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JOINT OWNED UNIT MODELING
1. JOU Modeling Requirements
According to the Sec 3.8 of the Nodal Protocol, Special Considerations for Split Generation Meters, for each JOU two or more SGRs must be created as a share of the same JOU generation facility. Each individual SGR may be represented by different QSE. All resource parameters should be submitted for each individual SGR. It is assumed that energy and ancillary services can be procured by JOU, i.e. by each its individual SGR. Each individual SGR is represented in the COP as well. GP&L Comment: Please add that by Protocol 10.3.2.1.1(1), the different QSE’s referenced above “shall select one master QSE to provide ERCOT with a Real-Time signal of the MW of generation per virtual generator unit.”
The SGR parameters submitted by QSEs that share the same JOU must be mutually consistent to represent the physical characteristics of shared JOU. More specifically, the capacity limits and ramp rates submitted for individual SGRs must be consistent with JOU physical capabilities.  Startup and shutdown times, time to change status and number of starts must be identical for all individual SGRs. 

If an individual SGR is online, then all individual SGRs for that JOU are considered online. 
Each QSE representing an individual SGR may independently submit three part energy supply offer.  Each SGR offer is treated as a separate offer, except that all individual SGRs in a JOU generation facility must be committed or de-committed together. 
As it is stated in Section 3.10.7.2, Modeling of Resources and Transmission Loads, each individual 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 JOU generation facility main power transformer.
The Generation Meter Splitting (Section 10.3.2.1) specifies the way how the telemetry of total JOU MW output is split into telemetry of individual SGR MW outputs.   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 Joint Owned Unit (JOU) can submit different offers for each individual Split Generation Resource (SGR) as their own share of the same JOU physical unit. The JOU facility should be considered as a whole for startup and shutdown.  However, the JOU operation should be modeled consistently across systems accommodated to specific system operation and settlement rules.

2. JOU Data Model
According to the Nodal Protocol all input data and output results should be represented on individual SGR basis, while internal representation can be accommodated to provide efficient application processing. For data validation and network modeling purposes the JOU generating facilities should be registered and their physical characteristics specified.

· Input Data Submission

Input data is submitted by QSEs on individual 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
· SGR outage and derating data.

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

· The JOU startup offer generic cap is calculated by ERCOT for the JOU generating facility and split to the SGR startup offer generic caps according to the QSE share percentages. 

· The minimum energy generic caps are calculated for each individual SGR separately. The minimum energy generic cap is calculated for the JOU facility as well.
· The verifiable SGR-specific startup and minimum energy costs are established and approved by ERCOT based on JOU and SGR available information in according to standard approval process.
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The proxy energy offers, specified in the Section 5.5.2 of the Nodal Protocol, are created and optimized by RUC process for each individual SGR separately. 
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GP&L Question: Please explain how these are used – for instance, how are you going to RUC a SGR separately??
· Input Data Validation

Each individual SGR is fully specified as an independent generation resources. On the other side, the submitted data for individual SGRs should be consistent with physical characteristics of JOU facility. To validate SGR data consistency it is necessary to register the JOU generating facility. 
The data validation rules should verify that:
· Sum of SGR minimums and maximums is equal to the JOU minimum and maximum

GP&L Question: What happens when in “real time” there is a temporary limitation that derates the minimum or maximum and all of the SGR owners do not adjust to the limits accordingly – for example 1 SGR does not adjust to the limit???

1. Are you checking against the registered value that is modified in real time via the MMS web service displays for modifying registered values
· Sum of SGR ramp rates is equal to the JOU ramp rates. If ramp rate functions are considered then all SGRs should have the same break MW points and the sum of SGR ramp rates is equal to the JOU ramp rates for each segment of ramp rate function. 
GP&L Question: What happens when in “real time” there is a temporary limitation that derates the ramp rate and all of the SGR owners do not adjust the ramp rate accordingly – for example 1 SGR does not adjust to the new ramp rate???

1. Are you checking against the registered value that is modified in real time via the MMS web service displays for modifying registered values
· 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 on individual SGR basis. Whenever it is applicable, the results are reported for JOU generating facility as well.

3. JOU Network Model
Both JOU generation facility and its SGR shares should be fully represented in network model (NMMS) to be used by EMMS subsystems accordingly.
To consider reactive capability and voltage support the JOU facility should be represented in network model, because physical capabilities of JOU facility can not be shared. Therefore, the voltage stability and control studies should used physical model of JOU generation facility.

