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[bookmark: _Toc424659872][bookmark: _Toc439071094]Introduction
The residential lighting market has changed considerably in recent years as a result of the lighting standards enacted by the Energy Independence and Security Act of 2007 (EISA) and the rapid advances of light-emitting diode (LED) technology. To keep pace, lighting stakeholders in the Pacific Northwest have increased market and consumer tracking and completed many residential lighting-focused studies.
This literature review highlights the secondary resources the Navigant team (the research team) will use to estimate residential lighting Momentum Savings during the Northwest Power and Conservation Council’s (the Council’s) Sixth Power Plan (Sixth Plan) period (2010-2014). The research team will also use the literature review to characterize the residential lighting market in the Pacific Northwest. 
The research team conducted this literature review to improve research accuracy and efficiency by leveraging existing data. Although many team members were previously aware—and in some cases led—several of the reviewed studies, this literature review ensured that the research team thoroughly examined all existing secondary data before conducting primary data collection.
The research team specifically sought information it could use to model the evolution of the residential lighting market between 2009 and 2014.[footnoteRef:1] The research team reviewed more than 30 documents including recurring market assessment reports, regional power planning efforts led by the Council, retailer sales and shelf-stocking data, and evaluations of upstream residential lighting programs across the country.  [1:  The research team will use 2009 as the baseline for estimating residential lighting Momentum Savings for 2010–2014.] 

The research team focused on the following research topics:
· Baseline market conditions. What was the size and technology mix of the installed lighting stock and sales in the Pacific Northwest in 2009 before the start of the Council’s Sixth Plan? How did the size and technology mix vary by lamp type (screw-in and linear fluorescent) and housing type?
· Market evolution. How have the installed stock and sales of residential lighting products changed in the region since 2009? What was the size and technology mix of the residential lighting market in each year from 2010‒ 2014? Have building codes and lighting standards had an impact?
· Multifamily buildings, manufactured homes, and new construction. As most residential lighting research has focused on existing single-family homes, the research team also searched for data specific to multifamily buildings, manufactured homes, and new construction. The research team sought subsector-specific information to avoid using single-family data to represent the entire residential sector, thereby improving the overall reliability of the Momentum Savings model.
· Non-residential interaction. As part of the Momentum Savings analysis, the research team will need to account for cross-sector program sales to accurately determine how many bulbs incentivized through upstream residential lighting programs were installed in the residential sector versus the non-residential sector. To do so, the research team investigated the intersection of the residential and non-residential lighting sectors.
[bookmark: _Toc439071095]Memo Structure
This memo offers the following:
· A Summary of Key Findings organized thematically
· A list of Research Questions the research team sought to answer through the literature review
· A list of the specific Key Sources the research team reviewed
· A Discussion of Key Findings by theme that summarizes how the research team’s findings will inform the market characterization and Momentum Savings modeling efforts
· Conclusions and Next Steps related to the literature review and ongoing residential lighting market research
[bookmark: _Toc424659873][bookmark: _Ref433964981][bookmark: _Toc439071096]Summary of Key Findings
The research team identified considerable existing research focused on residential lighting. The team will use this data to inform ongoing Momentum Savings modeling and market characterization. This section highlights the research team’s key findings for each of the research topics introduced in the previous section.
[bookmark: _Toc439071097]Baseline Market Conditions
The research team can use data from Northwest Energy Efficiency Alliance’s (NEEA) Residential Building Stock Assessment (RBSA) and the U.S. Department of Energy’s (DOE) 2010 U.S. Lighting Market Characterization, in conjunction with the Council’s Sixth Plan planning documents, to develop a reliable 2009 baseline for estimating Momentum Savings. 
The 2010 U.S. Lighting Market Characterization provides useful information on installed lighting stock, estimated energy use, and lumen production of all lamps operating in the United States in 2010. The RBSA provides stock information by building type, lamp type, and state. These more granular data will enable the team to better model the entire region by avoiding overreliance on exclusively single-family and region-wide data. Neither resource is perfect—the RBSA home inventories, although regional, took place in 2011 and the DOE report is national and focused on 2010—but collectively they provide considerable insight into the condition of the lighting market early in the Sixth Plan.
LEDs had almost no presence in 2010. Specifically, the DOE reported that LEDs were less than 1% of national sales in 2010, and NEEA found so few LEDs in the 2011 RBSA that it did not report them separately. The RBSA reported a technology mix of 25% CFL, 7% halogen, 57% incandescent, and 11% linear fluorescent for single-family homes. 
[bookmark: _Toc439071098]Market Evolution
The research team identified a number of studies from around the country and at different points during the Sixth Plan that break down the various lighting technologies found in residential homes. The most complete longitudinal effort is from Massachusetts, where electric utilities have been operating a substantial upstream lighting program and directly installing efficient lighting technologies through downstream retrofit programs for many years. Similar information, albeit for fewer years, is available for California and nationally. However, none of these studies is specific to the Northwest and most reflect the impacts of both naturally occurring measure adoption and region-specific program activity.
The research team has a strong preference toward region-specific sales data to inform year-over-year changes in the residential lighting market. However, the team currently only has access to 2014 sales data, and those data sets are missing information from several large retailers. The Bonneville Power Administration (BPA) is actively trying to gather data for the previous years (2009–2013) and from the omitted retailers. Without these data, it will be challenging for the team to accurately model annual changes in the size and efficacy of the lighting market and, in turn, to reliably estimate Momentum Savings.
In the meantime, the best proxy for sales available is the shelf data gathered regularly through NEEA’s Long-Term Market Tracking (LTMT) study, as shown in Table 1.
[bookmark: _Ref433965745][bookmark: _Ref433727015][bookmark: _Toc439071119]Table 1: Percentage of Lamps Stocked by Technology
	Technology
	2011
	2012
	2013
	2014

	Incandescent
	78%
	61%
	50%
	47%

	Halogen
	-
	12%
	21%
	24%

	CFL
	20%
	24%
	24%
	21%

	LED
	2%
	2%
	4%
	8%


Source: NEEA, Northwest Residential Lighting Long-Term Market Tracking Study, 
2010-2014. [footnoteRef:2] [2: Calculated by DNV GL using sample expansion weights by strata applied to each sample retailer to represent the population of retailers in the region that sell residential lamps.] 

[bookmark: _Toc439071099]Multifamily Buildings, Manufactured Homes, and New Construction 
Aside from the subsector-specific RBSA reports, the research team found little information about the changes in lighting practices between 2010 and 2014 for residents in multifamily buildings, manufactured homes, or newly constructed homes. A detailed characterization of these subsectors for the purpose of calculating a Momentum Savings estimate may require additional research tasks. 
[bookmark: _Toc439071100]Non-Residential Interaction
The research team identified many studies, including several meta-studies, revealing the interaction between upstream retail-based lighting programs and commercial market actors. The research team can likely rely on these meta-studies to determine the percentage of residential program bulbs installed in non-residential applications without undertaking additional primary data collection. Puget Sound Energy (PSE) estimated the portion of LED bulbs sold through their residential lighting discount program but installed in the non-residential sector at approximately 8%. The research team corroborated this value by a meta-study of similar cross-sector research completed by lighting program administrators in Massachusetts.
[bookmark: _Toc439071101]Modeling Overall
The research team’s review of secondary data not only helped identify inputs for Momentum Savings modeling but also provided insight into methodologies for developing the Momentum Savings model itself. For example, the DOE’s Residential Lighting End-Use Consumption Study outlines its approach to estimating total lighting consumption. Beyond potentially using this estimate in the Momentum Savings analysis, the team may adapt the DOE study’s methodology to other instances in which incomplete national data (e.g., several state or regional studies) may be scaled to reflect states in the Pacific Northwest.
[bookmark: _Toc439071102]Resources
Table 2 provides a high-level summary of the documents the research team reviewed and includes research topic references (e.g., existing stock or multifamily-specific information) that each resource informed.
· 
[bookmark: _Ref431188191][bookmark: _Toc439071120]Table 2: Reviewed Studies by Category of Information
	Funding Organization
	Source
	Year Published
	Baseline 
Market Conditions
	Market Evolution
	Multifamily
Buildings
	Manufactured Homes
	New Construction
	Interaction 
with Non-Residential

