical generating units while transmission line constraints provided by TCM are expressed in terms of power outputs of physical generating units. These transmission line constraints should be translated into terms of CCP power outputs to be optimized by SCED. 

The purpose of remaining sections of this proposal is to specify solution and implementation for transmission constraint dispatching by SCED in respect to CCP. Detailed specification and mathematical formulations are provided in the Appendix. 
2 - Solution Design
	Function Name
	Design Decisions

	SCADA
	The following telemetry should be provided:
· Operating status (online/offline) for each CCU

· Gross power output for each CCU

· Operating status (online/offline) for whole CCP

· CCP configuration number

· Net power output for CCP



	SE
	Considers physical CCU units and provides estimated values used by RTCA and TCM



	RTCA/TCM
	Calculate the following:

· CCU Shift Factors for base case and contingency cases

· CCP Shift Factor as CCU gross power output weighted average of CCU Shift Factors

· Transmission line flows based on CCU gross power outputs
· Transmission line constraints in terms of CCP net power outputs



	RLC 
	Calculates LDL/HDL for CCP

	EMS-MMS Interface
	Transfers the following data from EMS to MMS:

· CCP aggregate Shift Factors

· CCP net power outputs

· SE transmission line flows

· Physical transmission line power flow limits
· LSL/HSL, LASL/HASL and LDL/HDL for CCPs


	SCED
	Performs the following processing:

· Calculates mathematical limits for transmission lines

· Optimal dispatch of energy offers including CCP offers with respect to GTBD, transmission and LDL/HDL constraints

· Provides optimal CCP Base Points 
· Provides CCP LMPs, i.e. LMPs for Settlement Points at Logical CCP Resource Nodes

· Provides CCU LMPs, i.e. LMPs for Settlement Points at Physical CCU Resource Nodes



3 – Implementation Activities
Refer to the SIG 003 Combined Cycle Plants paper for the implementation activities.
4 – Comments

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

· Telemetry

The following telemetry will be provided:

· Operating status (online/offline) for each CCU

· Gross power output for each CCU

· Operating status (online/offline) for whole CCP

· CCP configuration number

· Net power output for CCP

The telemetry for CCU operating status and CCU gross power output is used by SE to estimate transmission line power flows, generations and loads. The SE results are used by Real Time Contingency Analysis (RTCA) and TCM to create and display transmission constraints.

The telemetry for CCP operating status is used to indicate if all CCUs are offline or at least one CCU is online within the CCP train. The telemetry for CCP configuration number determines the currently operating CCP configuration that is optimized by SCED. The telemetry for CCP net power output is used to calculate dispatch limits (HDL/LDL) by RLC. 
· Transmission Constraints Modeling

The linearized line power flows can be expressed in terms of CCU gross power outputs as follows:
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Where:
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is line power flow as function of CCU power output
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is CCU power output as variable
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is Shift Factor for CCU
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is line power flow calculated by SE
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is CCU gross telemetry.
To simplify notation and focus on CCP here are specified only terms for CCUs within single CCP train without other generating units in ERCOT system.

The transmission line constraint should be expressed in terms of CCP power output instead of CCU power outputs. For this purpose the aggregation must be performed using CCU weight factors.

The aggregation CCU weight factors can be specified in different ways depending on purpose and available information:

· CCU capacity ratio for DAM aggregation

· CCU gross telemetry ratio to the total CCU gross power output for SCED to be more accurate and consistent with real-time price calculations.

More specifically, the SCED aggregation CCU weight factors can be calculated as:
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Where:
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is CCU gross power output
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is aggregation CCU weight factor.


Note that aggregation weights are normalized:


[image: image10.wmf]1

=

=

=

å

å

å

å

å

CCP

CCP

CCU

gross

CCP

CCU

gross

CCP

CCU

gross

CCU

gross

CCP

CCU

P

P

P

P

a

.

Let the sum of CCU gross power outputs represents the CCP gross power output:
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In this case the gross power outputs for each CCU within CCP train can be expressed as a fraction of the CCP gross power output:


[image: image12.wmf]CCP

gross

CCU

CCU

gross

P

P

×

=

a


Where:
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is CCU gross power output
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is CCP gross power output


[image: image15.wmf]CCU

a

 

is aggregation CCU weight factor.

Using CCU aggregation weights the transmission line constraints can be expressed in terms of CCP gross power output instead of CCU gross power outputs:
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Where:
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is aggregate Shift Factor for CCP
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is SE line power flow based on CCU gross power outputs.

Note that term 
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 represents constant base line power flow calculated by SE.

The transmission line power flow is limited:
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as it is illustrated on the following diagram:
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Finally, the transmission line constraint can be expressed in terms of CCP net power output instead of CCP gross power output:
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Note that line power flows are not changed by usage of CCP net power outputs instead of CCP gross power outputs. Only reference point for CCP power output is changed from gross to net value.

· EMS Processing

The RTCA and TCM use the SE results to calculate transmission line loading and establish line power flow limits. The SE results are based on CCU gross telemetry. 

The following processing is performed:

· Calculate CCU weight factors as ratio of CCU gross power output and the sum of CCU gross power outputs: 
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· Calculate CCP Shift Factor as aggregated CCU Shift Factors:
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· Calculate transmission line flows based on CCU gross power outputs:
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· Provide telemetry for CCP net power output to express in SCED transmission line constraints in terms of CCP net power outputs:




[image: image25.wmf]max

)

(

line

CCP

net

CCP

CCP

line

SE

line

line

F

P

P

SF

F

F

£

+

-

×

+

=

L

.

· EMS- MMS Interface 

To support CCP dispatch the following transmission constraint data should be transferred from EMS into SCED:

· CCP aggregate Shift Factors (
[image: image26.wmf]CCP

line

SF

)

· CCP net power outputs (
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· SE transmission line flows (
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· Transmission line power flow limits (
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· MMS Processing

The transmission constraints are processed treating CCP as logical generation unit in the same way as for any other generation unit. The transmission line constraints are converted in SCED from incremental form:
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into mathematical form:
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i.e.:
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where transmission line limit is:


[image: image33.wmf]L

+

×

+

-

=

CCP

net

CCP

line

SE

line

line

line

P

SF

F

F

Limit

max


· SCED Dispatch

The CCP net energy offers are optimized by SCED:
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- Power balance
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- Transmission constraints
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- Dispatch limits.
The SCED results represent optimal CCP Base Points and CCP LMPs.
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