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-- Draft Version 1: Scoping and Issues -- 

“Protocols for Estimating the Load Impacts from DR Programs”

Preface:  This document is meant to initiate the discussion regarding the development of protocols for estimating load impacts from DR programs and the identification of program-related costs that should be tracked.  The issues raised in this Draft Version 1 are not meant to be exclusive.  Additional important issues may be identified by reviewers.  Agency staff may ultimately conclude that some issues are not relevant. This is expected to be part of this process. This draft version is not meant to propose solutions, but to identify issues and initiate discussion.

1.0 Introduction

This document responds to Ordering Paragraph 8 from CPUC Decision (D.) 05-11-009 which called for methods to estimate DR load impacts and program/customer costs.  That ordering paragraph calls for agency staff to prepare:

· A set of draft protocols for estimating load impacts for both price responsive and reliability demand response programs; and,

· A list of additional data that should be collected on program costs and incremental costs, including comfort changes or costs during curtailments. 

This draft, labeled Draft Version 1, is an initial effort that is meant to present a listing of methods and issues that would need to be resolved as this effort moves forward.  The purpose of this document is to frame key issues, and not to make judgments.  Subsequent drafts will benefit from reviews of this starting point document, and stakeholder workshops held to arrive at a final set of protocols.

These protocols for estimating load impacts for demand response and listing cost data that should be collected are expected to follow the precedent set in the development of the California Energy Efficiency (EE) Evaluation protocols in terms of scope and providing directions.  These EE evaluation protocols state that they do not cover the evaluation or research approaches for the demand response programs, efforts, or activities.

This Draft Version 1 makes use of bullets combined with text to efficiently present the information on candidate methods and issues.  This is done in part due to time constraints, but it is also believed to be a better method of presenting such an early introductory draft for comment and as a starting point for future discussions.  

1.1 Purpose of the DR Load Estimation Protocols

When completed, this document would be used to guide the processes and efforts associated with estimating the load impacts of California’s demand response programs.  The estimated impacts would then be used as inputs to Cost-Effectiveness (CE) tests.  The DR load impact estimation protocols follow the scope of the EE evaluation protocols and, like the EE protocols, the load impact estimation protocols are intended to be the primary guidance tools to plan and structure the estimation efforts. D.05-11-009 indicates that a formalized approach to estimating load impacts is needed.  Excerpts from the decision:

1. “More precise demand reduction estimates derived from an accepted measurement methodology are a necessary prelude to performing accurate cost-effectiveness analysis.”

2. “It is our belief that until the industry develops further trust that demand response will deliver demand reductions when needed, demand response will continue to be dismissed in the resource planning and acquisition process.”

In addition, the decision indicates that this effort should be coordinated with the EE evaluation protocols.

Throughout Draft Version 1, issues are raised that may need to be addressed in future comments and revisions.  These are identified as “Impact Issues” and are placed within the discussion of that estimation method.  A list of the numbered issues presented in the body of this document is extracted to create a stand-alone listing of currently identified issues in Appendix A.

Impact Issue #1 – Retrospective versus Forecasted Load Impacts from DR Programs:  Should the DR load impact estimation protocols only be retrospective, i.e., indicate what load impacts were achieved for a given event or historical time period; or, should they also be designed to forecast future impacts for planning purposes?  This could require different approaches and model specifications. Initial Thought for Comment:  Both retrospective assessments and methods that can forecast impacts on event-days where temperatures might be higher than those previously seen would seem to be important.  If there is agreement on this, then both retrospective and forecasting protocols would seem to be appropriate.

1.2 Organization of this Draft 

The balance of this document is organized into seven sections:  

· Section 2.0 presents general background information on DR programs;

· Section 3.0 presents information on the types of impacts that are candidates for estimation;

· Section 4.0 presents a discussion of estimation methods for impacts;

· Section 5.0 presents information on sampling and use of population data in impact estimation methods

· Section 6.0 presents and estimation method for costs;

· Section 7.0 presents the reporting requirements; 

· Appendix A presents the listing of identified issues; and

· Appendix B presents the listing and description of approved DR programs by utility for 2006 to 2008.

2.0 Types of DR Programs

Demand response (DR) most broadly defined applies rate design, incentives, and technology to enhance the ability of customers to change demand in response to prices and/or system conditions.  The CPUC and the CEC have stated their common objective to adopt cost-effective demand response programs that improve system reliability and mitigate utility system costs.  The Energy Action Plan II, signed by both agencies in October 2005, finds that energy efficiency and demand response should be “first resources” to be used by the utilities in resource planning.

Two types of demand response programs were described in D.01-05-056 which approved utility programs for 2005:

1. “Price-responsive” programs (in which customers choose how much load reduction they can provide based on either the electricity price or a per-kilowatt (kW) or kilowatt-hour (kWh) load reduction incentive), and 

2. “Reliability-triggered” programs (in which customers agree to reduce their load to some contractually-determined level in exchange for an incentive, often a commodity price discount).  

These two types of programs are also referred to as price response programs and load response programs, respectively.  

Another distinction that has been made in describing programs is whether the program is “dispatchable” or “non-dispatchable.”  A dispatchable program is one where a system or control operator calls an event-day which triggers a program.  For example, in a simple interruptible program, a program operator can call for the number of MWs agreed to be dropped by the program participant. This is a load response program.

Price response programs can also be dispatchable.  For example, a program operator can call for an event day at, for example, 5 PM the day before.  This would trigger a critical peak pricing event where very high prices would be seen by participants on that “event-day” during a designated set of peak period hours (e.g., 2 PM to 7 PM).

A non-dispatchable program would be one where there are no event days and event day triggers included in the design of the program.
 The DR program provides price signals during all hours and customers make their own decisions regarding how much to use during a specific time period given the price in that period independent of a program operator.  Load response can also be non-dispatchable.  As an example of a non-dispatchable load reduction DR program, some agricultural DR programs call for “scheduled” load reductions in pumping.  This may occur by having an irrigator not run their pumps on every Thursday, or the agreement may be for them to skip select days based on a weekly schedule.  Notification by a system operator is not a component of this program, as all the load reductions are scheduled prior to the beginning of a season. These load responses are taken each week.  The purpose of these programs is to diversify loads (e.g., an irrigation pumping program that has each participant skip one day a week would reduce the coincident peak every day by 20% assuming that the days skipped are evenly distributed across participants).  These programs often require less technology and can be more practical in certain circumstances.

The non-dispatchable program is an extension of the definition of demand response from one focused on event-days based on defined critical system and market events to one that recognizes some DR alternatives, such as time-of-use (TOU), real-time pricing (both day-ahead and real-time in the market pricing), and scheduled load reductions.  These programs can reduce peak demand and provide capacity benefits. These DR options are not “dispatched” through the specification of program event-days and can be viewed as influencing electricity demands for almost all hours, not just identified critical events, with impacts on market efficiency and resource allocation.

In the discussion that follows, a distinction is made between load impact estimation methods that are used to estimate the impacts from an event-day (i.e., a dispatchable program) and estimation methods to assess programs that do not use event days in their design (i.e., a non-dispatchable program).

D.06-03-024 approved the majority of the utilities’ programs for the period 2006 to 2008.  The decision stated that both price-response and load-response programs were approved: “Both types of programs motivate customers to reduce their loads in exchange for some type of benefit such as reduced energy rates, bill credits, or exemptions from rotating outages.”  The decision goes on to state that the line between these two types of programs is becoming increasingly blurred: “This blurring occurs because high market price forecasts often coincide with high temperatures and high system or local peak demands, which are two drivers of reliability concerns.  When system demand is very high, reserve margins can be low, which puts the ability of the system to serve all the load online at risk in the event of an unexpected generation or transmission outage.  When reserve margins fall below acceptable levels, reliability-triggered programs are called upon.” The programs approved in D.06-03-024 were all dispatchable, event-based programs (except for education and assistance efforts). The approved programs for each utility from D.06-03-024 (and other CPUC decisions) are shown in Table 2-1 below.

Table 2‑1. Approved Utility DR Programs 

	SCE Approved Programs:

· I-6 (Interruptible Tariff)

· Base Interruptible Program (BIP)

· Optional Binding Mandatory Curtailment (OBMC)

· Scheduled Load Reduction Program (SLRP)

· Demand Bidding

· Voluntary Critical Peak Pricing

· Demand Reserves Partnership (DRP) (and a successor program in 2007)

· Air Conditioning Cycling Program

· Agriculture and Pumping Interruptible Program

· Statewide Pricing Pilot rate programs (through 2006)

· Technical Assistance / Technical Incentive Program (TA/TI)

· Various customer education and marketing programs – 
e.g. Flex Your Power Now
	PG&E Approved Programs:

· Non-Firm

· BIP

· OBMC and Pilot OBMC

· SLRP

· Demand Bidding

· Community Energy Management Program

· Business Energy Coalition

· Voluntary Critical Peak Pricing Program1] (including Bill Protection)

· TA/TI programs

· DRP (and a successor program in 2007)

· SF Power Aggregation Pilot

· Various customer education and marketing programs – 
e.g. Flex Your Power Now

· The PEAK program and a Special Projects Group (SPG). 


	SDG&E Approved Programs:
· AL-TOU-CP

· Voluntary Critical Peak Pricing.

· Demand Bidding Program.

· DRP (with modifications in 2007).

· Commercial-Industrial Peak Day 20/20.

· Emergency Demand Bidding Program.

· Base Interruptible Program.

· Emergency Critical Peak Pricing. 

· Residential Smart Thermostat.

· Summer Saver

· Clean Gen

· Peak Gen (Rolling Blackout Reduction Program)

· Optional Binding Mandatory Curtailment

· SLRP

· Various customer education and marketing programs – e.g. Flex Your Power Now!

· TA/TI programs. 


A more complete description of each of these programs from D.06-03-024 is provided in Appendix B.  The methods for estimating the load impacts of DR programs should be applicable to those listed in Table 2-1.

One challenge facing the development of impact estimation protocols is the diversity of program types that have to be addressed which range from dispatchable, event-day load and price response programs to non-dispatchable DR programs.

Impact Issue #2 – Education and Marketing Programs:  Should impact estimation protocols be developed for education and marketing programs?  Initial Thought for Comment:  In principle, yes, particularly if the education and marketing effort can be isolated from other programs.  In practice, however, some of these programs may be too broad or directly connected to too many direct impact programs to be fully isolated.  As discussed in the EE Protocols and the Evaluation Framework Study, education and marketing programs are subject to both impact
 and market effects evaluations but also have unique challenges associated with them.

