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Executive Summary 

Since 2006, Xcel Energy has offered programs to the residential and business sectors to encourage 

adoption of more energy-efficient lighting technologies. These programs, in addition to other factors, 

have resulted in market-wide changes in the products that retailers and lighting professionals are 

stocking and selling, and the products that residential and commercial customers are buying. As part of 

its 2014 Demand-Side Management (DSM) Plan Settlement Agreement, Xcel Energy agreed to consider 

conducting a market assessment of lighting product availability in the Colorado service territory in 2015.  

The Company, thus, determined it prudent to include the assessment as part of its DSM Market 

Research, as noted on page 281 of the 2015/16 DSM Plan. The study objective was to understand what 

changes have taken place in ordering and stocking of residential and business lighting technologies in 

Colorado, and in particular, the extent to which retailers still stock and sell standard incandescent bulbs 

discontinued by the Energy Independence and Security Act (EISA) of 2007. 

To meet this objective, Xcel Energy hired Cadmus to perform the lighting market assessment. As part of 

the study, and in conjunction with activities for the comprehensive evaluations of Xcel Energy’s home 

and business lighting programs, Cadmus performed the following research activities: 

 Residential home inventories  Manufacturer interviews 

 EISA 2007 bulb in-store shelf survey  Business inventories 

 Online shelf survey  Xcel Energy lighting DSM program 
participant and nonparticipant surveys 

 Point-of-sale (POS) data analysis  Xcel Energy lighting DSM program 
trade ally surveys 

 Corporate and store level retailer 
interviews 

 

 
In addition, Cadmus worked with a subcontractor, 3Q Global, to conduct store intercept surveys and 

with Nexant to recruit participants for the home inventories. 

Key Findings 

Residential Market 

Saturation 

The residential home inventories research activity showed that penetration and saturation of energy-

efficient bulbs has increased in Xcel Energy’s residential market since 2009. According to a 2015 home 

inventory survey conducted by Cadmus, nearly all of the households in Xcel Energy’s territory are using 

at least one CFL—an increase of 52% from 20091. The inventory shows that the saturation of energy-

efficient bulbs has also increased from 19% for medium screw-based (MSB) sockets (16% all sockets) in 

                                                           
1 Cadmus, Colorado Home Lighting Program Process and Impact Evaluation Report, January 22, 2010. 
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2009 to 37% of MSB sockets (and 31% of all sockets) in 2015. This increased saturation since 2009 

converts to a program participation rate of approximately 10.5 program bulbs per home with 

approximately 3.2 energy efficient non-program bulbs per home. Usage of efficient bulbs varies by 

room, and LEDs are not necessarily concentrated in similar rooms as CFLs. This could indicate there is 

greater potential for saturation of LEDs than CFLs have been able to achieve.  

Our research also showed that consumers continue to buy and use less efficient technologies. Customer 

intercepts revealed that during our research period (Fall 2015), 49% of customers purchased 

incandescent bulbs and halogens, and 51% of customers purchased CFLs and LEDs.  The intercepts 

research found that customers purchased an average of 2.9 energy-efficient program bulbs per 

shopping trip. 

Sales  

Based on POS data which excluded large home improvement retailers, Colorado sales of CFLs and LEDs 

has out-paced the nation and neighboring states. The same data found that nationwide, the market 

share of CFLs and LEDs held relatively steady, as a percentage of total U.S. retailer sales of lightbulbs 

from 2009 to 2014. In Colorado, the market share of CFLs and LEDs grew from 19% in 2009 to 21% in 

2014. In the nearby states of Arizona, Nebraska, and Utah, where utility program activity is limited, 

market shares of CFLs and LEDs have decreased since 2009 (21% to 16%, 17% to 12%, and 22% to 19%, 

respectively).  

Retailer Stocking and Pricing 

We can assume that increased sales of energy-efficient bulbs are reflected in retailer stocking patterns. 

Cadmus did not have comparative data from earlier years, but our 2015 analysis of Colorado “big box” 

retailers’ online stock for store locations in Xcel Energy’s territory showed that 44% of the bulb models 

were energy efficient. Forty-five percent of bulb models offered by retailers participating in Xcel 

Energy’s Home Lighting & Recycling program in 2015 were energy efficient, while only 28% of bulb 

models offered by a nonparticipating retail chain were energy efficient (all but one big box chain with 

online inventory participate in the program). Interviewed retailers reported that program participation 

led to an increase in the number of energy-efficient models stocked.  

The stocking analysis which included the six participating and one nonparticipating big box retail chain 

stores also showed that LEDs had the widest range of model options offered across all technologies; 

over 32% of all light bulb models stocked were LEDs.  

Stocking of EISA impacted incandescent bulbs is nearly non-existent. Across our sample, we found only 

some inventory of 40 W standard incandescent bulbs in 2 of the 11 small, and 2 of the 11 large, stores.  

Average prices  

On average, among the big-box retailers in Xcel Energy’s territory, there are very few incandescent 

standard bulbs remaining.  
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On average, standard CFLs cost $2.75 more than halogens ($4.75 vs. $2.00). On average, CFL specialty 

bulbs cost $3.58 more than incandescent specialty bulbs ($6.51 vs. $2.93) but only $0.14 more than 

halogen specialty bulbs ($6.51 vs. $6.33). 

After comparing bulb prices over time for different bulb types through the POS analysis, Cadmus found 

that, across the U.S., halogen bulbs have decreased in cost nearly 60% from 2010 to 2014. LEDs were the 

only other technology category to show a net decrease, dropping by 5% on average across the U.S. and 

12% in Colorado ($11.96 to $10.51, on average). Average prices for all other bulb types showed a net 

increase over the same time period. Incandescent bulb prices increased by 28% from 2009 to 2014 

(which may be the result of EISA removing the least expensive standard incandescent bulbs from the 

market), but still remained the least expensive technology. 

In Colorado, average prices for CFLs declined by 12%. Three nearby states (Utah, Arizona, and Nebraska) 

with limited program activity showed a net increase in CFL prices that was higher than the national 

average. 

Customer Familiarity with Energy-Efficient Bulbs 

Customer familiarity with CFLs has increased since 2009, when 43% of surveyed respondents had rated 

themselves as “very familiar” with CFL technologies. In 2015, when asked the same question, 68% of 

2015 respondents reported being “very familiar” with CFLs.  

Residential Conclusions Recommended Actions 

Conclusion: Xcel Energy’s Home Lighting & Recycling program has significantly increased home lighting 

saturations, retail sales, and retailer stocking of energy-efficient bulbs. This is evident by the change in 

saturations over time and relative market shares of energy-efficient bulbs in Colorado compared to 

other areas. With halogen bulbs priced more competitively than CFLs and LEDs and with evidence 

outside Colorado that absent incentives, halogens make up a larger market than CFLs and LEDs, the 

need to provide incentives for CFLs and LEDs is evident. In Colorado, halogen bulbs have gained market 

share since 2009; however, the increase is not as high as the overall U.S. market or nearby states with 

less program activity. 

Action Items: Continue to offer incentives, if cost-effective, for CFLs and LEDs.  

Conclusion:  Cadmus considered the following information to conclude that standard halogen bulbs are 

the appropriate LED baseline technology:  

 The majority of customers reported that if LEDs had not been available, they would have 

purchased a CFL. However, approximately 40% of purchased CFLs are incented by Xcel Energy’s 

Home Lighting & Recycling program which may influence customer’s LED alternative choice.  

 Cadmus’ in-store shelf survey found that very few EISA-restricted incandescent bulbs were 

available. Although incandescent specialty bulbs (such as 3-ways, dimmable, full spectrum) can 

also be replacements for standard incandescent bulbs, the only available standard A19 bulb 

without specialty features are the standard halogen.  
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 POS data indicated that, in 2014, incandescent bulbs still make up 43% of all bulb sales in 

Colorado, however the lack of standard incandescent bulbs available on shelves, the fact that 

the POS data does not distinguish by standard versus specialty bulbs, and comments from 

retailers indicating the EISA impacted bulbs have “sold out”, implies that these are likely not 

standard incandescent bulbs.  

 Halogen bulbs, at an average cost of $1.95 at big box stores in Xcel Energy’s territory, are the 

least-cost standard alternative to LEDs. 

 

Action Item: Use standard halogen bulbs as the baseline technology for LEDs.  

Conclusion: Xcel Energy’s Home Lighting & Recycling program participation rate, using the home 

inventory results and estimated over the period from 2009 to 2015 is about 10.5 bulbs per home (which 

does not include the estimated 6% of program bulbs that get installed in businesses). 

  

Business Market 

Saturation 

Overall, interior saturations of fluorescent lighting have not changed significantly between 20052 and 

our business inventory survey results from 2015. Despite Xcel Energy’s successful implementation of the 

Lighting Efficiency program over multiple years, the individual saturations of T12, T8, T5, and T8 

premium lighting in percentage of square footage served by that technology did not shift a statistically 

significant amount between 2005 and 2015. The stability in fluorescent saturations illustrates the 

reluctance of commercial facilities to transition to more efficient T8, T5, and LED lighting without 

incentives. Larger businesses have been faster to adopt efficient lighting technology, particularly those 

that have participated in the program. Nevertheless, the majority of commercial space is made up of 

buildings of 10,000 square feet or less, so success with larger buildings does not necessarily correspond 

to a major shift in the lighting market. 

