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Executive Summary

This report documents an evaluation of the demand and energy impacts of Gulf Power’s EnergySelect program. The program combines three elements: 1) an interactive energy management system for programming operation of major household end uses; 2) a communications gateway that facilitates two-way communication between the utility and the customer’s home; and 3) a Residential Service Variable Pricing (RSVP) tariff, consisting of a three-tiered seasonal time-of-use (TOU) rate, plus a critical rate that applies when events are called by the utility.

Demand impacts

RSVP demand impacts were estimated for each event in 2009 and 2012, the only recent years for which hourly interval load data were available for samples of load research customers. Five events were called in 2009, two in non-summer months and three in summer months, while two events were called in summer 2012.
 The analysis approach involved regression analysis applied to hourly data for the relevant season for the average RSVP customer. 
The estimated demand impacts for the summer events, each of which was initiated at 4 p.m. and lasted for one hour, average 1.8 kW, which amounts to 43 percent of the load that would be expected in the absence of an event. The non-summer events were both initiated at 6:30 a.m. and also lasted one hour. The estimated load impacts range from about 0.7 to 0.9 kW in each of the two hours that spanned the events. Each estimate presumably represents about one half of the total load impacts that occurred during the actual hour of the events. 
The standard errors on the estimated load impact coefficients are all quite small relative to the estimated load impacts, indicating high degrees of confidence in the estimated load impact values. The relatively large demand impacts testify to the effectiveness of the EnergySelect communication and control technology that allows customers to pre-set the response of their space conditioning, water heating, and pool pump equipment on receipt of a signal of an RSVP event. Estimated percentage load impacts across a number of other voluntary residential critical peak pricing programs without two-way communication and control technology typically average from 10 to 15 percent.
Energy impacts

RSVP energy impacts were estimated for two cohorts (2010 and 2011) of EnergySelect participants for which monthly billing data were readily available for the years prior to and following their year of enrollment. To control for weather and other factors that may have changed between those two years, we compared their changes in energy consumption to the usage changes for the same period for control groups composed of cohorts of RSVP customers who enrolled after the last year that was included in the analysis. These were 2012 and 2013 cohorts whose usage changes occurred prior to their enrollment. This comparison of changes in pre- and post-enrollment consumption amounts to a standard difference-in-differences (i.e., before/after and treatment/control) measure of the impact of participation in EnergySelect and RSVP, using treatment and control groups. Using control groups composed of later RSVP participants addresses potential selection bias concerns about the control group, since their subsequent enrollment indicates that they are similar to earlier participants in terms of likelihood of participation.

Estimated RSVP energy savings for the 2010 cohort are approximately 65 kWh per customer month during the summer season, and 53 kWh for the non-summer season. Estimates for the 2011 cohort are similar, at 68 kWh and 59 kWh per customer month for the summer and non-summer season respectively. These estimates are statistically significant, and represent reductions in energy consumption of approximately 3 to 4 percent.
1. Introduction
This report documents an evaluation of the demand and energy impacts of Gulf Power’s EnergySelect program. The program has grown since 2000 to include approximately 10,000 participants in 2012. Features of the EnergySelect program include the following: 
· an interactive energy management system for programming operation of space conditioning systems, electric water heating, and pool pumps; 
· a communications gateway that facilitates two-way communication between the utility and the customer’s home; and 
· a Residential Service Variable Pricing (RSVP) tariff, consisting of a three-tiered seasonal time-of-use (TOU) rate, plus a critical rate that applies when events are called by the utility.