	NEEA
	Residential Building Stock Assessment
	2012
	X
	
	X
	X
	X
	

	NWPCC
	Sixth Plan Supply Curves (Existing)
	2010
	X
	
	X
	X
	
	

	NWPCC
	Sixth Plan Supply Curves (New)
	2010
	
	
	X
	X
	X
	

	NEEA
	2014 Nielsen Sales Data
	2014
	
	X
	X
	X
	
	

	NEEA
	Q4 NEEA Shelf Data
	2014
	
	X
	
	
	
	

	BPA
	Simple Steps Data
	2014
	
	X
	
	
	
	

	NEEA
	Upstream Lighting Program Data Survey
	2014
	
	X
	
	
	
	

	CA IOUs
	Draft Measure Information Template
	2011
	
	
	X
	
	X
	

	MA PAs
	Results of Massachusetts Onsite Lighting Inventory
	2013
	X
	X
	
	
	
	

	MA
	Massachusetts ENERGY STAR Lighting Program: Early Impact of EISA
	2013
	X
	X
	
	
	
	

	EPA
	U.S. EPA Report on Opportunities to Advance Efficient Lighting
	2011
	
	X
	
	
	
	

	DOE
	Data Collection and Comparison with Forecasted Unit Sales of Five Lamp Types
	2012
	X
	X
	
	
	
	

	DOE
	Standards & Test Procedures: Fluorescent Lamp Ballasts
	2014
	
	X
	
	
	
	

	NEEA
	Residential Building Stock Assessment: Metering Study
	2014
	X
	
	
	
	
	

	DOE
	Residential Lighting End-Use Consumption Study
	2012
	
	
	X
	X
	
	

	NEEP
	Impact of EISA on Residential A-Lamps
	2014
	
	X
	
	
	
	

	OSRAM
	OSRAM SYLVANIA Socket Survey 6.0 2013 Research Results
	2013
	X
	X
	
	
	
	

	DOE
	2010 U.S. Lighting Market Characterization
	2010
	X
	
	X
	X
	
	

	MA PAs
	Massachusetts Residential Lighting Cross-Sector Sales Research Memo
	2015
	
	
	
	
	
	X

	PPL
	Final Annual Report to the PA Public Utility Commission (June 2012–May 2013)
	2014
	
	X
	
	
	
	X

	CPUC
	California Residential Replacement Lamp Market Status Report: Upstream Lighting Program and Market Activities in California Through 2013
	2014
	
	
	
	
	
	X

	Eff. MA
	Efficiency Maine Retail Lighting Program Overall Evaluation Report
	2015
	
	X
	
	
	
	

	MA PAs
	MA Lighting Market Assessment Onsite Visit & Survey Results
	2015
	X
	X
	
	
	
	

	ACEEE
	Mobilizing Energy Efficiency in the Manufactured Housing Sector
	2012
	
	X
	
	X
	
	

	DOE
	Energy Savings Forecast of SSL Lighting in General Illum. Applications
	2014
	
	X
	
	
	
	

	DOE
	Residential Lighting End-Use Consumption
	2012
	X
	X
	
	
	
	

	Navigant
	Residential Energy Efficient Lighting and Lighting Controls
	2014
	X
	X
	
	
	
	

	MA PAs
	NTG Estimates Saturation Differences in MA and NY
	2015
	
	X
	
	
	
	

	PSE
	2014-2015 Residential Lighting Impact Evaluation
	2015
	
	
	
	
	
	X

	NWE
	NEW CFL Lighting Market Study
	2015
	X
	X
	
	
	
	


Source: Research team analysis
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[bookmark: _Ref433964986][bookmark: _Toc439071103]Research Questions
The research team discussed the data needs for the proposed Momentum Savings modeling and market characterization efforts prior to conducting this literature review. The meeting generated the set of research questions described in this section.
The research team recognized that secondary information might not exist for all of the identified research questions. However, the team felt it was prudent to generate a comprehensive list of data needs and to verify whether the needed information was available through previous research before seeking to collect it through primary research. The research questions also provided valuable guidance to the team as it simultaneously developed market actor interview guides.
Baseline Market Conditions (2009)
· What was the total size of the residential lighting market before the Sixth Plan?
· What was the technology mix for screw-in and linear fluorescent lamps before the Sixth Plan?
· How many single-family, multifamily, and manufactured homes are in the Pacific Northwest?
· What is the average number of sockets, by base (medium screw base, mini, and pin), in each type of home? 
· What is the mix of socket and lamp types for screw-in lighting (general purpose/dimmable, globe, reflectors/outdoor, decorative/mini-base, and 3-way) by home type?
· How prevalent is tube lighting (T12/8/5 and TLEDs) by home type?
· Do any of these values vary significantly across the region?
Market Evolution (2010–2014)
· How did the total size of the residential lighting market change each year during the Sixth Plan?
· How did the technology mix for screw-in and linear fluorescent lamps change each year during the Sixth Plan?
· How has the number and mix of home types changed between 2010 and 2014?  
· How has the mix of socket types changed between 2010 and 2014?  
· How has the mix of lamp types changed between 2010 and 2014? 
· Do any of the previous values vary significantly across the region?
· What is the observed lag effect of the EISA standards?
· Did any new residential building codes affect lighting from 2010–2014?
· Are customers switching to EISA-exempt lights (e.g., rough service, 3-way) to avoid use of higher efficiency lamps?
· What types of lamp technology are end-users replacing with the new lamps?
· What percentage of residential customers install lamps proactively (early replacements) as opposed to when the existing lamp burns out? 
· How many new bulbs do end-users purchase and install each year?
Multifamily and Manufactured Homes
· Is lighting turnover and efficiency in multifamily and manufactured homes different from turnover and efficiency in single-family homes? How so?
· Where do multifamily buildings get their lighting (retail, distribution)?
· How does this vary based on the building’s tenants (owners/renters) or management strategy?
New Construction
· What percentage of builders’ lighting comes from retail distributor sources?
· How do lamp sales for new construction differ from sales for existing homes?
· How does the socket mix in new construction homes differ from the mix in existing homes?
· Do builders install linear fluorescents? If so, how often and what kind?
Non-Residential
· What portion of retail lamps sold are installed in commercial spaces? 
· Conversely, what portion of sold non-retail (e.g., wholesale distributor) lamps get installed in residential?
· Does the residential versus non-residential split vary by lamp type (e.g., fluorescent, screw-in), level of efficiency, or other factors? 
[bookmark: _Ref433964991][bookmark: _Toc439071104]Key Sources
This section provides an overview of the resources the research team reviewed, and found most relevant to the current research, listed by organization. These organizations include the following:
· NEEA
· Northwest Power and Conservation Council (the Council)
· California Public Utilities Commission (CPUC)
· Massachusetts Energy Efficiency Program Administrators
· DOE
· BPA
Appendix A also includes the Modern Language Association (MLA) citation for each resource (Table A‑1), a summary of each resource, and a short description of the strengths and weaknesses of each resource as it relates to the team’s current research (Table A‑2). Both tables include information about additional research not highlighted in this section.
[bookmark: _Toc439071105]Northwest Energy Efficiency Alliance
The research team reviewed two reports summarizing substantial NEEA-sponsored recurring research efforts in addition to reviewing sales data obtained by NEEA. NEEA is a non-profit group that represents more than 140 utilities and organizations in the Northwest. This group focuses on increasing energy efficiency in the entire region through market transformational programs and research. 
The below list describes each NEEA-sponsored research source:
· The RBSA reflects findings from data collected at more than 1,850 residences across Oregon, Washington, Idaho, and Montana in 2011. Researchers designed the RBSA to characterize the entire residential sector, and the study takes into account the diverse climates, building practices, end-uses, and fuel choices across the region. As a result, the RBSA offers considerable insight into the state of residential lighting across the region early in the Sixth Plan. In addition to more than 1,400 single-family homes, the RBSA includes subsector-specific reporting for single-family, manufactured, and multifamily homes. 
· The Northwest Residential Lighting LTMT study tracks regional lighting market metrics and has been updated on a roughly annual basis since 2005. NEEA completed the most recent report in 2015. The LTMT study explores a wide variety of lighting topics including customer awareness, retailer/manufacturer perceptions of efficient products, and stocking practices. Shelf-stocking data collection typically occurs in the early winter of each LTMT cycle. This data set is of particular interest to the research team as it provides insight into the likely purchasing and installation practices for lighting by year.[footnoteRef:3] [3:  The research team is aware that stocking practices do not perfectly reflect consumer purchasing behavior, as merchandising strategies and other market factors greatly affect the product volume and placement on shelves. However, in lieu of sales data, shelf-stocking data offer significant insight because changes in shelf-stocking patterns over time are a valuable indicator of market changes. The shelf-stocking survey is also a valuable source of pricing data.] 

