[image: image19.jpg]NIVIR

Nexus Market Research, Inc.




PAGE  

Residential Lighting 
Measure Life Study

FINAL
June 4 2008

Submitted to:

New England Residential Lighting Program Sponsors

Submitted by:

Nexus Market Research, Inc.

RLW Analytics, Inc.

Table of Contents


11
Executive Summary


72
Introduction


72.1
Structure of this Report


72.2
List of Terms Used in this Report


92.3
Current Lighting Programs in New England


103
Sample Design, Methodology, and Measure Life


103.1
Sample Design


113.2
On-Site Methodology


123.3
Potential Bias


123.4
Decision Table for Including Products in Analysis


153.5
Examining Survival and Failure Rates of Included Products


193.6
Measure Life Analyses


193.7
Parametric Regression Analysis


224
Installation Rates for Measure Life Products


245
Current Disposition and Use of Measure Life Products


245.1
Location of Use


245.2
Products That Have Not Been Installed and Are Not Traceable


265.3
Product Disposition


275.4
Replacement of Removed Measure Life Products


286
Counting Products in the Home


286.1
Socket Count of All Lighting Products


316.2
All Lighting Products in Storage


347
Markdown Products and Program Spillover


347.1
Possible Markdown Products in Respondent Homes


357.2
Coupon and Direct Install Spillover


388
Recommendations


41Appendix A: Sample Design and Bias


41A.1
Sample Development


44A.2
Sample Design


46A.3
On-Site Methodology


47A.4
Bias Resulting from Sample Design and Methodology


47A.4.1
Potential Sources of Bias from Sampling Procedures


48A.4.2
Potential Sources of Bias from Respondent Recall


50A.5
Decision Table for Including Products in Analysis


55Appendix B: Preliminary Examination of Measure Life Data


55B.1
Examining Survival and Failure Rates of Included Products


59B.2
Product Quality over Time


61Appendix C: Measure Life Analyses


62C.1
Life Tables


63C.2
Logit Regression Models


65C.3
Parametric Regression Analysis


74Appendix D: Not Found/Not Recalled Products


74D.1
Background Information


76D.2
Ability to Recall over Time


76D.3
Location of Original Installation


77D.4
Relationship to Participants who Purchase the Most Products


77D.5
Various Analysis of Model Numbers


77D.5.1
Miscategorization as Spillover


77D.5.3
Rare Products or Incorrect Model Numbers


78D.5.3
Overlap with Most Commonly Obtained Products




List of Tables

1Table 1–1: Recommended Estimates of Measure Life – Decimals


1Table 1–2: Recommended Estimates of Measure Life – Integers


3Table 1–3: Status of Measure Life Products for Use in Analysis


9Table 2–1: Annual Product Distribution in Massachusetts  by Type and Program Componenta


10Table 3–1: Products Available for Study Sample


11Table 3–2: Distribution of Sampled CFLs, External Fixtures, and Internal Fixtures by State and Program


14Table 3–3: Categorization of Measure Life Products Based on Rules of Decision Table


15Table 3–4: Characterization of Products by Auditor’s Ability to Locate Them


15Table 3–5: Coupon CFL Failure and Survival by Year of Purchase


16Table 3–6: Direct Install CFL Failure and Survival by Year of Purchase


16Table 3–7: Exterior Fixture Failure and Survival by Year of Purchase


16Table 3–8: Interior Fixtures Failure and Survival by Year of Purchase


20Table 3–9: Recommended Estimates of Measure Life – Decimals Reported


20Table 3–10: Recommended Estimates of Measure Life – Integers Reported


23Table 4–1: Product Installation Rates by Year


24Table 5–1: Location of Installed Lighting Products


25Table 5–2: Percentage of Products Respondents Did Not Recall by Quality of Product Information


25Table 5–3: Locating Interior Fixtures by Type of Fixture


26Table 5–4: Disposal Method of lighting products that broke or burned out


26Table 5–5: Disposal method of lighting products removed while still working


27Table 5–6: Replacement of Removed Lighting Products


28Table 6–1: Distribution of Lighting Products by State


29Table 6–2: Lighting Products by Location in Household


30Table 6–3: Lighting Products by Fixture Type


30Table 6–4: Lighting Products by Control


31Table 6–5: Wattage of All Installed Lighting Products


32Table 6–6: Light Bulbs in Storage


33Table 6–7: Why CFL Was Not Installed


33Table 6–8: What Bulb Will CFL Replace


34Table 7–1: Overlap of Measure Life Product Models with Markdown Models


35Table 7–2: Source of CFLs Observed in Respondents’ Homes


36Table 7–3: Calculating Possible CFL Spillover Purchases


37Table 7–4: Motivation for Buying CFL Products


38Table 8–1: Recommended Estimates for Measure Life


42Table A–1: Products Listed in Databases Received from Sponsors


43Table A–2: Products Available for Study Sample


44Table A–3: Desired and Actual Completions by Year and Type of Program


46Table A–4: Distribution of Sampled CFLs, External Fixtures, and Internal Fixtures by State and Program


51Table A–5: Decision Table for Useful Life


52Table A–6: Categorization of Measure Life Products Based on Rules of Decision Table


54Table A–7: Characterization of Products by Auditor’s Ability to Locate Them


55Table B–1: Coupon CFL Failure and Survival by Year of Purchase


55Table B–2: Direct Install CFL Failure and Survival by Year of Purchase


55Table B–3: Exterior Fixture Failure and Survival by Year of Purchase


56Table B–4: Interior Fixtures Failure and Survival by Year of Purchase


64Table C–1: Estimated Measure Life, Logit Regression Analysis


68Table C–2: Estimated Measure Life, Parametric Regression Analyses


69Table C–3: Estimated Measure Life of Products also Offered in Markdown Programs, Parametric Regression Analyses


72Table C–4: Recommended Estimates of Measure Life – Decimals Reported


72Table C–5: Recommended Estimates of Measure Life – Integers Reported


74Table D–1: Number and Percentage of Not Found/Not Recalled Products


75Table D–2: Percentage of Products Respondents Did Not Recall by Quality of Product Information


78Table D–3: Status of Lighting Products with Model Numbers  Sometimes Found/Recalled


78Table D–4: Status of All Lighting Products, Except those Not Found/Not Recalled




List of Figures

17Figure 3‑1: Survival and Failure Rates of Coupon CFLs (Raw Data)


17Figure 3‑2: Survival and Failure Rates of Direct Install CFLs (Raw Data)


18Figure 3‑3: Survival and Failure Rates of Exterior Fixtures (Raw Data)


18Figure 3‑4: Survival and Failure Rates of Interior Fixtures (Raw Data)


49Figure A‑1: Percentage of Products Found by Auditor or Recalled by Respondent


57Figure B‑1: Survival and Failure Rates of Coupon CFLs (Raw Data)


57Figure B‑2: Survival and Failure Rates of Direct Install CFLs (Raw Data)


58Figure B‑3: Survival and Failure Rates of Exterior Fixtures (Raw Data)


58Figure B‑4: Survival and Failure Rates of Interior Fixtures (Raw Data)


59Figure B‑5: Survival Rates of CFLs by Year Obtained (Raw Data)


60Figure B‑6: Survival Rates of Exterior Fixtures by Year Obtained (Raw Data)


60Figure B‑7: Survival Rates of Interior Fixtures by Year Obtained (Raw Data)


63Figure C‑1: Cumulative Survival Rates from Life Tables


65Figure C‑2: Estimated Survival Rates from Logit Regression


70Figure C‑3: Estimated Measure Life of CFLs, Parametric Regression Analyses


71Figure C‑4: Measure Life of Exterior Fixtures, Parametric Regression Analyses


71Figure C‑5: Measure Life of Interior Fixtures, Parametric Regression Analyses


76Figure D‑1: Percentage of Products Found by Auditor or Recalled by Respondent




1 Executive Summary

The purpose of this study is to estimate measure life for lighting products distributed through energy efficiency programs in New England.  As explained in more detail in the full study (see Section 3.7 and Appendix C), we recommend three different program-specific estimates of measure life for CFLs (coupon, direct install, and markdown
) and two for exterior fixtures (markdown and all other programs).  These estimates and their respective confidence intervals are shown in Table 1–1 (to two decimal places) and in Table 1–2 (as integers).  We do not suggest an estimate of measure life for interior fixtures as we believe the data were collected too early in their life cycle to provide a reliable estimate.  

Table 1–1: Recommended Estimates of Measure Life – Decimals
	Product
	Measure Life
	80% Confidence Interval

	
	
	Low
	High

	Coupon CFLs
	5.48
	5.06
	5.91

	Direct Install CFLs
	6.67
	5.97
	7.36

	Markdown CFLs (all states)
	6.82
	6.15
	7.44

	Coupon and Direct Install Exterior Fixtures
	5.47
	5.00
	5.93

	Markdown Exterior Fixtures
	5.88
	5.24
	6.52

	All Interior Fixtures
	Continue using current estimates of measure life


Table 1–2: Recommended Estimates of Measure Life – Integers
	Product
	Measure Life
	80% Confidence Interval

	
	
	Low
	High

	Coupon CFLs
	5
	5
	6

	Direct Install CFLs
	7
	6
	7

	Markdown CFLs (all states)
	7
	6
	7

	Coupon and Direct Install Exterior Fixtures
	5
	5
	6

	Markdown Exterior Fixtures
	6
	5
	7

	All Interior Fixtures
	Continue using current estimates of measure life


Our definition of “measure life” is consistent with that used in the Measure Life Report prepared by GDS Associates for the New England State Program Working Group (SPWG).
  “For programs delivered by program administrators in New England, Measure Life includes equipment life and measure persistence (not savings persistence).  

· Equipment Life means the number of years that a measure is installed and will operate until failure, and

· Measure Persistence takes into account business turnover, early retirement of installed equipment, and other reasons measures might be removed or discontinued.”

Specifically, our measure life estimates do not distinguish between equipment life and measure persistence; our estimates—one for each measure category—include both those products that were installed and operated until failure (i.e., equipment life) as well as those that were retired early and permanently removed from service for any reason, be it early failure, breakage, or the respondent not liking the product (i.e., measure persistence).  The remainder of this executive summary provides background information about the study and highlights some of the key results and recommendations.  

Sample Development and Design: The sample design for this study is based on the number of energy efficient lighting products distributed through energy-efficiency programs conducted in Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont (See Section 3.1 and Appendix A).  For a program to be included, we needed to be able to determine the following information for a product or the person obtaining that product: 

1. Knowledge that the respondent had obtained at least one energy efficient lighting product through a Sponsor’s program from 2002 to 2006

2. Detailed information on the model number, manufacturer and wattage for the product in order to identify it in the home; for direct install programs, we also looked for the location of installation
3. Customer contact information

After reviewing the databases of households that had participated in various retail and direct install programs, NMR and RLW determined that only the coupon, single-family ENERGY STAR Homes and MassSAVE files contained sufficient product and resident contact information to use for the study.  We drew a random sample of participants based on the type and number of products they had obtained through the programs.  We collectively refer to these sample products as the “measure life products.”  Auditors visited a total of 285 homes to conduct an inventory of lighting products and a respondent survey designed to learn more about the measure life products as well as other lighting products found in the home.  

Bias Resulting from Sample Design and Methodology: The sample design and methodology used in this study introduce several potential sources of bias (See Appendix A):
1. The lack of adequate product and customer contact information limited the sample to the coupon and a few direct-install programs while excluding products from all other Sponsor-administered lighting programs. 

2. In order to complete the study in a timely and cost effective manner, the later on-site surveys targeted homes with large numbers of fixtures. This decision resulted in the unintended inclusion of a disproportionate number of electricians, contractors, and landlords, as they had purchased large numbers of fixtures to install in locations other than their own homes.  Because they installed these products at different addresses, we were unable to verify the disposition of many of these products.  Furthermore, respondents with numerous products were less likely to recall the disposition of at least some of them (See Appendix D).  
3. Given the amount of time that passed between the household obtaining the lighting products and being contacted for this study, inaccurate customer recall of products that the auditor did not personally observe accounts for the majority of products excluded from the analysis and presents a major source of potential bias 
4. Because we contacted respondents at the phone number given at the time of participation, the resulting sample included only those who had not moved or changed their phone number in at least one and up to six years.  This likely means that low-income households, renters, and younger adults are not well represented in the sample.

While we recognize that the potential for bias exists, we cannot say whether such bias would produce higher or lower estimates than the ones we present here.  Moreover, we find no evidence of bias across states or Sponsors.  

Characterizing Products as Survived, Failed, or Excluded: In order to estimate measure life, we had to classify individual products as having “survived” or “failed” for a specific period of time.  In cooperation with the Sponsors, we developed a “Decision Table” to guide the classification of products into one of three categories: 1) survived, 2) failed or 3) excluded (See Section 3.4 and Appendix A).  For a product to be classified as “survived” the auditor typically had to confirm its continued installation and operation visually.  An exception to this was the inclusion of products reported installed in rentals, second homes, and businesses if the respondent was in the position of knowing the current status of the product.  “Failed” products are those that burned out, broke, or were permanently removed from service, including those that broke or failed and were returned to the store.  We excluded products: that could not be found (accounting for the majority of excluded products, see Appendix D); that were reported installed but the respondent was not in the position to know if the product remained in place (e.g., by a contractor); that were installed outside of New England; that were being stored for future use; and that had been returned to the store before the product failed (e.g., a CFL may not have fit a fixture or the customer decided they did not like a fixture) or given away.  Table 1–3 summarizes these classifications, but see Section 3.4 and Appendix A for more detail.

Table 1–3: Status of Measure Life Products for Use in Analysis

	Product Status
	CFLs
	Fixtures
	

	
	Coupon
	Direct Install
	Exterior
	Interior

	Survived
	48%
	56%
	37%
	55%

	Failed
	20%
	14%
	17%
	6%

	Excluded from Analysis
	32%
	31%
	46%
	39%

	Total Number of Products
	695
	441
	215
	397


Measure Life Analysis: We relied on three types of “survival analyses” to estimate the measure life of the products distributed through the coupon and direct install programs under consideration (See Section 3.6, Section 3.7 and Appendix C):

Method 1: Life Tables

Method 2: Logit Regression


Method 3: Parametric Regression Models of Survival Analysis

We chose estimates resulting from parametric regression analysis.  According to our results, the measure life of CFLs (coupon, direct install, and markdown) falls between five and one-half and seven years, while that for exterior fixtures (coupon, direct install, and markdown) is between five and one-half years and six years (Table 1–1).  However, we do not believe that the data or results are adequate for predicting the measure life of interior fixtures because this study was conducted too early in their lifecycle.  The measure life data also provide some indication of increased survival rates over time for CFLs, perhaps as a result of improved product quality, although the small sample size and limited number of failures in recent years curtail our ability to conduct meaningful statistical analyses to verify improved quality.

The reader will note that we provide an estimate of measure life for markdown CFLs and exterior fixtures.  We did not include the lighting markdown and buydown programs (collectively referred to as “markdown” programs in this document since not all Sponsors used the buydown approach) in the sample of measure life products due to a lack of participant contact information.  Even so, markdown programs account for the vast majority of lighting products distributed through the Sponsors’ programs.  For this reason, we conducted analyses on the subset of products with model numbers obtained through the coupon or direct install programs that were also distributed through markdown programs in order to provide an estimate of measure life for the markdown products (Section 3.7).  We supply these estimates with three important caveats: 1) the population who purchases markdown products may differ from those who take part in coupon or direct install programs, 2) not all markdown model numbers were represented in the sample of measure life products, and 3) the distribution and usage of products actually purchased in the markdown programs may vary from what we observed from these products obtained through coupon and direct install products.  We believe it would be wise to conduct a follow-up study of the measure life of markdown products in the near future.  

Measure Life Product Use and Disposition: Most of the measure life CFLs and many interior fixtures were found installed in the living room (22% to 23%), bedroom (16% to 24%), kitchen and dining room (11% to 19%), and the basement (9% to 11%) of respondents’ homes (See Section 5.1).  Interior fixtures were most commonly installed in foyers and hallways (32%).  Only four percent of coupon CFLs and one percent of all other products were found in storage, likely reflecting the fact that many of these products had been in the respondents’ home between 18 months and six years by the time we visited (See Section 6.2).  Most of the products had likely been installed—or misplaced—by the time we conducted the on-sites.  It is also the case that direct install products are typically installed by the auditor during the visit to the customer’s home.  Alternatively, it is possible that some of the stored CFLs are measure life products on which we had incomplete or perhaps incorrect information from the database, or that respondents confused them with products they had obtained outside the coupon or direct install programs.  Respondents usually replace burned out or broken CFLs with new CFLs (59%), but broken energy-efficient fixtures are more commonly replaced with regular fixtures and incandescent bulbs (59%) (See Section 5.4).  Once CFLs or fixtures burn out, most participants throw them away in the trash (84%). Few respondents report recycling the CFLs (14%).  Previous research we have conducted indicates that few people are aware of the mercury in CFLs, although recent media attention and Sponsor education campaigns have raised awareness.
  As a result, most consumers throw the CFLs away as they would other bulbs.  However, it is also the case that to recycle CFLs in many of the states participating in this study, users must save broken or burned out bulbs and take them to hazardous waste drop-off sites (often associated with towns or municipalities), usually on specific dates.  
Identification of Markdown and Spillover Products: A secondary objective of this study is to estimate the number of products currently in respondents’ homes that may have potentially been purchased through lighting markdown programs run by the Sponsors.  We matched a list of model numbers from Energy Federation Incorporated (EFI) of all markdown products offered in New England (with a separate list for Vermont) with all the measure life products currently installed in the 285 households (See Section 7.1).  We also asked respondents how much they paid for the CFLs and fixtures and where they were purchased.  Only two fixtures appear to be markdown products, but a total of 21% of all CFLs in respondents’ homes (942 in total, or 3.3 per home) are likely markdown purchases.  Note that in 2006 markdown products accounted for about 85% of CFLs distributed through Massachusetts programs, but because the participants in the measure life programs have obtained products through coupon or direct install programs, they may have had less need to buy markdown products than households that are not obtaining CFLs for the first time.  
Finally, we estimated spillover for the coupon and direct install programs (See Section 7.2).  We limited the estimates to non-markdown CFLs that were purchased after the respondents’ participation in the coupon or direct install programs.  Respondents had to be aware of the program and to state that their participation in the coupon or direct install program strongly influenced their decision to purchase the non-program products.  In total, there are 892 likely spillover CFLs found in the homes of coupon participants (4.9 per coupon household) compared to 695 coupon CFLs—amounting to spillover of 128%—and 355 likely spillover CFLs found in the homes of direct install participants (3.4 per direct install household) compared to 441 direct install CFLs—amounting to spillover of 81%.  

