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D R A F T
Overview of Process and Topics Covered
BGE offers this outline of its impact evaluation process for its legacy residential central air conditioning direct load control program.  This outline draws upon work performed at BGE, guided by the AEIC Load Research Manual and other reference material as noted.
BGE is a combination gas and electric distribution utility serving 1.2 million electric customers and 650,000 gas customers in Central Maryland.  
BGE is a member of the Load Research Committee of the Association of Edison Illuminating Companies (AEIC).  Founded by Thomas Edison and his associates, AEIC is one of the oldest associations in the electric energy industry. It encourages research and the exchange of technical information through a committee structure, staffed with experts from management of member companies. AEIC committees exchange information, ideas and solutions to succeed in the ever-changing electric industry. AEIC also provides highly valued literature on load research and underground cable specifications. 

During its 130th Load Research Committee meeting, held in June 2008, members of the Committee agreed that assessing the impact of DSM programs, including demand response programs, is a key area for future Committee work.  The Committee is developing a white paper on this topic that may form a new chapter in its Load Research Manual, now in its Second Edition.  

Chapters in the AEIC Load Research Manual include:  Introduction, Program Objectives, Resource Considerations, Sample Design and Selection, Sample Implementation, Data Processing, Data Analysis, Business Applications of Load Research, Load Profiling for Competitive Market Settlement, Load Data Transfer and Load Research Program Evaluation.

Chapter 4 – Sample Design and Selection lists the following steps for implementing a load research sample.
I. Determine Objectives

II. Define Population

III. Specify Frame

IV. Determine Accuracy Levels

V. Identify Design (auxilliary) Variable(s)

VI. Tentatively Choose Sampling Technique

a. Choose Stratification Variable(s) 

b. Select Allocation Procedure

VII. Estimate Means and Variances of Loads

VIII. Examine Sample Size Requirements

IX. Select Sampling Techniques and Design

X. Determine Alternate Selection Criteria

XI. Select Sample and Alternates

XII. Validate Sample

XIII. Implement Sample

Each of these steps will be discussed in more detail in this report, albeit certain steps will be combined to create fewer sections in the report.
I. Determine Objectives

BGE has a legacy direct load control program for residential customers who receive bill credits for allowing BGE to cycle the air compressor of their air conditioner when system resources are constrained or when market prices are high.  See BGE’s “Rider 5 -- Controlled Air Conditioning Service” in its Electric Service Rates and Tariffs for a description of this legacy program. 

BGE periodically evaluates the hourly energy impacts provided by its Rider 5 program and reports the results to PJM.  For analysis purposes, PJM requires BGE to report on program performance for the hours between noon and 8 p.m.  BGE’s objective is to determine the hourly reduction for each hour ending 1 p.m. through 8 p.m. on average for its residential Rider 5 participants whose switches receive the control signal.  Hourly energy reductions are derived as a function of hourly weather, specifically WTHI, or weighted temperature humidity index.  

P JM requirements, detailed below, define BGE’s DLC study objectives:  

Study Design 

DLC load research studies will be designed to achieve a minimum accuracy of 90% Confidence with 20% error.

Study Detail
Load research studies submitted must present estimated per-participant impacts in a matrix which details average impacts on non-holiday weekdays by hour, for the hours ending 13:00 through 20:00 (PJM Eastern Region) or 8:00 through 21:00 (PJM Western Region), and by weather condition (over a range of local conditions under which it can reasonably be expected that the program will be implemented). Separate matrices must be estimated: By program (and/or cycling scheme); By PJM zone.
Switch Operability Rate
In addition to base per-participant impacts, studies submitted to PJM must also include the average switch operability rate, reflecting the percentage of all active switches which both receive the control signal and operate. The switch operability rate must be supplied with the original base impact study, and then updated every five years. Any Provider with a switch operability study older than five years will be given a switch operability rate of 50%.  
II. Define Population

“Population” refers to the aggregate group from which a given sample may be drawn.  BGE’s target population is its residential Rider 5 participants who have signed up to receive incentive payments for allowing BGE to install air conditioner switches on the air compressors of their air conditioning systems, and who have had switches installed prior to the summer months of June through September.  These switches are operated using radio signals that will cycle the air conditioners off for 15 minute intervals using a 50% cycling strategy.  