· NEEA purchased aggregated 2014 Nielsen-collected sales data to complement the stocking data collected through the LTMT study. Unlike the shelf-stocking data, the Nielsen data reflects the actual sales that occurred in 2014 for a subset of contributing retailers. The Nielsen data provides insight into the volume of sales by technology, wattage, lumen bin, and pack size, which in turn allows for the direct estimation of average lighting efficacy. It is highly likely these sales data will play a prominent role in informing the average efficiency level in the team’s Momentum Savings model. The Nielsen data is not fully representative of the market for program-supported bulbs, as several high-volume lighting retailers do not provide sales data to Nielsen. However, the Nielsen data are the best available proxy for actual sales activity.[footnoteRef:4]  [4:  BPA is currently developing strategies to obtain sales data from the missing retailers as well as to gather Nielsen data for previous years (2009–2013).] 

· NEEA works with CLEAResult to complete an annual survey of regional lighting sales. At NEEA’s request, CLEAResult works with PNW retailers to gather sales data for lighting incentivized through BPA’s Simple Steps program, other utility programs, and – to the extent possible – sold outside of programs. The annual survey of retail lighting sales provides a broader, regional perspective on the market than the program-focused Simple Steps dataset offers.

[bookmark: _Toc439071106]Northwest Power and Conservation Council
The research team reviewed two workbooks developed by the Council as part of its Sixth Plan. The workbooks document assumptions the Council used to estimate anticipated lighting savings between 2010 and 2014. 
The workbooks provide information about the lighting efficiency levels the Council recognized at the outset of the plan as well as the Council’s expectation for how lighting efficiency would change during the five-year period. The workbooks also provide the Council’s assumptions on code adoption during the Sixth Plan. One workbook focuses on lighting in existing residential buildings and the other is specific to lighting in anticipated residential new construction. 
[bookmark: _Toc439071107]California Public Utilities Commission
The research team reviewed two reports sponsored by the CPUC. The CPUC sponsors research and evaluation on behalf of California ratepayers served by Pacific Gas and Electric Company (PG&E), Southern California Edison (SCE), San Diego Gas and Electric Company (SDG&E), and Southern California Gas Company (SCG). Collectively, the first three companies serve more than two-thirds of the total electricity demand throughout California. 
The research team reviewed the following two reports:
· The California Residential Replacement Lamp Market Status Report provides information about statewide upstream lighting programs from 2010–2012. The study, completed in 2013, included more than 1,500 consumer telephone surveys, more than 2,000 home lighting inventories, more than 600 in-store stocking assessments, in-depth interviews with lighting suppliers, shopper surveys, and a lighting choice model. The lighting choice model predicts the probability that a consumer will choose a particular lamp based on the market context. The model results are of particular interest to the research team because it could inform model inputs pertaining to lamp installation and replacement behavior.
· A draft Measure Information Template for Lighting in Multifamily and Hotel Corridors, created by the California Utilities Statewide Codes and Standards Team, provides an overview of a proposed mandatory modification of lighting control/switching requirements in hotel/multifamily building corridors in California. 
[bookmark: _Toc439071108]Massachusetts Energy Efficiency Program Administrators
The American Council for an Energy-Efficient Economy (ACEEE) recognizes Massachusetts as an energy efficiency leader, having ranked the Commonwealth first for the past five years in its State Energy Efficiency Scorecard. During this time, the state’s eight electric and gas energy efficiency program administrators have completed a significant number of residential lighting program evaluations, many of which include market assessment/tracking components. Alongside NEEA’s LTMT and the large-scale evaluations in California, Massachusetts has collected as much lighting data as any entity in the country over the past five years.
The research team reviewed the following Massachusetts-focused research reports:
· The 2014 Onsite Lighting Inventory compiles the results of more than 400 whole home lighting inventories in three states: Massachusetts, Georgia, and Kansas (the latter two states served as control states for a concurrent net-to-gross study). The onsite visits in Massachusetts include return visits to 111 previously inventoried homes. These homes, referred to as panel participants, provided the Cadmus Group and NMR Group with insight into the changes in lighting technology between years for specific sockets. The research team may use these findings to model socket turnover depending on the final Momentum Savings model methodology. 
· The 2013 Massachusetts ENERGY STAR Lighting Program: Early Impacts of EISA report summarizes the current and likely effects of EISA on the residential lighting market in Massachusetts. This NMR Group research focuses specifically on EISA’s effect on the availability and purchase of inefficient lamps, potential stockpiling, and consumer awareness and understanding of the EISA standards and lighting terminology. 
· In the Massachusetts Residential Lighting Cross-Sector Sales Research Memo, the Cadmus Group and NMR Group summarize findings from a comprehensive review of secondary sources on the residential and commercial lighting markets for screw-in lamps. The memo summarizes 23 cross-sector estimates from outside Massachusetts and assesses the relative strengths and weaknesses of each study as well as each study’s applicability to Massachusetts. 
[bookmark: _Toc439071109]U.S. Department of Energy
The DOE, primarily through the Office of Energy Efficiency and Renewable Energy (EERE), has completed a number of nationwide studies in recent years aimed at characterizing, tracking, and forecasting the residential lighting market. Navigant led many of these studies.
The research team found the following four DOE reports the most relevant to BPA’s ongoing research:
· The 2010 U.S. Lighting Market Characterization Report published by the DOE in January 2012 provides a comprehensive summary of the installed lighting stock, estimated energy use, and lumen production of all lamps operating in the United States in 2010. The report, which provides information for residential, commercial, industrial, and outdoor lighting, also seeks to characterize changes in the lighting market leading up to 2010. The report relies almost exclusively on publicly available data, including data from the Census and Energy Information Administration (EIA).
· The Residential Lighting End-Use Consumption Study: Estimation Framework and Initial Estimates study followed the market characterization study, publishing in December 2012. The study develops a regional estimation framework that allows for the estimation of lamp usage and energy consumption at multiple levels. The levels include national and U.S. regions, household characteristics, location within the home, and lamp characteristics. The study was built from four previous evaluations and research completed around the country, mostly collected in 2009. The study also provides estimates of hours of use, average lamp power, and total lighting energy usage at the state level. 
· The article “Energy Conservation Program: Data Collection and Comparison with Forecasted Unit Sales of Five Lamp Types” published in March 2012 in the Federal Register by the DOE’s EERE office and compared projected sales models of five lamp types (rough service, vibration service, 3-way, incandescent, and shatter-resistant) with actual shipment National Electric Manufacturers Association (NEMA) data from 2011. The purpose of the comparison was to determine whether sales exceeded projections to the point that regulatory action was required. For the research team, the article provided insight into the magnitude of and sales trends for non-EISA-compliant lamps. 
· The DOE’s Energy Savings Forecast of Solid-State Lighting in General Illumination Applications Report provides a forecast of LED sales through 2030. Although this forecast extends well beyond the Sixth Plan timeframe, Navigant, which led the study, gathered information about actual LED uptake to inform its forecast. This data set may be of use when the research team models Momentum Savings.
[bookmark: _Toc439071110]Bonneville Power Administration
BPA, the sponsor of the research team’s current residential lighting Momentum Savings modeling and market characterization efforts, also provided the team with access to two data sets:
· BPA offers the Simple Steps, Smart Savings (Simple Steps) regional program, which BPA designed to increase the adoption of energy-efficient residential products. The program offers rebates for a variety of measures sold through retail stores but has historically focused on lighting. The research team reviewed cumulative Simple Steps program data from 2010 through 2014. These data provide important insight into program activity in the region during the Sixth Plan, and the research team must account for this activity when estimating Momentum Savings. The Simple Steps data BPA provided includes information regarding quantity, incentive payment, and energy savings.