Key objectives of the evaluation are the following:

1. Estimate demand (kW) impacts on RSVP event days using 2009 and 2012 load research sample data;

2. Estimate energy (kWh) impacts of RSVP participation using matched control groups of RS customers;

3. Estimate energy impacts by price tier, using RSVP and RS load research data for 2009 and 2012; and

4. Explore the feasibility of estimating RSVP load impacts for 2010 and 2011 using only billing-based price-tier data.

2. EnergySelect Program Characteristics 
Enrollment in the EnergySelect program, involving migration to RSVP from the Residential Standard (RS) tariff, has risen fairly steadily over more than a decade, as shown in Figure 2–1, which shows both annual and cumulative enrollment. Enrollment rose particularly rapidly in 2012.
Figure 2–1: Annual Enrollments in EnergySelect/RSVP
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As noted above, the RSVP tariff consists of a seasonal three-tier TOU rate, with the additional option that Gulf Power may call a critical event with half-hour notice, during which a price of 59.4 cents per kWh applies. As shown in Figure 2–2, the summer peak price of 15.4 cents per kWh applies during weekday afternoon hours-ending 14 through 18, while the non-summer peak price applies during weekday morning hours of hours-ending 7 through 10. Low and medium prices indicated at the lower left in the figure apply in the summer and non-summer weekday and weekend hours shown in the figure. 
Figure 1–2: RSVP Tariff Prices and Time Periods 
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Table 2–1 lists the dates of the RSVP critical events since 1999, each of which was called for only one hour, either on summer afternoons or non-summer mornings. Unfortunately for purposes of evaluating customer load impacts during critical events, hourly load data are available only for load research samples of RSVP customers for 2009 and 2012. 

Table 2–1: RSVP Critical Price Events, 2009 to 2012
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3. Examples of Observed RSVP Customer Load Data

Before turning to the formal analysis of the demand and energy impacts of the EnergySelect/RSVP program, we first illustrate examples of the observed hourly load data of the average RSVP and RS load research sample customers for a number of day types and specific days in 2009.
 These figures show customers’ every-day response to the underlying RSVP TOU rate and the load reductions that occur on critical price days. 

3.1 Typical day and event-day loads – Summer 2009

Figure 3–1 shows two sets of hourly loads for the average RSVP and RS comparison customer. The top two lines show loads for an average summer event-like day of similar temperatures to the event days. The lower two lines show loads for the average summer non-event day. The RS loads are typical of residential customers, rising during the afternoon hours, and generally falling after 6 p.m. (hour-ending 18). The RSVP loads show rather dramatic response to the TOU peak prices, which apply in hours 14 through 18 as indicated by the two vertical lines in the figure. These loads appear to fall by at least 0.5 kW during the first hour of the peak period, then rise gradually through the period before rebounding in the first few hours following the end of the peak period.
 The sharpness of these load reductions into the peak period and load releases after the end of the period provide apparent evidence of the effectiveness of the EnergySelect communication and control equipment.
Figure 3–1: Weekday RS and RSVP Average Customer Loads (Summer 2009)
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Figure 3–2 shows RSVP and RS comparison loads for each of the three summer event days in 2009. The loads are quite similar across the three event days.
 The RSVP loads display the same drop during the first hour of the peak TOU period as on a typical summer day, then drop sharply further during the hour 17 events, and then rebound after the end of the peak TOU period. The incremental critical event load impact measured from the level of the typical TOU reduction appears to amount to between 1.5 and 2.0 kW.
Figure 3–2: RS and RSVP Average Customer Loads 
(2009 Summer Event Days)
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3.2 Typical day and event-day loads – Non-Summer 2009
Figure 3–3 shows two sets of non-summer hourly loads for the average RSVP and RS comparison customer. The top two lines show loads for an average non-summer event-like day of similar temperatures to the event days. The lower two lines show loads for the average non-summer non-event day. The RS loads display the typical residential non-summer morning and evening double peaks that generally reflect electric water heating and space heating, as well as increased lighting. Analogous to the summer case, the RSVP loads show reductions during the morning TOU peak hours-ending 7 through 10. The reduction appears to average between 0.5 to 1.0 kW.
Figure 3–3: Weekday RS and RSVP Average Customer Loads 
(Non-Summer 2009)
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Figure 3–4 shows average RSVP and RS comparison loads for the two non-summer events in 2009. In this case, the events were initiated at 6:30 a.m., midway into the first hour of the morning peak TOU period. As a result, the demand impact due to the event is split between the two observed loads in hours-ending 7 and 8, the first two hours of the TOU peak period. This effect may be seen in the larger load reductions in both hours-ending 7 and 8 compared to the non-event days shown in Figure 3–3. The incremental load reductions, both of which effectively represent only half of the load reduction, appear to be in the range of 1.0 kWh.
Figure 3–4: RS and RSVP Average Customer Loads 
(2009 Non-Summer Event Days)
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The strong TOU and event-day load reductions shown in the above figures suggest that RSVP demand impacts are likely to be estimated rather easily in a formal analysis.
4. RSVP Demand Impacts
Several potential analytical approaches are available for formally estimating demand (kW) impacts on RSVP event days. The approach adopted for this report is based on analysis of hourly load data from the 2009 and 2012 load research samples of RSVP customers. Regression analysis is applied to hourly loads for the average RSVP customer in the load research sample, where the load data for the average customer is developed by applying appropriate stratum population weights for the three usage-based strata in the load research sample. These loads were illustrated in Section 3 for several day types.
RSVP demand impacts may be estimated using RSVP load data alone (i.e., without a control group) due to the episodic nature of RSVP events. That is, regression analysis of data for the many non-event days establishes the basic nature of the RSVP loads and their sensitivity to changing weather conditions, which serves as the basis for estimating the extent to which those loads change during RSVP events. As illustrated in the figures in Section 3, the load reductions during the typical one-hour event are quite distinct, and can thus be estimated with substantial precision. Regression analysis applied to data for the average RSVP customer represents the most straightforward approach to estimating program-level impacts. Other approaches, such as those discussed below, may be used to obtain more detailed information on RSVP customer demand impacts.
Additional analyses of RSVP demand impacts, should Gulf Power be interested, could include: 
· estimation of separate regressions for each customer in the RSVP load research samples, thus providing the capability to explore variation in demand impacts across customers of different types; 
· estimation of fixed-effects regression models that combine data from both the RSVP and RS load research samples, thus including both treatment and control customers;
 and 

