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Overview
Programmatic approaches to achieving savings through residential behavioral-based programs have become more popular over the past few years.  There are multiple methods that are being tested throughout the country, including in-home feedback devices, energy benchmarking information and community-based programs.  The actions targeted have significant savings potential and there are synergies with existing regional program offerings.  Although research was conducted in the early 1980s on similar topics, current research is sparse, particularly research designed to quantify both savings achieved and the persistence of those savings. 

In the fall of 2009, a group of Northwest utilities and energy organizations (including Puget Sound Energy, BPA, Seattle City Light, Snohomish County PUD, Energy Trust of Oregon, and Eugene Water & Electric Board) met multiple times to discuss regional evaluation strategies for behavior-based energy programs. The group agreed on the need for standard methods for measurement and verification of behavior-based conservation programs within the Pacific Northwest. 
This paper outlines recommended guidelines and/or methods for measurement and verification of residential behavioral-based programs for Pacific Northwest utilities.  These methods consider the existing literature to measure and document savings and are designed to evolve as more studies are completed. They should not be viewed as the only acceptable approaches to estimating savings for residential behavioral programs, but (once reviewed and approved by the RTF) as an agreed-upon approach that provides evaluation rigor for those responsible for forecasting and tracking energy savings impacts as well as insight to those responsible for designing programs.
 
Residential Behavioral-based Programs (RBBP) Defined
Residential behavior-based programs (RBBP) encourage participants to save energy through changes in behavior (e.g., turning off lights, setting thermostats) and increasing investments in energy-efficiency measures (measures that themselves actually save energy such as heating/cooling equipment).  Specific program offerings may include multiple aspects to influence consumer behavior. 
From an evaluation design perspective, this methods document focuses on the differences between programs where participants are utility-selected or self-selected. Programs may offer many types of RBBP components to customers, including:

1. Energy benchmarking.  Energy benchmarking compares participant consumption to historical consumption or to peers. 
2. Feedback devices.  Use of monitoring or metering devices to provide information on instantaneous demand or consumption over time at the whole-house or end-use level. 

3. Information and training programs. The programs provide consumers with basic information on how energy is used in the home, what factors influence energy consumption, and various ways to save. These could include schools-based or community-based programs. 
Guideline Components

1. Development of an Evaluation Plan

There is a broad set of programs that fall under the behavior-based definition.  Each has different programmatic attributes and may call for different evaluation approaches. However, there are some common evaluation considerations across program designs, including participant and comparison selection, data integrity and analytical approaches.  The remainder of this document serves to outline these key areas, while providing the flexibility necessary to address various program designs and regulatory or reliability requirements.

Therefore, the first step is to develop an evaluation plan.  Ideally, the evaluation plan is developed in tandem with the program design to ensure program evaluability and data availability.   An evaluation plan should describe:

· Program design and logic model, if applicable

· General research questions to be addressed in the evaluation

· Program participants and selection (i.e., self- or utility-selected) criteria

· Comparison group selection

· Methods for data collection, cleaning 

· Analytical approaches

· Multi-year approach

2. Participant and Comparison Group Selection

For RBBP programs, participants may be utility- or self-selected.  The analysis must include a comparison group to control for secular trends affecting energy consumption not related to the program (e.g., price, economy).  
2.1 Utility-selected Participants

In some RBBP, the utility selects the participants to be included in the program. Ideally, the utility would use experimental research design, selecting a target group which is then randomly assigned to the participant or to the comparison group. If this is not possible, then the utility should select a comparison group with similar demographic and usage characteristics at the time of program deployment. 

In selecting a participant group, the evaluation plan should document (1) sample selection criteria, (2) estimated sample size and (3) the methodology used to determine the appropriate sample size, including the assumed precision and confidence level.  

If a comparison group is not chosen through experimental research design, then the comparison group should be chosen to be similar to the participant group and at least as large in size.  Minimally, this criteria would include home type, location, and total baseline consumption. Based on program design and evaluation objectives, additional characteristics may be necessary or may increase the relevance of the comparison group.  These include home characteristics, heating fuels, household size, community characteristics, occupant demographics or motivations. In selecting a comparison group, the evaluation plan should document (1) the timing of comparison group selection, (2) selection criteria, (3) estimated sample size and  (4) the methodology used to determine the appropriate sample size, including the assumed precision and confidence level.  
2.2 Self-selected Participants 
For programs where customers sign-up to participate (i.e., self-select), consistent with section 2.1 above, the comparison group the comparison group should be chosen to be similar to the participant group and at least as large in size.  Minimally, this criteria would include home type, location, and total baseline consumption. Based on program design and evaluation objectives, additional characteristics may be necessary or may increase the relevance of the comparison group.  These include home characteristics, heating fuels, household size, community characteristics, occupant demographics or motivations. In selecting a comparison group, the evaluation plan should document (1) the timing of comparison group selection, (2) selection criteria, (3) estimated sample size and  (4) the methodology used to determine the appropriate sample size, including the assumed precision and confidence level.  