However, it should be noted that our estimate of spillover does not take into account program influences of which the respondent is not aware, such as the fact that the success of such programs has increased the availability and lowered the price of CFLs.  Furthermore, it does not include any program-induced purchases of CFLs that are no longer in their homes (e.g., they may have burned out, been given away, etc.).  Taking these other factors into account would tend to increase the spillover rate.  In contrast, it is also likely that the markdown program is responsible for some of the spillover that our methodology attributes to direct install or coupon programs.  
Recommendations: The findings from this analysis lead to the following recommendations for the Sponsors:

· Adopt the measure life estimates presented in Table 1–1
· To the extent possible, collect the following information in direct install programs:  product type, manufacturer, model number, fixture type, wattage, room/location of installation, date of installation, and any other product as well as customer information including name, address, and phone number.  
· Conduct a measure life study of interior fixtures in the future, as our study occurred too early in their life cycle to provide reliable estimates

· Conduct a process evaluation to examine problems with tracking databases; consider a study that tracks new coupon purchases over time in order to ascertain what happens to products after they leave the stores.
· Conduct a long-term measure life study relying on a panel-based approach and using a sample drawn in part from the current Markdown Impact Study being conducted for Sponsors in Connecticut, Massachusetts, Rhode Island, and Vermont and marking the appropriate products with a sticker or permanent marker for future identification.  
· Continue current support for quality assurance efforts.  
Additional Topics: This report also addresses the following topics:

· Installation rates of measure life CFL products included in this study (See Section 4)
· Analysis of all lighting products currently installed in the participants’ homes (See Section 6.1)
· Analysis of all lighting products currently placed in storage (See Section 6.2)
Introduction

The purpose of this study is to estimate measure life for lighting products distributed through energy efficiency programs in the New England states of Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont.  Specifically, we present estimates of measure life for CFLs and energy-efficient fixtures distributed through direct install programs, coupon programs, and markdown programs.  We analyzed measure life using three different statistical methods: life tables, logit regression, and parametric regression models (the last of which encompass five model subtypes).  We describe these methods and results in Section 3 and Appendices A through C of this report.

The study also describes preliminary installation rates for the subset of coupon and direct install products examined during on-site surveys, the inventory of all lighting products in use or in storage in participating homes, a count of CFLs and fixtures that may have been purchased through markdown programs, and spillover.  Nexus Market Research, Inc. (NMR) is the primary contractor for this evaluation, and RLW Analytics (RLW) is a sub-contractor.

1.1 Structure of this Report

The nature of this study involves layers of complexity related to sample design and development, inclusion and exclusion of products from the analyses, and the analyses themselves.  However, because some of the study Sponsors have pointed out that many of the sampling, potential bias, and methodological issues related to this study are of interest to just a subset of readers, we provide an abbreviated discussion of our sample design, methodology, and findings in Section 3, while we offer more detail on these and related topics in Appendices A through C.  
1.2 List of Terms Used in this Report

The following are definitions of a few key terms as used in this study: 

Measure Life: “For programs delivered by program administrators in New England, Measure Life includes equipment life and measure persistence (not savings persistence).”
 
Equipment Life: “The number of years that a measure is installed and will operate until failure.”

Measure Persistence: “Takes into account business turnover, early retirement of installed equipment, and other reasons measures might be removed or discontinued.”

Survival Analysis: “Survival analysis is concerned with analyzing the time to the occurrence of an event.”
  We used various survival analysis methods to estimate measure life.

Measure Life Products: Products for which auditors searched in respondents’ homes in order to determine the current status of the product to permit estimation of measure life

Measure Life Databases: Coupon and Direct Install databases from which we sampled products for inclusion in the measure life study.

Cohort: All products obtained in a particular year by program and product type (e.g., the cohort of all coupon CFLs purchased in 2002).  The cohort to which a product belongs is very important in survival analyses as it is necessary to understand the survival or failure rate of individual products of a particular age in relationship to others of a similar age.  
Installation Rate: The proportion of products that have ever been installed, even if they have since been removed from service.

Markdown Products: Products offered through markdown or buydown programs in New England.  These products were not sampled as part of the measure life study, but, given that they make up the largest portion of Sponsor-supported lighting programs, we have conducted analyses to estimate the measure life of markdown products.  We also present other findings directly related to these products.

Participant Spillover: Purchases of energy-efficient lighting that have been influenced by the respondents’ prior participation in the coupon or direct install programs from which we drew measure life products.  

1.3 Current Lighting Programs in New England

Table 2–1 lists the percentage of lighting products distributed in Massachusetts through many, although not all, of the Massachusetts Sponsors’ programs from 2004 to 2006, based on sales, shipment, and program tracking data.
  We only have such data for Massachusetts, but it is our understanding that the lighting programs in other states included in this study show similar patterns.  The purpose of this table is only to give an idea of the relative importance of various types of programs in getting energy-efficient lighting into residences in New England.  It shows that the markdown program accounts for the vast majority of program-supported, energy-efficient lighting products being sold or distributed in the state.  Note that because the table lacks data from some direct install programs (i.e., low-income program data and MassSAVE data from some Sponsors are missing), the numbers are not meant to be used in the Sponsors’ filings.  

Table 2–1: Annual Product Distribution in Massachusetts 
by Type and Program Componenta

	Product
	Program
	2004
	2005
	2006

	CFLs
	Coupon
	5%
	6%
	8%

	
	Catalog
	1%
	1%
	1%

	
	NCP
	91%
	91%
	85%

	
	Direct Installb
	3%
	3%
	6%

	
	Total CFLs
	2,435,944
	3,362,724
	2,444,312

	Fixtures
	Coupon
	11%
	13%
	17%

	
	Catalog
	7%
	6%
	3%

	
	NCP
	77%
	72%
	73%

	
	Direct Installb
	5%
	10%
	6%

	
	Total Fixtures
	125,396
	74,859
	79,132


a From NMR (2008) Memorandum on 2007 Lighting MPER Database Review, DRAFT. Submitted April 23, 2008.  The percentages and totals in the current report differ from those in the cited report because we have included information from the direct install databases reviewed for this evaluation.  

b Includes only ENERGY STAR Homes and MassSAVE data from CSG and Rise.  Other MassSAVE vendors as well as all low-income programs are not included.  

Importantly, due to the nature of markdown programs, the Sponsors do not collect contact information for the customers purchasing markdown products.  Therefore, the program responsible for the distribution of most Sponsor-supported lighting products in New England is not included in this study of measure life.  However, as we discuss in more detail below, we conducted analyses of measure life products with model numbers of products also offered in markdown programs.  We also examined how many products currently in respondents’ homes may be markdown products.  Furthermore, NMR and RLW are currently conducting an impact study of markdown programs in Connecticut, Massachusetts, Rhode Island, and Vermont.  The results of that study will augment those presented here to provide additional information that the Sponsors can later use to estimate annual and lifetime energy savings as well as demand savings.  
2 Sample Design, Methodology, and Measure Life
This section highlights the sample design and various methodological considerations.  It also briefly describes the measure life regression analysis and resulting estimate of measure life by program and product.  More detail on all of these issues as well as other related ones can be found in Appendix A (sample development, design, and related potential bias), Appendix B (examination of the raw data), Appendix C (measure life analyses).  
2.1 Sample Design

After reviewing the databases of numerous Sponsor programs that distribute lighting products, NMR and RLW determined that only the coupon, single-family ENERGY STAR Homes (after we looked up phone numbers on the internet for the included addresses), and MassSAVE files contained sufficient product and resident contact information to provide sample for the study.  Other files such as those for low-income programs or multi-family ENERGY STAR Homes programs contained only broad product descriptions (e.g., no model numbers, manufacturer names, or detailed product characteristics) or included insufficient contact information for the actual resident of the home or apartment served.  

Table 3–1 lists the total number of products recorded in the databases we ultimately used, by product type and year, as well as retail or direct install programs for CFLs.
  CFL bulbs from retail (i.e., coupon) programs accounted for the majority of products listed in the usable databases, followed by interior fixtures, and then direct install CFLs.  Throughout the remainder of this report, we will refer to these as the “measure life databases” and “measure life products.”  Likewise, we will refer only to “coupon” CFLs among the retail measure life products as all came from coupon programs.  

Table 3–1: Products Available for Study Sample

	Year Acquired
	CFLs
	Exterior Fixtures*
	Interior Fixtures*

	
	Retail
	Direct
	
	

	2002
	768,122
	18,147
	30,564
	165,782

	2003
	300,962
	19,831
	11,045
	70,255

	2004
	468,879
	56,338
	11,815
	67,149

	2005
	632,736
	75,062
	6,973
	83,043

	2006
	969,339
	108,482
	7,409
	73,320

	Total
	3,140,038
	277,860
	67,806
	459,549


*We were also able to target some of the 20,541 direct install fixtures for which we did not know fixture type by identifying products installed through earlier years of MassSAVE and the single-family portion of the ENERGY STAR Labeled Homes Program.

We designed the judgment sample (sometimes called a convenience sample) to be representative of products across all programs and program years from 2002 to 2006 in order to provide adequate sampling error; therefore, the resulting sample is not representative of the number of households or distribution of products by state.  Almost one-half (47%) of the sampled lighting products were collected from households in Massachusetts while only 1% (17) were from Maine (Table 3–2).  The small number of products from Maine reflects the following circumstances:

1. Maine did not sponsor a coupon program in 2002, so we pulled approximately 125 to 150 fewer names from Maine than other states  

2. Households in Maine purchased smaller numbers of CFLs and fixtures through the coupon program and thus there were fewer products to sample

3. When we randomly ordered households to call from among the pulled sample, Maine households were under-represented by chance, and

4. We had a higher proportion of unreturned phone calls among Maine residents than among those in other states.  

In keeping with the distribution of products in the population, we searched for more coupon products than direct install ones, more CFLs than fixtures, and more interior fixtures than exterior ones (Table 3–2).  In addition, the direct install programs for which we could identify occupant telephone numbers included just one home in New Hampshire and the remainder in Massachusetts, so nearly all of the direct install CFLs that we observed were located in Massachusetts. 

Table 3–2: Distribution of Sampled CFLs, External Fixtures, and Internal Fixtures by State and Program
(Total number of in-program products)

	State
	CFL
	Exterior Fixture
	Interior Fixture

	
	Coupon
	Direct
	Total
	
	

	Connecticut
	13%
	0%
	8%
	12%
	10%

	Maine
	2%
	0%
	1%
	0%
	0%

	Massachusetts
	17%
	100%
	49%
	36%
	49%

	New Hampshire
	25%
	<1%
	15%
	21%
	21%

	Rhode Island
	12%
	0%
	7%
	6%
	3%

	Vermont
	31%
	0%
	19%
	25%
	17%

	Number of Products
	695
	441
	1,136
	215
	397


2.2 On-Site Methodology

Prior to each visit, the auditor was given a list of products that each household had obtained from the coupon and/or direct install programs.  The auditor list included the product type (CFL, interior fixture, or exterior fixture), manufacturer, model number, wattage, quantity, and location (for direct install products) of each product when available.  

Once in the home, the auditor performed an inventory of lighting installed in all sockets in the home, as well as lighting products being stored for future use.  Whenever the auditor came across a CFL product, he or she would check it against the information available from the tracking system.  If the auditor found a product that matched all the available information provided in the tracking system, he or she would ask the homeowner if the product had been purchased through the program and ask if it remained installed in its original location or if it had been moved since it was first installed.  The tracking system information in combination with respondent recall ultimately determined if a product was identified as a program product or not. 

If any of the products from the tracking system was not found during the inventory of installed and stored products, the auditor would use the available information to describe each product to the homeowner in an effort to find out where it was or what had happened to it.  The auditor probed to identify if the product had once been installed but was now removed, given away, or installed elsewhere.  This process was repeated for every tracking system product that was not found during the inventory.

If the auditor found a larger quantity of a product with a particular model number than what was reported in the tracking system, the auditor relied on the respondent to identify the specific products that were purchased through the program.  The auditor asked the respondent a series of questions about these non-measure life products in order to determine if they could be classified as spillover or markdown purchases.  
2.3 Potential Bias

The sample design and methodology used in this study introduce several potential sources of bias (See Appendix A).

1. The lack of adequate product and customer contact information limited the sample to the coupon programs and a few direct-install programs while excluding products from all other Sponsor-administered lighting programs. 

2. In order to complete the study in a timely and cost effective manner, the later on-site surveys targeted homes with large numbers of fixtures. This decision resulted in the unintended inclusion of a disproportionate number of electricians, contractors, and landlords as they had purchased large numbers of fixtures to install in locations other than their own homes.  Because they installed these products at different addresses, we were unable to verify the disposition of many of these products.  Furthermore, respondents with numerous products were less likely to recall the disposition of at least some of them.  

3. Given the amount of time that passed between the household obtaining the lighting products and being contacted for this study, inaccurate customer recall of products that the auditor did not personally observe account for the majority of products excluded from the analysis and presents a key potential source of bias 

4. Because we contacted respondents at the phone number given at the time of participation, the resulting sample included only those who had not moved or changed their phone numbers in at least one and up to six years.  This likely means that low-income households, renters, and younger adults are not well represented in the sample.

2.4 Decision Table for Including Products in Analysis

Estimating measure life involves having to classify individual products as having “survived” or “failed” for a specified period of time.  We relied on two methods to make this determination.  The first method involved the auditor visually confirming the disposition of a product.  In fact, we usually required visual confirmation to classify a product as “survived,” and auditors also personally saw many stored products.
  The second method relied on the respondents’ self-reported disposition of the product.  We used this method to determine the disposition of products that were no longer in the home or that neither the respondent nor the auditor could readily locate.  

Given that the auditor could not visually confirm the disposition of all products, the NMR team and the Sponsors together developed a “Decision Table” to guide our classification of each product into one of three categories for the measure life analysis: 1) survived, 2) failed (i.e., has been permanently removed from use due to burn out, breakage, removal/return, etc.) or 3) excluded (see Table A–5 in Appendix A).  In the survival analyses we used the data on the products classified as survived or failed, but we excluded the products with unknown dispositions as we could not verify if they had survived or failed.  Table 3–3 presents the final characterization of all measure life products for which we searched, based on the rules of the decision table.  Table 3–4 summarizes the information in Table 3–3 in a somewhat different manner; the shaded rows are those included in the measure life analysis.  

Table 3–3: Categorization of Measure Life Products Based on Rules of Decision Table

(Measure life products for which auditor searched)

	Decision
	Disposition
	Comments from participants
	Decision Rule
	CFLs
	EF
	IF

	
	
	
	
	Coupon
	Direct
	
	

	Exclude
	In Storage
	In Storage
	5A - 6B
	4%
	1%
	1%
	1%

	 

 

 

 

 

 

 

 

 

 

 
	Not Installed in Measure Life Home

 

 

 

 

 

  
	Customer could not recall disposition, product not found
	5G - 6H
	25%
	27%
	31%
	30%

	
	
	Contractor installed in Sponsors' service territories
	5B - 5D
	0%
	0%
	10%
	1%

	
	
	Installed in other home they built and sold
	5B - 5D
	2%
	0%
	0%
	1%

	
	
	Installed in home outside of Sponsor's service territories
	5B – 5D
	0%
	0%
	0%
	<1%

	
	
	Installed in a home inside service territory but not owner
	5B - 5D
	<1%
	0%
	<1%
	0%

	
	
	Gave away
	5B - 5D
	1%
	0%
	1%
	3%

	
	
	Sold at a yard sale
	5B - 5D
	0%
	0%
	0%
	1%

	
	
	Customer said the bulb did not fit and was never installed
	2A 
	0%
	<1%
	0%
	0%

	
	Removed

 

 
	Did not like, and current disposition unknown
	4A
	0%
	1%
	0%
	0%

	
	
	Gave away, installed outside of Sponsors' service territories
	5I, 5J or 5K
	1%
	1%
	0%
	0%

	
	
	Returned
	5L - 6M
	0%
	0%
	2%
	1%

	Total Excluded
	 
	 
	 
	32%
	31%
	46%
	39%

	Failed
 

 

 

 
	Removed

 

 

 

 
	Broke
	5P - 6Qa
	0%
	0%
	3%
	2%

	
	
	Burned Out; stopped working
	5P - 6Qa
	19%
	6%
	10%
	3%

	
	
	Burned Out & Returned
	5O - 6P
	1%
	0%
	0%
	0%

	
	
	Did not like them; not enough light
	4A
	1%
	2%
	4%
	1%

	
	
	Removed when renovating/remodeling
	4A
	0%
	5%
	1%
	0%

	Total Failed
	 
	 
	 
	20%
	14%
	17%
	6%

	Survived

 
	Installed in Measure Life Home 
	Verified by inspector to be installed in home
	6A
	47%
	55%
	33%
	29%

	
	Not installed in Measure Life Home
	Installed in apartment, second home, or business
	5B
	1%
	0%
	4%
	26%

	Total Survived
	 
	 
	 
	48%
	56%
	37%
	55%

	Grand Total
	 
	 
	 
	695
	441
	215
	397


a Not all that failed were removed from their sockets

b See Table A–5 in Appendix A for explanation of the decisions.  
Table 3–4: Characterization of Products by Auditor’s Ability to Locate Them

(Total number of measure life products)

	Disposition of Products
	CFLs
	Exterior Fixtures
	Interior Fixtures

	
	Coupon
	Direct Install
	
	

	Found in home
	Installed – in analysis
	47%
	55%
	33%
	29%

	
	In Storage – not in analysis
	4%
	1%
	1%
	1%

	Not found in home
	Never Installed – not in analysis
	25%
	27%
	31%
	30%

	
	Reported Removed – in analysis
	20%
	14%
	17%
	6%

	
	Reported Removed – not in analysis
	1%
	2%
	2%
	1%

	Reported Installed Elsewhere
	Reported installed in Sponsors’ service areas – in analysis
	1%
	0%
	4%
	26%

	
	Reported installed elsewhere – not in analysis
	3%
	0%
	11%
	6%

	Total Number of Products
	695
	441
	215
	397


In Section 5 we discuss the current disposition of some of these products in more detail.  The important point here, however, is that we included a total of 68% of coupon CFLs, 70% of direct install CFLs, 54% of exterior fixtures, and 61% of interior fixtures in the measure life analyses.  Moreover, the respondent’s inability to recall what happened to products serves as the most common reason we removed products from the analysis.  Although our examination indicates that the inability to recall products was largely random, the one exception is that those who obtained numerous products were more likely to forget what happened to them.  See Section 5 and Appendix D for more detail on our examination of the products that could not be found or recalled.  
2.5 Examining Survival and Failure Rates of Included Products

Table 3–5 to Table 3–8 break down by year of purchase (i.e., by cohort) the “survival” or “failure” of the products ultimately included in the analyses.  As expected, more CFLs obtained in either the coupon and direct install programs in more recent years were still surviving in 2007/2008 than those obtained earlier.  In contrast, both exterior and interior fixtures deviate from this expected pattern, with cohort-wide survival rates for earlier years sometimes exceeding those for later ones, although small sample sizes should be kept in mind.  
Table 3–5: Coupon CFL Failure and Survival by Year of Purchase

	Year Purchased
	Year Burned out, Broke, or Removed Permanently from Service
	Cohort Survival Rate*
	Number of Products

	
	2002
	2003
	2004
	2005
	2006
	2007
	Total
	
	

	2002
	6%
	26%
	11%
	11%
	2%
	2%
	57%
	43%
	120

	2003
	 
	2%
	4%
	21%
	4%
	2%
	32%
	68%
	53

	2004
	 
	 
	0%
	20%
	0%
	1%
	21%
	79%
	70

	2005
	 
	 
	 
	0%
	7%
	11%
	18%
	82%
	102

	2006
	 
	 
	 
	 
	8%
	9%
	17%
	83%
	129


* The overall percentage of products from each year that survived the entire study period.
Table 3–6: Direct Install CFL Failure and Survival by Year of Purchase

	Year Purchased
	Year Burned out, Broke, or Removed Permanently from Service
	Cohort Survival Rate*
	Number of Products

	
	2002
	2003
	2004
	2005
	2006
	2007
	Total
	
	

	2002
	4%
	0%
	0%
	42%
	2%
	0%
	48%
	52%
	48

	2003
	 
	8%
	0%
	17%
	8%
	4%
	37%
	63%
	48

	2004
	 
	 
	0%
	2%
	6%
	8%
	16%
	84%
	62

	2005
	 
	 
	 
	6%
	0%
	0%
	6%
	94%
	69

	2006
	 
	 
	 
	 
	3%
	4%
	6%
	94%
	79


* The overall percentage of products from each year that survived the entire study period.
Table 3–7: Exterior Fixture Failure and Survival by Year of Purchase

	Year Purchased
	Year Burned out, Broke, or Removed Permanently from Service
	Cohort Survival Rate*
	Number of Products

	
	2002
	2003
	2004
	2005
	2006
	2007
	Total
	
	

	2002
	0%
	7%
	7%
	7%
	26%
	15%
	63%
	37%
	27

	2003
	 
	0%
	10%
	0%
	5%
	0%
	14%
	86%
	21

	2004
	 
	 
	0%
	0%
	35%
	10%
	45%
	55%
	20

	2005
	 
	 
	 
	0%
	5%
	0%
	5%
	95%
	20

	2006
	 
	 
	 
	 
	4%
	21%
	25%
	75%
	28


* The overall percentage of products from each year that survived the entire study period.