· testing the potential use of price tier data for estimating demand impacts in years in which hourly load research data are not available, such as 2010 and 2011.

4.1 Approach

The approach that we used to estimate RSVP demand impacts involved estimating regression equations of the type described below, using hourly load data for the average RSVP customer in the 2009 and 2012 load research samples. The model estimates hourly load impacts for each event day, while controlling for factors such as weather conditions and regular daily and monthly usage patterns (i.e., accounting for differences in load levels across hours of the day, days of the week, and months of the season). Separate models were estimated for the summer months of 2009 and 2012, and the non-summer months of 2009 (no events occurred during non-summer months in 2012. The basic model is:
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The variables are explained in the table below.

	Variable Name / Term
	Variable / Term Description

	Qt
	the average RSVP customer’s demand in hour t 

	 and the various ’s 
	the estimated parameters

	hi,t
	a dummy variable for hour i

	RSVPt
	an indicator variable for RSVP event days

	Wtht
	weather conditions during hour t (e.g., measured by CDD, CDH, or HI) 

	E
	the number of event days that occurred during the program year 

	MornLoadt
	a variable equal to the average of the day’s load in hours 1 through 10


	DTi,t
	a series of dummy variables for day type i  

	MONTHi,t
	a series of dummy variables for each month 

	et
	the error term.


The first term in the equation that contains the double summation signs is the component of the equation that allows estimation of hourly load impacts (the bEvti coefficients). It does so via the hourly indicator variables hi,t interacted with the event variables (indicated by RSVPt). The remaining terms in the equation are designed to control for weather and other periodic factors (e.g., hours, days, and months) that determine customers’ loads. 
The “morning load” variable is intended to adjust the reference load (i.e., the regression-based estimate of the loads that are expected to occur on a given day, including the load that would have occurred on event days if the events had not been called) for unobservable exogenous factors that cause loads to vary from day to day. 
We have tested a variety of specifications to determine the regression model that performs best according to several performance and validity tests. These tests are conducted using average-customer data. 

