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NERC Reliability Functional Model


1.0 Executive Summary

The NERC Reliability Functional Model defines the functions that must be performed to ensure the reliability of the bulk power system. The model is being developed to provide a framework that can be used by reliability organizations such as Control Areas, Regional Transmission Organizations, Independent System Operators and others to easily and clearly identify the reliability functions they provide. Key reliability, market operations and system operations responsibilities identified in this model include:

· Operating Reliability (Reliability Authority)

· Interchange (Interchange Authority)

· Balancing (Balancing Authority)

· Transmission Service (Transmission Service Provider)

· Planning Reliability (Planning Authority)

· Market Operations (Market Operator or Resource Dispatcher)

· Transmission Operations (Transmission Operator)

· Generator Operations (Generator Operator)

A fundamental principle of the Grid West development proposal is to improve the reliability of the bulk power system in the region.  To achieve this goal, Grid West will perform a number reliability, market operations and system operations functions. This paper uses the NERC Reliability Functional Model as a framework for identifying the reliability, market operations and system operations functions that will be performed by Grid West.

Highlights of this paper include:

· Grid West will serve as the Reliability Authority for the entire Grid West Managed Transmission System (GWT) with some responsibilities delegated to the Transmission Owners.

· Grid West will serve as the Balancing Authority for the CCA footprint.

· Non-consolidating control areas will serve as the Balancing Authority for their respective areas. 

· The Pacific Northwest Security Coordinator (PNSC) will continue to perform the security coordination amongst all control areas in the Pacific Northwest, including those that fall within the Grid West footprint (GWF). 

· Grid West will serve as the Interchange Authority, the Transmission Operator, the Transmission Service Provider and the Planning Authority for the GWF.

· Grid West will serve as the market operator for the Reconfiguration Services for the GWF.

· Grid West will serve as the market operator for the Real-Time Balancing Service and Reserve Markets for the CCA footprint.

· Transmission Owners, whether consolidating or not, will serve as the Transmission Operator for their respective facilities with some responsibilities delegated up to Grid West.
· Generation owning members, whether those that also own transmission facilities or IPPs, will serve as the Generator Operator for their respective facilities with  operations coordinated through  the control area where the facilities are located. 

2.0 Purpose

This paper describes the reliability, market operations and system operations responsibilities of Grid West in terms of the NERC Reliability Functional Model. The paper provides an overview of the current version of the model and uses it as a framework for describing the functions that Grid West will perform.

3.0 Background

3.1 NERC Reliability Functional Model

The NERC Reliability Functional Model is being developed to define the sets of functions that must be performed to ensure the reliability of the bulk power system. The model is not a standard, and does not incorporate any compliance requirements. However, it is being developed as the framework for the Reliability Standards being developed separately by other NERC initiatives. The model identifies the tasks being performed today for electric system reliability so that reliability organizations such as Control Areas, Regional Transmission Organizations, Independent System Operators and others can more easily and clearly identify the reliability functions they provide. These functions are defined in general terms, and the relationships between the entities performing the individual tasks within each function are defined at a high level. The model leaves it up to the individual organizations - whether traditional vertically-integrated control areas, regional transmission operators, independent system operators, etc. – to decide how to implement and which entities undertake the different responsibilities.

The NERC Reliability Functional Model is illustrated in the diagram below
. As seen in the diagram, the functions are grouped into Standard Functions, Reliability Service Functions and Planning and Operating Functions. 
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The key reliability responsibilities identified in this model are:

· Operating Reliability (Reliability Authority): Ensures the real-time operating reliability of the interconnected bulk electric transmission systems within a Reliability Authority Area.

· Interchange (Interchange Authority): Authorizes implementation of valid and balanced interchange schedules between Balancing Authority Areas, and ensures interchange transactions are properly identified for reliability assessment purposes.