Building owners have been more apt to incorporate energy-efficient bulbs in interior task lighting, which 

accounts for 20% of business lighting, and use MSB bulbs that are simple and relatively inexpensive to 

replace. On-site inventory results show a significant decrease in the use of incandescent bulbs and a 

significant increase in the use of halogens and LEDs in commercial task lighting between 2005 and 2015.  

Overall, estimated lighting power density has dropped only slightly, from 1.47 watts per square foot in 

2005 to 1.42 watts per square foot in 2015.  However, business mix has also changed during that period 

– retailers make up a larger share of businesses in 2015 compared to 2005; retailers tend to have higher 

                                                           
2 KEMA Inc. Colorado DSM Market Potential Assessment: Commercial On-Site Survey. Prepared for Xcel Energy. 
January 2006. 
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lighting power density and smaller buildings than the remaining mix of businesses. Estimates of power 

density and market shares are shown in Table 1. 

Table 1. Business Mix and Market Share Changes 2005 to 2015* 

 2005 2015 2015 

Business Type Market Share 
Lighting Density 

(w/sf) 

Retail 25% 34% 1.71 

Non-Retail 75% 66% 1.28 

* Note: the only common business types used in sampling for 2005 and 2015 were retail sales, 

therefore we can only show retail and non-retail classifications. 

Trade Awareness  

Most Xcel Energy business lighting DSM program participating trade representatives said they were 

“very familiar” with energy-efficient lighting technologies available for commercial applications. A 

majority (19 of 20) reported that their knowledge of these technologies has increased significantly over 

the past five years, and 12 of those 19 attributed this, at least in part, to Xcel Energy’s lighting DSM 

program activities. Almost all trade allies indicated that they stock or order more energy-efficient 

lighting equipment now than they did five years ago. 

Business Customer Awareness 

As reported both by trade allies and participating businesses, awareness of energy-efficient technologies 

has increased since 2009 and many attribute that increased awareness to Xcel Energy’s business lighting 

DSM program.  

Barriers to Adopting High-Efficiency Lighting 

High proportions of both participating businesses (81%) and nonparticipating businesses (82%) in Xcel 

Energy’s business lighting DSM reported challenges to making energy-efficiency upgrades. The most 

common challenges were lack of capital, costs, and availability of cost-effective measures.  

Business Conclusions and Recommended Actions 

Conclusion: Trade allies and business customers cite an increasing awareness and familiarity with 

energy-efficient lighting technologies. However, significant market potential exists to increase the use of 

T8 and T5 technologies at businesses. As the overwhelming majority of business customers cite cost and 

lack of capital as significant barriers to making energy-efficiency upgrades, the EISA loophole that allows 

certain T12 technologies to continue to be sold has limited the changeover to T8s and will likely 

continue to limit it in the near future. 

Action Item: Xcel Energy should consider possible approaches to encourage the change-out of 

T12s to higher efficiency technologies. 

Conclusion: When asked what type of bulb facility managers using LEDs would purchase if LEDs were 

not available, the majority (59% of n=22) reported they would use CFLs.  However, typical practice for 

assessing energy-efficient equipment baselines is to use the lowest cost alternative or the minimum 
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federal standard. Based on our pricing survey and the current federal lighting standards, the appropriate 

baseline is a halogen bulb. 

Recommendation: Use standard halogen bulbs as the baseline technology for LEDs.  
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Introduction 

Cadmus conducted a lighting market study to assess changes in the Colorado lighting market for both 

the residential and business sectors over the past six years. The study focused on shifts in sales and 

stocking by technology, and, in particular, assessed the shift from incandescent, fluorescent, and other 

older lighting technologies to halogens, CFLs, LEDs, and newer technologies. The study addressed the 

following research topics: 

 How are lighting product availability, sales, and cost changing in Colorado? 

 How are the saturations of different lighting technologies changing in homes and businesses in 

the Xcel Energy territory? 

 How are lighting stocking practices at participating stores evolving? How does this compare to 

nonparticipating retail stores? 

 Are inefficient standard incandescent bulbs still available in the market after implementation of 

EISA 2007, which banned the manufacture of standard 100-watt, 75-watt, 60-watt, and 40-watt 

bulbs? 

 What is the remaining market potential for efficient lighting? 

 What is the level of awareness of high-efficiency technology among customers and installers? 

Methodology 
This study synthesizes market-related findings from research activities the Cadmus team conducted for 

the 2015 comprehensive evaluations of Xcel Energy’s Colorado Home Lighting & Recycling program and 

Lighting Efficiency program and the research tasks identified in Table 2. A short description of each 

activity follows. 

Table 2. Lighting Market Study Research Activities 

Research Activity Information Gathered 

Residential Home Inventories 
Saturation by bulb types, installation rates, and customer awareness of 
different technologies 

Store Intercept Surveys Purchase rates and business share of retail purchases 

EISA Bulb In-Store Shelf Survey Availability of EISA-restricted bulbs 

Online Shelf Survey Retail store stocking levels of different bulb types 

Point of Sale Data Analysis Average bulb prices and sales by type in Colorado versus nearby states 

Corporate and Retailer interviews Stocking practices 

Manufacturer Interviews Production and sales shares by technology 

Business Inventories Saturation by bulb type and lighting Power Density 

Business Participant Surveys Familiarity with energy-efficient lighting 

Trade Surveys Customer familiarity with energy-efficient options 

Nonparticipant Surveys Familiarity with energy-efficient lighting 
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Residential Home Inventories 

As part of the 2015 evaluation of the Home Lighting & Recycling program, the Cadmus team conducted 

70 home visits in Xcel Energy’s territory. We randomly selected the sample from a list provided by Xcel 

Energy, which included 56 single-family and 14 multifamily homes. 

Store Intercept Surveys 

The Cadmus team conducted surveys with 335 shoppers across 14 store locations in October and 

November of 2015. These surveys recorded the type and count of bulbs customers purchased and 

customer responses to brief survey questions regarding awareness of energy-efficient lighting, 

purchasing decisions, and intended use of lighting products.  

EISA Bulb In-Store Shelf Survey 

Cadmus worked with a subcontractor 3Q Global, to survey the presence of EISA-affected standard 

incandescent bulbs (100-watt, 75-watt, 60-watt, and 40-watt bulbs) in 11 small and 11 large 

participating retail locations. We conducted the shelf surveys at each of the large participating stores, at 

the same time as intercept surveys.  

Online Shelf Survey 

Using the available inventory on the corporate website, Cadmus documented the available models and 

price for all bulbs at seven major retail chains in Xcel Energy service territory, shown in Table 3.  

Table 3. Stores Included in Online Stock Inventory 

Retailer 

Kmart 

Costco 

Home Depot 

Lowe’s 

Sam’s Club 

Target 

Walmart 

 
We recorded each bulb model available for sale on each store’s website and assigned the model to one 

of the following categories shown in Table 4. Specialty bulbs included all those models that are not A-19 

shape, omni-directional bulbs with lumens equivalent to 100W, 75W, 60W or 40W incandescent bulbs, 

and do not have 3-way or other specialty attributes.  
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Table 4. Bulb Categories for Stocking Analysis 

Category Efficiency Type 
CFL Energy-efficient 

CFL Specialty Energy-efficient 

LED Energy-efficient 

LED Specialty Energy-efficient 

Incandescent Non-energy-efficient 

Incandescent Specialty Non-energy-efficient 

Halogen Non-energy-efficient 

Halogen Specialty Non-energy-efficient 

Linear Fluorescent/High Intensity Discharge (HID)/Other Non-energy-efficient 

 

Point-of-Sale Data Analysis 

Xcel Energy purchased point-of-sale (POS) data from the Consortium for Retail Energy-Efficient Data 

(CREED), which is an aggregation of sales and unit-price data from grocery, drug, discount, club, and 

mass merchandiser retailers organized by state, year and technology. 3 The dataset does not include 

data from major home improvement retailers—often the largest sellers of light bulbs. However, the 

data is a good approximation of the total residential lighting market shares by bulb types and wattages. 

The dataset purchased included five states (Colorado, Arizona, Nebraska, Utah, and Wyoming), as well 

as data aggregated at the national level.  

Cadmus analyzed this data to understand trends in annual sales and price changes for incandescent 

bulbs, halogens, CFLs, and LEDs over the period 2009 to 2014. (Because the Wyoming data was only 

available for 2013 and 2014, we did not use that state in the analysis.) 