4.2 Demand impact estimates

This section presents estimates of RSVP demand impacts for all events in 2009 and 2012. We first show estimated load impacts in the event hours, by event. We then show the hourly profile of demand impacts for the average summer and non-summer event days in 2009. 
4.2.1 RSVP demand impacts by event – 2009 and 2012

Table 4–1 summarizes various aspects of the estimated demand impacts for each event in 2009 and 2012, each of which was called for one hour. The first two columns show the date and hour of the event. Note that the two non-summer events in 2009 were initiated at 6:30 a.m., such that the demand impacts are spread over hours-ending 7 and 8 due to the one-hour resolution of the load data. The third column shows the number of RSVP customers enrolled as of the event day.
 The next two columns show the estimated reference load and load impact in the indicated event hour, followed by the standard error of the estimated load impact coefficient. 
The estimated reference load is obtained by adding the estimated load impact to the observed load in the event hour, thus representing the average customer’s load on that day if the event were not called. The standard errors are all quite small relative to the size of the estimated load impacts (with the exception of the event on May 29, 2012, which was characterized by communication failure such that most customers did not receive the event signal), which indicates a high degree of confidence in the estimated load impact values. The estimated load impacts for the summer events range from 1.5 to nearly 2.0 kW. The estimated load impacts for the non-summer events range from about 0.7 to 0.9 kW in each of the hours that span the events. Each estimate presumably represents about one half of the total load impact that occurred during the actual hour of the events (6:30 to 7:30 a.m.).
The next two columns convert the estimated reference load and load impacts per customer into aggregate values by multiplying by the number of participants. The last two columns provide the percentage load impact relative to the reference load and the temperature during the event hour. The estimated load impacts are quite large, representing 38 to 46 percent of the reference load during the summer events and comparably large amounts for the non-summer events after accounting for the split of load impacts into two hours. These large load impacts testify to the effectiveness of the EnergySelect communication and control technology that allows customers to pre-set the response of their space conditioning, water heating, and pool pump equipment on receipt of a signal of an RSVP event.
Table 4–1: Estimated RSVP Demand Impacts – 2009 and 2012
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4.2.2 RSVP event-day hourly demand impacts
The following figures show estimated hourly load impacts, along with the observed loads and estimated reference loads, for the average summer and non-summer RSVP event in 2009. The primary reason for showing the figures is to provide context for viewing the load impacts, specifically their relationship to the underlying TOU peak-period reductions that take place on all weekdays. In every case, the estimated load impacts are strongly statistically significant, while the load impacts in other non-event hours on RSVP event days generally do not differ from zero by statistically significant amounts.
In Figure 4–1, the observed load shows evidence of the beginning of a typical reduction during the TOU peak period, then drops much further on receipt of the RSVP event price signal, and finally rises to the former level in the final hour of the TOU peak period before rising further once that period ends. The estimated load impacts show little evidence of a post-event rebound in usage, presumably due to the brief one-hour duration of the events.

Figure 4–1: Estimated RSVP Reference Load and Load Impacts – 
(Average Customer for Average Summer 2009 Event)
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Figure 4–2 shows similar information for the average non-summer event, both of which were initiated midway through the first hour of the TOU morning peak period, as described earlier. As a result, the full effect of the event is split between hours-ending 7 and 8, as shown.
Figure 4–2: Estimated RSVP Reference Load and Load Impacts – 
(Average Customer for Average Non-Summer 2009 Event)
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5. RSVP Energy Impacts

We anticipate potentially conducting two sets of analyses of the energy (kWh) impacts of customer participation in EnergySelect and the RSVP tariff. This report presents results from one of these analyses. A logical approach to estimating RSVP energy impacts would involve comparing energy consumption of participants before and after they enrolled. However, the relatively long tenure of the EnergySelect program, and the relatively consistent annual enrollments over more than a decade, as illustrated in Figure 2–1, complicate a comprehensive analysis of that type. As a result, we applied a limited version of that approach, focusing on two recent RSVP cohorts – those who enrolled in 2010 and 2011. 

