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Real-Time Balancing Service


1.0 Executive Summary

This paper describes the Grid West Real-Time
 Balancing Service that will be used to provide balancing service for the Consolidated Control Area (CCA), while accounting for the nature and types of bids and offers, and selection of resources. It also describes the dispatch process for resources selected by Grid West for the balancing service, including dispatch granularity, dispatch frequency, control signals process and routing, etc.

Highlights of this paper include:

· Grid West will administer a Real-Time Balancing Service on behalf of the CCA

· Transmission Customers are required to submit balanced energy schedules before entering the real-time

· Imbalance requirements are expected to be a small percentage of the total energy demand

· CCA participants with resource flexibility may submit INC offers and/or DEC bids around their accepted schedules into the balancing service

· Participants outside the CCA can also submit bids to provide services. These bids will be considered as long as they serve to meet the balancing requirements of the CCA.  
· Grid West will not require participants to obtain transmission rights to participate in the Real-Time Balancing Service 
· Balancing service will support generation/load following, manage congestion, and promote economic efficiency within the CCA
· Locational pricing will be used
· Dispatch instructions, in the form of generation basepoints and adjusted NSIs, will be routed through the Grid West control system to the control systems of consolidating Transmission Owners (TOs) and participants outside the CCA 
2.0 Purpose

The purpose of the Real-Time Balancing Service is to most economically meet the balancing requirements of the Grid West Consolidated Control Area to reliably match system supply and demand with online generation while observing all system operating constraints.  Secondary considerations include utilization of available resources to both provide imbalance requirements economically, and to fully utilize the transmission capability of the Grid West Transmission system—addressing one of the fundamental problems identified in the RRG Regional Proposal. 

3.0 Background

A majority of the CCA energy requirements are met through accepted balanced schedules.  However, energy imbalances – i.e., differences between supply and demand - are inevitable during real-time operations. Imbalance energy can result from any of the following:

· Intra-hour load variations including load forecast errors and loss variations (Load Following)

· 
· Generation deviation

· Transmission congestion 

· Forced generation or transmission outages

Uncorrected, these deviations threaten the reliability of the system and must therefore  be offset to maintain system/frequency balance.  Currently, control areas apply financial consequences to Transmission Users that are responsible for schedule imbalances.  Each control area in the Pacific Northwest administers its own imbalance process as a part of its Open Access Transmission Tariff (OATT).  As a result, Transmission Customers that do business across control areas are exposed to disparate imbalance charges.  For example, some control areas charge a fixed rate while others use an indexed price.  These administrative solutions do not reflect the true cost of imbalance.  

As a part of the Regional Proposal, it is envisioned that three or more TOs will voluntarily consolidate their control area operation under Grid West.  As a part of this consolidation, it is envisioned that Grid West will administer a Real-Time Balancing Service on behalf of the consolidating parties.  Parties that do not consolidate will continue to implement their respective imbalance procedures.  Consequently, Transmission Customers that do business with Grid West control areas other than the CCA will continue to be charged for imbalance per the terms of the non-consolidating TOs tariff.   Imbalance for pre-existing transmission services will continue to be governed by the terms of the tariff or contract under which such service s provided, The Grid West Real-Time Balancing Service will provide an optimal, bid-based balancing service for the benefit of the CCA, while maintaining security constraints.  While this is the primary objective of the service, additional benefits could include:

· Establishing equitable treatment of imbalances

· Providing improved price signals for the forward markets

· Motivating and informing investment in generation and transmission

4.0 Real-Time Balancing Service

4.1 Overview

Energy imbalance is a part of normal operations.  It occurs in control areas continuously.  Currently the region does not have a consistent approach to dealing with imbalances.  As a result of consolidation, the Grid West CCA will provide a Real-Time Balancing Service to all Transmission Customers in the CCA.  Balancing service will be provided for the CCA in order to address/facilitate:  

· Offsetting deviations from schedules

· Load/Generation Following

· Congestion Management (Redispatch for Reliability)

· Economic Dispatch (Redispatch for Economics) 

The goal of the Balancing Service is to match generation with load in a least cost manner, while respecting security constraints.  Since participants are required to submit balanced schedules, the imbalance requirement should be relatively small.  In other markets with balanced schedule requirements, like ERCOT and CAISO, imbalance energy makes up less than 5% of total energy demand. This percentage is also observed in markets that do not require balanced schedules, but have a DA market that generates balanced schedules.