On the other side, the MMS applications should optimize individual SGR energy schedules.  The individual SGRs are included into network model and considered by power flow calculations and contingency analysis. The shift factors are calculated for each individual SGR, even they are connected to the same electrical network bus. 

4. JOU Optimization Model
This JOU generation facility splitting between two QSEs is illustrated on the following two figures:
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Figure 1: Integrate JOU Generation Facility
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Figure 2: Individual SGR Shares
In general, there are two ways to model the JOU facility and its SGR shares: independent SGR modeling and integrate JOU modeling.
· Independent SGR  Modeling

Each individual SGR is fully modeled as an independent generating unit as it is illustrated on the following figure:


[image: image2]
Figure 3: Independent SGR Model

During optimization all limits, ramp rates, minimum run/down time, maximal number of starts and other resource parameters are modeled for each individual SGR, even if these values are the same. These multiple data entries can result in inconsistent data instances and data maintenance difficulties. 
The startup cost function, startup time function and energy offer cost curve are modeled separately for each SGR. The startup costs, minimum energy costs and startup time are JOU physical characteristics that can not be shared. Their sharing without close coordination among QSEs can result in overestimation of JOU costs.
The ancillary service offers are limited by separate ramping limit for each individual SGR. Co-optimization of energy and ancillary services is performed on SGR basis subject to individual SGR capacity limits.

The commitment status of individual SGRs must be the same all the time. To keep all individual SGRs in the same commitment status, a common binary variable or separate binary variables for SGR commitment statuses can be used. If separate SGR status binary variables are used then additional constraints should be enforced to keep all individual SGRs in the same commitment status.

All constraints should be specified for all SGRs even if some of these constraints are the same. For example, minimum up and down time constraints are the same for all SGRs, but they should be modeled separately for each SGR. More requiring is the need to model separate time counter for each individual SGR to support the same startup cost/time functions.

The independent modeling of individual SGRs can result in an inappropriate usage of JOU physical capabilities. For example, if some SGR does not procure some ancillary service due to high offered price or not offering it at all, then the other SGR can not fully utilize available ramping capability of physical JOU. This leads into sub-optimal JOU scheduling.

· Integrate JOU Modeling 
The resource parameters submitted by QSEs for individual SGRs can be used internally to derive the JOU parameters to model SGR common parameters and constraints. More specifically, the following JOU physical characteristics can be calculated internally from individual SGR data submitted by QSEs:

· JOU minimum is equal to the sum of individual SGR minimums

· JOU maximum is equal to the sum of individual SGR maximums

· JOU ramp rates are equal to the sum of individual SGR ramp rates

· JOU minimum energy costs are equal to the LSL weighted average of individual SGR minimum energy costs

· JOU startup cost for each segment of startup cost function are equal to the sum of startup costs for the same segments of startup cost functions for all individual SGRs. This summation of individual SGR startup cost functions can be performed because the down time points are the same for all of SGRs.
The integrate JOU model includes specification of both JOU facility and SGR shares. The common parameters (startup costs, minimum energy costs, minimum up/down times, maximum number of starts) are specified as parameters of JOU generation resource, while energy and ancillary service offers are specified for each SGR share. 

The integrate JOU model is illustrated on the following figure:
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Figure 4: Integrate JOU Optimization Model
Note that startup costs and minimum energy costs are associated to the JOU facility that will be optimally committed, while energy offers and ancillary service offers (not shown on above figure) are associated to the SGRs to be optimally scheduled independently. This partial data aggregation can be performed as pre-processing and internally used for optimization purposes only. 
In this case, resource constraints (minimum run/down time, maximal number of starts) will be modeled only once as common JOU constraints using common JOU commitment status variable. Only integrate startup cost and time functions for JOU facility are modeled using JOU time counter. This reduction of optimization model size and complexity can be significant depending on the number of JOUs and their shared SGRs.
The energy and ancillary service offers remain on individual SGR bases as they are originally submitted by QSEs. That means the energy and ancillary service offers are optimized on individual SGR basis, i.e. energy and ancillary service awards are independent for each QSE. The integrate JOU ramping capabilities can not be fully optimized across shared SGRs Because the total procurement of regulation, responsive reserve and non-spinning reserve is limited by ramping capability of each SGR share, not by ramping capability of physical JOU generating facility.