· Balancing (Balancing Authority): Integrates resource plans ahead of time, and maintains load-interchange-generation balance within a Balancing Authority Area and supports Interconnection frequency in real time

· Transmission Service (Transmission Service Provider): Administers the transmission tariff. Provides transmission services to qualified market participants under applicable transmission service agreements (for example, the pro forma tariff).

· Planning Reliability (Planning Authority): Ensures a long-term (generally one year and beyond) plan is available for adequate resources and transmission within a Planning Authority Area. It integrates and assesses the plans from the Transmission Planners and Resource Planners within the Planning Authority Area to ensure those plans meet the reliability standards, and develops and recommends solutions to plans that do not meet those standards.

Other functions identified in the model relevant to the discussion presented in this paper include:

· Market Operations (Market Operator or Resource Dispatcher): Integrates energy, capacity, balancing, and transmission resources to achieve an economic, reliability-constrained dispatch of resources. The dispatch may be either cost-based or bid-based.

· Transmission Operations (Transmission Operator): Operates or directs the operations of the transmission facilities.

· Generator Operations (Generator Operator): Operates generating unit(s) and performs the functions of supplying energy and Interconnected Operations Services.
The NERC Reliability Functional Model is still work in progress. Version 2 of the model has been developed and a review period conducted. Comments from the review period reflect among other things some confusion regarding how some of the functions are implemented in practice in different organizations. Also, there is some concern regarding how to clearly delineate the boundaries between different functions and organizations so as to ensure that all the functions are properly covered. All comments are being evaluated for incorporation into the model and a new version may result. Notwithstanding the current ongoing development process, the model in its current form does provide a good framework for defining the functional responsibilities at high level and is being used in this paper for that purpose.

NERC has also recently approved Version 0 of the Reliability Standards. These standards are based on the Functional Model and therefore include a number of the same functions described in the Functional Model, e.g., Reliability Authority (Coordinator), Balancing Authority, Transmission Operator, etc. Organizations that carry out these functions are required to register with their reliability council and a registration process has been conducted.  

4.0 Grid West’s Reliability and Market Functions

Grid West will be charged with supervising the operations of the collective transmission facilities of its service area and the nondiscriminatory coordination of market transactions, system-wide transmission planning and network reliability (in coordination with the PNSC). Grid West will also operate a consolidated control area (CCA) and administer a reserves market and real-time balancing service for those transmission-owning entities that choose to consolidate their control area operations.

Besides Grid West, there will be other entities responsible for reliability and system operations functions in the Grid West footprint. These include: 

· The Pacific Northwest Security Coordinator (PNSC)

· Transmission/Generation Owners that consolidate

· Transmission/Generation Owners that don’t consolidate (including the control area responsibilities).

· Independent Power Producers

A high level overview of the key reliability functions in the Grid West footprint is depicted in the diagram below.
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4.1 Reliability Authority

The role and key tasks performed by the Reliability Authority as defined in Version 2 of NERC Reliability Functional Model are summarized in the table below.

The Reliability Authority responsibilities in the GWFwill be split amongst several entities as follows:

· Grid West will serve as the Reliability Authority for the GWT with some responsibilities delegated to individual transmission owners.
· 
· The PNSC will continue to provide security coordination amongst all control areas in the Pacific North West including non-Grid West control areas. In the future, consideration could be given to including the PNSC in Grid West.

A fundamental principle of the Grid West development proposal is to improve the reliability of the bulk power system in the region. Having Grid West serve as the Reliability Authority for the GWT  will allow  Grid West to have a wider view of conditions that affect system reliability in the region, and therefore improve its ability maintain reliability of the entire area.  

Currently, individual control areas throughout the region serve as the Reliability Authority for their own areas and the PNSC provides coordination amongst the areas.
	Function
	Reliability Authority

	Role
	Ensures the real-time operating reliability of the interconnected bulk electric transmission systems within a Reliability Authority Area.

