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	The summary provides references to the Nodal Protocol and recommendations for modeling of Split Generation Resources. Both logical models for Split Generation Resources and physical model for generation facility are proposed according to the Nodal Protocol. The deployment of logical and physicals models across ERCOT systems are proposed to support economic efficiency and operational reliability of the Nodal Market.


Nodal Protocol References | One
The Nodal Protocol Section 3.8, Special Considerations for Split Generation Meter, requires specification of two or more independent Generation Resources in the ERCOT Network Operations Model. Each QSE representing an individual Split Generation Resource shall collect and shall submit to ERCOT the Resource Parameters defined under Section 3.7, Resource Parameters, for the individual Split Generation Resource it represents.  The parameters provided must be consistent with the parameters submitted by each other QSE that represents a Split Generation Resource from the same generation facility. 

Each QSE is responsible for representing its individual Split Generation Resource in its COP.

In the same time, the parameters submitted for the individual Split Generation Resource for limits and ramp rates must be according to the capability of the individual Split Generation Resource represented by each QSE.  Startup and shutdown times, time to change status and number of starts must be identical for all the individual Split Generation Resources submitted by each QSE.  ERCOT shall review data submitted by each QSE representing Split Generation Resources for consistency and notify each QSE of any errors.

Each QSE that represents a Split Generation Resource shall provide ERCOT with telemetry of the actual generator breakers and switches continuously providing ERCOT with the status of the individual Split Generation Resource.

According to Nodal protocol Section 10.3.2.1, Generation Meter Splitting, when the split-metered generating unit is registered at ERCOT, the Entities representing the virtual generator units shall select one master QSE to provide ERCOT with a Real-Time signal of the MW of generation per virtual generator unit.  The signal must be sent from the master QSE’s EMS system to ERCOT via the appropriate telemetry.  The signal must be revised every scan cycle and must represent each virtual generator unit in positive MW. 

If an individual Split Generation Resource is On-Line, then all individual Split Generation Resources for that generation facility are considered On-Line.  Each QSE representing a Split Generation Resource shall update its individual Resource Status appropriately.

Each QSE representing an individual Split Generation Resource may independently submit Energy Offer Curves and Three Part Supply Offers.  ERCOT shall treat each Split Generation Resource offer as a separate offer, except that all individual Split Generation Resources in a generation facility must be committed or de-committed together. 

Each QSE submitting verifiable cost data to ERCOT shall coordinate among all owners of a generation facility to provide individual Split Generation Resource data consistent with the total verifiable cost of the entire generation facility.  ERCOT may compare the total verifiable costs with other similarly situated Generation Resources to determine the reasonability of the cost.

Proposed Recommendations | Two
To satisfy both business and reliability aspects of market operations both logical models for individual Split Generation Resources and physical models for generation facilities should be created and deployed across ERCOT systems as it is illustrated in the following table:
	
	INPUT
	PROCESSING
	OUTPUT

	
	Registration
	NMMS
	EMS
	MMS
	CRR
	Planning
	COMS
	

	LOGICAL

MODEL
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	Telemetry

LFC
	DAM

RUC

SCED

COP
	
	
	S&B
	MIS

S&B

COP

	PHYSICAL 

MODEL
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	SE

NSA

VSA

DSA

TSAT

OTS
	NSM

OS
	CRR
	Power Flow

Transient

Stability
	
	


Both logical models for individual Split Generation Resources and physical models for generation facility should be registered and represented in network models in NMMS. These models are deployed across ERCOT systems accordingly.

Within EMS the telemetry is provided separately for each individual Split Generation Resource. The individual Split Generation Resources are controlled by LFC in the same way as any other Generation Resource. On the other side, the State Estimation, Network Security, Transient and Voltage Stability, and Operator Training Simulator should consider physical characteristics of generating facilities.

Energy and Ancillary Service offers can be submitted and optimized for each individual Split Generation Resource in DAM, RUC and SCED processes. Of course, all individual Split Generation Resources of the same generation facility are committed and de-committed in DAM and RUC at the same time. The Network Security Monitoring in DAM and RUC, as well as the Transmission Constraint Monitor in EMS, should consider physical model of generating facility. The summation of individual schedules and usage of the same shift factors for Split Generation Resources is performed within DAM, RUC and SCED.

In Outage Scheduler the physical generation facility is used by master QSE to specify outages and derates. 

