Alabama Power Company (APCo)
Residential TOU/CPP Pilot Study
Sample Design and Project Overview Report to NAESB

Introduction
Alabama Power Company (APCO) launched an initiative to secure “low cost” demand reduction through innovative pricing and enabling technology.  The pilot project uses a time-of-use rate with a critical peak pricing (CPP) component and a “smart” thermostat that is capable of modifying the customer’s HVAC requirements during a critical peak pricing event. An early proof of concept “test” was conducted during the summer 2006 and involved a limited number of installations on “willing employee” homes.  

Similar to BGE, APCo has a legacy direct load control program for residential customers who at one time received bill credits for allowing the cycling of the air compressor of their air conditioner when system resources are constrained or when market prices are high. 
APCo was requested to provide a similar walk-through of their sample design process.  For illustrative purposes, the TOU/CPP Pilot will be used as an example. The steps are very similar to those that Cheryl Hindes of BGE presented at the last NAESB conference call (July 16, 2008).  Note that the topic of “Load Profiling for Competitive Market Settlement” does not apply to our company and therefore, references to it has been eliminated from this discussion.   

Using as a guide the Load Research Manual (2nd edition), 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

The primary goals of APCo 2007 Residential CPP Pilot Study analysis are as follows:

1. Estimate the energy and demand savings associated with customers moved from the standard residential rate (FD) to the experimental time-of-use tariff with the critical peak pricing (CPP) component.   The estimation of impacts include:

· The magnitude of load reduction during the on-peak period;

· The magnitude of the load reduction during the CPP periods;

· The amount of energy shifted from on-peak to mid-peak or off-peak periods;

2. Examine the impact of coupling the experimental TOU rate with the CPP component utilizing enabling technology;

3. Survey the program participants to determine ways to improve on the offering and determine if participation has a positive impact on conservation awareness; and

4. Examine the cost-effectiveness
 of this type of program
Study Design 
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Study Detail / Experimental Rate
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The experimental rider (FDT-CPP) had been approved by the Public Service Commission.  The rider was an amendment to the Company’s current residential time-of-use rate with the following structure:

Summer: June 1 through September 30

· On-Peak hours defined as the seven hour period (12pm to 7pm) during weekdays;

· Intermediate-Peak hours defined as the four hour period (10am to 12pm and 7pm to 9pm) during weekdays;

· Off-Peak hours defined as the remaining 13 hour weekday period (9pm to 10am) and all hours during weekends and holidays.

· Critical peaks can be called during the on-peak hours for up to five continuous hours but not for more than 120 hours during the summer.

Winter: October 1 through June 1

· Intermediate-Peak hours defined as the 14 hour weekday period (7am to 9pm) and all hours during weekends and holidays.

· Off-Peak hours defined as the remaining 10 hour weekday period (9pm to 7am) and all hours during weekends and holidays.

The energy pricing component is as follows:

· $0.299918/kWh for critical peak hours;

· $0.124918/kWh for on-peak hours;

· $0.056518/kWh for intermediate-peak hours; and

· $0.024418/kWh for off-peak hours.

II. Define Population
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The expanded pilot will be conducted on residential consumers in the greater Birmingham area with AMI.   At the current time there are approximately 45,000 customers in the target population.  These customers were screened by APCO staff to include single family, non-rental customers not on the flat rate with at least 350 days of billing history within the AMI infrastructure area.  This yielded a target population of approximately 19,000 customers. Information on these customers was forwarded to the project team and used to construct the population frame for the pilot program.  Table 1 presents summary statistics.  The table includes the population count, the mean energy use and selected percentile
 statistics.  The table presents the information for the annual use, the summer use, and the August use.
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Table 1 – Summary Statistics by Rate
The project team recommendation of restricting the pilot to customers on rate FD with an annual energy use at or above the 1st quartile or 11,612 kWh was chosen.  As mentioned previously, these customers are expected to save approximately $50 annually on the FDT-CPP rate.  In addition, we recommend eliminating the very large customers, i.e., those customers above the 99th percentile.  This threshold leaves approximately 14,000 customers in our target population. 
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Table 2 – Population Statistics

Table 2 presents summary statistics generated on the population of single family non-rental homes on rates FD, FDE, and FDT.  The table presents the average use per day (i.e., kWh/day) and the total kWh in the period.  The table presents selected points along the distribution including the mean, 25th percentile, median, 75th percentile, 90th percentile and 95th percentile.  In general terms, the average use of customers across the entire service territory is lower than those customers in the Birmingham division.  Setting the participation requirement to 11,612 kWh will still include a substantial component (estimated to be approximately 60%) of the general population of customers.

Geographical Constraint
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To help control the cost, expedite the implementation and take advantage of the automated metering infrastructure, the project team elected to constrain the 2007 Residential TOU/CPP Pilot Study to the Birmingham Division.  Geographically constraining the project provides the following benefits:

· Minimizes the cost incurred implementing the enabling technology, i.e., the “smart” thermostats.  The selected “smart” thermostat technology uses a one-way paging strategy to allow for remote programming of the thermostats.  Therefore, APCO need to license with paging companies to provide the communications backbone.  Spreading the project throughout the state increases the number of providers needed.