4.2 Balanced Schedules

As a part of the Day-Ahead scheduling process, participants are required to submit hourly balanced schedules based upon their submitted load forecasts.  For example, if Participant A has a load forecast of 100 MW, it must submit a balanced schedule, identifying the resources that will be used to meet its load plus allocated losses.  By definition, imbalance does not exist at this point (resource MW = load MW + allocated losses).  However, during real-time operations, conditions arise (e.g., actual load differing from forecasted load, loss of generation, etc.) where participants deviate from their schedules, resulting in imbalances.  In these instances, Grid West will need to provide imbalance service on their behalf within the CCA.  

Energy imbalance will be calculated, by participant, as the difference between final schedules (this paper will assume a scheduling deadline at 30 minutes prior to the operating hour) and metered actuals for accounting purposes.  Energy imbalance charges will be based on the locational imbalance price, as determined by the real-time balancing service

4.3 Supply of Imbalance Energy

Resource participation in the real-time balancing service is voluntary. Participants with resource or load flexibility can bid into the market to give Grid West options it can use to provide the imbalance service.  Grid West will meet its balancing needs by procuring balancing service from the following sources:  

· Inc Offers & Dec Bids. Generators can submit energy bids for real-time energy up until 30 minutes before each operating hour.  An INC offer indicates a willingness to increase a participant’s scheduled generation by a given amount for a given price.  In under-generation situations, these offers are primarily used to obtain the lowest cost energy available to theCCA.  A DEC bid indicates a willingness  to reduce a participant’s scheduled generation from its scheduled amount  by a given amount for a given price. This is equivalent to a bid  to buy energy from Grid West for a given price in lieu of generating as originally scheduled. In over-generation situations, these offers are used primarily to get the highest price for energy that is surplus to CCA needs. Dispatchable loads can also submit INC offers, indicating their willingness to decrease their load by a given amount for a given price.  The effect of this reduced load is the equivalent to increased generation.  Loads are not allowed to submit DEC bids. 
· 
· Ancillary Services Energy Bids: Participants whose capacity  offers have been selected as a part of the reserve market may also submit a separate offer for energy in case they are called upon in Real-Time. These resources may make their energy bid conditional.  
· Regulation: Regulation Reserve is used in conjunction with automatic generation control (AGC) to offset random fluctuations in system balance.  
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Participants submitting INC offers and/or DEC bids have the ability to flag their submissions  as “Reliability Only”.  These bids will not be used for economic transactions.  Instead they will only be used to resolve imbalance or manage transmission congestion.   Participants outside the CCA can also submit bids and offers to provide services. These bids and offers will only be selected if they help meet the balancing requirements of the CCA (i.e., energy imbalance, congestion and economics of the CCA).. 

Bids and Offers will be in the form of price-quantity pairs (typically up to 12 per hour per generator).  For example:  

	Hour
	Interval
	MW
	Price

	0100
	1
	10
	5

	0100
	2
	20
	10

	0100
	3
	30
	20

	0100
	4
	40
	50

	0200
	1
	10
	7

	0200
	2
	20
	11

	0200
	3
	30
	21

	0200
	4
	40
	60


Participants can adjust their bids and/or offers up to 30 minutes prior to the Operating Hour.  
4.4 Imbalance Requirement

Grid West is only concerned with imbalance within the CCA.  Control Areas outside the CCA will deal with imbalance as they choose.

Other RTOs/ISOs attempt to minimize the amount of imbalance energy that is required in real-time by ensuring that there is enough generation to meet forecasted load.  This is accomplished by either imposing a balanced schedule requirement or running centralized day-ahead markets.  Since Grid West does not have a DA market, it will impose a balanced schedule requirement similar to current Northwest practice and to CAISO and ERCOT.  