Table 3–8: Interior Fixtures Failure and Survival by Year of Purchase

	Year Purchased
	Year Burned out, Broke, or Removed Permanently from Service
	Cohort Survival Rate*
	Number of Products

	
	2002
	2003
	2004
	2005
	2006
	2007
	Total
	
	

	2002
	10%
	0%
	0%
	14%
	0%
	0%
	24%
	76%
	21

	2003
	 
	0%
	6%
	3%
	0%
	0%
	9%
	91%
	35

	2004
	 
	 
	0%
	0%
	6%
	6%
	13%
	87%
	31

	2005
	 
	 
	 
	0%
	9%
	2%
	11%
	89%
	57

	2006
	 
	 
	 
	 
	1%
	4%
	5%
	95%
	66


* The overall percentage of products from each year that survived the entire study period.

While Table 3–5 through Table 3–8 above summarize the failure and survival rates for each cohort of products (i.e., all the products purchased in a given calendar year), Figure 3‑1 through Figure 3‑4 graph the survival rates of measure life products by age of survival (e.g., one year old or two years old) as well as various ways of considering product failure rates, based on raw data.  The most important pattern observed in these graphs is that the products do not survive or fail at the same rate each year; that is, the rates are not linear (see Appendix B for more detail), suggesting the need to use a statistical technique that does not assume a linear model.  

Figure 3‑1: Survival and Failure Rates of Coupon CFLs (Raw Data)

(Number of products potentially alive for given number of years)


[image: image1]
Figure 3‑2: Survival and Failure Rates of Direct Install CFLs (Raw Data)

(Number of products potentially alive for given number of years)
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Figure 3‑3: Survival and Failure Rates of Exterior Fixtures (Raw Data)

(Number of products potentially alive for given number of years)
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Figure 3‑4: Survival and Failure Rates of Interior Fixtures (Raw Data)

(Number of products potentially alive for given number of years)
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2.6 Measure Life Analyses

“Survival analysis is concerned with analyzing the time to the occurrence of an event.”
  In the case of this study, the “event” is the time at which an energy-saving lighting product is permanently removed from service due to product failure after a reasonable life period, premature failure or breakage, or removal prior to failure with no intent to use the product again.  Because survival and failure are not linear, one must turn to statistical techniques other than the common ordinary least squares (OLS) regression.  For this study, we conducted three different types of survival analysis:

Method 1: Life Tables

Method 2: Logit Regression

Method 3: Parametric Regression Models of Survival Analysis (comprising five separate sub-types)

Here we describe the results of the last method and the estimates of measure life derived from it.  Appendix C includes more detail on the parametric regression models as well as the other two methods of survival analysis.  
2.7 Parametric Regression Analysis

A survival analysis technique known as parametric regression analysis provided this study’s estimates of measure life for energy-efficient lighting products.  There are numerous types of parametric models, and the five most commonly explored in studies of energy efficient lighting fixtures include the following:

· Exponential

· Generalized Gamma

· Log Logistic

· Log Normal

· Weibull

Using the subset of measure life products classified as “failed” or “survived,” we tested the fit of each model to our data by product and program type.  While we only present the final estimates here, Appendix C lists both the estimates and confidence intervals for all five parametric regression models by each of the following products and categories:

· Coupon CFLs

· Direct Install CFLs

· Exterior Fixtures

· Interior Fixtures

· CFL, Exterior Fixtures, and Interior Fixtures models from coupon and direct install programs that are also offered through markdown programs in all Sponsor states except Vermont

· CFL models from coupon and direct install programs also offered in the Vermont markdown programs

Based on an assessment of the standard errors, the Akaike's information criterion (AIC), and the estimates themselves, the NMR team chose a log-logistic model as the best predictor of CFL measure life, while the Weibull model best predicts exterior fixtures (See Appendix C for more detail on this assessment and selection of the best models).  We are not satisfied with any of the models for interior fixtures as the estimates vary widely and the standards errors are quite large in some cases.
  Table 3–9 (with decimal places) and Table 3–10 (with no decimal places) on the next page summarize our estimates and related confidence intervals of measure life for CFLs (coupon, direct install, and markdown) and exterior fixtures (markdown and other programs).  

Table 3–9: Recommended Estimates of Measure Life – Decimals Reported

	Product
	Measure Life
	80% Confidence Interval

	
	
	Low
	High

	Coupon CFLs
	5.48
	5.06
	5.91

	Direct Install CFLs
	6.67
	5.97
	7.36

	Markdown CFLs (all states)
	6.82
	6.15
	7.44

	Coupon and Direct Install Exterior Fixtures
	5.47
	5.00
	5.93

	Markdown Exterior Fixtures
	5.88
	5.24
	6.52

	All Interior Fixtures
	Continue using current estimates of measure life


Table 3–10: Recommended Estimates of Measure Life – Integers Reported

	Product
	Measure Life
	80% Confidence Interval

	
	
	Low
	High

	Coupon CFLs
	5
	5
	6

	Direct Install CFLs
	7
	6
	7

	Markdown CFLs (all states)
	7
	6
	7

	Coupon and Direct Install Exterior Fixtures
	5
	5
	6

	Markdown Exterior Fixtures
	6
	5
	7

	All Interior Fixtures
	Continue using current estimates of measure life


The reader will note that we offer estimates of measure life that the Sponsors may consider applying to markdown programs.  Because this study did not include products obtained through markdown programs, we conducted a separate analysis of measure limited to coupon and direct install products with model numbers that have also been offered in markdown programs in all Sponsor states except Vermont, and another analysis for the markdown products offered in Vermont.
  The sample sizes for Vermont fixtures were too small to use in these analyses (zero for exterior fixtures and five for interior ones).  The measure lives of CFLs and exterior fixtures are slightly higher for these markdown models than for all models distributed through coupon and direct install programs overall, perhaps suggesting that the product models now offered in the markdown programs were among the better performing products offered in the coupon and direct install programs.
  However, even though these analyses are limited to model numbers shared by measure life programs and markdown ones, the approach is not the same as studying the actual population of products obtained through markdown programs.  In particular, the nature of the markdown program (i.e., that the product is offered at a reduced cost to consumers without their knowledge of its being an incented product) may mean that the population of buyers and the uses of products differ from those of the coupon and direct install programs.  Furthermore, markdown models never offered through measure life programs are not included in the estimate.  Moreover, while these models overlap, their distribution and usage of the population of markdown products may differ from what we observed in this study of coupon and direct install products.  Any of these factors could adjust the estimate of markdown measure life upwards or downwards; a study of actual markdown products is needed to determine this.  
Finally, it should be noted that the estimate of approximately six years for exterior fixtures falls short of most assumptions about the measure life of such products (e.g., current assumptions by Sponsors in New England, those found in the California studies discussed earlier).  We do not have any information to explain as to why exterior fixtures are failing at a faster than expected rate.  However, we suspect that the hours of use estimates produced by manufacturers under laboratory conditions do not adequately represent the climate of New England.  In short, the weather may be to blame for early exterior fixture failure.  

3 Installation Rates for Measure Life Products

The purpose of this study is to estimate measure life, not to estimate the installation rate for the measure life products.  Furthermore, given that coupon and direct install programs account for only a small portion of CFLs and fixtures distributed in the Sponsors’ service territories, the measure life products do not accurately represent the “installation rate” for all Sponsor-supported energy-efficient lighting products.  NMR and RLW are currently conducting a study of products purchased through markdown programs in Connecticut, Massachusetts, Rhode Island, and Vermont.  We will use information from this measure life study and the markdown impact study to provide an estimated installation rate for CFLs in the final report of the markdown evaluation.  

However, as shown in Table 3–3 earlier, when conducting the on-site portion of the measure life study, it became apparent that a larger than expected number of products had never been installed, many of them being unaccounted for or their disposition not traceable (e.g., given away or sold).  For this reason, we believe it is important to discuss the installation rate for the subset of measure life products for which we searched in this study.  These estimates are not intended to be used for estimating energy savings for these or any other programs that distribute lighting products.  Instead, they are presented for informational purposes only.  Note that the dispositions discussed here are heavily influenced by the sources of bias discussed in Section 3.3 and Appendix A, particularly those related to problems in the dataset and customer recall.  Please refer to Table 3–3 and Section 5 below for additional information about the current disposition of all measure life products for which we searched.
  

Table 4–1 presents the installation rates for the subset of measure life products for which we searched in this study.  The installation rate for coupon CFLs examined in this study is 69%, ranging from 59% in 2003 to 77% in 2006.  The overall installation rate for direct install CFLs examined in this study is 71%, ranging from 56% in 2003 to a high of 97% for 2006. We estimate the installation rate for exterior fixtures to be 54% (from 48% in 2005 to 63% for 2002) and for interior fixtures as 62% (47% for 2004 to 84% for 2006).
  We believe it is important to note that, with the exception of exterior fixtures, the reported installation rate is always highest for 2006—the year in which customer recall is probably the most accurate because it is the most recent.  This lends further evidence to the argument that faulty customer recall represents potential bias in these installation rate estimates and militates against their use as inputs to savings estimates for the broader population of coupon and direct install products.  

Table 4–1: Product Installation Rates by Year

(Total number of in-program products)

	
	2002
	2003
	2004
	2005
	2006
	Overall

	CFLs - Coupons
	

	Purchased
	170
	94
	106
	157
	168
	695

	Installed at some point
	120
	55
	73
	102
	129
	479

	Installation Rate
	71%
	59%
	69%
	65%
	77%
	69%

	CFLs – Direct Install
	

	Purchased
	84
	86
	94
	91
	86
	441

	Installed at some point
	51
	48
	62
	69
	83
	313

	Installation Rate
	61%
	56%
	66%
	76%
	97%
	71%

	Exterior Fixtures
	

	Purchased
	43
	45
	42
	42
	43
	215

	Installed at some point
	27
	22
	23
	20
	24
	116

	Installation Rate
	63%
	49%
	55%
	48%
	56%
	54%

	Interior Fixtures
	

	Purchased
	70
	47
	68
	89
	123
	397

	Installed at some point
	21
	35
	32
	57
	103
	248

	Installation Rate
	30%
	74%
	47%
	64%
	84%
	62%


4 Current Disposition and Use of Measure Life Products

Table 3–3 in Section 3.4 above summarizes the verified or reported disposition of all measure life products for which we searched during the on-sites.  In this section, we address a few of the issues related to some of these dispositions, specifically the following:

· Locations in which measure life products are currently installed

· Products that had never been installed, the auditor could not find, or whose fate the respondent could not recall 

· Reasons for removal and post-removal disposition of the product

· Replacement of removed products

4.1 Location of Use 

Most installed CFLs are located in living rooms (22% to 23%) followed by bedrooms (16% to 24%), kitchens and dining rooms (16% to 19%), basements (10% to 11%), and bathrooms (9% to 10%) (Table 5–1).  There seems to be no substantial differences in installation locations for coupon and direct install CFLs.  Popular locations for interior fixtures are hallways (32%), living rooms (22%), and bedrooms (17%). One respondent actually installed an exterior fixture in a bedroom.  

Table 5–1: Location of Installed Lighting Products

(Number of products installed and functioning)

	
	CFL 
Coupon
	CFL 
Direct Install
	Exterior Fixture
	Interior Fixture

	Living Room/Den/Family Room
	23%
	22%
	0%
	22%

	Bedroom
	16%
	24%
	1%
	17%

	Kitchen and Dining Room
	16%
	19%
	0%
	11%

	Basement
	11%
	10%
	0%
	9%

	Bathroom
	9%
	10%
	0%
	4%

	Foyer and Hallway
	8%
	5%
	0%
	32%

	Porch and Exterior
	6%
	4%
	99%
	1%

	Office
	5%
	3%
	0%
	3%

	Garage
	2%
	2%
	0%
	0%

	Other
	2%
	1%
	0%
	2%

	Number of Products
	330
	244
	70
	117


4.2 Products That Have Not Been Installed and Are Not Traceable

One of the key decisions made regarding measure life estimates was to exclude from the analysis those products that could not be located by the customer or inspector while on site (Decisions 5G and 6H in the Table 3–3 and in Table A–5 in Appendix A).  This decision resulted in the exclusion of 25% of the coupon CFLs, 27% of the direct install CFLs, 31% of the exterior fixtures, and 30% of the interior fixtures from the measure life sample for which the inspectors searched (Table 3–3 above).  

This failure to recall these CFLs and fixtures is partly explained by the inclusion of products for which the inspector had incomplete information.  Not surprisingly, customers had a difficult time recalling products for which the model number or manufacturer was unknown.  In fact, the disposition was determined for only a few of these products (11 products, all CFLs).  The difficulty of recalling products with incomplete product information, however, only accounts for 20% of the failure to recall coupon CFLs, 20% for direct install CFLs, and 26% for interior fixtures, although 61% of the exterior fixtures that customer could not recall had incomplete product information (Table 5–2).  While these percentages (especially for exterior fixtures) are substantial, it is also true that many respondents still failed to recall or locate products for which we had complete product information.  Something is happening to these products, and our study was not designed to determine that something.  This points to the need for a process evaluation to assess why the information in the database for so many products is incomplete (including the information on some direct install products).  This evaluation would look at internal tracking systems and program data demands in order to assess if all requirements are being met and to identify gaps.  It may also be useful to track recently purchased coupon products to ascertain what happens to them after they leave the store.  
Table 5–2: Percentage of Products Respondents Did Not Recall by Quality of Product Information

(number of products respondent did not recall)

	Quality of Information
	CFLs
	Fixtures

	
	Coupon
	Direct Install
	Exterior
	Interior

	Known product information
	80%
	80%
	39%
	74%

	Incomplete product information
	20%
	20%
	61%
	26%

	Number not recalled
	171
	121
	66
	120


In comments on an earlier draft of this report, there was interest in knowing if the inability to locate some interior fixtures in respondents’ homes differed for hard-wired and portable fixtures.  In fact, among the interior fixtures for which we could determine the hard-wired or portable status, more than two-thirds of hard-wired fixtures (69%) were not found, while more than one-half of portable fixtures (52%) were found.  Therefore, whether an interior fixture is hard-wired or portable does not explain the inability to find interior fixtures in respondents’ homes.  

Table 5–3: Locating Interior Fixtures by Type of Fixture

(Number of interior fixtures for which type was known)

	Whether or not
	Hard Wired
	Portable

	Not found in measure life homea
	69%
	48%

	Found in measure life home
	31%
	52%

	Number of fixtures
	289
	52


a Includes products reported removed, installed elsewhere, or that could not be found. 

4.3 Product Disposition

We asked the participants how they disposed of the lighting products they had removed. While some claim to have recycled the CFLs upon removal (14%), most simply threw them in the trash (84%) (Table 5–4). In some cases the burned out CFLs were left in their sockets without a replacement or were stored. None of the exterior or interior fixtures was recycled. Apart from a few burned out fixtures that were left in place, most respondents placed them in the trash. 

Table 5–4: Disposal Method of lighting products that broke or burned out

(Respondents that disposed their lighting products after it broke or burned out)

	Disposition
	CFL
	Interior Fixture
	Exterior Fixture

	Trashed
	84%
	95%
	80%

	Recycled
	14%
	0%
	0%

	Not Disposed
	2%
	5%
	20%

	Number of Products
	160
	19
	20


A handful of products were removed while still operational because the respondents were not satisfied with the product (ranging from one percent for coupon CFLs and interior fixtures to four percent of exterior fixtures; Table 3–3).  As with products that broke or burned out, respondents also threw out most of the still operational lighting products they had removed, although a few returned them to the store (Table 5–5). 

Table 5–5: Disposal method of lighting products removed while still working

(Respondents that disposed their lighting products while still in usable condition; number of products reported due to small sample size)

	Disposition
	CFL
	Interior Fixture
	Exterior Fixture

	Trashed
	35
	4
	12

	Returned
	0
	4
	1

	Number of Products
	35
	8
	13


Previous research we have conducted indicates that few people are aware of the mercury in CFLs, although recent media attention and Sponsor education campaigns have raised awareness.  As a result, most consumers throw the CFLs away as they would other bulbs.
  However, it is also the case that to recycle CFLs in many of the states participating in this study, users must save broken or burned out bulbs and take them to hazardous waste drop off sites (often associated with towns or municipalities), usually on specific dates.  

4.4 Replacement of Removed Measure Life Products

We also asked participants what lighting products had replaced the ones that had been removed for any reason.  Participants report that they had replaced over half of the CFLs (59%) with other CFLs, while 31% reported replacing CFLs with incandescent bulbs (Table 5–6). Participants replaced 59% of the removed exterior and interior CFL fixtures with regular fixtures and incandescent bulbs and another 19% with CFL fixtures or CFLs; respondents chose not to replace 22% of the failed fixtures.  Our survey did not ask respondents to explain their choice of replacement product. 