3.0 Candidate DR Impacts to Be Estimated
There are a number of candidate DR program impacts that could be measured.  This section is divided into two parts: 1) a discussion of the impacts that might be necessary to estimate for event-based, dispatchable programs; and 2) impacts that may need to be estimated for nonevent-based, nondispatchable programs.

Impact Issue #3 – MW Impact Estimates for Event-Based Programs:  What MW impacts should be estimated for event-based programs?

A list of candidate MW estimates to be addressed by the load impact estimation protocols is shown below:  
· Load impacts for each event for each hour in the event, i.e., each event would have an impact calculated for each hour. (Estimating average impacts within an event may not be all that useful, since the averages could be generated from the separate hourly impacts.)

· Average hourly impacts for each hour across all events. This would provide estimates of impacts for a program across a season.  In a regression analysis, information could be included such as weather and possibly type of customer, or if a bid was put in by a customer such that there is a prior load reduction target, then a realization rate variant on the statistically adjusted engineering (SAE) method could be used.

· Load impacts during events that are viewed as particularly extreme.  This could be important for forecasting impacts for event-days that are beyond the range recently seen.  Impacts will vary across events, even for the same program. For example, an AC load control program will typically provide greater impacts on hotter days. Also, a DR program may provide a different impact on the very highest system cost or resource constrained day, than during another event.

· Load impacts outside of the event period. Impacts have been seen both in anticipation of the start of an event period and after the event period.  The post-event period impacts can be show an increase (e.g., snapback in the case of AC loads) or a decrease as the effects of the curtailment seem to linger for some participants. In looking at pre- and post-event period impacts, consideration should be given to the magnitude of the impacts in kW and over which hours they occur (pre- or post-event). 
In addition to estimating the MWs associated with a specific event, there may be other key factors that need to be part of the protocols.

Impact Issue #4 – Other Influential Factors to be Estimated:  What factors other than MW impacts should be included in the protocols?  Initial Thought for Comment:  The factors in the bullets below seem relevant, particularly if forecasting impacts becomes part of the protocols.

Other factors that may deserve consideration include:

· Factors influencing load impacts within events (heat storms, number of interruptions, contiguous events across multiple days, and variability in baseline loads) that may need to be controlled for.

· Time Dimension:  Different time dimensions in estimating load impacts can be important. If the problem design calls for impacts to be delivered within a specified time period (e.g., a 5-minute notice), it may be relevant to estimate how many MW were delivered in 2 minutes, or 5 minutes or 10 minutes, i.e., how many MW were delivered in the specified time limit. (This, of course, may be constrained by the interval frequency of available or warrant new, more refined, data collection.)
· Locational Dimension:  Is it important to assess DR program impacts by location or area?  This is probably part of program design, but it may be important for statewide programs to know where the MWs of load response are coming from, i.e., the location of load response.

· Synergies Affecting Impacts Across Programs:  If there is interest in a portfolio benefit-cost analysis, synergies (both positive and negative) in impacts across programs may need to be assessed.

Issues in estimating the impacts of nonevent-day (i.e., nondispatchable) programs are discussed below.

Impact Issue #5 -- MW Impact Estimates for Nonevent-Based DR Programs:  As with event-based programs, there are a number of differently defined MW impacts that can be estimated.  Which need to be addressed by the impact estimation protocols?

Candidate impacts that could be estimated for nonevent-day, non-dispatchable programs include:

· Impacts need to be estimated for both price-response programs and scheduled load-response programs.

· Average load impacts based on “stress”
 days which could be defined by high market prices or could use the same event-day criteria as the event-based programs.  This would give a point of comparison between the nonevent-day programs and the event-day programs in terms of contribution.

· Estimation of load impacts on “extreme” days.  Among the stress days, some days are much more extreme than others.  These can be used to measure the true value of DR to meet contingencies.  It may be useful to look at system extremes, whether they use the same criteria as extreme event days from the event-based programs, or other system criteria to establish the ability of the program to mitigate low-probability, high-consequence system contingencies. 

· Impact estimation for scheduled load-response should be more straight-forward since these programs usually are designed for regular, every day loads (e.g., pumping) and a simple examination of the load data on scheduled curtailment day compared to non-curtailment days should work.

· Nonevent-based pricing programs are the most problematic.  For these programs, the impacts may occur in every hour of every day, and the impacts may also vary by day-type (Monday through Friday, and weekends/holidays), by weather condition, and by lagged weather conditions (if load is weather dependent as many are expected to be).  Impact estimation will need to control for these variables to get unbiased estimates.

· Since these are non-event based programs, there is no reason to estimated program induced changes pre- and post-event period.  So, snapback is not really the same type of issue.  However, if in response to pricing, a customer changes the time of day in which they peak, that could have a similar type of effect on the system.  Estimating load changes by hour or by peak and off-peak hourly segments is likely to be important.

Impact Issue #6 – Other Influential Factors Need to Be Estimated for Nonevent-Based DR Programs:  For nonevent-based programs, what factors other than MW change are important?  

Many of the same factors that affect event-based programs will also be important for nonevent-based programs. These include:

· Factors influencing load impacts (heat storms, number of interruptions, and variability in baseline loads) that may need to be controlled for.

· Is there a shift in the peak demand for the program participants that might influence system costs? 
· Time Dimension: the time dimension may not be as important for nonevent-based programs, but still knowing when the impacts are occurring could be important for benefit-cost tests and for system planning if forecasted impacts are developed.

· Locational Dimension: assessing impacts by location or area is likely to be important for all DR programs. It may be important for statewide programs to know where the MWs of load response are coming from, i.e., the location.

· Synergies Affecting Impacts:  Synergies may exist between any DR program, i.e., they may exist across both event-based and nonevent-based programs.
  If portfolio benefit-cost analyses are important, then synergies (both positive and negative) might be needed.

Impact Issue #7 – Estimating Loads for Settlements versus Estimating Load Reductions for Benefit-Cost Analyses and Resource Planning:  Should these protocols address approximate estimates for customer settlements as part of the program or estimate actual delivered load impacts?  This question can be re-phrased as: should the protocols work on developing impact estimates for use in settlements with individual customers in the program or should they be focused on accurately estimating delivered load estimates across customers for benefit-cost tests and resource planning?  When settling up with a customer, a simple method that is easily understood and can be implemented in a reasonable time frame is important.  On the other hand, a more complex approach using more data can be used for estimating actually achieved impacts from DR programs. Previous work for the California Energy Commission has shown that methods that use data from an entire season can produce more accurate estimates of impacts, but these approaches are not suitable for settlements with customers due to the delay in waiting for data for an entire season. 
  Initial Thought for Comment:  These protocols should be designed primarily for estimating the actual total impacts of the DR programs. Settlements with customers should be part of program design. Demand response (DR) most broadly defined applies rate design, incentives, information, and technology to cause changes in customer demand. However, evaluations should provide feedback on the accuracy of program settlement methods and compare impacts from these methods to evaluation-based methods when they differ.  CEC 400-02-017F provides useful metrics for assessing the accuracy of baseline methods applied to individual customers.  Those metrics should be referenced in these protocols.
4.0 Estimating Impacts from DR Programs

This section addresses approaches for estimating DR impacts.  The material in this section benefits from four preceding reports all dealing with impact estimation approaches – two for energy efficiency programs, and two focused on estimating impacts for settlements as part of DR programs.  These documents and earlier CALMAC (California Measurement Advisory Committee) protocol efforts provide a foundation for the information presented in this section.  The four documents are:
1. CEC Baselines Report (2003) – “Protocol Development For Demand Response Calculation — Findings and Recommendations,” prepared for the California Energy Commission, Michael Messenger Project Manager, Report CEC 400-02-017F, by Goldberg, M. and G. Agnew (KEMA),  February 2003.
2. Evaluation Framework Report (2004) – “The California Evaluation Framework” prepared for the California Public Utilities Commission, by TecMarket Works and Team Members, Project #: K2033910, June 2004.

3. WG2 2004 DR Evaluation – “Working Group 2 Demand Response Program Evaluation – Program Year 2004” prepared for the Working Group 2 Measurement and Evaluation Committee, by Quantum Consulting, Inc. and Summit Blue Consulting, LLC, December 2004.  (Available on the CEC website under Demand Response and WG2).  Note:  The WG2 2005 Evaluation report is in draft form and almost complete.  Some inferences from the forthcoming 2005 DR program year report are also used.

4. EE Evaluation Protocols Report (2005) – “California Energy Efficiency Evaluation Protocols, 2nd Draft,” prepared for the CPUC Energy Division, by The TecMarket Works Team, December 7, 2005.
In addition to these documents, earlier CALMAC/CADMAC protocol documents also contain useful information and examples of applied methods.
 In addition, numerous other DR evaluations are relevant to these protocols, many of which are noted in the following sections.
4.1 Characterizing the DR Impact Estimation Problem

Simply stated, demand response impacts are usually calculated as the difference between an estimated baseline and the actual metered load for the hours and days in question (a simple example is provided in Figure 4-1). Since the actual load is known, the key challenge is in estimating the baseline.  The baseline is an estimate of what the load would have been in each interval in the absence of the program. Thus, the key question for demand response impact evaluation concerns how the baseline is determined.
Figure 4‑1. Demand Response Impact Estimation – Baseline Minus Actual
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Since actual consumption during an event day or program period is known, the focus of the impact estimation problem is the selection of the most accurate baseline. A typology of approaches for estimating customer-specific DR impacts for program settlements is presented in the CEC Baselines Report (2003).  While looking at a number of approaches, two types of baseline methods were viewed as viable in the CEC Baselines Report and subsumed many elements of the other approaches.  These two methods are:

1. Estimation by Averaging – This approach is termed the “representative day” approach in the recent Working Group 2 (WG2) evaluation reports.  The representative day approach calculates baselines for each event based on a series of recent “similar” days that are proximate to the event day in question.  This could be the average of the 10 preceding working days, or some different combination of the hourly load shapes in a number of preceding days.  A variety of approaches are analyzed in the WG2 evaluation of the 2005 DR programs (forthcoming April 2006) and the CEC Baselines Report (2003).  In addition to the use of different combinations of prior days, different “same-day” adjustments are used to better match the baseline to the actual customer loads for that day.  The two same-day adjustment approaches are:

· An additive adjustment where the baseline load shape is moved up or down to match that customer’s event day load in the hours preceding the event period.