[bookmark: _Ref433964998][bookmark: _Toc439071111]Discussion of Key Findings
This section details the key findings, by research area, from the research team’s literature review. 
[bookmark: _Toc439071112]Baseline Market Conditions
The research team found that NEEA’s 2011 RBSA provides the most useful information regarding the existing lighting stock in the Pacific Northwest, including the following information.
Total Installed Stock of Lamps and Fixtures 
To estimate the total number of installed lamps in the Northwest, the team generated two separate estimates relying on two different datasets: the RBSA and the 2010 DOE Lighting Market Characterization. 
The RBSA provides detailed information on the installed lighting stock in the Northwest. Single-family homes average approximately 63 lamps and 40 fixtures across the Northwest. Although the total number of lamps per home varies across building types (Table 3), the density of lamps and fixtures is comparable at approximately three lamps per 100 sq. ft. Average lamp and fixture counts are relatively consistent across states, although results for Montana are typically lower than the other three Pacific Northwest states. 
[bookmark: _Ref432756162][bookmark: _Toc439071121]Table 3: Average Number of Lamps per Home by State
	Lamp Type
	ID
	MT
	OR
	WA
	Region

	Single-Family
	63.6
	56.7
	63.2
	64.1
	63.2

	Multifamily
	-
	-
	-
	-
	23.2

	Manufactured Homes
	33.2
	29.9
	37.1
	34.1
	34.5


Source: RBSA for Single-Family, Multifamily, and Manufactured Homes, 2011
Table 4 shows the population sample frame used in the RBSA, which was developed using census data and detailed utility information. The research team multiplied the sample frame by the average number of lamps per home to arrive at an estimate of the total number of installed lamps in the region, approximately 293 million units.   
[bookmark: _Ref438525532][bookmark: _Toc439071122]Table 4: Total Single-Family, Multifamily and Manufactured Homes and Installed Lamps
	Lamp Type
	Total Homes
	Total Installed Lamps

	Single-Family
	4,023,937
	               254,312,818 

	Multifamily
	863,104
	                20,024,013 

	Manufactured Homes
	543,730
	                18,758,685 

	Total
	5,430,771
	               293,095,516 


Source: RBSA for Single-Family, Multifamily, and Manufactured Homes, 2011; Navigant and Cadeo analysis
The research team then generated a second estimate using the DOE 2010 Lighting Market Characterization study, which reported a nationwide average 51.4 lamps per residential home, and a total installed stock of 5.8 billion lamps. After scaling this number to the Northwest (4% of the country by population), the team arrived at a slightly lower estimate of the total installed stock in the region: 232 million lamps. 
Total Annual Sales of Lamps
To estimate the number of lamps purchased by residential customers annually in the Northwest, the team generated two separate estimates. 
First, the team employed a “bottom-up” approach of scaling up the Nielsen sales data, which the team believes captures approximately 30% of regional retail lighting sales, to reflect the entire Pacific Northwest    Using the Chain Logic Method and the Nielsen data’s estimate of 16 million general purpose A-line lamp sales in 2014, the team developed an initial estimate of annual regional for lamp sales.. The team then subtracted out 8% of these lamps to account for lamps sold through retailers going to non-residential applications. [footnoteRef:5] Using this approach, the team estimates approximately 49 million lamps were sold to residential customers in 2014.  [5:  PSE 2014-2015 Residential Lighting Impact Evaluation estimated the portion of LED bulbs sold through PSE’s residential lighting discount program that were installed in the non-residential sector at approximately 8%.] 

Second, the team employed a “top-down” estimate using lighting shipment data for NEMA member manufacturers. While not every lighting manufacturer is a NEMA member, the team believes the data represents approximately 90% of total A-line lamp shipments. Applying this assumption, the team estimated that approximately 1 billion lamp shipments arrived in the United States in 2014. The team again subtracted out 8% of these lamps to account for lamps going to non-residential applications. Scaled down the national shipment data to reflect only the Northwest (4% of the country by population), the research team estimates regional A-line shipments at approximately 39 million annually. 
This top-down approach (i.e., scaling down national shipments to represent the PNW) produces a lower estimate of the total market size than the bottom-up approach (scaling up a subset of regional retail sales). The research team proposes using the average of the two approaches, 44 million units, as an approximation of the total annual sales of residential lighting in the Northwest. 
Technology Mix
The RBSA also provides information on the distribution of lighting technologies by building type and state, which will likely serve as important Momentum Savings model inputs.[footnoteRef:6] The majority of lamps in single family residential homes in 2011 were incandescent (Table 5). Other technologies include compact fluorescent (25.0%), linear fluorescent (10.8%), and halogen (6.5%). The RBSA did not explicitly identify LEDs, but they were included in the “Other” category, which comprised only 0.7%. Multifamily units averaged 1.7 fluorescent tubes compared to manufactured and single-family homes, which had an average of 3.63 fluorescent tubes. [6: ] 

Another useful finding from the RBSA is the difference in technology mix by state. For single-family homes, Montana had the highest percentage of incandescent lamps (65.0%), and Washington had the highest percentage of CFLs (27.7%), as seen in Table 5. Overall, Washington had the most efficient technology mix while Montana had the least efficient.  
[bookmark: _Ref432753900][bookmark: _Toc439071123]Table 5: Technology Mix - Single-Family Homes by State
	Lamp Type
	ID
	MT
	OR
	WA
	Region

	CFL
	24.9%
	21.4%
	21.3%
	27.7%
	25.0%

	Halogen
	2.7%
	2.8%
	6.7%
	8.0%
	6.5%

	Incandescent
	61.0%
	65.0%
	60.5%
	52.8%
	57.0%

	Linear Fluorescent
	11.1%
	10.7%
	11.1%
	10.5%
	10.8%

	Other
	0.3%
	0.1%
	0.5%
	1.0%
	0.7%


Source: Baylon, D., Storm, P., Geraghty, K., & Davis, B. (2012). 2011 Residential Building Stock Assessment: Single-Family Characteristics and Energy Use. Seattle, Washington: Northwest Energy Efficiency
The RBSA also provides information on the technology mix by state in manufactured homes. Similar to single family homes, Table 6 shows the majority (59.4%) of lamps in manufactured homes were also incandescent. Manufactured homes in Washington had the highest share of compact fluorescent lamps (29.7%) and the lowest share of incandescent lamps (56.7%).
[bookmark: _Ref436664877][bookmark: _Toc439071124]Table 6: Technology Mix - Manufactured Homes by State
	Lamp Type
	ID
	MT
	OR
	WA
	Region