Table 5–6: Replacement of Removed Lighting Products

(Respondents that removed their lighting products)

	Product
	Replacement of CFL Bulb
	Replacement Fixture (EF & IF)

	CFL
	59%
	19%

	Incandescent
	31%
	59%

	Halogen
	2%
	0%

	None
	8%
	22%

	Don't Know
	1%
	0%

	Number of Products
	225
	58


5 Counting Products in the Home

In addition to a searching for the measure life products acquired through the direct install and coupon programs, we also inventoried all lighting products in the home—both those currently installed as well as those in storage.  We discuss the results of this effort below.  

It should be noted that the findings regarding all lighting products in these households apply only to those visited for the on-site portion of this study.  Members of these households had already demonstrated an interest in energy efficiency in general (by taking part in one of the Sponsors’ programs) and in energy-efficient lighting, in particular those purchasing through the coupon program.  Therefore, they are not representative of all households in New England and most likely have adopted energy-saving lighting technology at a higher rate than the general population.  While the analysis in this section may not be applicable to the general population, it may provide insights toward understanding how much potential still exists for additional energy-efficient lighting installations in participants’ homes.  

5.1 Socket Count of All Lighting Products

The participants in the on-site portion of this study have an average of 53 sockets per household.  Most sockets held incandescent bulbs (60%) (Table 6–1).  The percentage ranges from a low of 49% in the households in Vermont to 65% in the households in Rhode Island.  CFLs were the second most common type of bulb installed in sockets (27%), followed by traditional fluorescent lighting (10%).  The households visited in Vermont had the highest percentage of CFLs in sockets (38%) while the participating households in Rhode Island had the lowest (16%).

Table 6–1: Distribution of Lighting Products by State

(Total installed lighting products)

	Bulb Type
	CT
	MA
	ME
	NH
	RI
	VT
	Total

	Incandescent
	62%
	62%
	54%
	50%
	64%
	49%
	60%

	CFL
	25%
	24%
	37%
	37%
	16%
	38%
	27%

	Fluorescent
	10%
	9%
	7%
	8%
	16%
	10%
	10%

	Halogens
	3%
	5%
	2%
	5%
	4%
	4%
	4%

	Other (LED, High Pressure Sodium, Mercury Vapor)
	<1%
	<1%
	0%
	<1%
	0%
	0%
	<1%

	Missing
	<1%
	0%
	0%
	0%
	0%
	0%
	<1%

	Number of Sockets
	1,975
	8,453
	415
	1,487
	1,295
	1,543
	15,168

	Number of Households
	33
	153
	7
	33
	20
	39
	285

	Average Sockets per Household
	60
	55
	59
	45
	65
	40
	53


The inventory also examined the rooms where lighting products were installed.  Respondents were most likely to install CFLs in living rooms, bedrooms and the kitchen areas (19%, 18%, and 15% respectively) (Table 6–2).  This pattern matches that of the measure life CFLs (both coupon and direct install) as reported above in Table 5–3.  The most common lighting products, incandescent bulbs, were also usually installed in bedrooms (19%), the kitchen area (19%), and bathrooms (17%).  Traditional fluorescent tubes were commonly installed in basements (49%), while halogens were located in kitchens and dining rooms (41%).
  Approximately 90% of all lighting products—as well as CFLs—were installed inside the home, while about 10% were installed on the exterior of the home or inside exterior buildings (e.g., garages or pool houses).  

Table 6–2: Lighting Products by Location in Household

(Total installed lighting products)

	Room
	CFL
	Fluorescent
	Halogens
	Incandescent
	Other
	Total

	Living Room
	19%
	5%
	14%
	14%
	6%
	14%

	Bedroom
	18%
	7%
	11%
	19%
	18%
	17%

	Kitchen and Dining Room
	15%
	19%
	41%
	19%
	35%
	19%

	Basement
	13%
	49%
	8%
	7%
	0%
	12%

	Bathroom
	12%
	4%
	4%
	17%
	6%
	14%

	Hallway
	9%
	3%
	4%
	9%
	18%
	8%

	Exterior
	7%
	1%
	10%
	8%
	18%
	8%

	Office
	3%
	1%
	7%
	2%
	0%
	2%

	Exterior Buildingsa
	2%
	5%
	<1%
	1%
	0%
	2%

	Closet
	1%
	2%
	0%
	1%
	0%
	1%

	Laundry Room
	1%
	1%
	0%
	1%
	0%
	1%

	Attic
	<1%
	<1%
	1%
	1%
	0%
	0%

	Play Room
	<1%
	0%
	0%
	<1%
	0%
	0%

	Other
	<1%
	1%
	<1%
	1%
	0%
	1%

	Number of Productsb
	4,023
	1,447
	653
	9,027
	17
	15,167


a Exterior Buildings include Garage, Pool Room, Barn and Shed

b There is one missing observation from this analysis.
Ceiling mounted fixtures (35%) are the most common type of fixture installed in participants’ homes, followed by wall mounts (19%) and table lamps (14%) (Table 6–3). 

Table 6–3: Lighting Products by Fixture Type

(Total fixture socket number)

	Fixture Type
	Percent

	Ceiling Mount
	35%

	Wall Mount
	19%

	Table Lamp
	14%

	Suspended
	11%

	Recessed
	7%

	Ceiling Fan
	6%

	Floor Lamp
	4%

	Under Cabinet Lights
	1%

	Other
	3%

	Missing
	<1%

	Number of Products
	15,168


The inventory of all installed lighting products identified most of the controls as manual (94%); only six percent are on dimmers (Table 6–4). 

Table 6–4: Lighting Products by Control

(Total installed lighting products)

	Control
	Number of Sockets
	Percent

	Manual
	14,254
	94%

	Dimmer
	840
	6%

	Motion Sensor/Occupancy Sensor
	41
	<1%

	Timer
	26
	<1%

	Photo Cell
	6
	<1%

	Other
	1
	<1%

	Number of Products
	15,168
	100%


As CFLs are highly energy efficient compared to incandescent bulbs, the average wattage of all CFLs installed in these participating homes (18 watts) is much lower than that of the incandescent bulbs installed in them (57 watts) (Table 6–5).  Not surprisingly, the wattages of exterior fixtures (62 watts), typically exceeds that of interior ones (43 watts).  The wattage of lighting products ranges from a low of 0.3 watts for one light emitting diode (LED) to a high of reported high of 500 watts for a halogen bulb.
 

Table 6–5: Wattage of All Installed Lighting Products 

(Total installed lighting products)

	
	CFL
	Fluorescent
	Halogens
	Incandescent
	Other
	Total

	Minimum
	3
	7
	10
	3
	0.3
	0.3

	Maximum
	120
	110
	500
	300
	100
	500

	Average
	18
	35
	63
	57
	14
	45

	Ave. Interior
	18
	35
	56
	55
	8
	43

	Ave. Exterior
	23
	36
	123
	71
	60
	62

	Number of Products*
	4,023
	1,447
	653
	9,027
	17
	15,160


*There were eight don’t know/missing responses that were excluded from this table.

5.2 All Lighting Products in Storage

The NMR team also conducted an inventory of all lighting products being stored in the measure life households.  This inventory included the handful of measure life products (one exterior fixture, three interior fixtures, and 29 CFLs) currently in storage as well as any other lighting products the auditor found in storage in the participating homes.  

Similar to the socket count, incandescent bulbs comprise the largest share of light bulbs found in storage (59%) (Table 6–6).  CFLs and energy-efficient fixtures (mostly bulbs) make up another 36% of stored lighting products.  Of the 199 households with lighting products in storage, the auditors found 147 homes with stored CFLs (an average of six CFLs per household). Respondents store very few halogens (3%) and fluorescent tubes (2%). 

Table 6–6: Light Bulbs in Storage

(Respondents with stored lighting products)

	Bulb Type
	Percent

	Incandescent
	59%

	CFL
	36%

	Halogen
	3%

	Fluorescent
	2%

	Number of Products
	2,538


In a previous draft of this report, some reviewers expressed surprise at the low storage rates for measure life products (four percent for coupon CFLs and one percent for all other products), especially in light of the overall high numbers of CFLs in storage in the home overall.  However, we remind the reader that many of the measure life products were obtained from direct install programs and, therefore, most of these were never intended to be placed in storage.  Furthermore, the measure life coupon products had been obtained at least one year and up to seven years prior to the time we conducted the on-site visit.  It is possible that respondents install CFLs in the order in which they obtain them.  Therefore, the measure life coupon products obtained a while back are probably more likely to have been installed—or misplaced—than are more recent purchases from a markdown program, for example.  Alternatively, it is possible that some of these stored CFLs are measure life products on which we had incomplete or perhaps incorrect information from the database, or that respondents confused them with products they had obtained outside of the coupon or direct install program.  In short, some stored products may indeed be “measure life” products but our methods could not identify them as such.  We cannot fix these errors associated with the database or customer recall, but it is important to note their possible influence on the CFL storage count.  

We asked respondents why they had not installed the CFLs stored in their homes. Most of the respondents (96%) claimed that the CFLs were spare bulbs that would replace other lighting products when they burn out or break (Table 6–7).
  Other reasons for storing CFLs include the participant’s preference for another bulb type over CFLs, the perceived low quality of CFLs, and the fact that the CFL does not fit into existing sockets. 

Table 6–7: Why CFL Was Not Installed

(Respondents with stored CFLs)

	If CFL, Why not installed?
	Total
	Percent

	Spare
	891
	96%

	Lacks light quality
	12
	1%

	Still getting used to them first
	6
	<1%

	Doesn't like it
	2
	<1%

	Hasn't had a chance to install them in an apartment that he owns
	2
	<1%

	Not sure where to put them
	2
	<1%

	Removed because it flickers
	1
	<1%

	Doesn't fit anywhere
	1
	<1%

	Forgot about it
	1
	<1%

	Haven't decided where to put it
	1
	<1%

	Don’t Know/Missing
	3
	<1%

	Number of Products
	922
	100%


Participants storing CFLs said they plan to use them primarily to replace other CFLs (46%), while only eight percent said they would use them to replace incandescent bulbs (Table 6–8). Forty-four percent of the respondents were not sure what type of product the CFL would replace.  We did not collect data on the wattages of the possible product that would be replaced, so this information cannot be used to estimate potential energy savings from stored products.  

Table 6–8: What Bulb Will CFL Replace

(Respondents with stored CFLs)

	What bulb will it replace?
	Percent

	CFL
	46%

	Incandescent or CFL
	44%

	Incandescent
	8%

	New Socket
	1%

	Not Sure
	0%

	Don’t Know
	1%

	Number of Products
	922


6 Markdown Products and Program Spillover

In addition to a socket count, the study also has two other secondary objectives.  One is to count the products currently in respondent homes that may have potentially been purchased through Lighting Markdown Programs run by the Sponsors.  The second is to estimate the possible spillover effect of coupon and direct install programs on other energy-efficient lighting purchases.  We address these two objectives in the sections that follow.   

6.1 Possible Markdown Products in Respondent Homes

Because their focus is on lowering the price of products without the use of customer rebates or coupons, markdown programs do not collect purchase information for individual customers, so there is no routine way to identify program participants or track the use of individual products sold through the program.  The Sponsors and the NMR team decided that we should take advantage of the opportunity created by visiting customers’ homes for the Measure Life Study and search for potential markdown products while we were there.  

In order to do this, the auditors noted the model numbers of all CFL-based lighting products in the visited homes.  We compared these to a list of model numbers from Energy Federation Incorporated (EFI) of all markdown products offered in New England (excluding Vermont), and a separate list of those offered in Vermont.  In fact, the markdown product model number list overlapped somewhat with the model numbers on the measure life list for which we originally searched, particularly for those products offered in all Sponsors’ states except Vermont (Table 7–1).  However, the EFI lists indicate that markdown programs also offer products not included in the measure life product list for coupon and direct install programs. (Table 7–1 shows, for example, that 10% of measure life models in Vermont were also markdown models.)

Table 7–1: Overlap of Measure Life Product Models with Markdown Models

	
	CFLs
	Exterior Fixtures
	Interior Fixtures

	Vermont
	10%
	0%
	2%

	Remainder of New England
	28%
	22%
	17%

	Number of Measure Life Models
	106
	32
	54


We relied on customer recall to determine which products with overlapping model numbers were measure life products (i.e., acquired through coupon or direct install programs), and removed them from this markdown identification procedure.  In the on-site survey, we asked customers where they had purchased additional CFLs and fixtures and how much they had paid for them.  If a product had a markdown model number and if the respondent had purchased CFLs for three dollars or less or fixtures for $15 or less at stores that have participated in markdown promotions, we considered the products to be likely markdown purchases.  We also limited products found in homes in Vermont to just those markdown models offered in the program in that state.  

We found only two fixtures, both in Massachusetts, that met these criteria.  However, based on model number, price, and place of purchase, 942 CFLs (21% of all CFLs in the respondents’ homes—an average of 3.3 CFLs per home) are likely to have been purchased through the markdown programs (Table 7–2).  Another 13% were obtained through a coupon program or direct install program, and 66% were apparently purchased outside any Sponsor program.
Table 7–2: Source of CFLs Observed in Respondents’ Homes

(Number of CFLs observed in participants’ homes)

	 
	CT
	MA
	ME
	NH
	RI
	VT
	Total

	Measure Life
	9%
	13%
	1%
	15%
	15%
	19%
	13%

	Potential Markdown
	23%
	23%
	22%
	23%
	10%
	13%*
	21%

	Out of Program
	69%
	63%
	77%
	62%
	75%
	68%
	66%

	Number of CFLs observed
	581
	2,265
	176
	595
	241
	675
	4,533


* Estimate limited to homes in Vermont and to those products on Vermont markdown list.  

6.2 Coupon and Direct Install Spillover

The visual inspection of lighting products in participants’ households revealed CFLs and fixtures that had not been acquired through either the Sponsors’ direct install or coupon programs.  Furthermore, as Table 7–2 shows, 66% of CFLs were probably not markdown purchases.  The survey asked detailed questions about these “out-of-program” products in order to determine if they were possible spillover purchases.  Due to the small numbers of non-program energy-saving fixtures in the homes, we completed the spillover analysis only for CFLs.  Of the occupants of the 285 homes surveyed, inspectors asked a series of spillover questions for CFLs not acquired through the measure life programs (see Table 7–3 for calculations).  We removed from the analysis all CFLs purchased prior to participation in the measure life programs and all potentially acquired through markdown programs.  This left us with a total of 1,805 candidates for coupon spillover (67% of non-measure life CFLs in households participating in the coupon program) and 774 candidates for direct install spillover (62% of non-measure life CFLs in households participating in the direct install program).  

In order for products to qualify as spillover, we also required that respondents report being aware of the ENERGY STAR lighting program.
  Respondents who were aware of the programs were responsible for purchasing 75% (1,353) of the candidates for coupon spillover and 83% (639) of the candidates for direct install spillover (see Table 7–3 for calculations).  Finally, we asked all respondents who were aware of ENERGY STAR lighting programs how strongly their participation in the coupon or direct install program influenced their decision to purchase additional CFLs.  Respondents used a one-to-ten scale, where one was not influential and ten was extremely influential.  We consider the CFL to be spillover only if the respondent indicated influence with an eight or higher.  

The results indicate that 49% (892) of the candidates for coupon spillover (33% of all non-coupon CFLs in coupon participants’ homes) are likely spillover purchases.  This translates into an average of 4.9 spillover CFLs per coupon household.  Similarly, 46% (355) of the candidates for direct install spillover (29% of all non-direct install CFLs in direct install participants’ homes) are likely spillover purchases—an average of 3.4 spillover CFLs per direct install household.  The 892 spillover CFLs compared to 695 coupon CFLs amounts to spillover of 128%; the 355 spillover CFLs compared to 441 direct install CFLs amounts to spillover of 81%.
Table 7–3: Calculating Possible CFL Spillover Purchases

(Number of non-measure life products; number of potential spillover products)

	Row
	Criteria for Consideration as 
	Possible Spillover Purchases 

	
	
	Coupon
	Direct Install
	Total

	
	
	#
	%
	#
	%
	#
	%

	A
	Non-measure life products in homes
	2,682
	100%a
	1,242
	100%a
	3,924
	100%a

	B
	Markdown/purchased prior to participation in direct install or coupon program
	877
	33%a
	468
	38%a
	1,345
	34%a

	C
	Candidates for spillover (Row A – Row B)
	1,805
	67%a
	774
	62%a
	2,579
	66%a

	D
	Aware of ENERGY STAR Lighting Programs
	1,353
	75%b
	639
	83%b
	1,995
	77%b

	E
	Measure life products
	695
	100%
	441
	100%
	1136
	100%

	F
	ESTIMATED SPILLOVER: Purchased by aware respondents who say measure life program strongly influenced purchase
	892
	128%c
	355
	81%c
	1,246
	110%c


a Percentage based on number in Row A 

b Percentage based on number in Row C 

c Percentage based on number in Row F divided by number in Row E
It should be noted that our estimates of spillover do not take into account program influences of which the respondent is not aware, such as the fact that prior programs are in part responsible for the increased availability and lower price of CFLs generally.  Furthermore, we were able to base our estimates only on the CFLs still found in the house.  The respondents could have made other program-induced purchases of CFLs that are no longer in their homes (e.g., they may have burned out, been given away, etc.).  Taking these other factors into account would tend to make the spillover rates.  In contrast, it is also likely that the markdown program is responsible for some of the spillover that our methodology attributes solely to direct install or coupon programs  

The respondents who were not aware of the ENERGY STAR Lighting Program were asked about their motivations for buying the lighting products. Most of the respondents (92%) named energy savings as the primary reason for their purchase (Table 7–4). Another 20% claimed they had bought the products because of the price, while seven percent stated that they liked the appearance and/or quality of light of CFL products.
 

Table 7–4: Motivation for Buying CFL Products

(Respondents not aware of ENERGY STAR Lighting Program, Multiple Response)

	Responses
	Percent of Cases

	To save energy/To be more energy efficient
	92%

	Available for a good price
	20%

	Like their appearance/quality of light
	7%

	Available for free
	1%

	Good for the environment
	1%

	Total
	75


7 Recommendations

As stated in Section 3.7, we recommend that the Sponsors who distribute ENERGY STAR lighting products in New England use the estimates of measure life listed in Table 8–1.

Table 8–1: Recommended Estimates for Measure Life

	Product
	Measure Life
	Std. Error
	80% Confidence Interval

	
	
	
	Low
	High

	Coupon CFLs
	5.48
	0.33
	5.06
	5.91

	Direct Install CFLs
	6.67
	0.54
	5.97
	7.36

	Markdown CFLs (JNT and VT)
	6.82
	0.49
	6.15
	7.44

	Coupon and Direct Install Exterior Fixtures
	5.47
	0.36
	5.00
	5.93

	Markdown Exterior Fixtures
	5.88
	0.50
	5.24
	6.52

	All Interior Fixtures
	Continue using current estimates of measure life


In our initial review of the databases for this project (See Section 3.1 and Appendix A), we found that many databases from direct install programs lacked the necessary product identification or household occupant contact information for inclusion in this study.  We recognize that collecting contact information on householders may not always be possible in new construction or some multifamily settings.  However, it should always be possible to note the product manufacturer, model numbers, and type (e.g., CFL bulb, exterior fixture, interior fixture) distributed through direct install programs, and this is not always being done.  Therefore, we recommend that the Sponsors collect a standard set of variables that aid in the identification of the products be collected across all direct install programs, to the greatest extent possible. The variables that ideally would be collected include product type, manufacturer, model number, fixture type, wattage, room/location of installation, date of installation, and any other product description (e.g., quad, spiral, dimmable, three-way, etc.) as well as customer information including name, address, and phone number.  