· A weather adjustment where a regression equation is used to estimate the hourly load relationship for a temperature/humidity index (THI) to adjust the customer’s load for differences between the baseline and that day’s weather.

2. Estimation by Regression – This approach was used in the recent WG2
 impact assessment and it was also used in the Working Group 3 (WG3) assessment of DR programs in mass-markets.
  Multivariate statistical regression models are used to estimate program impacts with as many days as are allowed to enter the model (e.g., a regression model can handle a full season of load data), plus a series of weather, customer, and other characteristics.  Same-day adjustments can be made to regression baseline estimates in the same manner as used for the representative day approaches.  These adjustments approaches are explained in the CEC Baselines Study (2003).
Both approaches are used in the WG2 (2006) work with a wide variety of representative day methods tested as well as a broader set of multi-variate regression approaches.

Impact Issue #8 – Estimating Program-Wide Impacts versus Customer-Specific Impacts:  Is there a difference between methods used to accurately estimate customer-specific load impacts and program-wide load impacts, i.e., can different approaches be more appropriate for estimating program wide impacts?

The balance of this section addresses issues related to estimating the load impacts of DR using these two methods, i.e, the predominant methods in the recent literature as well as some alternative candidate methods.  One difference between the CEC Baselines Study (2003) and these load impact estimation protocols is that the protocols are focused on estimating program-wide impacts such that they can be used in benefit-cost analyses and resource planning. 

Estimates of individual customer contributions are likely to be important for program design, i.e., is the program appropriately paying a specific customer for the MWs delivered.  Settlements may be based on a different calculation method than estimates of “actual” load reductions to make settlement payments transparent and timely.  The estimation of actual load reductions for benefit-cost analyses do not have to meet the same time and transparency constraints as do approaches for calculating settlements.  As a result, the program administrator may be paying for more or less MWs than those estimated to be actually delivered using a more detailed estimation method as part of the program planning cycle.

The alternative candidate methods shown in this section take advantage of the fact that many DR programs often have information on the entire population of participants so there may be initial estimates on the magnitude of a customer’s response to a called event.  For example, if the program is a bidding program, then there is information on the amount of MWs the customer bid.  For some interruptible programs, the customer may have estimated what their load reduction would be if called, or has committed to a known firm service level.  These initial impact estimates can be used in the analysis to leverage data using ratio and difference estimation approaches that produce realization rates, i.e., how much of the expected load reduction is actually realized given the observed load data.

4.2 Impact Estimation for Event-Based Programs
This section discusses estimation approaches that can be used to address event-based demand response programs.

4.2.1 Background on Event-Based Estimation Methods

Event-based, dispatchable programs comprise the largest fraction of DR programs being implemented in California.  Some selected types of event-based programs are shown below: 

· Event-Based Pricing (large and mass-market customers)

· Called event-day CPP tariffs (i.e., the CPP tariffs only applicable)
· Large Customer Event-Based Programs

· Interruptible

· Bidding

· Other

· Mass Market Interruptible – Event-Based Mass-Market Programs

· Direct Equipment Control

· Indirect Equipment Control (e.g., temperature setback)

· Mass-market bidding (via aggregators)

For the large customer programs, the number of customers is usually a small enough set that it is possible to work with information on the population.  For mass-market programs, the number of customers can easily be in the tens or hundreds of thousands of customers, so samples of participating customers are used in the analysis.  Sampling is discussed in Section 6.0.  

The issue in both cases is developing an appropriate baseline for the event period against which the actual event period consumption can be compared.  In EE evaluation, it is not uncommon for non-participants to be used as a control group for setting baselines.  However, impact evaluations of DR event-based programs have generally only used participants for the construction of the baseline.  The basis for the assumption that DR program participants themselves are the best control group, i.e., they are perfectly matched.  Long term trends in the market, which would be captured by a non-participant control group, are not as relevant for DR programs as they are for EE programs. It is difficult to develop a control group, particularly for large customer DR programs, that actually provides a reasonable match to a group of program participants.  In addition, the general availability of hourly data provides numerous observations on participants’ energy use across different hours, different days, and under different weather conditions.

Impact Issue #9 – Role of Control Groups in DR Impact Estimation:  In estimating the load impacts of event-based DR programs, a control group comprised only of program participants is almost always sufficient, i.e., a non-participant control group is not needed for estimating event-day load impacts and may confound the results.

In the case of most large customer programs, customer-specific baselines are constructed using either representative day methods or regression methods based on that customer’s consumption in non-event day hours.  The availability of hourly data generally provides for an adequate set of data from which to estimate baselines for the individual participants in a DR program. 

4.2.2 Representative Day Baselines for Estimating DR Impacts

Representative day baselines have been assessed in a number of recent studies.  These include the CEC Baselines (2003) studies and the Working Group 2 (WG2) evaluations of DR program for program years 2004 and 2005.  Both sets of documents consider a variety of methods for developing the representative day baseline.  Two considerations typically define the baseline:

1. The number of days immediately prior to the event day whose load data are averaged to create a baseline for the event day.  CEC Baselines Report (2003) considered baselines that included as many as 20 prior days.  The WG2 study efforts limited the prior day analysis to 10 days.

2. Event-day adjustments that can be made to better fit the baseline to the specific event day.  These adjustments are designed to match the baseline load shape to the same-day loads for one or two hours just prior to the start of an event period.

There are many representative day variants that can be considered.  Of the many considered in prior studies, two examples are given below.  The first method (the 3 highest out of 10 day method) is currently being used for settlement at each of the three IOUs for the Demand Bidding Program (DBP).
  The second method is a 10-day average with same day adjustment.  This second method was the recommended default method in the CEC Baselines Report (with some caveats), and it was the method found to be the most accurate in the WG2 2004 DR Evaluation.

1. 3 highest out of 10 day method – This method is calculated by first selecting a series of the most recent 10 days (excluding weekends, holidays, or other event days).  From these 10 days, the three days with the highest overall load during the event hours is selected and the loads for each of these three days is averaged (by hour) to calculate an hourly 3-day baseline estimate.

2. 10-day adjusted method – This representative day method simply uses the 10 most recent days (excluding weekends, holidays, or other event days) to construct an average baseline; then, this baseline is adjusted by a scalar factor determined by a series of calibration hours, e.g., the three hours or four hours immediately preceding the event.  (See WG2 2004 Evaluation, p. 6-5 for a numeric example.)

Both the WG2 2004 DR Evaluation and the CEC Baselines Report found that, in general, the 10-day adjusted baseline was the most robust choice or “a practical default baseline” from among the representative day approaches considered.  It is important to note that the CEC Baselines Report focused on methods for settlements.   As a result, issues important for settlements with customers included:

· Ability to know the baseline prior to the customer making a curtailment decision

· Ability of the customer to know the baseline immediately after an event

· Simplicity of calculation

· Minimizing burden on participants and operators, i.e., ease of operation

· Limiting the potential for gaming

· Limiting the potential for distortion if load is curtailed early

· Minimizing bias

Impact Issue #10 – Developing Adjustments to the Event-Day Baseline:  Making adjustments for same day effects in the event-day baseline may introduce bias. 

Several issues need to be considered when assessing the effects of same-day adjustments. Among these are:

1. Recent work by the WG2 measurement and evaluation committee has shown that some customers begin to curtail load prior to the actual start of the called event.  Thus, if these two hours are used to calibrate the baseline, the baseline would be inappropriately adjusted downward and the impacts underestimated.

2. The CEC Baselines Report also raised the issue of gaming where a customer might try to increase their loads in the preceding two hours to get an upward adjustment in their baseline for that day; or, since customers know their baselines in advance of the control day, they may submit a curtailment bid when they know their normally planned consumption would be less than the calculated baseline used for settlements. Gaming by customers can result in settlement values that over-estimate actual DR program impacts. 

It has been shown that some customers, as part of working to meet their load reduction obligations, need to lower their consumption in several of the hours preceding an event. Gaming with respect to the same-day adjustment has not been shown to be a substantive problem.  However, the 2005 analysis (expected in April 2006) by the WG2 measurement and evaluation committee has shown that some customers in the demand bidding program appear to submit bids when they know that their normal consumption on an event day will be lower than the settlements baseline.  

As a result, there may be customer-specific circumstances, e.g., batch processing or regularly scheduled loads that vary by day, which would make the representative day approach inappropriate for that customer. Any average of the preceding days would not fit that specific circumstance for that event day.  In these cases, the program design should have some flexibility in determining appropriate baselines for customers that exhibit these types of loads.

Representative day approaches, which take an average of a set of prior days’ loads, will work better for customers whose load shapes are more consistent from day to day.  The CEC Baselines Report separated customers into two groups – a low variance group and a high variance group.  The report clearly shows that the representative day approach is less accurate for the high variance group, and even less accurate for extreme cases.  (CEC Baselines Report, p. 5-15.)

As noted previously, it is important to emphasize the two different uses of baselines in DR evaluation:

ONE – Evaluation of DR Response for Settlements:  This needs to be transparent and easily calculated within a reasonable timeframe.  Settlements typically cannot wait until data for an entire season is collected.  The settlement provisions are part of the agreement made between the program administrator and the customer for payments based on a calculated demand response to a triggered event day.

TWO – Evaluation of DR Impacts for B-C Analyses and Resource Planning:  In this application, it may be possible to use more complex methods and longer time frames for estimation that is reasonable for a settlements approach. This could include regression equations based on data for the entire season.
  Estimating actual impacts for benefit-cost tests and resource planning can incorporate more factors than might be reasonable for a settlements calculation.
 

The WG2 Evaluation Reports illustrate two different types of problems in representative day baselines.  First, there are some customers that had extremely variable day-to-day loads which makes in any baseline constructed using an average of the loads from the preceding days not being a “representative” baseline for a single day; and, second, the calculation of a 10-day baseline of “similar” days (i.e., excluding weekends, holidays and other event days) sometimes required going back more than a month to find 10 similar days which reduced the representativeness of the baseline for a specific event day.

