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Requirements Specification
This Requirements Document is Subordinate To and Compliant with the Texas Nodal Protocols Effective May 2006.  

1. Introduction

The requirements for Texas Nodal market implementation are described in the Texas Nodal Protocols.  This document focuses on elaborating the requirements for the Renewable Production Potential (RPP) forecasting process of the Energy Management System.

This Requirements Specification is a part of the complete set of specification documents for the Texas Nodal market implementation.  For implementation purposes the Texas Nodal market functions are categorized into multiple systems based on clear distinction in functionality.  The RPP is one of these systems.

The RPP requirements are documented in the Texas Nodal EMS Requirements Specification document; supplemented by the following Requirements Specifications:

1. Texas Nodal EMS Data Model Requirements Specification

2. Texas Nodal EMS SCADA Requirements Specification

3. Texas Nodal EMS Dynamic Ratings Requirements Specification

4. Texas Nodal EMS Forced Outage Detection Requirements Specification

5. Texas Nodal EMS Generation Sub-system Requirements Specification

6. Texas Nodal EMS Load Forecasting Requirements Specification

7. Texas Nodal EMS Wind Power Forecasting Requirements Specification

8. Texas Nodal EMS State Estimator Requirements Specification

9. Texas Nodal EMS Network Security and Stability Analysis Requirements Specification

10. Texas Nodal EMS Voltage Support Requirements Specification

11. Texas Nodal EMS Outage Evaluation Requirements Specification

The definitions and acronyms from Section 2 of the Protocols are used in this document as applicable. 
1.1 Purpose

The primary purpose of this requirements specification document is to fully describe the external behavior of the RPP forecasting process.  It also describes nonfunctional requirements, design constraints, and other factors necessary to provide a complete and comprehensive description of the requirements necessary to design and develop the corresponding software systems.

1.2 Objectives

The objectives of this requirements specification are to:

· Specify mutually exclusive and collectively exhaustive set of requirements for the RPP forecasting process
· Ensure that requirements are in compliance with the Nodal Protocols

· Ensure that requirements are traceable to Nodal Protocols, NERC, FERC and any other applicable standards

1.3 Scope

The scope of this document is to elicit requirements for the RPP forecasting process to be in compliance with the Nodal Protocols published in May 2006, NERC, FERC and PUCT guidelines.  However, elaborating requirements that would change the intent of the protocols or proposing a design for the system is outside the scope of this document.  To ensure compliance the designers and developers of the systems are required to read and understand the Nodal Protocols.

Any scope changes to this requirements specification due to alternate design proposals must be driven by Nodal Protocol Revision Request (NPRR) and channeled through Nodal Change Control Board (CCB).  Any scope changes to this requirements specification due to further elaboration, while still being in compliance with Nodal Protocols, must be channeled through Nodal CCB.

1.4 Traceability

All RPP functional requirements are traceable to at least one of the following governing documents: Nodal Protocols, NERC standards, FERC guidelines, and PUCT documents.  In addition all requirements are traceable to the Process Map that describes the RPP forecasting process.
2. Renewable Production Potential 

The RPP forecasting process is a new ERCOT process that utilizes a combination of ERCOT systems and an external system (wind power production forecasting service) to produce the Short-Term Wind Power Forecasts (STWPF) and derive the Wind-Powered Generation Resource Production Potential (WGRPP).  The Long-Term Wind Power Forecasts (LTWPF) are provided by Wind-Powered Generation Resources to ERCOT. 
The STWPF is a forecast for the next 48 hours by hour of the “expected” wind power produced by each wind facility (farm).  This forecast is equivalent to the center of the expected power output probability distribution, hour by hour, for the next 48 hours. 

Similarly, the WGRPP is a forecast for the next 48 hours of wind power output.  Unlike the STWPF however, the WGRPP is not the “expected” wind power, but the facility power output we are 80% confident the facility will exceed.  Mathematically, this condition is described as:
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Where P(x) is the probability of a given wind power output for the time period being analyzed.