	Key Tasks
	· Enforce operational reliability requirements 

· Monitor all reliability-related parameters within the Reliability Authority Area, including generation dispatch and transmission maintenance plans

· Direct revisions to transmission maintenance plans as required and as permitted by agreements

· Request revisions to generation maintenance plans as required and as permitted by agreements

· Develop Interconnection Reliability Operating Limits (to protect from instability and cascading outages).

· Perform reliability analysis (actual and contingency) for the Reliability Authority Area

· Approve or deny bilateral schedules from the reliability perspective

· Assist in determining Interconnected Operations Services requirements for balancing generation and load, and transmission reliability (e.g., reactive requirements, location of operating reserves). 

· Identify, communicate, and direct actions to relieve reliability threats and limit violations in the Reliability Authority Area

· Direct implementation of emergency procedures

· Direct and coordinate System Restoration




4.2 Balancing Authority

The role and key tasks performed by the Balancing Authority as defined in Version 2 of NERC Reliability Functional Model are summarized in the table below.

The Balancing Authority responsibilities in the GWF will be split amongst several entities as follows:

· Grid West will serve as the Balancing Authority for the CCA footprint
· The non-CCA areas will serve as the Balancing Authority for their respective control areas. 

The Balancing Authority Area for Grid West will include the service area of all the transmission-owning entities that choose to consolidate their control area operations into one control area. Initially, it is anticipated that three of the largest Grid West transmission owning members will be consolidating with others considering it and may follow. Key drivers for consolidation are improving the system reliability and operational efficiencies.

Currently, individual control areas throughout the region serve as the Balancing Authority for their own areas.
	Function
	Balancing Authority

	Role
	Integrates resource plans ahead of time, and maintains load-interchange-generation balance within a Balancing Authority Area and supports Interconnection frequency in real time.

	Key Tasks
	· Must have control of any of the following combinations within a Balancing Authority Area:

1.
Load and Generation (an isolated system)

2.
Load and Scheduled Interchange

3.
Generation and Scheduled Interchange

4.
Generation, Load, and Scheduled Interchange

· Calculate Area Control Error within the Balancing Authority Area.

· Review generation commitments, dispatch, and load forecasts.

· Formulate an operational plan (generation commitment, outages, etc) for reliability assessment 

· Approve Interchange Transactions from ramping ability perspective

· Implement interchange schedules by entering those schedules into an energy management system

· Provide frequency response

· Monitor and report control performance and disturbance recovery 

· Provide balancing and energy accounting (including hourly checkout of Interchange Schedules and Actual Interchange), and administer Inadvertent energy paybacks

· Determine needs for Interconnected Operations Services

· Deploy Interconnected Operations Services

· Implement emergency procedures


4.3 Interchange Authority

The role and key tasks performed by the Interchange Authority as defined in Version 2 of NERC Reliability Functional Model are summarized in the table below.

Grid West will serve as the Interchange Authority for the entire GWF. 

Currently, individual control areas throughout the region serve as the Interchange Authority for their own areas. 
	Function
	Interchange Authority

	Role
	Authorizes implementation of valid and balanced interchange schedules between Balancing Authority Areas, and ensures interchange transactions are properly identified for reliability assessment purposes.

	Key Tasks
	· Determine valid, balanced, Interchange Schedules (validation of sources and sinks, transmission arrangements, interconnected operations services, etc.).

· Verify ramping capability of the source and sink Balancing Authority Areas for requested Interchange Schedules

· Collect and disseminate Interchange Transaction approvals, changes, and denials

· Authorize implementation of Interchange Transactions

· Enter Interchange Transaction information into Reliability Assessment Systems (e.g., the Interchange Distribution Calculator in the Eastern Interconnection)

· Maintain record of individual Interchange Transactions


4.4 Transmission Service Provider

The role and key tasks performed by the Transmission Service Provider as defined in Version 2 of NERC Reliability Functional Model are summarized in the table below.

Grid West will serve as the Transmission Service Provider for the entire GWF. 
Currently, individual Transmission Owners throughout the region serve as the Transmission Service Provider for their own facilities. 
	Function
	Transmission Service Provider

	Role
	Administers the transmission tariff and provides transmission services to qualified market participants under applicable transmission service agreements (for example, the pro forma tariff).