The first issue is illustrated in Figure 4-2 taken from the forthcoming WG2 2005 Evaluation report (April, 2006).  It provides an example of a large customer with high day-to-day load variability, i.e., whose load shape varies widely during the previous 10 “similar” days.  On some days, this customer’s usage remains fairly consistent across the whole day at around 1.5 MWs. On other days, the customer’s load jumps up to levels closer to 3.5 MW, and still on other days it fluctuates over the course of the day between 1.5 and 3.5 MW.  This customer bid 2 MW per hour over the event period and it appears that the customer’s true program impact should be close to this hourly bid amount although the 10-Day Adjusted Representative Day approach calculates an impact that is only half of the customer’s bid amount.
Figure 4‑2 Daily Load Shapes Associated with a Single Customer for the 10 Days Preceding the August 4th DBP Event, the Actual Event Day, and the 3-Day, 10-Day and 10-Day Adjusted Baseline Estimates
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Impact Issue #11 – Customers with Extreme Day-to-Day Load Variability may require Methods other than the Representative Day Approach:  There may be some customers for whom a representative day approach simply does not make sense. If that customer’s day-to-day load shape (as shown for days 1 through 10 in Figure 4-2) varies dramatically, no averaging across those days will produce a reasonable baseline for a specified event day. 

Referring to Figure 4-2 above, there may be some customers whose load shapes are so variable from day to day that an average representative day approach will not produce useful results.  For these customers, the regression approach (discussed below) seems to work better, but still may not provide reliable estimates.  An alternative method may be needed for this subset of participating customers with high variability in day-to-day loads.  These customer-specific methods may involve actual site monitoring for event-day calculations.  This may be worthwhile if the customer is large enough to warrant this additional effort.  Alternatively, it may be preferable for such customers to participate in other programs such as CPP or BIP that do not require calculation of a baseline for settlement.

Impact Issue #12 – Estimation Approaches for the Largest Program Contributors: For some programs, a few large customers may account for a large fraction of the total program impacts. Should these large customers use different impact estimation methods, e.g., metering of the equipment that is expected to have the load reduced and possibly data loggers on equipment that have on/off state characteristics?  

Figure 4-3 is taken from the forthcoming WG2 2005 Evaluation Report (April, 2006) which shows that, on average for the nine summer 2005 DR events, 5% of participants contributed roughly one half of the overall positive program impacts.

Figure 4‑3 -- Distribution of Average Participant Impact Contributions
Based on Average Hourly Impact per Participant across All 9 Events
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When there are a few customers that contribute a disproportionate amount to the impacts of the DR program, utilizing more site-specific information on that group of customers may be appropriate.  While customer-specific models may be labor intensive, most regression approaches (discussed below) are estimated separately for each participating customer in large customer programs.  This can be done in a timely manner by setting up software and estimation programs to read in all the data for all the customers at one time and produce all the estimates in a single batch run.

Impact Issue #13 – Use of End-Use Metering:  For large customers with specific equipment whose use will be shifted during event periods, when does it make sense to end-use meter that specific set of equipment?  If end-use or premise sub-metering can be conducted on that portion of a customer’s load that is expected to be reduced or shifted, it would then be possible to calculate baselines using just the data from that portion of the customer’s load that is expected to shift rather than from the whole facility load. The CEC Baselines Report specifically assumed that all customers’ loads would be measured by whole-premise meters and no analysis of the likely gain from sub-metering was attempted.  Note that protocols for sub-metering are addressed in the EE Evaluation Protocols and there does not seem to be a need to repeat them in this set of protocols.
Impact Issue #14 – Dealing with Negative Estimated Customer Impacts: If the use of a representative day baseline along with the actual event-day loads produces a negative impact for a customer, should this negative impact be netted out from the overall program impacts?  Or, should this be viewed as an anomaly in that the program should not be viewed as “causing” anyone to increase load and the negative load impact set to zero?  Initial Thought for Comment:  Some of the reasons why some customers may show negative impacts for an event may simply be due to measurement error or error in the baseline construct.  If this is the case, it is likely that these errors are both positive and negative.  As a result, all estimated impacts (both positive and negative) should be used when summing up impacts across customers for each event hour to get a program impact estimate for that event hour.  This is likely to be a more significant issue when calculating settlements for a specific customer than it is for a process for estimating program-wide impacts.

Impact Issue #15 – Addressing Free-Riders:  While free riders may be viewed as a transfer payment in some benefit-cost tests, real reductions in system costs only come from real reductions in MWs used during peak hours.  Thus, there is a need to estimate net impacts.  Free riders bias the estimates of net impacts because the baseline is not accurate, i.e., the baseline does not fully capture the usage (i.e., hourly MW loads) that would have occurred in the absence of the program.  Is this free rider construct useful in DR net impact assessments or is another construct more useful?
Free riders (customers receiving payments for load impacts which are not due to the program) and spillover (load impacts caused by the program but not compensated for through the program structure) are often viewed as baseline problems.

· Free riders can exist in pricing programs where the pricing structure allows some customers to save on their energy costs even though they do not change their energy use.  This can be viewed as improving equity across customers as it can be argued that these customers likely are paying for on-peak use that they are not really responsible for; on the other hand, a resource planner needs an estimate of the net impacts of the program – total impacts minus free riders.

· Free riders can exist in curtailment programs due to the structure of the baseline.  The recommended 10-day baseline can go back many days when weekends, holidays, and event days are subtracted out.  For example, for the DBP program, a 10 day baseline for an event that occurred August 1, 2005 actually required going back to June 30, 2005 to get 10 days that were not holidays, weekends or event days (10 event days occurred in July 2005).  As a result, the accuracy of the baseline can be impacted by the length of time prior to the event needed to construct a baseline when using only days prior to the event.  A regression approach can use both pre- and post-event days to develop a baseline.  For example, in one case, a plant had a seasonal shutdown in August, yet it was still receiving payments because its baseline, when calculated back through the entire month of July to get 10 representative days, still showed positive DR impacts from that plant. This is an example of free ridership since the plant would have been closed anyway.  This could possibly have been addressed through program design and oversight (for example, if analysis of historic load data indicated the plant was always shut down in August).  In fact, many free rider situations are being addressed by changes in program design and participation requirements. But, they still occur in DR programs.

· Free ridership may also occur in mass market direct load control programs when participants receive incentives for control of equipment that they do not use during event periods (e.g., an air conditioner that is turned off during mid-afternoon weekdays while an owner is at work).

· Of course, many free rider situations can be addressed by changes in program design, participation requirements, and baseline methods. But some free ridership will invariably remain and must be appropriately netted out of final impact estimates.

Impact Issue #16 – Addressing Spillover:  How should spillover be addressed and counted, if at all?  Data on program events show that some customers start reducing their loads prior to the beginning of the event period, and some will maintain some load reduction even after the event period ends.

The customer only gets paid for load reductions during the event periods. These additional load impacts do not occur during the peak periods so there may be a question as to their value in terms of avoided capacity, but they likely should be compensated for avoided energy costs.

Impact Issue #17 – Use of Post-Event Day Load Data in the Construction of Baselines:  The goal in developing a baseline is to use the most relevant data.  For settlements, it makes sense to only use days prior to the event day for construction of the baseline since this allows the customer to understand what the payments would be for a load reduction on an event day.  For these protocols, the purpose is to calculate accurate estimates of impacts for use in benefit-cost analyses and resource planning.  The most representative days may be 10 days (or some other number of days) prior to the event and some number of days after the event.  Therefore, the issue is whether some baselines should be tested that use post-event load data in combination with pre-event data?

As discussed above, the recommended default 10-day baseline from the CEC baselines report can require having to go considerably far back in time to get the 10 representative days because weekends, holidays, and event days have to be subtracted out.  In the WG2 Evaluation, a 10 day baseline for an event that occurred August 1, 2005 actually required going back to June 30, 2005 to get 10 days that were not holidays, weekends or event days (10 event days occurred in July 2005).  Using both pre- and post-event days to construct the baseline might reduce the need to go back as far in time.  In addition, seasonal changes in production, e.g., lower production in August, might be more accurately captured by using both pre- and post-event days in the calculation of the baseline.

No studies using pre- and post-event day load data in the construction of baselines for estimating the load impacts of DR programs have been identified. (Note: If references to studies that use post-event data in constructing representative day baselines can be provided in comments, that would helpful.) Based on the limited review for this Draft Version 1, this is a potentially useful approach for calculating a representative day baseline that does not seem to have been tested.  However, regression approaches routinely use pre- and post-event data in estimating impacts for DR programs.

Impact Issue #18 – Statistical Accuracy of MW Impact Estimates using Representative Day Baseline Approaches are not Directly Determinable:  The energy efficiency evaluation protocols contain targets for confidence and precision for selected methods.  For example, sampling for the M&V used in the simple engineering methods (SEM) is to be conducted as prescribed in the California Energy Efficiency Evaluation Protocols including developing the sample to target a minimum of 30 percent precision at a 90 percent confidence level. The construction of comparable confidence and precision for program-wide impacts (i.e., impacts across all customers) is not directly determined. Should the accuracy of a representative day approach be estimated?  If so, how should these accuracy calculations best be performed? 

The use of representative day approaches, such as the 10-day adjusted approach, produces estimates of impacts for each customer for each hour in every event.  However, the accuracy of each calculated representative baseline is indeterminate in that the true baseline will never be known and cannot be compared to the constructed baseline.  Even if a confidence interval and precision level can be determined for each customer for each event, there may not be a clear way to combine these statistics across all the participants to develop a program-wide confidence interval and precision level.

As a note, supply-side resources are not 100% reliable as well.  Reasonable assumptions regarding unplanned outages are approximately 10% at coal plants, and 5% at gas fired power plants.
,
  System dispatchers are not completely sure that a supply-side unit will come on line when called and, if it does, will it come on at the anticipated rating. As a result, it is important to address uncertainty in DR resources consistently with supply-side resources.  Determining the best way to accomplish this is a resource planning question that may affect the impact estimation protocols.

Impact Issue #19 – Statistical Accuracy of Representative Day Baselines:  This is a slightly different issue than the statistical accuracy of estimated DR impacts addressed in issue #18.  There still is not any way of comparing the estimated baseline with the unobservable “true” baseline – once an event day is called, there is no way to know with complete certainty how a customer that reduced load would have behaved if the event had not been called.  However, the accuracy of constructed baselines can be compared with other non-event days (the true load levels are known for these days).  It would be possible to use the accuracy of the constructed baselines for nonevent-day loads as a proxy for the accuracy of baselines on event days.  Using the accuracy of the baseline method for nonevent-days could provide information leading to reasonable estimates of the accuracy of load impacts on event days.  This approach was used in the CEC Baselines Study and in the WG2 2004 evaluation (see Chapter 6). This approach may be constrained when there are large numbers of contiguous events that prevent estimation of baselines for nonevent days that are similar to event days (i.e., when no similar nonevent days are available.) 

The use of baseline accuracy measurements such as those in the CEC Baselines Study and the WG2 2004 and 2005 evaluations could be used to provide information on the accuracy of MW impact estimates for event days for specific DR programs.