The LTWPF, is similar to the STWPF in that it is a forecast of “expected” power production.  Unlike the STWPF, the LTWPF is provided by the facility operator, and is a “typical” energy profile for each day of a future month.  Thus, ERCOT will have a “expected” wind profile for any day of the next year provided by the facility owner, and will have the STWPF for the next 48 hours.   ERCOT expects providers to analyze historic wind speeds for each month to provide a statistical “normal” daily profile for each month, but the methodology used for the LTWPF is outside the scope of this document.

The RPP process is compromised of several sub-processes: asset registration, real-time data collection, review of wind farm availability schedules, forecasting, and providing the resulting forecasts to the required recipients.  
Asset registration is an existing ERCOT business process.  The RPP forecasting process requires additional registration data from new and existing WGRs.  The updated generation asset registration form allows collection of the required additional specification data.  Existing WGRs shall update their registration information to ensure all wind generators have provided all required information. Required specification data are listed below in Table 1.  
Operational (real-time) data from all generator types is received through telemetry by the ERCOT Energy Management System (EMS).  The RPP forecasting process will require additional operational data from wind generators through telemetry.  Required operational data are listed below in Table 1.  
The RPP forecasting process checks for the availability of the wind farms as scheduled by QSEs in the Outage Scheduler.  
All the aforementioned data inputs (specification data, operational data and unit availability) are provided by ERCOT to the wind power production forecasting service for utilization along with their additional meteorological information to calculate the STWPF and the WGRPP.  These forecasts are shared with the market as appropriate.  A QSE representing a WGR must enter a High Sustainable Limit (HSL) value in their Current Operating Plan that is less than or equal to the amount for that wind farm from the most recent WGRPP provided by ERCOT.  The HSL values in the Current Operating Plan provided by QSE’s are inputs to the Reliability Unit Commitment processes.
Solar, run-of-the-river hydro, and other Intermittent Renewable Resources are not addressed in this document.

2.1 RPP Inputs and Outputs
This section provides a summary of inputs and outputs to the Renewable Production Potential forecasting process. Table 1 lists all the required input data from ERCOT to the RPP forecasting process. The “Source” column of the input table identifies where the data is provided to the RPP process. 

Table 1 : RPP Process Inputs

	Source
	Data

	Registration system
	1. Resource Parameters 

· Resource Name

· Location of wind farm (latitude and longitude or equivalent for the center point of wind farm)

· Location of the meteorological tower (latitude and longitude or equivalent)
· Type (manufacturer/model) and number of turbines 

· Turbine hub height(s) above ground level with associated number of turbines
· Manufacturer’s power curve (capability curve)
2. Resource-QSE mapping

3. Resource Commercial Operation Date

	Outage Scheduler
	Scheduled outages of wind farms



	Energy Management System (EMS)
	1. Most recent Resource (wind farm) status with date/time 
2. Most recent MW output of wind farm with date/time
3. Most recent wind speed and direction at hub height from one meterological tower with date/time
4. Temperature and barometric pressure at 2 m above ground level on the meterological tower

	Vendor
	Regional Weather Data


Table 2 lists outputs from the RPP forecasting process to various systems. The “Destination” column of the output table identifies the target for the data generated by the RPP process.  Note that the Market Information System (MIS) manages market participant specific data and public data. Some data is required to be provided through the Messaging System to QSE’s.
Table 2 : RPP Process Outputs
	Destination
	Data

	Market Information System (MIS)
	1. Aggregated STWPF for ERCOT – (Secured Area)
2. STWPF for each WGR (Certified Area)

3. WGRPP for ERCOT – (Secured Area)
4. WGRPP for each WGR (Certified Area)

	Data Archive (EDW)
	1. Aggregated STWPF for ERCOT

2. Aggregated WGRPP for ERCOT
3. LTWPF for each WGR
4. System performance metrics from requirement SR4 and SR5
5. Actual wind speed, temperature, barometric pressure, and power output from each WGR
6. Each STWPF forecast and associated wind speeds with date/time forecasted, and date/time of forecast for each WGR.
7. Each WGRPP forecast and associated wind speeds with date/time forecasted, and date/time of forecast for each WGR
8. Each LTWPF received with associated WGR, date/time of receipt, applicable month/year, and hourly wind forecast.