	Key Tasks
	· Receive transmission service requests and process each request for service according to the requirements of the tariff.
· Maintain commercial interface for receiving and confirming requests for transmission service according to the requirements of the tariff (e.g., OASIS).

· Approve or deny transmission service requests

· Approve Interchange Transactions from transmission service arrangement perspective

· Determine and post available transfer capability (ATC) values

· Allocate transmission losses (MWs or funds) among Balancing Authority Areas.


4.5 Transmission Operator

The role and key tasks performed by the Transmission Operator as defined in Version 2 of NERC Reliability Functional Model are summarized in the table below.

Transmission owning members, whether consolidating or not, will serve as the Transmission Operator for their respective facilities. Some responsibilities will be delegated up to Grid West as necessary to support Grid West’s Reliability Authority function.
Currently, individual Transmission Owners throughout the region serve as the Transmission Operator for their own facilities.
	Function
	Transmission Operator

	Role
	Operates or directs the operations of the transmission facilities

	Key Tasks
	· Maintain reliability of the transmission area in accordance with Reliability Standards.

· Provide detailed maintenance schedules (dates and times)

· Adjust dc ties within the transmission area for those Interchange Transactions that include the dc tie in the transmission path

· Maintain defined voltage profiles. 

· Define operating limits, develop contingency plans, and monitor operations of the transmission facilities.

· Provide telemetry of transmission system information


4.6 Planning Reliability Authority

The role and key tasks performed by the Planning Reliability Authority as defined in Version 2 of NERC Reliability Functional Model are summarized in the table below.

Grid West will serve as the Planning Reliability Authority for the entire GWF. 

	Function
	Planning Reliability Authority

	Role
	Ensures a long-term (generally one year and beyond) plan is available for adequate resources and transmission within a Planning Authority Area. It integrates and assesses the plans from the Transmission Planners and Resource Planners within the Planning Authority Area to ensure those plans meet the reliability standards, and develops and recommends solutions to plans that do not meet those standards.

	Key Tasks
	· Develop and maintain transmission and resource (demand and capacity) system models to evaluate transmission system performance and resource adequacy.

· Maintain and apply methodologies and tools for the analysis and simulation of the transmission systems in the assessment and development of transmission expansion plans and the analysis and development of resource adequacy plans.

· Define and collect or develop information required for planning purposes, including:

1. Transmission facility characteristics and ratings,

2. Demand and energy end-use customer forecasts, capacity resources, and demand response programs,

3. Generator unit performance characteristics and capabilities, and

4. Long-term capacity purchases and sales.

· Evaluate plans for customer requests for transmission service.

1. Evaluate responses to long-term (generally one year and beyond) transmission service requests.

2. Review transmission facility plans required for integrating new (end-use customer, generation, and transmission) facilities into the interconnected bulk electric systems.

· Review and determine TTC values (generally one year and beyond) as appropriate 

· Assess, develop, and document resource and transmission expansion plans.

1. Integrate and verify that the respective plans for the Planning Authority Area meet reliability standards.

2. Identify and report on potential transmission system and resource adequacy deficiencies, and provide alternate plans that mitigate these deficiencies.

· Provide analyses and reports as required on the long-term resource and transmission plans for the Planning Authority Area

· Monitor transmission expansion plan and resource plan implementation.

· Coordinate projects requiring transmission outages that can impact reliability and firm transactions.

· Evaluate the impact of revised transmission and generator in-service dates on resource and transmission adequacy.


4.7 Market Operator

The Market Operator administers markets to provide capacity, energy, balancing resources, and other Ancillary Services subject to system requirements and constraints. This function is not really a function of the NERC Reliability Functional Model but is included in it to facilitate the interaction with other functions in the model. 