Impact Issue #20 – Using Representative Day Approaches for Mass-Market DR Programs:  Representative day approaches can be used for mass-market DR programs such as AC direct load control programs or temperature set-back programs with smart thermostats.  Depending on the equipment used, different types of information are available.  Often, the impact evaluation approach involves obtaining a sample of participating customers for end-use metering of the equipment being controlled.  In this case, the loads of the entire sample of customers can be aggregated as if they were a single customer. Estimates of the program-wide impacts are directly estimated from these aggregated loads.  Another approach is to develop individual estimates for each customer in the end-use metering sample, and then aggregate these individual estimates into a program-wide estimate.  These approaches often include estimates of equipment duty cycles and impacts as a function of factors that influence duty cycle (e.g., temperature). Is one approach better than another? Are there other issues with the use of representative baseline approaches for mass-market programs?

Evaluations of mass-market direct load control programs have used both approaches, and both may be acceptable. However, comments on these approaches may be useful.

Impact Issue #21 – Other Issues with Representative Day Approaches: This draft is meant to identify issues that should be addressed in a set of protocols for estimating load impacts from DR programs. Are there other issues that should be addressed?  The level of detail in these protocols should be in line with the California Energy Efficiency Evaluation Protocols and be used to “guide the processes and efforts associated with conducting evaluations.”

This is a Draft Version 1 to begin the discussion of appropriate protocols for estimating load impacts for DR programs. It is likely that there are other important issues that should be addressed and it may be the case that some of the issues listed above need not be addressed in establishing appropriate guidance, i.e., they are not that important to be explicitly addressed and can be left up to the professionals conducting the impact evaluation of the DR program.

4.2.3 Regression Approaches for Estimating DR Impacts

Two basic approaches are addressed in the CEC Baselines Report (2003): representative day approaches (discussed in the section above) and regression approaches.  The representative day discussion helps frame the discussion of regression approaches.  In addition, the representative day approach is not addressed in the California Energy Efficiency Evaluation Protocols (2005) where regression approaches are given an extensive treatment.  As a result, the discussion of issues related to the use of regression methods is shorter due to the treatment of typical regression issues in both the EE evaluation protocols and in the California evaluation framework report.  

A description of basic regression approaches appropriate for DR baseline estimation can be found in the CEC Baselines Report (p. 2-11).
  A regression estimation method for DR baseline estimation involves the modeling of factors that influence a customer’s hourly electricity demand.  This can include factors that are not explicitly accounted for in the representative day approach. In simple terms, a regression model determines the relationship between some observable factors and load. Using this relationship, load can be estimated for any scenario based on the levels of those factors for that scenario.

For example, factors affecting a customer’s load at a given hour can include:

· Operating schedules across days and hours;

· Activity levels, such as production levels at a manufacturing plant or occupancy levels in a hotel or hospital; and

· Weather conditions that drive cooling and/or heating loads.

Regression models for estimating hourly loads typically will include terms for day type, hour of the day, and weather. While activity levels are important drivers of load, it may be difficult to obtain meaningful measures of activity for some customers.  If the regression model is customized to a particular customer, activity measures appropriate to that customer can be incorporated. 

Regression approaches also have disadvantages. Regression estimation is a more complicated technique than simple averaging to get representative day baselines. Ease of calculation and transparency are both important considerations for baselines used to calculate settlements, but they may be less appropriate for season-ending assessments of DR program impacts for use in benefit-cost and cost-effectiveness assessments. Chapter 6 of the WG2 Evaluation of the 2005 DR programs (forthcoming April 2006) contains a more thorough discussion of the use of regression approaches for estimating the impacts of DR programs.

Regression models can be used as an alternative to the representative day approach, in which case one of the keys to the specification of the regression model is the number of days to be used in the regression analysis.  If the representative day approach uses the 10 prior similar days (excluding holidays, weekends, and other event days), then the regression approach can use the same 10 days.  If the 10 days are in close proximity to the event day, then operating and weather conditions may be similar to the event day. However, the WG2 2004 evaluation of DR programs showed that the 10-day approach can require going back nearly a month to get the 10 “similar” days.  So, the use of 10 prior “similar” days may have some limitations.  In addition, the availability of data just after the event day may be just as important as the prior similar days.  

Generally, given the strong time trends in hourly energy use and, with many customers being weather sensitive, a model of this type can provide an acceptable fit even if only 10 days of historical data are used.  However, as was pointed out in the CEC Baselines Report, regressions based on a full season of data will tend to be more accurate. The CEC Baselines Report also indicates that, for settlements, it may be unacceptable to wait for a full season of data.  These protocols for program-wide impact estimates of DR program impacts may find it acceptable to use a full season of data.

In addition to serving as an alternative to the representative day approach for estimating the impacts of DR programs, baselines constructed by regression methods can also have “same-day” adjustments, just like the representative day approaches. The CEC Baselines Report illustrates both additive and scalar adjustments to regression-based baseline estimates (see Figure 2-6, p. 2-13).  This same report determined full season simple regression models (using weather data only) generally performed better than the 10-day average representative day approach.  

The WG2 2005 DR Evaluation Report (forthcoming April 2006) discusses the impact estimates developed for the utilities’ critical peak pricing (CPP) program and the demand bidding program (DBP) using a full season regression model to estimate baselines.  The regression models used to estimate the impacts of the CPP program were based on time-series approaches that were specific to each customer in a program.  The dependent variable in these models was the average hourly metered kW for each customer for the summer of 2005 (typically with over 3,000 observations for each customer).  The independent variables were:

· A constant term

· The temperature for that hour

· The humidity for that hour

· The temperature for that hour squared (to capture non-linear responses)

· The temperature times humidity (to capture interactive weather response)

· Twenty-three hourly indicator variables for the hours of the day  (e.g., hour1 equals 1 if the hour is 1:00 a.m., 0 otherwise).  The 24th hour effect is subsumed into the constant term.

· Indicator variables for the months of June, July, and August (to capture seasonality)

·  The hour’s average kW 24, 48, and 72 hours prior (to capture daily carryover)

· The program response variable, which equals one if the hour is during an event, zero otherwise.

The model estimated in the WG2 2005 Evaluation Report is linear, which implies that the coefficient on the CPP event is the change in average kW for the customer averaged over all CPP events. A different specification could have incorporated dummy variables for each event, which would have allowed for the estimation of event-specific impacts as opposed to average impact estimates across all events.

The issue of autocorrelation (i.e., error terms that are correlated across hours) is significant in these models.
  To address autocorrelation, a standard correction was employed using maximum likelihood methods.  A first-order autoregressive approach where the error term in time period “t” is correlated with the error term in time period “t-1.” This simple approach worked well in this application.

One of the reasons separate regression equations were used for each customer was that any form of pooled customer model was subject to a high degree of heteroschedasticity, i.e., a high degree of correlation across customers that could not be explained by the model.  Often, a “fixed effects” model is used to address this issue.  The fixed effects approach uses a separate intercept term for each customer to control for effects that are unique to that customer and relatively constant over the time period being examined.
  This approach has worked well in estimating the impacts of mass-market programs;
 however, considerable customer-specific variation remained in the large customer programs even after using the fixed effects specification.  As a result, for the WG2 large customer programs (over 200 kW demands), regressions were estimated separately for each customer.

As with any estimation approach, there are many issues that arise in application.  Some of these issues are discussed below.

Impact Issue #22 – Time Period used in the Regression Model:  Should all regression models use a full season of data or more?  One of the strengths of the regression model may be the use of data before and after the event period, as well as using data over a long enough period of time to capture potential seasonal effects in customer activity.  What are the advantages and disadvantages of using this type of model (to be addressed in future drafts)?

Impact Issue #23 – Event-Specific versus Average Event Impacts:  Are average impacts across all events in a season or specified time period adequate; or, is it important to capture event-specific impacts to understand how impacts can vary across event types?  For example, do the impacts vary from an event that may be the third event called in the same week?  Do impacts vary for events that represent more extreme conditions than other events that are less extreme?

If it is important to estimate specific hourly impacts for every event in a season, then there are two ways to do this.  The CEC Baselines Report (2003) estimated a baseline for each event using the full season regression model, then actual loads during an event day were compared to the baseline to get event-specific hourly impacts.  Another way to accomplish this is to use dummy variables (i.e., event-identifier variables) in the regression equation.  While both methods require significant computation, once all the load data and data on the independent variables in the regression equation are collected, then a program can be written to stack the analyses and get all the estimates in a single data run.  The computational power available in basic workstations, along with the software available in econometrics packages, makes this a tractable proposition, i.e., this can be done in a reasonable period of time with a reasonable effort.

Impact Issue #24 – Use of Prior Estimates of Hourly Impacts in a Regression Model:  It has been well established that the use of prior information on the magnitude of impacts can provide a substantial increase in the precision with which impacts can be estimated.  There are some DR programs where an advance estimate of impacts is made available. This occurs in the demand bidding program (DBP) where, when an event day is called, customers submit offers to curtail load for two or more hours during the event. While the customers submit bids, the payment is tied to actual consumption as measured by subtracting actual hourly usage from their calculated baseline. Rather than using a dummy variable for each event hour, the customers’ bids are used as the independent variables in the regression equation.  Instead of the variable estimating the kW impacts for each hour, this model estimates a realization rate.  A realization rate of 1.0 indicates that the data show that a customer’s estimated load reductions (via their bid) are shown to be realized given the load data and regression model.  A realization rate of 0.75 would indicate that only 75% of the bid is estimated to have been realized by observed data used in the regression model, and a realization rate of 1.25 would show that 125% of the bid amount is estimated to have been actually realized.

The use of realization rates in regression models has a long history in impact evaluation.
 They have been shown to increase the precision of impact estimates.  DR program designs that include an aspect where there is an initial estimate of the expected load reduction for each participating customer developed as part of the program can increase the reliability with which the impacts of DR programs are estimated. For event-based programs, asking each customer about their plans for responding to a triggered event and developing an initial kW estimate based on their planned response can improve the accuracy of the estimated DR program response, even if these are only rough initial estimates.  Given that this has been demonstrated in numerous EE impact evaluations, an element of DR program design where an initial estimate of each customer's response to a triggered event day is included in the program tracking system can make the estimation of program impacts more reliable.