Our evaluation efforts suggest three possible future studies.  The first possible study is a follow-up study of interior fixtures similar to the one described in this evaluation.  The need for this study stems from the fact that most interior fixtures “survived” until the end of our study period, limiting our ability to provide a revised estimate of measure life using accepted survival analysis techniques.  

The second possible study is a process evaluation that addresses issues related to the quality of information in the program tracking databases and understanding what happens to products once they leave the store or the warehouse.  As mentioned earlier, we had to exclude a number of retail and direct install programs from this study because they did not collect adequate information on the products or the customers, thus not allowing for an effective evaluation of the measure life of the products.  Furthermore, of those databases with generally good product and contact information, some individual records lacked the necessary data.  A process evaluation focused on internal data tracking and program data requirements may shed light on the sources of these problems and how to remedy them for future measure life studies of these retail and direct install programs, should the Sponsors choose to conduct such studies.  The process evaluation could involve tracking newly purchased coupon products right after their purchase (i.e., within three months).  If these recently purchased products are not able to be found, then the evaluation contractor would try to trace what happened to the product through such methods as examining tracking databases and the payment of incentives, interviewing direct installation auditors and retail supervisors, and discussing the products’ dispositions directly with the customer.  

The third possible study, however, may negate the need for the first two.  For this third study, we suggest the Sponsors adopt a “panel approach” in order to lessen some of the challenges we faced in this evaluation, namely the high number of “lost” products, faulty customer recall, and the fact that markdown approaches have now replaced coupon and direct install ones as the focus of lighting programs in New England.  The idea for this study comes from an evaluation conducted by SDG&E for lighting products obtained by its customers in 1996 and 1997.
  Starting in 1997 and continuing through 2002, SDG&E conducted a mixture of on-site visits and phone surveys with recipients of lighting products every year to determine the ongoing disposition of the products obtained in 1996 and 1997.  This allowed SDG&E to reduce problems associated with lost products because they knew from the start which products they would track.  Furthermore, by surveying the customers each year, SDG&E reduced (but did not eliminate) bias related to faulty recall regarding what happened to the products.  

The Sponsors currently have an opportunity to develop a similar study.  NMR, RLW, and GDS are conducting an evaluation of the markdown programs in Connecticut, Massachusetts, Rhode Island, and Vermont.  As part of that evaluation, we are in the process of placing approximately 520 lighting loggers on CFLs (no fixtures) in households whose occupants purchased and installed CFLs through markdown programs in these four states.  We suggest that the Sponsors consider a study in which we ask members of these households to take part in a long-term panel study.  Upon removing the logger, the auditor would place some sort of marker on the product and instruct the household members to note if, when, and why they removed the product from service.  An evaluation contractor could then contact each of these households every year for up to seven years for a brief survey regarding the disposition of these products, including asking the months in which the products were removed from service.  Monthly information would greatly improve the predictive capabilities of the survival analysis techniques.  The individuals would be paid a small incentive each time they answered the survey.  The details of such a study (e.g., recruiting households in Maine and New Hampshire, replenishing the panel with a new cohort, how to deal with “dropouts,” whether to include products in households in which we did not place loggers but that have eligible products, etc.) would need to be worked out in a formal proposal.  Furthermore, we see three potential sources of bias: 1) these households are already predisposed to buying and using CFLs and so may not be representative of all households purchasing markdown products, 2) participation may bias how they treat the CFLs (e.g., not removing them from use), and 3) those who may be willing to participate because of the payment of an incentive over time may not be representative of all CFL users.  The study design would have to address these potential sources of bias to the extent possible.  However, we believe the Sponsors may want to consider such a study in order to gain a better understanding of what happens to markdown CFLs once they leave the store and the measure life of markdown CFLs.
  

Our efforts suggest that the quality of CFLs appears to be improving over time. Even so, a jump in the one-year failure rate of CFLs obtained in 2006 (i.e., more failed in the first year than in previous ones) causes some concern regarding product quality.  Given the rapid expansion in the CFL market, the higher one-year failure rate of 2006 CFLs may be an aberration related to the introduction of new manufacturing plants designed to meet increased demand.   It may also be a sign of decreased product quality from existing as well as new plants.  Furthermore, we see no indication that fixtures have improved over time.  Given persistent concerns about CFL and fixture quality, we recommend that the Sponsors continue their current support of quality assurance efforts.  

Appendix A: Sample Design and Bias

This measure life study has several layers of complexity.  The development of a sample and sample design relied heavily on the information available in Sponsors’ databases on products distributed through their programs, as well as information gathered from the customers who obtained those products.  The study also relies heavily on respondent recall.  Together, the sample available for use, the sampling design, and the on-site methods introduced some sources of uncertainty and potential bias into the study.  Because of these layers of complexity, we discuss the methodology in great detail in the section that follows.  

A.1
Sample Development

This study focuses on the measure life of individual energy-efficient lighting products that we are relatively certain were purchased by or given to individual households through various energy-efficiency programs in New England.  The sample design (discussed below) is based on the number of CFLs, interior fixtures, or exterior fixtures offered in the Sponsors’ programs, not on the households participating in them.  To a large extent, the NMR team relied on a “judgment sample,” (sometimes called a convenience sample) a non-probability approach in which we draw sample from among those respondents who have the desired characteristics.  The characteristics in this case were the following pieces of information:

1. Knowledge that the respondent had obtained at least one energy efficient lighting product through a Sponsor’s program from 2002 to 2006

2. Model number, manufacturer and wattage for the product in order to identify it in the home; for direct install programs, we also looked for the location of installation

3. Customer contact information

In order to identify program participants for whom we have such information, the team requested descriptions of all retail and direct install programs administered by the Sponsors from 2002 through 2006 to determine whether program records contained sufficient information (i.e., customer names, customer contact information, products descriptions, and product installation locations) to pursue formal data requests. 

After reviewing descriptions, we requested the databases that seemed to contain the necessary information.  We received datasets for the following programs:

· Retail in-store coupon programs for all states, 2002 to 2006 (2003 to 2006 for Maine)

· Various Vermont programs, including new construction, home energy audit, and retail programs targeted at contractors, from 2002 to 2006

· ENERGY STAR® Homes programs in Massachusetts, Rhode Island, and New Hampshire, single and multifamily, from 2004 to 2006

· MassSAVE and predecessor programs from CSG and Rise covering NSTAR, National Grid, and Cape Light Compact, from 2002 to 2006

By far, the databases for the retail programs accounted for the greatest number of products (Table A–1).  Compared to CFLs and interior fixtures, we had relatively few exterior fixtures from which to sample.  

Table A–1: Products Listed in Databases Received from Sponsors

	
	CFLs
	Exterior Fixtures
	Interior Fixtures
	All Fixtures*

	
	Retail
	Direct
	Retail
	Retail
	Direct

	2002
	768,244
	19,038
	30,819
	171,824
	

	2003
	301,319
	21,771
	11,137
	79,330
	

	2004
	468,941
	78,342
	12,196
	77,518
	7,287

	2005
	632,912
	100,627
	7,391
	93,676
	7,461

	2006
	969,450
	169,641
	7,836
	83,220
	5,793

	Overall
	3,140,866
	389,419
	69,379
	505,568
	20,541


*Data not classified by fixture type

After reviewing the databases, NMR and RLW determined that only the coupon, single-family ENERGY STAR Homes (after we looked up phone numbers on the internet for the included addresses), and MassSAVE files contained sufficient product and resident contact information to provide sample for the study.  Other files contained only broad product descriptions (e.g., no model numbers, manufacturer names, or detailed product characteristics) or included insufficient contact information for the actual resident of the home or apartment served.  

Table A–2 lists the total number of products recorded in the databases we ultimately used, by product type and year, as well as retail or direct install programs for CFLs.
  It also states how many products were excluded because we could not use the databases.  CFL bulbs from retail (i.e., coupon) programs accounted for the majority of products listed in the usable databases, followed by interior fixtures, and then direct install CFLs.  The databases included relatively few exterior fixtures.  Throughout the remainder of this report, we will refer to these as the “measure life databases” and “measure life products.”  Likewise, we will refer only to “coupon” CFLs among the retail measure life products as all came from coupon programs.  

Table A–2: Products Available for Study Sample

	Year Acquired
	CFLs
	Exterior Fixtures*
	Interior Fixtures*

	
	Retail
	Direct
	
	

	2002
	768,122
	18,147
	30,564
	165,782

	2003
	300,962
	19,831
	11,045
	70,255

	2004
	468,879
	56,338
	11,815
	67,149

	2005
	632,736
	75,062
	6,973
	83,043

	2006
	969,339
	108,482
	7,409
	73,320

	Total
	3,140,038
	277,860
	67,806
	459,549

	Number excluded from study due to insufficient information
	0
	111,559
	1,573
	46,019


*We were also able to target some of the 20,541 direct install fixtures for which we did not know fixture type by identifying products installed through earlier years of MassSAVE and the single-family portion of the ENERGY STAR Labeled Homes Program.

A.2
Sample Design

Table A–3 presents the sample design as described in the study work plan (left and middle columns).  As we pulled sample to meet the original targeted number of products, we took note of all products listed for the households in each of the program datasets.  The auditor then went to each home with a list of every product obtained through the programs under consideration.
  Therefore, if we pulled Household A because someone in it had purchased exterior fixtures through a coupon program, we still noted the number of CFLs also purchased through the coupon or direct install programs and went to the home in search of all of these products.  For this reason, the actual number of products for which the auditor searched (listed in the right hand column) sometimes exceeded the number described in the work plan (middle column), especially in the case of CFLs.  The information in the right hand column does not include any energy-efficient lighting products the auditors might have encountered in homes that were not on the lists of measure life products for which they originally searched.
  These additional products will be discussed in later sections of this report.  

Table A–3: Desired and Actual Completions by Year and Type of Program
	Category and Year
	Original Targeted Number of Products to Search For
	Actual Number of Coupon and Direct-Install Products to Search For

	CFLs coupon 2002
	84
	170

	CFLs coupon 2003
	84
	94

	CFLs coupon 2004
	84
	106

	CFLs coupon 2005
	84
	157

	CFLs coupon 2006
	84
	168

	CFLs direct 2002
	84
	84

	CFLs direct 2003
	84
	86

	CFLs direct 2004
	84
	94

	CFLs direct 2005
	84
	91

	CFLs direct 2006
	84
	86

	Interior fixtures all 2002
	42
	70

	Interior fixtures all 2003
	42
	47

	Interior fixtures all 2004
	42
	68

	Interior fixtures all 2005
	42
	89

	Interior fixtures all 2006
	42
	123

	Exterior fixtures all 2002
	42
	43

	Exterior fixtures all 2003
	42
	45

	Exterior fixtures all 2004
	42
	42

	Exterior fixtures all 2005
	42
	42

	Exterior fixtures all 2006
	42
	43

	Number of Products
	1,260
	1,748


To draw the sample, we randomly selected a group of homes from each measure life database to call to seek their participation in the study.  We pulled the sample in order to provide adequate representation of each type of product, from all years, and from all databases.  Specifically, we sampled by product type in order to achieve the desired number of completions.  We also varied our sample by the overall number of records in the database, taking more from those with larger numbers of products.  Finally, we pulled more sample from households participating in 2002 to 2004 because we suspected that those individuals were more likely to have moved or changed phone numbers and that, therefore, would require a larger sample to achieve the desired number of completions from those years.  

In January of 2008, NMR and RLW suggested a change to this sampling approach in order to fulfill the sample quotas for fixtures.  Many of the households obtaining interior or exterior fixtures had received only one or two fixtures.  It was taking the team longer than anticipated to achieve the desired number of completions for fixtures.  We suggested—and the Sponsors approved—purposely selecting households that had acquired large numbers of fixtures.  Therefore, some homes visited have a higher than usual number of fixtures, but this change was necessary to complete the study in a timely and cost effective manner (see Section A-4 on one unintended consequence of this decision).  

Once we had drawn the sample, RLW called the homes in random order to schedule on-site surveys of lighting products.  We attempted at least five call-backs with each household before dropping it and replacing it with another record.  In the end, we visited a total of 285 homes to achieve at least the minimum desired number of completions per product.  

We designed the sample to be representative of products across all programs and program years from 2002 to 2006 in order to provide adequate sampling error; therefore, the sample is not representative of the number of households or distribution of products by state.  Almost one-half (47%) of the sampled lighting products were collected from households in Massachusetts while only 1% (17) were from Maine (Table A–4).  The small number of products from Maine reflects the following circumstances:

1. Maine did not sponsor a coupon program in 2002, so we pulled approximately 125 to 150 fewer names from Maine than other states  

2. Households in Maine purchased smaller numbers of CFLs and fixtures through the coupon program and thus there were fewer products to sample

3. When we randomly ordered households to call from among the pulled sample, Maine households were under-represented by chance, and

4. We had a higher proportion of unreturned phone calls among Maine residents than among those in other states.  

In keeping with the distribution of products in the population, we searched for more coupon products than direct install ones, more CFLs than fixtures, and more interior fixtures than exterior ones (Table A–4).  In addition, the direct install programs for which we could identify occupant telephone numbers included just one home in New Hampshire and the remainder in Massachusetts, so nearly all of the direct install CFLs that we observed were located in Massachusetts. 

Table A–4: Distribution of Sampled CFLs, External Fixtures, and Internal Fixtures by State and Program
(Total number of in-program products)

	State
	CFL
	Exterior Fixture
	Interior Fixture

	
	Coupon
	Direct
	Total
	
	

	Connecticut
	13%
	0%
	8%
	12%
	10%

	Maine
	2%
	0%
	1%
	0%
	0%

	Massachusetts
	17%
	100%
	49%
	36%
	49%

	New Hampshire
	25%
	<1%
	15%
	21%
	21%

	Rhode Island
	12%
	0%
	7%
	6%
	3%

	Vermont
	31%
	0%
	19%
	25%
	17%

	Number of Products
	695
	441
	1,136
	215
	397


A.3
On-Site Methodology

Prior to each visit, the auditor was given a list of products that each household had obtained from the coupon and/or direct install programs.  The auditor list included the product type (CFL, interior fixture, or exterior fixture), manufacturer, model number, wattage, quantity, and location (for direct install products) of each product when available.  Not all of the information was available for all products, as we discuss in more detail below.  

Upon entering the home, the auditor would begin the lighting inventory portion of the visit.  The auditor performed an inventory of lighting products installed in all sockets in the home, as well as products being stored for future use.  Whenever the auditor came across a CFL product, he or she would check it against the information available from the tracking system.  If the auditor found a product that matched all the available information provided in the tracking system, he or she would ask the homeowner if the product had been purchased through the program and ask if it remained installed in its original location or if it had been moved since it was first installed.  The tracking system information in combination with respondent recall ultimately determined if a product was identified as a program product or not. 

If any of the products from the tracking system were not found during the inventory of installed and stored products, the auditor would use the available information to describe each product to the homeowner in an effort to find out where it was or what had happened to it.  The auditor probed to identify if the product had once been installed but was now removed, given away, or installed elsewhere.  This process was repeated for every tracking system product that was not found during the inventory.

If the auditor found a larger quantity of a product with a particular model number than what was reported in the tracking system, the auditor relied on the respondent to identify the specific products that were purchased through the program.  The auditor asked the respondent a series of questions about these non-measure life products in order to determine if they could be classified as spillover or markdown purchases.  

We had incomplete information on about 10% of the measure life products for which the auditor went to the home to search.  These products may have had a manufacturer and no model number, a manufacturer and a wattage range, or in some cases only a wattage range, for example.  Most of these products were obtained through the coupon programs; purchasers likely did not fill out the coupon correctly or the information was illegible when the store turned it in to EFI.
   We decided to search for these products because there was a chance that we would identify them based on visual inspection by the auditor and respondent recall, given the somewhat inexact nature of the method overall.  It is also worth noting that the Sponsors paid incentives for these products, and we believed this justified the effort to search for them, particularly when most of the households also had products for which we had more complete product information.  In fact inspectors found or customers recalled the disposition of 45% of the CFLs with incomplete product information, 23% of exterior fixtures, and 30% of interior fixtures, minorities but still sizable percentages of these products.  We have no indication of systematic bias regarding which products lacked complete information or for which products we determined the disposition.  Furthermore, if the auditor could not find the product and if the respondent could not recall it, the product was excluded from the measure life analysis.  Therefore, we do not believe the inclusion of these products in our search has any impact on the actual measure life results.  

A.4
Potential Bias Resulting from Sample Design and Methodology

Needless to say, there is some error associated with reliance on respondent recall and self-reporting, as we will discuss below.  Here we discuss two types of potential bias: 1) potential bias resulting from sampling procedures and 2) potential bias resulting from inaccurate customer recall. 

A.4.1
Sources of Potential Bias from Sampling Procedures

The sampling procedures may have introduced the potential for bias in our study, albeit potential bias that we had little way to control given the nature of the databases and the low number of fixtures purchased by individual households.  

First, the study lacks products obtained through some direct install programs (e.g., multifamily ENERGY STAR Homes and low-income programs) as well as some retail program (e.g., most notably the markdown programs and the Vermont contractor retail program).  The lack of customer contact information and details on the products purchased, however, gave us no choice but to exclude these programs and their products from the study.  Note, however, that we present analyses below for product models offered through the markdown programs as well as the coupon or direct install ones.  Thus we are able to provide an estimate of the measure life of markdown products.  

Second, the decision toward the end of the study to target homes with large numbers of fixtures had the advantage of allowing the on-site portion to be completed in a timely and cost effective manner.  This decision, however, resulted in one unintended consequence: electricians, contractors, and landlords were disproportionately represented among those who had purchased large numbers of fixtures.  Because they installed these products at different addresses, we were unable to verify the disposition of many of these products.  After consulting with the Sponsors, we decided that we would include products installed by landlords in buildings they continued to operate, those installed in second homes, and those installed at the respondent’s place of work, provided that all were located within the Sponsors’ service territories. 
  Together, these products accounted for just two direct install CFLs, four coupon CFLs, nine exterior fixtures, and 103 interior fixtures.  We excluded from the analysis all products installed by electricians, contractors, or builders who would have no current knowledge of the product disposition.
  In summary, we excluded 10% of exterior fixtures, 2% of interior fixtures, and 2% of coupon CFLs because they were purchased by electricians, contractors, or builders.  