Manufacturer and Retailer Interviews 

Cadmus contacted participating and nonparticipating retailers, as well as lighting manufacturers, to 

conduct a two-part survey. The survey consisted of an interview regarding the impact of the program on 

sales, customer awareness, and decision-making as well as an emailed questionnaire in matrix form 

requesting information about market share by bulb type and sales trends. Cadmus completed 27 

interviews and collected the completed matrix from 12 interviewees. Table 5 lists the number of 

interview participants by category as well as those providing matrix data.  

                                                           

3  Consortium for Retail Energy Efficiency Data website: http://www.creedlighttracker.com/  

http://www.creedlighttracker.com/
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Table 5. Interviews Conducted and Matrices Received 

 Interviewed Matrices Received 
Manufacturers 10 8 

Corporate Retailers 3 3 

Store Managers 10 0 

Nonparticipant Store 
Managers 

4 1 

Total 27 12 

 

Business Inventories 

Cadmus conducted 70 on-site lighting inventory visits to assess Xcel Energy’s commercial lighting market 

in September 2015. Xcel Energy provided Cadmus with a population dataset of commercial electric 

customers to build the sample frame for site visits. The dataset excluded natural gas-only customers and 

had 13 months’ worth of electric energy consumption data. The sample frame included participant and 

nonparticipant electric customers, stratified according to business type (manufacturing, retail sales, 

service, and unclassified) as well as by electricity usage. 

Cadmus developed the sample frame by first applying several layers of screening to the population. 

Figure 1 shows the impact of the screening steps on the original dataset. These steps included removing 

the following types of businesses: those located in a ZIP code representing remote or otherwise difficult 

to reach sites, consumption outliers, “do not call” accounts, and telecommunication structures (SIC 

codes 4812, 1813, 4841 and 4899). The consumption outliers included small accounts with equal or less 

than 1,300 kWh of annual consumption and large accounts that represented the top 5% of consumers 

(those with over 642,816 kWh of annual consumption). This screening attrition reduced the population 

of electric commercial customers from 88,550 to 61,710. 
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Figure 1. Attrition by Strata Due to Screening Steps 

 
 
Next, Cadmus applied the SIC codes for each account to four commercial segments to evaluate Xcel 

Energy’s Lighting Efficiency program: manufacturing, sales, service, and unclassified. To manage the 

large amount of variation within each segment, Cadmus further stratified the sample into small and 

large based on customers’ usage, differentiating by the mean usage across all accounts in the final 

sample frame. The final sample frame consists of eight strata, from which we drew random samples. 

In order to reach the target level of ±10% precision with 90% confidence using an assumed coefficient of 

variation of 0.5, Cadmus planned to complete 69 on-site surveys. We allocated the 69 sample units 

among the eight strata using the Neyman allocation method, which gives weight to both the assumed 

variance and the number of observations within each stratum. Table 6 presents the results of this 

allocation alongside the stratum size. 

Table 6. Final Sample and Site Visit Target Quota 

Strata Sample Frame Site Count Site Visit Target Quota* 

Manufacturing - Small 5,878 2 

Manufacturing - Large 1,751 5 

Sales - Small 15,092 6 

Sales - Large 5,919 18 

Service - Small 8,918 3 

Service - Large 3,086 11 

Unclassified - Small 15,435 6 

Unclassified - Large 5,631 18 

Total 61,710 69 

* Stratum weights are shown in Table 7. 
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In addition to the quotas provided in Table 6, we sought to visit one or two grow-house facilities which 

fell into the small and large manufacturing strata. These facilities are a new business type and are fast-

growing with high energy use intensity which warrants this additional sampling.  

Scheduling and Data Collection 

Cadmus contracted with Nexant to schedule the site visits. In an effort to build efficiencies into the 

process, Cadmus also recruited for site visits during the commercial lighting phone surveys we fielded. 

However, as the results in Error! Reference source not found. show, we had limited success with this 

strategy and Nexant ultimately scheduled most of the site visits.  

Table 7. Site Visit Participant Summary 

Strata 
Target 

Quota 

Completes 

Recruited by 

Nexant 

Completes 

Recruited During 

Program Surveys 

Total 

Completes 

Stratum 

Weights 

Manufacturing - Small 2 2 0 2 5,573 

Manufacturing - Large 5 6 0 6 422 

Sales - Small 6 6 0 6 2,095 

Sales - Large 18 18 0 18 353 

Service - Small 3 1 2 3 3,312 

Service - Large 11 10 0 10 410 

Unclassified - Small 6 5 1 6 2,079 

Unclassified - Large 18 18 1 19 262 

Total 69 66 4 70 - 

 
The totals in Error! Reference source not found. show the strata breakdown for 70 completed site visits 

used in the analysis. Of these sites, 13% are sites that have participated in the program in the last 5 

years. We surpassed the target of 69 site visits, completing 71 site visits; however, one of these 

completed site visits was to a grow house, and due in large part to the inherent bias in proactively 

selecting the site, Cadmus excluded the grow house from the overall results. Additionally, we could not 

create a unique strata for the grow house, as it is not necessarily representative of other grow houses. 

The impact of grow houses to energy consumption and lighting technology saturations is significant: 

Cadmus estimates that grow house type facilities consume about 1% of the electricity in Xcel Energy’s 

commercial territory.4 The grow house results are presented anecdotally in the results section. 

The site visit field technicians used electronic tablets loaded with a proprietary data collection form 

developed by Cadmus. A snapshot of one tablet’s data collection screen is shown in Figure 2. The form 

captures data by space type, associating a measured area (ft2) with each space type. Cadmus developed 

the data collection protocol in consultation with Xcel Energy.  

                                                           
4Estimated as the annual energy consumed by 248 grow houses compared to annual energy consumed by the 
61,710 businesses shown in Table 6. Xcel Energy provided Cadmus with the list of electric grow house customers.  
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Figure 2. Screen Capture Collection Tool 

 
 

We used the on-site surveys to collect data about lighting installations and inventories and implemented 

a brief survey to assess appropriate baseline conditions for screw-based LED lamps.  

Business Trade Representative Surveys 

In 2015, Cadmus interviewed contractor and distributors about the business lighting market including 

customer’s awareness of energy-efficient technologies, changes in the lighting market over time, and 

perceived barriers to increasing customer participation.  

Cadmus completed 11 interviews with trade representatives.  

Business Surveys 

In 2015, Cadmus conducted surveys with commercial customers. Cadmus completed 70 surveys with 

Xcel Energy’s Lighting Efficiency program participants and 71 surveys with nonparticipants. We 

randomly selected customers in both groups from account lists that Xcel Energy provided. To inform the 

lighting market study, the surveys addressed customer familiarity with lighting technologies and barriers 

to installing high efficiency lighting.  
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Residential Lighting Market 

Saturation of Energy-Efficient Technology 
Cadmus inventoried the number of sockets, number of bulbs and bulbs types installed, as well as bulbs 

in storage for a random sample of residential homes in Xcel Energy’s territory in 2015.  

Penetration and Saturation 

Penetration measures the number of homes with at least one bulb of a given type installed. Saturation 

measures the percentage of total sockets that have that technology installed. CFLs had the highest 

penetration of any technology, installed in 99% of homes. Roughly, homeowners installed CFLs as 

frequently as incandescent bulbs, 30.6% and 30.8%, respectively. Among MSB bulbs, homeowners 

installed CFLs in 37.3% of sockets, more than any other technology. Incandescent bulbs were the second 

most common technology, installed in 32.5% of sockets. Homeowners installed Halogens, considered a 

less efficient technology, in 26% of sockets. And homeowners installed LEDs, an energy-efficient 

technology, in 6.9% of homes, and 7.2% of LEDs installed were MSB bulbs. Table 8 lists the penetration 

and saturation rates for all technologies.  

Table 8. 2015 Bulb Penetration and Saturation 

Bulb Type Penetration 

Saturation 

All Sockets 
Medium Screw-Based 

Sockets 

CFL 99% 30.6% 37.3% 

Halogen 77% 26.0% 23.0% 

Incandescent 91% 30.8% 32.5% 

LED 31% 6.9% 7.2% 

Linear Fluorescent 54% 5.6% N/A 

 
Cadmus compared the penetration and saturation of CFLs in 2015 to a similar study of CFL uptake 

conducted in 2009. As Table 9 shows, Xcel Energy customers have made a remarkable shift to CFLs in 

recent years. From 2009 to 2015, CFL penetration increased over 50%. Over the same period, CFL 

saturation among all sockets nearly doubled, climbing from 16% to 31%. Among MSB bulbs, which are 

the majority of bulbs discounted through the Home Lighting Program, CFLs usage increased 91%. This 

shift in usage has resulted in CFLs overtaking incandescent bulbs as the most popular technology for 

MSB sockets among Xcel Energy customers.  

Table 9. Comparison of CFL Saturation and Penetration from 2009 to 2015 

CFL Bulb Installation Characteristics 2015 2009 Percentage Increase* 

Penetration 99% 65% 52% 

Saturation (All Sockets) 31% 16% 91% 

Saturation (Medium Screw-Based Sockets) 37% 19% 96% 

* Calculated values may not match exactly due to rounding. 
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This increased saturation since 2009, spread over the average number of households between 2009 and 

2015, converts to a program participation rate of approximately 10.5 program bulbs per home. Of all the 

bulbs purchased since 2009, approximately 18% or 3.2 bulbs per home were energy-efficient non-

program bulbs. 