	CFL
	26.0%
	26.6%
	25.9%
	29.7%
	27.7%

	Halogen
	3.0%
	0.6%
	2.0%
	2.3%
	2.2%

	Incandescent
	62.8%
	62.6%
	60.8%
	56.7%
	59.4%

	Linear Fluorescent
	7.8%
	10.2%
	11.3%
	10.8%
	10.5%

	Other
	0.4%
	-%
	0.0%
	0.4%
	0.3%


Source: Baylon, D., Storm, P., Geraghty, K., & Davis, B. (2012). 2011 Residential Building Stock Assessment: Manufactured Homes Characteristics and Energy Use. Seattle, Washington: Northwest Energy Efficiency
The RBSA also provides information on the in-unit technology mix for multi-family buildings as shown in Table 7. Similar to the other residential housing types, the majority of lamps in multi-family units were incandescent (62.2%) and compact fluorescent (26.8%).
[bookmark: _Ref436665409][bookmark: _Toc439071125]Table 7: Technology Mix – Multifamily Homes
	Lamp Type
	Region

	CFL
	26.8%

	Halogen
	3.3%

	Incandescent
	62.2%

	Linear Fluorescent
	6.3%

	Other
	1.2%


Source: Baylon, D., Storm, P., Geraghty, K., & Davis, B. (2012). 2011 Residential Building Stock Assessment: Multi Family Homes Characteristics and Energy Use. Seattle, Washington: Northwest Energy Efficiency
Table 8 shows the technology mix of NEMA A-line lamp shipments. Although the NEMA index does not include linear fluorescent lamps, the data are comparable to the RBSA findings in showing that together incandescent (76%) and compact fluorescent (23%) lamps dominate the market. 
[bookmark: _Ref433805058][bookmark: _Toc439071126]Table 8: 2010 NEMA A-Line Lamp Shipments 
	Technology
	Share

	Halogen
	1.3%

	Incandescent 
	75.7%

	CFL
	22.8%

	LED 
	0.2%

	Total
	100.0%


Source: NEMA Consumer Lamp Index, 2010
[bookmark: _Toc439071113]Market Evolution
Momentum Savings come from changes in efficiency over time. The research team looked at the change in technology mix, lamp replacement decisions (including switching to non-compliant lamps), and the impact of EISA on the market to understand how the residential lighting market has evolved since 2011. The team will use findings related to the residential lighting market’s evolution as inputs for the Momentum Savings calculation as well as to determine the appropriate overall model methodology. 
Technology Mix 
NEEA’s LTMT studies provide data on retailer lamp stocking practices from 2011‒2014. Notably, the share of incandescent lamps decreased by 31% from 2011‒2014. The share of halogen and LED lamps increased over the same time period, while the share of CFLs remained relatively steady between 20% and 25%.
[bookmark: _Toc439071127]Table 9: Percentage of Lamps Stocked by Technology
	Technology
	2011
	2012
	2013
	2014

	Incandescent
	78%
	61%
	50%
	47%

	Halogen
	-
	12%
	21%
	24%

	CFL
	20%
	24%
	24%
	21%

	LED
	2%
	2%
	4%
	8%


Source: NEEA, Northwest Residential Lighting Long-Term Market Tracking Study, 
2010-2014.[footnoteRef:7] [7:  The research team noticed a discrepancy in the reported data between the 2012 and 2013 reports.] 

The Massachusetts Onsite Lighting Inventory found that from 2009 to 2013 the market penetration of specialty CFLs increased from 25% to 62% and LEDs increased from 7% in 2012 to 12% in 2013 (Table 10). The number of households that use at least one CFL increased from 88% in 2009 to 96% in 2013. The team compared this non-Pacific Northwest result with a study by NorthWestern Energy, whose service territory covers western Montana, eastern South Dakota, and central Nebraska. This study found that 63% percent of respondents reported acquiring at least one CFL in 2014, compared with 24% for LEDs. The survey estimated socket saturation rates of 16% for CFLs and 3% for LEDs in 2014. 
[bookmark: _Ref433641779][bookmark: _Toc439071128]Table 10: Percentage of Households That Use at Least One CFL, 
Incandescent, or LED in 2009 and 2013
	Technology
	2009
	2013

	Incandescent
	65%
	55%

	All CFLs
	88%
	96%

	Specialty CFLs
	25%
	62%

	LEDs
	-%
	12%


Source: NMR Group, Inc. Results of the Massachusetts Onsite Lighting Inventory, 6th July 2013.
The 2013 OSRAM SYLVANIA Socket Survey, an annual survey on consumer behavior around lighting, collected technology trend data early in the Sixth Plan period by conducting 300 interviews over a 10-day period. OSRAM reported that the portion of respondents who have LEDs and halogens in their homes increased from 2010 to 2013, while the portion of respondents who had incandescent and CFLs in their homes decreased from 2010 to 2013 (Table 11). 
[bookmark: _Ref433814005][bookmark: _Toc439071129]Table 11: Percentage of Respondents Owning Specific Bulb Types
	Technology
	2010
	2013

	Incandescent
	82%
	76%

	Halogen
	39%
	42%

	CFL
	72%
	67%

	LED
	27%
	30%


Source: OSRAM SYLVANIA Socket Survey 6.0 2013 Research Results.
Replacement Decisions
According to the NEEA LTMT study, the share of CFL purchasers that are waiting for lamps to burn out before installing additional CFLs (Table 12) has decreased by 21% from 2010‒2014 (Table 12). 
[bookmark: _Ref433813913][bookmark: _Toc439071130]Table 12: Percentage of CFL Purchasers Who Have CFLs Installed in Their Homes Waiting for Incandescent Lamps to Burn Out
	2010
	2011
	2012
	2013
	2014