Impact Issue #25 – Developing Program-Wide Confidence and Precision Levels from Customer-Specific Impact Estimates:  As was the case with the representative day approach, having a set of impact estimates with confidence intervals and precision levels for each customer may not directly produce a program-wide confidence interval and precision level.  If all the distributions that form the confidence intervals are assumed to be independent, then there is a straightforward process for combining estimates. Does the assumption of independence across the sampling distributions as a default assumption make sense? What options might be most appropriate for adding up impacts across individual customers along with their confidence intervals and precision levels to get program-wide impacts along with program-wide confidence intervals and precision levels? Is this a real issue or just a perceived issue?

Impact Issue #26 – Current Energy Efficiency Evaluation Protocols:  Are the California Energy Efficiency Evaluation Protocols sufficiently detailed with respect to the application of regression methods for the estimation of impacts of DR programs in terms of addressing common estimation issues?

The discussion in the California Energy Efficiency Evaluation Protocols (2005) addresses the assessment of energy and demand impacts including experimental design, diagnostic analyses, and sampling.  These should cover most of the applied issues in the application of regression methods for the estimation of DR impacts.

4.2.4 Statistical Approaches and Sampling

The fact that many large customer DR programs will have information on the population of participants might allow for the use of ratio and difference estimators
 if the DR program design develops a tracking system that provides initial estimates of the expected load reduction in response to a triggered event. 

Impact Issue #27 – Ratio and Difference Estimation Procedures:  Is it likely that some DR programs for large customers will have initial estimates of event impacts as part of the tracking system?  These would be developed when a customer signs up or after an initial event when the customer determines how they might respond.  If information is available on the population that is accurate to the level of being able to generally rank customers with the largest impacts down to customers with the smallest impacts, then ratio and difference estimates can be used.

Stratified ratio estimation combining a stratified sample design with a ratio estimator is addressed in some detail in the California Evaluation Framework in Chapter 13 on Sampling.

The processes for selecting random samples and the target expectations for confidence and accuracy are addressed in both the California Energy Efficiency Evaluation Protocols (2005) and in the California Evaluation Framework (2004).  Sampling and uncertainty for regression methods and for monitoring and verification (M&V) including data logging and metering are also covered in these references. 

4.3 Impact Estimation for Nonevent-Based Programs

The biggest difference between event-based and nonevent-based DR programs is that nonevent-based programs can not use a representative day approach, i.e., there are no specific event days for which baselines need to be estimated.  As a result, standard statistical estimation approaches, regression model methods, and monitoring and verification (M&V) methods are used.  A recent application in California was the evaluation of TOU rates as part of the Statewide Pricing Pilot (SPP).
  This pilot also included CPP rates, which had an underlying TOU structure in place every day, i.e., not tied to a triggered event.  For some of the strata in the pilot, there also was an event-based critical peak price that could be triggered based on system conditions.  The method used in this analysis was a regression-based constant elasticity of substitution (CES) model. The approach also used a “fixed effects” approach based on the panel structure of the data, i.e., time-series data for a given set of customers.  The “fixed effects” estimation procedure is used to derive the model parameters. This procedure assigns a binary variable (i.e., a unique intercept) to each customer that represents the unique and unexplainable lifestyle of each customer.

For non-event based pricing programs, the literature on the evaluation of TOU rates and RTP DR pricing options is relatively well developed.  Recent work by Working Group 3 on the Statewide Pricing Pilot and other work on C&I applications
 have developed approaches for addressing price-responsive loads.

Nonevent-based load response programs have had much less research on the use of impact methods.  These programs are most often scheduled load reduction programs. These programs can, for example, require a reduction in load on every Tuesday in the summer.  Other customers are asked to reduce load on the other weekdays.  If this load reduction is split evenly across the 5 weekdays, then the coincident peak demand is reduced by 20%.  One example of such a program is Idaho Power’s Peak Rewards Program.  This program uses an electronic timer to turn off irrigation pumps weekdays between 4 and 8 p.m. during June, July, and August. Irrigators who choose to have service interrupted either one, two, or three weekdays every week will receive a credit based on billing demand. The timer is set and operates every week so there are no events triggered nor any interaction with a system or program operator.  All reductions are based on a set schedule.

The evaluation of impacts for these scheduled load reduction programs is usually a straightforward M&V approach where short-term metering of the pumps is undertaken to determine their hourly load and their operating schedules.  The processes for performing this type of M&V are well documented in the California Energy Efficiency Evaluation Protocols.

4.4 Estimation of Other Impacts

This initial draft generally focuses on estimating DR load impacts on the customer side of the meter.  There may be additional impacts of DR programs that need to be estimated for benefit-cost analysis (e.g., effects on market prices).  

Impact Issue #28 – Estimation of Impacts Other than Customer Load Impacts:  Should these protocols address estimation of impacts other than customer load impacts or should issues associated with other impacts be addressed through the DR benefit-cost framework process?

5.0 Needed DR Program Cost Data

Developing estimates of program costs are just as important in developing estimates of program impacts when conducting benefit-cost analyses, and assessing cost-effectiveness.  This section identifies cost data for DR programs that are candidates to be tracked and collected in a database. 

The costs of DR programs can generally be divided into two categories: 1) initial implementation costs and 2) ongoing operating costs. It is important that the costs of the program be fully and appropriately dimensioned such that they can be compared to the benefits. There are costs to moving to a market where DR plays an integral role. In this regard, it is also important to examine both short-term and long-term costs as well as benefits to insure that time horizons are used that reflect the nature of the DR resource being considered. Potential demand response program costs are:

1) Initial Implementation Costs (fixed costs)

· Initial program design.

· Initial-startup marketing.

· Initial acquisition of metering/communication equipment.

· Initial setup of business processes
2)
Ongoing Operating Costs (variable costs)

· Incentive payments.

· Ongoing administration and maintenance.

· Customer opportunity costs.

5.1 Initial Implementation Costs (fixed costs)

This section discusses the fixed component of DR program costs.
1. Initial program design. Before a program can be implemented, the program provider must design a demand response strategy that best accommodates the needs of their system. 

2. Initial marketing. Marketing is required to achieve an appropriate level of customer participation. In addition to making customers aware of the programs, an educational component is required to assist the customer in understanding pricing structures, end-use response strategies, and potential savings. For industrial customers, the provider may in turn learn about the customer’s operations and limitations, resulting in changes to program design.

3. Initial metering/communication equipment. Once designed, the program provider must invest in and install the technology to carry out the program functions. Conversion from flat rates to dynamic pricing typically involves upgrading metering equipment to systems that monitor demand and consumption on a shorter (e.g., hourly) basis. Communication equipment may be required to control equipment, provide price or event information to the customer, or return customer usage data to the provider. The installation process likely involves some degree of pilot field testing. Installation, start-up, and training may yield higher O&M costs during the initial year of program operation.

Many current DR programs that are load management-based require software to signal and manage participation. The software manages signal tracking, curtailment, cycling, or temperature setback strategies, and data collection on equipment runtime and overrides. The physical location of equipment is distributed between the provider’s system and the participant’s premise. 

4. Initial installation, training, and business integration. The provider may require changes or upgrades to their billing system to handle DR curtailment programs or dynamic pricing. The participant may also incur costs to integrate the required DR responsibilities into its operations management.

5.2 Ongoing Operating Costs (variable costs)

This section discusses the ongoing program operating costs that need to be addressed.

1. Incentive payments. Emergency response, direct load control, and call options products may provide payments to participating customers. Payments can vary dramatically based on the product design, but it might be a flat monthly payment for the peak months (summer or winter), or it might be based on the number of events and their duration.

2. Ongoing administration and maintenance. Ongoing marketing and customer service efforts are required to acquire new customers if the DR program is based on voluntary participation (as most are), incorporate new customers into the program, and provide customer service to customers (e.g., call center costs and basic informational communications), as well as manage those customers that exit or change the way in which they participate in DR. For DR options that are event-based, strategy and implementation of event notification must be managed by the demand response program provider. Program evaluation is necessary to assess impacts and cost-effectiveness and may prompt modifications to program design. Some maintenance effort may be required to check field equipment (e.g., check that switches in the field are functioning). Some vendors may have annual license and software fees.

3. Customer opportunity costs and burdens. These costs are borne by participants as a result of event curtailments. This may include the value of lost products or productivity during or due to an event. Other costs may be incurred while responding to an event, including labor to turn off equipment, and fuel expense for on-site generation. Additional labor (e.g., overtime pay) and operating costs may be incurred due to rescheduled production. Sacrifices in comfort and convenience may further curb productivity.

5.3 Costs by Stakeholder

This section presents DR program costs by stakeholder. Table 5-1 presents the initial, fixed implementation costs.

Table 5‑1. DR Costs by Stakeholder – Initial Fixed Implementation Costs
	Cost Category:
	Implementation Costs

	Demand Response Impact:
	 Program/Project Design
	 Marketing
	 Metering/ communication equipment
	Business Integration

	Stakeholder
	
	
	
	

	Participating Customers
	Indirect and Direct
	Indirect 
	Direct 
	Direct 

	Non-participating Customers
	
	
	Indirect 
	

	Program Provider
	Direct 
	Direct 
	Direct 
	Direct 


The ongoing operating costs by stakeholder are shown in Table 5-2.

Table 5‑2. DR Costs by Stakeholder – Ongoing Operating Costs
	Cost Category:
	Ongoing Operating Costs

	Demand Response Impact:
	 Incentive Payments
	 Administration & Maintenance
	Opportunity, Knowledge, Productivity, and Transaction Costs

	Stakeholder
	
	
	

	Participating Customers
	
	
	Direct/Indirect

	Non-participating Customers
	
	
	

	Program Provider
	Direct 
	Direct 
	


5.4 Tracking DR Program Costs

The preceding sections list the types of DR program costs that need to be tracked.  However, the tracking system still needs to be developed and maintained.