The JOU startup and minimum energy costs will be optimized with respect to JOU commitment statuses, while energy and ancillary services will be optimized with respect to individual SGR offers. The resulting optimal JOU commitment statuses are applied to all individual SGRs, while resulting optimal energy and ancillary service schedules for individual SGRs are summed up to calculate optimal energy and ancillary service schedules for JOU facility. Therefore, all results are provided for both JOU facilities and all their SGR shares.

· JOU Combined Cycle Plant  Modeling

The Combined Cycle Plant (CCP) model can be configuration based or physical CT/ST based. For configuration based CCP model each CCP configuration is modeled as separate logical generation resource and transition between configurations as additional constraints. On the other way, each physical CT and ST can be modeled as physical generation resource and CCP transition diagram fully modeled as additional constraints. The same modeling approach, configuration based or physical CT/ST based should be used for both non-JOU CCP and JOU CCP generating facilities. These CCP modeling approaches are specified and analyzed in separate White Paper.
The CCP JOU model can be configuration based or physical CT/ST unit based as well, but some additional considerations specific to JOU shares of CCP are needed. For configuration based CCP JOU model each CCP configuration is modeled as separate logical JOU facility. Either independent SGR or integrate JOU modeling approach can be used for each configuration to model the CCP JOU facility. If independent SGR model is used then all SGRs should belong to the same configuration all the time. Additionally, all individual SGRs must transit from one configuration to the other in the same time. If integrate CCP JOU model is used then transmission constraints across configurations can be accommodated on the CCP JOU level. From this prospective it seems that integrate JOU model is more suitable then indipendent SGR model specified above.

If physical CT and ST units of CCP are modeled individually, then each CT and ST in JOU CCP should be treated as a separate JOU generating facility. In this case each CT and ST will be split into separate generation resources and QSEs should submit all data for individual SGR shares for each CT and ST unit in the JOU CCP. Either individual SGR or integrate JOU model can be used. The transitions between CCP configurations are modeled as additional constraints on commitment statuses for JOU CTs and JOU STs. From this prospective the integrate JOU model is again more appropriate.
5. JOU Settlement
In all cases the QSEs are settled on individual SGR bases. Therefore, the LMPs and metered 15-minute energy values are needed for all individual SCR shares. 

The individual SGRs are included into network model and correspondent shift factors calculated for all of them. All individual SGRs, as well as associated JOU, will have the same LMPs all the time because they are connected to the same electrical network bus. Hourly LMP values over the day ahead and real-time values integrated in proper way over the 15-minute period are used for settlement purposes.

Energy and ancillary service day-ahead schedules as well as real-time base points are provided for each individual SGR. The telemetry MW values are provided by GP&L Comment: strike the following word “delegated” & replace with “the master” delegated QSE for all individual SGRs. These telemetry values are used to calculate distribution factors for JOU metered energy values to calculate metered 15-minute energy values for each individual SGR. This procedure is already in the place and used to settle each QSE independently.
6. IDA Recommendations
To support efficient system operation the following recommendations can be provided regarding JOU modeling:
1. QSEs should submit independently all parameters on individual SGR basis as it is specified in the Nodal Protocol
2. Both physical JOU generation resource and individual SGR shares should be registered to support mappings and input data validation

3. In NMMS network model both physical JOU generating resource and individual SGRs should be modeled to enable physical JOU analysis and individual SGR optimal scheduling
4. In EMS (SCADA, VSS) the physical JOU generation facility model should be used. After its splitting into SGR shares the individual SGR model should be used (LFC).

5. In MMS (DAM, RUC and SCED) the energy and ancillary service schedules shoul be co-optimized for each individual SGR. The integrate JOU model should be internally derived as it is specified above to enable efficient optimization. The optimization results should be provided for each individual SGR as well as for physical JOU facility. The MMS should deploy integrate CCP JOU model accommodated to configuration based or physical unit based modeling of CCPs depending on the decision regarding configuration based or physical modeling of non-JOU CCPs.
GP&L Comment: Please explain in more detail the sentences in yellow above:
6. Individual QSEs should be settled independently based on energy and ancillary service market clearing prices, optimal schedules and metered values for individual SGRs.
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