Lighting Choices in High-Usage Rooms 

Looking specifically at the rooms where light bulbs tend to get the most use, Cadmus found that the 

saturation of energy-efficient bulbs was at or above the average total socket saturation for each 

technology (CFLs and LEDs). We identified the rooms listed in Table 10 as those where bulbs have the 

highest hours of use: bedrooms, bathrooms, dining rooms, family rooms, living rooms, and kitchens. As 

shown in Table 10, these rooms represent 62% of sockets in the house, and 43% of those sockets 

contain an energy-efficient bulb. Bathroom sockets are 17% of the sockets in the average household, 

and just under one-third of those sockets contain CFLs, roughly equal to the overall socket saturation of 

CFLs. Bedrooms and living rooms, representing about 27% of household sockets combined, have a 

higher CFL saturation than bathrooms, approximately 40%.  

LED saturation does not follow the same pattern as CFL saturation among these high-use rooms. Where 

CFL saturation is highest in bedrooms and living rooms, LED saturation is highest in the family room, 

dining room, and kitchen. The dining room and kitchen also show the lowest overall saturation of 

energy-efficient bulbs, at 33% and 35%, respectively. CFLs and LEDs both show relatively low saturation 

in bathrooms (which have a higher percent of sockets), making the overall saturation of energy-efficient 

bulbs in this room also relatively low at 36%.  

Table 10. CFLs and LEDs in High-Use Areas, Xcel Energy Service Territory (2015) 

Room Type 
Percentage of 

Household Sockets 
Percentage CFL Percentage LED 

Percentage 

Energy Efficient 

Bathroom 17% 29% 7% 36% 

Bedroom 15% 38% 8% 46% 

Living Room 12% 40% 7% 47% 

Kitchen 10% 20% 12% 32% 

Dining Room 5% 26% 9% 35% 

Family Room 3% 34% 11% 45% 

Total 62% 31% 8% 40% 

 
Cadmus compared Xcel Energy’s CFL saturation results (in all socket types) to other utilities with recent, 

publicly available saturation and penetration data. As shown in Table 11, the increase in CFL saturation 

experienced in Xcel Energy’s territory is higher than in four other states during the same period. This is 

likely due to the fact that, compared to Massachusetts, Xcel Energy’s program is relatively new and is 

more quickly gaining ground. Also, compared to the other states, Xcel Energy’s program is significantly 

larger. In Massachusetts, energy-efficient lighting has been promoted with incentives since 2003, while 

the other states have had limited programs and incentives.  
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Table 11. Comparison of Xcel Energy CFL Saturation Increases (All Sockets) to Other States 

Area 2015 or 2014  2009 Percentage Increase* 

Xcel Energy 31% 16% 91% 

New York (upstate) 22% 19% 16% 

Massachusetts 32% 26% 23% 

Georgia 19% 16% 19% 

Kansas 29% 19% 53% 

* Calculated values may not match exactly due to rounding. 

 

Bulb Counts 

In 2015, Cadmus found that a typical household within Xcel Energy’s territory had 48.3 sockets, with 

47.6 bulbs installed. Figure 3 shows the average number of bulbs, by bulb type, installed per home in 

2015 (bulb counts sum to 46, as empty sockets and lamps that could not be identified are not 

represented). 

Figure 3. Average Bulb Per Home, by Bulb Type 

 
 

Installation Rates 

In addition to counting the installed bulbs, Cadmus documented the number of each bulb type that 

households kept in storage. As shown in Table 12, CFLs (46%) were the most commonly stored bulb 

type, followed by incandescent bulbs (26%) and halogens (20%). LEDs and linear fluorescents 

represented much smaller proportions of stored bulbs. However, considering LEDs and CFLs together, 

the majority (54%) of bulbs in storage were energy efficient.  
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Table 12. Number of Bulbs in Storage 

Bulb Type 

2015 2009 

Number of 

Bulbs 

Avg. Bulbs 

/Home 

Percentage 

of Stored 

Bulbs 

Number of 

Bulbs 

Avg. Bulbs 

/Home 

Percentage 

of Stored 

Bulbs5 

Incandescent 138 2.0 26% - - - 

Halogen 106 1.5 20% - - - 

LED 42 0.6 8% - - - 

CFL 244 3.5 46% 126 1.8 37% 

Linear Fluorescent 5 0.1 1% - - - 

Total Bulbs 535 7.6* 100%* 341 4.9 100% 

* Calculated values may not match exactly due to rounding. 

 
Cadmus calculated the installation rate by technology as the installed bulbs divided by the total bulbs 

owned. As shown in Table 13, CFLs had the lowest installation rate, with only 81% of the bulbs owned 

installed. Halogen bulbs, only 11% of which were in storage, had the highest installation rate. In general, 

high-efficiency bulbs had a lower installation rate than less efficient bulbs.  

Table 13. Installation Rates 

Technology 
Installation Rate  

(Installed Bulbs/Bulbs Owned) 
Incandescent 88% 

Halogen 89% 

LED 84% 

CFL 81% 

 
Although the average installation rate for incandescent bulbs was 88%, this varied widely by home. Four 

(6%) of the 70 sites accounted for 81 (59%) of the 138 incandescent bulbs kept in storage, and 68 of 

these bulbs are no longer manufactured as a result of the EISA 2007 efficiency standards. This seems to 

indicate that these four households stockpiled incandescent bulbs for future use, knowing the bulbs 

would be discontinued. Subtracting these four sites from the 70 total homes, and the 81 stockpiled 

bulbs from 138 total incandescent bulbs kept in storage, reduces the number of incandescent bulbs kept 

in storage to less than one (0.9 bulbs) per home, and increases the installation rate of non-stockpiled 

incandescent bulbs to 93%.  

Purchase Rates 

During the intercept surveys conducted of all customers purchasing light bulbs during our store visits, 

we found that 47% of the 314 customers interviewed purchased energy-efficient bulbs. Of those, 53% 

purchased at least one program bulb. Of all light bulb purchasers, the average customer purchased 3.5 

bulbs. Those purchasing energy-efficient bulbs also bought an average of 3.5 bulbs.  

                                                           

5  In the 2009 report, storage information was only presented for CFLs. 
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During the home inventory visits, surveyed participants reported that in the past 12 months, the bulbs 

they most commonly purchased were CFLs. Nearly three-quarters of respondents reported purchasing 

CFLs in the past year, with 35% purchasing LEDs and 33% purchasing incandescent or halogen bulbs. In 

the 2009 evaluation, surveys found that 44% of respondents had purchased at least one CFL in 2008 and 

39% of respondents had purchased at least one CFL in 2009.  

Bulb Type Market Shares  
From our analysis of the Colorado statewide lighting POS data, we see a similar trend of decreasing 

purchases of incandescent bulbs and increasing sales of CFLs and LEDs, although not to the same extent 

as seen in Xcel Energy home inventories (Figure 4). The differences are likely due to a combination of 

factors—the sales data is statewide, rather than Xcel Energy territory specific, and does not include two 

major Xcel Energy lighting DSM program participating retailers (Lowe’s and Home Depot). Further, since 

energy-efficient bulbs have longer lifetimes, the purchases will occur less frequently than for sockets 

using incandescent or halogen technology.  

Figure 4. Market Share by Bulb Technology, Colorado Sales 

 
 

Cross-State Market Trends 

Cadmus compared Colorado’s residential lighting sales by technology and wattage from 2009 to 2014 to 

those in three neighboring states (Nebraska, Arizona, and Utah) as well as national levels.6 The three 

states chosen for comparison are geographically near to Colorado, but have limited program activity 

during that timeframe. Similarly, the lighting market in the nation as a whole is affected by utility 

lighting DSM programs in some areas, but not in others. Comparing Colorado to these regions provides 

                                                           

6  As mentioned elsewhere, retailers voluntarily provide electronic point of sale data. Not all retailers are 

represented (Home Depot and Lowes are two key lighting retailers that do not provide sales data). 
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insight on how Xcel Energy lighting DSM programs have affected the lighting market in the state, over 

and above market trends in states with limited utility lighting DSM program activity.  

Changes in Market Share 

At the national level, incandescent bulbs have lost market share over the past six years while other 

technologies gained market share (Figure 5). Halogens in particular filled the gap left by incandescent 

bulbs. CFLs sales fluctuated somewhat but stayed roughly even as a percentage of total sales, as did 

LEDs and other technologies.  

Figure 5. Market Share by Bulb Technology, U.S. Sales 

 
 
Analysis of sales data from Colorado and the three neighboring states show that trends in each state 

largely paralleled the national trend, but nevertheless there were variations among states. While CFL 

sales tapered off from 2009 to 2014 in Arizona, Nebraska, and Utah, they showed almost zero net 

change as a percentage of market share at the national level. In Colorado, they showed a slight net 

increase (Figure 6).  
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Figure 6. CFLs as Percentage of Sales in 2009 and 2014, by State 

 
 
Sales of LEDs were virtually zero in all regions in 2009 and rose slightly in all four states and nationwide 

from 2009 to 2014. However, the largest increase in LED market share was in Colorado (Figure 7).  