2.2 RPP Functional Diagrams
Figure 1 below depicts the inputs and outputs of the Wind Power Production Forecasting service with respect to the STWPF and the WGRPP. The LTWPF information is sent by WGRs to ERCOT.
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Figure 1 Brief description:  Wind Generating Resources shall provide specification data of wind farms to ERCOT during the registration process.  Qualified Scheduling Entities representing Wind Generating Resources shall provide to ERCOT the unit availability information through the Outage Scheduler and operational data from wind farms into the Energy Management System.  ERCOT sends the operational data and the specification data to the wind power production forecasting service.  The STWPF and WGRPP forecasts are calculated by the wind power production forecasting service and sent to ERCOT, who makes the forecasts available to the MIS and for archive.  The LTWPF information is provided by WGRs to ERCOT and then archived.
Figure 2 below depicts additional inputs to the wind power production forecasting service and the process that occurs within the service to generate the STWPF and the WGRPP forecasts. 
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Figure 2 Brief description: The Wind Power Production Forecast System (WPPFS) shall ingest the regional weather data, WGR operational data, WGR specification data and WGR de-rating and scheduled outage data. A Quality Control (QC) procedure shall be applied to the WGR data and the regional weather data. WGR data inconsistencies identified by the QC module shall be reported to ERCOT. A 7-year archive of WGR data shall be maintained. The regional weather data and the WGR data shall be used to generate the STWPF and WGRPP forecasts through the use of physics-based and statistical atmospheric models as well as a WGR output model. A 7-year archive of WPPFS forecast data shall be maintained.
2.3 Preconditions and Dependencies

ERCOT use of the STWPF hourly wind generation forecasts, LTWPF, and WGRPP forecasts depends on the following:

· Changes to the EMS database, registration process, and the Outage Scheduler to include the new operational and meteorological data

· Availability of specification data from registration and operational data from SCADA from QSE’s

· An established communication plan between the QSE’s, ERCOT and the wind power production forecasting service

· Application changes to the EMS system to use the forecasts

3. Functional Requirements

3.1 Short Term Wind Production Forecast
	Requirement ID
	RPP-FR1

	Requirement Name
	Short Term Wind Production Forecast

	Protocol Reference
	Section(s) 3.13 (1) and 4.2.2 (1), TOP-002-1, IRO-005-1, TOP-006-0

	Coverage of Protocol
	Partial and Full

	Traceability to Sub-Process
	COPS.P05.I-8, COPS.P05.I-9, COPS.P05.I-10, COPS.P05.P-3

	Sub-Process Element Coverage
	Full

	Description:  The RPP forecasting process shall produce and update the STWPF (the most likely outcome, or center of probability distribution) hourly.  Each forecast shall include hour-ending MW output for the next 48 hours for each wind farm and the aggregate output of all wind farms.
The following shall be used as inputs to the RPP forecasting process (see Table 1 for details):
1. Wind Farm specification data (from ERCOT registration)
2. Wind Farm operational data (from EMS)
3. Wind Farm scheduled availability (OS)
4. Forecasted and measured regional weather data (provided by vendor)



3.2 WGRPP Forecast
	Requirement ID
	RPP-FR2

	Requirement Name
	

	Protocol Reference
	Section(s) 4.2.2 (2) and 4.2.2 (3) TOP-002-1, IRO-005-1, TOP-006-0

	Coverage of Protocol
	Full and Full

	Traceability to Sub-Process
	COPS.P05.I-12

	Sub-Process Element Coverage
	Full

	Description:  The RPP process shall produce and update a WGRPP, which is a hourly forecasted power production estimate that has an 80% probability of exceedance (i.e. 80% confidence factor) from the STWPF.  Each WGRPP forecast shall include an hour-ending MW value for the next 48 hours for each WGR and the aggregate of all WGR’s.