The choice of these two cohorts was facilitated by Gulf Power making available monthly billing data for 2009 through 2012 (and part of 2013) for all RSVP participants. Thus, we could compare energy consumption for each cohort before and after their enrollment (e.g., compare consumption in 2009 and 2011 for the 2010 cohort). In addition, to control for differences in weather and other factors that may have changed between those two years, we compared the changes in energy consumption for each of the two RSVP cohorts to the usage changes for the same period for two control groups. These groups were composed of 2012 and 2013 cohorts of RSVP customers who enrolled after the last year that was included in the relevant analysis. For example, we used the 2012 RSVP cohort to control for the change in energy usage between 2009 and 2011 for the 2010 cohort.
This comparison of changes in pre- and post-enrollment consumption amounts to a standard difference-in-differences (i.e., before-after and treatment-control group) measure of the energy impact of participation in EnergySelect and RSVP. Using control groups composed of known RSVP participants prior to their enrollment addresses potential selection bias concerns in selecting a control group, since their subsequent enrollment indicates that they are similar to earlier participants in terms of likelihood of participation.

If Gulf Power is still interested, future additions to the report can include a second analysis that compares annual consumption for 2012 between different cohorts of EnergySelect participants and matched control groups of RS customers, where the matching is based largely on Acxiom demographic characteristics.
5.1 Summary statistics on changes in consumption
The formal analysis of the two cohorts of EnergySelect participants involves a fixed-effects regression analysis using pooled billing data for available treatment and control group customers. Before turning to that analysis, we first provide summary statistics on average monthly usage by season for the two groups of customers. Table 5–1 presents these data. The two panels of the table show results separately for the 2010 and 2011 RSVP cohorts respectively. Summaries of their average monthly usage by season before and after enrolling in EnergySelect (e.g., 2009 and 2011 for the 2010 cohort) are shown in the first row of the two panels. The second row shows similar data for the same time periods for relevant control groups of later participants (i.e., 2012 for the 2010 cohort and 2013 for the 2011 cohort). 
Differences and percent differences between average monthly consumption before and after participation of the treatment cohort are show by season and overall. Finally, the differences in those values between treatment and control groups are shown in bold in the third rows of both panels. These represent difference-in-differences estimates of the effect of participation, controlling for changes in consumption of the control groups. For example, the 2010 RSVP cohort reduced their annual average monthly consumption by 3.9 percent relative to their control group, while the 2011 RSVP cohort reduced usage by 3 percent relative to their control group.
The fourth row in each panel shows annual cooling and heating degree-days for the relevant years for reference. In general, the differences in usage are consistent with differences in the relevant weather conditions. For example, the 2012-cohort control group increased their summer usage by 1.4 percent between 2009 and 2011, while the number of CDDs was 7.2 percent higher. Similarly, their non-summer consumption increased by 6 percent over a period in which HDDs were 10.6 percent greater.
Table 5–1: Differences in Average Monthly Consumption between RSVP Cohorts and Control Groups of Later Participants
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5.2 Fixed-effects analysis of RSVP energy impacts

The formal analysis of RSVP energy impacts involves specifying a pooled, cross-section, time-series model of average monthly consumption by season that controls for season (summer and non-summer), year (pre- and post-participation), and customer group (treatment and control). RSVP energy impacts are measured by the coefficients on the variables that indicate consumption by treatment customers in the post-participation year. The model uses data for all RSVP customers in the relevant cohorts (e.g., 2010-cohort as treatment group and 2012-cohort as control group), and is estimated using a fixed-effects approach that allows each customer to have its own constant term. 
These models estimate the same coefficients, effectively representing an average across customers, for variables that do not vary across customers. The model is specified as follows:
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The variables are explained in the table below.