Figure 7. LEDs as Percentage of Sales in 2009 and 2014, by State 

 
 
To drill down to the most common light bulb wattage in use, Cadmus assessed the sales and changes in 

average price of 60-watt incandescent bulbs and 60-watt lumen equivalent bulbs. Figure 8 shows the 

market share for CFLs and LEDs in each state and at national level from 2009 to 2014. The trends over 

the six years show a similar, fluctuating pattern across all regions. Among all regions, Colorado had the 

largest increase in CFL and LEDs 60-watt equivalent sales from 2009 to 2012. Colorado also showed the 

steepest increase from 2013 to 2014 and was the only state where 60-watt-equivalent energy-efficient 

bulbs had a larger share of the market in 2015 than in 2009.  
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Figure 8. Sales of 60-watt Equivalent CFLs and LEDs    

 
 
Market share increases of 60-watt equivalent halogens was much more uniform across states. With the 

onset of federal regulations banning the manufacture of standard 60-watt incandescent bulbs in 2012, 

halogen bulb sales began to increase and continued to increase steadily into 2014. However, by 2014, 

the 60-watt equivalent market share of halogens was 15% to 19% across the nation, well below that of 

60-watt equivalent CFLs and LEDs in all regions. While Colorado has the highest market share of halogen 

bulb sales (19%), it also has the lowest market share of incandescent (43%) and the highest market 

shares of CFLs and LEDs (22%) of the states compared, as well as compared to the United States as a 

whole.  
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Figure 9. Sales of 60-watt Equivalent Halogen Bulbs 

 
 
During Cadmus’ interviews with manufacturers, they indicated that Xcel Energy’s lighting DSM programs 

were either “somewhat” or “very important” for increasing sales of CFL bulbs in Colorado over the past 

five years, and all manufacturers stated that Xcel Energy’s lighting DSM programs were “very important” 

for increasing LED sales. Manufacturers estimated that CFL sales would have been an average of 54% 

lower, while LED sales would have been an average of 60% lower without Xcel Energy lighting DSM 

programs. However, they also reported that over the past five years, CFL sales had declined by an 

average of 40%, while LEDs increased by an average of 33% (Figure 22).7 

EISA-Restricted Bulbs 

As expected, given the increase in market share of 60-watt equivalent CFL/LED bulbs and halogen bulbs, 

the market share of 60 watt incandescents declined precipitously from 2009 to 2014.  However, the data 

show that not all EISA-restricted bulbs are disappearing from the market at the same rate.  EISA was 

phased in over time with 100-watt bulbs restricted starting in 2011, 75-watt in 2012, 60-watt in 2013, 

and 40-watt in 2014. Figure 10 through Figure 13 show how the Colorado market share is shifting for 

specific standard bulb types for the period 2009 through 2014.  

To better understand how these trends are playing out in participating stores, we conducted a random 

sample of site visits to participating stores. In 2015, we visited 11 small and 11 large participating stores 

to determine whether any EISA-restricted standard incandescent bulbs remained in stock.  We found no 

100 watt, 75-watt, or 60-watt standard incandescent bulbs in any of the sampled stores.  Two small and 

two larger stores had some inventory remaining of the 40-watt standard incandescent bulbs.  Two of the 

store representatives we visited with said “we sold out of those long ago”. 

                                                           

7  Sample size of six manufacturers. 
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Figure 10. 40-watt and 40-watt Equivalent Sales in Colorado 

 

40-watt bulbs and 40-watt equivalent bulbs have shown the least transition over time. This is likely due 

to the fact that this was the last bulb type to be restricted (2014). Having 40-watt bulbs still being sold 

during the first year following its EISA restriction is consistent with what Cadmus has seen in other 

regions --- with standard incandescent bulbs remaining on many store shelves for even one year longer. 

Despite a very slight increase in incandescent sales from 2001 to 2013, sales decreased again with the 

onset of EISA rules impacting 40-watt incandescent bulbs in 2014.  There was no significant net change 

for any technology of this standard bulb type.  

Figure 11. 60-watt and 60-watt Equivalent Sales in Colorado 

 

The 60-watt and 60-watt equivalent market is by far the largest of the four standard bulb types.  

Although sales show a net decline from 2009 to 2014, the market share of high-efficiency and 

incandescent bulbs have fluctuated, especially since 2012, the year the EISA rules began to take effect.  

The remaining market share of 60-watt incandescent bulbs are likely mostly specialty bulbs by 2014. 

Halogen sales have shown a steady increase since 2012.  Most of the change in incandescent sales since 

2012 has shifted to halogens, as CFL/LED sales show only a slight net increase since 2009. 
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Figure 12. 75-watt and 75-watt Equivalent Sales in Colorado 

 

75-watt incandescent bulbs have shown the most complete decline of all the EISA restricted bulbs.  The 

market has shifted almost entirely to halogens, although CFL/LED sales show a slight net increase.  

 

Figure 13. 100-watt and 100-watt Equivalent Sales in Colorado 

 

Similar to 60-wattbulbs, market shares among these three technologies have been volatile since 2009.  

An early increase in incandescent sales, possibly as people stockpiled them after EISA rules were 

announced, abruptly changed course in 2011.  EISA rules impacting 100-watt bulbs took effect in 2012, 

and since that time sales of incandescent 100-watt have dropped to about a fifth of their peak.  The 

remaining incandescent market share is likely specialty incandescent bulbs which are exempt from EISA. 

Meanwhile, CFL/LED sales have seen both increases and decreases, but show little net change since 

2009.  Halogen bulb sales have been steadily increasing since 2012.   
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Average Bulb Prices 

From our online shelf survey, we calculated average bulb price by type, for seven corporate retail chains. 

The online survey, conducted in the fall of 2015 found zero standard incandescent bulbs available for 

purchase; therefore, this category is not included in the analysis. Figure 14 shows the average bulb price 

by type across the seven big-box stores present in Colorado. On average, standard CFLs cost $2.75 more 

than halogens ($4.75 vs. $2.00). On average, CFL specialty bulbs cost $3.58 more than incandescent 

specialty bulbs ($6.51 vs. $2.93) but only $0.14 more than halogen specialty bulbs ($6.51 vs. $6.33). 

Figure 14. Average Price Per Bulb 

 

 
As shown in Figure 15, on average, CFL bulb prices are higher in stores not participating in Xcel Energy 

lighting DSM programs (likely reflecting the impact of Xcel Energy rebates on the market). LED bulb 

prices are relatively even across stores.  This may be a factor of the great variability in terms of models 

available in these two categories.  
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Figure 15. Average Price Per Bulb, Xcel Energy Lighting DSM Program Stores vs. Nonparticipating  

 

 

Changes in Average Bulb Price 

Through the POS analysis, we compared average price changes over time for the major bulb type 

categories (data by standard versus specialty bulb types was not available). Figure 16 shows changes in 

U.S. average price per bulb for the five technology categories. Halogen bulbs showed the greatest 

change in price, decreasing nearly 60% from 2010 to 2014. LEDs were the only other technology 

category to show a net decrease. Though LED prices fluctuated more than any other technology, the 

2014 price was technically lower than the 2009 price (by less than 1%). Average prices for all other bulbs 

showed a net increase over the period. CFL prices stayed relatively stable, but the 2014 price was 4% 

higher than the 2009 price. Other bulb technologies rose by 18%. Incandescent prices rose by 28% from 

2009 to 2014 (which may be the result of EISA removing the least expensive standard incandescent 

bulbs from the market), but still remained the least expensive technology. 
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Figure 16. Average Bulb Price 2009-2014, United States 

 
 
As with market share, the trends in average prices by technology for each state tracked relatively closely 

to the national trend overall, but varied by state. In Colorado, average prices for CFLs declined from 

$2.32 in 2009 to $2.06 in 2014, a 12% reduction (Figure 17). The other three states showed net price 

increases higher than the national average.  This is likely due to Xcel Energy’s lighting DSM program 

incentives resulting in lower average CFL prices.  LED prices in Colorado are closer to average national, 

as Xcel Energy’s LED incentives from 2009 to 2014 were limited.  

Figure 17. Average CFL Price in 2009 and 2014 

 
 
The average price for LEDs in Colorado also decreased 12%, from $11.96 in 2009 to $10.57 in 2014. 