Finally, it is also the case that we could only contact people who still had the same phone number in 2007 and 2008 as they had when they participated in the coupon or direct install program.  While we could have followed an individual with the same phone number to a new address, this situation never arose in our sample.  Therefore, our sample is biased toward people who have lived in the same location and have kept the same phone number for at least one and perhaps over six years.  The implication is that our sample likely includes people with moderate to high incomes, who own their homes, and who are likely 30 years or older (as this age group is more likely to have higher incomes and own homes).  However, it is also the case that this profile fits that of the typical participant in most energy-efficiency programs, with the notable exception of low-income ones.  This method may, then, have resulted in some bias, but we do not believe it is substantial, given that the data from low-income programs were already excluded due to incomplete product and customer information. 

A.4.2
Sources of Potential Bias from Respondent Recall

Respondent recall of products that the auditor did not personally observe is another source of potential bias.  Unfortunately, it is the source of potential bias that would probably have the greatest impact on the results if it were actual bias.  Given the amount of time that passed between when the household obtained the product and when we conducted this study, respondents may not accurately recall the following:

· Their actual purchase or receipt of the product

· When they installed a CFL

· When they removed a CFL

· What they had done with CFLs that could not be found installed or in storage, forcing us to remove these products from the analyses as we had no information on their use or measure life.  Note that this tendency was greatest for those who had obtained large numbers of products.  
· Which products they obtained through the coupon or direct install programs and which they may have purchased on their own (perhaps through a markdown program, a fact of which they would likely be unaware)  

Figure A‑1 graphs the percentage of products that respondents recalled obtaining and for which they provided a current disposition.  Not surprisingly, respondents usually remembered best what happened to products obtained in 2006 (the exception being exterior fixtures), but beyond that year, their recall seems to become less predictable, potentially pointing to less certainty regarding the disposition of products.  

Figure A‑1: Percentage of Products Found by Auditor or Recalled by Respondent

(Number of products for which auditor searched by product and year)
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A.5
Decision Table for Including Products in Analysis

Estimating measure life involves having to classify individual products as having “survived” or “failed” for a specified period of time.  We relied on two methods to make this determination.  The first method involved the auditor visually confirming the disposition of a product.  In fact, we usually required visual confirmation to classify a product as “survived,” and auditors also personally saw many stored products.
  The second method relied on the respondents’ self-reported disposition of the product.  We used this method to determine the disposition of products that were no longer in the home or that neither the respondent nor the auditor could readily locate.  

Given that the auditor could not visually confirm the disposition of all products, the NMR team and the Sponsors together developed a “Decision Table” to guide our classification of each product into one of three categories for the measure life analysis: 1) survived, 2) failed (i.e., has been permanently removed from use due to burn out, breakage, removal/return, etc.) or 3) excluded (Table A–5).  In the survival analyses we used the data on the products classified as survived or failed, but we excluded the products with unknown dispositions as we could not verify if they had survived or failed.  

Table A–5 outlines the decision-making process for factoring CFL bulb and fixture usage into estimates of average useful life and demand and energy savings.  Table 3–3 presents the final characterization of all measure life products for which we searched, based on the rules of the decision table.  After Table 3–3 , we discuss the reasons underlying our decisions.  We have bolded the decisions that required our making a decision after reviewing the data.  Finally, Table 3–4 summarizes the information in Table 3–3 in a somewhat different manner; the shaded rows are those included in the measure life analysis.  

Table A–5: Decision Table for Useful Life

	Step 1: Verify installation in the sampled home by matching model number and manufacturer
	Step 2: Determine past installation
	Step 3: Determined when removed
	Step 4: Determine why removed
	Step 5: Determine current location
	Step 6 Decision

	1A. Yes (Go to Step 6)
	
	6A. Survived

	1B. No (Go to Step 2)
	2A. Never Installed (Go to Step 5)
	5A. Storage
	6B. Don’t count

	
	
	5B. Another location in service territory of any Sponsor —respondent sure it is installed
	6C. Track frequency and decide at end

	
	
	5C. Another location in service territory of any Sponsor —respondent not sure it is installed
	6D. Track frequency and decide at end

	
	
	5D. A location outside of Sponsor’s service area
	6E. Don’t count

	
	
	5E. Returned to vendor
	6F. Don’t count

	
	
	5F. Thrown away/disposed
	6G. Don’t count

	
	
	5G. Unknown or lost
	6H. Don’t count

	
	2B. Removed (Go to Step 3)
	3A. Note year removed (Go to Step 4)
	4A. Other than breaking (Go to Step 5) 
	5H. Storage
	6I. Failed if removed in 2002 to 2004; don’t count if removed after 2004

	
	
	
	
	5I. Another location in service territory of any Sponsor —respondent sure it is installed
	6J. Track frequency and decide at end

	
	
	
	
	5J. Another location in service territory of any Sponsor —respondent not sure it is installed
	6K. Track frequency and decide at end

	
	
	
	
	5K. A location outside of Sponsor’s service area
	6L. Don’t count

	
	
	
	
	5L. Returned to vendor in functioning condition 
	6M. Don’t count

	
	
	
	
	5M. Thrown away/disposed
	6N. Failed in year indicated

	
	
	
	
	5N. Unknown or lost
	6O. Failed in year indicated

	
	
	
	4B. Broke/ burned out/ stopped working (Go to Step 5)
	5O. Returned to vendor because it was broken
	6P. Failed in year indicated

	
	
	
	
	5P. Thrown away/disposed
	6Q. Failed in year indicated


Table A–6: Categorization of Measure Life Products Based on Rules of Decision Table

(Measure life products for which auditor searched)

	Decision
	Disposition
	Comments from participants
	Decision Rule
	CFLs
	EF
	IF

	
	
	
	
	Coupon
	Direct
	
	

	Exclude
	In Storage
	In Storage
	5A - 6B
	4%
	1%
	1%
	1%

	 

 

 

 

 

 

 

 

 

 

 
	Not Installed in Measure Life Home

 

 

 

 

 

  
	Customer could not recall disposition, product not found
	5G - 6H
	25%
	27%
	31%
	30%

	
	
	Contractor installed in Sponsors' service territories
	5B - 5D
	0%
	0%
	10%
	1%

	
	
	Installed in other home they built and sold
	5B - 5D
	2%
	0%
	0%
	1%

	
	
	Installed in home outside of Sponsor's service territories
	5B – 5D
	0%
	0%
	0%
	<1%

	
	
	Installed in a home inside service territory but not owner
	5B - 5D
	<1%
	0%
	<1%
	0%

	
	
	Gave away
	5B - 5D
	1%
	0%
	1%
	3%

	
	
	Sold at a yard sale
	5B - 5D
	0%
	0%
	0%
	1%

	
	
	Customer said the bulb did not fit and was never installed
	2A 
	0%
	<1%
	0%
	0%

	
	Removed

 

 
	Did not like, and current disposition unknown
	4A
	0%
	1%
	0%
	0%

	
	
	Gave away, installed outside of Sponsors' service territories
	5I, 5J or 5K
	1%
	1%
	0%
	0%

	
	
	Returned
	5L - 6M
	0%
	0%
	2%
	1%

	Total Excluded
	 
	 
	 
	32%
	31%
	46%
	39%

	Failed

 

 

 

 
	Removed

 

 

 

 
	Broke
	5P - 6Q*
	0%
	0%
	3%
	2%

	
	
	Burned Out; stopped working
	5P - 6Q*
	19%
	6%
	10%
	3%

	
	
	Burned Out & Returned
	5O - 6P
	1%
	0%
	0%
	0%

	
	
	Did not like them; not enough light
	4A
	1%
	2%
	4%
	1%

	
	
	Removed when renovating/remodeling
	4A
	0%
	5%
	1%
	0%

	Total Failed
	 
	 
	 
	20%
	14%
	17%
	6%

	Survived

 
	Installed in Measure Life Home 
	Verified by inspector to be installed in home
	6A
	47%
	55%
	33%
	29%

	
	Not installed in Measure Life Home
	Installed in apartment, second home, or business
	5B
	1%
	0%
	4%
	26%

	Total Survived
	 
	 
	 
	48%
	56%
	37%
	55%

	Grand Total
	 
	 
	 
	695
	441
	215
	397


* Not all that failed were removed from their sockets

The following describes the decisions for each cell in Table A–5: .

· 1A. A product will be considered installed if one matching its description is located in the house.  

· 1B. If a bulb is not installed in any socket in the home or the fixture is not installed or in use, it will be considered not installed.

· 2A. The respondent indicates they never installed the product.  

· 2B. The respondent indicates they installed but later removed the product for any reason.

· 3A. The year respondent indicates they removed the product; auditors are encouraging customers to provide an actual year of removal.  

· 4A. The respondent indicates that they removed the product for reasons other than it breaking, burning out, or stopping working.  

· 4B. The respondents indicates that they removed the product because it broke, burned out, or stopped working.  

· 6A. The product will be considered to have survived if it remains installed and is working.  

· 5A, 6B. The respondent indicates and the auditor confirms that the product is being stored in the respondent’s home.  Because it has never been used, we will not count these products in our estimates of useful life.  

· 5B, 6C. The respondent indicates that the product is installed in another home in any of the Sponsors’ service territories.  We will track how often this occurs and then decide how to proceed.  The Sponsors and NMR team later decided to count those products identified as installed by customers who are landlords or who say they installed them in second homes or businesses where they continue to have access.  All others were removed from the analysis.  
· 5C, 6D. The respondent indicates that the product is located in another home in any of the Sponsors’ service territories but is not certain if the product is installed.  The Sponsors and NMR team later decided to exclude these products from the analyses.  
· 5D, 6E. The respondent indicates that the product is located outside of the service area of all the Sponsors of the lighting measure life study.  Because we cannot verify how long it has been in use, we will not count these products in our estimates of useful life.  

· 5E, 6F. The respondent indicates that they returned the product to the vendor, and therefore, it was never used.  We will not count this product in our estimates of useful life.

· 5F, 6G. The respondent indicates that they threw away or otherwise disposed of the unused product.  We will not count this product in our estimates of useful life.  

· 5G, 6H. The respondent and the on-site auditor are unable to locate or account for the product.  These products will not be counted.  We will not consider them “failures” because the products may one day be located and used. 

· 5H, 6I. The respondent indicates and the auditor confirms that the removed product is being stored in the respondent’s home.  Products removed and place in storage between 2002 and 2004 will be treated as “failures” because it is unlikely that they will be put back into service after sitting unused for three or more years.  Those removed between 2005 and 2007 will not be counted as it is more likely that they may one day be put back into service.  

· 5I, 6J. The respondent indicates that the removed product is now located in another home in any of the Sponsors’ service territories.  The Sponsors and NMR team later decided to exclude these products from the analyses.  
· 5J, 6K. The respondent indicates that the removed product is now located in another home in any of the Sponsors’ service territories but is not certain if the product is installed.  The Sponsors and NMR team later decided to exclude these products from the analyses.   

· 5K, 6L. The respondent indicates that the removed product is now located outside of the service area of all the Sponsors of the measure life study.  Because we cannot verify how long it has been in use, we will not count these products in our estimates of useful life.  

· 5L, 6M. The respondent indicates that they returned the removed product to the vendor in functioning condition.  We will not count this product in our estimates of useful life.

· 5M, 6N. The respondent indicates that they threw away or otherwise disposed of the removed product.  Because it cannot be used again, we will consider it to have “failed” in the year it was removed.

· 5N, 6O. The respondent and the on-site auditor are unable to locate or account for the removed product.  Because the product was in service but is now lost, we will consider it to have “failed” in the year it was removed.  

· 5O, 6P. The respondent indicates that they returned the removed product to the vendor because it was broken.  This product will be considered to have “failed” in the year it was removed.  

· 5P, 6Q. The respondent indicates that they threw away or otherwise disposed of the removed product because it was broken.  We will consider it to have “failed” in the year it was removed.

Table A–7: Characterization of Products by Auditor’s Ability to Locate Them

(Total number of measure life products)

	Disposition of Products
	CFLs
	Exterior Fixtures
	Interior Fixtures

	
	Coupon
	Direct Install
	
	

	Found in home
	Installed – in analysis
	47%
	55%
	33%
	29%

	
	In Storage – not in analysis
	4%
	1%
	1%
	1%

	Not found in home
	Never Installed – not in analysis
	25%
	27%
	31%
	30%

	
	Reported Removed – in analysis
	20%
	14%
	17%
	6%

	
	Reported Removed – not in analysis
	1%
	2%
	2%
	1%

	Reported Installed Elsewhere
	Reported installed in Sponsors’ service areas – in analysis
	1%
	0%
	4%
	26%

	
	Reported installed elsewhere – not in analysis
	3%
	0%
	11%
	6%

	Total Number of Products
	695
	441
	215
	397


In Section 5 we discuss the current disposition of some of these products in more detail.  The important point here, however, is that we included a total of 68% of coupon CFLs, 70% of direct install CFLs, 54% of exterior fixtures, and 61% of interior fixtures in the measure life analyses.  The inability to recall what happened to products serves as the most common reason we removed products from the analysis, serving as the most likely source of potential bias as we have no information on the use or measure life of these products.  

Appendix B: Preliminary Examination of Measure Life Data

Prior to conducting the measure life analyses, we examined the raw data both in tabular form and graphically to provide an overview of survival and failure rates and product quality over time.  We present and discuss these tables and graphs below.
B.1
Examining Survival and Failure Rates of Included Products

Table B–1 to Table B–4 break down by year of purchase (i.e., by cohort) the “survival” or “failure” of the products ultimately included in the analyses.  As expected, more CFLs obtained in either the coupon and direct install programs in more recent years survived in 2007/2008 than those obtained earlier.  In contrast, both exterior and interior fixtures deviate from this expected pattern, with cohort-wide survival rates for earlier years sometimes exceeding those for later ones, although small sample sizes should be kept in mind.  

Table B–1: Coupon CFL Failure and Survival by Year of Purchase

	Year Purchased
	Year Burned out, Broke, or Removed Permanently from Service
	Cohort Survival Rate*
	Number of Products

	
	2002
	2003
	2004
	2005
	2006
	2007
	Total
	
	

	2002
	6%
	26%
	11%
	11%
	2%
	2%
	57%
	43%
	120

	2003
	 
	2%
	4%
	21%
	4%
	2%
	32%
	68%
	53

	2004
	 
	 
	0%
	20%
	0%
	1%
	21%
	79%
	70

	2005
	 
	 
	 
	0%
	7%
	11%
	18%
	82%
	102

	2006
	 
	 
	 
	 
	8%
	9%
	17%
	83%
	129


* The overall percentage of products from each year that survived the entire study period.

Table B–2: Direct Install CFL Failure and Survival by Year of Purchase

	Year Purchased
	Year Burned out, Broke, or Removed Permanently from Service
	Cohort Survival Rate*
	Number of Products

	
	2002
	2003
	2004
	2005
	2006
	2007
	Total
	
	

	2002
	4%
	0%
	0%
	42%
	2%
	0%
	48%
	52%
	48

	2003
	 
	8%
	0%
	17%
	8%
	4%
	37%
	63%
	48

	2004
	 
	 
	0%
	2%
	6%
	8%
	16%
	84%
	62

	2005
	 
	 
	 
	6%
	0%
	0%
	6%
	94%
	69

	2006
	 
	 
	 
	 
	3%
	4%
	6%
	94%
	79


* The overall percentage of products from each year that survived the entire study period.

Table B–3: Exterior Fixture Failure and Survival by Year of Purchase

	Year Purchased
	Year Burned out, Broke, or Removed Permanently from Service
	Cohort Survival Rate*
	Number of Products

	
	2002
	2003
	2004
	2005
	2006
	2007
	Total
	
	

	2002
	0%
	7%
	7%
	7%
	26%
	15%
	63%
	37%
	27

	2003
	 
	0%
	10%
	0%
	5%
	0%
	14%
	86%
	21

	2004
	 
	 
	0%
	0%
	35%
	10%
	45%
	55%
	20

	2005
	 
	 
	 
	0%
	5%
	0%
	5%
	95%
	20

	2006
	 
	 
	 
	 
	4%
	21%
	25%
	75%
	28


* The overall percentage of products from each year that survived the entire study period.

Table B–4: Interior Fixtures Failure and Survival by Year of Purchase

	Year Purchased
	Year Burned out, Broke, or Removed Permanently from Service
	Cohort Survival Rate*
	Number of Products

	
	2002
	2003
	2004
	2005
	2006
	2007
	Total
	
	

	2002
	10%
	0%
	0%
	14%
	0%
	0%
	24%
	76%
	21

	2003
	 
	0%
	6%
	3%
	0%
	0%
	9%
	91%
	35

	2004
	 
	 
	0%
	0%
	6%
	6%
	13%
	87%
	31

	2005
	 
	 
	 
	0%
	9%
	2%
	11%
	89%
	57

	2006
	 
	 
	 
	 
	1%
	4%
	5%
	95%
	66


* The overall percentage of products from each year that survived the entire study period.

While Table B–1 through Table B–4 above summarize the failure and survival rates for each cohort of products (i.e., all the products purchased in a given calendar year) Figure B‑1 through Figure B‑4 graph the survival rates of measure life products by age of survival (e.g., one year old or two years old) as well as various ways of considering product failure rates, based on raw data.  More specifically, “Survived Cumulative” in Figure B‑1 shows the cumulative percentage of all coupon CFLs that survived through the given year of operation.  Therefore, 96% survived one year of operation, 82% survived both one and two years, and so forth.  In contrast, “Failed Cumulative” refers to just the opposite of “Survived Cumulative.”  That is, four percent of coupon CFLs failed during the first year of operation and 18% during either the first or second year.  “Failed by Year” breaks the percentage of failures down by year of operation, so that four percent failed in the first year of operation, 14% in the second year, and 10% in the third year.  Finally, “Failed as % of Surviving” is the percentage of failures in a given year divided by “Survived Cumulative,” providing another estimate of failure rate. 

The most important pattern observed in these graphs is that the products do not survive or fail at the same rate each year; that is, the rates are not linear.  Certainly, if one looks at “survived cumulative” and “failed cumulative” for coupon CFLs the graphs give an appearance of a linear function, but the reader must keep in mind that these are cumulative rates, with one year added onto the other.  In contrast, the data for “failed by year” and “failed as % of Surviving” for coupon CFLs show more clearly that survival and failure rates are not linear, but vary over time.  The non-linear nature of direct install CFLs and of both types of fixtures are also apparent in the cumulative survival and failure rates.  

Other key findings or patterns observed in these graphs include the following:

· One-half of coupon CFLs survive just over five years, while one-half of direct install CFLs last just over six years.

· Two-thirds of exterior fixtures survive five years, but then they experience a great number of failures, so that only 37% survive six years.

· Three-fourths of interior fixtures survived the entire six years examined in this study.  No interior fixtures failed after the first four years of life, suggesting the possibility that they follow a pattern of more numerous failures early on (likely due to manufacturing flaws, breakage during shipment, or customer dissatisfaction).  After this initial period, however, interior fixtures fall into a period of operation with few or no failures.  