	Variable Name / Term
	Variable / Term Description

	i
	Index of customers

	s
	Index of seasons

	the various ’s 
	the estimated parameters

	Qs,i
	average monthly kWh usage for customer i in season s

	Treati
	equals one for RSVP treatment customers and zero otherwise, so that the coefficients βd on the interactive variables Posts x Treati x Seass represent the estimates of the average seasonal RSVP energy impact

	Summers and Non-Summers
	indicator variables for a summer or non-summer observation

	vi
	the fixed effect for customer i


	εs,i
	the error term.


This equation models customers’ average monthly kWh electricity usage as a function of season, whether the observation is in the post-participation period, and whether the customer is in the RSVP treatment group. The combination of observations for both treatment and control group customers, and for pre- and post-period seasons means that energy impacts are effectively measured by a difference-in-differences approach. 

Table 5–2 presents estimated coefficients and t-statistics (shown below the coefficients in italics) for each RSVP cohort. The estimated RSVP energy impacts by season are shown in bold, as coefficients on the Post-Summer_Treat and Post-Non-Summer_Treat variables. Perhaps unsurprisingly, the estimates are strikingly similar to the difference-in-differences statistics shown in Table 5–1. Estimated RSVP energy savings for the 2010 cohort are approximately 65 kWh per customer month during the summer season, and 53 kWh for the non-summer season. Estimates for the 2011 cohort are similar, at 68 kWh and 59 kWh per customer month for the summer and non-summer season respectively. The estimates are statistically significant given their relatively large t-statistics, and they represent reductions in energy consumption of approximately 3 to 4 percent.
Table 5–2: Fixed-Effects Model Estimates of RSVP Energy Impacts
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2010 Cohort

2011 Cohort

Post_summer 25.0-76.2

2.04-4.46

Post_non-summer 68.6-260.6

5.61-15.26

Post-summer_Treat -64.6-67.5

-3.59-2.92

Post-non-summer_Treat -53.3-58.7

-2.96-2.54

Summer 490.4317.2

48.623.8

Constant 1,2451,403

174.3148.8

Observations 6,3424,524

R-squared 0.4750.416

Number of ky_ba 1,5861,131


� One of the events experienced a communication failure that resulted in most customers not receiving the event signal.


� The RS and RSVP load research samples were designed as stratified random samples, with three strata defined by peak month energy usage. The RSVP sample contained relatively greater proportions of high-usage and medium-usage customers than did the RS sample, reflecting the higher overall usage of the typical RSVP customer. To provide a more representative RS comparison load, we applied RSVP stratum weights to the average stratum load for both the RSVP and RS strata. The resulting average adjusted RS loads are reasonably similar to the average RSVP loads, as shown in the figures below. However, they may not provide perfect representations of the profile of what the RSVP loads would be in the absence of the RSVP rates.


� The sharp load increase in the last hour of the day is presumably in response to the switch from the medium price to the low overnight price beginning in that hour.


� Both the RS and RSVP loads appear to fall off in the evening hours of June 23, which had a higher maximum but lower minimum temperature than did the other two days.


� Treatment and control group approaches have proved useful in some other evaluations of demand response programs. These have typically involved cases in which demand impacts are relatively small and events are called on every unusually hot day, which limits the ability of regression models to explain customers’ loads in the absence of events. Observations on control group loads on event days enhance that ability. However, in the case of RSVP, demand impacts are sufficiently large and relatively large numbers of non-event days of similar weather conditions are available to allow the analysis of RSVP data to estimate demand impacts relatively easily.


� For the analysis of non-summer events, the hours included in the morning load variable were limited to hours 1 through 6, so that they were prior to the events.


� Note that the analysis uses available load research data for approximately 170 RSVP participants in the summer of 2009, and 155 participants in 2012 and the non-summer months of 2009. The total number of RSVP participants was obtained from monthly billing data that was used in estimating energy impacts as described in Section 5. 


� Although these models are estimated by a fixed effects estimator, the procedure is equivalent to ordinary least squares, if a dummy variable, or indicator variable, is included for each customer.  
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