3. Collect sufficient and relevant data to conduct the study
Billing data comparison is the primary method available to cost-effectively determine savings from behavioral programs with large sample sizes. Although other methods may be relevant in certain program designs, these methods assume billing data analysis is used. 

The evaluation plan should outline the process to collect sufficient and relevant data to conduct the study.  These data represent the minimum necessary for a billing analysis. 

1. Billing data

a) Daily (or monthly or bi-monthly) kWh and/or therm data for comparison and participant groups
i. at least one year prior to the study period
ii. during and/or after the study period, ideally for at least a year 
2. Weather data

a) Heating degree days (HDD) from nearest weather station(s), for all months/days used in the billing analysis 

b) Cooling degree days (CDD) from nearest weather station(s), for all months/days used in the billing analysis  

3. Participation group information

a) Participant or comparison group assignments

b) Program participation start date
c) Frequency of participation, where applicable (e.g., monthly or quarterly reports)
d) Other relevant program information

4. Energy-efficiency measure installation for participant and comparison group 

a) Information on installations of utility-sponsored energy efficiency measures installed for the population of comparison and participant groups
Additional data may improve the analysis and may be necessary depending on program and evaluation design.  These data include:

1. Household and building characteristics data.  Public sources may be available (e.g., assessor data) and allow for a census of the study group.  Survey data may be used to augment the data, to develop more detailed statistical models.  Valuable data include:
a) Household square footage
b) Dwelling Type (single family, multi-family, manufactured home)
c) Age of home
d) Home value
e) Fuel Types (heating, cooling, water) 

f) Occupancy characteristics
g) Other changes in household (retrofit)
2. Attitudinal or behavioral information. This information may include customer segmentation data, psychographic profile data, or survey data regarding actions taken during the study period, including measure installation outside of the utility-sponsored programs, and behavioral changes due to participation. 
4. Conduct data cleaning consistent with industry-best practices
Data should be managed, cleaned and reviewed using industry-best practices. All steps taken in data cleaning should be documented, attrition rates should be tracked and removed data should be available for review. 

Some data cleaning methods to be documented in the evaluation report include households with zero energy reads, households with estimated reads, households lacking sufficient pre- or post- participation data, households with change in occupancy, and households with exceptionally high or low consumption.
If program design allows, utilities may consider conducting some data cleaning on the pre-period data prior to selection of participant and comparison groups.  This may reduce sample attrition.
5. Estimate program savings
Program savings should, at a minimum, be measured annually. In general, these methods recommend a regression-based model that considers other factors that affect consumption.

At a minimum, the model(s) should estimate the difference in the change in consumption between participant and comparison groups, accounting for weather and other key factors. 
One option is to use a PRISM-type approach to estimate Normalized Annual Consumption for pre- and post- periods for participant and comparison groups to calculate program savings as the difference-in-differences between consumption of participants and comparison groups.
Another option is to use monthly billing data and include participation and weather data. The model describes monthly energy usage as a function of weather, a participation indicator, a period indicator and relevant interaction variables.   

Either model option could be expanded to include additional variables to improve the model’s explanatory power. Based on program design and data availability, household and participant characteristics may be used, including fuel types, square footage, age of home, value of home, measure installation.  
 
6. Estimate savings achieved through other non-RBBP programs
Estimating the savings achieved through other utility-sponsored programs is valuable to avoid double counting of savings and facilitate understanding of investment behavior in participants.

There are several possible methods to estimate the observed savings from energy-efficiency measures installed with a utility incentive:
1. Calculate savings based on non-RBBP estimates. To calculate the savings achieved through non-RBBP efforts, the participant and comparison households must be matched with utility program participation information. Using existing program-determined estimates for measure savings, average non-RBBP program savings should be calculated for both the comparison and participant group and reported in the evaluation. Pro-rating may be necessary based on the timing of measure installation. 
2. Utilize regression-based models.  In the regression-based models, variables for non-RBBP program participation can be included to account for the observed savings achieved through those programs.  Another method could exclude from the model any participants in non-RBBPs.

7. Estimate the persistence of savings
It is important for the region to understand the persistence of RBBPs. At this point, it is unclear how long behavior modifications, and the savings associated with those behavior modifications, are expected to last. Therefore, the evaluation plan and program design must account for persistence measurement. 

The general recommended approach is to estimate the same regression model for each evaluation year. Differences in the year-to-year savings of the participant group will indicate how the savings change over time. If there is no significant difference compared to the comparison group then one can conclude that the behavioral impacts have been reduced to zero. This type of analysis can continue on an annual basis until no measurable impacts can be estimated. 
For additional understanding of persistence and optimal program design, the evaluation could adjust the sample over time and/or add survey data. 
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