Grid West will serve as the Market Operator for the following markets and services:

· Transmission Rights Reconfiguration Service: will facilitate the acquisition and trading of transmission rights by Grid West participants. This service will be facilitated for the entire GWF 

· Reserves: will facilitate the day-ahead procurement of reserve necessary to meet the applicable Western Electricity Coordinating Council (WECC) Minimum Operating Reliability Criteria (MORC) and the North American Reliability Council (NERC) Operating Policy Standards related to regulation performance and operating reserves and other reliability standards. This market will be facilitated for the CCA but non-CCA members can also bid into it.

· Real-Time Balancing Service: will facilitate the real-time procurement of balancing energy on the basis of economics and reliability in order to match system load with online generation while observing resource and transmission constraints. This service will be facilitated for the CCA but non-CCA members can also bid into to provide services.

4.8 Generator Operator

The role and key tasks performed by the Generator Operator as defined in Version 2 of NERC Reliability Functional Model are summarized in the table below.

Generation owning members, whether those that also own transmission facilities or IPPs, will serve as the Generator Operator for their respective facilities with operations coordinated through the control are where the facilities are located

	Function
	Generator Operator

	Role
	Operates generating unit(s) and performs the functions of supplying energy and Interconnected Operations Services.

	Key Tasks
	· Operate generators to provide energy or Interconnected Operations Services (or both) per contracts or arrangements

· Formulate daily generation plan

· Report operating and availability status of units and related equipment, such as automatic voltage regulators. 

· Develop annual maintenance plan for generating units and performs the day-to-day generator maintenance


5.0 Roles and Responsibilities

Roles and responsibilities of Grid West and its members with respect to key reliability, market operations and system operations functions identified by the NERC Reliability Functional Model are summarized in the table below.

	Function
	Grid West
	Member: CCA
	Member: Non-CCA
	IPPs

	Reliability Authority
	GWF with some responsibilities delegated to individual TOs
	Some responsibilities as delegated by Grid West
	Some responsibilities as delegated by Grid West
	

	Balancing Authority
	CCA footprint
	
	Own control area
	

	Interchange Authority
	GWF 
	
	
	

	Transmission Service Provider
	GWF 
	
	
	

	Transmission Operator
	Some responsibilities as delegated from individual TOs to support RA function
	Own facilities with some responsibilities delegated up to  Grid West
	Own facilities with some responsibilities delegated up to Grid West
	

	Planning Reliability Authority
	GWF
	
	
	

	Market Operator
	CCA foot print
	
	
	

	Generator Operator
	
	Own facilities 
	Own facilities 
	Own facilities


6.0 Market Benchmarks

All RTOs/ISOs in North America perform some of the NERC Reliability Functional Model responsibilities. The table below compares the assignment of these responsibilities in the Grid West with the assignment in PJM, ERCOT and MISO.

	Function
	Grid West
	PJM
	ERCOT
	MISO

	Reliability Authority
	GWF
	Entire footprint
	Entire footprint
	Entire footprint

	Balancing Authority
	CCA footprint
	Entire footprint
	Entire footprint
	Various BAs within footprint

	Interchange Authority
	GWF
	Entire footprint
	Not really an IA. Few transactions with external connections.
	Not really an IA. NERC scheduling for portions of the entire footprint located within BAs covered by the EMT

	Transmission Service Provider
	GWF
	Entire footprint
	Various TSPs within the footprint
	Portions of the entire footprint located within BAs covered by the EMT

	Transmission Operator
	Owner as directed by Grid West
	Owners as directed by PJM
	Owners as directed and coordinated by TSPs and ERCOT 
	Owners as directed by MISO

	Planning Reliability Authority
	GWFf
	Entire footprint
	Entire footprint
	Entire footprint

	Market Operator
	CCA foot print
	Entire footprint
	Entire footprint
	Portions of the entire footprint located within BAs covered by the EMT

	Generator Operator
	Owners as directed by corresponding BAs
	Owners as directed by PJM
	Owner as directed by QSE
	Owners as directed by corresponding BAs


7.0 Technology Solutions

The NERC Reliability Functional Model responsibilities that the Grid West will perform will require the following applications/systems:

· SCADA including telemetry from RTUs and/or ICCP

· Data acquisition (SCADA) including telemetry from RTUs and/or ICCP
· Real-Time Calculations 

· Alarming

· Reserve Computation

· Automatic Generation Control (AGC

· Outage Scheduling

· Advance Power System Applications; State Estimator, Contingency Analysis, Power Flow, etc.