Prices in Utah showed little net change and average prices in Arizona and Nebraska increased (Figure 

18).  
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Figure 18. Average LED Price in 2009 and 2014 

 
 
Looking only at the standard 60-watt bulbs and 60-watt equivalents, the analysis showed a similar 

pattern as the average price by technology across all uses (Figure 19). Energy-efficient CFLs and LEDs 

(nearly all bulbs in this category are CFLs), decreased in price from 2009 to 2011, but then increased 

again in 2012 and 2013. In 2012 and 2013, some shortages of input materials may be responsible for the 

price increase. Halogens showed a steady decrease in price from 2010 to 2014 as its market share grew, 

and incandescent bulbs showed a very slight increase in price, likely reflecting the fact that EISA 

restricted standard incandescent bulbs were dwindling, leaving the more expensive, specialty 

incandescent bulbs.  

Figure 19. Average Price of 60-watt Equivalents, National Total 

 
 
In our interviews with manufacturers, they reported that prices for CFLs and LEDs have decreased over 

the past five years. Based on reported information from interviewed manufacturers, CFL prices 

decreased by about 31% (on average), and prices for LEDs had decreased by about 67%. Of the three 

respondents from halogen manufacturers, two perceived that prices had decreased (by 25% and 20%), 

while the other respondent said prices had increased by 20%. Four manufacturers supplied incandescent 
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exactly track the POS results, POS pricing results combine CFLs and LEDs and are weighted by sales, 

whereas manufacturers may be thinking of specific bulbs that the respondent manufactures. 

Retailer Stocking Patterns 
Stocking patterns do not correspond exactly to sales volume or home saturation but provide another 

look at the lighting marketplace. However, retailers tend to keep in stock a greater number of models 

for product types that are more popular. Cadmus reviewed online product availability data for seven 

major retail chains that operate in Xcel Energy’s service territory to determine the number of models of 

energy efficient (energy-efficient) bulbs versus the number of models that are traditional or less efficient 

technology (non-energy-efficient).  

Figure 20 presents the percentage of energy-efficient models in stock versus non-energy-efficient 

models. As of 2015, energy-efficient bulbs have almost caught up with traditional and less efficient 

technologies (collectively, non-energy-efficient bulbs) among participant retailers. Overall, the majority 

of models on the shelves are still non-energy-efficient bulbs.  

Figure 20. Percentage Energy-Efficient Versus Non-Energy-Efficient Bulb Models 

 

 

Among the retailers we surveyed, the technology category with the largest number of models is the LED 

specialty category (Figure 21). For all technologies, there are more models in the specialty category than 

the standard category, which reflects the larger number of applications categorized as specialty. 

However, even looking across the specialty categories, LEDs clearly show the most diversity of models. 

Specialty CFLs, on the other hand, have a far lower percentage of the total number of models than other 

specialty categories, and the difference in models stocked of standard CFLs and specialty CFLs is not as 

pronounced as with other technologies.  
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Figure 21. Percentage of Models by Technology Category 

 

 
Retailers and manufacturers interviewed reported that participating in Xcel Energy lighting DSM 

programs led to an increase in the number of models stocked, relative to before participating (Figure 

22). One respondent said CFLs models increased by about 10%, and LED models by 20%. A second 

respondent said CFL models increased by 75%, and LED models by 65%. However, one respondent 

reported that sales of CFLs through Xcel Energy lighting DSM programs in 2015 had dropped slightly 

(about 5%) relative to 2014, while LED sales had increased (about 6%).  
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Figure 22. Percentages of Bulb Types of Total Manufacturer Sales (Surveyed) in Colorado* 

 
*Source: Manufacturer survey. What percentage of the following bulb types makes up the total 

bulbs that your company currently manufactures and sells in Xcel Energy territory Colorado? 

Approximately what were the percentages of these bulb types one year ago? Approximately 

what were the percentages of these bulb types five years ago? 

Customer Familiarity with CFLs and LEDs 
As a part of each home inventory site visit, Cadmus collected data on Xcel Energy lighting DSM program 

participants’ familiarity with different energy-efficient bulb types. As shown in Figure 23, 26% of 

customers reported being “very familiar” with LEDs and 68% “very familiar” with CFLs.  Results from the 

2009 survey for CFL bulb awareness (only CFLs were reported on for the previous evaluation) found that 

93% of randomly surveyed respondents were familiar with CFLs, with 43% rating themselves “very 

familiar.” 
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Figure 23. Xcel Energy Lighting DSM Program Customers’ Familiarity with Energy-Efficient Bulb Types 
(n=69) 

 
 

What are LEDs Replacing? 
Through our home inventory visits, Cadmus asked respondents who had purchased LEDs in the past 12 

months what they would have selected if LEDs were not available. The majority (44%; n=9) said they 

would have purchased CFLs, while 11% would have purchased halogens. Another 33% of respondents 

had been specifically interested in LEDs, and said they would have kept looking for LEDs in other stores 

instead of purchasing another bulb type. One respondent said they looked for specific features 

regardless of bulb type. 

 

68%

30%

1%

26%

35%

7%

32%

0%

20%

40%

60%

80%

Very familiar Somewhat familiar Not too familiar Not at all familiar

CFLs

LEDs



 

10 

Business Lighting Market 

Saturation of Energy-Efficient Lighting 
In 2015, Cadmus conducted inventories of lighting in commercial sites to determine the saturation of 

efficient lighting technologies and assess the remaining market potential. Cadmus was able to compare 

the results of the 2015 study to a similar study conducted in 2005 to understand how the market has 

transformed over the past 10 years.8 Cadmus calculated interior lighting saturations as a function 

(percentage) of space square footage. This approach is common in commercial analyses, and allows for 

direct comparison with the 2005 commercial on-site survey. When multiple lighting types share a given 

space, we proportioned the saturation of each lighting type for the space by the lumens output of each 

fixture. To accomplish this, we calculated the fixtures’ lumens output using the following equation: 

𝐿𝑢𝑚𝑒𝑛𝑠 𝑂𝑢𝑡𝑝𝑢𝑡 (𝑙𝑚) = 𝐹𝑖𝑥𝑡𝑢𝑟𝑒 𝑊𝑎𝑡𝑡𝑎𝑔𝑒 (𝑊) × 𝐸𝑓𝑓𝑖𝑐𝑎𝑐𝑦 (
𝑙𝑚

𝑊
) 

First, we determined the overall fixture wattage by mapping the lamp type, fixture configuration, and 

ballast type to an overall fixture wattage using wattage tables.9 Next, we applied an assumed efficacy 

(shown in Table 14) to each fixture wattage to determine the lumens output. In the following sections, 

we provide a breakdown of saturations by interior space lighting, interior task lighting, and then exterior 

lighting. 

  

                                                           

8  KEMA Inc. Colorado DSM Market Potential Assessment: Commercial On-Site Survey. Prepared for Xcel Energy. 

January 2006. 

9  Cadmus used the wattage table from the Arkansas Technical Reference Manual, Version 4.0, Appendix 3: 

Supporting Appendices.  
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Table 14. Assumed Efficacies by Technology 

Lighting Type Lighting Technology Efficacy (lm/W) 

High Intensity Discharge (HID) 

Mercury Vapor 40 

Metal Halide 60 

Pulse Start Metal Halide 67 

High Pressure Sodium 77 

LED 91 

Task Lighting 

Incandescent 12 

Halogen 21 

CFL 64 

LED 65 

Fluorescent 

T12 80 

T8 92 

T5 96 

T8 Premium 100 

LED 107 

Sources: Design Light Consortium, U.S. Naval Observatory. 

(http://www.nofs.navy.mil/about_NOFS/staff/cbl/lumentab.html); 

Cadmus analysis of the ENERGY STAR qualified lamp database, U.S. Department of Energy. 

(http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/troffer_benchmark_01-09.pdf); 

East Central Energy (https://www.eastcentralenergy.com/PDFs/ABCsofT8lamps.pdf) 

Interior Space Lighting Saturation 

Interior lighting saturation results are shown by three overarching types in Figure 24: task lighting, HID, 

and fluorescent. The fluorescent category is further segmented into 5+ foot, 1-4 foot 3+lamp, and 1-4 

foot 1-2 lamp categories. These categories allow for comparison with the 2005 on-site surveys.  
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Figure 24. 2015 Interior Lighting Distribution 

 
 
The majority of commercial lighting is in the form of fluorescents. The fluorescent saturations by facility 

size shown in Figure 25 show large facilities have achieved high saturations of efficient fluorescent 

lighting; 72% of lighting is more efficient than T12 technology. Saturation is much lower in smaller 

buildings, where only 47% of lighting is more efficient than T12. There is still significant potential for 

efficient lighting in both groups. 

Figure 25. Interior Fluorescent Lighting Saturation by Facility Size in 2015  

 
 
The site visits conducted for this study found that Xcel Energy’s Lighting Efficiency program (for business 

customers) has been very successful in converting T12 installations over to more efficient lighting in the 

facilities the program has reached. Of the 70 facilities randomly visited in the 2015 study, ten had 

participated in Xcel Energy’s Lighting Efficiency program in the last five years. Seven of these ten 

participant sites had T12 saturations of 0%. 
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Despite the efficiency gains in large facilities, Figure 26 shows that saturations for interior fluorescent 

lighting in commercial buildings overall do not show a statistically significant shift between 2005 and 

2015. The error bars in Figure 26, calculated at a 90% confidence level, show the inherent uncertainty in 

the saturation estimations.10 The 2005 study had narrower confidence intervals because of the larger 

number of site visits completed for that study. 