· By limiting the study to Birmingham Division, it reduces the training needed for APCO Metering System personnel and Call Center personnel to implement the program. 

· Reduces the cost of installing and subsequent follow-up (if needed) on the “smart” thermostats.

· Thermostat installers will have less distance between installations by limiting the geographic area, thus expediting the installations.

Figure 1 presents the geographical target area of the Birmingham Division.
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Figure 1 – Geographic Target Area

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.  
The 2007 sample sizes used in the Residential TOU/CPP Pilot Study must be sufficient to provide meaningful results.  The required sample size is dependent on several factors including the actual customer-to-customer variability and desired relative precision.  Table 3 presents a series of scenarios defined by the customer-to-customer variability as defined by the error ratio
 and the desired relative precision.  The columns labeled “Required Sample” display the sample size required to yield the specified relative precision.  For example, if the error ratio is relatively weak, i.e., 0.70 and the desired relative precision is ±10% then a sample size of 131 customers would be required.  
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Table 3 – Sample Size Ranges

IV. Determine Accuracy Levels (Source: BGE’s Impact Evaluation of Residential Central Air Conditioning Direct Load Control Process Overview Report to NAESB, Cheryl Hindes)
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.
V. Identify Design (auxiliary) Variable and Sampling Technique
If the precision requirement is ±15% then the sample size requirement drops to 59 customers.  Similarly, if the error ratio is stronger, e.g., 0.50, and the desired relative precision is ±10% then a sample of 67 customers is sufficient.  In an earlier study conducted for Ameren, sample sizes of 75 customers were sufficient to yield meaningful results.  
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Table 4 – Gain from Stratification

Table 4 examines the gain from further stratifying the sample.  Recall, the sample has already been limited to customers above the 1st Quartile in annual energy use and below the 99th Percentile.  As evidenced in the table, there is little to be gained from additional stratification.  If, however, the project team wants to examine specific groupings of customers, e.g., customers greater than 11,612 kWh and those less than 19,000 kWh (i.e., the median point of the annual energy distribution of the revised target population), then further stratification can be deployed.  But, please note, examining additional points along the residential distribution will likely increase the required sample size if similar precision is required at these junctures.

While these results are relative to the system peak day it should be noted that the results do vary for each variable of interest, as well as, for each CPP event day and hour.  Therefore, to ensure a sufficiently sized sample, we recommend that a minimum of 75 residential customers be included in the test or treatment group.  Our understanding is that APCO will recruit a random sample of 100 customers into the primary test group sample.  As detailed in Section 3.2.3, the year-to-year comparisons are expected to benefit from a large control group.  And, since there is relatively low cost associated with collecting additional control group participants, we recommend increasing the control groups on a 5:1 ratio yielding control group sample of 500.  

Conclusions

APCo objective for its pilot project was to determine the demand reductions for defined critical peak periods and any behavior changes.  The sample was designed to select customers that were currently or qualified for the residential time-of-use tariff.  The sample design required 100 sites to meet an accuracy of 90 / 15 specified by the team.  Those customers that agreed to participate were given a programmable thermostat with enabling technology capable of cycling or shedding their air conditioning compressor load.  Cycling and/or shedding strategies were based on a set of conditions that could constrain APCo system during the summer hours from noon to 5 PM (high demand or usage).

A simple random sample was pulled from the population of AMI customers that must meet the criteria of being a customer on the residential time-of-use tariff (FDT).  Sixty-nine of the one hundred customers agreed to have the special thermostats with enabling technology installed at their homes.  Prior to implementing this pilot, 18 employees participated in an earlier test to verify the technology and cycling of their air conditioner compressor.  This group was treated separately and was later compared to the sample group.  Since AMI meters were installed on the several residential homes in the territory, a control group of 500 customers with similar characteristics were randomly selected.  This control group served as a proxy for the baseline.

The AMI Pilot Project was administered by the Meter Department.  Hourly meter readings were provided for the test period beginning in June / July 2—7 and ending  September 2007.    

The planned sample sizes must provide meaningful results and an adequate relative precision.





A three-part time-of-use (TOU) rate with high differentials will be used along with an even more severe critical peak-pricing (CPP) component.





High Summer Use Residential Customers will be targeted.





The expanded Pilot Study will be geographically constrained to customers in the �Birmingham Division with AMI.








� Cost effectiveness and cost benefit of the TOU pilot is outside the scope of the Load Research Analysis Plan.


�  Please note, the 1st quartile is the 25th percentile, the median is the 50th percentile and the 3rd quartile is the 75th percentile.


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


� The error ratio is a measure of the strength of association between� EMBED Equation.3  ��� and� EMBED Equation.3  ���.  An error ratio of zero means that� EMBED Equation.3  ��� is an exact multiple of� EMBED Equation.3  ���.  Values larger than zero means that� EMBED Equation.3  ���and� EMBED Equation.3  ���are more weakly related.  Generally the error ratio is between 0 and 1.


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