Elements of the program tracking system would include:

Level I – Program Administrator Tracking Needs

· Program design, administration, maintenance, and integration costs

· Direct administration vs. indirect overhead

· Equipment, communication, software (initial and ongoing) costs

· Carry records of initial costs forward along with depreciation/levelization data

· Marketing costs

· Materials

· Mass communication campaigns

· Direct customer contact

· Incentives and related costs

· Direct incentives

· Tariff-based bill reductions (need to track and retain otherwise applicable tariffs)

· Technical assistance (e.g., audits)

Level II – Participant Cost Data Tracking Needs

· Incremental costs required to participate in the program

· Customer opportunity cost and burdens

· Value of foregone electric service

· Other opportunity costs in terms of management and employee time and resources

Level III – Other DR Program-Related Costs

· 3rd party administrator and/or aggregator costs
· Any non-participant costs – are there some customers who are not enrolled in the program that respond to knowledge about program events and reduce load?
· Other costs that may be imposed on the electric system as a result of increased reliance on DR (if any)
The Level I program administrator cost should be the easiest to track.  The Level II participant costs will pose challenges.  It is difficult to get this information for energy efficiency programs, and obtaining this information for DR programs will be just as challenging.  These participant data can only be obtained through surveys of participants.  In addition, these costs may not be known to customers when they are just beginning to participate in the program and they are likely to change over time.  As a result, it will be important to conduct periodic surveys of customers to continuously update these data.  Surveys that are likely to be required are:

· Customer 

· Periodic surveys 

· Ongoing surveys/tracking (e.g., diaries, longitudinal panels)

· Aggregator Surveys

· Costs per customer of aggregation

· Operating costs per customer

· Vendor Surveys to get at equipment/software/technical support costs

· Non-Participant Cost Collection

· Customer Surveys

In most benefit-cost analyses of DR programs, it is assumed that the participants’ costs are equal to or less than the incentives they receive plus any non-energy benefits they may receive (e.g., helping the environment or providing social value in terms of a more reliable electric system). However, this assumption has not been tested using any primary data collection methods.

Methods for getting at value of foregone electric service pose a number of challenges.  These costs are likely to be much different than the electric outage costs collected in other studies.  These participant costs are usually for reductions in electricity use instead of full outages.  Assessing the participants’ value of these partial outages, particularly when they are expected and identified through a program participation agreement, will pose challenges for any survey effort.

The structure of these survey methods could include:

· Contingent valuation studies to assess the foregone value of service

· Willingness-to-pay approaches (WTP)

· Willingness-to-accept payment (WTA) approaches

· Conjoint tradeoff valuation studies

· Case Studies (e.g., detailed monitoring of comfort indicators)\

· Other

· Periodic surveys to see if the valuation changes over time as customers adapt to the DR program requirements.

5.5 DR Program Cost Tracking Issues and Challenges

This section presents some of the challenges that are involved in the tracking of appropriate DR program costs for both program administers, 3rd party trade allies, and customers (participants and non-participants).

· Defining cost categories and avoiding double counting (e.g., failing to properly account for contribution of incentives to offsetting participant costs)

· Consistency of tracking across administrators

· Limitations of tracking systems themselves

· Allocation of shared administrator costs (e.g., account rep contact, combined EE/DR audits, multi-purpose marketing campaigns, etc.)

· Administrator costs of executing detailed tracking and reporting

· Reliability of customer self reports/costs of alternative approaches to estimating customer costs

· Measurability of opportunity, knowledge, productivity, and transaction costs

· Allocation of equipment/software costs (e.g., DR versus other value components of utility metering/software, customer EIS/EMS, etc.)

Some of the cost tracking issues that may need to be resolved are shown below.

Cost Issue #1 – Non-participant Costs:  Is there a reason to believe that some DR programs will have costs among customers who are not participants in the program?  These costs may reflect actions they take in response to information about program events.  Is this a cost category worth worrying about?

Some DR programs may impact a broader set of customers than just program participants.  The pathways for these costs being incurred by non-participants is not well developed, but some may exist. 

Cost Issue #2 – Estimating Incremental DR Program Participant Costs: Customers may need to take a number of actions related to participating in the DR program. These can include communications equipment, enabling technologies, and development of business processes to participate in and reduce load as part of the DR program.

Some of the participant costs may be soft costs associated with the management time devoted to participation in the program and developing the business processes needed to communicate with program administrators and respond to program notifications, as well as the purchase of any enabling equipment.

Cost Issue #3 – Valuing Foregone Electric Service as a Participant Cost: Every time a customer reduces their electric use due to their participation in a DR program, there is an opportunity cost associated with this foregone service. How should this be estimated?  Several survey structures were discussed above with all of them based on some form of contingent market survey – WTP, WTA, and conjoint tradeoff assessments.  Case studies could also be used where observers are placed at participant sites during event days to see what actions are taken and the consequences of these actions.  These “observer studies” are becoming popular and are termed ethnographic studies.

The existing literature on electricity outages does not really apply to foregone service due to DR programs.  The reductions in load related to DR programs are generally partial reductions rather than full loss of service.  In addition, these reductions are expected in the sense that customers have entered into an agreement to participate in the DR program and likely have developed a planned response that will minimize the opportunity costs of the foregone service.  Since these programs are generally voluntary, those customers that do participate are likely to be those that have lower opportunity costs associated with the foregone service.

Cost Issue #4 – Separating out Joint Costs: Some costs that are associated with DR programs may also meet other utility and customer needs.  These costs might include advanced metering, energy management systems, customer service representative contacts with customers, and marketing that may address energy efficiency programs and other energy services such as enhanced comfort (e.g., through the use of an energy management system that also curtails load) as well as DR programs.

The costs that are incurred as part of the delivery of the DR program need to be counted, but some of these costs may be helping meet other needs. An appropriate allocation of these costs to DR programs and their other objectives is needed.  

Sampling, Precision and Uncertainty

Sampling methods are covered comprehensively in the California Energy Efficiency Evaluation Protocols and the Evaluation Framework.  The outline sampling follows the one used for impact evaluation in the California Energy Efficiency Evaluation Protocols and Evaluation Framework.   As a result, this Draft Version 1 does not address sampling and uncertainty in any detail, and this section will be expanded in future versions following the outline below.  
6.1 Confidence, Precision, and Hypotheses Testing

6.2 Sampling Methods and Protocols
· Drawing samples

· Stratification methods

· Cost-effective sampling (cluster sampling and ratio-based sampling)

· Sampling to get more detailed information by time and or by location.

· Sampling for different types of methods – regression (has control variables), statistical (generally does not have control variables – is not “model” based), and sampling for end-use metering/monitoring.

6.3 Appropriate Use of Population Data When Available

· Difference and ratio estimation

· Extrapolation paths
· Mixed population and sample data (don’t know if this is needed)

Reporting Requirements

Reporting requirements for these DR impact estimation protocols will follow the design of the already developed California Energy Efficiency Evaluation Protocol Reporting requirements. To accommodate DR, these EE evaluation reporting requirements are likely to be modified to account for the specific characteristics of DR programs which require information on when DR impacts occur and the location of DR impacts.  The California Independent System Operator (CAISO) is planning to have three retail pricing regions, but to pay generators based on nodal prices.  A decision will have to be made regarding the geographic resolution of DR impacts.  It is likely that DR impacts will need to be reported by hour (or at least a few on-peak hours, a mid-peak period, and an off-peak period). Again, the level of resolution needed for appropriate use in determining avoided costs and conducting benefit-cost analyses.

The reporting requirements will be designed to report on the analyses required by the current California Energy Efficiency Evaluation Protocols. In the protocols, impact evaluations are to meet the requirements of the Sampling and Uncertainty Protocol. Reporting requirements are likely to require the documentation of the topics and analyses listed below.

1. Discussion of experimental design for any impact evaluation method used, and how it meets the needs of information on timing of impacts as well as the location of the impacts. At a minimum, impacts are to be reported by Climate Zone.
2. There are two primary sampling considerations for regression-based consumption analysis.  These are:

(a) Unless a census is utilized, conduct a power analysis to estimate the required sample size.  One may also consider prior evaluations for similar programs and professional judgment (must use all of these for the Enhanced level of rigor); and

(b) If seasonal trends are believed to be important, the data used must span the relevant season..

3. All M&V and engineering-based methods must:

(a) Estimate the uncertainty in all deemed and measured input parameters and consider propagation of error when determining measured quantities and sample sizes to meet the required error tolerance levels; and

(b) Use a combination of deemed and measured data sources with sufficient sample sizes designed to meet a 10% error tolerance level at a 90% confidence level (equivalent to the “enhanced rigor level” in the EE evaluation protocols). 

4. Participant and non-participant comparisons and econometric/discrete-choice methods for Participant Net Impact evaluation will use power analysis combined with examinations of prior evaluation studies for similar programs to derive required sample sizes.

5. Self-report and Enhanced self-report methods for Participant Net Impact evaluations (e.g., estimation of free riders) must at a program level have a minimum sample size of 300 participant decision-makers for at least 300 participant sites (where decision-makers may cover more than one site), or a census attempt, whichever is smaller, (while investigation will be at a measure or end-use level).
6. All impact evaluations must be planned, conducted, analyzed, and reported to minimize potential bias in the estimates, justify the methods selected for doing this, and report all analysis of potential bias issues as described in the Sampling and Uncertainty Protocol, Impact Evaluation Protocol, and M&V Protocol.  Primary considerations that must be addressed (based upon method employed) are as follows:

7.   Regression-based load analysis must incorporate:

(a) Address the influence of weather when weather sensitive loads are affected by the program; 

(b) Assess potential bias given inclusion/exclusion of customers due to the need to have a full season of data;

(c) Assess, plan, measure, and incorporate background and change variables that might be expected to be correlated with the load impacts; 

(d) If comparison groups are used, the justification of the criteria for selection of the comparison group, a discussion of any potential bias and how the analyses selected are able to address any remaining potential biases; and

(e) Interval or TOU consumption data for demand impact analysis must contain the peak period for the utility system peak.  If demand billing data is used for demand impact analysis, the research design must address the issues of building demand versus time period for peak and issues with demand ratchets and how the evaluation can reliably provide demand savings estimates.  Demand savings must be reported by Climate Zone.

8. M&V and engineering based methods must:

(a) Address the influence of weather when weather sensitive measures have been included in the program evaluation;

(b) Meet all the requirements in the M&V Protocol including issues of baseline determination;

(c) Meet the “enhanced rigor level of demand impact analysis” in the EE evaluation protocols using spot or continuous metering/measurement.  Demand savings must be reported by Climate Zone.

9. If comparison groups/approaches should be selected for use in any statistical estimation approach, justification of the criteria for selection of the comparison group and discussion of any potential issues of bias is needed, along with assessing, planning for, and analyzing ways to control for any self-selection bias.

10. Regression analysis of consumption data must address: outliers, missing data, weather adjustment, selection bias, background variables, data screens, autocorrelation, truncation, error in measuring variables, model specification, and omitted variable error, heteroschedasticity, collinearity, and influential data points.  These areas must be addressed and reported in accordance with the Sampling and Uncertainty Protocol.