While the number of business accounts has increased since 2005, the mix of business accounts has 

shifted to be smaller businesses and more predominantly retail relative to other businesses. The 

saturations of T12 lighting technologies are unchanged between years, and the T8, T5, and premium T8 

saturations are relatively level. This finding suggests that the small business accounts driving the shift to 

smaller business types in Xcel Energy territory are using less efficient lighting. 

Figure 26. Interior Fluorescent Lighting Saturation 

 
 
The high T12 saturation in commercial buildings is consistent with other recent studies. In a survey of 

nonparticipating customers for an Ohio utility, Cadmus found that 66% of commercial floor space was lit 

by T12 linear fluorescent lighting (See Figure 27).11 A 2012 study in the Pacific Northwest found that over 

50% of nonresidential customers were using T12s, and about three quarters of those participants had 

replacements in storage. Remarkably, approximately 30% of the facilities had enough T12s in storage to 

                                                           

10     Precision calculated at 90% confidence by: 1.645 ∗ 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐸𝑟𝑟𝑜𝑟 = 1.645 ∗ √
𝑃(1−𝑃)

𝑁
 

11  Cadmus. 2014 Evaluation, Measurement and Verification Report. Prepared for Dayton Power and Light. May 

12, 2015. Pg. 236 (document pg. 98). Available online: 

http://dis.puc.state.oh.us/DocumentRecord.aspx?DocID=d3636564-926a-4158-9a5b-bd08089092fa 

http://dis.puc.state.oh.us/DocumentRecord.aspx?DocID=d3636564-926a-4158-9a5b-bd08089092fa
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replace the entire stock used in their building.12 Recent studies for Energy Trust of Oregon, DNV GL, 

Northwest Energy Efficiency Alliance and Bonneville Power Authority also show similar results of 

persistent high T12 saturations. 13 

Figure 27. 2014 DP&L (Ohio) Commercial Lighting Survey: T12 Saturation by Business Size 

 
Evidence suggests that the high T12 saturations are likely to continue. The loophole in the federal 

standard that is driving the T12 persistence has been extended beyond 2018.14 This loophole involves 

the lamps’ color rendering index (CRI): the federal standard provides an exemption for T12s to be 

manufactured and sold if the lamp’s CRI meets or exceeds 87. Before the federal standard raised 

efficacy limits in 2012, very few T12 lamps achieved this high CRI. But since the federal standard went 

                                                           

12  Cadmus. Avista 2011 Multi-Sector Process Evaluation Report. Prepared for Avista Utilities. May 25, 2012. 

Available online: 

http://rtf.nwcouncil.org/subcommittees/fridgerecycle/Avista%202011%20Process%20Report_FINAL.pdf  

13  Commercial Lighting Market Transformation Model Development and Market Research, ETO 2011: 

http://energytrust.org/library/reports/110908_CommLighting__MarketTransformation.pdf 

T12 Phaseout Market Research, DNV GL 2014: http://ma-eeac.org/wordpress/wp-content/uploads/T12-

Phase-Out-Market-Research-Final-Report.pdf 

Reduced Watt Lamp Replacement Market Characterization and Baseline, NEEA 2015: 

https://neea.org/docs/default-source/reports/reduced-watt-lamp-replacement-market-characterization-and-

baseline-report.pdf?sfvrsn=12 

Northwest Nonresidential Lighting Market Characterization 2010-2012, BPA 2014: 

https://www.bpa.gov/EE/Utility/research-

archive/Documents/Northwest_NonRes_Lighting_Market_Characterization.pdf 

14  DOE Final Rule providing 2018 efficacy requirements, p. 48: 

http://energy.gov/sites/prod/files/2014/12/f19/gsfl_final_rule.pdf  

http://rtf.nwcouncil.org/subcommittees/fridgerecycle/Avista%202011%20Process%20Report_FINAL.pdf
http://energytrust.org/library/reports/110908_CommLighting__MarketTransformation.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/T12-Phase-Out-Market-Research-Final-Report.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/T12-Phase-Out-Market-Research-Final-Report.pdf
https://neea.org/docs/default-source/reports/reduced-watt-lamp-replacement-market-characterization-and-baseline-report.pdf?sfvrsn=12
https://neea.org/docs/default-source/reports/reduced-watt-lamp-replacement-market-characterization-and-baseline-report.pdf?sfvrsn=12
https://www.bpa.gov/EE/Utility/research-archive/Documents/Northwest_NonRes_Lighting_Market_Characterization.pdf
https://www.bpa.gov/EE/Utility/research-archive/Documents/Northwest_NonRes_Lighting_Market_Characterization.pdf
http://energy.gov/sites/prod/files/2014/12/f19/gsfl_final_rule.pdf
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into effect, manufacturers have managed to increase the CRI of T12s and in doing so, the lamps’ price. 

While the efficacy of new T12s does not meet the federal standard, their high CRI excludes them from 

the efficacy requirements. The increased price—as much as 100%—is often not enough to drive 

customers to T8s because converting to T8s usually requires additional costs for ballasts and labor. For 

this reason, the short-term cost for small businesses to convert from T12 to more efficient lighting will 

remain higher than purchasing the expensive, newer T12 lamps.  

Lighting in storage is important to considering future changes in saturation by technologies. Most 

commercial facilities (67%) Cadmus inventoried had some lighting in storage. Fluorescent lighting was 

one of the most common types of lamps found in storage: 36% and 27% of sites had T12 and T8 lamps in 

storage, respectively. When a site had at least one T12 lamp in storage, the average number of T12s in 

storage was 18 lamps. The same was true for T8s. The on-site surveys also revealed that sites with task 

lighting LEDs in storage have an average of five LEDs. CFLs have a higher average of stored bulbs (9 

bulbs). Table 15 summarizes lamps found in storage. 

Table 15. Lamps in Storage 

Category Subcategory 
Sites With At Least One Stored Lamp Lamp Quantity 

Per Site (All Sites) Penetration Lamp Quantity Per Site 

HID 

Mercury Vapor 1% 11 0.1 

Metal Halide 2% 13 0.3 

Pulse Start Metal Halide 0% 0 0.0 

High Pressure Sodium 3% 6 0.2 

LED 0% 0 0.0 

Task Lighting 

Incandescent 24% 14 3.5 

Halogen 18% 7 1.2 

CFL 18% 9 1.7 

LED 13% 5 0.7 

Fluorescent 

T12 36% 18 6.3 

T8 27% 18 4.7 

T5 2% 5 0.1 

T8 Premium 1% 30 0.2 

LED 7% 8 0.5 

 

Interior Task Lighting Saturation 

As shown in Figure 24, task lighting makes up about 20% of total commercial lighting. Inventories 

revealed that, in 2015, 49% of all interior task lighting uses incandescent technology (Figure 28). CFLs 

were the next most common technology, used in 27% of task lighting. Halogen and LED technology 

represented 16% and 8%, respectively. These results show a significant decrease in the use of 

incandescent bulbs since 2005. Much of the shift away from incandescent technology has been captured 

by halogen and LED lamps. CFL saturation has decreased by 3% since 2005.  
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Figure 28. Interior Task Lighting Saturation* 

 
*The 2005 on-site survey results report only the saturation of CFLs, so this figure assumes 0% 

halogen and 0% LED.  

 
In applications best suited for HID lighting, inventories found mixed changes in saturation of inefficient 

and efficient technology. As Figure 29 shows, saturation of inefficient mercury vapor lighting dropped 

from 13% in 2005 to 5% in 2015, and inefficient metal halides dropped from 79% saturation to 74%. 

However, inefficient high-pressure sodium lighting saturation increased from 3% to 6%. Efficient pulse 

start metal halide lighting increased from 5% to 14%. LEDs are beginning to appear in place of HID 

lighting, but saturation is very low at 1%.  

Figure 29. Interior HID Lighting Saturation 

 
 
Overall, estimated lighting power density has dropped only slightly, from 1.47 watts per square foot in 
2005 to 1.42 watts per square foot in 2015.  However business mix has also changed during that 
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period—retailers make up a larger share of businesses in 2015 (34%) compared to 2005 (25%); retailers 
tend to have higher lighting power density and smaller buildings than the remaining mix of businesses. 

Exterior Lighting Saturation 

Cadmus calculated the exterior lighting saturations as a function of lamp quantities instead of area, 

because area is more challenging to define in exterior applications. The language in the 2005 on-site 

survey also suggests that lamp quantities were used to determine saturations (though the report does 

not state this approach explicitly). Unfortunately, due to a low incidence of exterior lighting in the site 

visit sample, Cadmus was unable to determine exterior lighting saturations and changes over time with 

the same level of precision as with the interior lighting.  