3.3 LTWPF Profiles
	Requirement ID
	RPP-FR3

	Requirement Name
	LTWPF Profiles

	Protocol Reference
	Section(s) 3.13 (2) TPL-005-0

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P05.I-13

	Sub-Process Element Coverage
	Full

	Description:  The RPP forecasting process shall accept the LTWPF profiles from WGRs and provide this data to other applications.



3.4 RPP Data Posting
	Requirement ID
	RPP-FR4

	Requirement Name
	RPP Data Posting

	Protocol Reference
	Section(s) 3.9.1, 3.13 (1), 4.2.2 (4), 4.2.2 (5)

	Coverage of Protocol
	Partial, Full, Full

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description:  The RPP process shall make available the following data to QSEs and for posting on the MIS:  

· STWPF for each WGR to each associated QSE (MIS Certified Area)
· Aggregated STWPF for ERCOT (MIS Secured Area)
· WGRPP for each WGR to each associated QSE (MIS Certified Area and Messaging System)
· Aggregated WGRPP for ERCOT (MIS Secured Area)
· Monthly metric performance as described in supplementary requirements SR5 and SR6 which demonstrate ERCOT’s  objective criteria and thresholds for unbiased, accurate forecasts


3.5 Actual Wind Generation and Meteorological Data Archive

	Requirement ID
	RPP-FR5

	Requirement Name
	Actual Wind Generation and Meteorological Data Archive

	Protocol Reference
	Section(s) 17.3.1, 17.3.5

	Coverage of Protocol
	Partial, Partial

	Traceability to Sub-Process
	None 

	Sub-Process Element Coverage
	None

	Description:  The RPP process shall make available for archive the actual hourly wind generation and actual hourly meterological data of each WGR site for at least 7 years. 



3.6 RPP Forecasts Archive
	Requirement ID
	RPP-FR6

	Requirement Name
	RPP Forecasts Archive

	Protocol Reference
	Section(s) 17.3.1, 17.3.5

	Coverage of Protocol
	Partial, Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description:  The RPP process shall make available for archive all STWPF data, LTWPF data and WGRPP forecast data for at least 7 years.



4. Supplementary Requirements

4.1 Availability Requirements

	Requirement ID
	RPP-SR1

	Requirement Name
	Forecast Availability for Day-Ahead Operations

	Requirement Type
	Availability

	Description:  At-least one valid, as defined in Data Validation requirements, WGRPP forecast for each Operating Day shall be available to ERCOT from the wind power production forecasting service, by 0600 of the Day-Ahead, 99.8% of the time, yearly.  When it is not available by 0600, the wind power production forecasting service shall identify the condition, report to ERCOT, and with-in an hour produce forecast either by resolving the issues or generating an alternate forecast, for example from historical profiles.


4.2 Performance Requirements
	Requirement ID
	RPP-SR2

	Requirement Name
	Execution Time

	Requirement Type
	Performance

	Description:  For all WGRs and ERCOT, the execution of the following: Wind power modeling (performed by the wind power production forecasting service), the associated hourly wind generation forecasting (STWPF), and the hourly wind generation forecasting meeting the 80% confidence level (WGRPP) shall not take more than 15 minutes.


	Requirement ID
	RPP-SR3

	Requirement Name
	Performance Metrics

	Requirement Type
	Performance

	Description:  The RPP Process shall calculate statistics comparing the forecasts to the actual output of wind farms.  These statistics shall include mean forecast, mean actual, mean error (bias), absolute mean error, RMS error, and a measure of dispersion (probably standard deviation) for each WGR for each hour-of-day by month for a set of specific forecast “lead times” (probably  the 1600 forecast with a 8 hour lead time examinining the following day).  