11. M&V based methods are required to address: sources of uncertainty in parameters, construction of baseline, guarding against measurement error, site selection and non-response bias, engineering model bias, modeler bias, deemed parameter bias, meter bias, sensor placement bias, and non-random selection of equipment or circuits to monitor.  These areas must be addressed and reported in accordance with the Sampling and Uncertainty Protocol.

[Reporting protocols to be further developed in future drafts]







� “California Energy Efficiency Evaluation Protocols, 2nd Draft,” prepared for the CPUC Energy Division, by the Prepared by: The TecMarket Works Team, December 7, 2005 (p. 4). 


� Event days are usually triggered by a pre-determined set of system or weather conditions.  These triggers may be a temperature at a given location, a reduction in available operating reserves, or demand reaching a given level.  Different triggers used to determine event days have been used by the IOUs and by the large municipal utilities that have DR programs.  As an example, the IOUs’ Demand Bidding Program Events are triggered by one of two possible declarations from the California Independent System Operator (ISO). The first ISO declaration is a “System Alert” based upon a forecasted shortfall in required reserve margins in the affected service territory for the next day. The second ISO declaration is when forecasted system peak demand exceeds 43,000 MW for the next day. Once triggered, each utility notifies participants by 3 PM that a Bidding Event will occur the following day. DBP Bidding Events always fall between the hours of 12 noon and 8 PM.  PG&E and SDG&E notify DBP participants via email, text messages sent to alphanumeric pagers, and the utilities’ respective websites. SCE notifies DBP participants primarily via direct telephone calls, but participants can elect to receive notification via alphanumeric pager, email, cellular telephone, or fax.


� Impacts for these programs are generally covered in the EE Protocols under the “Indirect Impact Evaluation Protocol” subsection of the Impact Protocol chapter.


� Since there are not event days, the term “stress” day refers to a day similar to an event day in terms of weather and/or system conditions.


� See Violette, D. R. Freeman, and C. Neil (Summit Blue Consulting). “DR Valuation and Market Analysis -- Volume II:  Assessing the DR Benefits and Costs,” Prepared for the International Energy Agency Demand-Side Programme, Task XIII, January 6, 2006 


� This is discussed in Goldberg, M. and G. Agnew (KEMA), “Protocol Development for Demand Response Calculation — Findings and Recommendations,” prepared for the California Energy Commission, Michael Messenger Project Manager, Report CEC 400-02-017F, February 2003.





� These earlier protocols were contained in two documents – 1) Ridge, Richard, Daniel Violette and Donald R. Dohrmann (1994). An Evaluation of Statistical and Engineering Models for Estimating Gross Energy Impacts. California Demand Side Management Advisory Committee: The Subcommittee on Modeling Standards for End Use Consumption and Load Impact Models. June; and 2) Ridge, Richard, Daniel Violette and Donald R. Dohrmann (1998). Appendix J: Quality Assurance Guidelines for Statistical and Engineering and Self-Report Methods forEstimating DSM Program Impacts. CADMAC Evaluation Protocols. CADMAC.


� CEC Baselines (2003) study on page 2-12 states that “Weather-based adjustment -- A model of load as a function of some weather parameter is fit to historical load data. The fitted model is used to estimate load (a) for the weather conditions of the days included in the provisional baseline, and (b) for the weather conditions of the curtailment day. The difference or ratio of these two estimates is calculated, and applied to the provisional baseline as an additive or scalar adjustment.” 


� “Working Group 2 Demand Response Program Evaluation – Program Year 2005”, prepared for the Working Group 2 Measurement and Evaluation Committee, prepared by Quantum Consulting, Inc. and Summit Blue Consulting, LLC, in progress, expected April 2006. (To be available on the CEC WG2 website)


� � HYPERLINK "http://www.energy.ca.gov/demandresponse/documents/group3_final_reports/2005-03-24_SPP_FINAL_REP.PDF" �“Impact Evaluation of the California Statewide Pricing Pilot�,” prepared for Working Group 3, by Charles River Associates. On-line: March 24, 2005. (available on the CEC WG3 website)


� No settlement method is necessary for Critical Peak Pricing (CPP) because it is a tariff.  California’s IOUs have used the 3-day method to estimate and report total CPP impacts across participants.  A full description of the CPP and DBP programs is available on the utility websites and in  “Working Group 2 Demand Response Program Evaluation – Program Year 2004” prepared for the Working Group 2 Measurement and Evaluation Committee, by Quantum Consulting, Inc. and Summit Blue Consulting, LLC, December 2004.  (Available on the CEC website under Demand Response and WG2).


� The CEC Baselines Report showed this to be the most accurate baseline estimation method, but it was not recommended for settlements due to the lag time that would have to occur between payment to the customer and the calculation of impacts based on trend analysis across an entire season of data.


� Over time, it would be hoped that enough could be learned such that the two approaches will come closer together in accuracy.


� A discussion of free riders and spillover as a baseline construction problem is contained in: International Energy Agency (IEA), 1996, Evaluation, Verification and Performance Measurement of Energy Efficiency Programs, prepared by D. Violette, Hagler Bailly Consulting, Inc., 1996.





� One of the reasons why it is difficult to develop a cumulative confidence interval and level of precision even if such information is available on each participating customer is that assumptions of correlations across the sampling distributions for each customer have to be made. If an estimated impact at one customer is biased high and the same baseline method is used for the other customers, there may be positive correlation in the bias among the estimated impacts across customers.  If all the distributions can be assumed to be independent, then it is possible to develop program-wide confidence intervals and precision levels for the program, given this information on the individual customers.


�In the IEA 2006 study (referenced earlier), forced outage rates were assumed as 15% for nuclear, 10% for coal plants, and 5% for natural gas fired units.


� Since a coal plant cannot produce at levels above its capacity, a forced outage rating of 10% is equivalent to a 90% level of confidence and 10% precision for a one-tailed test, or a 90% level of confidence with a 20% level of precision for a two-tailed test.  Neither demand-side or supply-side resources are completely certain. Assessing differences in expected impacts is appropriate, and might result in the de-rating of one or more resources, e.g., if a resource was credited with 100 MW of capacity, then uncertainty in response of an amount greater than other resources might result in system planners only counting on 90 MW when called.


� [Need to get references for KEMA, RLW, Quantum on this topic.] 


� This comes from Page 1 of “The 2005 California Energy Efficiency Evaluation Protocols, Second Draft,” for the CPUC Energy Division, by the TecMarket Works Team, December 7, 2005.


� Different types of regression methods used in the impact evaluation of energy efficiency programs can be found in the California Evaluation Framework (2004), cited earlier in the report.


� Standard problems that can be encountered in regression models such as autocorrelation, hetereoschedasticity, and other regression problems are discussed in some detail in the California Evaluation Framework (2004) and in the California Energy Efficiency Evaluation Protocols (2005).  For example, the evaluation protocols report indicates that regression analysis of consumption data must address: outliers, missing data, weather adjustment, selection bias, background variables, data screens, autocorrelation, truncation, error in measuring variables, model specification and omitted variable error, heteroschedasticity, collinearity, and influential data points.


� The “fixed effects” model is discussed in the California Evaluation Framework (2004) p. 110.  The “fixed effects” model allows each individual to act as its own control. The unique effects of the stable, but unmeasured characteristics of each customer are their “fixed effects” from which this method takes its name. These fixed effects are held constant. The fixed effects nature of the model means the model does not need to include unchanging customer characteristics such as square footage, number of floors, equipment,  etc. Controlling for fixed effects controls the amount of variance (noise) the model is faced with, since each customer has a different base load, a different response to weather, and a different pattern of consumption that changes over time. This approach also provides for a much closer fit to the data than most models as individual responsiveness is incorporated.


� [NEED TO ADD…] mass-market DR impact evaluation citations using fixed effects specifications – 1) CEC SMUD Thermostat Program Evaluation Reference, 2) Violette and Ozog (2003) IEPEC article, 3) Idaho Power AC direct load control citation for examples of the application of fixed effects models to mass-market, and 4) the CRA WG3 study of pricing.


� Ridge, Richard, Daniel Violette and Donald R. Dorman (1994). An Evaluation of Statistical and Engineering Models for Estimating Gross Energy Impacts. California Demand Side Management Advisory Committee: The Subcommittee on Modeling Standards for End Use Consumption and Load Impact Models. June; as well as in Impact Evaluation of Demand-Side Management Programs — Volume 1: A Guide to Current Practice, Electric Power Research Institute Pubs., Palo Alto, CA, #EPRI CU-7179, by Violette, D., M. Keneipp, and M. Ozog, February 1991.


� This approaches are discussed in Impact Evaluation of Demand-Side Management Programs — Volume 1: A Guide to Current Practice, Electric Power Research Institute Pubs., Palo Alto, CA, #EPRI CU-7179, by Violette, D., M. Keneipp, and M. Ozog, February 1991; and in Cochran, W., Sampling Techniques, 3rd Edition, John Wiley & Sons, New York, 1977.  These techniques are also part of the course materials presented at the 2005 International Energy Program Evaluation Conference (IEPEC) Workshop on “Necessary Statistics for Evaluation,” Violette, D. and M. Ozog.


� The application of ratio estimation for use in developing stratified samples to increase precision is discussed in the California Evaluation Framework (p.327). Both stratification and ratio estimation take advantage of supporting information available for each project in the population.


� The California SPP is documented in:  Impact Evaluation of The California Statewide Pricing Pilot – Final Report; for CEC Demand Response, California Working Group 3, by Charles River Associates, Oakland, California, March 16, 2005.


� See: 1) D.J.Aigner and J. G. Hirschberg, "Commercial/industrial customer response to time-of-use electricity prices: some experimental results," Rand Journal of Economics, Vol. 16, No. 3, Autumn 1985; 2) D.J. Aigner, J. Newman and A. Tishler, "The Response of Small and Medium-size Business Customers to Time-of-Use Electricity Rates in Israel," Journal of Applied Econometrics, Volume 9, 1994; 3) J.C. Ham, D.C. Mounta in and M.W.L. Chan, "Time-of-Use Prices and Electricity Demand: Allowing for Selection Bias in Experimental Data," Rand Journal of Economics Vol. 28, No. 0, 1997; 4) Chi-Keung Woo, "Demand for Electricity of Small Nonresidential Customers Under Time-Of-Use Pricing," The Energy Journal, Vol. 6, No. 4, 1985; and 5) D.W. Caves, J. A. Herriges, S. M. Baladi, and B. F. Neenan, "The Response of Industrial Customers to Electric Rates Based Upon Dynamic Marginal Costs," The Review of Economics and Statistics, August 1993.
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