Figure B‑1: Survival and Failure Rates of Coupon CFLs (Raw Data)

(Number of products potentially alive for given number of years)
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Figure B‑2: Survival and Failure Rates of Direct Install CFLs (Raw Data)

(Number of products potentially alive for given number of years)
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Figure B‑3: Survival and Failure Rates of Exterior Fixtures (Raw Data)

(Number of products potentially alive for given number of years)
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Figure B‑4: Survival and Failure Rates of Interior Fixtures (Raw Data)

(Number of products potentially alive for given number of years)
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B.2
Product Quality over Time

The Sponsors were interested in learning if survival rates had increased over time as a result of improved product quality.  Unfortunately, small sample sizes and a limited number of failures in recent years curtail our ability to conduct meaningful statistical analyses to address this question.  However, Figure B‑5 suggests that CFL product quality has improved, at least until 2006 when survival rates appear to have dropped.  More specifically, except for 2006, each successive generation of CFLs survives longer than the last.  The drop in 2006 could be a random event or it could represent the beginning of a longer-term trend.  We recommend the Sponsors keep close watch on trends in product quality as the number of CFLs manufactured and sold continues to increase rapidly.  

In contrast to CFLs, the information graphed in Figure B‑6 and Figure B‑7 do not point to patterns of improving—or declining—fixture quality.  Instead, survival rates appear to jump around, following no clear pattern.  However, given what appear to be overall increased failure rates for exterior fixtures after three years, the Sponsors may want to explore more closely how exterior fixtures function and operate in real use situations in New England, as opposed to the laboratory controlled environment of most quality testing procedures.  

Figure B‑5: Survival Rates of CFLs by Year Obtained (Raw Data)

(Number of products potentially alive for given number of years)
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Figure B‑6: Survival Rates of Exterior Fixtures by Year Obtained (Raw Data)

(Number of products potentially alive for given number of years)
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Figure B‑7: Survival Rates of Interior Fixtures by Year Obtained (Raw Data)

(Number of products potentially alive for given number of years)
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Appendix C: Measure Life Analyses

We relied on three types of “survival analyses” to determine the measure life of the products distributed through the coupon and direct install programs under consideration.  “Survival analysis is concerned with analyzing the time to the occurrence of an event.”
  In the case of this study, the “event” is the time at which an energy-saving lighting product is permanently removed from service due to product failure after a reasonable life period, premature failure or breakage, or removal prior to failure with no intent to use the product again.

Survival analysis takes many forms.  None of them relies on the common ordinary least squares regression (OLS) because survival data typically violate a core assumption of regression: that the “residuals” (or the error between the observed and estimated values) are distributed according to the normal curve.  This, in essence, assumes that failure rates are constant over time and any deviation is random.  However, this is not usually the case for manufactured products, and, as shown in Figure B‑1 through Figure B‑4, is not the case for measure life products considered in this study.  Instead, manufactured products tend to follow other patterns, such as these three common ones:

1. Failure rates are low for a period of time and then increase rapidly as the products approach the end of their useful life

2. Products have two period of high failure—right after they are first put into use and again at the end of useful life

3. Failure rates are high early on but then numerous products linger in use for a long period of time

Survival analysis relies on methods other than OLS to describe the time to failure.  Some of the methods can estimate the measure life of a product.  This is generally accepted in the literature on manufactured goods—including energy efficient products—to be when an estimated 50% of the products have failed.  This is also known as the “median survival time” of products.  For this study, we conducted three different types of survival analysis:

Method 1: Life Tables

Method 2: Logit Regression

Method 3: Parametric Regression Models of Survival Analysis (comprising five separate sub-types)

We conducted each analysis on direct install CFLs, coupon CFLs, exterior fixtures, and interior fixtures.  We describe each method and overall results below, but present detailed results only for Method 3, as it ultimately provides our estimates of measure life.  Furthermore, we also examined the subset of measure life products with model numbers that were also offered in markdown programs in all states covered by Sponsors’ programs except Vermont, which has a different markdown product list than the other states.  We conducted a separate analysis for the CFL models included in Vermont’s markdown program, but small sample sizes did not allow us to do this for Vermont markdown fixtures.  We present the results of the analysis only from Method 3.

C.1
Life Tables

Life tables serve as the most straightforward of the three methods we used to describe the survival of lighting products distributed in the coupon and direct install programs.  Life tables examine the actual survival time of products, including those that remain functioning at the end of the time period under study—the six years from the start of 2002 to the end of 2007.  To run survival analysis, we gave each product two “scores.”  The first is the dependent variable “Status” scored one if the product had failed by the end of our time period and zero if it had survived—meaning it was installed and still operational.  The second serves as the independent variable “Time of survival” measured in years.  It is scored as:

1 = Survived up to 1 year, i.e. failed between 0 and 1 year 


2 = Survived up to 2 years, i.e. failed between 1 and 2 years


3 = Survived up to 3 years, i.e. failed between 2 and 3 years


4 = Survived up to 4 years, i.e. failed between 3 and 4 years


5 = Survived up to 5 years, i.e. failed between 4 and 5 years


6 = Survived up to 6 years, i.e. failed between 5 and 6 years

We then used life tables analysis to compute the survival rate of each product and to provide estimates of the cumulative percentage of products alive at the end of each year, including related standard errors and confidence intervals.
  Despite being straightforward, life tables lack predictive capabilities.  In other words, life tables analysis tells us what percentage of products had failed at the end of each year, but it does not provide an estimate of measure life if less than 50% of the products had failed in the six-year time period.

As Figure C‑1 displays, only exterior fixtures reached their measure life (i.e., 50% of products had failed) during the six years for which we examined data.  In fact, the estimate of the measure life of exterior fixtures derived from the life tables procedure is five years.  Just over one-half (54%) of coupon CFLs survived to six years, suggesting they are nearing the end of their measure life, while 60% of the direct install CFLs remained in use at the end of six years.  Finally, 83% of interior fixtures survived at the end of our study period.  

Figure C‑1: Cumulative Survival Rates from Life Tables
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C.2
Logit Regression Models

Logit regression analysis is the second method we used to estimate the expected useful life of lighting products.  This model estimates the number of time units (e.g., years) that observations (e.g., CFLs and fixtures) will likely function.  It uses the “year” as the unit of analysis (i.e., the “n” is always five in our analysis) and the results are based on three pieces of information: 

· Number of years a product could be alive (e.g., those purchased in 2006 were scored as “one,” those in 2005 as “two,” etc.)

· Number of products purchased in a given year

· Number of products from a given year that were alive at the end of the study period

Table C–1 lists the measure life estimates developed by the logit regression analysis.  As the table shows, the logic model estimates coupon CFL measure life, direct install CFL measure life, and exterior fixture measure life to be approximately five years.
  Interior measure life is estimated at about nine years.

Table C–1: Estimated Measure Life, Logit Regression Analysis

	Product
	Measure Life

	Coupon CFLs
	4.9

	Direct Install CFLs
	5.0

	Exterior Fixtures
	5.0

	Interior Fixtures
	9.2


Figure C‑1 graphs the probability distribution for survival based on the logit model, with the estimate of measure life always being associated with the inflection point of the curve—the point at which it crosses the 50%-in-service threshold.  

Figure C‑2: Estimated Survival Rates from Logit Regression
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C.3
Parametric Regression Analysis

Parametric regression analysis is the third type of approach we used to estimate measure life for energy-efficient lighting products.  Like life tables, parametric regression analysis uses the individual product as the unit of analysis and, therefore, takes into account more information than the logit regression, which uses year as the unit of analysis.  Like logit, however, parametric regression analyses take into account the fact that the survival and failure of manufactured products is not linear.  There are numerous types of parametric models, and the five most commonly explored in studies of energy efficient lighting fixtures include the following:

· Exponential

· Generalized Gamma

· Log Logistic

· Log Normal

· Weibull

In the literature we reviewed for this study, in its study of CFL retention for Pacific Gas and Electric (PG&E), Xenergy settled on a Weibull model after testing all five.
  They noted that other models also provided good fits to the data, but the Weibull data appeared to provide the best fit.  This study, however, focused on a narrow group of CFLs installed in common areas in multifamily buildings and the estimates were taken fairly early in the products’ life cycle.  As such, the retention of the products (i.e., they were installed and in use) was very high, leading to the unreasonable estimate of a 78.5 year measure life for CFLs.  The authors suggested that PG&E use 16 years for measure life.  In a study conducted for Southern California Edison (SCE) by Athens Research and Decision Sciences Research Associates (1999), the authors narrowed their choices of models to Generalized Gamma, Log logistic, and Weibull.
  Ultimately, they chose the Generalized Gamma model as the best fit for their data.  They estimated measure life to be 5.8 years for CFLs.  Finally, a study conducted by San Diego Gas and Electric (SDG&E) (2004) does not state exactly which model the authors used, although they relied on a maximum likelihood approach.
  They estimated measure life of CFLs to be 7.5 years, and the measure life of both exterior and interior fixtures to be 17.2 years.  

Following the authors of these studies, we decided to test all five of the most common parametric regression models used in survival analysis.  We present estimates and confidence intervals for all five models below for each of the following products and categories:

· Coupon CFLs

· Direct Install CFLs

· Exterior Fixtures

· Interior Fixtures

· CFL, Exterior Fixtures, and Interior Fixtures models from coupon and direct install programs that are also offered through markdown programs in all Sponsor states except Vermont

· CFL models from coupon and direct install programs also offered in the Vermont markdown programs

Table C–2 on the next page shows the results of the modeling conducted on all measure life products that passed the criteria for inclusion according to the decision table (see Section 3.3).  The first column names the product analyzed, as well as the total number of products entering the model and the failures that occurred between 2002 and 2007.  The second column lists the parametric model used to derive an estimate of measure life, which is presented in the third column.  The fourth column includes the standard error of the estimate, which one multiplies by 1.282 (a z-score) to get the margin of error at the 80% confidence interval.  The fifth and six columns are the low and high estimates within the 80% confidence interval.  The AIC, presented in the final column, is a test developed by Akaike to help decide which parametric model best fits the data.
  It takes into account various aspects of the model itself as well as the results of the analysis.
  In particular, it considers how well models fit the data (i.e., based on the log-likelihoods, which we have not reported), but also penalizes models that have additional variables in them.  This is because adding variables to a model can “overfit” a model, suggesting that it is a better predictor of the data than it actually is.  However, the AIC is only a guide; the researcher must also consider the standard error and how the estimate and model shape match the observed data.  The shaded rows indicate the models that we believe works best for the particular product; if more than one row is shaded, then we judge the indicated models to be nearly equivalent based on the estimate, standard error, and AIC score.  

Table C–2: Estimated Measure Life, Parametric Regression Analyses 

	Product and Sample Size
	Model
	Measure Lifea
	Std. Errorb
	80% Confidence Interval
	AICc

	
	
	
	
	Low
	High
	

	Coupon CFLs Products = 474; 

Failures = 140
	Exponential
	7.55
	0.64
	6.73
	8.36
	720.9

	
	Gamma
	6.58
	0.80
	5.56
	7.60
	633.82

	
	Log Logistic
	5.48
	0.33
	5.06
	5.91
	659.04

	
	Log Normal
	5.65
	0.37
	5.18
	6.12
	645.9

	
	Weibull
	5.58
	0.30
	5.20
	5.96
	671.86

	Direct Install CFLs 

Products = 306; Failures = 60
	Exponential
	11.99
	1.55
	10.01
	13.98
	342.12

	
	Gamma
	6.33
	0.47
	5.73
	6.93
	302.04

	
	Log Logistic
	6.67
	0.54
	5.97
	7.36
	300.34

	
	Log Normal
	7.57
	0.79
	6.56
	8.58
	305.86

	
	Weibull
	6.38
	0.45
	5.81
	6.95
	300.1

	Exterior Fixtures

Products = 117; Failures = 37
	Exponential
	7.98
	1.31
	6.30
	9.66
	171.06

	
	Gamma
	5.53
	0.47
	4.93
	6.12
	140.04

	
	Log Logistic
	5.54
	0.45
	4.97
	6.11
	139.206

	
	Log Normal
	5.60
	0.51
	4.95
	6.25
	138.24

	
	Weibull
	5.47
	0.36
	5.00
	5.93
	138.36

	Interior Fixtures 

Products = 243; 

Failures = 23
	Exponential
	22.96
	4.79
	16.83
	29.10
	171.12

	
	Gamma
	39.72
	53.62
	-29.00
	108.44
	159.7

	
	Log Logistic
	10.65
	2.28
	7.73
	13.58
	162.42

	
	Log Normal
	12.55
	3.19
	8.46
	16.63
	159.98

	
	Weibull
	9.76
	1.88
	7.35
	12.17
	163.134


a Estimates for all CFLs together grouped around 6.0.  

b To arrive at the margin of error for the estimate, one multiplies the standard error (Std. Error) by 1.282, or the z-score associated with the 80% confidence interval.  
c The AIC is a test developed to help guide the choice of which parametric model best fits the data, but one must also consider the estimate, model, and standard error in addition to AIC. 

The analyses presented in Table C–2 above are based on coupon and direct install products.  However, as we noted above, many of the product model numbers overlap with those that have been offered through markdown programs in the Sponsors’ service areas.  Using a list provided by EFI, we ran the parametric regression models on only the measure life products that shared model numbers with those offered in markdown programs in all states but Vermont and then again on the CFL models included in the Vermont markdown program.
  The sample sizes for Vermont fixtures were too small to use in these analyses (zero for exterior fixtures and five for interior ones).  We did not separate coupon and direct install CFLs, as the purpose of this analysis is to look at the behavior of particular models, not of the products by measure life program type.  

We present the results of the analysis of markdown model numbers in Table C–3.  Similar to the models in Table C–2, those in Table C–3 point to log logistic as the best performing model overall for CFLs and Weibull for exterior fixtures.  However, none of the models works well for interior fixtures, again likely due to the relatively few failures over the six-year period.  There simply are too few data points to which to fit a model and suggest an estimate of measure life.  Perhaps the most important piece of information from Table C–3, however, is that the estimated measure lives of CFLs and exterior fixtures are slightly higher for these markdown models than for all models distributed through coupon and direct install programs overall, perhaps suggesting that the product models now offered in the markdown programs were among the better performing products offered in the coupon and direct install programs.
  

Table C–3: Estimated Measure Life of Products also Offered in Markdown Programs, Parametric Regression Analyses

	Product and Sample Size
	Model
	Measure Life
	Std. Errora
	80% Confidence Interval
	AICb

	
	
	
	
	Low
	High
	

	CFLs - JNT

Products = 504; 

Failures = 98
	Exponential
	11.60
	1.17
	10.10
	13.10
	567.38

	
	Gamma
	7.27
	0.81
	6.22
	8.31
	511.74

	
	Log Logistic
	6.82
	0.49
	6.15
	7.44
	511.12

	
	Log Normal
	7.43
	0.63
	6.62
	8.25
	509.82

	
	Weibull
	6.55
	0.41
	6.03
	7.07
	513.08

	Exterior Fixtures

Products = 69; Failures = 15
	Exponential
	11.88
	3.07
	7.95
	15.81
	78.84

	
	Gamma
	5.86
	0.56
	5.15
	6.58
	60.82

	
	Log Logistic
	6.02
	0.61
	5.24
	6.80
	59.02

	
	Log Normal
	6.25
	0.77
	5.27
	7.23
	59.32

	
	Weibull
	5.88
	0.50
	5.24
	6.52
	58.82

	Interior Fixtures 

Products = 163; Failures = 7
	Exponential
	49.96
	16.99
	23.18
	66.73
	64.7

	
	Gamma
	Data did not fit model

	
	Log Logistic
	16.15
	8.35
	5.45
	26.86
	63.84

	
	Log Normal
	23.71
	15.65
	3.65
	43.77
	63.32

	
	Weibull
	14.09
	6.59
	5.65
	22.53
	63.92

	CFLs - Vermont

Products = 180; 

Failures = 31
	Exponential
	11.27
	2.02
	8.68
	13.86
	192.74

	
	Gamma
	9.08
	4.01
	3.95
	14.21
	175.30

	
	Log Logistic
	6.82
	0.49
	6.19
	7.44
	177.36

	
	Log Normal
	6.71
	1.08
	5.33
	8.09
	174.84

	
	Weibull
	6.02
	0.75
	5.07
	6.98
	179.30


a To arrive at the margin of error for the estimate, one multiplies the standard error (Std. Error) by 1.282, or the z-score associated with the 80% confidence interval.  
b The AIC is a test developed to help guide the choice of which parametric model best fits the data, but one must also consider the estimate, model, and standard error in addition to AIC. 

While the analyses presented in Table C–3 are limited to products that share model numbers with markdown ones, this is not the same as studying the actual population of products obtained through markdown programs.  In particular, the nature of the markdown program (i.e., that the product is offered at a reduced cost to consumers without their knowledge of its being an incented product) may mean that the population of buyers and the uses of products differ from those of the coupon and direct install programs.  Furthermore, markdown models never offered through measure life programs are not included in the estimate.  Moreover, while these models overlap, their distribution and usage of the population of markdown products may differ from what we observed in this study of coupon and direct install products.  Any of these factors could adjust the estimate of markdown measure life upwards or downwards; a study of actual markdown products is needed to determine this. 
Figure C‑3 to Figure C‑5 graph the various estimates of measure life and make it easier to see that the various models generally point to similar estimates of measure life.  

Figure C‑3: Estimated Measure Life of CFLs, Parametric Regression Analyses
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Figure C‑4: Measure Life of Exterior Fixtures, Parametric Regression Analyses
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Figure C‑5: Measure Life of Interior Fixtures, Parametric Regression Analyses
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Although we have presented the results of all the parametric models in the tables and figures above, the NMR team believes that it is important to use one type of model to estimate the measure life of CFLs, regardless of how they were obtained.  The products offered throughout programs (including coupon, direct install, and markdown ones) overlap greatly.  Therefore, we can safely assume that the statistical model driving the survivorship of these products would also be similar.  In contrast, we believe the differences between CFLs, exterior fixtures, and interior fixtures create a solid argument for choosing other statistical models to describe the survival of each type of fixture.  Based on this reasoning, the NMR team believes that the log-logistic model serves as the best predictor of CFL measure life (i.e., based on an assessment of the AIC, standard errors, and the estimates themselves), while the Weibull model best predicts exterior fixtures.  We are not satisfied with any of the models for interior fixtures as the estimates vary widely and the standards errors are quite large in some cases. 
  The confidence interval for Generalized Gamma even includes a negative value.  We believe the models poorly predict interior fixture life because so many (76% according to the raw data) were still surviving at the end of the six-year study period.  Table C–4 (with two decimal places) and Table C–5 (with no decimal places) summarize our estimates and related confidence intervals of measure life for CFLs (coupon, direct install, and markdown) and exterior fixtures (markdown and other programs).  Importantly, these estimates are similar to, but higher than those produced using the less sophisticated life tables and logit regression approaches.  The difference in the estimates produced by the various statistical methods reflects the assumptions and behaviors of the parametric regression models as well as the fact that they take more information into account than does logit regression in particular.  