Findings related to exterior lighting are presented in Table 16. The quantities in the “Sites” column 

represent the number of sites where the specific exterior lighting technology was installed. We found 

that about half of sites included in the sample had some kind of exterior lighting. These findings show 

that inefficient technologies such as mercury vapor and high pressure sodium lighting are still installed 

in exterior applications. The findings also suggest that task lighting type exterior lighting (typically 

medium-screw based bulbs) has shifted significantly towards more efficient lighting as more sites had 

more CFL and LED bulbs installed than incandescent and halogen bulbs. 

Table 16. Exterior Lighting Summary 

Category Technology Sites 

HID 

Mercury Vapor 3 

Metal Halide 10 

Pulse Start Metal Halide 1 

High Pressure Sodium 9 

LED 4 

Task Lighting 

Incandescent 6 

Halogen 3 

CFL 16 

LED 7 

 

Grow House Lighting 

Cadmus included one site visit to a grow house facility that uses 362 high-pressure sodium fixtures 

inside a 40,000 square-foot warehouse. The large saturation of high-pressure sodium fixtures represents 

nearly 75% of the lighting at this individual site and if included in the overall results, would have 

increased the saturation of high-pressure sodium lights from 6% to 15%. The high concentration of these 

fixtures dramatically increased this site’s lighting power density; Figure 30 show that the grow house 

used seven times the wattage per square foot as the average site in the 2015 study.  
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Figure 30. Lighting Power Density Comparison 

 

 

What are LEDs replacing?  
Cadmus conducted a brief survey with the facility manager during each on-site inventory, asking what 

type of bulb they would have purchased had LEDs not been available. The responses to the survey 

question are shown in Table 17. 

Table 17. LED Alternative Purchase Choice Survey Results 

Response - Site Level Site Quantity* Site Percentage Bulb Quantity* Bulb Percentage 

CFL 13 59% 581 78% 

Halogen 2 9% 68 9% 

Incandescent 2 9% 22 3% 

Don't Know 4 18% 68 9% 

Would Not Have Replaced 1 5% 2 0% 

Total 22 100% 741 100% 

*Quantities are unweighted. 

 

While the majority of those responding noted that CFLs were the most likely alternative, the online shelf 

survey (described in more detail in the Residential Lighting Market section above) showed that halogen 

lamps are the least expensive alternative to LEDs. Further, CFLs can be purchased at a discount through 

retailers.  

Businesses Purchasing Bulbs in Retail Outlets  
Cadmus conducted surveys of shoppers in the lighting aisles at participating retailers. The survey found 

that 3% of all bulbs purchased were intended for nonresidential installation. Cadmus validated this 

finding, which resulted from a small sample size, by benchmarking it against nonresidential installations 

observed through residential utility lighting programs similar to Xcel Energy’s. As shown in Table 18, 

intercept studies for a variety of utilities show a spread from zero to 9% of sales of bulbs with program 

incentives were intended for nonresidential use.  
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Table 18. Residential vs Nonresidential Split of Customer Use for Retail Bulb Purchases 

Utility Conducting Survey 
Percentage of Utility 
Customers Indicating 

Purchases for Business Use 
Xcel Energy (current)  6% 

Xcel Energy (calculated) 3% 

Ameren Missouri (2014) 9% 

Entergy Arkansas (2013) 5% 

ComEd (2014) 3% 

Pacific Gas &Electric (2010) 7% 

Southern California Edison (2010) 6% 

San Diego Gas &Electric (2010) 0% 

Average 5% 

 

Efficient Lighting:  Trade Awareness and Stocking 

Trade Awareness 

According to interviews, lighting trade reported being “very familiar” with efficient lighting technologies 

available for commercial applications. A few reported they were only somewhat familiar. The majority of 

respondents (19 of 20) reported that their knowledge of these technologies had increased significantly 

over the past five years, and 12 of those 19 attributed this at least in part to Xcel Energy business 

lighting DSM program activities (Figure 31).  

Trade representatives not participating in Xcel Energy business lighting DSM programs said they were 

“very familiar” or “somewhat familiar” with energy-efficient lighting technologies, and their 

understanding has increased over the past five years. One of these respondents said the program was 

“very important” to his awareness, while the other two reported the program was “not very” or “not at 

all important,” and they would educate themselves about emerging technologies regardless of Xcel 

Energy’s DSM programs or activities.  
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Figure 31. Trade Representatives’ Perception about Xcel Energy’s DSM Program’s Contribution to 
Increasing Energy-Efficient Lighting Technology Familiarity 

 
 

Trade Stocking Patterns 

Corresponding with the increased awareness of customers, almost all contractors indicated that they 

stocked or ordered more energy-efficient lighting equipment now than they did five years ago. 

Business Customer Awareness of Energy-Efficient Lighting 

Contractor Perceptions 

According to trade representatives, their business customers in 2015 were “aware” or “very aware” of 

most energy efficiency technologies. Cadmus asked contractors/distributors to rate their end-use 

customers’ awareness of various energy-efficient lighting technologies, using a scale of 1 (not at all 

aware) to 5 (very aware). The average estimated awareness rankings ranged from 3.1 for awareness of 

LED refrigerator case lighting among end users, to 5.0 for awareness of LED troffers and screw-in lamps 

among retailers and contractors. Cadmus compared responses to a similar study conducted in 2009. 

Awareness in 2015 was considerably higher for nearly every technology than awareness in 2009. Table 

19 summarizes contractors’ perceptions of customer awareness for various lighting technologies 

compared to awareness levels in 2009.  
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Table 19. Contractor Perceived Customer Awareness of Various Energy Efficient Lighting Technology 

Technology 

Weighted Average Ratings 

Retailers/Contractors End Users  

2015 2009 2015 2009 

LED Downlight Luminaires 4.8 

3.4 

3.6 

2.3 

LED Wall Pack 4.8 4.0 

LED Troffers 5.0 3.8 

LED Refrigerated Case Lighting 3.0 3.1 

LED Parking Garage Fixtures 4.0 3.7 

Reduced Watt T8 Lamps 4.0 1.7 3.5 2 

LED Screw-in Lamps 5.0 3.4 4.2 2.3 

High Bay Fluorescent T8 with Electronic 

Ballasts 
4.3 2.6 3.7 2.4 

 

Customer Perceptions  

Customers rated their familiarity with five types of energy-efficient business lighting technologies. 

Cadmus then asked respondents if their familiarity increased, decreased, or stayed the same as five 

years ago. We then asked those indicating their familiarity increased how important Xcel Energy’s 

Lighting Efficiency program was in increasing their familiarity with these technologies.  

Figure 32 shows participating customers’ response levels to the familiarity, change, and program 

importance questions for the five technologies. 
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Figure 32. Xcel Energy Lighting Efficiency Program Participant Familiarity Trends for Lighting 
Technologies 

 
Source: I1a-e, I2a-e, I3a-e, (n sizes vary by question) 

 
Unlike those customers who had participated in Xcel Energy’s Lighting Efficiency program, less than one-

half of nonparticipants were familiar with the five types of lighting technologies, except for LEDs (66% 

indicating familiarity), as shown in Figure 33. Despite lower familiarity levels, more than one-half 

indicated their familiarity with these technologies increased during the past five years.  
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Figure 33. Nonparticipant Technology Familiarity and Trends 

 
Source: H1a-H1e (n=71), H2a – H2e n sizes vary, H3a – H3e (n sizes vary).  

 
Similar to participants, lighting contractors served as common sources for advice on business lighting 

needs. Nonparticipants (32%), however, were more likely than Xcel Energy Lighting Efficiency program 

participants to seek advice/equipment recommendations from retail sources, particularly home 

improvement stores. 

Energy-Efficient Lighting Attitudes 

A survey of businesses that had participated in the Xcel Energy Lighting Efficiency program in 2014 found 

that 71% of participants were completely satisfied with the lighting measures installed. Those somewhat 

satisfied with the measures described a variety of issues not meeting their expectations:  

 Level of energy savings (eight respondents);  

 Payment delivery (two respondents); 

 Installation issues (two respondents ); and  

 Controllers not operating as expected (two respondents).  

Cadmus also surveyed Colorado businesses that did not participate in the Xcel Energy Lighting Efficiency 

program. Just over one-half of nonparticipating customers (55%) said they had installed energy-efficient 

lighting technologies, such as LEDs or T8s, within the past five years without receiving a rebate. LEDs 

were the energy-efficient lighting mostly commonly installed (62%). Most of these businesses (55%) 

worked with an outside company such as an electrician to design, procure, or install the lighting. About 

half of those working with an outside company said the company provided multiple efficiency options 

for the project.  
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Barriers to Adopting High-Efficiency Lighting 

Among customers participating in Xcel Energy’s Lighting Efficiency program, 81% reported challenges in 

making energy-saving improvements in their facilities. The most common challenges were capital (34%), 

costs (21%), and availability of cost-effective measures (17%).  

A similar proportion of nonparticipants (82%) reported challenges to making energy-efficiency upgrades. 

They reported similar barriers as well, with 43% citing costs, 15% lack of capital, and 13% lack of 

available cost-effective measures.  

 

 