	29%
	22%
	18%
	21%
	8%


Source: NEEA, Northwest Residential Lighting Tracking and Monitoring Study, 2010-2014.
The research team may also use the Massachusetts Onsite Lighting Inventory and the Massachusetts Lighting Market Assessment to gain insight into replacement decisions and whether end-users proactively installed efficient lighting or simply replaced lamps on failure. Although these studies are specific to Massachusetts, the findings may still be relevant to Momentum Savings research since customer’s installation decisions and practices may not differ dramatically by region. 
The 2015 Massachusetts Lighting Market Assessment included a panel study that looked at actual changes in specific fixtures observed by auditors. The study found that sampled customers replaced the majority of bulbs (65%) due to failure. Just over one-fifth (21%) of bulbs were replaced before the end of their useful lives; 12% were replaced by direct-install energy efficiency programs, and 9% were replaced by customers on their own because they wanted a more efficient bulb (Figure 1). The research team may use this information to inform decisions on whether to use a stock turnover model or another approach that better accounts for non-failure replacements for the Momentum Savings calculation.  
[bookmark: _Ref433790755][bookmark: _Toc439071131]Figure 1: Panelists Primarily Replace Bulbs at Failure or When Switching to 
Energy Efficient Bulbs
[image: ]
Source: Cadmus. MA Lighting Market Assessment Onsite Visit and Consumer Survey Results. Waltham: Cadmus, 2014.
The 2014 Massachusetts study also determined that 13% of total observed sockets had a lamp replaced between 2013 and 2014. The study results show a large increase in the share of efficient lamps for the replaced sockets, as households were nearly three times as likely to choose a CFL instead of an incandescent to replace an existing incandescent lamp. The share of CFLs in sockets where lamps that sampled customers replaced increased from 25% in 2013 to 60% in 2014 (Figure 2). Of the sockets that previously held CFLs, respondents replaced 59% with new CFLs, 22% with LEDs, and only 11% with incandescent bulbs. 
[bookmark: _Ref433715871][bookmark: _Toc439071132]Figure 2: Technologies that Replaced Incandescent and Compact Fluorescent Lamps:
 2013‒2014
[image: ]
Source: Cadmus, Results of the Massachusetts Onsite Lighting Inventory, March 2015.
Switching to Non-Compliant Lamps
The Massachusetts Onsite Lighting Inventory also assessed whether households were switching from standard to specialty lamp shapes when replacing incandescent bulbs with new incandescent bulbs following EISA. It found that 70% of sockets had traditional A-line incandescent lamps in 2013 but only 53% did in 2014. Almost all of the shifts were to spot/reflector/flood bulbs, which went from 7% in these sockets in 2013 to 24% in 2014. 
The study also examined whether there were any differences in replacement practices between specialty incandescent lamps and standard (A-line) incandescent lamps. The reason is likely that consumers found it difficult to locate comparable CFL and LED lamps at a price point they were willing to pay. Similarly, CFLs and LEDs both increased by 24% between 2013 and 2014 among replaced dimmable and 3-way lamps. In contrast, A-line CFLs increased by only 2%. 
Impact of EISA 
The research team compared the mix of technologies in the NEEA shelf data and the Nielsen sales data and found that the full-year 2014 Nielsen data displayed a significantly higher proportion of incandescent lamps than did the Q4 2014 NEEA sales data. The research team believes this is the case because the full-year Nielsen data likely includes the sell-through of lamps manufactured before the January 1, 2014 EISA deadline for 40W and 60W lamps. This inclusion inflates the share of incandescent lamps in the technology mix. The research team will need to consider this disparity when modeling Momentum Savings.
Similarly, a shelf-stocking survey referenced in the Massachusetts ENERGY STAR Lighting Program: Early Impacts of EISA report found numerous packages of 100W incandescent lamps on store shelves in August and September 2012, nearly nine months after their initial phase-out in January 2012. One-half of consumers shopping for such lamps could still find them during the last three months of 2012, nearly one year after the start of the phase-out period.
D+R International’s report on the impact of EISA on residential A-line lamps indicates that EISA reduced the sales of incandescent general service lamps by approximately 7% between 2012 and 2013. Unit sales of incandescent lamps fell from 2012 to 2013, but incandescent lamps remained the dominant technology type, accounting for 79% of products sold in 2013. 
[bookmark: _Toc439071114]Multifamily Buildings, Manufactured Homes, and New Construction 
The research team looked for resources aside from the subsector-specific 2011 RBSA that would provide information about the changes in lighting practices in multifamily buildings, manufactured homes, and new construction.
Multifamily Housing
The RBSA showed relatively little difference in the lighting power density for common areas (around 0.7 W/sq. ft.) across building ages, suggesting that building owners have already retrofitted much of the existing multifamily building stock with efficient common area lighting. 
The research team obtained additional information through the National Apartment Association (NAA). Contact with the NAA confirmed the absence of a specific report documenting lighting sourcing and replacement methods within multifamily residential communities. The research team posed questions of lighting sourcing and turnover to an assortment of NAA market research employees that provided the following verbatim responses:
· “Upgrades or replacements are many times driven by money.”
· “Another driving factor is upgrades: how to change the look of the building and payback. Right now there are big pushes with energy companies to change to LED because of less maintenance, energy savings and color options. Back when wall packs and High Pressure Sodium were the thing the negative was color, but savings were there to make up for the color. Now LED has many colors and savings associated but big up front cost. Price is coming down but still up there on the LEDs.” 
· “It seems that the biggest driving force to change the lighting is during upgrades, name changes when the capital dollar is available. There are some that will do it based on savings alone, but many times driven on upgrading the property to keep up with new construction.” 
· “Lights are bought from and through the vendor that is changing the lights. These vendors that do lighting upgrades do tremendous volume of work and get fantastic prices. Even with the volume that we buy the contractor can many times beat our pricing based on their volume.” 
· “The interior lights are driven by what looks good, when doing unit upgrades. Interior lights are bought more on what the light fixture looks like than it does energy savings. Many times the interiors might go through a couple of changes before the outdoor lights are even looked at.” 
· “Interiors are driven by what sells, what looks good, does it match the new appliances or flooring look.”
Manufactured Homes
The research team found a lack of specific data on manufactured homes outside of the 2011 RBSA. A detailed characterization of manufactured homes may require additional research through other task order elements.
New Construction
The 2007 Single-Family Residential New Construction Stock Assessment survey found an average of 49 fixtures and 77 lamps per home. This compares with the 61.5 lamps per home found in the 2007 Single-Family RBSA and confirms the need to model new construction separately to existing buildings. 
[bookmark: _Toc439071115]Non-Residential Interaction
The PSE 2014-2015 Residential Lighting Impact Evaluation estimated the portion of LED bulbs sold through PSE’s residential lighting discount program that were installed in the non-residential sector by conducting an in-store survey of 200 customers. The study found that customers purchased approximately 8% of LEDs sold at PSE program retailers for non-residential applications. 
The Massachusetts Residential Lighting Cross-Sector Sales Research Memo provides estimates on the portion of residential program sales going to non-residential programs. These estimates range from 0% (in which residential phone survey respondents in Maine and lamp purchasers surveyed at retail stores in California indicated not installing any lamps in business/commercial settings) to a high of almost 19% (based on a residential phone survey in the Southern California Edison program territory of California). The study recommends using a placeholder of 7% to apply to the Massachusetts upstream lighting program sales as an indicator of those bulbs used in commercial settings, thereby corroborating the PSE value of 8%. 
[bookmark: _Toc439071116]Modeling Overall
In the course of its review, the research team identified two studies that make use of frameworks for modeling key elements of the Momentum Savings equation and a third study that mirrors the entire Momentum Savings calculation process itself.  
The first identified study, the DOE’s Residential Lighting End-Use Consumption study, offers a framework to estimate the average hours of use for lighting in the region. In this analysis, the DOE developed a national hours-of-use data set by “linking lamp usage from end-use metering studies with household characteristics and lighting inventory profiles.” In doing so, the study provides an estimate of the hours of use for lighting in each state. Beyond using this estimate in the Momentum Savings analysis itself, this methodology may be adapted to other instances in which the research team may scale incomplete national data (e.g., several state or regional studies) to reflect states in the Pacific Northwest.   
Additionally, to the extent the Momentum Savings methodology has yet to be determined, this study may prove useful as it presents an argument for a bottom-up approach to modeling savings. When developing estimates of hours of use and individual lamp energy consumption, the DOE study notes that a bottom-up approach is more accurate, as it preserves any correlation between lamp type and hours of use.  
The DOE Residential Lighting End-Use Consumption study relies heavily upon findings from another study, the California Residential Replacement Lamp Market Status Report (CA RLMS), which is the second study the research team believes could potentially inform the Momentum Savings modeling approach. This study created a Lamp Choice Model that predicts consumer behavior regarding lamp purchases based on the market context (i.e., available technologies, prices, and type of retail channel through which customers purchased lamps). The output from this model reflects the changes in regulatory and market conditions between 2012 and 2013 as well as how those may have influenced consumer purchases. To the extent that the research team could calibrate this model to the technologies, prices, and retail channels in the Pacific Northwest, it may provide a means to predict the market mix through the analysis period.  
The third study identified by the research team that could inform the team’s Momentum Savings modeling approaches is the DOE’s Energy Savings forecast of Solid-State Lighting. The forecast, developed by Navigant using the Analytica modeling platform, closely matches the traditional Momentum Savings methodology. Specifically, it used the following methodology to calculate savings from solid-state lighting:
1. “Project annual lumen demand forecast assuming constant lumen demand per square foot of floor space in each sector, the lighting market model forecasts U.S. lumen demand from 2013 to 2030.”  
2. “Each year, new lamps enter the market as old lamps are replaced or fixtures are installed or retrofitted. This creates an annual lumen market turnover, which may be satisfied by a suite of lighting technologies. The lighting market model considers three possible events that create lumen market turnover: 1) new installations due to new construction; 2) units replaced upon failure of existing lamps; and 3) units replaced due to lighting upgrades and renovations.”
3. “Recognizing that the incumbent conventional lighting technologies will compete with new LED lighting products, the lighting market model allows for both cost reductions and performance improvements in efficacy and lifetime for conventional lighting technologies.”
4. “The lighting market model predicts market share as an aggregate of many individual purchase decisions using two analytic components: an econometric logit model that considers cost factors influencing each decision, and a technology diffusion curve that considers time dependent market factors influencing each decision.”
5. “Annual energy savings are then estimated by comparing the lighting energy consumption projected by the lighting market model to that of a counter-factual LED-absent scenario.”
Steps 1 and 2 effectively equate to establishing the market size, while steps 3 and 4 establish the market mix. Lastly, the comparison outlined in step 5 could just as easily examine the Sixth Power Plan baseline as the counter-factual scenario. While there is some concern over the use of stock turnover modeling for lighting, this model appears to account for any savings caused by proactive or non-failure replacement by including a category that captures proactive lighting upgrades (i.e., upgrades to functioning lamps). This model closely matches the process by which the research team has historically estimated Momentum Savings for other technologies, so the research team will further explore the possibility of adapting this model to assess the residential lighting market in the Pacific Northwest. 
[bookmark: _Ref433965009][bookmark: _Toc439071117]Conclusions and Next Steps
Overall, the research team identified a large inventory of existing resources to inform the team’s impending residential lighting Momentum Savings analysis. The existing data are more robust at the sector-level or for single-family homes than the multifamily, manufactured home, and new construction residential subsectors. However, greater reliance on additional retail sales data (BPA is currently seeking data for 2009 through 2013) would help, as these retailers sell to customers from all subsectors. These retailer sales data are key to producing reliable Momentum Savings results.
The research team’s next steps are two-fold:
· Determine appropriate Momentum Savings methodology. The literature review shed significant light not only on likely model inputs but also on potential modeling methodologies. The research team will build upon the literature review’s findings to develop a detailed, draft Momentum Savings methodology for BPA and stakeholder review. 
· Identify and fill remaining data gaps. Concurrent with the model selection process, the research team will identify any remaining data gaps that require primary research in order to reliably estimate Momentum Savings. At this time, the research team does not anticipate significant primary research beyond the tasks already planned for the Residential Lighting market research. However, it is not possible to definitively make this determination until the team defines the methodology and maps the identified secondary sources as inputs.
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	Talbot, Jacob. "Mobilizing Energy Efficiency in the Manufactured Housing Sector." Washington, DC: American Council for an Energy-Efficient Economy. 2012. http://aceee.org/sites/default/files/publications/researchreports/a124.pdf.
	http://aceee.org/sites/default/files/publications/researchreports/a124.pdf