The CRR and Planning network models consider physical generation facilities only, while outputs to be used in Settlements and Billing, MIS and COP are provided for each individual Split Generation Resource.
If a generation facility is also a Combined Cycle Plant then it should be modeled as a single Combined Cycle Plant and not as Split Generation Resources. This will limit risk performance issues due to complexity of modeling a Split Combined Cycle Plant.
Split Generation Resource Modeling | Three
1. Modeling Requirements
According to the Sec 3.8 of the Nodal Protocol, Special Considerations for Split Generation Meters, two or more Split Generation Resources (SGR) must be created for generation facility that is owned by multiple entities. Each SGR may be represented by different QSE. All resource parameters are submitted for each individual SGR by the owner of that SGR. Energy and ancillary services may be offered by each individual SGR in all market operations. Each SGR is represented in the COP and provides ERCOT with telemetry as required of any Generation Resource.
The SGR parameters submitted by QSEs that share the same generation facility must be mutually consistent to represent the physical characteristics of shared generation facility. More specifically, the capacity limits and ramp rates submitted for individual SGRs must be consistent with physical capabilities of the generating facility. Although submitted separately by each SGR’s QSE, startup and shutdown times, time to change status and number of starts must be identical for all SGRs that are part of a generating facility.
Each QSE that represents a Split Generation Resource shall provide ERCOT with telemetry of the actual generator breakers and switches continuously providing ERCOT with the status of the individual Split Generation Resource. If an individual SGR is online, then all SGRs for the generating facility must be shown by the QSE as online.
Each QSE representing a SGR may independently submit three part energy supply offer. Each SGR offer is treated as a separate offer, except that all SGRs in a single generation facility must be committed or de-committed together. This is managed by ERCOT using constraints in optimization model in DAM and RUC processes.
As it is stated in Section 3.10.7.2, Modeling of Resources and Transmission Loads, each SGR is represented in the Network Operations Model as any other Generation Resource. The SGRs are modeled as connected to the ERCOT Transmission Grid on the low side of the physical generation facility main power transformer.
The Generation Meter Splitting (Section 10.3.2.1) specifies how the telemetry for a SGR MW output is provided. The different QSEs shall select one master QSE to provide ERCOT with a Real-Time signal of the MW of generation per SGR. These telemetry values are integrated over 15-minute settlement period and used to calculate metered 15-minute energy for each individual SGR to settle each QSE.
QSEs with Split Generation Resources shall coordinate with other owners of SGRs for the same generation facility to properly dispatch the Resource according to ERCOT direction. 

2. Data Model
According to the Nodal Protocol all input data and output results are represented on individual SGR basis. ERCOT may combine the representation of SGRs for specific application processing requirements. For data validation and network modeling purposes the SGRs are registered and their physical characteristics specified individually.

· Input Data Submission

Input data is submitted by QSEs on a SGR basis. More specifically, each QSE should submit the following data for its own SGR share:
· Three part energy offer (startup cost, minimum load costs, energy costs)

· Ancillary service offers (regulation up/down, responsive reserve, non-spinning reserve) 

· SGR parameters (limits, ramp rates, min up/down times, max number of starts)
· SGR COP data

· SGR telemetry data.
Outage and derating data for physical generation facility is submitted by the master QSE into Outage Scheduler. Note this data is used for outage evaluation purposes only.

The rules of the Section 4.4.9.2.3 of the Nodal Protocol are applied to the generating facilities in the following way:

· The generation facility startup offer and minimum energy generic caps are calculated by ERCOT for the generating facility and split to the SGR startup offer generic caps according to the QSE share percentages. 

· The verifiable SGR-specific startup and minimum energy costs are established and approved by ERCOT based on available information in according to standard approval process.

· The proxy energy offers, specified in the Section 5.5.2 of the Nodal Protocol, are created and optimized by RUC process for each SGR separately.  

· Input Data Validation

Each SGR is fully specified as an independent Generation Resource. The QSEs providing data shall validate with all owners of a generation facility that:.
· Minimum up/down times and maximum number of startups are the same for all SGRs. The startup time functions should be the same for all SGRs. 

· The transition time points of startup cost function for all SGRs should be the same.
· Output Results

The output results are provided to each SGR’s QSE for each  SGR.
3. Network Model
Both physical generation facility and its SGR shares should be fully represented in network model (NMMS) to be used by EMMS subsystems according to Table 1  below.
To consider transient stability, reactive capability and voltage support the generating facility should be represented in network model as a single generating unit.
On the other side, the MMS applications dispatch SGR energy by providing Base Points for each SGR.  The physical generation facility is included into network model and considered by power flow calculations and contingency analysis. The shift factors are calculated for each SGR as they are connected to the same electrical network bus.

4. Settlements
In all cases the QSEs are settled on a SGR basis as described in Sections 10.3.2.1 through 10.3.2.4 in the Nodal protocol. Therefore, the LMPs and metered 15-minute energy values are needed for the electrical bus on which all SGR are connected. 

The SGRs are included into network model and correspondent shift factors are calculated. All SGRs will have the same LMPs.
Energy and ancillary service schedules as well as real-time Base Points are provided for each SGR. 
5. Recommendations
To support efficient system operation the following recommendations can be provided regarding SGR modeling:
a) QSEs should submit independently all parameters on SGR basis as it is specified in the Nodal Protocol
b) Each SGR should be registered to support mappings and input data validation. QSEs who own SGRs should be responsible for coordinating SGR submittals to assure consistency between SGR registrations
c) If a generation facility is also a Combined Cycle Plant then it should be modeled as a single Combined Cycle Plant and not as Split Generation Resources. This will limit risk performance issues due to complexity of modeling a Split Combined Cycle Plant.

d) In NMMS network model facilities to provide for either  physical generating facility or logical SGRs modeling. The physical and logical models are used in applications according to the following table:

	
	INPUT
	PROCESSING
	OUTPUT

	
	NMMS
	EMS
	MMS
	CRR
	Planning
	COMS
	

	LOGICAL

MODEL
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	Telemetry

LFC
	DAM

RUC

SCED

COP
	
	
	S&B
	MIS

S&B

COP

	PHYSICAL 
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	SE

NSA

VSA

DSA
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OTS
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	CRR
	Power Flow
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Table 1: Split Generation Resource Modeling in Applications
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