Table C–4: Recommended Estimates of Measure Life – Decimals Reported

	Product
	Measure Life
	80% Confidence Interval

	
	
	Low
	High

	Coupon CFLs
	5.48
	5.06
	5.91

	Direct Install CFLs
	6.67
	5.97
	7.36

	Markdown CFLs (all states)
	6.82
	6.15
	7.44

	Coupon and Direct Install Exterior Fixtures
	5.47
	5.00
	5.93

	Markdown Exterior Fixtures
	5.88
	5.24
	6.52

	All Interior Fixtures
	Continue using current estimates of measure life


Table C–5: Recommended Estimates of Measure Life – Integers Reported

	Product
	Measure Life
	80% Confidence Interval

	
	
	Low
	High

	Coupon CFLs
	5
	5
	6

	Direct Install CFLs
	7
	6
	7

	Markdown CFLs (all states)
	7
	6
	7

	Coupon and Direct Install Exterior Fixtures
	5
	5
	6

	Markdown Exterior Fixtures
	6
	5
	7

	All Interior Fixtures
	Continue using current estimates of measure life


Finally, it should be noted that the estimate of approximately six years for exterior fixtures falls short of most assumptions about the measure life of such products (e.g., current assumptions by Sponsors in New England, those found in the California studies discussed earlier).  We do not have any information to explain why exterior fixtures are failing at faster than expected rate.  However, we suspect that the hours of use estimates produced by manufactures under laboratory conditions do not adequately represent the climate of New England.  In short, the weather may be to blame for early exterior fixture failure.  

Appendix D: Not Found/Not Recalled Products
This appendix summarizes our closer look at the measure life products that the auditor could not find and the respondent could not recall.  In summary, there are no patterns of not found/not recalled products by when they were purchased or where they were originally installed.  Auditors also did not generally mis-categorize not found/not recalled products as spillover.  Instead, the inability of the auditors to find and respondents to recall products appears to be largely random and to adhere to the assumptions of simple random sampling, with one exception: respondents who purchased large number of products were less likely to recall them, as might be expected given the numbers involved. Therefore, we find no evidence of any systematic bias among not found/not installed products by model or manufacturer or by state or program.  The remainder of this appendix goes through our examination in more detail.  

D.1
Background Information
In total, we excluded about one-fourth of CFLs from both the coupon and direct install programs and 30% of both types of fixtures because the auditor could not find them and the respondent did not recall what happened to them (Table D–1).  

Table D–1: Number and Percentage of Not Found/Not Recalled Products

	
	CFL
	EF
	IF

	
	Coupon
	Direct
	
	

	Not found/Not recalled
	171
	121
	66
	120

	All Products
	695
	441
	215
	397

	% of All Products neither found not recalled
	25%
	27%
	31%
	30%


As explained in the measure life report, many of these products are among those that had incomplete product information in the databases (20% for both CFLs programs, 26% for interior fixtures, and 61% for exterior fixtures) (Table D–2).  Based on our experience working with program databases, the incomplete product information can most likely be traced to coupons that were not filled out properly or auditors who forgot to fill out forms while in the homes of people receiving energy assessments.  We cannot say anything more about these products, as we have no further information on them.  

Table D–2: Percentage of Products Respondents Did Not Recall by Quality of Product Information

(number of products respondent did not recall)

	Quality of Information
	CFLs
	Fixtures

	
	Coupon
	Direct Install
	Exterior
	Interior

	Known product information
	80%
	80%
	39%
	74%

	Incomplete product information
	20%
	20%
	61%
	26%

	Number not recalled
	171
	121
	66
	120


This leaves us trying to understand more about the products with complete product information that the inspectors were still unable to find.  By looking closely at the products and their purchasers, we have come to the conclusions summarized in this appendix.

D.2
Ability to Recall over Time

The ability to recall what happens to products is highest for those most recently obtained (2006) but then falls into an unpredictable pattern for earlier years (i.e., 2002 to 2005) (Figure D‑1).  The ability to recall is not a linear function, with recall getting progressively worse for products obtained in earlier years.  It simply is better in 2006 and unpredictable further back.  As we have stated strongly in the document, the lack of accuracy in recalling product disposition serves as the strongest source of potential bias in the study.  Yet, we have no way of correcting for this potential bias—or predicting its direction—given the nature of this study.  Our recommended future studies try to tackle this issue of recall directly by suggesting that a sample of products be tracked very soon after purchase and then over time.  

Figure D‑1: Percentage of Products Found by Auditor or Recalled by Respondent

(Number of products for which auditor searched by product and year)

 SHAPE  \* MERGEFORMAT 



D.3
Location of Original Installation

We also looked at the location in which auditors had originally installed products through the direct install programs.  Our examination showed that the percentage of products not found by location was virtually identical to the original percentage of products installed in each location.  In other words, the inability to find direct install products was random.  The one notable and expected situation is for those products with an unknown original installation location; these made up a greater percentage of the not found/not recalled products than they did in the overall distribution of products by installation location.  

D.4
Relationship to Participants who Purchase the Most Products
The forty (of 285) participants who purchased the most lighting products accounted for one-half of all not found/not recalled products. While the average household had less than two percent of lighting products labeled as not found/not recalled, the top forty purchasers had an average of thirty percent of products that were labeled not found/not recalled. This outcome seems likely as it would be increasingly more difficult to keep track of products when the volume of purchase gets larger.  There does not seem to be any bias by state, manufacturer, or model number, and we have no indication if these lost products would adjust our estimate upward or downward.  

D.5
Various Analysis of Model Numbers

We took a close look at the model numbers for a variety of analyses designed to provide more information on the exact products that were not found or recalled.  We summarize those here.

D.5.1
Miscategorization as Spillover

For each participant household with lighting products characterized as not found/not recalled, we analyzed the non-measure life CFL products found in their homes that were considered to be potential spillover products.  We compared the model numbers of these potential spillover products with the not found/not recalled model numbers to see if the auditor had possibly mistakenly categorized a measure life product as being not found/not recalled and then considered it as potential spillover.  The comparison revealed only one product where this could have been the case.  

D.5.2
Rare Products or Incorrect Model Numbers

We first looked at how frequently the not found/not recalled model numbers showed up in the entire dataset of measure life products we inventoried in respondents’ homes.  The not found/not recalled products were represented by 84 models (39 Coupon CFLs, 18 Direct Install CFLS, 7 exterior fixtures, and 25 interior fixtures).  This includes the “unknown” model numbers.  Most (49) of these models also showed up among the “found” or “recalled” products—that is, the auditor or respondent confirmed their disposition in at least one other home in study.  We will return to these products later in this appendix.  However, the remaining 35 models were never found; in fact, 33 of them were associated with only one home in our sample.  We then looked at these model numbers in the original databases.  While a few appear to be data entry errors, most of them represent less frequently obtained products (i.e., not as many were purchased or given away as other models in the database).  This is a result of the fact that we did not stratify our sampling design by the number of each individual model in the databases.  Instead, we used simple random sampling; less frequently obtained products were less frequently sampled.  In fact, the auditors found most of these “rare” products.  However, when the auditor failed to find products sampled in just one home, it meant that this product was not represented in the measure life analysis at all.  Note that this all occurred within the expectations of simple random sampling.  However, we see no evidence of potential bias, such as differences by state, manufacturer, or product type.  Instead, it was the luck of the draw.  
D.5.3
Overlap with Most Commonly Obtained Products

We also carefully examined the 49 model numbers for which auditors found some products and not others.  In particular, we looked at their disposition in households where they were “found” or “recalled” in order to determine what the possible disposition might be of the not found/not recalled products with the same model numbers.  Of the 820 products represented by the 49 model numbers, 63% were still surviving when the auditor inventoried the homes (Table D–3).  Twenty-two percent had failed while 15% were excluded for reasons other than being not found/not recalled (e.g., they may have been installed in other locations or returned to stores).  This compares favorably to the disposition of all products in the dataset, excluding those not found/not recalled (Table D–4), although the models with some not found products were slightly more likely to be excluded for other reasons and less likely to have survived than products overall.  

Table D–3: Status of Lighting Products with Model Numbers 
Sometimes Found/Recalled

(Products with model numbers sometimes found/ recalled and sometimes not)

	Model Numbers
	Excluded
	Failed
	Survived
	Total

	Total Products
	127
	179
	514
	820

	Percentage of Total
	15%
	22%
	63%
	100%


Table D–4: Status of All Lighting Products, Except those Not Found/Not Recalled

	Model Numbers
	Excluded
	Failed
	Survived
	Total

	Total Products
	131
	260
	879
	1,270

	Percentage of Total
	10%
	20%
	69%
	100%


� Due to the diversity of program types throughout the region, we use the term “markdown” to refer to both markdown programs (offered in all the states) and buydown programs (offered in some of the states).  In Massachusetts, the Negotiated Cooperative Promotions (NCPs) include both markdown and buydown programs.  


� GDS Associates, Inc. (2007) Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures.  Prepared for The New England State Program Working Group for use as an Energy Efficiency Measures/Programs Reference Document for the ISO Forward Capacity Market (FCM).


� We examined five types of Parametric Regression models in this analysis.  


� NMR (2008) Telephone Survey Results for Market Progress and Evaluation Report (MPER) 2007 Massachusetts ENERGY STAR Lighting Program. Submitted to National Grid, Cape Light Compact, NSTAR Electric Company, Western Massachusetts Electric Company, and Unitil. Draft April 4, 2008.





� GDS (2007).  Please refer to the original GDS report for more information on savings persistence and other related factors not addressed in this measure life report.  


� GDS (2007).


� GDS (2007).


� Cleves, M.A., W.W. Gould, and R.G. Gutierrez (2004) An Introduction to Survival Analysis Using Stata®: Revised Edition.  Stata Press: College Station, TX.  


� The original source of the Coupon, Catalog, and NCP data has data from 1998 to 2007.  We have added data from the ENERGY STAR Homes and MassSAVE Programs, and only show 2004 to 2006 because those are the only years for which we have ENERGY STAR Homes data.  NMR (2008) Memorandum on 2007 Lighting MPER Database Review, DRAFT. Submitted April 23, 2008, with additional information added from direct install databases reviewed for this evaluation.  


� The direct-install programs for which we had usable data installed too few fixtures to sample fixtures by direct-install and retail programs.  


� For example, the average household in the sample purchased 2.7 CFLs, while in Maine they purchased 2.1 CFLs.  


� The exception involved the products reported installed by landlords in rentals or in second homes or businesses.  


� Cleves, et al. (2004).  


� Athens Research and Decision Sciences Research Associates (1999) Southern California Edison 1994 Residential CFB Manufacturer’ Incentive Program: Fourth Year Retention Study.  Completed for SCE.  Xenergy (2001) Retention Study of Pacific Gas and Electric Company’s 1994 and 1995 Appliance Energy Efficiency Programs: 1994-1995 Residential Lighting Sixth-Year Retention Study.  Conducted for PG&E.  


� The lowest estimate of measure life for interior fixtures is ten years.  Therefore, while future research should again address the measure life of interior fixtures, the study should be postponed for a few years to allow more products to have failed, thereby providing the data necessary to estimate measure life.  


� This is how EFI presented the data: They had a listing of model numbers called the “joint” or “JNT” models included in all New England states except Vermont and then those offered in Vermont.  Note that the Vermont list is a subset of the JNT list, with nearly all Vermont models also showing up in the JNT list.  However, the JNT list includes many more products than the Vermont list.  


� Markdown programs in New England started in 2003 or more recently.  Yet, some of the coupon and direct install products we include in this measure life analysis for markdown products were obtained in 2002.  For these products to remain on the market in more recent years and available for current markdown programs indicates that they are likely high quality that have not been removed from circulation due to poor performance.  


� A number of reviewers asked if we “double count” anything between the installation rate and the measure life estimates.  Our method does not double count for the following reason: Anything that “failed” in the measure life is counted as “installed” in the installation rate because installation rate includes anything ever installed no matter what has happened to it since that time.  Anything considered “not installed” in the installation rate was never factored into the estimates of measure life.  In other words, measure life tells us how long a product may remain installed and working, while the installation rate tells us whether or not it was installed in the first place.  The two together provide the answer to the question of how many products are installed and for how long, on average.  


� The installation rate of direct install fixtures is near 100%, as it should be.  However, in one year respondents reported that only 50% of their direct install fixtures had ever been installed.  This could reflect faulty customer recall or a decision made by a technician not to install products but rather to leave them with the customer for later installation.  Customers reported similar installation rates for direct install and coupon CFLs in 2002 to 2004, but higher rates for direct install CFLs in 2005 and 2006.  Given that CFLs are small products that are easily forgotten, customers may not correctly recall when CFLs from the earlier years examined in this study were installed.  


� NMR (2008) Telephone Survey Results for Market Progress and Evaluation Report (MPER) 2007 Massachusetts ENERGY STAR Lighting Program. Submitted to National Grid, Cape Light Compact, NSTAR Electric Company, Western Massachusetts Electric Company, and Unitil. Draft April 4, 2008.


� We agree with a reviewer of a previous draft that this number seems high.  However, we confirmed that these halogen bulbs are spread out among numerous homes, and the pattern of placing them in the kitchen and dining rooms holds.  


� In a previous version of this report, one reviewer commented on the 300 watt incandescent, asking if it applied to more than one socket in the same fixture.  One of the six references to a 300 watt incandescent is the total wattage of two sockets in the same fixture.  However, the others are all single socket fixtures with a reported 300 watt incandescent.  A quick Google® search reveals that multiple manufacturers make such products.  


� One reviewer of a previous draft noted that this was not rational behavior from an energy or financial savings perspective.  We agree.  However, in our research into energy-efficient lighting and appliances as well as appliance recycling programs, we have repeatedly found that respondents dislike permanently destroying products that are in good working order.  They would rather use an incandescent until it burns out than throw this “perfectly good” bulb away, even if doing so would save them money.  


� We asked those not aware of the lighting program why they purchased additional lighting products.  No one mentioned their prior experience with the CFLs obtained via the coupon or direct install programs, or they also would have been considered in the spillover calculation.  


� We remind the reader that 94% of all sockets in the home are controlled by manual switches, and most of the remaining 6% by dimmable ones (See � REF _Ref193356589 \h ��Table 6–4�) .  The sample sizes here are too small to draw any conclusions about spillover purchases of CFLs or fixtures for their dimmable or three-way switching capabilities.  


� SDG&E (2004) ibid. 


� Unfortunately, the markdown evaluation does not include fixtures, and the random digit dial approach we used to identify these participants will likely not be cost effective for fixtures due to the relatively low number purchased each year.  The evaluation contractor could look for eligible fixtures while in participants’ homes removing loggers from CFLs and marking products for inclusion in the study. 


� The direct-install programs for which we had usable data installed too few fixtures to sample fixtures by direct-install and retail programs.  


� In a previous draft, one reviewer asked if this decision to look at all products obtained by that household through the coupon and direct install programs biased results.  Such bias seems minimal given that the household was selected randomly to begin with.  A greater concern was the bias that could arise from uncertainty about when products had been purchased, given that this was a measure life study.  Our primary interest was therefore to find identifiable program-supported lighting products in people’s homes.  Finding as many such products as possible actually serves to decrease error, as it takes into account more information from more products.  Again, as described above in Section � REF _Ref199064483 \r \h ��3.1� and Section A-1, this is a judgment sample. 


� These other products could include products obtained through other programs (e.g., low income, markdown, catalog) or out-of-program purchases.  


� For example, the average household in the sample purchased 2.7 CFLs, while in Maine they purchased 2.1 CFLs.  


� In theory, store clerks are supposed to make sure the coupons are filled in correctly.  However, this does not always happen in practice.  


� There was some disagreement among the Sponsors about including the products purchased by businesses.  Please note that only two people indicated installing products at their business, accounting for five exterior fixtures and four interior fixtures.  Including or excluding them had no statistical impact on the results, so we included them.  


� Note that the inclusion or exclusion of these products has no effect on our final recommended estimates of measure life.  The estimates of measure life for CFLs and exterior fixtures remain unchanged, and the results for interior fixtures are too uncertain to provide reliable estimates.   


� The exception involved the products reported installed by landlords in rentals or in second homes or businesses.  


� Cleves, et al. (2004).  


� Some researchers start the scoring at “zero,” but we find that starting the scoring at “one” is easier to interpret.  For example, if a life table scored with “zero’ as the starting point gives a median life of 4.5, this actually means that the product will die sometimes between 4.5 and 5.5 years.  We find it easier simply to score with a “one” and have the result show us directly that 5.5 is the full expected measure life for the product.  


� Because we ultimately do not rely on estimates from the life tables analysis, we have chosen not to show the standard errors and confidence intervals.  We can provide them to the Sponsors upon request.  


� In an earlier draft we referred to the application of heterogeneity factors, which are used when the data demonstrate diversity that may be driven by an unmeasured factor.  The heterogeneity factor takes this diversity into account and increases the standard error, leading to wider confidence intervals.  However, the factor has no effect on the estimate of measure life.  Because we are not presenting confidence intervals for these estimates, we have not applied the heterogeneity factor.  


� In the previous draft, the estimate for interior fixtures was 45 years, but this was prior to the inclusion of products installed at rentals, second homes, or businesses.  While 45 years is substantially different than nine years, as we discuss below, we reject both estimates because we believe this study was conducted too early in the life cycle of interior fixtures.  


� Athens Research and Decision Sciences Research Associates (1999) Southern California Edison 1994 Residential CFB Manufacturer’ Incentive Program: Fourth Year Retention Study.  Completed for SCE.  Xenergy (2001) Retention Study of Pacific Gas and Electric Company’s 1994 and 1995 Appliance Energy Efficiency Programs: 1994-1995 Residential Lighting Sixth-Year Retention Study.  Conducted for PG&E.  


� Xenergy (2001)


� Athens Research (1999)


� SDG&E (2004) 1996-1997 Residential Appliance Energy Incentives Program: Compact Fluorescent Lights – Sixth Year Retention Evaluation.  


� Cleves, et al.  (2004) pp. 249-250.


� Specifically, the log likelihood of the analysis as well as the number of covariates and parameters in the model.  


� This is how EFI presented the data: They had a listing of model numbers called the “joint” or “JNT” models included in all New England states except Vermont and then those offered in Vermont.  Note that the Vermont list is a subset of the JNT list, with nearly all Vermont models also showing up in the JNT list.  However, the JNT list includes many more products than the Vermont list.  


� Markdown programs in New England started in 2003 or more recently.  Yet, some of the coupon and direct install products we include in this measure life analysis for markdown products were obtained in 2002.  For these products to remain on the market in more recent years and available for current markdown programs indicates that they are likely high quality that have not been removed from circulation due to poor performance.  


� The lowest estimate of measure life for interior fixtures is ten years.  Therefore, while future research should again address the measure life of interior fixtures, the study should be postponed for a few years to allow more products to have failed, thereby providing the data necessary to estimate measure life.  
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