The balanced hourly schedule requirement cannot eliminate all imbalances in Real-Time.  To accommodate some degree of self-provision for large generation ramps, Grid West will allow participant to submit “ramped” schedules.. These will specify ramp rates, generation ranges, and time intervals such that Grid West will be able to predict the generation changes expected in the CCA. To account for the remaining deviations, Grid West will perform a short-term load forecast to determine the demand for the balancing period . Grid West will compare this forecast with the current real-time system conditions and scheduled generation changes in order to calculate the balancing requirement for the next interval.  Given that Grid West is only providing balancing service to meet these deviations ( provided that all generation performs as scheduled) balancing energy will be small relative to the total wholesale generation produced for a given dispatch interval.
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Source:  CAISO Report

4.5 Security Constrained Economic Dispatch (SCED)

Grid West stacks the bids and offers submitted by participants in merit order (lowest to highest for the INCs and highest to lowest for the DECs).  Specific rules associated with the stacking of non-spinning, spinning, and regulation reserve conditional energy offers still need to be developed
Grid West then operates a Security Constrained Economic Dispatch (SCED) to bring the CCA into balance.  The objective function of SCED is to select bids and offers that maximize Real-Time Balancing Service value (producer  surplus) for the CCA.  

The inputs into the model are:

· Short-term Load Forecast

· Current System Conditions (from State Estimator)

· Constraints (Transmission and Generation)

· INC offers & DEC bids

· Resource Schedules (Operating Plan and Constraints)

The SCED algorithm will not only resolve any CCA imbalance while maintaining system security.  It will also re-dispatch all resources whose bids can improve economic efficiency.  This is similar to real-time balancing markets used by other RTOs/ISOs. The result is a least-cost dispatch solution consisting of locational imbalance prices, generation basepoints, and adjusted Net Scheduled Interchanges (NSIs).  The locational prices can vary from one interval to the next.  The prices reflect the value of imbalance energy for a specific period of time and location.  The solution is “security constrained” in that it takes into consideration security limits and contingencies.  

The execution frequency for the SCED process is still not decided. 
5.0 Dispatch Instructions

After the balancing service required for a time interval is determined, Grid West must communicate its results (dispatch instructions) to the participants.  This is referred to as central dispatch.  Under normal operating conditions, only resources (generation and load) that participate in the Real-Time Balancing  Service (those who submitted bids and offers) will receive dispatch instructions.  Resources that do not participate in this service will be considered “non-dispatchable” for balancing purposes. 
Dispatch instructions will be in the form of generation basepoints.  Basepoints are total specific MW values (i.e. 100 MW) for generation output - as opposed to incremental amounts (i.e., up 10 MW, down 20 MW).  Basepoints will be sent to the generators through the consolidating transmission owners control centers five minutes prior to the real-time operating period (T-5).   Control centers will either ramp the units or pass the Basepoints to the Generator Operators, so that they achieve the target MW output at time T.  Grid West will not directly control generating units.  The respective control centers and Generator Operators will be responsible for implementing these instructions.  This approach is similar to some of the existing RTOs and ISOs where the control centers of the participating utilities are maintained. It, also eliminates concern regarding the operation of Federal resources by non-federal entities.  Finally, this approach leverages existing infrastructure and minimizes incremental costs.. 

The incremental (or decremental) energy that results from this dispatch can directly impact Net Scheduled Interchange with non-CCA balancing areas.  To account for this impact, Grid West will also send adjusted NSI values to non-CCA balancing areas with participants engaged in the Real-Time balancing service.  
6.0 Roles and Responsibilities

	Time
	Grid West
	CCA Participant
	Non-CCA Participant 

	OH-30
	
	· Submit Final Schedules
· Submit INC offers or DEC bids (voluntary unless there are insufficient bids and offers to meet needs)
	· Submit INC offers or DEC bids (voluntary)

	T-5
	· Calculate Load Forecast

· Perform SCED

· Send NSI signals

· Issue Dispatch Instructions
	
	