	Energy Savings Forecast of Solid-State Lighting in General Illumination Applications
	DOE
	2014
	
	http://energy.gov/node/1057401/

	Residential Lighting End-Use Consumption
	DOE
	2012
	
	http://energy.gov/eere/ssl/residential-lighting-end-use-consumption

	Residential Energy Efficient Lighting and Lighting Controls
	Navigant 
	2014
	Not a publicly available report. 
	http://www.navigantresearch.com/research/residential-energy-efficient-lighting-and-lighting-controls

	Net-to-Gross Estimates Based on Saturation Differences in Massachusetts and New York (Memo to Massachusetts Program Administrators)
	MA PAs
	2015
	Wilson-Wright, Lisa, Lynn Hoefgen, and Bryan Ward. Net-to-Gross Estimates Based on Saturation Differences in Massachusetts and New York. Somerville: NMR Group, 2014. Print.
	

	U.S. EPA Report on Opportunities to Advance Efficient Lighting
	EPA 
	2011
	U.S. Environmental Protection Agency, Next Generation Lighting Programs: Report on Opportunities to Advance Efficient Lighting, 2011. https://www.energystar.gov/ia/partners/manuf_res/downloads/lighting/EPA_Report_on_NGL_Programs_for_508.pdf.
	https://www.energystar.gov/ia/partners/manuf_res/downloads/lighting/EPA_Report_on_NGL_Programs_for_508.pdf

	2014-2015 Residential Lighting Impact Evaluation
	PSE
	2015
	Puget Sound Energy, 2014-2015 Residential Retail Lighting Impact Evaluation 2015. 
	http://webcache.googleusercontent.com/search?q=cache:HU2_Bsi93JwJ:https://conduitnw.org/_layouts/Conduit/FileHandler.ashx%3FRID%3D2966+&cd=1&hl=en&ct=clnk&gl=us


Source: Research team analysis


[bookmark: _Ref433969341][bookmark: _Toc439071134]Table A‑2:  Literature Review Sources—Summary, Strengths, and Weaknesses
	Source Name 
	Summary
	Strengths
	Weaknesses

	Residential Building Stock Assessment—Single-Family
	Summarizes field surveys of more than 1,850 sites across the Northwest (OR, WA, ID, and MT), including more than 1,400 single-family homes. Establishes the 2011 regional baseline for housing stock for single-family homes.
	Regionally specific, large sample size, employs complex sampling strategy, differentiates by housing type, includes a corresponding database
	Dated (2011), so it provides high-quality information only about the beginning of the analysis period for this study

	Residential Building Stock Assessment—Multifamily

	Summarizes field surveys with more than 1,850 sites across the Northwest (OR, WA, ID, and MT). Establishes the 2011 regional baseline for housing stock for multifamily homes. 
	
	

	Residential Building Stock Assessment—Manufactured Homes

	Summarizes field surveys with more than 1,850 sites across the Northwest (OR, WA, ID, and MT). Establishes the 2011 regional baseline for housing stock for manufactured homes. 
	
	

	NWPCC Sixth Plan—Existing Homes

	The Council develops a plan, updated every five years, to ensure the region’s power supply is sufficient and acquire cost-effective energy efficiency. The Council’s Sixth Plan includes a detailed analysis of efficiency potential in hundreds of applications. 
	Regionally specific, differentiates by housing types, five-year analysis period
	Seventh Plan is still in development

	NWPCC Sixth Plan—New Homes

	The Council develops a plan, updated every five years, to ensure the region’s power supply is sufficient and acquire cost-effective energy efficiency. The Council’s Sixth Plan includes a detailed analysis of efficiency potential in hundreds of applications. 
	
	

	2014 Nielsen Sales Data 

	Sales data compiled from a variety of major retailers in the Pacific Northwest organized by lamp, base, and bulb style; provides information on wattage, lumens, price, and quantities.
	Regionally specific, large sample size, and employs complex sampling strategy to ensure most accurate results
	Provides data only for the years 2012–2014

	Q4 NEEA Shelf Data 

	Shelf data for a variety of retailers with information on lamp, bulb and socket style, wattage, lumens, price, and quantity.
	Regionally specific to retailers
	Provides data only for Q4; data is shelf data, so it may not accurately portray sales activity

	Simple Steps Data 

	Provides an overview of incentives utilities completed between the years 2010 and 2014; data includes information on the quantity, incentive payment, and savings for incentives.
	Good understanding of savings related to incentives per year
	Some incentives did not span the entire range

	Upstream Lighting Program Data Survey
	Simple Steps, other program data and limited non-program data, for LEDs and CFLs covering 2013–2014.
	Provides in-depth data for incentivized versus non-incentivized sales

	Spans only the years 2013–2014


	Draft Measure Information Template—Lighting in Multifamily and Hotel Corridors 

	Provides an overview of a proposed mandatory modification of lighting control/switching requirements in hotel and multifamily building corridors in California.
	Detailed in terms of energy benefits, non-energy benefits, and environmental impact
	Was dated 2011 and does not pertain specifically to the Pacific Northwest