4.3 Forecast Accuracy Requirements

	Requirement ID
	RPP-SR4

	Requirement Name
	STWPF Forecast Accuracy

	Requirement Type
	Accuracy

	Description:  The STWPF shall meet the following accuracy criteria:

· For each WGR, the absolute mean error of the Day-Ahead forecast (the latest forecast prior to 0600 for all the hours in the next calendar day), over a calendar month, is less than 18% of its maximum capability


	Requirement ID
	RPP-SR5

	Requirement Name
	WGRPP Forecast Accuracy

	Requirement Type
	Accuracy

	Description:  The WGRPP shall meet the following accuracy criteria:

· The actual output of each WGR is less than the WGRPP produced in Day-Ahead, between 15% and 25% of the hours, over a calendar six month period




	Requirement ID
	RPP-SR6

	Requirement Name
	Wind Speed Forecast Accuracy

	Requirement Type
	Accuracy

	Description:  The wind speed forecast generated by the Wind Power Production Forecasting Service, the actual wind speed received from the WGR, and the wind speed forecast from a ERCOT designated vendor shall be compared.  The Wind Power Production Forecasting Service vendor shall supply the generated wind speed forecasts to ERCOT .



4.4 STWPF Self-Training
	Requirement ID
	RPP-SR7

	Requirement Name
	Self Training

	Requirement Type
	Solution Methodology

	Description:  The vendors wind power production forecasting service shall support a STWPF self-training mode to train or re-train the Wind Power Model for each WGR based on the historical wind generation and meteorological data for each WGR site.


4.5 Data Validation
	Requirement ID
	RPP-SR8

	Requirement Name
	Forecast Validation

	Requirement Type
	Data Validation

	Description:  The output of WGRPP shall be validated to ensure that the forecasted MW values are valid: that is they are non-negative and with in the maximum capability of each WGR.  If the data is invalid, last valid forecast shall be provided, indicating the condition with a flag and potentially reason.  If no valid forecast is available to fall back on, then the forecast shall be provided from historical profiles.


	Requirement ID
	RPP-SR9

	Requirement Name
	Handling Data Inconsistencies

	Requirement Type
	Data Validation

	Description:  The wind power production forecasting service will inform ERCOT of generation and WGR meteorological data errors within 2 business days.


4.6 Usability
	Requirement ID
	RPP-SR10

	Requirement Name
	RPP User Interface

	Requirement Type
	Usability

	Description:  ERCOT Operators shall have the capability to view RPP forecasts via a web browser.


4.7 Security

	Requirement ID
	RPP-SR11

	Requirement Name
	Communications Security

	Requirement Type
	Security

	Description:  All inbound communication from the wind power production forecasting service shall meet the following criteria:

· Secure communication link

· Authentication by digital certificate or other mutually agreed upon authentication mechanism
· Data validation of input data to ERCOT systems



5. Protocol Coverage

	Protocol Sub-Section # (To the lowest level of granularity as possible)
	Section Title
	Coverage by Requirements

(Full/Partial)
	Covered by Requirement

	3.9.1 

	Current Operating Plan (COP) Criteria 
	Partial
	RPP-FR4

	3.13 (1)
	Renewable Production Potential Forecasts
	Partial
	RPP-FR1, RPP-FR4

	3.13 (2)
	Renewable Production Potential Forecasts
	Partial
	RPP-FR3

	4.2.2 (1)
	Wind-Powered Generation Resource Production Potential
	Full
	RPP-FR1

	4.2.2 (2)
	Wind-Powered Generation Resource Production Potential
	Full
	RPP-FR2

	4.2.2 (3)
	Wind-Powered Generation Resource Production Potential
	Full
	RPP-FR2

	4.2.2 (4)
	Wind-Powered Generation Resource Production Potential
	Full
	RPP-FR4

	4.2.2 (5)
	Wind-Powered Generation Resource Production Potential
	Full
	RPP-FR4

	17.3.1
	Information System Data Collection and Retention
	Partial
	RPP-FR5, RPP-FR6

	17.3.5
	Data Retention
	Partial
	RPP-FR5, RPP-FR6

	NERC TOP-002-1 

	Normal Operations Planning
	Partial
	RPP-FR1

RPP-FR2

	NERC IRO-005-1

	Reliability Coordination — Current Day Operations
	Partial
	RPP-FR1

RPP-FR2

	NERC TOP-006-0
	Monitoring System Conditions
	Partial
	RPP-FR1

RPP-FR2

	NERC TPL-005-0
	Regional and Interregional Self-Assessment Reliability Reports
	Partial
	RPP-FR4
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