	T
	· Monitor ACE for CCA
	· Ramp units
	· Ramp units

	T + 5
	· Monitor performance
	· 
	· 

	T + 60
	· Post Results
	· Download Results
	· Download Results


7.0 Market Benchmarks

All RTOs/ISOs have a functioning real-time balancing/energy market.  In addition, several have day-ahead energy markets in order to balance their schedules before entering into real-time operation.  The proposed balancing service is closest to the real-time energy market used by ERCOT.  The primary difference is that ERCOT currently uses a less granular pricing model (zonal) for both generation and load.  [

	Attribute
	PJM
	ERCOT
	MISO

	Zonal/Nodal
	· Nodal
	· Zonal
	· Nodal

	Bidding Mechanism
	· Offer Curve
	· Inc/Dec
	· Offer Curve

	Bidding Granularity????
	· Daily????
	· 15 min????
	· Hourly???

	Pricing
	· LMP
	· LMP (zonal)
	· LMP

	Bid Cap
	· ?
	· ?
	· ?

	Dispatch Granularity
	· Unit Specific
	· Portfolio
	· Unit Specific

	Dispatch Frequency
	· 5 min
	· 15 min
	· 5 min


8.0 Technology Solutions

The Real-Time Balancing Service requires the following applications/systems:

· Scheduling/Bidding Application

· Real-Time Monitoring Tools (State Estimator, Power Flow)

· Load Forecasting Application

· Balancing Market and Dispatch Function (SCED, etc.)

· Existing CCA participant infrastructure

9.0 Organization Requirements

The following roles have been identified to support the operation and support of the real-time balancing service & dispatch:

Table 9.0: Organizational Requirements

	Division
	Department
	Role
	Responsibility

	Market Operations
	Forward Markets
	Manager
	· Schedule Operation

	Market Operations
	Forward Markets
	Analysts
	· Calculate imbalance requirement

· Validate INC/DEC bids

· Clear market

· Post market results

	Grid Operations
	Real-Time Operations
	Shift Supervisor
	· 

	Grid Operations
	Real-Time Operations
	Generation Dispatcher
	· Send dispatch instructions

	Grid Operations
	Real-Time Operations
	AGC
	· 

	Grid Operations
	Real-Time Operations
	RAS
	· 

	Information Technology
	EMS Systems
	Analyst
	· Application Support

	Information Technology
	Market Systems
	Analysts
	· Application Support


10.0 Cost Drivers

The primary cost drivers associated with the Real-Time Balancing Service & Dispatch include:

· Bidding granularity

· Number of locations

· Market clearing frequency

· Dispatch granularity

11.0 Design Issues for further Consideration 

The following design issues are open for further consideration:

· 
· 
· Dispatch Frequency – What should the dispatch periodicity? 5, 10, 15 minutes?

· Intra-hour generation ramps – To accommodate some degree of self-provision for large generation ramps, it is expected that Grid West will allow participant to submit “ramped” schedules. These will specify ramp rates, generation ranges, and time intervals such that Grid West will be able to predict the generation changes expected in the CCA.  
· Limited must-offer: The real-time balancing market is voluntary.  However, since Grid West does not own any resources it must have an adequate supply of bids to maintain reliable operations.  Since the real-time balancing service has been created for the benefit of the CCA, should consolidating parties have an obligation to make offers to the balancing service if sufficient offers have not been submitted by a given time? The time interval and participation standard will need to be worked out in the next layers of development.
· Load Frequency Response – How is regulation taken into consideration in the Bid Stack?  How will Grid West deploy it?  Should this be included in the A/S deployment paper?

· Bid Cap – Since demand is generally not price-sensitive, scarcity conditions can generate high prices.  Grid West will have to determine the appropriate bid cap, in any, to set.

· Congestion Outside CCA – How will congestion be managed outside of the CCA?

· Load DEC bids - Should loads be allowed to submit DEC bids?
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� Real-Time is defined as the time period between 30 minutes prior to the Operating Hour to the close of the hour.
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