· OASIS and E-tagging tools

· Transmission Rights Reconfiguration Service tools

· Reserve Markets and Real-Time Balancing Service tools

· Voice communications between Grid West and member entities control centers

8.0 Organization Requirements

The following roles have been identified to support the NERC Reliability Functional Model responsibilities that the Grid West will perform:
	Division
	Department
	Role
	Function

	Grid Operations
	Real-Time Operations
	Shift Supervisor
	· Reliability Authority 

· Balancing Authority

· Transmission Operator

	Grid Operations
	Real-Time Operations
	Grid Resource Coordinator
	· Reliability Authority 

· Balancing Authority

· Transmission Operator

	Grid Operations
	Real-Time Operations
	Generation Dispatchers
	· Reliability Authority

· Balancing Authority

	Grid Operations
	Real-Time Operations
	Real-Time Schedulers
	· Balancing Authority

· Interchange Authority

	Grid Operations
	Real-Time Operations
	Transmission Dispatchers
	· Transmission Operator

	Grid Operations
	Scheduling
	Scheduling Manager
	· Interchange Authority

· Transmission Service Provider

	Grid Operations
	Scheduling
	Scheduling Coordinator
	· Interchange Authority

· Transmission Service Provider

	Grid Operations
	Scheduling
	OASIS Coordinator
	· Interchange Authority

· Transmission Service Provider

	Grid Operations
	Operations Planning
	Manager 
	· Reliability Authority

· Planning Reliability Authority

	Grid Operations
	Operations Planning
	Outage Coordinator 
	· Reliability Authority

· Planning Reliability Authority

	Grid Operations
	Operations Planning
	Reliability Assessment
	· Reliability Authority

· Planning Reliability Authority

	Grid Operations
	Operations Planning
	Operations Engineer
	· Reliability Authority

· Planning Reliability Authority

	System Planning
	Interconnection Planning
	Planning Engineer
	· Planning Reliability Authority

	System Planning
	Expansion Planning
	Planning Engineer
	· Planning Reliability Authority

	System Planning
	Transmission Studies and Modeling
	Planning Engineer
	· Planning Reliability Authority

	Market Operations
	Forward Markets
	Manager
	· Market Operator

	Market Operations
	Forward Markets
	Reserve Market Administrator
	· Market Operator

	Market Operations
	Forward Markets
	Reserve Market Support
	· Market Operator

	Market Operations
	Forward Markets
	Energy Market Administrator
	· Market Operator

	Market Operations
	Forward Markets
	Energy Market Support
	· Market Operator

	Market Operations
	Forward Markets
	Transmission Market Administrator
	· Market Operator

	Market Operations
	Forward Markets
	Transmission Market Support
	· Market Operator

	IT Operations
	Application Support
	EMS Manager
	· Application Support

	IT Operations
	Application Support
	EMS Analyst
	· Application Support

	IT Operations
	Application Support
	Market Systems Manager
	· Application Support

	IT Operations
	Application Support
	Market Systems Manager
	· Application Support


9.0 Cost Drivers

The Grid West functional responsibilities described in this paper encompass a significant portion of the overall operational responsibilities of Grid West. The primary cost drivers for the implementation of these functional responsibilities include infrastructure, personnel and system requirements.  The system and personnel requirements are summarized in the previous two sections.

10.0 Design Issues for further Consideration 

The following design issues are open for further consideration:

· 
· Should some of the PNSC responsibilities be part of Grid West?

� Source: NERC Reliability Functional Model Version 2
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