III. Specify Frame

Prior to selecting a sample from a population, the sampling frame is specified.  According to sampling theory
 the population is divided up into sample units such that the units cover the entire population and do not overlap.  That is every element in the population belongs to one and only one unit.  The listing of units available to be sampled is the sampling frame.  
BGE’s customer information system (CIS) contains a listing of its customers who are Rider 5 participants with a residential tariff code.  This listing is the sampling frame.  
IV. Determine Accuracy Levels

The “accuracy” of a sampling study refers to the state of conforming exactly to the true population mean.
  The desired level of accuracy of a load research study and the sampling methodology will drive resource requirements for the study.  

Examples of accuracy and precision requirement include:

· In 1978 federal PURPA legislation required load research studies to be used in cost allocations for all major electric rate classes.  Such load research studies were required to have a design accuracy of +/- 10% at the 90% confidence level.  This federal standard was lifted in 1992, but remains somewhat of a load research design standard for samples used to support rate cases.
· The ISO New England Manual for Measurement and Verification of Demand Reduction Value from Demand Resources, Manual M-MVDR, Revision 1, Effective October 1, 2007 stipulates design criteria as follows:  
The Demand Reduction Value during Performance Hours of other key parameters for a Project including multiple installations of similar Demand Resource measures and/or facilities may be developed by sampling the total population of all measure installation.  Sampling shall meet a statistical accuracy and precision of no less than 80% confidence level and 10% relative precision…”

· PJM Manual 19:  Load Forecasting and Analysis, Revision 13, effective 06/01/2008 Attachment B: Direct Load Control Load Research Guidelines stipulates the following study design for Direct Load Control:

DLC load research studies will be designed to achieve a minimum accuracy of 90% Confidence with 20% error.  
V. Identify Design (auxiliary) Variable and Sampling Technique
BGE’s objective for its Rider 5 impact evaluation was to estimate hourly demand reduction over certain hours as a function of weather.  Since demand reduction data is not available for the population of participants, and would be very expensive to collect, a sample was designed to represent the population.  Interval recording devices were installed on the air compressors of each sample unit to measure kWh used by the air compressor on a 15-minute interval basis. 
BGE used a stratified random sample.  The stratification variable was energy for August 1999. A more appropriate variable would be the demand for that period; since this information is not available, consumption, which has a high correlation with demand, was used instead.  Using a fixed sample size of 60 and two strata, (drawing from previous experience) the Dalenius-Hodges method was used to determine the best strata boundaries under Neyman allocation.  The sample design requirement was an accuracy of 10% at the 90% level of significance.

The results of the analysis indicated an optimum stratum boundary for a two-stratum sample, of 1,717 kWh, with equal sample points in each stratum.  Sample points were randomly selected from the appropriate stratum of the residential rider 5 population.  Taking into account customer attrition, problems with meters etc, the sample size was increased to 100.   

Table 1.1 Sample Design for Residential Rider 5

	Stratum
	Population Size
	Stratum Boundary
	Sample Size

	1
	184,039
	1,717
	50

	2
	  76,335
	Infinity
	50


VI. Estimate Means and Variances of Loads and Develop Sample Design and Size


The optimum sample size n, was calculated at the 90% confidence level with a precision of 10 percent, using Neyman allocation; the formula used was:




n = 
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Where Wh = weight for stratum h 
           Sh = corresponding stratum standard deviation
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 = mean
           D = desired relative precision (proportion)

           Z2 =Z2α/2 – the value obtained from the standard normal table corresponding to a(1-α) x 100% confidence interval.

 This gave an optimum sample size of 40; however taking into consideration potential data collection problems, problems with meters, past experience etc, a sample of 100 points was selected with a backup sample of 1000.

The equation given above translates to:

                           n = 
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The sample size for stratum h was next calculated using the formula:

nh = [image: image4.png]ik
)




Sample points were randomly selected from the population for each stratum.

VII. Validate Sample

The sample was validated using the t-test.  The results showed that the difference in means between the sample and the population for the variable of interest was not statistically significant at the 90% level.  

� Cochran, William G., 1977  Sampling Techniques, Third Edition, pp. 5-7, John Wiley and  Sons, New York.


� Load Research Manual, Second Edition, AEIC, 2001, Glossary p. 6-1.
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