	Results of Massachusetts Onsite Lighting Inventory 

	Details the findings of a lighting inventory conducted to understand the use, saturation, and purchase of lighting products in Massachusetts in support of the ENERGY STAR lighting program and implications of EISA.
	Good insight regarding consumer behavior related to lamp usage, purchase, and potential stockpiling
	Performed only 150 onsite inventories and covers only December 2012–March 2013

	Massachusetts ENERGY STAR Lighting Program: Early Impacts of EISA 

	Summarizes the results of four research efforts to identify current and likely effects of EISA on the residential lighting market in Massachusetts; addresses the availability and purchase of lamps, potential stockpiling, and consumer awareness and understanding of EISA.
	Provides insight on early impacts of EISA on the lighting market
	Potentially too early to see large-scale impacts of EISA

	Energy Conservation Program: Data Collection and Comparison with Forecasted Unit Sales of Five Lamp Types

	Compares projected sales models of five lamp types (rough service, vibration service, 3-way, incandescent, and shatter-resistant) with actual NEMA shipment data from 2011.
	Uses NEMA sales data and looks at several lamps specifically identified for this literature review
	Does not extend to 2014; relies on shipment data from NEMA, which may not be as accurate as actual sales data

	Standards & Test Procedures: Fluorescent Lamp Ballasts 

	Identifies key points of the energy conservation standard for fluorescent lamp ballasts. 
	High accuracy of data and the impacts forecasted from the standard 
	Unclear dates of actual implementation of the standard 

	Residential Building Stock Assessment: Metering Study 

	Details the results of a whole house metering study covering most energy end-uses in 101 homes in the Pacific Northwest.
	In-depth look into residential home lighting preferences and practices 
	Small sample size, which may not be representative of the region as a whole; due to budget, typically only 35% of all fixtures were measured across all homes

	Residential Lighting End-Use Consumption Study: Estimation Framework and Initial Estimates

	Provides a regional estimation framework that works with a national sample design; allows for the estimation of lamp usage and energy consumption nationally and by U.S. region, as well as for household characteristics, location within the home, lamp characteristics, and categorical cross-classifications (e.g., dwelling type and lamp type, or fixture type and control type).
	Based on data from four studies that were designed to be unbiased and achieve a certain degree of accuracy 
	Data not available for all regions, including the South; most data are from 2009, with some from 2008 and 2010

	The Impact of EISA on Residential A-Lamps
	A retrospective market model that investigates the impact of EISA on the A-lamp market; simulates the interaction between the demand generated by lamp failures in the installed base and A-lamp sales of the available technologies (LED, CFL, EISA-compliant halogen, and incandescent).
	Data sources are reliable and include NEMA A-lamp sales data, DOE 2010 U.S. Lighting Market Characterization, NMR Results of the Massachusetts Onsite Lighting Inventory, U.S. Census, Navigant 2010 Northeast onsite data, and national socket data
	Focuses on the Northeast; authors do not provide information to support the following two model assumptions: 1) failed lamps are replaced by lamps with equivalent lumen output, and 2) failed efficient lamps are replaced by efficient lamps of the same technology

	Results of the Massachusetts Onsite Lighting Inventory
	Summarizes comprehensive onsite lighting inventories of homes in Massachusetts, Georgia, and Kansas.
	Panel study allows for tracking of bulb replacement characteristics; onsite verification is more reliable than self-reports
	Focuses on MA, GA, and KS, none of which are in the Northwest

	OSRAM SYLVANIA Socket Survey 6.0 2013 Research Results
	Provides insight into consumer attitudes and behaviors around lighting options; conducted annually since 2008.
	Survey has been repeated year to year, allowing for comparison of results year to year
	Self-reported bulb usage can be unreliable

	2010 U.S. Lighting Market Characterization
	Provides summary estimates of the installed stock, energy use, and lumen production of all lamps operating in the United States.
	Strong data sources, including Census and EIA and includes recent studies such as one by NMR and one by Navigant
	Most information is presented at the national level

	Massachusetts Residential Lighting Cross-Sector Sales Research Memo
	Provides summary and discussion of estimates of residential program bulbs that go into commercial applications. These estimates come from 23 studies.
	23 studies of various methods (telephone survey, store intercept, etc.) included in this review
	None of the data sources are in the Pacific Northwest

	Final Annual Report to the Pennsylvania Public Utility Commission For the Period June 2012 through May 2013 Program Year 4 
	Summarizes an evaluation of a residential lighting program.
	The population surveyed were small businesses that could speak to their lighting purchases
	Self-report phone survey can be unreliable

	California Residential Replacement Lamp Market Status Report: Upstream Lighting Program and Market Activities in California Through 2013
	Provides supply- and demand-side market activity data as well as Upstream Lighting Program activities as of 2013.
	Intercept observations can be more reliable than telephone self-reports
	The relevant finding is presented just as a footnote to a table; it was not a focus of the research and is, therefore, not sufficiently robust


	Efficiency Maine Retail Lighting Program Overall Evaluation Report

	Summarizes impact and process evaluation of a retail lighting program in Maine.
	Telephone survey sample precision at the 90% confidence level is ±4.4%; n-site visits n=67; 10% sampling error at the 90% confidence level for all households in Maine, 
	Study was for Maine, which is not in the Pacific Northwest


	MA Lighting Market Assessment Onsite Visit and Consumer Survey Results
	Summarizes onsite lighting inventory study in Massachusetts.
	Panel visits allowing for tracking of what bulb replaced what; onsite observations can be more reliable than self-reported data; MA panel onsites n=203, with 6% sample error at the 90% confidence level
	Study is in Massachusetts, which is not in the Pacific Northwest

	Mobilizing Energy Efficiency in the Manufactured Housing Sector
	Describes energy savings potential in the manufactured homes market through retrofit measures and new homes.
	
	New home savings are calculated as aggregate GWh, not broken out into separate categories; limited in scope for this study’s purposes, as manufactured homes are only a small subset of the residential market

	Energy Savings Forecast of Solid-State Lighting in General Illumination Applications
	Provides results from a lighting model that estimates LED adoption and energy savings through 2030 in U.S. residential and commercial buildings.
	Robust model acknowledged as one of the best forecasts for LED adoption in the United States 
	As LEDs are largely near the beginning of the adoption curve, future predictions can be difficult

	Residential Lighting End-Use Consumption
	Detailed study of residential lighting, split by census region. 
	Large-scale study with data file provided that allows for further analysis beyond the charts and tables provided in the report
	Data from 2010 is dated for 2015, especially for LEDs

	Residential Energy Efficient Lighting and Lighting Controls
	Describes the residential lighting and controls market, with sales forecasts through 2023. 
	Synthesis of information from organizations such as the DOE as well as interviews with numerous industry stakeholders
	This report is not publicly available, which would make the Momentum Savings documentation more opaque

	Net-to-Gross Estimates Based on Saturation Differences in Massachusetts and New York Memo
	Describes the steps taken to develop a 2013 net-to-gross value based on the differences in CFL and LED saturation in Massachusetts and New York. The evaluation team conducted onsite lighting saturation surveys in both states in 2013 and 2015. In 2012, NYSERDA ended its support for standard CFLs and had limited support for specialty CFLs and LEDs through 2014.
	Onsite data is not dependent on respondent recall
	Study is in Massachusetts and New York, which are not in the Pacific Northwest; New York discontinued support for standard CFLs in 2012, Massachusetts did not; the sample sizes for New York are relatively small, and there is possible non-response bias (particularly in New York)

	2014-2015 Residential Retail Lighting Impact Evaluation
	Summary of PSE’s Home Energy Reports Program Impact Evaluation, which provides an estimate on share of retail lamps going to the residential sector.
	Regionally specific; intercept observations can be more reliable than telephone self-reports
	Performed only 200 intercepts 


Source: Research team analysis
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